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General Electric Company 

Schenectady, NY. 

SUPPLY DEPARTMENT 

February, 1907 Bidletin No. 4493 

a £ V/J 

PARTS OF R CONTROLLERS 

Parts of R-6-A Controller 

Cat. No. 

38671 
17670 

22748 
22719 
19914 
51410 

Description List Price 
R-6-A Controller, complete. (Includes supporting bracket, with cap screws and washers fasten¬ 

ing controller to dasher, also dust guard.)  
Net weight of complete controller, 510 lbs  
^Operating Handle, malleable iron $14 .50 
*Reversing Handle  3 .65 
Following are the inter changeable parts: 
DUST GUARD, includes 5 screws (No. 12, 1£" F. H., Cat. No. 10304)  1 .00 
FRAME, fitted with bearing caps and cap screws for controlling and reversing cylinder shafts... 

Cap screw fastening bearing caps to frame (-^"-14, Hex. H. Slot) per 100 3 .00 
Hinge joint for frame, with screws  .55 

*Not included in the complete controller; must be ordered separately. 







4-445 

Cat. N 
37904 
10264 
22213 

5889 
19683 
19972 
15941 
19648 
22213 
19973 
19974 
19975 
19976 
19977 
9806 

10110 
19978 
19979 
19980 
19981 
19982 

14434 
19983 
19984 
19985 
19986 
5889 

19987 
19988 
9811 

19966 
19989 

1188 
37749 
14434 
13804 
19990 
14192 
19804 

GENERAL ELECTRIC COMPANY 

Parts oj R Controllers 

Parts of R-6-A Controller—Concluded 

Description List Price 
Reinforced contact finger, with spring    $0.25 
Adjusting screw for contact finger (14-24, 1" R. H. Blued), per 100 1 .00 
Check nut for 10264 (14-24, Hex. Flat Brass),   per 100 1.50 
Screw fastening finger to base (10-24, R. H, Blued), per 100 .50 
Double washer for No. 5889    per 100 2.00 
Collector ring base  75 
Screw fastening No. 19972 to wood base (No. 10, IJ" F. H.) per 100 1 .00 
Binding Screw for No. 19972 (14-24, f" R. H. Blued, Round Point), per 100 1 .00 
Check nut for binding screw {14-24, Hex. Flat Brass), per 100 1 ,50 

COLLECTOR RING, complete (includes parts indented below)   6.00 
Half ring, right-hand   3 .00 
Half ring, left-hand     3 .00 
Tension pin (■^'/x If" R. H.) 10 
Tension spring for No. 19976 (5 Turns .048" Steel wire)    .03 
Washer for No. 19977 (^" x f" x .062" Copper) per 100 3.00 
Spring Cotter for No. 19976 (ft^xj") per 1000 2.00 
Tension screw (ft'-lS, 2J" R. H.) per 100 8.00 
Tension spring for No. 19978 (7 Turns .048" Steel wire) 03 
Thumb nut for No. 19978 (tfe"-18 Brass)   10 
Flexible connector, with two washers attached for halves of rings (13 thicknesses .005" Copper) .15 
Flexible connector, with one washer attached for collector ring and base (26 thicknesses .005" Cop¬ 

per  20 
Screw fastening Nos. 19981, 19982 to ring (8-32, §" R. H. Blued) per 100 .50 
Screw fastening No. 19982 to collector base (14-24, }" Sq. H. Blued Sp'I) per 100 4 .00 
Washer for No. 19983 (&" x 1" x 1" x thick Brass) per 100 5.00 

REVERSING CONTACT BOARD, wired, complete  18.50 
Two-way connector for wires with two screws 20 
Screw for No. 19986 (10-24, R. H. Blued) per 100 .50 
Wood base  .75 
Screw fastening wood base to frame ($"-16, 1£" R. H.) per 100 3.00 
Washer for No. 19988 (f" x f" x .062" Copper) per 100 2.00 
Threaded bushing used in connection with No. 19988 ($"-16 SpT) 08 
Contact base   .55 
Screw fastening base to wood base (No. 10, 1" F. H.)    per 100 .50 
Reinforced contact finger, with spring   15 
Screw fastening finger to base (8-32, $" R. H. Blued) per 100 .50 
Double washer for No. 14434 per 100 3 .00 

Shield, with brackets, between controlling and reversing contact boards..  1.25 
Screw fasteniri^ bracket to shield,(No. 8, $" F. H.) per 100 .50 
Screw fastening bracket to frame (14-24, ■fa* R. H. Blued) per 100 .75 



Cat. N 

56520 

22748 
22719 
19914 
51410 

9877 
51411 
22721 

1288 
22740 
19916 
22741 
22742 
22743 

GENERAL ELECTRIC COMPANY 

Parts oj R Controllers 44Q3-5 

Parts of R-6-B Controller 

Description List Price 
R-6-B Controller, complete. (Includes supporting bracket, with cap screws and washers fasten¬ 

ing controller to dasher, also dust guard)  
Net weight of complete controller, 468 lbs  

*Operating Handle  $6 .00 
Following are the interchangeable parts:  
DUST GUARD, includes 5 screws (No. 12, H" F. H., Cat. No. 10304)  1 .00 
FRAME, fitted with bearing caps and cap screws for controlling and reversing cylinder shafts... 

Cap screw fastening bearing caps to frame (iV'-ld, If" Hex. H. Slot) per 100 3 .00 
Hinge joint for frame, with screws  .55 
Screw fastening No. 51410 to frame (tV'-IS, 1" R- H.) per 100 1 .50 
Hinge bolt, with pin and nut fastening cover to frame  .30 
Wire guard  .30 
Screw fastening wire guard to frame (10-24, §" F. H.) per 100 .50 

CAP for top of controller  
Cap screw fastening No. 22740 to frame (-^"-14, 1" Hex. H., Iron Nickeled)   per 100 3 .00 
Cover for star wheel attachment   4 .00 
Cap screw fastening No. 22741 to No. 22740 (£"-11, If" Hex. H. Marine Finish)  .15 
Star wheel, with pin  1 .50 
'■'''■Not included in complete controller; must be ordered separately. 

\_ STl. % 
r ?37148 
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8-449 

Cat. N 

51444 

24305 
24306 
24307 
24308 
13843 
24309 
24310 
14046 
24311 
4030 

24312 

GENERAL ELECTRIC COMPANY 

Parts of R Controllers 

Parts of R-q-A Controller 

24309 = 

24-31 6: 

243 I 6 = 

I 9679 

22213 

Description List Price 
Net weight of complete controller, 365 lbs  
^Operating Handle $14 .50 
Following are the interchangeable parts:  

FRAME, fitted with bearing, bearing support, spring post, and front and back linings  
Pole piece stop and bearing  5 .50 
Bearing support  5 .50 
Screw fastening Nos. 24306, 24307, together (£"-13, F. H.)  .15 
Screw fastening No. 24307 to frame (§"-16,1" Hex. H. Slot ) per 100 5.00 
Asbestos lining for front of frame (42" x 11£" x yg" thick)  .15 
Asbestos lining for l ack of frame (361" x llf" x xj" thick)  .15 
Hinge bolt with pin and nut for fastening front cover  .45 
Hinge bolt with pin and nut for fastening back cover  .40 
Spring Cotter for Nos. 14646, 24311 (^j" x §") per 1000 2.00 

CAP for top of controller  
*Not included in complete controller; must be ordered separately. 



GENERAL ELECTRIC COMPANY 

Parts of R Controllers 4493-91 

Parts of R-q-A Controller—Continued 
Cat. No. Description List Price 
24313 Screw fastening cap to frame (£"-13, French H. Tob. Brz.)    $0 .35 
19696 WATER CAP AND POINTER, for cylinder shaft, with set screw    1 .00 
14410 Set screw for water cap (^"-18, §£" Sp'l Blued)  ^ per 100 5.00 
24314 SHEET IRON COVER for front of frame  10 .00 
14645 Slotted lug for cover, with rivets 10 
24315 SHEET IRON COVER for back of frame  11 -00 

24550 0~^t2455Tp|~0 24 350 _0 | 
-HlZh 134° "-H 

i 
H— 134' 
PT 24352 0 |o| 
h 115"- 
|0 24 353 0 |0| 

- 95a  

l— -*76°- 
0 0 < 
0 **0" I 

0 0 
0 0 

■2435-7 

■24349 

0 0 0 24343 0 0 0 
H 134°-  * 1121 
0 0 0 
0 0 0 

0 0 0 
G> 0 0 

10 24352 

M 0 24335 0 | 
412V-- 95* 4 

0 0 24354 0 0 
■414V- -76*—H 

24355 
47? -5T-4 

5r«i 0 0 

24349+ 

0l 0 
0 0 

4(2 
0 
0 

 134* ^ 

0' 0 © 
0 0 © 

0 0 ® ! 0 0 al 1 

360° 

Cat. No. List Price Cat. No, List Price 

24348 $1 .22 24354 $0 .75 
24349 .34 24355 .64 
24350 .79 24356 .56 
24351 .28 24357 .43 
24352 .72 24986 1 .22 
24353 .61 

39479 Complete set of segments, with screws  31 .86 
17733 Screw for segments, per 100   3 .00 



io-4< 

Cat. N< 
24316 
24317 
24318 
24319 
56788 
5150 

16131 
24320 
22774 
13635 
24321 
24322 
19636 
13852 
24323 
19879 
22213 
24324 
24325 
24326 
24327 
24328 
39479 

24329 
24330 
24331 
24332 
19613 
19739 
56804 
10365 
16118 
13632 
24333 
24334 
24335 
51652 
14426 
24336 
24337 
24338 
13852 
51745 
22213 
37904 
19685 
22213 
5889 

19683 
24339 
24340 
13852 
24341 
13852 

GENERAL ELECTRIC COMPANY 

Parts of R Controllers 

Parts of R-g-A Controller Continued 

Description List Price 
HINGED POLE PIECE, complete, with hinge brackets  $6.00 

Upper hinge bracket, with hinge pin  1 *85 
Lower hinge bracket, with hinge pin  1 *85 
Hinge pin for brackets (21V// long, Sp'l)  *05 
Screw fastening hinge brackets to pole piece (^"-18, F. H.) per 100 1 .25 
Cap screw fastening pole piece to pole piece stop (I" 13 IJ" Hex. H.)  per 100 10.00 
Lock washer for No. 5150  per 100 4 .00 

ARC DEFLECTOR, complete  7.25 
Screw fastening arc deflector to pole piece (No. 10, IJ" R. H. Blued per 100 .50 
Insulating bushing used with No. 22774  *05 
Wide strip for arc deflector  2 .75 
Narrow strip for arc deflector  1 .10 
Division plate for arc deflector  .20 
Screw fastening strips to division plates No. 10, I" F. H.) per 100 .50 

MAGNET SPOOL wound, complete, with cable terminals and upper and lower flanges  30 .00 
Binding screw for magnet spool terminal (14 24, 15" R. H. Blued) per 100 1 .50 
Check nut for No. 19879 (14-24, Hex. Flat Brass) per 100 1 .50 
Fiber flange for magnet spool (upper)  .60 
Fiber flange for magnet spool (lower)  .55 
Screw fastening flange to frame (14-24, 51" R. H.)  .10 
Fiber sleeve for No. 24326 (&"xi"x45'/ long)  .15 

CONTROLLING CYLINDER, complete, with shaft, insulation disks, collar and star wheel.. 135 .00 
Complete set of copper contact segments with screws  

Contact segments and screws listed on page 9  
Insulation disk  .75 
Key (i"x5"x345// long 08 
Collar for shaft, with pin  3 .00 
Star wheel, with pin; must be fitted  1 .10 

Check pawl, with roller for star wheel  .40 
Roller with pin  .10 

Pivot pin for pawl  .04 
Washer for pin (^ x J" \ .125") per 100 3.50 
Spring Cotter for pin (J" x I")  per 1000 2 .00 
Tension Spring for pawl (26 Turns .OOP7 Steel wire)  .06 
Threaded post for spring (£" 16, IJ" long)  .15 
CONTROLLING CONTACT BOARD, complete, with reinforced fingers  24 .00 

Wood base  t45 
Screw fastening wood base to frame (14 24, R. H.) per 100 2 .00 
Washer for No. 51652 (JJ" x x .062" Brass per 100 1.00 
Single contact base  ^0 
Double contact base  tg0 
Double contact base, not adapted for wire connection  .80 
Screw fastening contact base to wood base (No. 10, X" F. H.) per 100 .50 
Binding screw for contact base (14-24, j" R H. Blued) per 100 1 .00 
Check nut for No. 51745 (14-24, Hex. Flat Brass) per 100 1 .50 
Contact finger, with spring  ^25 
Adjusting screw for contact finger (14-24, y R. H. Blued) per 100 .85 
Check nut for No. 19685 (14-24, Hex. Flat Brass) per 100 1 .50 
Screw fastening finger to base (10 24, R. H, Blued)  per 100 .50 
Double washer for No. 5889 per 100 2 .00 
Copper connection strip and washer plate for Nos. 24337, 24338  ,10 
Finger shield   3 00 
Screw fastening No. 24340 to wood base (No. 10, I" F. H.) per 100 .50 
Trolley shield  3Q 
Screw fastening No. 24341 to wood base (No. 10, j" F. H.) per 100 .50 



Cat. N 
18112 
14548 
24396 
24397 
19669 
14426 
24398 
24399 
24511 
10264 
14426 
50428 

GENERAL ELECTRIC COMPANY 

Parts oj R Controllers 4493-11 

Parts of R-9-A Controller Concluded 

Description List Price 
Soft rubber bushing with f" hole for cables  $0 .15 
Soft rubber bushing with Y' hole for cables  .08 
CONNECTION BOARD, complete, for back of frame, does not include cables  16 .00 

Wood base  1 .35 
Screw fastening wood base to frame (14 24, l\n R. H.) per 100 1 .00 
Washer for No. 19669 (Ji" x J" x .062" Brass) per 100 1.00 
Fiber spacing block, between connection board and frame  .05 
Terminal with Y* hole for cable 70 
Terminal, with §" hole for cable  .70 
Screw for fastening terminals to wood base (14-24, Vf R. H. Blued) per 100 1 .00 
Washer for No. 10264 x J* x .062* Brass) per 100 1.00 
Binding Screw for terminal (14-24, R. H. Blued) per 100 .75 



GENERAL ELECTRIC COMPANY 

12-4493 Parts 0} R Controllers 

Parts of R-n-A and R-17-A Controllers 

Cat. No. Dcs;ription List Price 
R-ll-A Controller (rheostatic), formerly KR, complete. (Includes supporting bracket with cap 

screws and washers fastening controller to dasher, also wire guard and rubber gasket.)  
R-17-A Controller (rheostatic), complete. (Includes supporting bracket with cap screws and 

washers fastening controller to dasher, also wire guard and rubber gasket.)  
The R-Yl-A Controller differs from the R-M-A in that it has the resistance on the trolley side, con¬ 

sequently no shunt can be used  
The interchangeable parts are identical with those of the R-II with the exception of the controlling 

contact board, which includes a copper terminal. 
16921 ^Operating Handle  $4.15 
16922 ^Reversing Handle   2 .35 

The following are the interchangeable parts: 
14972 FRAME fitted with cylinder shaft bearing caps and screws for same  
13843 Cap screw fastening controlling shaft bearing caps to frame (§"-16, 1" Hex. H. Slot)., per 100 5 .00 
14428 Cap screw fastening reversing shaft bearing caps to frame (^"-18, 1§" Hex. H. Slot)., per 100 8 .00 
17640 Cap for controller  
1349 Screw fastening cap to frame (14-20, F. H. Brass) per 100 1 .00 

*Not included in complete controller-, must be ordered separately 



GENERAL ELECTRIC COMPANY 

Cat. No. 
10380 
14961 
14678 
13734 
14699 
14645 
14646 
14996 
13847 
17641 
14938 
14937 
9887 

14939 
17642 
13846 
13635 
17643 
17644 
14994 
13852 

Parts of R Controllers 4493-13 

Parts of R-n-A and R-17-A Controllers—Continued 

Description List Price 
Thumb screw with washer fastening cap to controlling shaft bearing cap (14-20, f" Sp'l) $0 TO 
WATER CAP AND POINTER for controlling cylinder shaft, with set screw  .45 
WATER CAP for reversing cylinder shaft, with set screw 75 

Set screw for water caps (14-20, ^ Sp'l Blued) per 100 5 .00 
SHEET IRON COVER/ complete  8.75 

Slotted lug for cover with rivets 10 
Hinge bolt with pin and nut  .45 
Fiber plate for base of controller  .25 
Screw fastening No. 14996 to base of controller (14-20, F. H.) per 100 .50 

HINGED POLE PIECE   2.00 
Hinge joint for pole piece 25 
Hinge pin for pole piece 10 
Cap screw for hinge joint (J'MS, 1J" Hex. H.) per 100 8.00 
Cap screw 'wit1- wrench attached for pole piece.  .20 

ARC DEFLECTOR, complete     4.50 
Screw fastening arc deflector to pole piece (No. 10, 1J" R, H. Blued) per 100 .00 
Insulating bushing used with No. 13846  .05 
Wide strip for arc deflector  1 .35 
Narrow strip for arc deflector    .75 
Division plate for arc deflector   25 
Screw fastening strips to division plates (No. 10, i,f F. H.) per 100 .50 

0 17634 0 0 17634 0 
^  13622° ^ K  13622.° —* 

0 17634 0 || 0 17634 0 

I 

 136^ 41- 136^°- 
17734^ 17731—-0 

—^24K- 
17636—- 0 0 

74 -4 
17636--H 0 0 

17636^ 
r+- — 74 

0 0-—17733 

0 0 
74,"--h 

-<17636 
U- 74 —-*1 

0 0 [—17636 
- 740—4 
0 17634 0 0 17634 0 
 136^° —  136^— 

 360°  
I 
I 

Cat. No. Description List Price 

17634 Segment  SO .35 
17731 Segment  .11 
17636 Segment  .23 
39480 Complete set of segments, with screws  4 .02 
17734 Pin for segments, per 100  .50 
17733 Screw for segments, per 100  3 .00 



14-4' 

Cat. N< 
17645 
17637 
14408 
17646 
39480 

17647 
17648 
17735 
17741 
17651 
14978 
14623 
14925 
19615 
14624 
14979 
10365 
16118 
13632 
14976 
14980 
14648 
4030 

17653 
17655 
14691 
13666 
14998 
14692 
14693 
10194 
17658 

24370 

24371 
17659 
37949 
17677 
14408 
17629 
5889 

19683 
13848 
17663 
14408 
12572 
14426 
17661 
17662 
37930 
19881 
14434 
13804 

GENERAL ELECTRIC COMPANY 

Parts of R Controllers 

Parts of R ii A and R-17 A Controllers—Continued 

Description List Price 
MAGNET SPOOL, wound, complete, with terminal $16.50 

Binding screw for terminal (14-20, R. H. Round Point Blued) per 100 .75 
Check nut for No. 17637 (14 20 Hex. Flat Brass) per 100 1.50 

CONTROLLING CYLINDER, complete, with shaft, insulation disks and star wheel  22.75 
Complete set of copper contact segments with screws  

Contact screuas and segments are listed on page 13. 
Shaft  1 .45 
Key for cylinder  .15 
Insulation disk  .55 
Brass collar with pin for shaft  .30 

STAR WHEEL with pin, must be fitted 85 
Check pawl with roller for controlling cylinder  .30 
Check pawl with roller for reversing cylinder  .35 

Roller with pin  .10 
Pin for roller x 1^") 02 

Pivot pin for pawl for reversing cylinder  .10 
Pivot pin for pawl for controlling cylinder  .10 
Washer for Nos. 14624. 14979 x X" x .125") per 100 3.50 
Spring cotter for Nos. 14624, 14679 (Jff x I") per 1000 2 .00 
Spring for pawl (26 turns .091" Steel ware);   .06 
Pin for spring for reversing cylinder  .05 
Pin for spring for controlling cylinder  .05 
Lock bolt with pin, used in connection with check pawl for reversing cylinder  .15 
Spring cotter for No. 14648 (&" x 5") per 1000 2.00 
REVERSING CYLINDER, complete, with shaft and star wheel  4 .50 

Wood body  ,55 
Brass collar with pin  .30 
Screw fastening collar to body (No. 10, l\ff F. H. Brass) per 100 1 .00 
STAR WHEEL with pin, must be fitted  .40 
Short contact  ,10 
Long contact  .15 
Screw for contacts (No. 8, R. H. Brass) per 100 1 .00 

CONTROLLING CONTACT BOARD, complete, with reinforced fingers, for R-ll A control 
ler  5 .75 

CONTROLLING CONTACT BOARD, complete, with reinforced fingers, for R 17 \ control- 
ler  5 .75 

Copper terminal for No. 24370  ,15 
Wood base  30 
Contact finger with spring  39 
Adjusting screw for fingers (14 20, R. H. Blued) per 100 .50 
Check nut for No. 17677 (14 20 Hex. Flat Brass)  per 100 1 .50 
Base for contact finger  35 
Screw fastening finger to base (10-24, R. H. Blued) per 100 .50 
Washer plate for No. 5889 per 100 2 .00 
Screw fastening contact base to wood base (No. 10, f" F. H.) per 100 .50 
Terminal binding screw for contact (14-20, R. H. Blued)  per iQO .75 
Check nut for No. 17663 (14 20, Hex. Flat Brass) per 100 1 .50 
Screw fastening wood base to frame (14 20, R. H.) per IQO 1 .00 
Washer for No. 12572 (JJ* x x .062// Brass) per 100 1.00 

REVERSING CONTACT BOARD, complete, with reinforced fingers  2 .35 
Wood base  35 
Contact finger with spring  3^ 
Base for finger  30 
Screw fastening finger to base (8-32, f" R. H. Blued) per 100 .50 
Brass washer plate for No. 14434  per 100 3 .00 



Cat. No, 
1013 
175S 

14426 
17663 
14408 
14995 

6081 
13845 
14647 
170S5 
14963 

439 
13850 
17789 
16325 

16921 
16922 

51714 
51699 
51700 
51701 
14426 
51702 
51703 
19646 
14426 
51704 

16921 
16922 

14689 
14690 
24372 
17676 

GENERAL ELECTRIC COMPANY 

Parts oj R Controllers 4493 15 

Parts of R 11-A and R 17 A Controllers Concluded 

Description List Price 
Screw fastening contact base to wood base (No.8, F. H.) per 100 $0 .40 
Screw fastening wood base to frame (14 20, IJ" R. H.) per 100 1 .00 
Washer for No. 1758 (JJ" x J" x .062" Brass)  per 100 1 .00 
Screw for ground wire (14 20, R. H. Blued) per 100 .75 
Check nut for No. 17663 (14-20 Hex Flat Brass) per 100 1.50 
Sheet insulation between controlling contact cylinder and frame  .30 
Screw fastening No. 14995 to frame (10 24, {j" R. H. Blued per 100 .50 
Screw fastening No. 14995 to controlling contact board (No. 10, V' F. H per 100 .50 

WIRE GUARD  55 
RUBBER GASKET 06 
Bracket fastening controller to dasher   .45 
Cap screw for bracket (J" 13, 1" Hex. H.)  per 100 8 .00 
Washer for No. 439 (^//x 1 J" x .025")  per 100 2.00 
Dowel for feet of controller, with nut  .20 

Nut for No. 17789 (1/ 13 Hex. Rough) per 100 3.00 

Parts of R-n-B Controller 

R—11—B Controller (Rheostatic), complete. (Includes supporting bracket, with c ap screws and 
washers fastening controller to dasher, also wire guard and rubber gasket  

^Operating handle  4 .15 
^Reversing handle  2 .35 

The folloTxring are the interchangeable pirts oj the RUB controller, uhich differ from those of the 
2?-ll A. 

FRAME fitted with cylinder shaft bearing caps and cap screws for same  
CONNECTION BOARD, complete, for back of frame  17.50 

Wood base  1 .40 
Screw fastening wood base to frame (14 24, R. H.) per 100 1 .50 
Washer for No. 51701 (H" x x .062" Brass per 100 1 .00 
Two-way connector, with four binding screws  .45 
Binding screw for No. 51702 (12—24, 4" R. H. Blued per 100 .75 
Screw fastening connector to base (14 24, 1" R. H.) per 100 1 .00 
Washer for No. 19646 (JI" x J" x .002" Brass)  per 100 1.00 

Insulating bushing for use with connection wires 45 

Parts of R-12-A Controller 

R-12-A Controller (Rheostatic), complete. (Includes supporting bracket, with cap screws and 
washers fastening controller to dasher, also wire guard and rubber gasket.)  

Net weight of complete controller, 170 lbs. 
^Operating handle  4.15 
^Reversing handle  2.35 
Following are the interchangeable parts of the R 12 A controller, which differ from those of the R W-A 
Reversing cylinder with shaft and star wheel, complete  4.65 

Wood body  -45 
Reversing contact board, complete, with reinforced fingers  4.50 

Wood base  
*Not included hi complete controller; must be ordered separately. 



£6-4^ 

Cat. N 

17799 

19882 

19883 
14438 

19884 
1349 

10380 
14961 
13734 
19885 

GENERAL ELECTRIC COMPANY 

Parts oj R Controllers 

Parts of R-13-A Controller 

t 

9606   iibm n^Wlfr Mi ■ 1 -^1   | 9067 

44065 1   I 9696 

9662. j ^ P;JV 1 )\[ V v ^ j956(5 

. 

Description List Price 
R-13-A Controller (formerly LR), complete. (Includes supporting bracket with cap screws and 

washers fastening controller to dasher, also wire guard and rubber gasket.)  
*Operating and reversing handle  $g ^50 
Following are the interchangeable parts: 
Frame fitted with cylinder shaft bearings and bearing caps, bracket for magnet spool, stop for pole 

piece and cap screws fastening parts in position  
Cap screw fastening bearings to frame (£"-13, 1" Hex. H. Slot.) per iQO 10 .00 
Cap screw fastening bearing caps to bearings and fastening bracket for magnet spool and stop for 

pole piece to frame (§"-16, l\" Hex. H. Slot.) per 100 5.00 
Cap for top of controller  
Screw fastening No. 19884 to frame (14-20, F.H. Brass) per 100 1 .00 
Thumb screw with washer fastening No. 19884 to cylinder shaft bearing cap (14-20, -J" Sp'l).... .10 
Water cap and pointer for cylinder shaft, with set screw   ^45 

Set screw for No. 14961 (14-20, fg" Sp'l Blued) per 100 5.00 
Sheet iron cover, complete   7 .00 
*Not included in complete controller-, must be ordered separately. 



GENERAL ELECTRIC COMPANY 
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Parts of R-13-A Controller—Continued 
Cat. No. Description List Price 
14645 Slotted lug for cover, with rivets   $0 .10 
14646 Hinge bolt with pin and nut fastening cover to frame  .45 
19886 .40 

103 Screw fastening No. 19886 to base of controller (14-20, I" R. H.)    per 100 .60 
19887 Hinged pole piece,, complete, with lower supporting hinge  7.00 
14438 Cap screw fastening pole piece to hinge (§*-16, 1J* Hex. H. Slot)   per 100 5 .00 
19888 Hinge bolt with nut fastening pole piece to stop  .30 

3 Screw fastening No. 19888 to pole piece (14-20, R- H.)..   per 100 1 .00 
19889 Retaining collar with pin fastening to cylinder shaft, for lower supporting hinge for pole piece.. .45 
19890 Retaining screw for No. 19889 (14-20, 2£// Headless Sp'l):    per 100 10 .00 
19891 Arc deflector, complete    6.50 
19892 Screw fastening No. 19891 to pole piece (No. 10, 1J* R. H. Blued)  .40 
19893 Insulating bushing used with No. 19892  .03 
19894 Strip ...   2.00 
19895 Division plate   .20 
13852 Screw fastening strip to division plates (No. 10, J* F. H.)   per 100 50 

| 0 0 11136 ® 0 | r®~0 11136 0 <5 I 
    - 14 9* V » 149' ^ 
I | 11137 11137 [ <a g I 

I 0 e 1 11137 11137 [e^l 
41*-^ * ^ r *• 
[e> g | 11137 11137 | ® 0 1 U- 41'* >*- 41°*' 

IM37 | a 0 1 j e g | MI37 
^ ^ 41*-" 

1(137 I o g I | g g 1 li!37 
'-*■ 41*—' w- 41*— 

11137 I g g I 11137 - 41** - 4)*-*i 
1 1 137 | 0 g | | g g | 11137 - 

U- 41**^ u- 41*— 
11138 | 0 01| 0 0 | 11138 
17733-H3 0 | '1137 
 41 -  

0 0 II136 0 0 | 1® 0 11136 0 0 ] 
—-   149* —   U— - - 149'   ^ 
1 ® 0 11136 0 0] | ® 0 II136 0 0 |   - (49* - - - - —149*- -   
1 0 0 11136 0 0 | 1 0 0 II136 0 0 [   149* -■  ^ L«—_ ■- - 149* --  ^ 
|g 0 11136 0 0 | I 0 0 11136 0 0 | 
~ 149*   ^ 149'  

360* 

Cat. No. List Price 
| 

Cat. No, List Price 

11136 
11137 

$0 .55 
.20 

11138 $0.18 

39481 
17733 

Complete set of segments, with screws  
Screw for segments, per 100   

11 .08 
3.00 
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Cat. N 
19896 
14438 
19897 
19898 

39481 

19606 
19899 
19900 
19901 
19902 
19903 
19904 
19905 
19906 
19907 
19613 
19739 
19616 
10365 
16118 
13632 
19908 
19909 
10265 
14426 
19678 
13852 
37904 
19685 
22213 

5889 
19683 
19910 
16282 
14647 
17085 

16921 
16922 

17630 
13843 
14428 
17674 

1349 
10380 

14961 
14678 

GEXERAL ELECTRIC COMPANY 

Parts of R Controllers 

Parts of R 13 A Controller Concluded 
Description List Price 

MAGNET spool, wound, complete, with leada  $ 19 .00 
Long cap screw fastening No. 19896 to bracket (J" 16, I}" Hex. H Slot per 100 5 .00 
Short cap screw fastening No. 19896 to bracket (g" 16, Hex. H. Slot.) per 100 5 .00 

CYLINDER complete, with shaft, insulation disks and washers, upper supporting hinge for pole 
piece, collars and star w heel .00 

Complete set of copper contact segments with screws  
Contact segments and sen as are listed on page 17 

Insulation disk    *35 
Washer (Trx2i

//\^' thick H compound   12 
Collar with pin, for shaft    •65 
Cylinder hub, with key      1 *25 
Bushing for cylinder hub    *45 
Reversing contact block, with insulation  3 .50 
Reversing contact block, with insulation and one short connection wire...   3.50 
Reversing contact block, with insulation and one long connection wire  3 .50 
Reversing contact block, with insulation and two connection wires  3.50 
Star wheel, with pin, must be fitted  -85 

Check pawl, with roller for No. 19907    *40 
Roller, with pin    .10 

Pivot pin for pawl    .10 
Washer for No. 19616 (/y" x 1" x .125"     per 100 3.50 
Spring cotter for No. 19616 (J" x ]" per 1000 2 .00 
Spring for pawl (26 Turns .091" Steel wire    .06 
CONTACT BOARD, with reinforced fingers, complete, with finger shield and insulated wiies. 26 .75 

Wood base  .30 
Screwr fastening wood base to frame (14 20, l]" R. H.) .. .  per 100 1 .50 
Washer for No. 10265 (JI" x }» x .062" Brass) per 100 1.00 
Contact base    .35 
Screw fastening No. 19678 to wood base (No. 10, ~h

!f F. H. ..  per 100 .50 
Contact finger, with spring  .25 
Adjusting screw for contact finger (14 24, R. H. Blued)  .... per 100 .85 
Check nut for adjusting screw 14 24 Hex. Hat Brass) per 100 1 .50 
Screw fastening finger to base 10 24, R. H. Blued) per 100 .50 
Double washer for No. 5889 per 100 2 .00 
Finger shield  2 .00 
Screw fastening finger shield to wood base (No. 10, C F. H.) ... .   per 100 .50 

WIRE GUARD 55 
RUBBER GASKET   06 

Parts of R-14-A Controller 

R 14 A (formerly MR) Rheostatic Controller, complete. (Includes supporting bracket, with cap 
screws and washers fastening controller to dasher)  

^Operating handle  4 .15 
^Reversing handle  2 .35 
Following are the interchangeable parts- 
FRAME fitted with bearing caps and cap screws for controlling and reversing cylinder shafts  

Cap screwr fastening controlling shaft bearing caps to frame (!" 16, 1", Hex. H. Slot.)., per 100 5 .00 
Cap screwr fastening reversing shaft bearing caps to frame (iV'-lS, 1£" Hex. H. Slot.).. per 100 8 .00 

Cap for top of controller  
Screw fastening No. 17674 to frame (14 20, pb" F. H. Brass per 100 1 .00 
Thumb screw with washer fastening No. 17674 to bearing cap for controlling c) linder shaft (14 20, 

]" Sp'l) 10 
WATER CAP AND POINTER for controlling cylinder shaft, with set screw  .45 
WATER CAP for reversing cylinder shaft, with set screw  .75 
*Not included in complete controller; must be ordered separately. 



GENERAL ELECTRIC COMPANY 

Parts of R Controllers 4493-19 

Parts of R-14-A Controller—Continued 
cat. no. Description List Price 
13734 Set screw for Nos. 14961, 14678 (14-20, ■&" Sp'l Blued) per 100 $5 .00 
17686 SHEET IRON COVER, complete     10 .00 
14645 Slotted lug for cover, with rivets 10 
14646 Hinge bolt, with pin and nut fastening cover to frame  .45 
17687 HINGED POLE PIECE    2.65 
17688 Hinge pin for pole piece 06 
17689 Hinge joint for pole piece  20 
^099 Cap screw fastening hinge joint to magnet core (§"-16, 1J" Hex. H.) per 100 5 .00 
14939 Cap screw, with wrench attached fastening pole piece to magnet core (y—13, 14" Hex. H. Sp'l) .20 
17690 ARC DEFLECTOR, complete   4 .00 
13846 Screw fastening arc deflector to pole piece (No. 10, 11" R. H. Blued) per 100 .60 
13635 Insulating bushing, used with No. 13846 05 
17691 Wide strip for arc deflector ;  1.00 
17692 Narrow strip for arc deflector 60 
56756 Upper end division plate for arc deflector 25 
14994 . Division plate for arc deflector, except upper end...  .25 

0 17634.® 1 0 176340 | 
M- 136 Va" - - W - 1 iSS'/a*- - ^ 

0 17634-0 || 0 17634-0 
w-— 1367a* ---hU— - 13672"—h 

I7S36 

17636 

17636 

0 0 
u.- 74.*--h 

0 0 
M-- 74-* -»H 

0 0^17733 

0 0 

i*- 74-* 

17636 

0 0 

* - 74- - * 

17636 
u-- 74-*- 

I  0 176340 || 0176340 
 1 136 72* —«hh« 13© 72* 1 

360* 

Cat. No. Description List Price 

17634 Segment  $0 .35 
17636 Segment      .23 
39482 Complete set of segments, with screws  3.91 

17733 Screw for segments, per 100  3.00 



GENERAL ELECTRIC COMPANY 

20-4493 

Cat. No. 
13852 
17693 
17695 
39482 

17735 
17696 
17741s 
17651* 
14978 
14925 
14979 
10365 
16118 
13632 
14980 
14689 
14998 
14690 
14691 
13666 
14692 
14693 
10194 
14623 
14925 
14624 
10365 
16118 
13632 
38539 
14648 
4030 

56706 

6081 
1188 
5516 
759 

17697 
17698 
12572 
14426 
17629 
13848 
17663 
14408 
37946 
17677 
14408 
6081 

19683 
56707 

928 
17788 

Parts 0} R Controllers 

Parts of R-14-A Controller—Continued 

Description List Price 
Screw fastening strip to division plates (No, 10, F. H.)                    per 100 SO .50 

MAGNET SPOOL, wound, complete     11 .50 
CONTROLLING CYLINDER, complete, with shaft, insulation disks, collar and star wheel.. 16.00 

Complete set of copper contact segments with screws   ....... .......... 
Contact segments and screws are listed on page 19. 

Insulation disk           ................ .55 
Key.........   ;   ..................... .20 
Collar for shaft, with pin        :    .30 
STAR WHEEL, with pin; must be. fitted.                — .85 

Check pawl, with roller, for controlling cylinder  :   ....... — ...... .30 
Roller, with pin             .10 

Pivot pin for pawl              .10 
.Washer for pin x J" x .125")        per 100 3 .50 
Spring cotter for pin (J" x J")    •           -. - per 1000 2 .00 
Tension spring for pawl (26 turns .09T' Steel wire)   ......    .06 
Pin fastening spring to frame...           ^ .05 
REVERSING CYLINDER, with shaft and star wheel, complete          —  4 .65 

STAR WHEEL, with pin; must be fitted          .40 
Wood body        - - - - -45 
Brass collar, with pin fastening wood body to shaft (J" x If* x Y thick).      .30 
Screw fastening collar to wood body (No. 10, If* F. H. Brass) ...........   per 100 1 .00 
Short contact        .10 
Long contact..          —   .... .15 
Screw fastening contacts to wood body (No.. 8, f* R. H. Brass)    per 100 1.00 

Check pawl, with roller, for reveising cylinder        .35 
Roller, with pin              .10 

Pivot pin, for pawl            .10 
Washer for pin x $* x .125*)          - per 100 3 .50 
Spring cotter for pin (fx}*)        :.. per 1000 2 .00 
Tension spring for pawl (26 turns, .091* Steel wire)....    1.......   .06 
Pin fastening spring to frame     .05 
Lock bolt, with pin (used in connection with check pawl for reversing cylinder) 1  .15 
Spring cotter for pin (jfVxf*)     per 1000 2.00 
Fiber partition between controlling and reversing cylinders with fiber top and side shields and 

fiber supporting blocks     1.25 
Screw fastening parts of partition together (10-24, f* R. H. Blued)  per 100 .50 
Screw fastening top shield to controlling contact board (No. 10, 1" F. H.)   per 100 .50 
Screw fastening supporting block to frame (10-24, j* R. H.)     per 100 .50 
Washer for No. 5516 (^* x ¥ x .055" Brass)  per 100 1.00 

CONTROLLING CONTACT BOARD, complete, with unreinforced fingers  6.00 
Wood base.'          .35 
Screw fastening wood base to frame (14-20, If" R. H.) per 100 1.00 
Washer for No. 12572 (£}" x f" x .062" ^Brass)         per 100 1 .00 
Contact base   — . .25 
Screw fastening base to wood base (No. 10, f" F. H.)   per 100 .50 
Binding screw for contact base (14-20, f" R. H. Blued)  per 100 .75 
Check nut for binding screws (14-20 Hex. Flat Brass)   per 100 1 .50 
CONTACT FINGER, with spring  -   ..20 
Adjusting screw for contact finger (14-20, i" R. H. Blued) per 100 .50 
Check nut for adjusting screw (14-20 Hex. Flat Brass)      per 100 1.50 
Screw fastening finger to base (10-24, f" R. H. Blued) per 100 ■ .50 
Double washer for • No. 6081      . per 100 2 .00 
Finger shield with finger blocks...     — .75 
Screw fastening shield to blocks (10-24, f" F. H.)         per 100 . 1 .25 
Screw fastening block to wood base (No. 8, If" R. H. Blued)   per 100 .50 
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Parts of R-14-A Controller—Concluded 
Cat. No. Description List Price 
17699 Sheet insulation between controlling cylinder and frame    -. $0 .25 
6081 Screw fastening No. 17699 to frame (10-24, f" R. H. Blued) per 100 .50 

13845 Screw fastening No. 17699 to controlling contact board No. 10, ¥ F. H.) per 100 .50 
14448 REVERSING CONTACT BOARD, complete with unreinforced fingers  4.50 
17676 Wood base  . .15 

1758 Screw fastening wood base to frame (14-20, l\fr R. H.) per 100 1 .00 
14426 Washer for No. 1758 (&" x ¥ x .062" Brass)   per 100 1.00 
19881 Contact base  .30 
17663 Binding screw for contact base (14-20, f" R. H. Blued) per 100 .75 
14408 Check nut for binding screw (14-20 Hex. Flat Brass) per 100 1 .50 

1013 Screw fastening base to wood base (No. 8, J" F. H.) per 100 .40 
37969 CONTACT FINGER, with spring   12 

5883 Screw fastening finger to base (8-32, R. H. Blued) per 100 ,30 
13804 Double washer for No. 5883,  per 100 3 .00 
56773 Fiber cleat for holding wire to frame  .20 
56774 Screw fastening cleat to frame (14-24, If" R. H.)  per 100 2 .00 

Parts of R-14-C Controller 

R-14-C Controller (Rheostatic), complete. (Includes supporting bracket with cap screws and 
washers fastening controller to dasher.)     

16921 ^Operating handle     4,15 
16922 *Reversing handle    2.35 

Following are the interchangeable parts 0/ the R-14-C controller, which 
differ from those of the R-\4l-A 

51705 Frame fitted wth cylinder shaft bearing caps, and cap screws for same   
51706 Connection board, complete, for back of frame     4 .00 
51707 Wood base   40 
19646 Screw fastening wood base and cover for connection board to frame (14-24, 1" R. H.) per 100 1 .00 
14426 : Washer for No. 19646 x ¥ * -062" Brass) per 100 1.00 
51708 Binding post 25 
51709 Screw fastening No. 51708 to wood base (^"-18, f" R. H. Brass) per 100 6 .00 
51710 Binding screw for No. 51708 (18-18, f" R. H. Brass) per 100 2 .50 
51711 Thumb screw for No. 51708 (18-18, f" Brass)     .45 
51712 Cover for connection board   1 .00 

*Not included hi complete controller; must be ordered separately. 
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Parts of R-15-A Controller 

Cat. No. 

16921 
16922 

19233 
13843 
14428 
19234 

1349 
10380 
14961 
14678 
13734 
14699 
14645 

Description List Price 
R-15-A Controller (formerly NR), complete. (Includes supporting bracket with cap screws and 

washers fastening controller to dasher.)  
*Operating handle  $4.15 
•Reversing handle  2.35 
Following are the interchangea ble parts: 
FRAME fitted with bearing caps and cap screws for controlling and reversing cylinder shafts  

Cap screw fastening controlling shaft bearing caps to frame (§"-16, 1" Hex. H Slot.)... per 100 5 .00 
Cap screw fastening reversing shaft bearing caps to frame (tV'-IS, 1Hex. H. Slot.) .. per 100 8 .00 

Cap for top of controller  
Screw fastening cap to frame (14-20, ^5" F. H. Brass) per 100 1 .00 
Thumb screw with washer fastening cap to bearing cap for controlling cylinder shaft (14-20, Sp'l).. .10 
WATER CAP AND POINTER for controlling cylinder shaft, with set screw   45 
Water cap for reversing cylinder shaft, with set screw    75 

Set screw for water caps (14-20, Blued Sp'l) per 100 5 .00 
SHEET IRON COVER, complete  8.75 

Slotted lug for cover, with rivets  .10 
*Not included in complete controller; must be ordered separately. 



ERRATA 

To Accompany Bulletin No. 4493 

Parts of R Controllers 

Pages 39 and 4%' the cuts on these two pages should be trans¬ 
posed. 

Page 4^: The price of Cat. No. 56772 should be 30 cents in¬ 

stead of 26 cents. 

Page 66: The price of Cat. No. 41020 should be $12.00 instead 
of 15 cents. 





Cat. ] 
14646 
10263 

028 
19235 
19236 
17689 

9887 
14939 
19238 
19892 
19630 
19239 
19240 
56756 
14994 
1384S 
19241 
19648 
22213 

'19242 
39483 

17735 
17696 
17741 
17651 
14978 
14925 
14979 
10365 
16118 
13632 
14980 
19244 
14998 
19245 
14691 
13666 
19246 
19247 
10143 
14623 
14925 
14624 
10365 
16118 
13632 
38539 
14648 
4030 

19248 

6081 
1188 

GEXERAL ELECTRIC COMPAE Y 

Parts of R Controllers 4493 23 

Parts of R 15 A Controller Continued 

Description List Price 
Hinge bolt with pin and nut fastening cover to frarm $0 .45 
Steel cover for back of frame     4 ,85 
Screw for No. 19263 10 24 J" F. H.  per 100 1 .25 
HINGED POLE PIECE "  7.75 

Hinge pin for pole piece 10 
Hinge joint for pole piece   20 
Cap screw fastening hinge joint to magnet core (y 13, 11" Hex. H per 100 8 .00 
Cap screw with wrench attached fastening pole piece to magnet core V' 13, 11" Hex. H. Sp'l) .20 

ARC DEFLECTOR, complete    8 .75 
Screw fastening arc deflector to pole pictc No. 10, If" R. H. Blued per 100 .40 
Insulating bushing, used with No. 19S92   .04 
Wide strip for arc deflector      2 .25 
Narrow strip for arc deflector  . .85 
Upper end division plate for arc defiectoi  ... . .25 
Division plate for arc deflector, except upper end   25 
Screw fastening strips to division plates No 10, I" F. H per 100 .50 

MAGNET SPOOL wound, complete    60 .00 
Terminal binding screw (14 24, y R. H. Blued, Round Point  per 100 1 .00 
Check nut for No. 19648 (14 24, J" Hex. Flat Brass) per 100 1 .50 

CONTROLLING CYLINDER complete with shaft, insulation disks, collar and star wheel... 56.50 
Complete set of copper contact segments with screws  

Contact segments and screws are listed on page 24. 
Insulation disk.      55 
Key 20 
Collar for shaft, with pin    .30 
STAR WHEEL, with pin. Must be fitted 85 

Check pawl with roller, for controlling cvlinder  . .30 
Roller, with pin  ..  10 

Pivot pin for pawl     10 
Washer for pin x 5" x .125") per 100 3 .50 
Spring cotter for pin (£" x ]") per 1000 2 .00 
Tension spring for pawi (26 Turns .091" Steel wire  06 
Pin fastening spring to frame   05 
REVERSING CYLINDER, with shaft and star wheel, complete     . 24.00 

STAR WHEEL, with pin. Must be fitted     40 
Wood body   80 
Brass collar, with pin fastening wood body to shaft thick 30 
Screw fastening collar to wood body (No. 10, 1J" F. H. Brass)  per 100 1 .00 
Short contact 15 
Long contact   25 
Screw fastening contacts to wood body (No. 10, R. H. Brass   per 100 1 .60 

Check pawl, with roller, for reversing cylinder  ... . .35 
Roller, with pin   10 

Pivot pin, for pawl   10 
Washer for pin x J" x .125") per 100 3 .50 
Spring cotter for pin (J^xJ*)   per 1000 2.00 
Tension spring for pawl (26 Turns .091" Steel wire   . .06 
Pin fastening spring to frame   05 
Lock bolt, with pin (used in connection with check pawl for reversing cylinder   .15 
Spring cotter for pin (A" ^ s") per 1000 2.00 
Fiber partition between controlling and reversing cylinders, with fiber top and side shields and 

fiber supporting blocks 55 
Screw fastening parts of partition together (10 24, §" R. H Blued) per 100 .50 
Screw fastening top shield to controlling contact board (No. 10, 1" F. H per 100 .50 
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Parts of R-15-A Controller—Continued 
Cat. No. Description List Prici 
5516 Screw fastening supporting block to frame (10-24, I" R. H.) per 100 $0 .5< 
759 Washer for No. 5516 {$%" x x .OSS7' Brass) per 100 1 .0( 

19249 CONTROLLING CONTACT BOARD, complete, with reinforced fingers  25 .0( 
19252 Wood base  *30 
56774 Screw fastening wood base to frame (14-24, If" R. H,)....  per 100 2 .0C 
14426 Washer for No. 56774 (H" * i" * .062" Brass)  per 100 1 .0( 
19253 Contact base 7( 
1188 Screw fastening base to wood base (No. 10, 1" F. H.) per 100 .5( 
19648 Binding screw for contact base (14-24, f" R. H. Blued Round Point)  per 100 1 .OC 
22213 Check nut for binding screw (14-24; Hex. Flat Brass) - per 100 1 .5( 

r" 0 0 
^21448^ 0 0 

n 

3 0 0 0 
0 G G G 

ZI449 
0 
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21450 0 G 
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 -360°  

Cat. No. List Price Cat. No. List Price 

21448 1 SI .20 
. 21449 | .38 

21450 $0 .84 

39483 
17733 

Complete set of segments, with screws    
Screw for segments, per 100 -     

$13.16 
3 .00 



Cat. No. 
37949 
17677 
14408 
5889 

19683 
19254 

385 
10222 
19255 
6081 

13845 
19256 
19257 
19669 
14426 
19258 
19259 
19237 

1188 
37971 

6081 
19260 
19261 
19262 
56743 
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Parts of R-15-A Controller—Concluded 

Description List Price 
CONTACT FINGER, with spring  $0 .29 
Adjusting screw for contact finger (14-20, I" R. H. Blued)   per 100 .50 
Check nut for adjusting screw (14-20 Hex. Flat Brass) per 100 1 .50 
Screw fastening finger to base (10-24, R. H. Blued)  per 100 .50 
Double washer for No. 5889 - per 100 2 ,00 
Finger shield with finger blocks  1 -60 
Screw fastening shield to blocks (10-24, §" F. H.).. - per 100 .60 
Screw fastening blocks to wood base (No. 7, IJ" R. H.) per 100 .30 

Sheet insulation between controlling cylinder and frame     25 
Screw fastening No. 19255 to frame (10-24, f" R. Blued) per 100 .50 
Screw fastening No. 19255 to controlling contact board (No. 10, i" F. H.) per 100 .50 
REVERSING CONTACT BOARD, complete, with reinforced fingers   11.00 

Wood base  
Screw fastening wood base to frame (14-24, IJ" R. H.) per 100 1 .00 
Washer for No. 19669 (£" x x .062 " Brass)    per 100 1 .00 
Contact base      *35 
Binding screw for contact base (^",18, f" R. H. Blued Round Point)  ^     per 100 1 .60 
Check nut for binding screw (tk", 18, i" thick Hex. Flat Brass) per 100 .80 
Screw fastening base to wood base (No. 10, 1" F. H.) per 100 .50 
CONTACT FINGER, with spring    22 
Screw fastening finger to base (10-24, §" R. H. Blued).... per 100 .50 
Double washer for No. 6081 - per 100 1.00 
Wire guard for reversing leads  1 -60 
Wire guard for main leads  2 .00 
Screw for Nos. 19261, 19262 (14-24, F. H.)... per 100 .60 
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Cat. N 

16921 
16922 

21430 
13843 
14438 
14428 
10600 
17674 

1349 
10380 
14961 
14678 
13734 
21431 
14645 
14646 
21432 
19236 

GENERAL ELECTRIC COMPANY 

Parts of R Controllers 

Parts of R-16-A Controller 

Description List Price 
R-16-A Controller, complete. (Includes supporting bracket, with cap screws and washers fasten¬ 

ing controller to dasher.)   
^Operating handle  $4 .15 
^Reversing handle  2 .35 

Following are the interchangeable parts: 
FRAME fitted with bearing caps and cap screws for controlling and reversing cylinder shafts  

Short cap screw fastening controlling shaft bearing caps to frame (§"-16, 1" Hex. H. Slot.) per 100 5 .00 
Long cap screw fastening controlling shaft bearing cap to frame (§"-16, l\" Hex. H. Slot.) per 100 5 .00 
Short cap screw fastening reversing shaft bearing cap to frame (■&"—18,1§" Hex. H. Slot.) per 100 8 .00 
Long cap screw fastening reversing shaft bearing caps to frame (^"-18, 1§" Hex. H. Slot.) per 100 6 .00 

Cap for top of controller  
Screw fastening cap to frame (14-20, F. H. Brass) per 100 1 .00 
Thumb screw with washer fastening cap to bearing cap for controlling cylinder shaft(14-20,§" Sp'l).. .10 
WATER CAP AND POINTER for controlling cylinder shaft, with set screw  .45 
Water cap for reversing cylinder shaft, with set screw   .75 

Set screw for water caps (14-20, Blued, Sp'l) per 100 5 .00 
SHEET IRON COVER, complete  10.00 

Slotted lug for cover, with rivets  .10 
Hinge bolt with pin and nut fastening cover to frame > 45 
HINGED POLE PIECE  7.50 

Hinge pin for pole piece  .10 
*Not included in complete controller-, must be ordered separately. 



Cat. ri 
17689 
9887 

14939 
21433 
19892 
19630 
21434 
21435 
14994 
13852 
21436 
21437 
14408 
21438 
39484 

17735 
17696 
17741 
17651 
14978 
14925 
14979 
10365 
16118 
13632 
14976 
21439 
14998 
21440 
14691 
13666 
21441 
21442 
10194 
14623 
14925 
14624 
10365 
16118 
13632 
14976 
14648 
4030 

21443 
21444 
56740 
14426 
19253 
13848 
51745 
22213 
37949 
17677 

GENERAL ELECTRIC COMPANY 

Parts of R 16-A Controller Continued 

Parts of R Controllers 4493-27 

Description List Price 
Hinge joint for pole piece $0 .20 
Cap screw fastening hinge joint to magnet core y 1^ 1 Y He\. H.) per 100 8.00 
Cap screw ^vsith wrench attached fastening pole piece to magnet core (y'-13, iy Hex. H. Sp'l) .20 

Arc deflector, complete  8 .75 
Screw fastening arc deflector to pole piece CNo. 10, IJ" R. H. Blued) per 100 .40 
Insulating bushing, used with No. 19892 04 
Wide strip for arc deflector  1 .65 
Narrow strip for arc deflector   50 
Division plate for arc deflector 25 
Screw fastening strips to division plates (No. 10, -J" F. H.).. . .  per 100 .50 

MAGNET SPOOL, wound, complete with terminal  57 .50 
Terminal binding screw (14 20, R. H. Blued, Round Point per 100 1 .00 
Check nut for No. 21437 (14-20, Hex. Flat Brass) per 100 1 .50 

CONTROLLING CYLINDER, complete, with shaft, insulation disks, collars and star wheel.. 55.00 
Complete set of copper contact segments with screws  

Contact segments and screws are listed on page 46 
Insulation disk   55 
Key 20 
Collar for shaft, with pin 30 
Star wheel, with pin, must be fitted   85 

Check pawl, with roller, for controlling cylinder  .30 
Roller, with pin  .10 

Pivot pin for pawl      .10 
Washer for pin (-ft* x J" x .125*) per 100 3 .50 
Spring cotter for pin (J" x 1") per 1000 2 .00 
Tension spring for pawl (26 Turns .091" Steel wire)  .06 
Pin fastening spring to frame 05 
REVERSING CYLINDER, with shaft and star wheel complete  6 .25 

STAR WHEEL, with pin; must be fitted  .40 
Wood body  .40 
Brass collar, with pin fastening wood body to shaft (£"xljj//x \,f thick)  .30 
Screw fastening collar to wood body (No. 10, ly F. H. Brass) per 100 1 .00 
Short contact    ,10 
Long contact   10 
Screw fastening contacts to wood body (No. 8, R. H. Brass) per 100 1 .00 

Check pawl, with roller, for reversing cylinder  .35 
Roller, with pin    .10 

Pivot pin for pawl  .10 
Washer for pin (/y x J" x .125") per 100 3 .50 
Spring cotter for pin (S"x2") per 1000 2.00 
Tension spring for pawl (26 Turns .091" Steel wire)  .06 
Pin fastening spring to frame  .05 
Lock bolt, with pin (used in connection with check pawl far reversing cylinder  .15 
Spring cotter for pin  per 1000 2.00 
CONTROLLING CONTACT BOARD, complete, with reinforced fingers  21 .00 

Wood base  .30 
Screw fastening wood base to frame (14 24, 14" R. H.) per 100 2 .00 
Washer for No. 56740 (JJ" x y x .062" Brass) per 100 1.00 
Contact base  .70 
Screw fastening base to wood base (No. 10, F. H.)...  per 100 .50 
Binding screw for contact base (14 24 J" R. H. Blued) per 100 1 .00 
Check nut for binding screw (14 24, £" Hex. Flat Brass) per 100 1 .50 
CONTACT FINGER, reinforced, with spring  .29 
Adjusting screw for contact finger (14 20, J" R. H. Blued) per 100 .50 



GENERAL ELECTRIC COMPANY 

28-4493 Paris of R Controllers 

Parts of R-16-A Controller—Continued 

Cat. No. Description List Price 
14408 Check ,nut for adjusting screw (14-20, J" Hex. Flat Brass) per 100 $1*50 
5889 Screw fastening finger to base (10-24, -fa" R. H. Blued) per 100 .50 
19683 Double washer for No. 5889 per 100 2.00 
21445 Sheet insulation between controlling cylinder and frame  .20 

6081 Screw fastening No. 21445 to frame (10-24, §" R. H. Blued) per 100 .50 
13845 Screw fastening No. 21445 to controlling contact board (No. 10, F. H.) per 100 .50 
14441 INNER REVERSING CONTACT BOARD, complete, with two connection wires with clips. 

These clips are used in place of two of the washers Cat. No. 13804 when the wires are connected 
to board          5.00 

14686 Wood base  .15 
1758 Screw fastening wood base to frame (14-20, R. H.) per 100 1 .00 
14426 Washer for No. 1758 (H" x i" * -062" Brass) per 100 1.00 
14687 Contact base   25 
1013 Screw fastening base to wood base (No. 8, J" F. H.)    per 100 .40 
17663 Binding screw for contact base (14-20, §" R. H. Blued, Round Point) per 100 .75 
14408 Check nut for binding screw (14-20, J" Hex. Flat Brass) per 100 1 .50 
37930 CONTACT FINGER, reinforced, with spring 16 
14434 Screw fastening finger to base (8-32, §" R. H Blued) per 100 .50 
13804 Double washer for No. 14434 per 100 3 .00 
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Cat. No Description List Price 

'21448 Segment  $1 .20 
21450 Segment  .84 
39484 Complete set of segments, with screws  12 .72 
17733 Screw for segments, per 100  3 .00 



Cat. No, 
21446 
21447 
14444 
14445 
19878 
19879 
14426 
14446 
19648 
22213 
10214 
37929 
14434 
13804 

GENERAL ELECTRIC COMPANY 

Paris oj R Controllers 4493-29 

Parts of R-16-A Controller—Concluded 

Description List Price 
OUTER REVERSING CONTACT BOARD, complete  $4.00 

Wood base   25 
Upper bracket for contact board 35 
Lower bracket for contact board 35 
Screw fastening No. 21446 to upper bracket (14-24, j" R. H.) per 100 1 .00 
Screw fastening No. 21446 to lower bracket (14-24, IJ" R. H. Blued) per 100 1 .50 
Washer for Nos. 19878, 19879 (££" x ¥ x .t)62" Brass) per 100 1 .00 
Contact base  *20 
Binding screw for contact base (14-24, R. H. Blued, Round Point) per 100 1 .00 
Check nut for binding screw (14-24, 1" Hex. Flat Brass) per 100 1 .50 
Screw fastening base to wood base (No. 8, F. H.)   per 100 .25 
CONTACT FINGER, reinforced, with spring 16 
Screw fastening finger to base (8-32, §" R. H. Blued) per 100 .50 
Double washer for No. 14434   per 100 3.00 



GENERAL ELECTRIC COMPANY 

30-4493 Parts oj R Controllers 

Parts of R-19-A Controller 

/ 764 7 
37702 
17741 
37703 
17663 

Z437 / 
5669 
1616 

I96Q3 
/ 76ZB 
14406 
/ 76 77 
I 7664 

I 7736 
14972 
13343 
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I464Q 
14973 
14923 
I4GZ3 
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14 673 
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14434 
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37706 

14423 
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3337 
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17643 

-17644 
1764 I 

74994 

37700 
17663 

14939 

Cat. No. Description List Price 
j>_19_A Controller (rheostatic), complete. (Includes supporting bracket with cap screws and 

washers for fastening controller to dasher, also wire guard and rubber gasket.)  
16921 *Operating handle  $4.15 
16922 *Reversing handle  2 .35 

Following are the interchangeable parts oj the R-IQ-A Controller, which differ from those of the R-YI-A. 
17664 MAGNET SPOOL wound, complete, with terminal  37 .50 
37700 Binding screw for terminal 14-24, R. H. Round Point, Blued) per 100 .75 
26353 Check nut for No. 37700 (14-24, Hex. Cham, one side Brass) per 100 2 .00 
14689 REVERSING CYLINDER, complete, with shaft and star wheel  4.65 
14690 Wood body 45 
37701 CONTROLLING CONTACT BOARD, complete, with contact bases  8 .25 

*Not included in complete controller, must be ordered separately. 



Cat No, 
37702 
37703 

928 
1816 

37704 
37705 

17799 

56878 
56879 
37904 
5889 

19805 
39133 

GENERAL ELECTRIC COMPANY 

Parts oj R Controllers 4493-31 

Parts of R-19 A Controller Concluded 

Description List Price 
Wood base  SO .35 

Finger shield with supporting blocks and screws  .75 
Screw fastening shield to supporting block (10 24, l" F. H.) per 100 1 .25 
Screw fastening supporting block to board (No. 8, 1" R. H.)  per 100 1 .00 
REVERSING CONTACT BOARD, complete, with contact base^  5.00 

Wood base 15 

Parts of R 2i-A Controller 

R-21-A Controller, complete. (Includes supporting bracket, with cap screws and washers fasten¬ 
ing controller to dasher; also wire guard and rubber gasket.)  

♦Operating and reversing handle     8 .50 
The R 21-A controller differs from the R-13-A in that it has heavier carrying capacity. 

Following are the interchangeable parts oj the R 21 A controller, which differ from those of the R 13 A 
Magnet Spool, wound, complete  19.00 
Contact board with reinforced fingers, complete, with finger shield and insulated wires  28 .00 

Contact finger, with spring 25 
Screw fastening finger to base (10 24, R. H. Blued)   per 100 .50 
Contact base for soldered connections 35 
Contact base for binding screw connections   .75 

*Not included in complete controller; must be ordered separately 



32"4- 

Cat. N 

16921 
16922 

56757 
51465 
51467 
37949 
5889 

51466 
37973 
14434 
56708 
56709 

GENERAL ELECTRIC COMPANY. 

Paris of R Controllers 

Parts of R—22—A Controller. 

Description List Price 
R-22-A Controller, complete. (Includes supporting bracket with cap screws and washers fasten¬ 

ing controller to dasher.)   
*Operatmg handle  $4 .15 
*Reversing handle  2 .35 
Following are the interchangeable parts oj the R-22-A Controller which differ from those of the R-\±-A 

Controller: 
MAGNET SPOOL, wound, complete  14 .00 
CONTROLLING CONTACT BOARD, complete, with reinforced fingers  6 .50 

Contact base, with large hole for two wires  .25 
Contact finger, with spring  .29 
Screw fastening finger to base (10-24, " R. H. Blued) per 100 .50 

REVERSING CONTACT BOARD, complete, with reinforced fingers  4 .75 
Contact finger, with spring  .16 
Screw fastening finger to base (8-32, §" R. H. Blued) per IQO .50 

Liber cleat for holding wire to frame  .20 
Screw fastening fiber cleat to frame (14-24, 2" R. H. Blued) per IQO 2 .00 
*Not included in complete controller; must be ordered separately. 



Cat. N 

16921 
16922 

51705 
51706 
51707 
19646 
14426 
51708 
51709 
51710 
51711 
51712 

GENERAL ELECTRIC COMPANY 

Parts o} K Controllers 4493 33 

Parts of R-22 C Controller 

Description List Price 
R 22 C Controller, complete. (Includes supporting bracket with cap screws and washers fasten 

ing controller to dasher.)  
^Operating handle  $4 .15 
^Reversing handle  2 .35 

The R 22 C controller differs from the R 22 A in that it has a connection board on back of frame. 
Following are the interch mgeable parts of the R-22 C controller, ahich differ from those of the R 22 1 
Frame fitted with cylinder shaft bearing caps and cap strews for same  
Connection board, complete, for back of frame  4 .00 

Wood base  .40 
Screw fastening wood base and cover for connection board to frame (14 24, Vf R. H.). . per 100 1 .00 
Washer for No. 19646 (JJ" x V'x .062" Brass) per 100 1.00 
Binding post ■  .25 
Screw fastening No. 51708 to wood base (4/' IS, ]" R. H. Brav-.    >cr 100 6 .00 
Binding screw for No. 51708 (18 IS, jj" R. H. Brass ....  per 100 2.50 
Thumb sciew for No. 51708 (18 18, jj" Brass)  .45 
Cover for connection board  1 .00 

*Not included in complete controller; must be ordered separihly. 



UEN ERA L 

34-4493 Parts oj R Controllers 

ELEC TRIC COM PA N Y 

Parts of R-27-A Controller 

Cat. No. 

17799 
56714 
14646 
56715 
56716 
14512 
14410 
56717 
14645 
56718 
56719 
56720 
51745 

Description List Price 
R-27-A Controller, complete. (Includes supporting bracket, with cap screws and washers fasten¬ 

ing controller to dasher.)  
^Operating and reversing 1 handle   $8 .50 

FRAME, complete  
Hinge bolt with pin and nut for frame  ,45 

Cap for top of controller  
Screw fastening cap to frame (§"-16, 1" R. H. Brass) per 100 8.00 
WATER CAP AND POINTER for cylinder sfyaft, with set screw  1 ,25 

Set screw for water cap (-jV'-lS, W Sp'l Blued) per IQO 5 .00 
SHEET IRON COVER, complete  9 ,75 

Slotted lug for cover, with rivets  ,10 
HINGED POLE PIECE, complete, with hinges  3 ,50 

Upper hinge, with screws  ,85 
Lower hinge, with rivets  ,75 
Screw fastening No. 56719 to pole piece (14-24, f" R. H. Blued)   per 100 1 .00 

*Not included in complete controller; must be ordered separately. 



GENERAL ELECTRIC, COMPANY 

Parts of R Controllers 4493-35 

Parts of R-27-A Controller—Continued 
Cat. No. Description List Price 
56721 Thumb screw fastening pole piece to frame (f'-lG, Ifk" Brass Sp'l)  $0*25 
56722 ARC DEFLECTOR, complete    7.00 
56723 Large strip   1 .50 
56724 Small strip   ,75 
19637 Large division plate   25 
19636 Small division plate  ,20 
19929 Screw fastening strips to division plates (No. 8, \,f F. H.) per 100 1 .00 
19892 Screw fastening arc deflector to pole piece (No. 10, l\,f R. H. Blued) per 100 .40 
19630 Insulating bushing used with No. 19892  04 
56726 MAGNET SPOOL, wound complete, with terminals  19.00 
19648 Binding screw for terminals (14-24/ f" R. H. Blued, Round Point) per 100 1 .00 
22213 Check nut for No. 19648 (14-24, Hex. Flat Brass) per 100 1 .50 
11096 Screw fastening No. 56726 to frame (14-24, f" R. H. Blued) • per 100 .65 
56727 CONTROLLING CYLINDER, complete, with shaft, insulation disks, bushings, collar and star 

wheel  55 .00 
39485 Complete set of copper contact segments with screws  

Contact segments and screws are listed below. 
56728 Shaft   3 .50 
17742 Key for cylinder and shaft  .20 
56729 Insulation disk (upper)    45 
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.17 

1 
11192 l $0.72 
11193 .24 

39485 
17624 
17733 

Complete set of segments, with screws  
Pin for segments, per 100  
Screw for segments, per 100  

10 .00 
1 .25 
3 .00 



36-4<1 

Cat. N< 
50550 
50730 
50731 
50732 
50733 
50734 
10730 
50735 
21302 
4030 

50736 
50737 
56738 
56739 
50740 
14426 
37904 
19685 
22213 

5889 
19683 
19805 
13S52 
56741 
13848 
56742 
56743 
56744 
13848 
56710 

GRNhRA L ELRCTRIC COMPANY 

Paris oj R Controllers 

Parts of R 27 A Controller—Continued 

Description List Price 
Insulation disk (lovvci)  $0.40 
End bushing    .30 
Inner bushing  .25 
Collar, with p'n, for shaft    .50 
Star wheel, with pin; must be tilled  5 .50 

Check pawl, with rollei, for star wheel  1.25 
Roller, with pin 10 

Pivot pin for pawl  .06 
Washer for pin x m2") per 100 .50 
Spring cotter for pin x J*) per 1000 2.00 
Spring for pawl (17 Turns .091" Steel wire) 05 
Pin for spring  .04 
CONTACT BOARD, complete, with finger shield and No. 4 insulated wires, with reinforced fingers 22 .00 

Wood base  .55 
Screw fastening wood base to frame (14 24, 11" R. H.) per 100 2.00 
Washer for screw (JJ* x J" x .062" Brass) per 100 1.00 
Contact finger, with spring  „ 25 
Adjusting screw for finger (14 24, R. H. Blued) per 100 .85 
Check nut for adjusting screw (14-24, Hex. Flat Brass)   per 100 1.50 
Screw fastening finger to base (10 24, R. H. Blued) per 100 .50 
Double washer for No. 5889   per 100 2 .00 
Contact base 35 
Screw fastening base to wood base (No. 10, J" F. H.) per 100 .50 
Finger shield    2.65 
Screw fastening shield to wood base (No. 10, 2" F. H.) per 100 .50 

Fiber plate for base of controller   50 
Screw fastening plate in position (14 24, F. H.) per 100 .60 
Trolley shield, complete 55 
Screw for trolley shield (No. 10, 2" F. H.) per 100 .50 
Two-way connector for cables, with two screws No. 58S9 15 



Cat. IS 

17799 

56745 
56746 
56747 
56748 
14426 
51702 
51703 
19646 
14426 
14548 

G EX ERA L ELECTRIC COMPANY 

Parts o} R Controllers 4493-37 

Parts of R-27-D Controller 

Description List price 

R-27-D Controller, complete. (Includes supporting bracket, with cap screws and washers fasten¬ 
ing controller to dasher.)  

^Operating and reversing handle  53 50 
The R-27-D controller differs from the R-27-A in that it has a connection board on the back to 

which the outside leads are attached. 
Following are the interchangeable parts which differ from those of the R-2I-A: 
Frame, complete  
Connection board, complete, for back of frame  12 .50 

Wood base with spacing blocks  \ ^45 
Screw fastening wood base to frame (14-24, lj^" R. H.) per 100 2.00 
Washer for No. 56748 (^j" x x .062" Brass) per 100 1.00 
Two-way connector with four binding screws   ^45 
Binding screw for No. 51702 (12-24, R. H. Blued) per 100 .75 
Screw fastening connector to base (14-24, 1" R. H.) per iQO 1 .00 
Washer for No. 19646 x ¥ x .062" Brass) per 100 1 .00 

Soft rubber bushing for use with cables  .08 
*Not included in complete controller-, must be ordered separately. 



38-44< 

Cat. N 

14417 
29187 
11479 

56850 
14646 
56851 
56716 
14512 
14405 
56852 
14645 

GENERAL ELECTRIC COMPANY 

Parts of R Controllers 

Parts of R-28-A Controller 

Description List Price 
R-28-A Controller, Complete   

*Operating handle   $7 .50 
^'Operating hand-wheel   13 .75 
*Operating wheel, rope drive   23 .00 
Following are the interchangeable parts: 
FRAME, complete  

Hinge bolt, with pin and nut fastening cover to frame 45 
Cap for top of controller  
Screw fastening cap to frame (§"—16, 1" R. H. Brass) per 100 8 .00 
Water cap and pointer, with set screw   1.25 

Set screw for No. 14512 18, Sp'l Blued) per 100 5.00 
SHEET IRON COVER, complete  6 .00 

Slotted lug for cover, with rivets  .10 
*Not included in complete controller-, must be ordered separately 



GENERAL ELECTRIC COMPANY 

Parts of R Controllers 4493-39 

Parts of R-28-A Controller—Continued 

Cat. No. Description List Price 
56853 HINGED POLE PIECE, complete, with hinge brackets - $2 .25 
56854 Upper hinge bracket, with pin 55 
56855 Lower hinge bracket, with pin and rivets 55 
50428 Screw fastening No. 56854 to pole piece (14-24, Y R. H. Blued) per 100 .75 
10362 Cap screw fastening pole piece to frame (t//-16, Y Hex. H. Slot.)  per 100 7 .00 
56856 ARC DEFLECTOR, complete  3 .75 
56857 Strip for arc deflector  1 .10 
56858 Division plate for arc deflector  *20 
56870 . Upper end plate for arc deflector   -30 
13852 Screw fastening strip to division plate (No. 10, F. H.) ' per 100 .50 
13846 Screw fastening arc deflector to pole piece (No. 10, 1J" R. H. Blued,) per 100 .60 
13635 Insulating bushing used with No. 13846  05 
56859 Magnet spool, wound, complete, with terminals  12 .00 
19880 Binding screw for terminals (14-24, J" R. H. Round Point Blued) per 100 .50 
22213 Check nut for binding screw (14-24, Hex. Flat Brass) per 100 1 .50 
50428 Screw fastening magnet spool to frame (14-24, J" R. H. Blued) per 100 .75 
56860 CONTROLLING CYLINDER, complete, with shaft, insulation disks, collar and star wheel .. 25.00 
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Cat. No. List Price i Cat. No. List Price 
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39486 
17733 

Complete set of segments, with screws  
Screw for segments, per 100  

5 .60 
3 .00 



GENERAL ELECTRIC COMPANY 

40-4493 Parts 0} R Controllers 

Parts of R-28-A Controller—Concluded 

Cat. No. Description List Price 

39486 Complete set of copper contact segments with screws  
Contact segments and screws are listed on page 39. 

56861 Insulation disk   $0.30 
56862 Collar for shaft, with pin 40 
56863 Star wheel, with pin; must be fitted ;    1 .75 
56864 Check pawl, with roller 80 
56865 Roller, with pin  .10 
56868 Pivot pin for check pawl 10 
21392 Washer for pivot pin (Jf" x x .062") per 100 .50 
4030 Spring cotter for pivot pin (■&" x f") per 1000 2 .00 
56869 Tension spring for check pawl (24 Turns .090" Steel wire) 04 
56867 Pin for tension spring 05 
56871 CONTROLLING CONTACT BOARD, complete, with unreinforced fingers  7.00 
56872 Wood base 30 
56740 Screw fastening wood base to frame (14-24, IJ" R. H.)   per 100 2.00 
14426 Washer for No. 56740 (JJ x V' x .062" Brass) per 100 1 .00 
56873 Contact base       25 
13848 Screw fastening base to wood base (No. 10, J" F. H.)   per 100 .50 
37902 Contact finger, with spring 18 
5883 Screw fastening finger to base (8-32, R. H. Blued) per 100 .30 
19684 Brass washer plate for No. 5883 per 100 1 .00 
56874 Brass washer plate and connector for No. 5883 per 100 2.75 
19685 Adjusting screw for contact finger (14-24, R. H, Blued) per 100 .85 
22213 Check nut for adjusting screw (14-24, Hex. Flat Brass)   per 100 1.50 
56875 Finger shield    1 .80 
14192 Screw fastening No. 56875 to board (No. 8, f" F. H.') per 100 .50 
56710 Two-way connector for cables, with two screws No. 5889   .15 
5889 Screw for No. 56710 (10-24 ■&" R. H. Blued) per 100 -50 
56876 Wire guard   1 15 
50428 Screw fastening wire guard to frame-(14-24, £" R. H. Blued) per 100 .75 



GENERAL ELECTRIC COMPANY 

Parts oj R Controllers 4493-41 

Parts of R-28-B Controller 

Cat. Ho. Description List Price 

R-28-B Controller, complete  
11371 ^Operating handle with set screw   $8 .00 

The R-28-B controller differs from the R-28-A in that it has short circuiting contacts added to the 
cylinder at the off position. 

Following are the interchangeable parts of the R-2S-B controller which differ from the R-28-A: 
56877 Controlling cylinder, complete, with shaft, insulation disk, collar and star wheel  27 .00 
39487 Complete set of copper contact segments with screws  

Contact segments and screws are listed below. 
*Not included in complete controller; must he ordered separately. 

t | 0 11217 0 
I Li 140°  
I 11218 | 0 0 | 
| U-50o-*« 

! 11218 I 0 &\-\\ZZO 

I 1 0 0 | 11210 

0 0 11218 

DO 28847 

| 0 11217 0 | 

0 26843 

1 0 11217 0 | 
H l 40° * 

0 © luia 
w-500-* 

1 1 0 11217 0 1 

| i ® 11217 0 

^  

00 11218 

112)8 | 0 0 | 

"218 | O 0 | 

26847 nn 
30* 

0 11217 0 | 

28648 0 | 
- - 180° ^ 
0 H2I7 0 1 

160°  
] | 0 1)217 0 [ 

Cat. No. List Price Cat No. List Price 

' 11217 $0 .29 28847 $0.18 
11218 .15 28848 .37 

39487 Complete set of segments, with screws    6.05 
11220 Screw for segments, per 100  3.75 



GENERAL ELECTRIC COMPANY 

42-4493 Parts 0} R Controllers 

Parts of R-28-D Controller 

Cat. No. Description List Price 
R-28-D Controller, complete  

11371 * Operating handle, with set screw    $8 .00 
The R-28-D is a marine controller, and differs from the R-28-A in that the parts liable to 

corrosion are made of non-corrosive metal where possible. 
Following are the interchangeable parts of the R-28-D controller which differ from those of the R—2S—A. 

56884 FRAME, complete   
56885 Hinge bolt with pin and nut, fastening cover to frame 50 
56886 Water cap and pointer, with set screw  1 .15 
56887 Set screw for water cap (A*-!#, i" Sp'l Brass) per 100 5.00 
56888 HINGED POLE PIECE, complete, with hinge brackets   2 .25 
10204 Screw fastening upper hinge bracket to pole piece (14-24, £" R. H. Brass) per 100 1 .80 
56889 Cap screw fastening pole piece to frame (f*-16, Hex, H. Slot. Brass) —  per 100 10.00 
56890 ARC DEFLECTOR, complete   4.00 
469 Screw fastening arc deflector strips to division plates (No. 10, F. H. Brass) per 100 1 .50 

56891 Screw fastening arc deflector to pole piece (No. 10, IJ" R H. Brass) per 100 2 .25 
56892 MAGNET SPOOL, wound, complete, with terminals  12.50 
56893 Binding screw for terminals (14-24, R. H. Round Point Brass) per 100 2 .00 
10204 Screw fastening magnet spool to frame (14-24, R. H. Brass) per 100 1 .80 
56894 CONTROLLING CYLINDER, complete, with shaft, insulation disks, collar and star wheel... 26.50 
39488 Complete set of copper contact segments with screws. 

Contact segments and screws are listed below. 
*lS[ot included in complete controller; must be ordered separately. 

I 1 ® 11217 ^ \ 
| h 140°- H 
| 112161 <» »"1 
1 w-502* 

I a 11217 a I i 
N—-140" -H | 
I a ®ll 1216 I 
W-50*H i 

j ll2iar»~^H7733 fa"®! IIZIQ ' 

I 
I j rTTI 11210 

j rr^l II2IQ 

Pel 26347 

J I a 11217 ~a~1 

I 
I 
I I a H2I7 a | 
I     
N 8 II2'7 aH 

11216ITol J 
 I 

26647 |o~1 
4 •SO"!* 

1 0 11217 • ( 1 
1 

• 11217 • 1 1 
1 

0 11217 • 1 
1 

1 ® 11217 0 | I 

|I a 11217 
I  . J 
 300  

Cat. No. List Price Cat No. List Price 

11217 $0 .29 28847 SO .18 
11218 .15 

39488 i Complete set of segments, with screws  5.89 
11220 

1 
Screw for segments, per 100.. 

1 
3.75 



Cat. No. 

56895 
56896 
56897 

9997 
56898 
56899 
56900 
56901 
56902 

9650 
5531 

10437 
56903 
10204 

11371 

56904 

GENERAL ELECTRIC COMPANY 

Patis of R Controllers 4493-43 

Parts of R-28-D Controller—Concluded 

Description List Puce 
Check pawl, with roller  $0 75 
Roller with pin  .10 
Pivot pin for check pawl   . ; .08 
Washer for pivot pin (JJ" x J" x .062" Brass)          per 100 1.00 
Spring cotter for pivot pin x Brdss)       per 1000 10.00 
Tension spring for check pawl (26 Turns .090^ Steel wire. Copper-plated)  .05 
Pin for tension spring       .04 

CONTROLLING CONTACT BOARD,, complete, with unreinforced fingers  7.50 
Screw fastening wood base to frame (14-24. 1}* R. H. Brass) . .1. per 100 4.00 
Screw fastening contact ba~e to wood ba e (No. 10, F. H. Brass).J  per 100 1 .50 
Screw fastening contact finger to base (8-32, R. H. Brass):  per 100 1 .00 
Screw fastening finger shield to board (No. 8, f" F. H. Brass) per 100 1 .00 

Two-way connector for cables, with two screws, No. 5521 15 
Screw fastening wire guard to frame (14-24, i" R. H. Brass)..   " per 100 1 .80 

Parts of R-28-E Controller , 

R-28-E Controller, complete     
^Operating handle, with set screw 1      1     8.00 

The R-28-E controller differs from the R-28-D in the lettering of the cap plate only. 
Following is the only interchangeable part oj the R-2&-E controller which differs from the R-28-D: 

Cap for top of controller .     - 
*Not included in complete controller; must be ordered separately 



44-4493 

GENERAL ELECTRIC COMPANY 

Parts of R Controllers 

Parts of R-29-A Controller 

14.978 
10380 
14961 
17640 
13632 
17661 
14995 
17647 
17741 

19653 
17629 
17735 
14646 

14996, 
14939 

17643 
17644 
14994 
14438 

14699 
14437 

Cat. No. Description List priCe 
R-29-A Controller, complete. (Includes supporting bracket, with cap screws and washers fasten¬ 

ing controller to dasher, also wire guard and rubber gasket.)      
16921 *Operating handle   ^5 
16922 ^Reversing handle  2 .35 

The R-29-A controller differs from the R-17-A in that it is arranged for four motors. 
Following are the interchangeable parts 0} the R-29-A controller, which differ from those of the R-\7-A: 

14437 Frame, fitted with bearing caps and cap screws for controlling and reversing cylinder shafts 
This is identical with Frame Cat. No. 14972 with the exception of one (|"-16, l\") cap screw and 

three(yk"-18, If") cap screws, which replace the regular cap screws on account of additional 
length required for fastening brackets for the outer reversing contact board to bearings. 

14438 Cap screw fastening controlling shaft bearing caps and upper bracket for outer reversing contact 
board to frame (§"-16, IV Hex. H. Slot.)  per 100 5 .00 

10600 Cap screw fastening reversing shaft bearing caps and brackets for outer reversing contact board to 
frame (fV'-lS, W Hex. H. Slot.)  per 100 6 .00 

17664 MAGNET SPOOL, wound complete, with terminal   37 .59 
56905 REVERSING CYLINDER, complete, with shaft and star wheel   6.25 
56906 INNER REVERSING CONTACT BOARD, with reinforced fingers, complete, with two con¬ 

nection wires with clips  4 .59 
These clips are used in place of two of the washers Cat. No. 13804 when the wires are connected 

to board  
*Not included in complete controller; must be ordered separately. 



Cat. No, 
37930 
56907 
56908 
14444 
14445 
19878 
19691 
14426 
37929 

5883 
13804 
14446 
14447 
13845 

1013 

19880 
22213 

17799 

56749 
56750 

37904 
5889 

56751 

17799 

56880 
56881 

56747 
56748 
14426 
56882 
51703 
19646 
14426 
14548 

GENERAL ELECTRIC COMPANY 

Parts of R Controllers 4493 45 

Parts of R 29- A Controller Concluded 

Description List Price 
Contact finger with spring  $0.16 

Outer Reversing Contact Board, tomplete, with reinforced finger;     3.00 
Wood base   
Upper bracket for contact board  t35 
Lower bracket for contact board 35 
Screw fastening No. 56907 to upper bracket (14 24, 5" R. H.) per 100 1 .00 
Screw fastening No. 56907 to lower bracket (14 24, IJ* R. H.) per 100 1 .00 
Washer for Nos. 19878, 19691 x .062" Brass per 100 1.00 
Contact finger, with spring 1$ 
Screw fastening finger to base (8 32, R, H. Blued) per 100 .30 
Brass washer plate for No. 5883, per 100 3 .00 
Contact base and binding post, drilled through for connection wire  .20 
Contact base and binding post except those drilled for connection wire  .20 
Short screw fastening No. 14446 to wood base (No. 10, F. H.) per 100 .50 
Long screw fastening No. 14446 and screw fastening No. 14447 to wood base No. 8, I" F. H.) 
 per 100 40 

Binding screw for Nos. 14446, 14447, (14 24, R. H. Round Point Blued per 100 .50 
Check nut for No. 19880 14 24, Hex. Flat Brass) per 100 1 ,50 

Parts of R 32 A Controller 

R 32 A Controller, complete. (Includes supporting bracket, with tap screws and washers fa.sten 
ing controller to dasher  

*Operating and reversing handle  3,50 
Following are the interchangmble parts oj the R 32 A controller thich differ from those of the R 27 A; 
MAGNET SPOOL, wound complete, with terminal  21 .00 
CONTACT BOARD, complete, with finger shield and No. 2 insulated wires, with reinforced fin¬ 

gers  25.00 
Contact finger, with spring 25 
Screw fastening finger to base (10 24, {b" R. H Blued) per 100 .50 
Two way connector for cables with two screws No 5889  .18 

Parts of R-32 B Controller 

R 32 B Controller, complete. Includes supporting bracket with cap screws and washers fasten¬ 
ing controller to dasher  

^Operating and reversing handle    8.50 
The R 32-B controller differs from the R 32 \ in that it has a connec tion board on back of frame. 

EoJIowin^ are the interchangeable parts oj the R 32 B controller, "ahich differ from those oj the R 32 A: 
Frame, complete  
Connection board, complete, for back of frame  12.50 
Note. This connection board differs from connection board Cat. No. 56746 for the R 27 D control¬ 

ler, in that the two su/y connector has larger hole for cable. 
Wood base with spacing blocks  1 .45 
Screw fastening wood base to frame (14 24, 1^" R. H.) per 100 2.00 
Washer for No. 56748 (JI" x J* x .062* Brass) per 100 1.00 
Two-way connector, with four binding screws    1 .10 
Binding screws for No. 56882 12-24, y R. H. Blued) per 100 .75 
Screw fastening connector to base 14 24, 1" R. H. )   per 100 1 .00 

Washer for No. 19046 (JJ* x x .062" Brass).   per 100 1.00 
Soft rubber bushings for use with rabies   08 

*Not included in complete controller; must he ordered separitely. 



GENERAL ELECTRIC COMPANY 

46-4493 Parts oj R Controllers 

Parts of R-37-A^Controller 

Cat. No. 

16921 
36699 
56752 

56753 

56754 
56755 
56758 

56759 
56760 

5599 
17675 
56761 

56762 

Description List Price 

R-37-A Controller, complete. (Includes supporting bracket, with cap screws and washers fasten¬ 
ing controller to dasher.)  

*Operating handle  $4.15 
*Reversing handle  3 ^0 
*Reversing hand-wheel  4 ^75 
Following are the interchangeable parts oj the R-?>7-A controller which differ from those oj the R-22-A : 
Frame fitted with bearing caps and cap screws for controlling and reversing cylinder shafts  
This differs from frame Cat. No. 17630 for R-22 controller in that the cap screws for the lower con¬ 

trolling cylinder bearing cap are longer, in order to fasten the equalizing attachment in position. 
Cap screw for lower bearing cap for controlling cylinder (f'-lO, 2£" Hex. H. Slot.) ... per 100 10 .00 

CAP for top of controller  
CONTROLLING CYLINDER, complete, with shaft insulation disks, collar and star wheel... 20.00 

This differs from controlling cylinder Cat. No. 17695 for R-22-A controller in that the lower insu¬ 
lation disk is special for the R-37-A equalizing attachment  

Contact segments and screws are listed on page 19. 
Insulation disk (lower) with contact segment for equalizing attachment  2 .65 
Contact segment for disk  30 
Screw fastening segment to disk (10-24, y F. H. Brass) per 100 1 .00 
Safety stop nut with pin  ^30 

EQUALIZING ATTACHMENT, complete, with insulated wires and reinforced fingers (Copper 
wire, No. 6 B. & S., requiring approximately 4 feet)  3 ^qo 

Fiber block with two washer plates  ^O 
^Not incluaed in complete controller; must be ordered separately 



GENERAL ELECTRIC COMPANY 

Paris 0} R Controllers 4493-47 

Parts of R-37-A Controller—Continued 
Cat. No. Description List Price 
56763 Washer plate for block  per 100 $0 .05 
56764 Contact base, complete, with binding screw and nut, for contact finger (right-hand) 35 
56765 Contact base, complete, with binding screw and nut, for contact finger (left-hand) 15 
385 Screw fastening base to fiber block (10-24, g" F. H.) per 100 .60 

56766 "Reinforced contact finger, with spring   16 
14434 Screw fastening finger to base (8-32, jj" R. H. Blued) per 100 .50 
13804 Double washer for No. 14434 per 100 3 .00 
19880 Binding screw (14-24 f" R, H. Round Point Blued) per 100 .50 
22213 Check nut for binding screw (14-24, Hex.Flat Brass) per 100 1 .50 
56767 Terminal for wires    10 
56768 REVERSING CYLINDER, complete, with shaft and star wheel  20.00 
39489 Complete set of copper contact segments with ground contact, connection strip and screws 

Contact segments and screws are listed below. 
56769 Star wheel, with pin; must be fitted - 50> 
56770 Wood body   40t 
56771 Ground contact, with rivets  1 .SO* 

Cat. No. ' List Price l 1 
Cat. No. List Price. 

29375 $0.54 29380 $0 .76 
29376 .58 29381 .58 
29377 .30 56771 1 .50 
29378 .56 56772 .26 
29379 .56 

39489 
469 

4024 
29382 
29383 

Complete set of segments, with screws   
Screw for segments, per 100   
Screw for segments (Brass), per 100   
Copper rivet for segments per 100  
Pin for segments, per 100  

10 .39 
1.50 
2.00 

.25 

.50 



GENERAL ELECTRIC COMPANY 

48-4493 Parts of R Controllers 

Parts of R-37-A Controllers—Concluded 

Cat. No. Description List Price 

56772 Connecting strip for contact segments  SO .30 
4024 Screw fastening strip to wood body (No. 10, F. H. Brass)  per 100 2 .00 
56775 REVERSING CONTACT BOARD, complete, with reinforced fingers  6.25 
56776 Wood base 70 
56777 Insulation strip under No. 56776  .05 
56778 Fiber cleat for holding wire to frame -  .20 
19669 Screw fastening cleat to frame (14-24, IJ" R. H.) per 100 1.00 

Parts of R-37-B Controller 
R-37-B Controller, complete. (Includes supporting bracket with cap screws and washers fasten¬ 

ing controller to dasher.)  
1^921 ^Operating handle  4.15 
56752 ^Reversing hand-wheel   4 .75 

The R-37-B controller is the same as the R-37-A except that the magnet spool has a different winding. 
Following is the only interchangeable part 0) the R-37-B controller, which differs from the R-Z7-A ; 

56828 Magnet spool, wound, complete  14 .00 

Parts of R-37-F Controller 

R-37-F Controller, complete. (Includes supporting bracket with cap screws and washers fasten¬ 
ing controller to dasher.)    

16921 ^Operating handle  4.15 
56752 ^Reversing hand-wheel   4.75 

The R-37-F controller differs from the R-37-B only in that the slotted lugs on the cover are differ¬ 
ently located. 

Following are the interchangeable parts of the R-37-77 controller which differ from the R-37-B: 
24987 SHEET IRON COVER, complete  10 .75 
24988 Long hinge bolt, with pin and nut, for fastening cover to frame   1 .00 

Parts of R-38-A Controller 

R-38-A Controller, complete. (Includes supporting bracket with cap screws and washers fasten¬ 
ing controller to dasher.)  

16921 ^Operating handle    4.15 
56752 ^Reversing hand-wheel  4.75 

The R-38-A controller differs from the R-37-A only in the capacity of the wiring and contact fingers 
Following are the interchangeable parts of the R-3&-A controller, which differ from those of the R-37-A 

56780 MAGNET SPOOL, wound, complete  15 .00 
17697 CONTROLLING CONTACT BOARD, complete, with unreinforced fingers  6 .00 
37946 Contact finger, with spring 20 

Note.—The contact base with large hole for wire is omitted from Cat. No. 17697. 
56781 REVERSING CONTACT BOARD, complete, with unreinforced fingers   5.85 
37969 Contact finger, with spring  12 

*Not included in complete controller. Must be ordered separately. 



GENERAL ELECTRIC COMPANY 

Parts of R Controllers 4493-49. 

Parts of R-43-A Controller 

ZS799 
ZG/ee 
N563Z 
25796 
26/74- 
25756 
26 173 
25754 
26179 
25795 
•26 / 70 
.-/ 0306 
25794 
26 / 98 
25767- 
'25766 
25765 
26/99 
25763 
26201 
26196- 
26195 
2622/ 
25762 
26203 

9667 
262/1 

1-25752 
—25759 

26/77 
26/69 
25758 
25753 
26/33 
26/74' 
26/66 
26 /<S5 
33427 
26/36 
25768 
26/64 
26 / 87 
262/2 
14646 
25792 
25789 
2579/ 
25790 
26205 
262/9 
13990 
26222 
26202 
25775 
262/5 
262/4- 

Cat. No. 

25752 
25753 
13354 
25760 
25754 
14646 
25755 
25756 
25757 
15519 
25758 

Description List Price 
R-43-A Controller. (Includes operating and reversing handles.) 

Following are the interchangeale parts oj the R-4?>-A Controller 
Operating handle, with clamping screw  $3 .50 
Reversing handle, with set screw  .70 
Clamping screw for No. 25752 (§"-16, 1§" Hex. H. Blued) per 100 8.00 
Set screw for No. 25753 (y-20, re" Sp'l. Bluedl per 100 5.00 
FRAME, complete, with lining. Includes bearing for lower end of controlling cylinder shaft... 

Hinge bolt with pin and nut for fastening cover to frame  .45 
CAP, for top of controller  
Long stud fastening cap to frame and fastening check pawl for controlling cylinder/13, 4§" Sp'l.).. .20 
Washer for stud (r^" ^ jk" x thick) per 100 1.00 
Spring cotter for stud x §") per 1000 2 .00 
Short stud fastening cap to frame (£"-13, 2§" Sp'l.)  .20 



50~4^ 

Cat. N< 
11870 
5890 

25759 
25760 
25761 
14645 
25762 
25763 
15519 
9887 

25764 
22774 
25765 
25766 
25767 
25768 
13852 
25769 

25770 

25771 

25772 

25773 

25774 

25775 
25776 

25777 

25778 

25779 
25780 
25781 
2592 

25782 

25783 

25784 

25785 

25786 

25787 

25788 
6081 

GENERAL ELECTRIC COMPANY. 

Parts of R Controllers 

Parts of R 43-A Controller Continued 

Description List Price 
Nut for studs (£" 13, Hex. Fin. Std.)  $0.16 
Screw fastening cap to bearing for no voltage release magnet (18 18, \ F.H. Blued)., per 100 2 .00 
Pointer for controlling cylinder shaft with set screw  .70 
Set screw for No. 25759 (}" 20. Sp'l. Blued) per 100 5 .00 

SHEET IRON COVER, complete  7 .50 
Slotted lug, for cover, with rivet    .10 

HINGED POLE PIECE  2 .25 
Hinge pin, with spring cotter for pole piece (?//x7J/' Sp'l.)  .10 

Spring cotter for pin x J")  per 1000 2.00 
Cap screw fastening pole piece to frame (I" 13, 1J" Hex. II Std.l per 100 8.00 
ARC DEFLECTOR, complete  5 .75 

Screw fastening arc deflector to pole piece (No. 10, l%" R. H. Blued) per 100 .50 
Insulating bushing used with No. 22774   .10 
Wide strip for arc deflector  .55 
Narrow strip for arc deflector 45 
Division plate for arc deflector  .60 
Screw fastening strips to division plates (No. 10, 1" F. H.) per 100 .50 

*BLOW OUT MAGNET, wound complete, (2 3.75 Amp.) includes terminals and leads. Spec. 
F-25989   5 .00 

*BLOW-OUT MAGNET, wound complete, (3.75-7.5 Amp.) includes terminals and leads. Spec. 
F-25987   5 .25 

*BLOW-OUT MAGNET, wound complete, (7.5 15 Amp.) includes terminals and leads. Spec. 
F-25984   5 .85 

*BLOW OUT MAGNET, vound complete, (15 30 Amp.) includes terminals and leads. Spec. 
F-25978   6 .50 

*BLOW-OUT MAGNET, wound complete, (30-55 Amp.) includes terminals and leads. Spec. 
F-25981   7 .00 

^BLOW-OUT MAGNET, wound complete, (55 80 Amp.) includes terminals and leads. Spec. 
F-25982   7 .50 
Copper terminal  .30 

^NO VOLTAGE RELEASE MAGNET, (115 volts) wound complete on bearing for controlling 
cylinder star wheel. Includes terminals and leads. Spec. F 25979   11 .50 

*NO VOLTAGE RELEASE MAGNET, (230 volts) wound complete on bearing for controlling 
cylinder star wheel. Includes terminals and leads. Spec. F 25976  19.00 

*NO VOLTAGE RELEASE MAGNET, (500 volts) wound complete on bearing for controlling 
cylinder star wheel. Includes terminals and leads. Spec. F-25986  25 .00 
Brass terminal for long lead  .08 
Brass terminal for short lead  .08 

Fiber cleat for fastening leads to cap plate. Includes two halves with two screws. No. 2592  .10 
Screw for No. 25781 (10 24, f" R. H. Blued) per 100 .60 

^Overload Magnet, (2 3.75 Amp.) wound, complete. Includes contact base, contact spring, fiber 
insulation, stud with pins, terminals No. 25775 and leads. Spec. F 25990   6 .00 

^Overload Magnet, (3.75 7.5 Amp.) wound, complete. Includes contact base, contact spring, fiber 
insulation stud with pins, terminals No. 25775 and leads. Spec F 25988   6 .50 

^Overload Magnet, (7.5 15 Amp.) wound, complete. Includes contact base, contact spring, fiber 
insulation, stud with pins, terminals No. 25775 and leads. Spec. F 25985  6 .75 

^Overload Magnet, (15 30 Amp.) wound, complete. Includes contact base, contact spring, fiber 
insulation, stud with pins, terminals No. 25775 and leads. Spec. F-25977  7 .00 

^Overload Magnet, (30 55 Amp.) wound, complete. Includes contact base, contact spring, fiber 
insulation, stud with pins, terminals No. 25775 and leads. Spec. F-25980  7 .25 

^Overload Magnet, (55 80 Amp.) wound, complete. Includes contact base, contact spring, fiber 
insulation, stud with pins, terminals No. 25775 and leads. Spec. F 25983  7 .50 
Phos. Bronze contact spring  .08 
Screw fastening spring to contact base (10-42, §" R. H. Blued) per 100 .50 

^Winding specification number stamped o?i each coil 



GENERAL ELECTRIC COMPANY 

Parts of R Controllers 4493-51 

Parts of R-43-A Controller—Continued 
Cat. No. Description List Price 
13804 Double washer for No. 6081 per 100 $3 .00 
6068 Binding screw for contact base and no-voltage magnet lead (10-24, R. H. Blued)... per 100 '.50 

25789 Armature, complete, with hinge pin, copper contact, terminal No. 25775 and leads   .65 
25790 Adjusting spring for armature, includes hook (26 turns, .0508" steel wire) :   15 
25791 Adjusting screw for No. 25790 (8-32, 2J" Sp'l.) ;   per 100 10.00 
25792 Thumbnut for No. 25791 (8-32 Sp'l.)   20 
25793 CONTROLLING CYLINDER, complete, with shaft, insulation disks and collar  32 .50 
39490 Complete set of copper contact segments, with screws .7 

Contact segments and screws are listed below. 
25794 Insulation disk, upper  30 
25795 Releasing arm for cylinder with set screw  2 .50 
25760 Set screw for No. 25795 (i#-20, A" Sp'l.)) ;   per 100 5.00 
25796 Catch for No. 25795   .35 
15212 Cap screw fastening catch to arm (1-16, j" Hex. H.)  per 100 8 .00 
25797 Washer for No. 15212 (§"x &"*&")   per 100 1.00 
25798 Star wheel for controlling cylinder, includes spring for armature and spring stop     .4 .00 
25799 Spring for star wheel and armature (7 turns, .0414" steel wire)  10 
26168 Spring stop     ..15 
26169 Armature for star wheel, with stud  85 

Cat. No. List Price . Cat. No. | 
1 

•List Price 
1 

26236 SO .30 26241 SO .28 
26237 .30 26242 .28 
26238 .29 26243 .49 
26239 .79 26244 .71 
26240 .43 

39490 Complete set of controlling cylinder segments, with screws 2 86 
39491 Complete set of Rheostat cylinder segments, with screws 5 94 
17733 Screw for segments, per 100  3 .00 
26245 Screw for segments, per 100    8 .00 



GENERAL ELECTRIC COMPANY 

52-4493 Parts of R Controllers 

Parts of R-43-A Controller—Continued 

Cat. No. Description List Price 
26170 Catch for No. 26169      SO .40 
26171 Key for armature and catch ($" x x J") 02 
10306 Nut fastening armature in position Hex. Brass) per 100 6.00 
26172 Lock washer for nut ($ \,f x 1" x thick copper Sp'l.) per 100 5.00 
26173 Check pawl, with roller, for star wheel for controlling cylinder 80 
26174 Roller with pin   .15 
13632 Tension spring for pawl, (26 turns, .091'' steel wire) 06 
26175 Pin fastening spring to dash pot    .05 
26176 Adjusting spring for controlling cylinder (64 turns, .144/, steel wire)    25 
26177 Spring adjuster with pin    1 -00 
26178 Adjusting pin for No. 26177 (J" x IJ"). - - - -  'l0 

26179 DASH POT, complete, with plunger   5.75 
26180 Plunger       2.50 
26181 Spring for plunger (26 J turns, .0508" steel wire)   05 

308 Cap screw fastening dash pot to frame (t,/-16, 1" Hex. H. Std.) per 100 5 .80 
26182 Lock washer for No. 308 (j}" Std.) per 100 2 .00 
26183 REVERSING CYLINDER, complete, with shaft, collars and star wheel  14.00 
26184 Wood body  .65 
26185 Brass collar for body, with pin  .20 
26186 Star wheel, with pin  .55 
26187 Short contact 15 
26188 Long contact 30 
1013 Screw fastening contacts to wood body (No. 8, F. H.) per 100 .40 

26189 Check pawl, with roller for star wheel for reversing cylinder.     80 
26174 Roller with pin   15 
26190 Pivot pin for pawl   03 
26191 Washer for pin (-&" x f" x .062" Brass) per 100 2.00 
15519 Spring cotter for pin (3^" x £")    per 1000 2 .00 
26192 Tension spring for pawl (26J turns, .0808" steel wire)  .05 
26193 Pin fastening spring to frame 05 
26194 CONTROLLING CONTACT BOARD, complete, with reinforced contact fingers, includes finger 

shield   6 .75 
26195 Wood base 55 
19669 Screw fastening wood base to frame (14-24, IJ" R. H.) per 100 1 .00 
10147 Washer for No. 19669 ({" x £" x .062")   per 100 1.00 
26196 Contact finger, with shunt, locking spring and hinge 68 
26197 . Contact finger, with shunt, locking spring and rivets 56 
26198 Locking spring  .05 
26199 Adjusting screw for finger (14-24, IJ" Sq. H. Slot.) per 100 3 .00 
26200 Hinge pin for finger hinge (I" x " Sp'l.)  20 
4030 Spring cotter for No. 26200 (^5" x f")   per 1000 2 .00 
26201 Contact base 55 
13852 Screw fastening base to wood base (No. 10, i" F. H.) per 100 .50 
26202 Cap screw fastening finger to contact base (-^"-18, f" Hex. H. Slot.) per 100 8 .00 
26203 Lock washer for No. 26202 (x f" x f" x thick copper Sp'l.) per 100 3 .00 
26204 Compression spring for contact finger (9 turns .057" steel wire) 02 
26205 Finger shield 55 
13852 Screw fastening shield to wood base (No. 10, F. H.) per 100 .50 
26206 REVERSING CONTACT BOARD, complete with reinforced fingers, includes shield for cylinders 3 .60 
26207 Wood base   60 
19669 Screw fastening wood base to frame (14-24, IJ" R. H.) per 100 1 .00 
10147 Washer for No. 19669 (J" x x .062") per 100 1.00 



Cat. N 
38427 
26208 
26209 
26210 

1188 
13848 
25776 
26211 
26203 
26212 

1185 
26213 
26214 
19669 
10147 
25775 
26215 
13848 
26202 
26203 
26217 
39491 

26218 
26219 
26220 
26221 
26222 
13990 
25775 
26211 
26203 
26223 
26224 
26225 
26226 

308 
26182 

26230 
26232 
39492 

26233 

26234 
26235 

GENERAL ELECTRIC COMPANY 

Parts of R Controllers 4493-53 

Parts of R-43-A Controller—Concluded 

Description List Price 
Contact finger with spring  $0 .75 
Cap screw fastening finger to contact base (14-24, J" Hex. H. Slot.) per 100 5 .00 
Washer for No. 26208 (Jp x i" x x thick copper) per 100 2.00 
Contact base  .40 
Long screw fastening base to wood base (No. 30, l" F. H.) per 100 .50 
Short screw fastening base to wood base (No. 10, ■]// F. H.) per 100 .50 
Copper terminal for contact base 30 
Cap screw fastening terminal to contact base (-iV'-lS, Y Hex. H. Slot.) per 100 3 .00 
Lock washer for No. 26211 ($$" x f x }" x ^ thick copper) per 100 3 .00 
Shield for cylinder  .55 
Screw fastening shield to reversing contact board (No. 8, Y R. H.) per 100 .35 

CONNECTION BOARD, complete for Blow-out Magnet. Includes terminals and terminal blocks 2 .25 
Wood base  .60 
Screw fastening wood base to frame (14-24, R. H.) per 100 1 .00 
Washer for No. 19669 (}" x Y x •062//) per 100 1.00 
Copper terminal  .30 
Terminal block  .25 
Screw fastening block to wood base (No. 10, F. II.) per 100 .50 
Screw fastening terminal to block (^"-18, I" Hex. H. Slot.) per 100 8 .00 
Lock washer for No. 26202 (J-l" x f x §" x .031" copper) ■ per 100 3.00 

RHEOSTAT, complete  38 .50 
Complete set of copper contact segments, with screws  
Contact segments and screws listed on pageol 
Spider with clamping screw  6 .50 
Clamping screw for spider (£"-13. Ig" Hex. 11. Brass) 85 
Key for spider (1£" x -fe" x ^r") :   05 
Contact post, complete, for outer circle  1 .00 
Contact post, complete, for inner circle  1 .00 
Set screw for contact posts (14-24, £" pointed headless) per 100 3.00 
Copper terminal for contact posts     .30 
Cap screw fastening terminal to post (-^"-18, Y Hex. H. Slot.) per 100 3 .00 
Lock washer for No. 26221 (££" x f" x f" x .031" copper) per 100 3'.00 

CONTACT SHOE, complete, in holder  1.90 
Contact shoe, with shunt 50 
Shoe holder, with rivet 65 
Compression spring for shoe (5 turns, .035" steel wire)  .02 
Cap screw fastening shoe holder in position (1"-1G. 1" Hex. H.) per 100 5 .80 
Lock washer for No. 308 (§" Std.) per 100 2.00 

Parts of R-45-A Controller 

R-45-A CONTROLLER. (Includes operating and reversing handles.) 
Following are the interchangeable parts of the R-45-A Controller which differ from those of the R-AZ-A: 
CAP for top of controller  
RHEOSTAT, complete    $38 .50 

Complete set of copper contact segments, with screws  
Contact segments and screws for controlling cylinder are listed on page 51, for Rheostat on page 54. 
Spider  8 .00 
Note.—Contact post, Cat. No. 26222 is not used with this rheostat. 
CONTACT SHOE, complete, includes holder  1 ,90 

Shoe holder, with rivet     ,65 



54-4493 

Cat. No. 

26227 
26228 
39493 

26229 

Cat. No. List Price ; 
! 

Cat. No. List Price 

26240 $0 .43 26246 $0 .79 
26241 .28 26247 .71 
26242 .28 26248 .34 
26243 .49 26249 .38 

39492 

39493 

26245 

Complete set of rheostat cylinder segments with screws 
for the R-45-A controller  

Complete set of rheostat cylinder segments,with screws for 
the R-47-A controller    

Screw for segments, per 100  

5.04 

6.10 
8.00 

GENERAL ELECTRIC COMPANY 

Parts oj R Controllers 

Parts of R-45-A and R-47-A Controllers—Concluded 

Parts of R-47-A Controller 
Description List Price 

R-47-A CONTROLLER. (Includes operating and reversing handles.) 
Following are the interchangeable parts oj the R-Al-A Controller which differ from those oj the R-AZ-A: 
CAP for top of controller     - - • 
RHEOSTAT, complete    $38.50 

Complete set of copper contact segments, with screws *  
Contact segments and screws for controlling cylinder are listed on page 51, for Rheostat see below 
Spider  8 •00 

/Mtr- 

<01 ftf 

'kfr 

A ' A 

RHEOSTAT SEGMENTS FOR R-45-A. CONTROLLER 



GENERAL ELECTRIC COMPANY 

Parts of R Controllers 4493-55 

Parts of R-55-A Controller 

/ 692 / 
14.5 12 
29342 
29330 
29334 
22111 
29359 
29312 
/ 9684 
29363 
2936 I 
29333 
29332 
29366 
/ 9663 
29360 
29366 
29362 
/9Q95 
29351 

29331 
29336 
2 9356 
29311 

29361 
56310 
29425 
29424 
29338 

29353 
56169 
I 1113 
1960 1 
10362 
29329 
29343 
14925 
29339 
31980 
29399 

 293 73 
 29331 

29349 

29350 
29351 
2934 I 
29340 

I I 096 
222/3 
14646 
29352 
29422 
29328 

Cat. No. Description List Price 
R-5o-A Controller, complete. (Includes supporting bracket with cap screws and washers for fas¬ 
tening controller to dasher.) 

16921 ♦Operating handle  $4.15 
17778 ♦Reversing handle  2 .40 

Following are the interchangeable parts: 
*Not included in complete controller, must be ordered separately. 



GENERAL ELECTRIC COMPANY 

56-4493 Parts oj R Controllers 

Parts of R-55-A Controller—Continued 

Cat. No. Description List Price 
2P328 Frame, complete  
14646 Hinge bolt with pin and nut for fastening cover to frame - SO .45 
11096 Binding screw for ground connection (14-24, j|" R. H. Blued)     per 100 .65 
22213 Check nut for No. 11096 (14-24, Hex. Flat. Brass) per 100 1 .50 
29329 Cap for top of controller   

322 Screw fastening No. 29329 to frame (§"-16, 1" F. H.) per 100 2 .00 
10362 Cap screw fastening No. 29329 to frame (§"-16, §" Hex. H. Slot.) per 100 7 .00 
14512 WATER CAP AND POINTER for controlling cylinder shaft with set screw  1 .25 
19601 Water cap for reversing cylinder shaft with set screw    1.00 
14410 Set screw for Nos. 14512, 19601 (A"-18, W Sp'I. Bluedl   per 100 5 .00 
29427 SHEET IRON COVER, complete     14 .00 
14645 Slotted lug for cover with rivets     *10 
29330 Hinged pole piece  8 .75 
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REVERSING CYLINDER. 

Cat. No. List 
Price. Cat. No. List 

Price. Cat. No. List 
Price. Cat. No. List 

Price. 

29554 
29555 
29556 

$ .84 
1.28 

.54 

29557 
29558 
29559 

$ .62 
.54 
.46 

29608 
29609 
29610 

$1.00 
1.35 
1.35 

29611 $2.28 

37690 
17663 

Complete set of segments, 
with screws 

Screw for Segments, per 100 
12.75 

.75 

37691 

9650 
29612 

Complete set of segments, 
with screws and rivets 

Screw for Segments, per 100 
Copper rivets, per 100 

20.92 
1.50 
.40 



Cat. Ni 

29331 
51726 
22771 
22772 
29335 
13846 
13635 
29332 
29333 
56870 
19895 
13848 
29334 
19932 
11096 
29336 
29337 
37690 

29338 
29339 
29340 
29341 

861 
17741 
29342 
29343 
14925 
29344 
29345 
16118 
29346 
29347 
29348 
37691 

29349 
29350 
29351 
29352 

471 
56769 
29353 
29354 
29355 
29345 
16118 
29346 
37731 
29356 

29357 
56740 
14426 
29358 

GENERAL ELECTRIC COMPANY 

Parts, of R Controllers 4493-57 

Parts of R-55-A Controller—Continued 
Description List Price 

Hinge for pole piece   ^5; 
Screw fastening hinge to pole piece (-iV'-lS, g" F. H.) per 100 5 .00' 
Spring catch complete, with two screws, for pole piece 30- 
Screw for No. 22771 (10-24, I" F. H.) per 100 .65; 

ARC DEFLECTOR, complete  9 ^0* 
Screw fastening arc deflector to pole piece (No. 10. 1J" R. H. Blued) per 100 .50' 
Insulating bushing used with No. 13846   
Wide strip for arc deflector  2 .75 
Narrow strip for arc deflector  1 
Large division plate   
Small division plate 20 
Screw fastening strips to division plate (No. 10, }* F. H.)   per 100 .5 

MAGNET SPOOL, wound complete, with leads and connector  35 tQ0 
Two-way connector for lead  45 
Binding screw for No. 19932 (14-24, g" R. H. Blued) per 100 .65 

Fiber insulation sleeve for lead   
CONTROLLING CYLINDER, complete, with shaft, insulation disks, shields, collar and star wheel 67 .00 

Complete set of copper contact segments with screws per set 12 .7& 
Contact segments and screws for same are listed on -page 56. 
Insulation disk •.  . 30 
Insulation block for cylinder, large  1 (25 
Insulation block for cylinder, medium  1 t15 
Insulation block for cylinder, small   55 
Screw fastening blocks to cylinder (8-32, f" F. H.) per 100 .5*0 
Collar for shaft with pin   
STAR WHEEL with pin must be fitted  1 t35 

Check pawl with roller for controlling cylinder  t40 
Roller with pin     jq 

Pivot pin for pawl ($"—16. thread Sp'l.) 15 
Washer for pin (•^,/ x 1" x .062")   per 100 4 .00 
Spring cotter for pin (£" x ?") per 1000 2 .00 
Tension spring for pawl (31 turns, .091" steel wire)   ^05 
Pin fastening spring to cap plate (14-24, thread Sp'l.)   
REVERSING CYLINDER, complete, with shaft, insulation disks, collar and star wheel  52 .00 

Complete set of copper contact segments with screws,and rivets... per set 20.92 
Contact segments and screws for same are listed on page 56. 
Wood body  1 ,50 
Insulation disk 45 
Collar with pin for shaft and wood body 15 
Collar with pin for shaft and bearing.   20 
Screw fastening No. 29351 to wood body (No. 8, 1J" F. H.) per 100 .25 
Star wheel with pin; must be fitted  . .59 

Interlock pawl with pin for spring    1 t(jo 
Pin for pawl spring  06 
Pivot pin for pawl  15 
Washer for pin (■&■" x 1" x .062") :.. per 100 4 .00 
Spring cotter for pin (£" x f") per 1000 2 .00 
Tension spring for pawl (31 turns, .091" steel wire)   
Pin fastening spring to cap plate (14-24, thread Sp'l.)   
CONTROLLING CONTACT BOARD, complete, include^ finger shield and shield for upper 

end of board  37 ,00 
Wood base  1 .65 
Screw fastening wood base to frame (14-24, R. H.) pCr iQO 2 .00 
Washer for No. 56740 (£}" x x .062" Brass) per 100 1 00 
Contact base, small, for two screws  35. 



GENERAL ELECTRIC COMPANY 

58-4493 Parts 0/ R Controllers 

Parts of R-55-A Controller—Concluded 

Cat. No. Description List Price 

29359 Contact base, large, for two screws  SO .45 
29360 Contact base for three screws 55 
29361 Contact base for four screws 75 
1188 Screw fastening contact base to wood base (No. 10, l" F. H.)  per 100 .50 
29362 Wide contact finger with spring 40 
29363 Narrow contact finger with spring 34 
6068 Screw fastening wide finger to base (10-24, J" R. H. Blued)  per 100 .50 
23691 Screw fastening narrow finger to base (8-32, §" R. H. Blued) per 100 .50 
19683 Double washer for No. 6068 per 100 2 .00 
19684 Double washer for No. 23691  per 100 1 .00 
29366 Copper connection strip for wide contact fingers 30 
29367 Copper terminal for three fingers, front of board 25 
29368 Copper terminal for two fingers, front of board 15 
29369 Copper terminal for three fingers, side of board 25 
29370 Copper terminal for one and two fingers, side of board  .15 
29371 Fiber block between fingers   15 
56825 Screw fastening block to wood base (No. 8, J" R. H. Blued) per 100 .60 
29372 Fiber shield for upper end of board 15 
1013 Screw fastening shield to wood base (No. 8, }■* F. H.) per 100 .40 
29373 Finger shield  .45 
10296 Screw fastening finger shield to board (No. 10, l\n R. H.) per 100 .50 
29374 Fiber shield for connection cables to contact board   30 
19645 Screw fastening No. 29374 to contact board (No. 8, ty R. H.) per 100 .40 
29398 REVERSING CONTACT BOARD, complete, with reinforced fingers  16.50 
29399 Wood base    1 .25 
51652 Screw fastening wood base to frame (14-24, If" R. H.) per 100 2.00 
14426 Washer for No. 51652 (JJ* x b" x .062" Brass) per 100 1.00 
29420 Contact base  .75 
10214 Screw fastening base to wood base (No. 8, F. H.) per 100 .25 
37980 Contact finger with spring 24 
14434 Screw fastening finger to base (8-32, I" R. H. Blued) per 100 .50 
29421 Double washer for No. 14434  per 100 .75 
29422 Insulation shield between cylinders includes supporting block 60 
11096 Screw fastening shield to supporting block (14-24, R. H. Blued) per 100 .65 
14426 Washer for No. 11096 (£J" x x .062" Brass) per 100 1.00 
29423 Screw fastening supporting block to frame (14-24, IJ" F. H.)  per 100 1 .25 
29424 Wire guard 20 

18 Screw fastening wire guard to frame(10-24, J" R. H.) per 100 1.25 
29425 Fiber cleat for holding wires to frame 35 
29426 Screw fastening cleat to frame (10-32, IJ* F. H.) per 100 1.00 
14963 Bracket fastening controller to dasher 45 

439 Cap screw fastening bracket to controller (£"-13. 1" Hex. H.) per 100 8.00 
37753 Washer for No. 439 (&" x £" x .062") per 100 4.00 



GENERAL ELECTRIC COMPANY 

Parts of R Controllers_,'44g^-$g 

Parts of R-60-A Controller 

377Z3 
29343 
14-925 
377 12 
37707 
37709 
37710 
3771 7 
3774-3 
3774-1% 
3 774-2 
37733 
29332 
37737 
37714 — 
37715 
/ 9095 

29359 
37735 
37735 
29371 
29363 
3 7 734 
19634 
37739 
37751 
37706 

/6 92I 
23336 
14512 

— 32330 
19601 
56769 
13643 
37749 
37730 

iffil— 37746 
Si*— 37729 

37740 
6066 

 19663 

29350 
— 29352 

30614 
22213 
13643 

Cat. No. Description List Price 
;r_60-A Controller (rheostatic) complete, includes supporting bracket with cap screws and washers 

for fastening controller in position. 
16921 ^Operating handle  $4.15 
32330 *Reversing handle  3 .25 

Following are the interchangeable parts: 
37706 Frame, complete, fitted with bearing and cap screws for reversing cylinder shaft  

*Not included in complete controller; must be ordered separately. 



GENERAL ELECTRIC COMPANY 

60-4493 Paris oj R Controllers 

Parts of R-60-A Controller—Continued 

Cat. No. Description List Price 
138i3 Cap screw fastening bearing to frame (8//-lC, 1" Hex. H. Slot.) per 100 $5.00 
30814 Binding screw for ground connection (14-24, j" R. H. Round Point Blued) per 100 1 .00 
22213 Check nut for No. 30814 (14-24, Hex. Flat Brass)    per 100 1 .50 
14646 Hinge bolt with pin and nut for fastening cover to frame   45 
37707 Cap for top of controller    

322 Screw fastening No. 37707 to frame (I'MG, 1" F. H.) per 100 2.00 
13843 Cap screw fastening No. 37707 to frame (§"-16, 1" Hex. H. Slot.) per 100 5.00 
14512 WATER CAP AND POINTER with set screw, for controlling cylinder shaft   1 .25 
19601 Water cap with set screw for reversing cylinder shaft  1 .00 
14410 Set screw for Nos. 14512, 19601 (iV'-lS, §4" Blued Sp'l.)    per 100 5.00 
3770S SHEET IRON COVER, complete 9.50 
14645 Slotted lug for cover, with rivet   10 
37709 Hinged Pole Piece, complete, with hinge brackets    8.00 
37710 Hinge bracket 75 
37711 Screw fastening hinge bracket to pole piece. .(-iV'-lB, F. H.) per 100 1 .25 
37712 Spring catch, complete, with two screws, for pole piece   20 

I* -360  4 

Cat. No. List Price. Cat. No. List Price. 

37769 $0 .65 37771 $0 .26 
37770 .24 37772 .32 

37719 Complete set of segments, with screws 6.72 
17733 Screw for Segments, per 100 3.00 



GENERAL ELECTRIC COMPANY 

Parts of R Controllers 4493-61 

Parts of-R-6o-A-Controller—Continued 

Cat. No. bescription List Price 
306 Screw for No. 37712 (10-24, £" F. H.) per 100 S3 .00 

■37713 Arc Deflector, complete .\  7 -00 
13846 Screw fastening arc deflector to pole piece (No. 10, 1J" R. H. Blued) per 100 .60 
13635 Insulating bushing used with No.   05 

■37714 Wide strip for arc deflector  2 .25 
■37715 Narrow strip for arc deflector   1.00 
19895 Division plate for arc deflector 20 
13848 Screw fastening strips to division plate (No. 10, F. H.) per 100 .50 
-37716 Fiber insulating between wide strip for arc deflector and pole piece. 15 
-37717 BLOW-OUT COIL, wound, complete, with leads and connector  23 .00 
56713 Two-way connector for lead  - 60 
-50428 Binding screw for No. 56713 (14-24, ¥ R. H. Blued) per 100 .75 
37718 CONTROLLING CYLINDER, comple'te, with shaft, insulation disks, shields, collar and star 

wheel    46 .00 
■37719 Complete set of copper contact segments, with screws per set 6 .72 

Contact segments and screws for same are listed on page 60 
29338 Insulation disk          50 
■37720 Insulation block for cylinder, large      SO 
37721 Insulation block for cylinder, medium 75 
29341 Insulation block for cylinder, smafl.  - 65 
861 Screw fastening blocks to cylinder (8-32, §" F- H.)  per 100 .50 

-37722 Collar for shaft, with pin   55 
37723 STAR WHEEL, with pin, must be fitted   1 .50 
29343 Check pawl with roller for controlling cylinder 40 

, 14925 Roller with pin   :  ■ 16 
'29344 Pivot pin for pawl (f'-lO thread Sp'l.)  15 
29345 • Washer for pin x ¥ x .062/0    per 100 4 .00 
15519 Spring cotter for pin x J")     per 1000 2 .00 
-33778 Tension spring for pawl (20 turn, .091" steel wire) 05 
29347 Pin fastening spring to cap plate (14-24 thread Sp'l.)    ' 10 
-37724 REVERSING CYLINDER, complete, with shaft insulation disks, collar and star wheel  33 .00 
37725 Complete set of copper contact segments with screw per set 17 .86 
.37726 Contact segment for four screws ■   1-34 
37727 Large contact segment for two screws     1 -10 
.37728 ' Small contact segment for two screws.. 40 
13848 Screw fastening segments to wood body (No. 10, J" F. H.)   per 100 .50 
-37729 Wood body  :   1 .00 
29350 Insulation disk '  .45 
13848 Screw fastening No. 29350 to wood body (No. 10, f F. H.)   per 100 .50 
29352 Collar with pin 20 
56769 Star wheel with pin. must be fitted 50 

-37730 Interlock pawl with pin for spring  1 -90 
29354 Pin for pawl spring 06 
29355 Pivot pin for pawl  .15 
29345 Washer for pin (&* x 1" x .062") - - per 100 4.00 
15519 Spring cotter for pin x f")  Per 1000 2 .00 

■33778 Tension spring for pawl (20 turns, .091" steel wire)  - 05 
37731 Pin fastening spring to cap plate (14-24, thread Sp'l.)  ,.10 
.37732 CONTROLLING CONTACT BOARD, complete, with contact bases, without fingers  19.50 
'37733 Wood base  1.25 
19669 Screw fastening wood base to frame (14-24, 1^" R. H..) per 100 1 .00 
14426 Washer for No. 19669 (££" x ¥ x .062" Brass) per 100 1.00 
37734 Contact base, small, for one finger    30 
29358 Contact base, large, for one finger  - - ■   35 



GENERAL ELECTRIC COMPANY 

62-4493 Parts of R Controllers 

Parts of R 60 A Controller Concluded 

Cat.No. Description List Price 
29359 Contact base, for two fingers  $0 .45 
1188 Screw fastening contact base to wood base (No. ICfi 1" F. H.)  per 100 .50 

29362 Wide operating contact finger, with spring  .40 
29363 Narrow operating contact finger, with spring  .34 

6068 Screw fastening finger to base (10 24, R. II. Blued) per 100 .50 
19683 Large double washer for No. 6068 per 100 2 .00 
19684 Small double washer for No. 6068  per 100 1 .00 
37735 Copper connec tion strip for four fingers 25 
37736 Copper terminal for two fingers, front of board  .15 
37737 Copper terminal for one finger, front of board  .10 
37738 Copper terminal for one finger, side of board 10 
29371 Fiber block between fingers  -15 
56825 Screw fastening block to wood base No. 8, ]" R. H. Blued) per 100 .60 
37739 Fiber shield for lower end of contact board  .12 
56825 Screw fastening shield to board (No. 8, R. H, Blued) per 100 .60 
37740 Finger shield, with spacing blocks  1 .15 
10296 Screw fastening finger shield to contact board (No. 10, 1J" R. H.) per 100 .50 
37741 Fiber shield for blow-out coil leads to contact board   .15 
6081 Screw fastening No. 37741 to frame (10-24, jp R H. Blued) per 100 .50 

37742 Fiber clamp for blowout coil leads to contact board  .20 
1187 Screw fastening No. 37742 to contact board (No. 10, J" R. H.) per 100 1 .00 
37743 Trolley shield 45 
51400 Screw fastening trolley shield to contact block (No. 10, p H. Blued) per 100 .75 
37744 Insulation strip under contact board    .30 
37745 REVERSING CONTACT BOARD, complete with contact bases, without finger^   8 .00 
37746 Wood base 75 
19691 Screw fastening wood base to frame (14 24, 1J" R. H.) per 100 1 .00 
14426 Washer for No. 19691 (JJ" x J" x .062" Brass) per 100 1.00 
37747 Contact base with jV hole for connection wire  .40 
37748 Contact base with hole for connection wire 40 
13848 , Screw fastening base to wood base (No. 10, J" F. H.) per 100 .50 
37749 Reinforced reversing contact finger, with spring  .16 
23691 Screw fastening finger to base (8 32, y R. H. Blued per 100 .50 
13804 Double washer for No. 23691  per 100 3 .00 
37751 Wire guard for controlling contact board  .15 
37752 Wire guard for reversing contact board  .15 
10076 Screw fastening wire guard to frame (10 32, J" F. H.) per 100 .50 
14963 Bracket fastening controller to dasher 45 
439 Cap screw fastening bracket to controller (y 13, 1" Hex. H.) per 100 8.00 

37753 Washer for No. 439 (^ x iy x .062")  per 100 4 .00 



Cat. No, 

36536 
37999 
40970 
40971 
4030 

38002 
14645 
40972 
40973 
40974 
40975 
40976 
40977 
40978 
0 979 

GENERAL ELECTRIC COMPANY 

Parts of R Controllers 4493-63 

Parts of R-75-A Controller 

37999 

I 0 195 
40988 
56865 
40998 
40985 
40996 
40995 
40997 
40971 
Z6810 
4 1000 
10280 

40970 
40987 
4 1005 
4/004 
40992 
41015 

56556 

10298 
40961 

— 40985 
40989 
40995 
40986 
4/057 
37969 

— 4100 I 
— 4050 

4/002 

40984 
29352 
4 1007 
4/006 

Description List Price 
R—75—A Controller, complete, with operating handle 

Following are the interchangeable parts 
Operating handle, malleable iron with set screw  S3 .00 

Set screw for No. 36536 (^"-18. Headless) per 100 1 .50 
FRAME, complete, includes spring and pawl posts and lining  

Hinge bolt with pin and nut for fastening cover to frame  .35 
Spring cotter for No. 40971 (3^" x §") per 1000 2.00 

SHEET IRON COVER, complete  5 .00 
Slotted lug for cover, with rivet  .10 

RESISTANCE COIL, complete for R-75-A, 2HP, 125 volt controller  6 .25 
Resistance coil, complete, for R-75-A, 5 HP, 125 volt controller   6 .50 
Resistance coil, complete, for R-75-A. 2 HP, 250 volt controller  5 .25 
Resistance coil, complete, for R-75-A, 5 HP, 250 volt controller  5 .25 
Resistance coil, complete, for R-75-A, 2 HP, 500 volt controller  11 .50 
Resistance coil, complete, for R-75-A, 5 HP, 500 volt controller  9 .00 

Binding post, complete, for No. 40972 per 100 2 .00 
Binding post, complete, for Nos. 40973, 40974, 40975, 40976, 40977 per 100 2 .00 



GENERAL ELECTRIC COMPANY 

64-4493 Parts of R Controllers 

Parts of R-75-A Controller—Continued 

Cat. No. Description List Price 
10195 Binding screw for Nos. 40978, 40979 (10-32,-ft* R H. Brass) per 100 $0.70 
40980 Mica insulation for resistance coil.'   15 
40981 Supporting strip for resistance coil   55 
10298 Screw fastening No. 40981 to frame (14-24, F, H.) per 100 .50 
41037 CONTROLLING CYLINDER, complete, with shaft, insulation dhks, collar, star wheel, cylin¬ 

der stop and field controlling dial contact  29.00 
40982 Complete set of copper contact segments with screws and pins      

Contact segments and screws lor same arc listed on page 05 
40983 Insulation disk, upper   30 
40984 Insulation disk, lower   25 
29352 Collar for shaft, with pin 20 
40985 Star wheel with pin; must be fitted  1.65 
40986 Cylinder stop 10 
14246 Screw fastening No. 40986 to star wheel (10-32, F. H.) per 100 .40 
40987 Field controlling dial contact   10 
10297 Screw fastening No. 40987 to cylinder (10-32, R. H. Blued) per 100 .75 
40988 Check pawl with roller for star wheel   1 .00 
56865 Roller with pin   10 
40989 Pivot pin for paw! 08 
21392 Washer for pin (W x f x .0600 per 100 .50 
4030 Spring cotter for pin ($r# x §0 per 1000 2.00 
40990 Tension spring for pawl (30 turns, .102" black steel wire, fa" outside diameter, closed) 15 
33779 Pin fastening spring to frame 10 
40991 Bearing for cylinder shaft  .85 
40992 • Adjusting nut for bearing f" thick, Hex. Brass Cham, both sides) 40 
40993 CONTROLLING CONTACT BLOCK, complete, with contact bases only  5 .25 
40994 Screw fastening No. 40993 to frame (10-32, IJ" R. H.) per 100 1 .00 
38890 Washer for No. 40994 (Ji" x x .044") per 100 .25 
37989 Unreinforced contact finger, with spring 15 
40995 Finger stop   .02 
26870 Screw fastening Nos. 37989, 40995 to contact block (10-24, f" R. H. Blued) per 100 .75 
40996 Adjusting screw for contact finger (8-32, R. H. Blued) per 100 .50 
40997 Check nut for No. 40996 (8-32, thick Hex. Cham, both sides. Blued) per 100 1 .25 
40998 Copper terminal for front of board 04 
40999 Copper terminal for back of board 08 
41000 Insulation strip under contact block 20 
41001 Finger shield    .40 
41002 Fiber barrier for fingers 25 
10280 Screw fastening No. 41002 to contact block (No. 8, \\tf F. H. Blued) per 100 .25 
41003 FIELD CONTROLLING DIAL, complete  14 .00 
41004 Slate base  3 .85 
41005 Contact segment, large  1.44 
41006 Contact segment, small     ,23 
41007 Contact post 03 
41008 Connection stud for Nos. 41006, 41007     03 
41009 Long connection screw for No. 41005 (8-32, IJ" F. H. Brass) per 100 1 .25 
41010 Short connection screw for No. 41005 (8-32, IJ" F. H. Brass) per 100 1 .00 
41011 Nut for Nos. 41008, 41009 (8-32, J" thick, Hex. Cham, both sides) per 100 1 .00 
41012 Lock washer for No. 41011 (}!" x f x .050" Ph. Brz.)  per 100 .85 
695 Screw fastening Nos. 41005, 41006 to base (8-32, £* R. H.) per 100 .85 

33796 Washer for No. 695 (-ft" x ¥ x .030*' Brass) per 100 .70 
41013 Large binding post with binding screws   10 
41014 Small binding post with binding screws   08 
708 Binding screw for Nos. 41013, 41014 (8-32, f" R. H, Brass) per 100 .90 

51633 Screw fastening No. 41013 to base (14-24, J7 R. H.) .*   per 100 .8 



ADDENDUM 

To Accompany Bulletin No. J+J+QS 

PARTS OF R CONTROLLERS 

Page 72: To the list of interchangeable parts of the R 86-B con¬ 
troller should be added the following: 

Cat. No. List Price 
56828 Magnet Spool, wound, complete, each  $14-00 
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Parts of R-75-A Controller—Concluded 

Cat. No. Description * List Price 
. 14426 Washer for No. 51633 '(JJ" x J" x .062" Brass)  per 100 $1 .00 
22780 Lock washer for No. 51633 (JJ" x x .062" Ph. Brz.) per 100 2.00 
13506 Screw fastening field controlling dial to frame (§"-16, 1J" R.  per 100 1 .00 
21392 Washer for No. 13506 (M" x J" x .062")  per 100 .50 
41015 Cover for base of frame      2 .00 
23691 Screw fastening No. 41015 to frame (8-32, 1" R. H. Blued) per 100 .50 

E  <3/a J 
Aioeo [ 41033 

At026\ 

 /39- 
dtoss 

 4j 

41026 

4/027 
 ,23" ^ 4// other Screws 40434 

4/032 

 /SS* J 

  /OS  - -dt /Qp J~i 

Cat. No. List Price Cat. No. List Price 

41024 $0.28 41028 $0.40 
41025 .35 41029 .38 
41026 .18 41030 .34 
41027 .34 41031 .40 
40982 
40484 
41032 
41033 

Complete set of segments with screws and pins 
Screw for segments, per 100 
Screw for segments, per 100 
Pin for segments, per 100 

4.57 
3.00 
3.00 

.50 
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Parts of R-76-A Controller 
Cat. No. * Description List Price 

R-76—A Controller, complete, with operating handle • 
Following are Ike interchangeable parts 0) the R-7(S-A Controller which differ jrom those 0) theR—7b~A : 

41016 FRAME, complete, includes spring and pawl posts and lining    
41017 CONTROLLING CYLINDER, complete, with shaft, insulation disks, collar, star wheel, cylinder 

stop and field controlling dial contact  25 .00 
41018 Complete set of copper contact segments with screws and pins  

Contact segments and screws jor same are listed below 
41019 Cylinder stop  ,10 
41020 FIELD CONTROLLING DIAL, complete./.!l5 
41021 Slate base   5 qo 
41022 Contact segment, large    84 
41023 Contact segment, small 15 

| 0 41034 (g) j 

'\ldW2e 
4/033 

~\4/C26 

| \4me 
UeoA 

404^4 
I 0 4/03s (£) || ( g) 4/03S >0 | 
L /Qf* J 

| 0 4f03S 0 || ( 2) 4/03S 0 | 

1 h -/3S' » 
L 360-- 

Cat. No. List Price . Cat. No. List Price 

41026 
41034 

$0.18 
.40 

41035 
41036 

$0.32 
.35 

41018 
41033 
40484 - 

Complete set of segments, with screws and pins 
Pin for segments, per 100 
Screw for segments, per 100 

3.33 
.50 

3.00 
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Parts of R-77-A Controller 

29371- 
19684- 
37710 
37739 
37734- 
37751 
37756 

3Z330 
14512 
19601 
29345 
14925 
13843 
56769 
37730 
37723 
37749 
37762 
29362 
37740 
29358 
37760 
377/8 

29359 

37735 
29363 
14646.. 
29338 
37752 
37722 
29350 
29352 

Cat. No. 

16921 
32330 

37756 
37757 
56711 

6068 
37758 
37759 

Description List Price 
R-77-A CONTROLLER (rhcostatic) complete, includes supporting bracket with cap screws 

and washers for fastening controller in position. 
*Operating handle  $4 .15 
*Reversing handle  ^ 
Following are the interchangeable parts of the R-II-A Controller which differ from those of the R-60-A: 
FRAME, complete  
BLOW-OUT COIL, wound, complete, with leads and connector  19 .50 

Two-way connector for lead  -25 
Binding screw for No. 56711 (10-24, &" R. H. Blued) per 100 .50 

REVERSING CYLINDER, complete, with shaft, insulation disks, collar and star wheel   46 .00 
Complete set of copper contact segments with connectors, screws and pins   
Contact segments and screws for same are listed on page 68. 

*Not included in complete controller; must be ordered separately. 



GENERAL ELECTRIC COMPANY 

68-4493 Parts 0} R Controllers 

Parts of R-77-A Controller—Concluded 

Cat No. Description List Price 
37760 Wood body       $1.45 
37761 REVERSING CONTACT BOARD, complete, with contact bases, without fingers  16 .00 
37762 Wood base     1.25 
19646 Screw fastening wood base to frame (14-24, 1" R. H.)  per 100 1 .00 
37763 Contact base with -fa" hole for connection wire      .40 
37764 Contact base with hole for connection wire.       40 
37765 Contact base with fa" hole for connection wire, drilled for grounding screw 45 
37766 Contact base not drilled for connection wire     .40 
37767 " Grounding screw'for No. 37765 (14-24, If" F. H.) ; per 100 1 .00 
37768 Connector for two fingers   per 100 1.00 
,33815 Double washer for screw fastening'finger to ba^c  per 100 .70 

377Z3LPL 17 

\37776- 

43 

\37773* 

\37773* 

\~^3777^ | 
-1 

\37773 

"-37763 

\37773153 el 

e ij ^7777 

37773 

7/M 

Ct 

^3777^ 
l_e] 

\37773 

\37776 
\3776A 
\37767 
13773A 

*3776/ \Wj37763 
37763-1^37776 
37773 " 

Cat. No. 

37773 
37774 
37775 
37776 
37777 
37778 
37779 
37780 

37759 

13848 
19733 

List Price. 

$0.69 
.68 
.68 
.75 
.76 
.66 
.66 
.73 

Cat. No. 

37781 
37782 
37783 
37784 
37785 
37786 
37787 

Complete set of Segments, with connectors, 
screws and pins 

Screw for Segments, per. 100 
Pin for Segments, per. 100  

List Price. 

$0.71 
.65 
.17 
.13 
.71 
.66 
.68 

$24.44 

.50 
,20 



Cat. N 

16921 
36699 
56752 

17630 
13843 
14428 
17663 
14408 
14646 
56755 
10379 

ram, uj iv controllers 4493-09 

Parts of R-86-A Controller 

3854-0 
/692/ 
I03Q0 
14-961 
13134- 
50155 
I363Z 
/4-9Q0 
11651 
11135 
19683 
6081 ; 

31924- 
38543 
30814- 
3854Z 
222/3- 
I9685 
38546 
38544 
1464-6 
21493 
14434 
38545 
11663 
/4408 
38548 
31922 
38533 
/7630 

149 78 
/ 4925 
I4623 
36699 
/4678 
56769 
5677/ 
36550 
56777 
56706 
38529 
I3804 

\-3758l 
38530 
3855/ 
38537 
37973 
I4428 
2935/ 
I4994 
56757 
I 7687 
4099 

I 7689 
56756 
17741 
/4939 
13843 

Description List Price 
R-86-A Controller, complete, includes supporting bracket, with cap screws and washers for fasten¬ 

ing controller to dasher. 
^Operating handle $4 .15 
^Reversing handle  3 .00 
♦Reversing hand-wheel  4.75 
Following are the interchangeable parts: 
FRAME, fitted with bearing caps and cap screws for controlling and reversing cylinder shafts ... 

Cap screw fastening controlling shaft bearing cap to frame (§"-16, 1" Hex. H. Slot.).... per 100 5 .00 
Cap screw fastening reversing shaft bearing cap to frame, (tV'-IS, I's" Hex. H Slot.) .. per 100 8 .00 
Binding screw for ground connection (14-20, §" R. H. Blued)  per 100 .75 
Check nut for No. 17663 (14-20, Hex. Flat Brass)   1 .50 
Flinge bolt with pin and nut for fastening cover to frame  45 

Cap for top of controller   
Screw fastening No. 56755 to frame (14-20, F. H. Brass)  per 100 2 .00 
*Not included in complete controller, must be ordered separately. 
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Parts of R-86-B Controller 

Cat. No. Description List Price 
R-86-B Controller, complete, includes supporting bracket, with cap screws and washers for fasten¬ 

ing controller to dasher    
16921 ^Operating handle   - $4 .15 
36699 ^Reversing handle       3 .00 
56752 ^Reversing hand-wheel       4 .75 

CONTROLLING CYLINDER 

F" <5-677/ ""1 

2& 

T 

© ' 

"©" 

UP 

© 
33532 

© 
38533, 

© 

*1 

-60- 

© 
33533- 

3353^ 33532 

T 
33533 

IP" 

H—//O-  
&3Q53/& To 

o 
33533- 

© 

1 
1 i/ 

© 

33533 
B3853/B 

I V04-37 3&S3& | 
-360"  *| 

REVERSING CYLINDER 

Cat. No. . List Price Cat; No. List Price Cat. No. List Price 

17636 $0.23 38538 $0.25 38594 $0.60 
38582 .66 38591 .38 
38583 .60 38592 .34 56771. 1.50 
38584 .48 38593 ,33 

38532 

17733 

Complete set of segments, 
with screws 

Screw for segments, per 100 
7.20 
3.00 

38536 

10437 
38595 

Complete set of segments, 
with screws and rivets 

Screw for segments, per 100 
Copper rivets, per 100 

7.15 
1.00 
.40 

Following are the interchangeable parts of the R-86-B Controller which'differ from those of the R-86-T; 
38552 CONTROLLING CONTACT BOARD, complete, with contact bases, without fingers  $6 .00 
38553 Large contact base ■ 25 
33802 Unreinforced operating contact finger, with spring I" wide 20 
37914 Unreinforced operating contact finger, with spring J" wide..     18 
37969 Unreinforced reversing contact finger , with spring    12 

*Not included in complete controller; must be ordered separately. 
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INDEX TO CATALOGUE NUMBERS. 

NO. PAGE 
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NO. PAGE NO. PAGE NO. PAGE NO. ' PAGE NO. PAGE 

38532—70,72 40979—63 41037—64 56733—36 56850—38 
38533—70 40980—64 50428—11,39, • 56734—36 56851—38 
38534—70 40981—64 40,61 56735—36 56852—38 
38535—70 i 40982—64, 65 51400—3,6,62 . 56736—36 56853—39 
38536—70,72 40983—64 51408—2 56737—36 56854—39 
38537—70 40984—64 51410—1,5 56738—36 56855—39 
38538—70,72 40985—64 51411—2,5 56739—36 56856—39 
.38539—20,23,71 40986—64 51444 8 56740—27,36, 

40,57,71 
56857—39 

38540—71 40987—64 51465—32 56858—39 
38541—71 40988—64 51466—32 56741—36 56859—39 
38542—71 40989—64 51467—32 56742—36 56860—39 - 
38543—71 40990—64 51633—64 56743—25.36 56861—40 
38544—71 40991—64 51652—10,58 56744—36 56862—40 
38545—71 40992—64 51699—15 56745—37 56863-40 
38546—71 40993—64 51700—15 56746—37 56864—40 
38547—71 40994—64 51701—15 56747—37,45 56865—40,64 
38548—71 40995—64 51702—15,37 56748—37,45 56867—40 
38549—71 40996—64 51703—15,37,45 56749—45 56868—40 
38550—71 40997—64 51704—15 56750—45 56869—6,40 
38551—71 40998—64 51705—21,33 56751—45 56870—39,57 
38552—72 40999—64 51706—21,33 56752—46,48, 56871—40 
38553—72 41000—64 51707—21,33 69,72 56872—40 
38582—72 41001—64 51708—21,33 56753—46 56873—40 
38583—72 41002—64 51709—21,33 56754—46 56874-40 
38584—72 41003—64 51710—21,33 56755—46, 69 56875—40 
38591—72 41004—64 ' 51711—21,33 56756—19,23, 56876—40 
38592—72 41005—64 51712—21,33 70 56877-41 
38593—72 41006—64 51714—15 56757—32,70 56878—31 
38594—72 41007—64 51726—57 56758—46 56879—31 
38595—72 41008—64 51745—10,27, 56759—46 56880—45 
38890—64,71 41009—64 34 56760—46 56881—45 
38937—71 41010—64 56520—5 56761—46 56882—45 
39133—31 41011—64 56553—36 56762—46 56884—42 
39478—2, 3,6 41012—64 56706—20,71 56763—47 56885—42 
39479—9,10 41013—64 56707—20 ■ 56764—47 56886—42 
39480—13,14 41014—64 56708—32 56765—47 56887—42 
39481—17,18 41016—65 56709—32 56766—47 56888—42 
39482—19,20 41016—66 56710—36,40 56767—47 56889—42 
39483—23, 24 41017—66 56711—67 56768—47 56890—42 
39484—27,28 41018—66 56713—61 56769—47, 57, 56891—42 
39485—35 41019—66 56714—34 61,70 56892—42 
39486—39,40 41020—66 56715—34 56770—47,71 56893—42 
39487—41 41021—66 56716—34 56771—47,70, 56894—42 
39488—42 41022—66 56717—34,38 72 56895—43 
39489—47 41023—66 56718—34 56772-47,48 56896—43 
39490—51 41024—65 56719—34 56773—21 56897—43 
39491—51,53 41025—65 56720—34 56774—21,24 56898—43 
39492—53,54 41026—65,66 56721—35 56775—48 56899—43 
39493—54 41027—65 56722—35 56776—48 56900—43 
40970—63 41028—65 56723—35 56777—48 56901—43 
40971—63 41029—65 56724—35 56778—48 56902-43 
40972—63 41030—65 56726—35 56780—48. 56903—43 
40973—63 41031—65 56727—35 56781—48 56904-40 ' 
40974—63 41032—65 56728—35 56788—10 56905—44 
40975—63 41033—65,66 56729—35 56804—10 56906 44 
40976—63 41034—66 56730—36 56825—58,62 56907—45 
40977—63 41035—66 56731—36 ■ 56828—48 56908—45 
40978—63 41036—66 56732—36 56847—70 
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EDISON "GEM" HIGH EFFICIENCY INCANDESCENT UNITS 
With Bowl Holophanes 

Edison GEM Incandescent Units, through various sizes and give a powerful illumination 
their large use and wide application, have of high brilliancy and of agreeable color and 
established themselves as the most effective softness. 
and ^desirable electric lighting devices avail- To the two forms of Holophane reflect- 
able. These Units are, as is well known, a ors, the Concentrating and Distributing, 

Fig. 1—VIEW IN DEPARTMENT STORE 
Illuminated by GEM Units Fitted with Bowl Holophane Reflectors 

simple combination of high efficiency GEM 
filament lamps of high candle-power with sci¬ 
entifically designed reflectors of the Holo¬ 
phane type. They^therefore possess all the 
simplicity of the ordinary incandescent lamp 
and are inekpensive in first cost as well as in 
operation and renewal. They are made in 

heretofore employed with these units, a 
new line of Holophanes has been added. 
These new reflectors, known as the form 
"B" or Bowl Holophanes, from their resem¬ 
blance to an inverted bowl, will greatly 
increase the effectiveness and range of 
application of the Incandescent Units by 
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No. 5 Unit No. 4 Unit No. 3 Unit No. 2 Unit 
250 Watts 187 Watts 125 Watts 100 Watts 

Fig. 2—GEM UNITS WITH BOWL OR FORM "B" HOLOPHANES 
(Illustration about one-sixth full size) 

.90° 

60° 

70° 

60° 

50° 

40° JO" 20° 70° 0° JO° 40° JO0 40° 
Fig. 3—DISTRIBUTION^OF CANDLE POWER OBTAINED FROM THE VARIOUS SIZES OF GEM UNITS FITTED WITH 

BOWL HOLOPHANES 

the excellent character of light distribution 
secured. 

As may be seen from the candle-power 
distribution curves (Fig. 3) the Bowl Holo¬ 
phanes secure an ideal form of light distri¬ 
bution by throwing the light down and 
spreading it out. The large volume of light 
given at the relatively useless angles of 10 to 
20 degrees below horizontal (by the Dis¬ 
tributing Reflector) is brought down and 
spread out at the more useful angles of 45 
to 60 degrees from horizontal. Higher values 
and a wider area of uniform light distribu¬ 
tion is thus obtained beneath the lamp than 
is given by any other form of reflector or 

electric lamp available for uniform lighting 
Incandescent Units with Bowl Holophanes can 
be placed for uniform lighting a distance 
apart equal to twice their height above the 
plane of illumination. 

The bowl form of Holophane presents a 
graceful appearance in that it follows the lines 
of the lamp more closely than other forms 
of reflectors. The lamp is well hooded with 
the Bowl Holophane, which softens the light 
and eliminates glare, so that clear lamps can 
be satisfactorily used. All things consid¬ 
ered, the Bowl Holophane should be the 
preferred reflector for general illumination. 
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SIZES AND PRICES lower end of the bulb or bowl of lamp). For 

The regular GEM Incandescent Units are use with the form "B" Holophane, clear bulb 
made in the four sizes shown in the following lamps are recommended, and must be specified 
table. The bulbs of the lamps are regularly ^ desired, as otherwise bowl frosted lamps will 
supplied "Bowl" frosted (i. e., frosted on the sent. 

GEM INCANDESCENT UNITS AND BOWL HOLOPHANES 

TABLE OF SIZES AND PRICES 

Total 
Watts 

per 
Lamp 

Size of 
Lamp Bulb 
Maximum 
Diameter 

Distributed 
Candle Pr. 
in down¬ 
ward di¬ 
rection 

List Price 

Type No. of Lamp No. Lamps 
in Stand. 
Package. 

Type No. 
Form "B" 
Holophane 

_ Reflector 
Diameter 

of 
Reflector 

Incandescent Lamp 
Edison Base Bowl 

Holoph'nes 
(Stnd. Pkg. 
Quantity 

10) • .Plain Frosted 

No. 2 . . . 100 

! 
M[OO 1 CO 100 B-2 60 $0.35 $0.38 $0.60 

No. 3 ... 125 3-F 50 B-3 7i 75 .45 00
 

.80 
No. 4 ... 187 4-F 30 B-4 9 110 .65 .69 1.10 
No. 5 . . . 250 5" 20 B-5 

O
 

1—' 150 . .80 .85 1.40 

LABEL RATING OF GEM LAMPS 

The style of label employed for GEM 
Lamps is as here shown. These labels are 

printed for all the voltages from 
100 to 130 and for the various 
sizes of lamps. 

As shown in the cut of label, 
only the total wattage of lamp 
arid the volts are printed. Can¬ 
dle-power values are not given, 

as these values vary with the different forms 
of reflectors. (See Candle-Power distribution 

curves.) The voltage markings are arranged 
to show three voltages in steps two volts 
apart, and this provides a ready method of 
varying the efficiency and life of lamps to suit 
different conditions. The values at each of 
the three voltages are shown in the following 
table. 

Lamps should, of course, be ordered at 
the "Top" or first voltage (Vi) whenever 
possible, so as to secure the full lighting 
value and maximum efficiency and bril¬ 
liancy. 

TABLE OF VALUES AT 1st, 2nd and 3rd VOLTAGES 

Voltage of Circuit Percent. 
Total Watts 

Percent, of 
C. P. Values 
(See Fig. 3) 

Eff. in watts 
per candle 

(mean Hori¬ 
zontal C. P.) 

Useful Life 
in Hours 

Same as "Top':' or Ist Voltage (VI)7 100% 100% .2.5 500 
Same as "Middle" or 2nd Voltage (V2) . 95% 90% 2.65 700 
Same as "Bottom" or 3rd Voltage (V3) . . 90% 80% 2.8 1,000 
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ILLUMINATING VALUES FOR GEM UNITS 
WITH FORM "B" HOLOPHANES 

To obtain uniform illumination between 
lamps as well as beneath them, it is found 
that with the "B" reflector the distance 
between lamps should approximate about 
twice the height of the lamp above the 
plane in which uniform illumination is 
desired. This gives a simple rule for 
the installation of these lighting units. 
The intensity of illumination upon any 

plane will of course vary with the height 
of the lamp above it. 

The height of a lamp is the distance from 
the lamp to the plane in which the light 
is utilized, and it should be remembered 
that the illumination is not required on 
the floor, but usually from 2% to 3 feet 
above the floor, as this is the height of 
the average table or desk. 

The following table gives complete illu¬ 
mination data for "Bowl" Holophanes and 
GEM Units. 

ILLUMINATION DATA FOR "GEM" INCANDESCENT UNITS WITH THE NEW 
"BOWL" HOLOPHANE REFLECTORS 

(No allowance for reflection from walls or ceiling) (Distances in feet.) 
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i 0 

No. 2 
Incandescent Unit 

100 Watts 
No. 3 

Incandescent Unit 
125 Watts 

' No. 4 
Incandescent Unit 

187 Watts 
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Incandescent Unit 
250 Watts 
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Desk or 3 5.47 3.65 7.84 6.1 4.07 8.75 7.65 5.1 10.96 8.65 5.77 12.4 4.27 

Reading 2 6.70 4.47 9.6 7.5 5.00 10.72 9.35 6.24 13.4 10.06 7.07 15.2 2.83 
Table 

1* 7.75 5.18 11A2 8.65 5.77 12.4 10.8 7.21 15.5 12.21 8.15 17.5 2.13 

1 9.46 6,32 13.6 10.6 7.07 15.2 13.25 8.83 18.96 15.0 10.0 21.44 1AI 
General 
Lighting * 10.65 7.12 15.3 12.25 8.17 17.55 15.30 10.19 21.84 17.35 11.56 24.8 1.055 

i 13.4 8.94 19.2 15.00 10.00 21.44 18.75 12.48 26.8 21.2 14,14 30.38 0.645 

Fittings. The form* "H" shade holder, 
designed for these lamps, can be quickly and 
firmly attached to the standard socket shell 
by means of a split screw ring, or it will fit on 
sockets having rubber or porcelain rings. A 
locking spring enables one to readily attach or 
detach the shade or reflector. The standard 
finish is polished brass; list price 10c. each. 
Besides the shade holder the only fitting listed 
by us for use with these units is the extension 
tube fitting known as the form "T". This is 
a simple extension tube (gas pipe covered 

with brass tubing) with canopy and crowfoot 
and standard Keyless lamp socket. List price 
without lamp, reflector and shade holder, 

rfyrreach. The Standard over-all length from 
crowfoot to end of socket is 11% inches, and 
with No. 2 lamp over-all is about 15 inches. 
Extra lengths of tubing can be obtained cut 
to following Standard sizes: 

1 Approximate over-all lengths (crowfoot 
to socket): si feet, 4^ feet, sHeet, and 6ifeet. 
List price per foot (including gas pipe), 45c. 

GENERAL ELECTRIC COMPANY 
Main Lamp Sales Offices . . . . . . . HARRISON, N. J. 
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ELECTRIC PUMPING PLANTS 

The following pages describe two electric Buffalo, N. Y., and the second installation re- 
pumping installations which may be regarded fers to a 172,000 gallon electric pumping plant 
as typical of the most recent practice in this recently completed for the village of Scotia, 

BUFFALO ELECTRIC PUMPING SET 

work. They are taken as representative 
from a number of installations for which the 
General Electric Company have supplied 
electric motors. 

The first description relates to a 25,000,- 
000 gallon municipal electric pumping plant at 

N. Y. The former may be considered as 
typical of pumping requirements in a large 
city writh a population running into the four 
hundred thousands, and the latter as meeting 
the requirements of a village of about 5,000 
inhabitants. 
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BUFFALO PUMPING PLANT 

The pump and motor set which is in¬ 
stalled at the municipal pumping plant at 
Buffalo, N. Y., has worked to the entire sat¬ 
isfaction of the Buffalo authorities, as will be 

v seen from the testimonial letter, page 4, and is 
a good example of advanced practice in muni¬ 
cipal pump installations. The set consists 
of a 1500 HP. General Electric Induction 
Motor direct coupled to a turbine centrifugal 
pump, the pump having a capacity of 25,000,- 
000 gallons of water per day. 

The motor is of the well-known form LM 
induction type manufactured by the General 
Electric Company operating on the 2,000 volt 
Niagara circuit.' The set 'is of the vertical 
type with the motor placed above the pump, 
as shown in the front page illustration. 

There are two guide bearings and also a 
step-bearing located in. the upper bearing 
bracket which carries the weight of the re¬ 
volving parts. The step-bearing consists of 
two plates ;between which oil is forced and 
the weight of the rotor and revolving parts of 
the pump is carried partially by the action of 
the incoming water acting on the suction side 
of the pump, and the remainder by a film of 
oil, so that friction losses are minimized. 
Forced lubrication is also used for the guide 
bearings. 

Before the electrical pump was installed, 
the work was done by two high duty steam- 
pumping engines. The new electrical pump 
delivers more water than the old sets, so 
that the pumping efficiency has been greatly 
increased. . Such facts speak for themselves 
and are the best proof of the great advan¬ 
tages to be' derived from the electric drive 
and the high efficiencies of motor driven 
pumps. 

The following incident is of interest in 
connection with the operation of the electric 
pump:—■ 

A large part of the pumping at Buffalo 
is done by steam driven sets, but on Novem¬ 
ber 22nd, these sets met with an accident, 

and the whole work of pumping devolved 
on the electric pump which readily carried 
the increased load during the time the steam 
pumps were out of service. 

The following abstract from the Buffalo 
Express of November 22nd, records this 
event as follows:—1 

<( Under the forceful gusts of the hurricane 
which swept Buffalo early yesterday^ morning, 
about 15 feet of new wall at the pumping station 
gave way at about 4:45 o'clock and fell in upon the 
pumps. 

"The falling bricks and structural iron broke 
the main steam pipe and put the electric-lighting 
plant out of commission. With the breaking of 
the main steam pipe, all the pressure of the boilers 
in the north and south houses was immediately 
exhausted and fires were drawn. It was not yet 
daylight when the wall fell in, and in the darkness 
and confusion which followed the crash, there was 
no water pumped at the stati'on for about an hour. 

"During that time the entire city had to de¬ 
pend upon the reservoir for its supply. In the dark 
the men had some trouble with the switches of the 
electric pump, but finally got it in action an hour 
later. The electric pump saved the day, for it was 
not until 9 o'clock last night that any of the steam 
pumps were started. The reservoir cared for the 
low-pressure system during the day and the electric 
pump whirled and buzzed at the rate of 27,000,000 
gallons every 24 hours, supplying the high-pressure 
system. There was no part of the city without 
water for fire protection after 5 o'clock yesterday 
morning. The electric pump filled every main, 
only the pressure was reduced from 75 pounds to 
50. 

' 'Five of the pumps are so badly buried under 
wreckage that further investigation will have to 
determine if they can be patched up and put into 
service again. Some of them were running when 
the mass of bricks, mortar and structural iron 
crashed in upon them, and they were badly dam¬ 
aged. \ 

"The four largest steam pumps at the south 
end of the station were out of the danger zone and 
were kept out of service only until the main steam 
pipe could be repaired and they could be connected. 
Two of these are the 30,000,000-gallon pumps. 
When the wall fell in, the main steam pipe remained 
intact, supported by some timbers, out they soon 
gave way and the pipe broke of its own weight. 
From that time until 9 o'clock when the pipe was 
connected with the four largest steam pumps, the 
electric pump cared for the city." 

Since the publication of the article re¬ 
ferred to, the city of Buffalo has placed an 
order for a duplicate pump and motor, and the 
order for the motor and its equipment has 
been placed with the General Electric Com¬ 
pany. 
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SCOTIA PUMPING SET 
The two motor driven pumping sets 

recently installed at Scotia, N. Y., have 
given great satisfaction to the municipal 
authorities as will be seen from the testi¬ 
monial letter given on the following page. 
The sets consist of two 600-gallon three- 
stage 5-inch horizontal turbine centrifugal 

pany, with a short-circuited squirrel cage 
rotor winding. They are of robust con¬ 
struction and well adapted to meet the most 
exacting service requirements. The pump¬ 
ing sets are placed at the bottom of a 20-ft. 
pump pit and are controlled by means of a 
starting compensator and switches on a 
switchboard located upon the ground floor 

SCOTIA ELECTRIC PUMPING SET 

pumps, each direct coupled to one 50 HP 
form "K" induction motor running at 
1800 RPM operated from a 40-cycle 
three-phase 2000 volt circuit. The cur¬ 
rent is supplied by the Schenectady Illu¬ 
minating Company. 

The motors are of the induction type 
manufactured by the General Electric Com- 

directly above the pumps. The pump and 
motor are mounted on a base common to both, 
as is shown in the accompanying illustration. 

The General Electric Company have 
also supplied a large number of municipali¬ 
ties in different parts of the country with 
electrical pumping equipments, a list of which 
can be secured on application. 
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CITY OF BUFFALO, 

DEPARTMENT OF PUBLIC WORKS. 

Gentlemen 

Referring to your favor of the 29th inst. inquiring 
regarding the operation of the electric pump at the Buffalo 
Water Works, I beg to advise as follows:- 

The electrically driven pump has been in operation 
for eighteen months, delivering 25,000,000 gallons per day, 
and is successful in every particular. 

On November 22nd, 1906, about 50 ft. of the wall of - 
the pumping station gave way, breaking the main steam pipe 
and putting all the steam pumps out of service, and the 
high pressure service was entirely dependent upon the 
electric pump, which supplied a quantity of water much in 
excess of its rated capacity. 

The City has placed an order for a complete dupli¬ 
cate pump, and a third pump will be purchased in the near 
future. 

Very respectfully yours. 

Gentlemen:- : 

The electrically operated .pumps ^ with which you 
equipped our pumping station, for supplying water to the 
Village of Scotia, N. Y., about a year ago, have been in 
continuous service ever since and their operation has been 
entirely satisfactory. 

The Village has never been without water and no 
interruption in the service whatever has occurred since the 
plant was first started. 

Yours very truly. 

President. 
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SECURITY SNAP SOCKETS 

'Push the shell into the cap and 
turn it until it locks into position" 

^HE Security Snap 
Socket marks an 
important step 
in a cl v a n c e in 
lamp socket con¬ 
struction. In 
place of the two 
screwswhich have 
been used hereto¬ 

fore in fastening the shell to the cap, the 
cap and shell of the Security Snap Socket 
are held together by three bayonet joint 
catches, which form a rigid connection 
between the two parts of the socket cover¬ 
ing. The bayonet joints are secured by an 
automatic catch or lock. This method of 
connection does away entirely with screws, 
yet the shell and cap 
are securely and posi¬ 
tively held together. 

The Security Snap 
Socket is unequalled 
for fixture work. To 
attach the shell to 
the cap, all that is 

Bracket Keyless Socket with com¬ 
bined Shell and Shade Holder 

necessary is to push the 
shell into the cap and turn 
it until it locks into posi¬ 
tion. The shell may be 
removed from the cap 
with equal facility and 

without the necessity of tipping it, which, in a 
close fitting husk, is often almost impossible. 

Pendant 
Keyless Socket 

COMBINED SHELL AND SHADE 
HOLDER 

Key and Keyless Sockets 
possessing the security 
snap feature are also 
equipped with the com¬ 
bined shell and shade 
holder, the advantages 

Bracket Key Socket 

of which are con¬ 
stantly becoming 
more thoroughly 
appreciated. 

PENDANT 
SOCKETS 

In addition to 
the sockets heretofore manufactured by the 
General Electric Company, this Company 
now makes a pendant socket of the security 
snap type, having in the cap a moulded 
bushing which eliminates the necessity of 
screwing a bushing into the cap when the 
socket is to be used for pendant work. 
This bushing is suitable for use with either 
standard lamp cord or reinforced cord, and 
is rendered so by means of a removable 
inner bushing. This bushing has an opening-^-g- 
of an inch in diameter, which makes it suit¬ 
able for use with standard lamp cord. The 
removal of the inner bushing leaves a hole 
having a diameter of of an inch, which 
adapts the socket to use with reinforced 

Bracket Key Socket with com¬ 
bined Shell and Shade Holder 
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cord. I he saving" of time resulting from 
the use of a lamp socket fitted with a 
bushing- of this kind will be readily appre¬ 
ciated by both contractors and wiremen. 

center contact has been used for years, and 
is designed with regard to strength and resil¬ 
iency. A mica washer, between the center 
contact and the bottom of the screw shell, 

Interior of Keyless Socket 

SOCKET INTERIOR 

The Security Snap Socket differs from 
the regular socket only in cap and shell 

renders a short circuit practically impossible. 

The key mechanism is constructed without 
screws, is very strong, and has extremely 

Interior of Key Socket 

construction, the points of superiority pos¬ 
sessed by the interior parts having been 
retained. 

It will be noted that the porcelain is in 
one piece, which insures a very strong and 
rigid construction. Were the mechanism 
insecurely held between two pieces of porce¬ 
lain, it would be apt to rattle, and trouble 
would be experienced as a result of the 
uncertain contact of the cam, which might 
render the socket inoperative. The spring 

long life, as has been proved by years of 
actual experience. The cam makes contact 
on the bottom of the screw shell, thus doing 
away with an excessive number of current 
carrying parts, and the shaft plays in a slot 
in the frame, allowing for indefinite wear. 
As the screw shell is rigidly held to the por¬ 
celain, there is no possibility of the cam fail¬ 
ing to make contact, as would be the case if 
the cam made contact on a flexible spring 
which could be pushed out of position. 
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WITHOUT SHADE HOLDER 

Catalog 
No. Description Package 

Quantity List Price 

44147 Key Socket for j^-inch pipe  *-n
 O O 20.33- 

44148 Key Socket for ^-inch pipe  250 •39 

44149 Keyless Socket for J^-inch pipe     500 •30 

44150 Keyless Socket for ^-inch pipe   25O •36 

44814 Key Socket, male thread on bushing for ^s-inch pipe 250 •39 

44815. Keyless Socket, male thread on bushing for J^-inchpipe 25O .36 

44151 Key Socket with moulded bushing for pendant use O O •33 

44152 Keyless Socket with moulded bushing for pendant use 500 •30 

WITH COMBINED SHELL AND SHADE HOLDER 

44153 Key Socket for J^-inch pipe for 2^-inch shades...... 500 #0-39 

44154 Key Socket for ^-inch pipe for 2%-inch shades  250 •45 

44155 Keyless Socket for ^-inch pipe for 2^-inch shades  500 •36 

44156 Keyless Socket for ^-inch pipe for 2^-inch shades  250 .42 

44157 Key Socket with moulded bushing for pendant use 

for 2^-inch shades ;   500 •39 

44158 Keyless Socket with moulded bushing for pendant use 

for 2X-inch' shades  500 .36 

44159 Key Socket for J^-inch pipe for 3^-inch shades  100 •47 

44160 Key Socket for ^-inch pipe for 3I^rinch shades   100 •53 

44161 Keyless Socket for^-inch pipe for 3^-inch shades  100 .44 

44162 Keyless Socket for ^-inch pipe for 3^-inch shades.. .. 100 .50 

44163 Key Socket with moulded bushing for pendant use 

for 3^-inch shades   100 •47 

44164 Keyless Socket with moulded bushing for pendant use 

for 3^r-inch shades  100 44 
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THOMSON SINGLE PHASE HIGH TORQUE 

INDUCTION WATTMETERS 

The General Electric Company manu¬ 
factures three types of Single Phase High 
Torque Induction Wattmeters, as follows: 

Type I metal cover, for house installa¬ 
tion. 

change in design has been in keeping with 
the rapid advancement in the art. 

Accuracy, the prime requisite of a satis¬ 
factory meter, means not only initial accuracy 
under ideal operating conditions, but also 

THOMSON HIGH TORQUE INDUCTION WATTMETER TYPE I 

Type IS-2 metal cover, for switchboard 
use. 

Type IS--3 glass cover, for switchboard 
use. 

These meters differ in many respects 
from their predecessors, and contain the 
essential features of an ideal meter, as each 

continual accuracy over long periods of use, 
and under those variations from normal 
conditions that are commonly experienced 
in central station practice. In the Single 
Phase High Torque Induction Wattmeters, 
the General Electric Company has succeeded 
in obtaining a continued maintenance of the 

*Supersedes Bttlletin No. 4370 
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initial accuracy under all ordinary circum¬ 
stances. 

GENERAL DESCRIPTION TYPE I 
WATTMETERS 

The appearance of the General Electric 
High Torque Induction Wattmeter, Type I, is 
particularly pleasing. It is small, compact 
and simple, although strong and durable in 
construction, and is exceptionally light in 
weight. 

Thomson High Torque Induction Wattmeter 
With Cover Removed 

The mechanism is contained in a rec¬ 
tangular case which is provided with three 
supporting lugs or feet. The cover is pressed 
sheet aluminum and is light and stiff. Two 
rectangular windows sealed into the cover 
provide means for observing the register and 
meter disk. 

MECHANICAL FEATURES 
REGISTER 

The meter register is of the four dial type 
reading directly in kilowatt hours. One com¬ 
plete revolution of the most rapidly moving 
pointer on the Type I Meter equals 10 kilo¬ 
watt hours. 

No multiplying constants are used on 
60 cycle meters of 15 kw. capacity or less, 
nor on 40 or 50 cycle meters of 10 kw. or 
less. On meters of larger capacities a con¬ 

stant of 10 or multiple thereof is used. This 
decimal system renders possible the use of 
the same unit (the kilowatt hour) for all 
registers, and the same value per revolution 
of each pointer. 

COVER AND SEALING 

The cover is held by two studs and wing 
nuts which firmly clamp it down on a felt 
packing, making a dust-proof and insect- 
proof joint. The disk and register windows 
are set in putty, thus augmenting the dust- 
proof qualities. 

The meter is sealed by passing a single 
sealing wire through the wing nuts and their 
respective studs. This method of sealing 
is extremely simple and convenient and 
positively prevents tampering. 

BINDING POSTS 

The binding posts in meters up to and 
including 100 amperes are located at the 
sides near the top of the case. Meters having 
a capacity in excess of 100 amperes have 
binding posts at the sides near the bottom 
of the case. Fibre and felt guards secured 
to the case at the point where the wires 
enter prevent introduction of dust, etc. Both 
sides of the line are carried through the 
meter in all capacities up to and including 
100 amperes. 

ACCESSIBILITY 
The entire mechanism is assembled upon 

a skeleton casting or frame which in turn is 
fastened to the meter case. By removing 
two retaining screws and the two sealing 
studs, the frame and mechanism can be re¬ 
moved for inspection or repair. 

By removing the register and pivot, the 
moving element can be taken out. It is un¬ 
necessary to change the position of the mag¬ 
nets during this operation and therefore full 
load calibration is unaffected. 

An automatic dog, between the worm 
wheel and register, permits,removal and re¬ 
placement of the register without in any way 
affecting the proper mesh of worm and worm 
wheel. 



CHANGE NOTICE 

To accompany Bulletin No. ^98 
Thomson Single-Phase High Torque Induction Wattmeters 

Page 7: The item under " Registers" should read as follows: 

The register is of the four-dial type, reading directly in kilowatt hours on meters of low capacity. 
On larger meters, a dial face multiplier of 10, 100, 1000, etc., is required. By using this system, 
the actual energy units remain the same in all sizes, the reading being obtained by the addition of 
one or more ciphers to the indication of the first pointer. To permit greater accuracy where frequent 
readings are taken, the register on switchboard meters is constructed to record ten times faster than 
the corresponding capacity Type I meter. One revolution of the most rapidly moving pointer equals 
10 kilowatt hours in meters without constants, except in the case of some low-capacity meters where 
the usual switchboard meter register would have a dial face muliiplier of Ij 10. To overcome the 
use of a fractional multiplier in such cases, a dial face is used having 1 over the right-hand dial, 
10 over the second dial, etc. In other words, such dials read 1 kilowatt hour for one revolution of 
the most rapidly reading pointer. To distinguish these dials, the right hand circle is black, pointer 
and figures being white. This distinguishing feature wilt prevent errors due to any oversight in 
noting the different units in which the dials read. 
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Thomson Single Flu 

The two permanent magnets are fastened 
rigidly together and by loosening two screws, 
may be removed as a unit from the support¬ 
ing shelf. 

JEWELS AND PIVOTS 
Almost any material if well polished 

will give, initially, low friction, and, therefore, 
prove satisfactory as a bearing. But for 
satisfactory continuous operation this con¬ 
dition of low friction must be maintained, 
and to secure this the jewel and pivot must 
be of the hardest material and possess the 
highest possible polish. The Eastern sap¬ 
phire and the diamond have proved to be the 
only materials which give satisfactory service 
in integrating wattmeters. The greatest care 
is exercised in selecting the stones used in 
the General Electric Company's meters, and 
they are cut, polished and inspected by 
skilled workmen. 

The jewel is set in a brass plug which in 
turn rests on a compression spring. The 
strength of each spring is carefully tested 
by a high and low limit gauge and all 
springs not within the proper limits are 
rejected. 

The pivots are made from the highest 
grade of piano wire, drawn under such 
enormous pressure that the finest grain is 
obtained. These pivots are glass hardened 
and polished. 

ROTATING ELEMENT 

The rotating element consists of an alu¬ 
minum disk mounted on a small bronze shaft. 
The lower end of the shaft carries a remov¬ 
able steel pivot, while the upper end contains 
a suitable worm for transmitting the disk 
rotation to the register. 

SHIPPING DEVICE 
For protection during shipment or any 

subsequent transportation these meters are 
provided with a clamping device which holds 
the moving element securely, at the same 
time lifting it entirely free from the jewel 
bearing. This clamping device consists of a 
brass cap which is normally drawn down and 

se High Torque Induction Wattmeters. 

held by the jewel screw against the force of a 
lifting spring. When the cap is drawn down, 
the moving element is free to rotate. When 
the jewel screw is backed out, the cap 
is released, and, because of the' spring, 
lifts the moving element and holds it 
firmly. 

ELECTRICAL FEATURES 

SHIELDING 
These meters are so designed that the 

magnetic circuit is practically closed upon 
itself, and stray fields which might tend to 
demagnetize the magnets are reduced to a 
minimum. 

The magnets are further protected by 
their position; they are some distance from 
the coils, and the plane in which they lie is at 
right angles to any projected field. 

PREVENTION OF CREEPING 
All General Electric Induction Meters 

are designed so as to prevent *'creeping*1 or 
rotating on potential alone. The disk con¬ 
tains two small holes placed near the 
periphery and diametrically opposite each 
other. These holes increase the resistance 
to the flow of the eddy currents in the disk. 
When these openings are in the neighborhood 
of the potential pole, any tendency to rotate 
on potential alone is overcome and the disk 
is therefore prevented from rotating more 
than half a revolution. When current is 
flowing in the series coils, rotation of the 
disk is in no way affected, nor the accuracy 
of the meter impaired. 

LIGHT LOAD ADJUSTMENT 

Light load accuracy is highly important 
in all meters, as a very large portion of the 
central station's revenue is derived from the 
individually small, long hour demand of 
its customers. That the best results be 
obtained, it is essential that means be pro¬ 
vided for controlling light load accuracy, and 
the devices used must be simple and conve¬ 
nient, as their adjustment should easily be 
accomplished by inspectors. 
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These meters are provided with a light 
load adjustment or starting plate, consisting 
of a small sliding rectangular conductor 
placed between the potential coil and the 
disk. When this rectangular conductor is 
moved from its central position in the direc¬ 
tion of rotation of the disk, the torque pro¬ 
duced is positive; if moved in the opposite 
direction, the torque produced is negative. 
A lever is provided for moving the plate back¬ 
ward or forward over the meter disk, thus 
permitting a wide adjustment. The letters 
"S" and "F" are cast in the meter frame 
close to the lever arm indicating which way to 
move the lever for "slow" or "fast." 

TORQUE 

The importance of high torque, or turn¬ 
ing moment, is not generally appreciated at 
its true value. 

A meter should theoretically do no work 
except the generation of eddy (Foucault) 
currents in the disk. This is possible, how¬ 
ever, only in theory; in practice, two classes 
of work are done, first, the generation of eddy 
currents, and, second, the overcoming of 
friction. The first varies according to the 
law of the perfect meter, but friction does not; 
hence, variations of friction produce inaccu¬ 
racy. It is obvious that the work done ac¬ 
cording to the law of the meter should be very 
large compared with the work which is not, 
i.e., friction. The variable factor will then 
represent a variation on only a small propor¬ 
tion of the total energy expended. 

Reduced to its practical elements this 
means that to retain accuracy for a long period 
and without depreciation in value, a meter 
must be so constructed as to do a relatively 
large amount of work in the generation of eddy 
currents. In other words, a high torque, 
permitting a heavy drag or load, is essential 
to permanent and sustained accuracy. The 
factor of "Torque per Unit Weight" should 
also be of high value, in order that errors 
due to friction shall be negligible. Both of 
these requirements can be obtained only by 

the careful proper proportioning of the various 
elements, and have been fully met in the 
Thomson High Torque Induction Meter. 

MAGNETS 

In order that a meter shall record cor¬ 
rectly, the retardation of its moving element 
must vary directly with its speed. This 
retardation is produced by the mutual reac¬ 
tion of eddy currents generated in the disk 
and the magnetic field of the permanent 
magnets. It is proportional to the square 
of the magnet strength; consequently, a 
slight change in the magnet strength will 
cause serious inaccuracies of the meter. 

The experience of the General Electric 
Company, extending over the past twenty 
years, has been so complete and thorough 
as to guarantee the results in the manu¬ 
facture of permanent magnets. This expe¬ 
rience is the result of an actual commercial 
production of more than three and one-half 
million magnets. 

ACCURACY ON OVERLOADS 

The losses in the meters are extremely 
low, hence permit accurate operation on 
heavy overloads, even for considerable 
periods of time, without detrimental effects 
either permanent or temporary. 

The perfect shielding of the magnetic 
circuit, referred to above in relation to stray 
magnetic fields, protects the permanent mag¬ 
nets from the usual consequences of short cir¬ 
cuits, or other sudden current surges. 

INDUCTIVE LOAD ACCURACY 

Accuracy on loads of low power factor 
is essential to an induction meter for general 
alternating current service. 

Thomson Induction Meters are so de¬ 
signed and adjusted as to secure the highest 
possible inductive load accuracy, and may be 
relied upon to record true kilowatt hours 
either upon an entirely non-inductive load, 
such as incandescent lamps, or upon a highly 
inductive load, such as fan or other motors. 
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VARIATIONS OF FREQUENCY 
Thomson Induction Wattmeters in com¬ 

mon with all other meters of their class, are 
designed and calibrated for the frequency 
upon which they are to be used. 

In view of the fact that 125 to 133 cycle 
systems are now quite generally being con¬ 
verted into 60 cycle systems, all Type I 
meters ordered for use on 125 or 133 cycle 

by test, and constitutes an important con¬ 
sideration. 

The accuracy of these meters is unaffected 
by a 10 per cent variation in voltage either 
above or below that for which they are cali¬ 
brated. 

TESTING 
For convenience in testing before in¬ 

stallation, a testing loop has been provided 

/. eft. /tcjncJ Tc-rrnJiKJ/ /y/oc'A 
R/gh t - Heine/ Termino/ B/oc/r 

Light Load Adjustment 
Light Load/!</jusLm<*nt Lerer 

Magnetic Circuit Complete w/th Current and Potential Winding 

•Seal Pm 
Shipping Device Spring and Cop 

Logging B/ocP m and Bra tYor/n Gear and Brachet F/exib/e Top Bearing P/ug 
Ports of Thomson High Torque Induction frtet<ar Type 1 

PARTS OF THOMSON HIGH TORQUE INDUCTION WATTMETER—TYPE I 

systems are provided with means for imme¬ 
diate re-connection on 60 cycle circuits. 

These induction meters are practically 
unaffected by a 10 per cent variation either 
way from the normal rated frequency for 
which they are calibrated. 

VARIATIONS OF POTENTIAL 

It is highly important that meters be 
accurate, irrespective of potential variations. 
This is especially true of meters used on sys¬ 
tems of moderate size where voltage regula¬ 
tion is not always perfect and potential varia¬ 
tions occur on different sections of the lines, 
or during portions of the twenty-four hours. 
This characteristic may be readily determined 

in Type I meters. Any number of meters 
can be tested in series without recording the 
losses in the potential circuits by discon¬ 
necting this loop and connecting the potential 
coil of each meter to the source of potential at 
some point, before the wires enter the first 
meter of the series. The testing loop is con¬ 
veniently placed on the left hand terminal 
board. 

FINISH 
The Type I meter is intended for house 

installation and therefore is made for side 
connections only. The finish is dull black 
japan, which has proved to be the most 
permanent and pleasing for the house type 
of meter. If desired, this meter can be fur- 
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nished with glass covers, of the same general in greater accuracy. Furthermore, con- 
outline as the aluminum covers, without venience of arrangement and connection is 
additional charge. greatly increased, testing facilitated and 

CAPACITIES 

Special attention is called to the fact that 
the Thomson High Torque Induction Watt¬ 
meter, Type I, is manufactured as a standard 
device for 2-wire and 3-wire service, and 
no auxiliary external devices are necessary 
for either application. The Type I me¬ 
ter is made for direct connection into the 
circuit up to and including 300 amperes, 
2-wire, and 150 amperes, 3-wire service. 
Current transformers are not used unless the 
current is above these limits, or the voltage 
greater than 650 volts. 

Potential transformers must be used 
above 650 volts. 

SINGLE PHASE INDUCTION WATT¬ 
METERS FOR SWITCHBOARD 

INSTALLATION—TYPES IS-2 
AND IS-3 

The General Electric Company strongly 
advocates the practice of metering individual 
generators rather than using a single meter to 
measure the total output of a station. 

Switchboard Wattmeter—Type IS-2 

By the use of a meter with each genera¬ 
tor and feeder, a far better load factor on 
individual meters is obtainable, resulting 

Switchboard Wattmeter—Type IS-2 
With Cover Removed 

additions to the switchboard may be made 
with minimum expense and difficulty. 

For switchboard use the General Electric 
Company has developed a line of single 
phase meters known as Types IS-2 and IS-3. 

GENERAL DESCRIPTION 

These meters are in many respects sim¬ 
ilar to the Type I Wattmeters already des¬ 
cribed but are designed and adapted for switch¬ 
board use. 

They differ widely from earlier single 
phase switchboard meters, not only in me¬ 
chanical construction but also in electrical 
design. The new design is more compact, 
much neater in appearance and the instru¬ 
ments have greater accuracy than the earlier 
forms. At the same time, all the desirable 
and essential features are retained. 

The Types IS-2 and IS-3 meters embody 
the many recent improvements that are com¬ 
mon in other types of the General Electric 
Company's meters, and tests show them to be 
the most accurate switchboard meters ever 
placed in commercial service. The "Torque per 
Unit Weight " is the highest of any induction 
meter. The interior parts are secured to a 
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frame which may be removed by loosening 
four screws, disconnecting the leads from the 
binding posts, and lifting the entire meter 
free from its case, thus greatly simplifying 
inspection. 

REGISTERS 

The register is of the four dial type, 
reading directly in kilowatt hours, and one 
complete revolution of the most rapidly mov¬ 
ing pointer equals one kw. hour, instead of 
ten kw. hours, as in the Type I meter. Read¬ 
ings are taken at comparatively long periods 
on house meters but very frequently on 
switchboard meters. It is, therefore, essen¬ 
tial that the register of switchboard meters 
indicate more rapidly than the house meter, 
thus permitting greater accuracy when fre¬ 
quent readings are taken. 

Glass Enclosed, Switchboard Wattmeter—Type IS-3 

A multiplying constant of 10, 100, 1000, 
etc., is used on meters above 15 kw. capacity 

for circuits of 60 cycles and higher, and 
on meters above 10 kw. capacity for 40 and 
50 cycle circuits. 

FINISH 
The Type IS-2 meter has a cast metal 

cover and the Type IS-3 meter a rectangular 
glass cover. The finish of both meters is dull 
black, the front of the Type IS-2 cover 
having a pebbled surface with raised portions 
polished copper, making a very agreeable 
appearance. In the Type IS-3 meter, the frame, 
register, magnets, etc. are all finished in dull 
black. 

CAPACITIES 
The Types IS-2 and IS-3 meters are 

standard in capacities up to 150 amperes for 
1150 and 2300 volt circuits. When used on 
650 volt circuits and over, they are furnished 
with potential transformers, and for 2300 volt 
service are supplied with both current and 
potential transformers. 

THOMSON HIGH TORQUE INDUCTION 
WATTMETER—TYPE I—SINGLE 

PHASE 
FRONT CONNECTED, METAL OR GLASS 

COVER, JAPAN FINISH 
100-120 VOLTS, 40-133 CYCLES, TWO-WIRE 

Cat. No. *Lights Amperes 

51173 6 3 
51174 10 5 
51175 20 10 
5117(5 30 15 
51177 50 25 
51178 100 50 
51 179 150 75 
51180 200 100 
51181 300 150 
33584 400 200 
33585 (500 300 

*Rated on a Basis of 50 Watts per lamp. 



U9S-8 

GENERAL ELECTRIC COMPANY 

Thomson Single Phase High Torque Induction Wattmeters 

THOMSON HIGH TORQUE INDUCTION WATTMETERS—TYPE I— 

SINGLE PHASE 

FRONT CONNECTED, METAL OR GLASS COVER, JAPAN FINISH 

200-240 VOLTS, 40-133 CYCLES, THREE-WIRE 200-240 VOLTS, 40-133 CYCLES, TWO-WIRE 

Cat. No. ♦Lights Amperes Cat. No. ♦Lights Amperes 

33588 12 3 19042 12 3 
33589 20 5 51182 20 5 
33590 40 10 51183 40 10 
51191 60 15 51184 60 ' 15 
51192 100 25 51185 100 25 
51193 200 50 51186 200 50 
51194 300 75 51187 300 75 
51195 400 100 51188 400 100 
51196 600 150 51189 600 150 

33586 800 200 
33587 1200 300 

*Rated on a basis of 50 watts per lamp. 
Note—Always state normal voltage of circuit. 

THOMSON HIGH TORQUE INDUCTION WATTMETERS FOR SWITCHBOARD 

SERVICE—RECTANGULAR PATTERN 

SINGLE PHASE PRIMARY CIRCUITS—60-133 CYCLES 

TYPE IS-2— CAST METAL CASE TYPE IS-3—GLASS CASE 

DULL BLACK FINISH . INTERIORS, DULL BLACK FINISH 

*1000-1150 VOLTS 12000-2300 VOLTS *1000-1150 VOLTS t2000-2300 VOLTS 

Cat. No. Amperes Cat. No. Amperes Cat. No. Amperes Cat. No. Amperes 

41429 5 41515 5 41568 5 41576 5 
41430 10 41516 10 41569 10 41577 10 
41431 15 41517 15 41570 15 41578 15 
41432 25 41518 20 41571 25 41579 20 
41511 50 41519 30 41572 50 41580 30 
41512 75 41520 40 41573 75 41581 40 
41513 100 41521 60 41574 100 41582 60 
41514 150 41522 80 41575 150 41583 SO 

41523 100 41584 100 
41524 150 41585 150 

♦Furnished with potential transformers. 
fFumished with current and potential transformers. 
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CONNECTIONS OF THOMSON INDUCTION WATTMETERS—TYPE I 

M   (ft\ 

Source 

D 

w~ 

JLoact Source Load 

3 TO 100 AMPERES 150 TO 300 AMPERES 
TWO-WIRE 

3 TO 25 AMP., 25 TO 140 CYCLES 
50 TO 100 AMP., 25 TO 75 CYCLES 

50 TO 100 AMP., 76 TO 140 CYCLES 
150 AMP., 25 TO 140 CYCLES 

THREE-WIRE 

CONNECTIONS OF TWO-WIRE THOMSON INDUCTION WATTMETERS 
SWITCHBOARD PATTERN — TYPES IS-2 AND IS-3 

5 TO 150 AMP., NOT EXCEEDING 1150 VOLTS-WITH 
POTENTIAL TRANSFORMERS 

5 TO 150 AMP., ABOVE 1150 VOLTS—WITH CURRENT 
AND POTENTIAL TRANSFORMERS 
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DIMENSIONS OF THOMSON INDUCTION WATTMETERS—TYPE I 

I I I 
I 

i'* 

11 

<s- i 

Uil W1 

 rj- 1 
THREE-WIRE 

u 

M. 

'> 

tw 
• -s/ 1 TWO-WIRE 

3 TO 25 AMPERES, ALL FREQUENCIES 

  

&i'1 

sa-j-; ̂  I 

if I 
! ! 

I I 

r ! 

I 
 ^  

50 AND 75 AMP., THREE-WIRE, 75 CYCLES AND BELOW 

JSl 
fWfaE Kn?m€z' 

100 AMP. THREE-WIRE, 75 CYCLES AND BELOW 

_/2L 

1 

50 AND 75 AMP., TWO-WIRE, ALL FREQUENCIES 

f'tiole, ~~p" 

iCESl 

100 AMP., TWO-WIRE, ALL FREQUENCIES 

rVfV-^. 1 ^ 

L > jol ^a« 
ff-:j i6! /"AO/« j 

_T;« i i ! &- 
\ ^ ^JyptoCob/e ]Sr/n'nql-3_nof_ 

«H---* 

50 TO 100 AMP., THREE-WIRE, ABOVE 75 CYCLES 
150 AMP., THREE-WIRE, ALL FREQUENCIES 

50 TO 150 AMPERES 
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DIMENSIONS OF THOMSON INDUCTION WATTMETERS—TYPE I—Continued 

(Sserf w/Ch Trsform©/-~ on/y N 

  ff\ 

2-WIRE, 150 AMP 2-WIRE^ 200 AND 300 AMP. 

150 TO 300 AMP,, TWO-WIRE, ALL FREQUENCIES 

DIMENSIONS OF TWO-WIRE THOMSON INDUCTION WATTMETERS 

SWITCHBOARD PATTERN—TYPES IS-2 AND IS-3 

w ip 

3^ 
I H<gr 

^Pot Studs 
p rf 

'IT 
l>l '-4s I 

-ll-ff 

#1 I 
k//S| | 
V2^ 
A  

N U—!—\jT\Zr%Z\ 

f 2—/Of  
/" 2 Cur. Studs, see Table 

Nut for Cue Stud Nut for Pot Stua 

u -r/s' mlm r/S* 2 

U--/— 
Cur Studs, seoTab/e ^ 

\*s 
Atft for Cur Stud NutforPotStud 

CAPACITY A B c D 

3-100 AMP . . W %" §1* w 

150 AMP VP Vf itY lA* 

TYPE IS-2 

CAPACITY A B C D 

3-100 AMP. . . H" H" §r n* 

150 AMP. . . . Vf 1A* l A" 

TYPE IS-3 

3 TO 150 AMP., ALL FREQUENCIES 
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CAST GRID RHEOSTATS — TYPE CG 

General Electric Cast Grid Rheostats con¬ 
sist of a series of grids supported on insu¬ 
lated rods between cast end pieces. Two 
styles are made, as shown in Figs. 1 and 2, 
the only difference being in the end casting. 
The taps or connections to the rheostats are 
made by separate terminals, which may be 
inserted at the desired points, and facilitate 
the building up of the rheostat with the 
proper resistance at each step. The rating 

UNIFORMITY 
The electrical properties of each size of 

General Electric grids approximate to ordin¬ 
ary commercial limits the ratings in the table 
on page 3. The grids are of uniform dimen¬ 
sions and material, and without warps, burrs, 
or cracks. 

STRENGTH 
The shape of the General Electric grid 

prevents undue strains being created when 

FORM A FRAME 
FIGS. 1 AND 2 

FORM C FRAME 
CAST GRID RHEOSTATS 

and resistances have been carefully selected 
to aid in the proper selection of grids for 
different conditions, and the ordering of 
correct rheostats is therefore comparatively 
simple. 

Cast Grid Rheostats for railway service 
are superior to resistance coils made of 
flexible material wound or bent into 
shape. Grid resistances are more durable 
under severe operating conditions and 
more compact than band-iron coils and are 
therefore particularly desirable for railway 
equipment. 

Tests in actual service have demonstrated 
that the General Electric Cast Grid Rheostats 
— Type CG — have the three principal re¬ 
quirements for this class of apparatus; viz., 
uniformity, strength, and reliability. 

they are built up into complete rheostats. 
The use of a central supporting rod in¬ 
creases the strength of the construction, and 
spring washers at the ends of the rods insure 
perfect contact between the grids. 

RELIABILITY 
The grids have their bosses squared true, 

and maintain a parallel position, thereby 
preventing contact at the outside ends and 
the possibility of short circuiting sections 
of the resistance. The frames are specially 
rigid in construction. 

GENERAL CONSTRUCTION 
VENTILATION 

Free circulation of air is provided, al¬ 
though the dimensions have been reduced 
and space economized as much as practicable. 
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INSULATION 

Mica washers between grids are consider¬ 
ably larger in diameter than the boss of the 
grid, giving a very large creeping surface. 
Dust gathering on the bosses is therefore 

sketch is sent out with each order giving 
a clear explanation as to where the termi¬ 
nals should be inserted to give the proper 
resistance. 

These terminals are equipped with two 

^7925 
+ for/77/? 727(7 Cort/rg Co£./7o. 279/8formC£/7dCast//7g Ca6. No. 4/445 

FIG. 3 —CAST GRID RHEOSTAT FRAME PARTS, FORM A 

Cat. No. 16074 Nut Q" - 11 Hex.). 
Cat. No. 16135 Lock Washer. 
Cat. No. 16325 Nut (}," - 13 Hex.). 
Cat. No. 27918 End Casting. 
Cat. No. 27919 Rod for Grids. 

Cat. No. 27920 Mica Insulating Tube. 
Cat. No. 27921 Mica Washer (f" x If" x J," thick). 
Cat. No. 27922 Steel Washer (ff" x 11" x thick). 
Cat. No. 27923 Steel Washer (H" x 11" x thick). 
Cat. No. 27924 Tie Rod. 

Cat. No. 27925 Terminal complete. 

unlikely to reduce the resistance. Mica 
sleeves on the supporting rod and mica 
washers of a thickness of ^ inch at each 
end prevent grounding on the frame. 

All mica used is specially selected and 
will not deteriorate under the most severe 
operating conditions. 

TERMINALS 
The terminals are not a part of the grid 

proper, and if terminals are necessary the 
order for grids should state so specifically. 
Six terminals are furnished with each com¬ 
plete rheostat, unless more are ordered. A 

set screws for fastening the leads and pre¬ 
venting them from working loose as a result 
of any severe and continual vibration to 
which they may be subjected. 

NOMENCLATURE 
Each rheostat is designated by the type 

letters " CG " followed by a group or groups 
of symbols, separated by dashes. The sym¬ 
bols in each group consist of three parts, as 
follows: * 

1st part — A figure indicating the size or 
capacity of the grids in the group. The 
grids are numbered from 4 to 14, the small- 
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est number corresponding to the lowest re¬ 
sistance. These numbers, it will be seen 
from the table, are .the significant figures in 
the corresponding catalogue numbers. 

2nd part — A letter indicating the way in 
which the grids are connected within the 
group: 

A, indicates all grids in series. 
B, two in multiple, the sets in series. 
C, three in multiple, the sets in series. 

•3rd part-—A figure indicating the num¬ 
ber of grids in the group. 

EXAMPLES 
Rheostat CG-8A18 is composed entirely 

of No. 8 grids connected in series, and con¬ 
tains 18 grids. 

CG-8B18 is composed entirely of No. 8 
grids connected two in multiple, and con¬ 
tains 18 grids. CG-8C18 indicates that the 
same grids are used, but that they are con¬ 
nected three in multiple. 

■ CG-4A12-7B6 indicates that the rheostat 
contains 12 No. 4 grids connected in series, 
and six No. 7 grids connected two in mul¬ 
tiple, and the groups connected in series. 

OLD TYPE GRID 
The old type of grid with ^terminals cast 

on the grid itself and the present form with 
separate terminals have the same resistance 

Cast Grid Rheostats — Type CG 4499-3 

and current capacity,, and are interchange¬ 
able. They therefore retain the old catalogue 
numbers which are cast on each grid. At 
the time the change was made, however, a 
few grids were shipped with new catalogue 
numbers. For the benefit of customers who 
received these grids the corresponding num¬ 
bers will be found in the second column of 
the table given below. 

The new grids and terminals can be placed 
in the same box as the old style grids. 

FRAME PARTS 
Type CG Rheostats are made in two 

styles, Forms A and C. In Form A, which is 
shown disassembled on the opposite page, the 
end frame casting has Catalogue No. 27918 
as given on the engraving. Form A Frames 
are designed to be bolted beneath the car. 
Form C Rheostats, Fig. 2, first page, are in¬ 
tended to be bolted to the flooring of the car 
and take end castings Catalogue No. 41445 
instead of No. 27918. 

STOCK AND SHIPMENTS 
The necessary stock of parts to make Cast 

Grid .Rheostats with any possible combina¬ 
tion of grids tabulated on this page is 
always maintained at the factory, and all 
orders can be filled promptly. 

GENERAL ELECTRIC CAST GRID RHEOSTATS — TYPE CG 

Cat. No. 

26504 
26505 
26506 
26507 

26508 
26509 
26510 
26511 
26512 
26513 
26514 

Obsolete 
Corresponding 

Cat. Nos. 

26518 
26519 

26521 
26522 
26523 

26525 

26526 
26527 
26528 

Grid No. 

8 
9 

10 
11 
12 
13 
14 

Resistance in 
ohms per 

Grid at 70° C. 

Continuous Ca¬ 
pacity in Amps, 
at 175° C. Rise. 

.023 

.030 

.038 

.047 

.059 

.074 

.092 

.092 

.113 

.142 

.177 

75 
68 
60 
55 
50 
45 
40 
35 
33 
31.5 
30 

Intermittent Ca¬ 
pacity in Amps, 
at 250° C. Rise 
10 seconds on 
20 seconds- off 

150 
135 
120 
105 
90 
80 
70 
65 

60 
55 
50 

Note. — On all orders the new type of grid is supplied, and the necessary number of terminals should be 
ordered extra, except when complete rheostats are ordered. With complete rheostats 6 terminals are fur¬ 
nished without extra charge. 
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CONSTANT CURRENT TRANSFORMER PANELS 

FOR SERIES ARC AND SERIES INCANDESCENT LIGHTING SYSTEMS 

Constant Current Transformer Panels have 
lately been completely redesigned and em¬ 
body several improvements over the panels 
which have been in success¬ 
ful operation for a number of 
years. 

The devices on the panels 
have been remodeled, simpli¬ 
fied, and made more durable 
and now provide greater safe¬ 
ty to the operator, improved 
insulation, and better protec¬ 
tion to the circuit. 

In the following description 
the panels are divided into 
two classes, viz: 

Isolated Arc Panels- 

For installation in front of 

the transformers they control, 

and not intended to form a 

part of the main switchboard. 

Isolated Incandescent 

Panels—Similar to the Iso¬ 
lated Arc Panels, but design¬ 

ed for controlling one, two, 

or three transformers for series 
incandescent lighting. 

ISOLATED ARC PANELS 
25, 35 or 50 LIGHT ARC PANEL 

The small arc panels mounted on pipe 
supports for installation immediately in front 
of the transformer are generally used, as they 
provide a compact, simple and inexpensive 

♦Supersedes bulletin No. 429.3. 

arrangement for transformer control. The 
high tension leads can be somewhat short¬ 
ened by the use of these panels, since it is 

unnecessary to carry them 
from the transformer to the 
main switchboard. They 
are equipped with single 
throw primary plug switch¬ 
es, but may be altered to 
provide for transferring the 
primary. This change, 
however, will increase the 
price and delay shipment. 

The principal changes 
embodied in the new small 
panels are: The abolition of 
the ammeter cable, the im¬ 
proved method of support, 
and the increased insulation 
of all the plug switches. 

Test Panels 

In addition to the very 
complete line of C. C. trans¬ 
former panels for commer¬ 
cial arc lighting which are 
described herein, the Gen¬ 
eral Electric Co. has lately 
placed on the market a small 
panel to be used for the pur¬ 
pose of testing arc lamps. 

These panels are constructed as follows: 
A Blue Vermont marble panel 16" x 16" x 11" 

is mounted on steel brackets which are 
designed for fastening to the wall. The 
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ec[uipinent of the panel consists of; — 
1—Type "R" ammeter. 
2—Primary ping switches equipped with 

primary fuses. 
The capacity of the panel is 12 lamps at 

either 1150 or 21100 V. 

25, 35 or 50 LIGHT ARC PANEL 
(Back View) 

These panels should be of great use to 
central stations for the purpose of testing out 
the arc lamps before they are placed in com¬ 
mercial service. 

A front view of this panel together with 
wiring diagram, catalogue numbers, etc. will 
be found on page 7. 

ISOLATED INCANDESCENT PANELS 

A line of small panels has been developed 
for the control of constant current trans¬ 
formers for series incandescent lighting, 
which are similar to the isolated arc panels 

except that panels for controlling two and 
three transformers are also included. 

WATTMETER SUB-BASES 

It is often desirable to record the total 
input of energy to the transformer in kilowatt 
hours and a wattmeter for this purpose is 
recommended. Wattmeters mounted on sub- 
bases and provided with the necessary trans¬ 
formers can be applied to any of the standard 
panels except the two and three circuit 
isolated incandescent panels. This complete 
device, when desired, should be ordered by 
catalogue number from the table of capacities 
given on pages 7 and 8. A wattmeter sub-base 
can be readily added to a panel already 
installed. 

INSTRUMENTS 

One Type R round pattern ammeter is 
furnished for each transformer controlled, 
and is permanently connected in the second- 

TYPE R AMMETER 

ary circuit unless the transformer has a 
multi-circuit secondary, when ammeter jacks 
are provided so that the instrument may be 
connected in either circuit. 

The Type R instruments are adapted to this 
service as they are small, of neat appearance 
accurate and substantial. They are practi¬ 
cally dead beat, but will respond to a minute 
change in current value. Furthermore, they 
are free from frequency, wave form and heat¬ 
ing errors, and are shielded from external 



GENE RAL ELEC TR/C CO ME A Ar V 

Constant Current Transformer Pa?icls 4500-j 

magnetic influences, as the entire electrical 
portions are completely surrounded by a 
laminated iron shield. 

Five or ten ampere instruments are furnish¬ 
ed depending upon the ampere capacity of 
the lamps, and in each case the ammeters 
are provided with markers which may be set 
at the requisite current value. With the 

T<3rm/nof 

front of the sub-base, it adds to the appear¬ 
ance of the board. A full description of this 
meter is given in the Bulletin on the Thomson 
High Torque Induction Meter. 

PRIMARY PLUG SWITCHES 

Although the primary plug tube switches, 

Porce/cj/n 
Sush/'njg 

Contact_ 
Th/mb/e 

PLUG SWITCH 
markers properly set any deviation of the 
current may be readily detected. It may be 
noted from the illustrations that the scale is 
very open in the center, permitting the in¬ 
struments to be read with great precision. 

which have always been used for constant 
current transformer service, have given satis¬ 
faction, they have been changed to obtain 
increased contact surface between the plug 
and the receptacle and are now capable of 

□) 

RECORDING WATTMETERS 

The Thomson High Torque Induction 
Meter Type IS-2 is standard for all switch¬ 
board and isolated arc panels. As this meter 
is made back connected it is mounted on the 
front of the sub-base. It is provided with 
a metal case, finished to correspond with 
other instruments on the panel. The Type 
IS-2 Meter is designed with particular refer¬ 
ence to switchboard requirements, and not 
only does it possess high initial accuracy 
under the most adverse conditions, but be¬ 
cause of its high torque it will retain this 
accuracy over long periods of service. 

Being small and compact, if placed on the 

PLUG FOR PLUG SWITCH 
carrying 100 amperes continuously without 
undue heating. This type of switch, when 
used on isolated panels, has the tube fuse 
clips attached. 

SECONDARY PLUG SWITCHES 

The duties of the plug tube switches in 
the secondary side of the transformer are 
somewhat different from those in the primary 
side and while they are obliged to stand in 
some cases 8500 volts, the current carrying 
capacity may be very small. For this reason 
they are constructed of brass and are well 
insulated from the panel, making it unneces¬ 
sary to depend on the insulating qualities of 
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the marble. The receptacle and plug are 
shown on page 3. The plug has an improv¬ 
ed shaped handle to better protect the opera¬ 
tor. 

Secondary plug switches comprise open 

The bus ammeter jack entirely eliminates 
the use of cables on constant current trans¬ 
former switchboards. The construction of 
the device is similar to the other secondary 
switches, but in addition has two small buses 

AMMETER JACK 

circuiting plug switches, short circuiting plug 
switchesaand ammeter jacks* 

Open circuiting plug switches are provided 
on all panels and are used to disconnect the 
line from the secondary of the transformer 
when testing for ground or open circuit. It 
also answers the purpose of disconnecting one 

which connect to the ammeter. The recep¬ 
tacle is shown on page 4. 

FUSES 

All the primaries of constant current trans¬ 
formers are provided with fuses to protect the 
windings of the transformers. These fuses 

c:=t ±T 
- /nsu/at /'on ■ 

<mul) 
PLUG FOR AMMETER JACK 

of the circuits of a multi-circuit transformer 
for repair without interrupting the other 
circuit. 

Short circuiting plug switches are only 
included in the equipment of multi-circuit 
transformer panels, and serve the purpose of 
connecting both secondary coils in series on 
one lamp circuit when desired. 

Where one ammeter is to be used to read 
the current in more than one circuit, a bus 
ammeter jack is permanently connected in 
each circuit. By inserting the plug in any 
ammeter jack, the ammeter is thrown in 
series with that circuit. 

are made part of the primary switch and are 
mounted on the back of the panel. They are 
of the tube expulsion type and have always 
been found to be effective. 

PANELS AND SUPPORTS 

The material used for all panels is polished 
blue Vermont marble H-" thick. The panels 
are mounted on two pipe supports 64" long 
and are braced from the floor by pipes which 
are furnished with the panel. At the end of 
the pipe braces are pivoted flanges so they 
may be braced from the wall instead of the 
floor if desired. 
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FINISH 

The finish of the instruments on the front 
of the panels is dull black. The handles of 
the plugs are stained black and polished. 
The porcelain bushings are colored brown. 

Constant Current Transformer Panels 4500-5 

PLUG RACKS 

Plug racks for the reception of plugs when 
not in use are provided with all panels. 
These racks are shown attached to the panels 
in the various illustrations. To cover special 
cases where more plugs are used, a plug stand 
as illustrated can be supplied. 

PLUG STAND 



CONSTANT CURRENT TRANSFORMER PANELS FOR A. C. 

SERIES ARC LIGHTING 1150 AND 2300 VOLT PRIMARY 

EQUIPMENT OF ISOLATED ARC PANELS 

For Controlling 

One 25 or 36 or One 75 or 100 
60-Light 

Transformer 
Light 

Transformer 

Round Pattern Ammeter, Type R, with current transformer (except 
on 25 Tight Circuit) . ... . . . . . 1 i 

Ammeter Jacks . ... . . — 2 
Ammeter Jack Plug . . . . . . . — 1 
Open Circuiting Plug Switches . . . . . . 2 4 
Short Circuiting Plug Switches ....... — 2 
Primary Plug Switches with Fuse Clips ..... 2 2 
Primary Tube Fuses . . . . . . . ... 4 4 
Plug Rack . . . . . . .... 1 2 
Panel, 28" x 16* x !£" . . . . . . . . 1 —■ 
Panel, 28" x 20" x li" . . . . . . . . ■ — 1 

Pipe supports, braces and connections on the back are included. 

CONSTANT CURRENT TRANSFORMER PANELS FOR SERIES 

INCANDESCENT LIGHTING 1150 AND 2300 VOLT PRIMARY 

EQUIPMENT OF ISOLATED INCANDESCENT PANELS 

Single Secondary Transformer Double Sec¬ 
ondary Trans. 

1 Trans. 2 Trans. 3 Trans. 1 Trans. 

Round Pattern Ammeter, Type R, (with cur¬ 
rent transformer when necessary) 1 2 3 i 

Ammeter Jacks . . . . . . — — — - 2 " 
Ammeter Jack Plug • . ■ — —: — 1 
Open Circuiting Plug Switch . . . 2 4 6 4 
Short Circuiting Plug Switch . . — — — 2 
Primary Plug Switches with Fuse Clips 2 4 6 2 
Primary Tube Fuses . . 4 6 8 4 
Plug Rack . 1 2 4 2 
Panel, 28" x 16" x 1£" . . 1 — . —   
Panel, 28" x 20" x 1}" _ _ — 1 
Panel, 28" x 24" x !£" . . . . — 1 —   
Panel, 28" x 32" x 1J" . . . — — 1   



DIMENSIONS AND CONNECTIONS OF 

CONSTANT CURRENT TRANSFORMER PANELS FOR ALTERNATING 

CURRENT ARC LIGHTING 1150 AND 2300 VOLT PRIMARY 

Ooen Circu/'t/ng PJug Sw/tches 
Short Circuiting Piug S wit ches 
Ammeter iSac/cs 
Primary P/ug Switches 

Recorcf/ng Wattmeter 

Piug Rack 

L_JL 
U 16"-— 

Fig. J 
Wattmeter Sub-Base not included with Panel Equipment 

Lamp 

Lightning Arrester 
When Current Transformer ts suppiied connect assnown 
otherwise connect from 
P/ug Switch to Ammeterand from Ammeter to Lamps 
Open Circuiting P/ug Switch 

Ammeter docks 
Constant Current Transformer 

rpr——Wattmeter 
'■ | Resistance 
"^1 f Current Transformer 
_e»AWV\o. S 

>1 
on/y when 5uthose is supp/ied 

Fuses t^P/ug Switch 
for HOO Vo/tS connect 
B toD and C to A- For2200Vo/ts connect B to C AC. Source 

Fig. 1 

L /6g" J 

Fig. 3 

Constant Current Transformer 
p Fuse 
P/ug Switch 

A'.C. Source 
Fig. 3 

PANELS 

Prim. Voltage Fig. No. No. of Lights Cat. No. 

lie0-2300 1 25 44685 
1150-2300 1 35-50 44686 
1150-2300 2 75-100 44687 
1150-2300 3 12-testing 44688 

Fuses of the proper capacity should always be ordered 

PRIMARY FUSES WATTMETEKSUP-RASES 

No. Of Amp. Capacity Cat. No. No. of 
Lights 

Amp. Capacity Cat. No. 

Lights 
1150 V. 2300 V. 1160 V. 2300 V. 1150 V. 2300 V. 1150 V. 2300 V. 

25 
32 
50 
75 

100 
12 

15 
25 
30 
50 
75 

8 

8 
12 
15 
25 
30 

4 

51293 
51295 
51296 
51298 
23L25 
51290 

51290 
51292 
61293 
51295 
51296 
51287 

25 
35 
50 
75 

100 

20 
30 
40 
60 
80 

10 
15 
20 
30 
40 

44689 
44690 
44691 
44692 
44693 

44694 
44695 
44696 
44697 
44698 



DIMENSIONS AND CONNECTIONS OF 
CONSTANT CURRENT TRANSFORMER PANELS FOR SERIES INCANDESCENT LIGHTING 

1150 AND 2300 VOLT PRIMARY 

1 it 
U 24"  

Fig, I 

\2/ 

<6 6 & & & 6 O O O 0 0 o 

o © o © @ ® 

4- 

Fig. 2 

Current Transformer 

^^JPrimary fuses 
Current Transformer 

lOotent/a/ Transformer 

Wattmeter Sub-Base not included with Panel Equipment 

Lightning Arrester 
When Current Transformer is suppfied connect as shown otherwise connect from 
Piug Swifich to Ammeteranct from Ammeter to Lamps 
ipen Circuiting Piug Switch 

Ammeter docHS 
Constant Current Transformer 

r~\ 

—;  
:0T, 

Wattmeter 
Resistance 

Current Transformer 
\Th/5 apparatus furnished on/y when Subbase is suppf/ed 

A | fuses' 
o faP/ug Switch 

for ii00 Vo/ts connect 
B toD and C to A f or 2200Vo/tS connect 8 to C 

A C. Source 

Fig. I, 2, and 3 
Panels 1150-2300 Volts 

Kw. Capacity 
of Trans. 

Amp. Capacity 
of Lamps 

OAT. NO. 
Single Circuit Two Circuit Three Circuit 

#4.4-8.8-17.5 
4.4 

4.4-8.8 
17.5-24.5 

24.5 
35 

1.75-3-3.5 
3-3 5 
5.5 
5.5 
3.5 
5.5 

44G19 (Fig. 3) 
44520 ( " 3) 
44621 ( " 3) 
44622 ( " 3) 
44631 ( " 4) 
44632 ( " 4) 

44623 (Fig. 1) 
44624 ( "1) 
44625 ( " 1) 
44626 ( " 1) 

44627 (Fig. 2) 
44628 ( " 2) 
44629 ( " 2) 
44630 ( " 2) 

#4.4 Kw. at 1.75 Amp. only. 
Fuses of the proper capacity should always be ordered (see below). They are included in the price of the panel. 

PBIMABY FUSKS WATTMETER SUll-liASES 
Trans. Kw. Amp. Capacity Cat. No. Trans. Kw. Amp, Capacity Cat. No. 

1150 V. 2300 V. L150 V. 2300 V. 1150 V, 2300 V. 1150 V. 2300 V. 
4.4 
8.8 

17.5 
24.6 
35 

4 
8 

15 
25 
30 

2.5 
4 
8 

12 
15 

61287 
51290 
51293 
51295 
51296 

51286 
51287 
51290 
51292 

, 51293 

4.4 
8.8 

17.5 
21.5 

#24.5 
35 

5 
10 
20 
30 
30 
40 

5 
5 

10 
15 
15 
20 

44633 
44634 
44635 
44636 
44637 
44638 

44639 
44640 
44641 
44642 
44643 
44644 

*For Multi-Circuit Transformers 
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THE ELECTRIFICATION OF THE WEST JERSEY AND 

SEASHORE RAILROAD 

THE West Jersey and Seashore Railroad, a division of the Pennsylvania system 
which has hitherto been operated by steam, has been equipped for electric operation 
over the lines extending from Camden to Atlantic City, a distance of 65 miles, and 

from New field to Millville, a distance of 10 miles. 
The contract for the entire work of electrification was awarded to the General Electric 

Company and through them certain portions were sub-let. The electrical equipment through¬ 
out is of standard General Electric design. 

The contract included the erection of a power house, eight substations, one of .which is 
in the power house, the electrical equipment of approximately 150 miles of single track, the 
building of 71 miles of duplicate high tension transmission line, and the electrical equip¬ 
ment of 68 cars, in addition to a great deal of other work always incident to extensive 
undertakings of this nature. 

A remarkable feature of the whole undertaking is the time in which the work has been 
accomplished. The site was chosen for the power house on January 17th, 1906; the first 
pile was driven two days later, and on July 1st the first train to take current from the power 
house was run on the newly electrified tracks. The execution of such a contract within 
the above time has established a new record, . • 

This work has an added interest inasmuch as it called for the electrification of a main 
line double track steam road from terminal to terminal of a greater length than any steam 
road yet electrified in this country. The magnitude of the undertaking can best be 
appreciated by studying the map published, together with the following description: 

Beginning at the Camden end of the line a new terminal has been constructed which 
adjoins the present ferry terminal. The work at this point includes the building of a 
number of stub end tracks with suitable sheltered platforms between them and three- 
quarters of a mile of new double track trestle with stone piers and steel superstructure at 
street intersections. This latter structure connects the new terminal with the existing lines 
at a point near Haddon Avenue, where the tracks are at grade. 

It will be "noticed on the map that the Pennsylvania Railroad Company has two roads 
connecting Camden - with Altantic City. It is the longer of these routes that has been 
electrified, as .there is a local, traffic on the longer route that can be handled more 
economically aifd expeditiously by electric traction than is possible with steam haulage. 

The line from Camden to Atlantic City is a double track road throughout, and is a three 
track , road between Camden and Woodbury. From the Camden terminal to Newfieldthe 
road is laid with 100 pound rails of the Pennsylvania Railroad standard cross-section, and 
from Newfield to Altantic City it is laid with 85 pound rails of the A. S. C. E. section. 

From a point about two miles from Altantic City a new right of way has been secured. 
After crossing the thoroughfare on a new drawbridge the tracks cross the Philadelphia and 
Reading Railroad on an elevated structure and then enter the Atlantic City terminal on a 
descending grade. This terminal, like that at Camden, is new and consists of a number of 
stub end tracks with concrete platforms between them, these being protected with steel 
umbrella shelters. This station is located to the south of the present steam road terminal. 

From Camden to Atlantic City the road has been equipped with a third rail, with the 
exception of a stretch of track 4.4 miles in length between Haddon Avenue and South 
Gloucester, where the tracks passing through the city streets at grade are furnished with 
overhead trolleys. 
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GENERAL ELECTRIC COMPANY 

In addition to this through route, the line from Newfield to Millville has been electrified. 
On this portion of the road the overhead trolley has been installed. New terminal facilities 

POWER HOUSE AT WESTVILLE, N. J. 

have been provided here. The line from Newfield to Millville is a single track road and 
is laid with 100 pound rails of standard P. R. R. cross-section. 

The importance of the undertaking is further emphasized by the density of the traffic 
on the electrified section of the road, which can be shown in a measure by giving the 

NEW TERMINAL STATION AT ATLANTIC CITY 

scheduled provided for. The express service to Atlantic City consists of three car trains 
running on a headway of Id minutes in each direction at a speed, on straight level track, of 
00 miles per hour, and the local service is provided for by two car trains between Camden 
and Millville running at half-hourly intervals, and single cars between Camden and Wood- 
bury at ten minute intervals. The initial schedule that was put into service for the first 
few months of electrical operation included three car express trains between Camden and 
Atlantic City at one hour intervals, the running time being 00 minutes, and a local service 
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of two, three, and four car trains run at a minimum interval of 15 minutes during the rush 
hours between Camden and Glassboro, every fourth train going on to Millville. Motor bag¬ 
gage and mail cars are attached to the passenger trains as conditions require. It should be 
mentioned that each car in the electric service is a motor car, no trailers being used. 

GENERAL SCHEME OF ELECTRIFICATION 

The general scheme of electrification consists of generating A.C. power at a potential 
of 6,600 volts at the power house, where it is stepped up to 33,000 volts. At this latter 

pressure it is transmitted over the high tension transmission lines to the substations, where 
it is reduced to a potential of 430 volts by means of step down transformers, and then led 
to the rotaries and converted to direct current at 650 volts, at which pressure it is fed to the 
third rail for operating the cars. 

THE POWER HOUSE 

The power house is situated at Big Timber Creek, just to the north of Westville, N. J., 
at a point 5.6 miles from the ,Camden Terminal, where there is an abundance of water for 
boiler feed and condensing purposes. It has already been stated that the site for the building 
was chosen January 17th, 1906, and that the first pile was driven on January 19th, and as 
this building in all probability was erected at a greater speed than any other power station 
hitherto built in the United States, some additional data may be of interest to show the 
rapidity with which the work progressed. 
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The power house, including boiler room and stacks is built on approximately 850 con¬ 
crete piles. The foundations, which were started on March 15th, are of reinforced concrete 
and are superimposed upon the piles in such a manner that the latter project about one foot 
into the mass of concrete, making a thoroughly homogeneous foundation. 

The boiler foundations were completed by March 25th and those for the steam turbines 
by June 5th. The erection of the steel work for the main building was begun on April 18th. 
On March 5th the foundations for the stacks were started and were completed by the 25th 

of the same month. The steel work for the stacks was started on April 11th, and the first 
stack was erected, lined, and ready for use by June 29th. . 

A host of other dates and figures might be given, but the most significant of all, as show¬ 
ing the rapid progress of the work, is, that on July 1st, five and one-half months from the date 
upon which the first pile was driven, two boilers were under steam at working pressure, a tur¬ 
bine and all the necessary auxiliaries were running, the substation, in the power house was in 
operation, and the first car to take current from the power house was run on the line. This 
fact will speak more eloquently for the rate at which the work was executed than a whole 
chapter of figures and dates. 

For the sake of brevity, the main portion of the electrical equipment of the power house 
is given below in tabular form: 

Three 2,000 kw. 6,600 volt, 25 cycle three-phase Curtis Turbo Generators 
Two 75 kw. 125 volt Curtis Turbo Exciters 
Nine 700 kw. 25 cycle, Air Blast Transformers 
Two Blowers, capacity of each 20,000 cubic feet per minute 
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GENERAL ELECTRIC COMPANY 

The switchboard consists of: 
Three 3-phase Generator Panels 
Two Exciter Panels 
Two Blower Motor Panels 
One Synchronizing Equipment 
Three 33,000 volt Transformer Panels 
Two sets of Lightning Arresters and Switches 
Six Static Potential Indicators 
Two 33,000 volt outgoing Line Panels 

It will be seen from the above that the present normal capacity of the generating sta¬ 
tion is 6,000 kw. However, there is sufficient room provided in the lay-out of the building 

INTERIOR VIEW OF POWER HOUSE 

for an additional 2,000 kw. turbo generator set, together with the necessary auxiliaries. The 
foundation for the extra turbine is already built. In addition to this provision for extra 
power, one of the end walls of the station is of a temporary nature, in order that increasing 
demands for power may be met with a minimum of expenditure in the future. 

The most important items among the auxiliaries are as follows: 
(а) Two Curtis turbine exciter sets 
(б) Three Williamson Brothers barometic condensers 
(c) Three 1. P. Morris and Co. dry air pumps 

' (d) Three 1. P. Morris and Co. centrifugal circulating pumps 
(e) Two Cochrane feed water heaters 
(/) Two Worthington boiler feed pumps 
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(g) Two Worthington make up pumps 
(h) Two Worthington step bearing pumps 
{i) Three Worthington step bearing, water return pumps 
0) One R. D. Wood and Co. accumulator for step bearing 

INTERIOR VIEW OF POWER HOUSE, SHOWING SUBSTATION GALLERY 

FEEDWATER HEATERS, ETC. CONDENSER HEAD 
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BOILER HOUSE 

The boiler house is furnished with 12 Stirling water tube boilers arranged in pairs to 
form six batteries. Each boiler is rated at 358 h.p. and is provided with a superheater capable 
of delivering steam at 175 pounds pressure and at a temperature of 125° Fahrenheit in excess 
of that of saturated steam. The Stirling Boiler Co. of Barberton, O., were sub-contract¬ 
ors for both the boilers and boiler settings. 

The type of coal and ash handling machinery is shown by the illustrations. The coal 
is dumped from the railway cars into the receiving hopper over which the rails are laid, as 

COAL-HANDLING APPARATUS 

shown in the plan. As will be seen, the receiving hopper has a slanting bottom, to feed 
the coal by gravity through a valve which is only opened when the skip is in the correct posi¬ 
tion for loading. The loaded skip is raised by means of the hoisting engine till it reaches 
the level of the deflector, when it is automatically tipped into the crushing hopper, the smaller 
coal passing through the screen and the larger coal being broken in the crusher in transit. 
From this hopper the coal is fed into the gravity return car by means of the valve at the 
bottom, when it is conveyed by the automatic railway over the coal bunkers into which 
it is tipped. The empty skip is returned automatically by a system of counter weights. 
From the bunkers the coal is again fed to the cars on the boiler room tracks. The ashes are 
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taken from the boiler house in cars and dumped into the receiving hopper, from where they 
are raised in a similar manner to the coal, but with the deflector thrown in the reverse 
direction from that shown in the illustration. The ashes are conveyed from the ash chute 
to the ash storage bin, from whence they arc conveyed by means of a chute to cars on the 
railway track. 

INTERIOR OF BOILER ROOM 

VIEW OF CONDENSER INTAKE 

SUBSTATIONS 

The high tension three-phase current is reduced m pressure and converted to a direct 
current at 650 volts in eight substations distributed along the line as follows: 

One is located in the power house at Wcstville. There arc three terminal substations, 
situated respectivelv at South Camden, Clayvillc, and Atlan ic City, and four intermediate 
substations, one at Glassboro, one at Newfield, one at Mizpah, and one at Reega. 

The equipments in the several different substations wary according to the requirements 
of the portion of the road they supply. 
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LONGITUDINAL SECTION OF TYPICAL SUBSTATION 
12 



(JEXERAL ELECTRIC COM PAW 

TRANSVERSE SECTION OF TYPICAL SUBSTATION 

INTERIOR VIEW OF SUBSTATION 
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Table I shows the number and capacity of rotary converters installed in each substation, 
together with the ultimate capacity. In addition to this data, the square feet and cubic 
feet per ultimate kw. capacity of each substation is given. 

The rotary converters are all of standard General Electric design, and are capable of 
running at 150% full load for two hours with a temperature rise not exceeding 55°. The 

LIGHTNING ARRESTER COMPARTMENT IN SUBSTATION 

TABLE I 

Rotary Converters 
Already Installed Ultimate Square Feet Cubic Feet 

SUBSTATIONS Kw. 
Capacity. 

per Kw. per Kw. 
No. of 
Units 

Kw. 
Capacit y 

(Ultimate 
Capacity.) 

(Ultimate 
Capacity.) 

of Each 

South Camden  2 750 2500 .97 20.4 
Westville (In Pr. H.) ... 2 750 2250 * * 
Glassboro   2 750 2500 .97 20.4 
Newfield .... ... 2 750 2500 1.24 26.0 
fClayville  2 500 2500 .97 20.4 
fMizpah  2 500 , 2500 .97 20.4 
Reega  2 750 2500 .97 20.4 
Atlantic City  2 750 3500 .96 20.4 

* Included in Power House. 
t The 500 kw. machines are temporary, 7N) kw. units to be installed. 

transformers are supplied with taps giving one-third and two-thirds of the working voltage 
to enable the converters to be started from the A.C. side. This method of starting needs 
no synchronizing, and should the D.C. polarity of the machine chance to come in the wrong 
direction it is readily changed by means of the field reversing switch provided for this purpose. 
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By this method, any of the rotary converters can be started, run up to full speed, and be 
delivering power to the line within a minute. 

Three air cooled transformers are provided for operation in conjunction with each 
rotary, and these are located in each case with a view to the further extension of the 

substation, and as they are all of 
standard design it is not necessary 
to go into details regarding their con¬ 
struction. 

The disconnecting switches and 
lightning arresters in each substation 
are located in a separate room, the 
high tension circuits are of bare cop¬ 
per wire supported on insulators on 
a pipe framework, and each pole of 
the oil switches is enclosed in a separ¬ 
ate brick compartment. In all cases 
the instruments and oil switches are 
of the General Electric design. 

For the purpose of illustration, the intermediate substations with two 750 kw. rotary 
converters have been selected as being typical. These illustrations render a detailed 
description unnecessary, but it should be mentioned that every precaution has been taken 
to provide for the continuous operation of the road under all traffic and weather 
conditions. 

The substation buildings are of red brick, trimmed with Indiana limestone facings, 
and the floors are of concrete. Each 
substation is furnished with a hand 
operated crane, capable of handling 
any of the machinery installed. 

It is a matter of interest that the 
substation buildings, including the 
foundations, were built in sixty work¬ 
ing days, and that the installation of 
machinery was accomplished in thirty 
working days. 

INSPECTION SHEDS 

An inspection shed has been built 
at each of the three terminals. The 
largest of these, a three track shed is 
situated at Camden and has accom¬ 
modations for nine cars, an office, storeroom, and a small machinery shop. 
The Atlantic City shed is smaller than that at Camden, having only two tracks, while that 
at Millville is yet smaller, being a single track shed. The track pits are provided with steam 
heat and are lighted by electricity; compressed air is provided for cleaning purposes. The 
third rail is not continued into the inspection shed, the overhead trolley being used. 

CAR INSPECTION SHED 
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THE HIGH TENSION TRANSMISSION LINE 

•k+- Ground w/re 

bv 

The 33,000 volt high tension transmission line is in duplicate throughout. It is Y con¬ 
nected with the neutral grounded and consists of 
six No. 1 B. & S. hard drawn solid copper wires 
mounted on porcelain insulators The poles are 
of chestnut, their height being 45 feet, with 
extra long poles where special conditions re¬ 
quire them. They are spaced 125 feet apart, 
but at street crossings the spacings are reduced 
to 100 feet. Head guys are used at distances of 
approximately one-quarter of a mile. There are 
two cross-arms, the top arm being 12 feet -in 
length, carries four 
insulators, and the 
lower arm, which is 
8 feet 6 inches, car¬ 
ries two. The six 
wires form two in¬ 
verted equilateral 
triangles, and the 
insulators are 4 2 
inches apart; the 
wires in each trian¬ 
gle are transposed 

one complete spiral between each substation. 
A unique feature of the transmission line is the method 

of protection from 
lightning, which con- 
sists of a seven 
strand galvanized 

J;0' i_ 
t—f 

VIEW OF HIGH TENSION TRANSMISSION 
LINE, SHOWING ARRANGEMENT OF 

INSULATORS, GUARDS, ETC. 

W! 

y2?-0 Crosstfrm 

3-6 Crosserm 

 7.'-6~n,n — 

aAfr^v 

DIAGRAM OF TRANSMISSION 
POLE, GIVING PRINCIPAL 

DIMENSIONS 

VIEW SHOWING THE CONSTRUCTION 
WHERE THE TRANSMISSION LINE 

LEAVES THE WESTVILLE 
POWER HOUSE 

steel cable inch in Tt 
diameter strung for 
the entire length of 
the line on top of the 
transmission poles, 
4 feet above the 
nearest active wire, 
and provided with ground connections at every 
fifth pole. This form of protection from light¬ 
ning is believed to be an efficient supplerqentary 
adjunct to the arresters. 

THE THIRD RAIL 

t-T The proposition of installing the third rail for 
a double track road of this length, in the pre¬ 
scribed time, demanded a considerable amount 
of skill on the part of those organizing the 
work, and the fact that a large amount of steam 
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traffic was going on at the same time materially added to the difficulties of the undertaking. 
The rails used for this purpose are of the Pennsylvania Railroad standard cross-section 

and composition; they are in lengths of 33 feet, weigh 100 pounds per yard, and have a con¬ 
ductivity about equal to that of a copper rod of 1,200,000 c. m. This type of third rail was 
used in order that it might be interchangeable with the track rails. 

The insulators are of reconstructed granite, and are held in position by a metal centering 
cup which is secured in the long ties by means of a lag screw. The general form of these 
insulators will be seen in the illustrations, which also show the method of retaining them 
in position. An advantage of this method of securing the position of the insulators is that 

on the ties being depressed by the passage of a train no tension strain is brought to bear on 
them. 

The third rail is bonded with concealed ribbon bonds which have solid copper terminal 
compressed into one-inch holes drilled in the rail. There are two bonds to a joint, and as 
each has an area of 500,000 c. m. this gives a total area of copper per third rail joint equal to 
1,000,000 c. m. The work of bonding the third rail was accomplished at the rate of 660 
bonds per day. 

The third rail jumpers are of a specially neat design. They are used at all grade cross¬ 
ings and whenever a continuous third rail is impracticable, the cable is drawn into a black 
bituminized fiber tube, which is laid in a solid concrete protection. The illustration shows 
a double jumper. 

The third rails are arranged in such a manner that each track may be isolated from the 
other, but normally the third rails are electrically connected midway between the substations 
through a combined switch and fuse box, thus obtaining the combined conductivity of the 
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third rails. There are also section insulators opposite each substation, so that in the event 
of an accident on any part of the system only a short section of the third rail would be dead. 

The Company s right of way is fenced in, and at all crossings this fence turns in from 
the property line to meet Climax cattle guards at the edge of the crossing. In this way the 
public is prevented from reaching the third rail. 

At all stations, and in the Atlantic City and Camden yards, the third rail is protected by 
a wooden top and side guard. This consists of a two-inch plank carried on castings attached 
to the top of maple posts, which are secured to the third rail at intervals of about six feet. 
The top casting is of such form that although it is provided with a web for strength, no part 

VIEW TAKEN AT CAMDEN, SHOWING WHERE THIRD RAIL ENDS 
AND TROLLEY BEGINS 

of it extends either above or below the protection plank. The approaches of the third rail 
are made of cast iron. 

Opposite all platforms the rail is further protected by a plank fastened to the side of 
the rail. Wherever possible the rail is kept between the tracks, and is therefore on the side 
of the track farthest from the station platform, and inter-track fences are provided to prevent 
crossing the tracks. In order to prevent passengers or others on the platforms from touching 
the third rail shoes on the platform side of the car, there is a protecting plank, similar to the 
third rail protection, but in this case the plank is carried on castings fastened to the ties. 
This is used at all stations, even where the third rail gives way to the trolley, although there 
is a switch on the car which enables the contact shoe being cut out when operating from the 
trolley. 

A point of great interest is to be found in the fact that the third rail system has been 
adopted at both terminal stations where there are a number of platforms, and it will be 
interesting to engineers to learn that this system was adopted on the score of less difficul¬ 
ties being encountered in its installation than would have been the case had an overhead 
trolley been erected. 
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BONDING OF MAIN TRACKS 

The bonding of the main track between Camden and Altantic City was a work of great 
magnitude, which will be appreciated when it is remembered that a heavy steam traffic was 
in progress during the whole period. It is a matter) of interest to know that all holes were 
drilled by hand and also that the bond terminals were expanded by means of screw com¬ 
pressors. Two GE bonds of the "concealed " type were used per joint, each with a capacity 
of 400,000 c. m. 

TROLLEY LINE 
The trolley construction between Newfield and Millville and on the stretch of track ' 

between Hadden Avenue and South Gloucester is of the span type, with poles spaced at a 
distance of 100 feet; where practicable the high tension transmission poles have been used for 
supporting the span wires. Through Camden, tubular steel poles are used for the greater part 
of the trolley construction. The trolley is suspended 22 feet above the top of the track rails. 

There are no copper feeders used with the third rail, but those for the trolley lines are 
as follows: 

Two 750,000 c. m. Feeders from South Camden to Haddon Avenue 
One 500,000 c. m. Feeder running from South Camden to Brown's Crossing 

The copper feeder for the trolley between Newfield and Millville is 750,000 c. m. section. 
The length of line between Newfield and Millville is approximately ten miles. The trolley 

wire is No. 0000 grooved section, and the bonding is exactly similar to that already described 
on other portions of the road. The span wires are of stranded galvanized steel § inch in 
diameter. The lightning arresters are installed at approximately 1,000 feet apart. All 
puff-offs, strain ears, feeder ears, and splicing sleeves are of bronze, and as these items, 
together with all other line material, such as frogs, etc., are of standard pattern, a further 
description would be superfluous. 

ROLLING STOCK 
To provide for the initial service 62 passenger cars and six combination baggage and 

TYPICAL ELECTRIC TRAIN 
mail cars were provided, all of which are motor cars furnished with similar equipments of 
motors and control apparatus. 
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MOTOR AND CONTROL EQUIPMENT 

The electrical equipments were furnished and installed by the General Electric Com¬ 
pany. These consist of two GE-69 motors, which are 200 h.p. units, on each car, while 
the control system is of the Sprague-General Electric Automatic Multiple Unit type. The 
controllers are so arranged that current is cut off from the motors throughout the train and 
the brakes are applied automatically should the motorman release his hold on the controller 
handle. 

On account of the short time at the disposal of the contractors it was not possible to 
follow the usual cut and try methods in installing the brakes, control apparatus, and piping, 
and therefore carefully made detailed drawings of all conduit work and hangers were pre¬ 
pared in advance and, in accordance with these plans, the equipments were installed sim¬ 
ultaneously at the different car shops as soon as the car body framing was sufficiently advanced 
to permit it. This method of installation in addition to facilitating the speed of equipping 
the cars has the advantage of securing uniform and interchangeable work. 

. For the sake of brevity, these motor and control equipments will not be entered into in 
detail, as they are of standard General Electric design. With the exception that each car 
is provided with a trolley and third rail shoe, the control system is similar to that on the 
24 equipments supplied to the Boston Elevated road some eighteen months ago. These 
equipments are also similar to those built for the local traffic on the electrified portions of 
the New York Central lines. A switchboard provided with the necessary switches for trans¬ 
ferring from trolley to third rail and vice versa is situated in the vestibule. The headlight 
and air compressor switches and fuses together with the current limiting relay are mounted 
on the same panel. The lightning arresters, trolley cut-out switch, and trolley fuse are 
mounted in a box which is situated between the trolley bases on the roof of the car. 

All cars are provided with a 50 c. p. incandescent electric headlight and two electric 
markers or route lamps on the hood at each end. In the interior of the car there are five 
5-light clusters and in the saloon there is a single lamp. There are two lights in each vestibule. 

The cars are heated by Gold Cylindrical Heaters, one being under each seat, a total 
of 28 heaters per car. There are two coils in each heater, providing three degrees of heat. 

CAR BODIES 

In general design the cars are similar to the standard Pennsylvania coaches, with the 
exception that the height is somewhat less in order to decrease the weight. 

The general dimensions of the cars are as follows: 
Length over buffers    
Length over body and sills  
Truck centers  
Width over all  
Height from top of rail to top of roof (car light) . 
Total weight of car fully equipped on track . 

Each passenger car has a seating capacity of 58 persons 

The combination baggage and mail cars are of the same general dimensions as the pas¬ 
senger cars and have similar vestibules. The mail compartment and the baggage compart¬ 
ment are respectively 20 feet and 29 feet QJ inches long inside. The arrangement of the 
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baggage compartment is similar to the standard Pennsylvania Railroad combination cars 
and the fittings and arrangements in the mail compartment are in accordance with the stand¬ 
ard requirements of the Post-office Department. 

The interiors of the passenger cars are handsomely finished in mahogany. Both ends of 
the cars are provided with vestibules and have the standard arrangement of steps, trap doors, 
and vestibule side doors. The seats are of the standard Pennsylvania pattern, made by 
the Hale and Kilburn Manufacturing Company. On the roof, in the center of each car, there 
is an illuminated numeral panel which permits the car number being read from either side. 

The Wason Manufacturing Company of Springfield, Mass., built 22 of the passenger 
cars and G of the combination baggage and mail cars; the American Car and Foundry Com¬ 
pany of Wilmington, Deb, built 22 passenger cars, and the J. G. Brill Company of Philadelphia, 
Pa., built IS. 

TRUCKS 

The motor and trailer trucks are of the M. C. B. double side bar equalized type, some¬ 
what similar to those used on the cars of the Interborough Rapid Transit Company and 
the Long Island Railroad, but with a greater wheelbase. The general dimensions of the 
trucks are as follows: 

Gauge of truck 4 feet 8J inches 
Distance between backs of wheel flanges . . . . 4 " 5§ " 
Wheel base 7 " 
Weight of motor truck complete without motors . . 14,934 pounds 
Weight with trailer truck complete .... 9,653 " 
Weight on center plate (car body light) motor truck . 25,384 
Weight on center plate (car body light) trailer truck . 26,065 " 

TRUCK EQUIPPED WITH TWO GE 200-H.P MOTORS 

The wheels of the motor truck are steel tired with separate east steel spoke centers. 
They are 36 inches in diameter, with M. C. B. standard treads. The tires are 3 inches thick, 
shrunk and bolted to the steel center. The hub of one wheel on each axle of the motor truck 
is extended and to this hub the forged steel gear is shrunk after the wheel has been pressed 
on the axle. The axles are of open hearth steel and conform to the test requirements of the 
Pennsvlvania Railroad standard specifications. The journals are 5 inches by 9 inches, the 
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STaU oto"'6 the Whe,il ^ iS 8 i"dleS' and diameter betWeen wheels is 7 

Lr0iled ^ "J'f 33 inC"eS in diameter are <>° «>= t™*. The 
fit and tanered tn 44™ h lnC ^ 8 Jourilals' are 5a inches in diameter at the wheel ru, and tapered to 4f inches in diameter at the center. 

of Phikddohk 65,Cars were built by the Baldwin Locomotive Works hiladelphia, and for three cars by the J. G. Brill Company of Philadelphia. 

BRAKES 

air brakes.Car ^ eqUipPed With a comPlete complement of hand and quick service automatic 

Thesf braklTli'abl^h11^ the entire train' inSUring Uniform PumP labor on a11 cars, 
be dested d 1 m0t0rman t0 divide tbe Process of release into as many steps as may be desired, and give the same flexibility as with a straight air-brake equipment 

. i e auxiliary reservoir pressure is maintained by means of a quick recharge feature 

inTufck suT Separat >rrtS'7h,iCh enableS a large nUmber 0f brake aPpbcations to be made 
serviceLtnre rir r P tlng the SyStem- The brake system also includes a quick 
the h C v ^hlCh'Wben a Servlce application is made, establishes communication between 
m budd^ r r , a r Pipe Pressure' thus materially assisting the auxiliary reservoir buildm& up the brake cylinder pressure in the usual manner 

The motor driven air compressors consist of duplex single acting air pumps, driven by 

Z!°rS 0f the radway tyP6- The motors are entirely enclosed and require no additional s ng of protection of any kind. The governors are of Standard General Electric pattern 

"e P"5tected by a hmged cover which can be readily dropped to facilitate inspection The General Electric Company installed all the brake apparatus and piping, with the 
exception that the car builders supplied the foundation brake rigging. ' 

The conversion of the lines of the West Jersey and Seashore Railroad from steam to electric 
traction was carried out as follows: 

The construction of the terminals, inspection sheds double tracking, changes in exist¬ 
ing tracks, grading, new bridges,, changes in telegraph lines, and the installation of a special 
telephone system, were carried out by the regular Engineering and Maintenance of Way 
Departments of the Railroad Company. 

The installation of the interlocking plants and automatic block signaling was carried 
out by the Union Switch and Signal Company in accordance with plans of the Signal Depart- 
ment of the Railroad Company. 

The new cars and trucks required for the electric service were designed by the Motive 
Power Department and the Railroad Company. 

The entire contract for the electrical equipment, including the construction of the power 
house, substations, and the electrical equipments on the cars, was awarded to the General 
Electric Company. The work was carried out under the direct charge of the Engineering 
and Construction staff of the General Electric Company in accordance with plans and under 
the supervision of Mr. George Gibbs, Chief Engineer of Electric Traction of the Railroad 
Company. 
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CQ GENERATORS AND BALANCER SETS 

The General Electric Company is man¬ 
ufacturing a full line of direct current gener¬ 
ators in capacities ranging from It lew. to 17f- 
kw., which are known as the Type CQ gen- 

The bearing heads arc so designed thai 
the generators can be installed on the floor, 
walls or ceiling, adapting them for crowded 
locations and places where a generator of dif- 

erators. These machines are particularly well ferent construction could not be used. The 

CQ GENERATOR 

adapted for supplying current for use in small 
isolated lighting or power plants; in fact for 
any purpose requiring small belt-driven direct 
current generators. Their design is the result 
of long experience in the construction of small 
motors and generators, and they are built 
with improved machinery by experienced 
workmen, and only the highest grade of 
material enters into their construction. 

CO generators run at slow and moderate 
speeds, take up but little floor space, are of 
robust construction and have high efficiency 
for machines of their capacity. 

The table on page 7 gives the ratings, 
weights and principal dimensions of standard 
CQ compound wound generators which are 
designed to give either 125 or 250 volts at 
full load. These generators are also made for 

Second Edition 
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three-wire operation to act as balancer sets as 
will be described later. 

CQ GENERATOR INSTALLED ON UPRIGHT 

FRAME 

The generator frame and pole pieces are 
made of soft steel of high permeability. The 
field coils are held in place by the extended 
tips on the pole pieces and the pole pieces are 
securely fastened by bolts to seats formed on 
the inside of the frame with the nuts on the 
outside so that they can be readily removed 
when necessary. 

The good quality of the material used in 
the frame and pole pieces, together with the 
short magnetic circuit, reduce iron losses to a 
minimum, and allow of high efficiencies being 
obtained in these generators. 

ARMATURE AND FIELD 

The armature core is built up of steel 
laminations, japanned to prevent eddy cur¬ 
rents. In the larger sizes the assembled core 
is provided with air ducts for ventilation. 
Two cast iron spiders which extend as flanges 
to support the armature coils clamp the lam¬ 
inations tightly together. The completed 
armature is thoroughly insulated so that it is 
impervious to moisture and practically inde¬ 
structible, except under extreme overloads. 

The armature coils are form wound, of 
insulated copper wire, and are thoroughly 
insulated and tested to avoid possibility of 
short circuits. The coils are securely held in 
toothed slots punched in the armature discs 
and extend out over the end flanges. They 
are bound by band wires to prevent vibration 
or movement of the coils. This form of 
winding provides a large radiating surface 
for the armature conductors, and consequent¬ 
ly reduces the heating. The individual coils 
can be readily removed and replaced when 
necessary. 

The field coils are thoroughly insulated, 
compact and can be readily removed, as previ¬ 
ously explained, by taking out the pole pieces. 
Each coil is subjected to a special treatment 
which renders it practically impervious to 
moisture. 

BEARINGS 

The CO generators are designed with 
bearings of ample size to insure cool running 
and are lubricated automatically by rings 
revolving on the shaft and dipping into oil 

BRUSH-HOLDER, YOKE AND BRUSHES 

wells. The bearing linings are made of special 
composition bearing metal in one piece, and 
are held in position by the bearing heads 
which are securely bolted to the frame. 

Generators can be adapted for wall or ceil¬ 
ing installation by turning round the bearing 
heads 90 or 180 degrees, so that the cap screw 
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holding the bearing linings will be vertically 
above the shaft. This adjustment is readily 
made by removing the bolts holding the 
bearing brackets to the frame and turning the 
bearing head on the shaft without having to 

CQ Generators and Balancer Sets J+503A-3 

tator and the pulley can be reversed relatively 
to the frame. This is specially important 
where the generator has to be fastened to the 
walls or ceiling, as the terminal block of the 
machine will always be accessible and the gen- 

CQ GENERATOR IN OPERATION „ 

remove the armature. The bearing brackets 
protect the internal parts of the motor, and 
at the same time allow sufficient ventilation 
to insure cool running. 

The two bearing brackets are also inter¬ 
changeable so that the position of the commu- 

erator can be driven from that end of the 
machine which is most convenient. 

COMMUTATOR AND BRUSH-HOLDERS 

The commutator segments are made of 
carefully selected hard drawn copper. The 
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mica between the segments is selected so as to 
wear evenly with the copper and the armature 
conductors are soldered directly into slots 
provided in the segments. 

The brush-holder is of substantial construc¬ 
tion and embodies all those features necessary 
in a first-class brush-holder. The brushes are 
of high grade carbon and slide in finished box 
guides. They are supplied with flexible copper 
pigtails of ample current carrying capacity 
and are held firmly against the commutator 
by a lever arm, which gives practically a 
uniform pressure throughout the whole wear¬ 
ing depth of the biush. An auxiliary spring 
of sufficient flexibility attached to the lower 

fore more expensive to construct than ma¬ 
chines of the same output and high speed. 

Standard CQ generators are compound 
wound, 120 to 125 volts and 240 to 250 volts 
full load, as shown in the table, page 7. 
The ratings are conservative and the machines 
will run full load without undue rise of temper¬ 
ature of any part. 

Standard CQ generators will deliver their 
output continuously without the temperature 
of any part rising mote than 45 degrees C. 
above the surrounding air and will operate 
for two hours with 25 per cent, overload or 
stand momentary overloads of 50 per cent, 
without injurious heating. 

CQ BALANCER SET 

side of this lever is used to allow the brushes 
to respond quickly to any irregularities of the 
commutator surface due to wear, thus 
preventing jumping and consequent sparking. 

The care taken in the construction of the 
commutator and the excellent electrical con¬ 
stants of the generator will insure sparkless 
operation from no load to full load without 
shifting the brushes, thus reducing wear and 
increasing the life of the commutator. 

SPEED, VOLTAGE AND CAPACITY 

The slow speeds at which the CQ gen¬ 
erators operate minimize friction losses, but 
the machines are somewhat heavier and there- 

BALANCER SETS 
These generators are peculiarly adapted 

for use as balancer sets for three-wire systems. 
In such cases the design adopted is simple and 
compact, as shown in the accompanying illus¬ 
trations. Two generator frames are riveted 
together through spacing blocks and both 
armatures are mounted on a common shaft 
which dispenses with the necessity of a third 
bearing common to this type of unit and at 
the same time simplifies the construction and 
economizes floor space. The shaft between 
the armatures is strengthened by means of an 
intermediate armature head which increases 
the section, and, therefore, the strength at 
the point of maximum deflection. 
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A fan is provided mounted between the 
armatures so as to draw in a sufficient volume 
of air through the interior portions of the 
two machines to keep the heating of all parts 
within conservative limits, ample ventilating 
openings being provided between the spacing 
blocks. Although these sets are somewhat 
enclosed in the middle, the same heating will 

CO Generators and Balancer Sets .ffid.k-l-o 

bined current of the two machines compen¬ 
sating for the increased load on the generator 
side. Balancer sets are flat compounded so 
as to keep the voltage on each side equal, 
irrespective of the load. 

These balancer sets afford a very con¬ 
venient method for obtaining a neutral on 
three-wire systems, and can be used in systems 

VIEW OF DISASSEMBLED BALANCER SET 

be guaranteed as in standard CO generators 
and the efficiencies are high. 

The- balancer sets can be placed across a 
three-wire 250 volt system and will compen¬ 
sate for unbalanced load in either side of the 
system. When the load is balanced, both 
machines operate as unloaded motors, but 
when unbalanced, one machine operates as a 
generator and the other as a motor, the com- 

of large capacity provided the amount of un¬ 
balancing between the two sets on the system 
does not necessitate a neutral current beyond 
the capacity of the set. To avoid misunder¬ 
standing, it is advisable when ordering these 
machines to give the voltage across the 
outside wires and the amount of current 
in the neutral, rather than the kilowatt 
capacity. 

DIMENSIONS, RATINGS AND PARTS OF STANDARD CQ GENERATORS 

A view of a disassembled CQ compound diagram giving ratings, speeds, weights and 
wound generator with parts named will be principal dimensions of standard compound 
found on the following page. A dimensioned wound CQ generators will be found on page 7. 
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VIEW OF A DISASSEMBLED CQ GENERATOR 

A Key for Armature Shaft 
C Oil Well Cover 
D Overflow Plug 
E Commutator End Bearing Head 
F Pulley 
I Oil Ring 
J Porcelain Terminal Block 
M Commutator 
N Armature Shaft 

O Thrust Collar 
R Brush-holder Body 
T Brush-holder Cable 
V Carbon Brush with Pig Tail 
Z Magnet Frame 
Aa Bearing Lining, Pulley End 
Ba Pulley End Bearing Head 
Da Cap Screw for Bearing Head 
Ga Field Spool 

Ha Field Spool Lead 
la Pole Piece 
Ja Cap Screw for Pole Piece 
Ma Brush-holder Yoke 
Na Adjusting Screw for Base 
Oa Sliding Base 
Pa Float Bolts 
Ra German Silver Shunt 

In Ordering Parts give Machine Number and Rating from Name Plate 
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PRINCIPAL OFFICES, SCHENECTADY, N. Y. 

SALES OFFICES: 
(Address nearest office.) 

BOSTON, MASS., 84 State Street. 
NEW YORK, N. Y , 3u Church Street. 
Syracuse, N. Y., Post Standard Building 
Buffalo, N. Y , Ellicott Square Building. 
New Haven, Conn., Malley Building. 
PHILADELPHIA, PA., Witherspoon Bldg. 
Baltimore, Mix, Contineiual Trust Building. 
Charlotte, N. C., Trust Building. 
Charleston, W. Va., Charleston National Bank Bldg 
Pittsburg, Pa., Park Building. 
Richmond, Va., 712 Mutual Building. 
ATLANTA, GA., Empire Building. 
New Orleans, La., Hennen Building. 
CINCINNATI, OHIO, Pcrin Bldg , Filth ai d Rare Sts 
Columbus, Ohio, Columbus Savings & Trust Bldg. 
Cleveland, Ohio, Citizens Building. 
Nashville, Tenn., Stahlman Building 
Indianapolis Ind , Traction Terminal Building. 
CHICAGO, ILL., Mona Inock Building. 
Detroit, Mich , Majestic Bldg. (Office of Soliciting Agt.) 
St. Louis, Mo., Wainwnght Building. 
Kansas City, Mo., Dwight Building. 
Oklahoma City,Okla .Culbertson Bldg.(Office Sol't gAgt.) 
Dallas, Texas, Scollard Bldg. (Office of Soliciting Agt.) 
Butte Montana, Ph jenix Building. 
Duluth, Minn , Providence Building 
Minneapolis, Minn., Phoenix Building 
DENVER, COLO., Kittredge Building. 
Salt Lake City, Utah, Newh use Building. 
SAN FRANCISCO, CAL , Union Trust Building 
Los Angeles, Cal., Delta Building. 
Portland, Ore., Worcester Building 
Seattle, Wash., Colman Building. 
Spokane, Wash., Paulsen Building. 

FOREIGN- 
Foreign Department, 

Schenectady, N. Y., and do Church St., New York, N. Y 
London Office, 88 Cannot St , London, E. C., England 

For all Canadian Business, 
Canadian General Elec nc Company. Ltd , 

Toronto, Ontario. 
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ft C> vJ 
THE EDISON GEM FILAMENT 50 WATT LAMP 

Fig. I. Edison GEM (Metallized) 50 Watt Lamp, 
Regular Type—90 to 130 Volts—19 to 20 C. P.—2.5 Watts per Candle. 

The discovery and introduction of the 
GEM (or metallized) filament by the General 
Electric Company has effected a radical 
improvement in the quality of incandescent 
lamps. 

The new GEM filament is obtained from 
the ordinary carbon filament by subjecting 
it to the intense heat of the electric furnace. 
This operation (twice repeated) renders the 

filament much more refractory and capable 
of withstanding a materially higher tempera¬ 
ture for a given life and deterioration. The 
higher temperature thus permitted gives 
increased lighting efficiency with a saving of 

20% in the current over that required by the 
ordinary carbon filament lamps to produce 

a given illumination. 
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4.506-2 The Edison GEM Filament 50 Watt Lamp 

The improvement given by the GEM fila¬ 
ment over the carbon filament is graphically 
shown in Fig. 2 giving the gain in efficiency 
for the same life, or the gain in life for the 
same efficiency. 

The standard adopted with the new GEM 
filament to replace the ordinary 16c. p. carbon 
filament lamp is a 50 watt 19 to 20 c. p. lamp. 
The improvement secured by the GEM fila¬ 
ment thus results in a 25% increase of candle 
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Fig. II. Useful Life Curves of New GEM Filament Lamp and Present 
Carbon Filament Lamp. 

TABLE I 

Present Carbon Filament Lamp 
Useful 
Life of 

both new 
and old 

lamp 

New GEM Filament Lamp 

Initial 
Eff. in 

watts per 
candle 

Total 
Watts 

for 
16 c.p. 

Total 
Watts 

for 
20 c.p. 

Initial 
Eff. in 

watts per 
candle 

Total 
Watts 

for 
20 c.p. 

Saving in 
Power new 
lamp over 
old lamp. 

3.1 50 62 450 hours 2.5 50 20 percent 
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power, with total watts unchanged, instead 
of keeping the candle power unchanged and 
reducing the total watts per lamp. This is 
considered desirable for the following reasons: 

It maintains current consumption per lamp 
the same as at present. 

It gives a higher candle power which is 
needed in competition with other illuminants. 

Gives consumers the increased light in the 
lamp instead of necessitating an increase of 
installation to secure the maximum light obtain¬ 
able with the same current consumption. 

Gives central stations same output per lamp 
as at present thus avoiding the necessity of 
increasing number of consumers or lamps con¬ 
nected per consumer. 

CHARACTERISTICS 
The GEM 50 watt-lamp, as may be seen 

from the illustration, is the same as the 
ordinary 16 c.p. in size of bulb, and in all 
respects save filament. The GEM filament 
is made of two loops connected in series. 
The use of the two loops is necessitated by 
manufacturing requirements, and they are con¬ 
structed so as to give the same ratio of mean 
spherical and mean horizontal candle power as 
is given by the standard oval 16 c.p. filament. 

The GEM filament is somewhat less affected 
by changes of voltage than the ordinary 
carbon filament, because the GEM filament 
behaves like a metal (hence the term "metal¬ 
lized") in resistance changes, giving an in¬ 
crease of resistance with increase of voltage 
and decreased resistance with decrease of 
voltage—just the reverse of the ordinary 
carbon filament. 

The light given by the GEM filament is of 
superior brilliancy and whiter in color than 
that of the ordinary carbon filament. 

The GEM lamp gives equally satisfactory 
service on either direct or alternating current 
circuits, and is supplied for the usual com¬ 
mercial voltages of 90 to 130. 

RATING 
The GEM lamp is rated in total watts; 

candle power values not appearing on the 
label. The rating unit is thus changed from 
candle power to watts per lamp which is 
really the proper unit inasmuch as electric 
light is sold on the watt hour basis. Candle 
power values will not be abandoned, but 
will be used in a more definite way, as, for 
example, in reference to a lamp with a given 
reflector. 

The design of label employed , is shown 
below. Each label has three voltage mark¬ 
ings arranged in steps two volts apart. 
These voltages are termed "top," so 
"middle," and "bottom" voltages 
or first (VI), second (V2), and 
third (V3) voltages. This arrange¬ 
ment provides for adapting the new 

. ... . . , uesign ol Label lamp to existing situations by for gem Lamps 
varying the efficiency to suit different con¬ 
ditions, and to secure satisfactory life. 

Customers requiring lamps of maximum 
efficiency 2.5 w.p.c., will order lamps with 
top or first voltage corresponding to the 
circuit voltage. Customers requiring lamps 
of slightly lower efficiency—2.65 w.p.c.—will 
order lamps with middle or second voltage 
corresponding to the circuit voltage. Cus¬ 
tomers requiring lamps of still lower effi¬ 
ciency—2.8 w.p.c.—should order lamps with 

EDISON 

M 
Design of Label 

TABLE II 

With Voltage of Cir¬ 
cuit the Same as 

Total 
Watts 

Mean 
Horizontal 

Candle 
Power 

Watts Per 
Mean Hor. 

Candle 
Power 

Mean 
Spherical 
Candle 
Power 

Spherical 
Candle 
Power 
Factor 

PPRFOKMANCE AT 
RATED W.P.C. Ordinary Carbon 

Filament of 
Corresponding 

Life Hours Useful 
Life Candle Hour 

Area 
First Voltage (VI) 
Second Voltage (V2) 
Third Voltage (V3) 

50 
48.5 
47.3 

20 
18.3 
16.7 

2.50 
2.65 
2.83 

16.5 
15.1 
13.8 

82.5% 
82.5% 
82.5% 

450 
640 
940 

8,330 
10,840 
14,530 

16 c.p.—3.1 w.p.c. 
16 c.p.—3.3 w.p.c. 
16 c.p.—3.5 w.p.c. 
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bottom or third voltage corresponding to the 
circuit voltage, giving a life the same as the 
ordinary carbon lamps of 3.5 w.p.c. 

The average values that will be given for 
100 to 130 volt lamps at the various voltage 
markings, are given in the foregoing table. 

EFFECT OF HIGH EFFICIENCY LAMPS 
The advantage of the GEM lamp to a con¬ 

sumer on central station service is, of course, 
obvious. As the new GEM lamp consumes 
the same total watts (50) as the old carbon 
lamp, the gain to the consumer is in the 
increased light he receives for the same ex¬ 
penditure. In the following table is shown 
the cost of power and lamp renewals to a 
consumer for 1000 hours of light with the 
new and old lamps. 

TABLE III 
Cost of 1000 Candle Hours of Light, including Cost of Power and Lamp Renewals for 

Different Lamp Efficiencies at Various Rates per Kilowatt Hour.   

would be obviously the same as those shown 
above for the consumer. 

The value cannot be determined by sole 
reference to central station costs or operating 
conditions. The value comes in enabling the 
central station to supply light more effici¬ 
ently and at less expense to the consumer, 
and thus to meet and resist competition and 
increase the use of electric light. 

In an analogous case in the gas business 
the introduction of a higher efficiency lamp— 
the Welsbach mantle—proved to be of sub¬ 
stantial benefit to the gas business and there 
is every reason to expect that similar benefits 
to electric lighting will follow the intro¬ 
duction of the GEM lamps. 

Rates per 
Kw. Hour 
in cents 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Ordinary Carbon Lamp 
(Cost 16 cents) 

3.5 w.p.c. 

4.5 
8.0 

11.5 
15.0 
18.5 
22.0 
25.5 
29.0 
32.5 
36.0 
39.5 
43.0 
46.5 
50.0 
53.5 
57.0 
59.5 
64.0 
67.5 
71.0 

The value of higher efficiency lamps such 
as the GEM to a central station company 
cannot be directly shown. Were central 
stations selling in light units (candle hours) 
instead of power units (watt hours) the gains 

3.1 w.p.c. 

5.1 
8.2 

11.3 
14.4 
17.5 
20.6 
23.7 
26.8 
29.9 
33.0 
36.1 
39.2 
42.3 
45.4 
48.5 
51.6 
54.7 
57.8 
60.9 
64.0 

GEM lamp 
2.5 w.p.c. 

(Cost 20 cents) 

4.5 
7.0 
9.5 

12.0 
14.5 
17.0 
19.5 
22.0 
24.5 
27.0 
29.5 
32.0 
34.5 
37.0 
39.5 
42.0 
44.5 
47.0 
49.5 
52.0 

THE CENTRAL STATION POLICY FOR 
THE GEM LAMP 

There should be no question of the wisdom 
of adopting high efficiency lamps such as the 
GEM to extend and develop electric lighting 
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service to the fullest extent. 
In adopting the new lamp, companies have 

their choice of employing the GEM lamp at 
either first, second, or third voltage (as stated 
in the description of the new label) and of 
thus giving their consumers— 

The highest efficiency available with total 
wattage of 50 watts and candle power value of 
20, or 

Lower efficiencies with total wattage below 
50 watts and with longer life giving lessened 
renewal costs. 

In Table VI full data are given on renewal 
costs per Kw. hour for the GEM and ordinary 
carbon lamp. 

Progressive practice should lead all central 
stations now using carbon lamps of an effi¬ 
ciency of 3.1 w.p.c. to adopt in their stead the 
GEM lamp at first voltage and full efficiency 
of 2.5 w.p.c., thereby keeping the watt con¬ 
sumption per lamp the same as at present. 

Companies at present using 3.5 w.p.c. 
carbon lamps could adopt one of the fol¬ 
lowing from table IV: 

TABLE IV 

basis at different rates will be secured with 
that efficiency which makes' the sum of lamp 
renewals and cost of current a minimum. 
These values for the new GEM lamp are given 
in Table V. This table shows that for all 
rates above 5 cents per kilowatt-hour a con¬ 
sumer would obtain his. light at a minimum 
cost, including cost of purchasing his own 
renewals, by using the new 2.5 w.p.c. lamp. 

The accepted practice is to supply lamp re¬ 
newals free and save the consumer this part 
of the expense. It would seem, therefore, 
that this full efficiency of 2.5 watts per candle. 
would be the desirable one for central station 
companies to supply, because at any lower 
efficiency the consumer could afford to buy 
his own lamps and would save money by so 
doing. Enlightened and progressive central 
station practice finds benefit in making the 
consumers' interest its own, and should there¬ 
fore supply the lamp that secures a minimum 
lighting cost, i. e., the new 2.5 w.p.c. lamp. 

Table V indicates the efficiency giving 

With voltage of 
circuit same as 

Mean Horizontal 
Candle Power 

Total 
Watts 

Reduction in watt consump¬ 
tion per lamp over 

3.5 w.p.c. carbon lamp 

First voltage (VI) 20.0 50.0 6 watts or 10.7 % 

Second voltage (V2) 18.3 48.5 7.5 watts or 13.4 % 

Third voltage (V3) 16.7 47.3 8.7 watts or 15.5 % 

Where the first voltage cannot be adopted, 
the second voltage is to be recommended to 
replace 3.5 w.p.c. carbon lamps as this rating 
allows the consumer to share the improve¬ 
ment, receiving 12% more light for 13% less 
wattage. Lamp renewal costs are very low 
for 3.5 w.p.c. carbon lamps, and the majority 
of stations could afford the slight increase 
therein for the GEM lamp (see Table VI). 

EFFICIENCY OF NEW LAMP, GIVING 
MINIMUM LIGHTING COSTS 

The minimum cost of lighting to the con¬ 
sumer paying for light on the kilowatt-hour 

minimum lighting costs for any assumed case 

of power costs. Take an isolated plant for 
example, whose total cost for power delivered' 

at the lamp is 3 cents per Kw. hour. From 
the table we see that the minimum costs 
would be given with the lamp burning at 

an efficiency of 2.7 w.p.c. which corresponds 

to the second voltage range. Likewise an 
installation where power costs run about 

two cents per Kw. hour at the lamp would 
call for an efficiency of 2.8 w.p.c. which 
corresponds to the third voltage range. 
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COMPARATIVE DATA—COST, 
RENEWALS, ETC. 

In Table VI will be found useful compara¬ 
tive data on the GEM 50 watt and the ordi¬ 
nary carbon filament lamps. The cost of 
renewals of the GEM lamp is but slightly 
more than that of the ordinary carbon 
lamp, and as shown in Table VI the 

use of the various voltage ranges permits 
varying the cost of renewals per Kw. hour 
from about eight-tenths cent to about four- 
tenths cent, giving a range of costs comparable 
with that of the ordinary carbon lamp. 

The economy of the GEM lamp is, however, 
far more than sufficient to offset the increase 
of renewal cost, and as shown in Table III 

TABLE V 

TOTAL COST OF LIGHT PER 1000 HOURS' SERVICE OF 20-CP NEW GEM-FILAMENT 
LAMP (AT VARIOUS EFFICIENCIES) 

Including Cost of Lamp Renewals and Power at Various Rates Shown 
LAMP PRICE 200. (LAMP LIFE AS GIVER BY FIG. 2) 

(Minimum costs are underlined and starred) 

Lamp Effici- 
ciency in 
Watts per 

Candle 

Total 
Watts 

per 20-cp 
Lamp 

Lamp Re¬ 
newal Costs 

per Kilo watt- 
Hour in 
Cents 

Total Cost of Light (Power and Lamp Renewals). 
Cost per kilowatt-hotjr 

@ 1c. @ 2c. @ 3c. @ 4c. @ 5c. @ 6c. @ 7c. @ 8c. @ 9c. @ 10c. @ 12c. 

2.1 
2.2 

42 
44 

2.7 
1.95 

$1.55 
1.29 

$1,974 
1.74 

$2.39 
2.18 

$2.81 
2.61 

$3.23 
3.06 

$3.65 
3.50 

$4.07 
3.94 

$4.49 
4.38 

$4.91 
4.92 

$5.33 
5.26* 

$6.17 
6.14* 

2.3 46 1.43 1.11 1.58 2.04 2.50 2.96 3.42 3.88 4.34* 4.80* 5.26 6.18 
2.4 48 1.06 0.99 1.47 1.95 2.43 2.91 3.39* 3.87* 4.35 4.83 5.31 6.27 

First Voltage 
2.5 50 0.8 0.90 1.40 1.90 2.40 2.90* 3.49 3.90 4.40 4.90 5.40 6.40 
2.6 52 0.614 0.83 1.36 1.88 2.40* 2.92 3.44 3,96 4.48 5.00 5.52 6.56 

Second Voltage 
2.7 54 0.469 0.79 1.33 1.87* 2.41 2,95 3.49 4.03 4.57 5.12 5.66 6.74 
2.8 56 0.37 0.76 1.32* 1.88 2.44 3.01 3.56 4.13 4.68 5.24 5.81 6.93 

Third Voltage 
2.9 
3.0 

_ 3.1 

58 
60 
62 

0.29 
0.23 
0.183 

0.74 
0.73 
0.73* 

1.33 
, 1.34 

1.35 

1.91 
1.94 
1.97 

2.49 
2.53 
2.59 

3.07 
3.14 
3.21 

3.65 
3.74 
3.83 

4.23 
4,34 
4.45" 

4.81 
4.94 
5.07 

5.39 
5.54 
5.69 

5.97 
6.14 
6.31 

7.13 
7.34 
7.55 

TABLE VI 

COMPARATIVE DATA ON GEM FILAMENT 50-WATT LAMP AND ORDINARY 
CARBON FILAMENT LAMPS 

GEM Filament Lamp 16 c. p. Carbon 20 c. p. Carbon Filament Lnmn Filament Lamp 
At top or At "Middle" At "Bot¬ 
1st voltage or 2nd volt¬ tom" or 3rd At At At At At (VI) age (V2) voltage (V3) 3.1 w.p.c. 3.5 w.p.c. 4 w.p.c. 3.1 w.p.c. 3.5 w.p.c. 

Mean Horizontal C. P. 20 18.3 • 16.7 16 16 16 20 20 Eff. in Watts per candle 2.5 2.65 2.83 3.1 3.5 4. 3.04 3.48 Total Watts 50 48.5 47.3 - 49.6 56. 64 60.8 69.6 Useful life (to 80% of C. P.) in hrs. 450 . 640 940 450 900 1800 415 830 K. W. hours consumed during 
useful life 22.5 31. 44.5 22.3 50.4 115.2 25.2 57.7 Candles per K. W. 400 377 353 320 285 250 329 286 Cost of lamp in cents to custo¬ 
mer using 10,000 a year 

Lamp renewal costs per Kw. hr. 
Cost of 1000 candle hours of 

.20 .20 .20 .16 .16 .16 .16 .16 $0.88 $0,645 $0.45 $0.71 $0,317 $0.14 $0.63 $0.28 
light at 10c. per Kw. hr. $0.25 $0,265 $0.28 $0.31 $0.35 $0.40 $0.34 $0,348 Cost of light or income per lamp 
per 1000 hrs. service at 
10c. per Kw. hour $5.00 $4:85 $4.73 $4.96 $5.60 $6.40 $6 1)8 $6.96 
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its cost of operation is, for an equal amount 
of light, far below that of the ordinary carbon 
filament, except in the cases of extremely 
low rates per Kw. hour of one cent or less. 

HOLOPHANE REFLECTORS 

Great as are the gains in efficiency with 
the new filaments, still greater gains are pos¬ 
sible by the more efficient use of lamps. To 
the end of promoting more efficient use, a 
line of Holophane reflectors has been de¬ 
signed for the 50 watt lamp. These are made 
in the types "B." "C" and "D," uniform 
with those provided for the high c.p. incan¬ 
descent units, and are illustrated below 
with the characteristic candle power distri¬ 
bution curves of each, showing the candle 
power values to be obtained beneath the 
lamp. 

These Holophanes should be used with the 
ordinary 2^-inch clamp shade holder, or the 
form "O" holder, Cat. No. 46626. As in the 
case of the regular GEM units the three forms 
of Holophanes provided give the following 
distributions. 

FORM "O" HOLDER 
(f size) 

Used with Holophanes for 50 Watt 
Gem Lamps. Standard Finish - 

Polished Brass 
Cat. No. 46626 

Form "O" holder brings shade into 
same position as the ordinary 2^" 

clamp shade-holder. 

HOLOPHANES FOR 50 WATT GEM LAMPS 

Bowl or B-l Holophane and 
Curve of C. P. Distribution 

(For uniform lighting, lamps can be 
placed a distance apart equal to 1+ 
times their height above plane of il¬ 
lumination). 

Concentrating or C-l Holophane 
and Curve of C. P. Distribution 

(For uniform lighting, distance be¬ 
tween lamps should equal $ their height). 

■jo' zo° /o' o' /o eo" jc 

Distributing or D-l Holophane 
and Curve of C. P. Distribution 

(For uniform lighting, distance be¬ 
tween lamps should equal their height.) 
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The Concentrating or "C" type gives a 
concentrating distribution beneath the lamp 
suitable for locations where the light is to be 
concentrated over a relatively small area, 
and in the case of high ceilings, show windows 
and narrow spaces. These are to be generally 
recommended for use with single lamps (of 
this size) over desks and tables. 

The Distributing or "D" type of Holo- 
phane gives a distributing candle power 
suitable for low ceilings or wherever it is 
desired to distribute the light over a wide area. 

The Bowl or "B" type of Holophane gives 
a, very desirable candle power distribution 
superior in many respects to that of the "D" 
type in that the light is brought down and 
spread out at the useful angles of 30 to 40 
degrees from the vertical and very little light 
is lost at the upper angles of 10 to 20 degrees 

below the horizontal which is an objection to 
the "D'" type of distribution. The "B" 
Holophane is recommended for general light¬ 
ing of interiors. 

These Holophanes can be used with the 
ordinary carbon lamp in 10, 16 and 20 c.p. 
using the same size bulb (SS-19) as employed 
with the GEM 50 watt lamp. 

PRICES 

The price of the 50 watt GEM lamp and 
the Holophanes therefor, is given in the 
following table. 

It is desirable to have lamps used with the 
"C" and (tD" type of Holophanes "bowl" 
frosted. As the 50 watt lamp is regularly 
supplied clear it is necessary to specify "bowl". 
frosting where desired. 

EDISON GEM 50 WATT LAMPS AND HOLOPHANES 

TABLE OF SIZES AND PRICES 

CANDLE POWER IN DOWNWARD DIRECTION LIST PRICES 

Description 
of Lamp 

Volts 
Total 
Watts 

Per 
Lamp 

No. Lamps 
in Standard 

Package 
With B-l 

Holophane 
Si-inch 
Diam. 

With C-l 
Holophane 

6£-inch Diam. 
With D-l 
Holophane 

7|-inch Diam. 

Incand. Lamp 
Edison Base B-l, C-l & D-l 

Holophanes 
(Stand. Pkg. 
Quantity 50) Plain Frosted 

GEM 
50 Watt in 

2ihinch bulb 
90-130 
20-90 

50 
50 

200 
200 

30 
30 

45 
45 

25 
25 

$0.25 
.30 

$0.27* 
.32* 

$0.45 

LIST PRICE OF FORM "O" SHADE HOLDER—S0.05 
GEM 50 Watt lamps will be delivered f.o.b. Harrison, N. J,, with freight allowed on standard package quantities only, 

to all points on or east of the Mississippi River to Salt Lake City, Utah, Denver, Colo., Sioux City, Iowa, Kansas City, St. Joseph 
and St. Louis, Mo., Butte, Mont., Omaha, Nebr., Waco, Dallas, Fort Worth and Houston, Tex. For an added charge of £ cent 
per lamp net, freight will be allowed to following points: San Francisco, Sacramento, Stockton, Los Angeles, San Diego and 
Oakland, Cal., Portland, Ore. and Seattle, Wash. 

Shades and fittings will be delivered f.o.b. Harrison, N. J., with freight allowed in standard package quantities to Atlanta, 
Ga., Boston, Mass., Chicago, III., Cincinnati, Ohio, Cleveland, Ohio, New Orleans, La,, Now York City and St. Louis, Mo., and 
to the following points after charges per reflector indicated are added to charges given in the above table: Denver, Colo., 3 cents, 
Salt Lake City, Utah, 4 cents, San Francisco, Cal. and Portland, Ore., 2 cents. 
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ELECTRIC FLAT IRONS 

Ironing by electricity is now recognized as 
an important feature of domestic and indus¬ 
trial work. The following points are a few 
of the many which recommend Electric Flat 
Irons for general use: 

1—They are always clean, smooth and ready 
for use. 

2—There is no smoke, soot or dirt. 
3—There is no hot fire or disagreeable odor 

of combustion. 

able outlet—in the smaller sizes at any lamp 
socket. 

7—They require no holding pad as their han¬ 
dles are always cool and the liability of burned 
fingers is lessened. 

8—Decreased fire risk. 

GENERAL ADVANTAGES 

In the Home, electric irons mean cool 
laundries and better work with less labor. 

COMMERCIAL LAUNDRY AT BUFFALO, N. Y. 
USING ELECTRIC FLAT IRONS 

4—The temperature is easily regulated and 
the iron is always just hot enough for the 
work in hand. 

5—There are no journeys between ironing 
table and stove. 

6—They can be used wherever there is a suit- 

Ironing can be done in any part of the house, 
or in summer on the back porch as well as in 
the laundry. 

In Commercial and Hotel Laundries much 
higher efficiency per operator in both quan¬ 
tity and quality of work is obtained with 
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electric irons. No energy is used when the 
iron is idle and the actual cost of operating 
the irenmg room is reduced. 

SMOOTHING BLUE PRINTS WITH 
ELECTRIC IRONS 

In Tailor Shops space is saved and the 
absence of the usual stove, relieves the 
employees from poisonous gases and stifling 
heat. Work never has to wait for a hot iron. 

In Factories more sanitary conditions 

prevail and the fire risk is reduced. Space, 
time and labor are saved. Special electric 
irons for various forms of work are being 
continually designed and correspondence is 
solicited with factories wishing to improve 
their efficiency in this department. 

For Architects and Draughtsmen a six- 
pound electric flat iron will be found valuable 
in drying and smoothing blue prints. 

Photographers who use dry mounting tis¬ 
sue will obtain better results by using a six- 
pound electric flat iron in their work. 

In Hospitals where cleanliness and pure 
air are essential, the electric flat iron is natur¬ 
ally desirable. 

For Travellers a small iron can be con¬ 
veniently included in a travelling outfit and by 
its use the wrinkles can be removed from 
garments in the hotel room. 

VALUE OF A FLAT IRON LOAD TO 
CENTRAL STATIONS 

Electric Flat Irons are valuable revenue earn¬ 
ers for central stations. In demonstration of 
this, the results obtained by a typical station 
serving a population of 18,000 in Central Ver- 

DISTRIBUTING CENTERS OF GENERAL ELECTRIC FLAT IRONS 
IN THE UNITED STATES 
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mont may be quoted. Comparison was made 
of the incomes for July 1905, when there were 
no irons in service, and July 1900 with about 
200 installed. It was found that 150 of these 
irons increased the station's actual consump¬ 
tion in July 1900, over the previous year 

Electric Flat Irons 4507-3 

casting. The fiber handle is mortised and 
fits around the upper part of the handle 
supports; it is securely bolted, well insulated 
from the metal and cannot work loose or 
become heated in service. 

^ 400 
300 
ZOO 

ill ilf^- 

PM ItoufrS 6 7 a 9 /O U tZ I Z 3 4 $ 6 7 3 9 >0 II It 

CURVE I CURVE II 
LOAD CURVES OF TYPICAL LIGHTING STATIONS—SHADED PORTIONS SHOW INCREASE 

DUE TO ELECTRIC FLAT IRONS 

about SlOO, or 00 cents per iron. 
None of these irons is installed in a com¬ 

mercial laundry or factory and as this 
station makes a minimum charge of $1 per 
month for lighting, the introduction of the 
flat irons raises the consumption above this 
minimum charge to a point where each 
additional kilowatt is practically net gain. 

Curves are given on this page which show 
the improvement of the day load by electric 
flat irons. Curve I is from the records of a 
company in a city of ^25,000. One hundred 
flat irons are in use all day in a factory and 
500 irons are distributed among the resi¬ 
dences. Curve II is a Tuesday load curve in 
a city of about 30,000 and shows the effect of 
500 irons on the lines. 

Electric Flat Irons are not only valuable 
revenue earners but serve as the opening 
wedge for the introduction into the home of 
the many practical electrical devices that are 
becoming indispensable conveniences. 

CONSTRUCTION 

Simplicity and durability are the special 
features of General Electric Flat Irons. The 
body and handle supports are a one-piece 

THE HEATING ELEMENT 

The illustration below shows the parts of a 
six-pound iron including the cartridge type 
heating unit used in all General Electric Flat 
Irons. It consists of an edgewise-wound 
spiral of special resistance ribbon, insulated 
between turns, and enclosed in a mica-lined, 
copper cylinder. The iron may be left idle 

CiX-POUND IRON WITH HEATING 
UNIT REMOVED 

on the circuit indefinitely without burning out 
and the unit is practically indestructible. 
When renewals are necessary, however, the 
cartridge unit can be removed and replaced 
by anyone in five minutes, making the iron 
in every respect as good as new. 

SHAPE 

In designing the General Electric Flat Irons 
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special care has been given to the shape. 
Stove-heated irons must store heat and are 
necessarily solid masses of metal. Where the 

SIX-POUND IRON, PULL-OFF PLUG, FLEXIBLE 
CABLE AND ATTACHING PLUG 

heat is generated in the iron itself, storage 
capacity is unnecessary and the energv, 
instead of heating a large mass of metal is 
available for useful work. The General Elec¬ 
tric Irons are so shaped as to facilitate the 
flow of heat to the working surface at the 
same time giving sufficient radiating surface 
to prevent overheating if accidentally left 
standing idle on the circuit. 

STANDS 
The Triple-Deck Stand shown in the illus- 

TRIPLE-DECK FLAT IRON STAND 

tration thoroughly insulates the ironing tables 
from heat. It consists of three plates of thin 
sheet metal, about three-fourths of an inch 
apart, mounted on steel pins. 

INDICATING SWITCH 

The Indicating Switch, Cat. No. -12441, is 
similar to the ordinary indicating wall snap 
switch and shows whether the current is " on" 
or " off." It is convenientlv mounted on the 

attaching plug at the heel 
of the iron and by it the 
operator can secure the best 
heat suited for the work. 
For light material the cur¬ 
rent is turned off from time 
to time, making it impos¬ 
sible for the iron to become 
hot enough to scorch, while 
on heavy work the high indicating switch 
temperature necessary may be continuously 
maintained bv leaving the switch at " on." A 

SIX-POUND IRON WITH INDICATING 
SWITCH 

glance shows whether the current is on or ofi 
and the iron is therefore not likely to be left 
in circuit when not in use. 

ACCESSORIES 

Each General Electric Iron is equipped 
with eight feet of flexible cable and attach¬ 
ing plug for wall receptacle or socket. 
Where the Indicating Switch is not used, a 
plain Pull-off Plug, Cat. No. 42442 is supplied 
to connect the cable to the iron. 

TRAVELLER'S IRON 

This iron weighs three pounds, takes 250 
watts and can be attached to any lighting 
socket. It gives sufficient heat for all light 
pressing, such as required on light dress goods, 
ribbons, laces, shirtwaists, etc. It is especially 
adapted for use in the sewing room or bed¬ 
room and can be conveniently carried by 
travellers, removing the necessity of trusting 
delicate fabrics to the laundries. 
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Finish. The iron has a japanned wooden 
handle; all metal parts are heavily nickel 
plated. 

THREE-POUND TRAVELLER'S IRON 

DOMESTIC IRON 

The Domestic Iron weighs six pounds and 
takes 500 watts. Its weight, balance and 
temperature are just right for the average 
home laundry. With the indicating switch it 
can be used on light pressing, although the 
three-pound iron is recommended for this 
class of work. 

The six-pound iron is also suitable for use in 
garment factories, dress-making establish¬ 
ments, neckwear factories, cleansing and dye¬ 
ing houses, hotel laundries, hospitals, etc., 
etc., and for pressing blue prints, mounting 
photographs, etc. 

Electric Flat Irons yyoy-y 

LAUNDRY IRON 
For general use in commercial and hotel 

laundries the standard six-pound, 500 watt 
iron will be found satisfactory, but an eight- 
pound, 000 watt iron is made for heavv work 
on wet material. 

The three-pound iron should be used on 
light delicate fabrics. 

A Morocco face Polishing Iron having a 
blunt rounded toe is also made. 

Finish. The eight-pound iron has a dull 
aluminum finish. The Morocco Irons are 
nickel plated. The handles are of black fiber. 

Views are shown in this Bulletin, of laun¬ 
dries equipped with electric flat irons, which 
illustrate the increased personal comfort of 
the operators. In one case where the electric 
irons replaced gas- 
heated irons, which 
were cumbersome 
and difficult to reg¬ 
ulate, each opera¬ 
tor could do 30 per 
cent, more work 
per day. morocco iron 

TAILOR'S IRONS 
The General Electric Tailor's Goose is made 

in four weights, 12-pound, 15-pound, 18-pound 
and 24-pound, and takes from 700 to 800 watts. 
It is ten inches long by three and three- 
quarter inches wide. The 12-pound iron 

TAILOR'S HEAVY ELECTRIC FLAT IRONS—12, 15 AND 18 POUNDS 

Finish. Six-pound irons are furnished in a makes an excellent seaming iron for ladies 
dull aluminum finish or highly polished nickel tailors, as it maintains the hot toe necessary 
plate. The handles are of black fiber. in such work. The 15-pound and 18-pound 
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irons will be found suitable for regular tailor's 
work, as they have the necessary weight and 
heat for heavy pressing. The 24-pound iron 
is designed to replace the machine iron and in 
many cases is preferable. 

Finish. Tailor's irons arc nickel plated 
and have japanned wooden handles. 

SPECIAL IRONS 

Where none of the standard irons already 
described meet the requirements of an individ¬ 
ual case, a special design will be made for cus¬ 
tomers wishing a number of irons. For 
example, the six-pound, 500 watt iron was 
found too hot for a certain necktie factory and TWELVE-POUND IRON AND STAND 

A BATTERY OF ELECTRIC FLAT IRONS 

coils specially wound for 300 watts were used 
with excellent results. A large underwear 
factory also was equipped with five-pound 
irons having special handles and cables 

attached in a particular manner. Those 
interested should write to the nearest sales 
office, stating character of work and general 
details as to the present methods of doing it. 

DISTRIBUTING ELECTRIC FLAT IRONS 



GENERAL ELECTRIC FLAT IRONS 
THREE-POUND AND SIX-POUND IRONS WITH PLAIN PULL-OFF PLUG 

Cat. No. Weight Voltage Watts Finish List Price 

38123 3 Lbs, 95-105 250 Nickel Plate $8.00 44 38124 106-115 u 44 44 
38125 M 116-125 t< 44 <4 it 
47354 ti 200-225 <4 ii 44 9.00 47355 11 226-250 (( U it 44 
48058 6 Lbs. 95-106 500 ii 44 8.75 48059 U 106-115 M 44 44 44 
48060 116-125 «< (4 44 44 
48061 (A 200-225 (( U ti 9.75 48062 it 226-250 It 44 44 44 
36814 44 95-105 U Aluminum 8.50 36815 ti 106-115 it tt t< 
36816 hi 116-125 (i 
40806 200-225 tt «t 9.50 43481 226-250 (t tt 

Note :—For Three-Pound Irons equipped with Combination Indicating Switch Cat. No. 42441, add $1.00 to List Price. 
SIX-POUND IRONS WITH COMBINATION INDICATING SWITCH 

45415 6 Lbs. 95-105 500 tt 
Nickel Plate $9.75 

45416 44 106-115 tt tt 
45417 ti 116-125 , tt (< « 
45418 ti 200-225 tt << tt 10.75 
45419 44 226-250 tt tt tt tt 
48063 44 95-105 tt Aluminum 9.50 
48064 ti 106-115 tt tt 
48065 ii 116-125 tt tt tt 
48066 ii 200-225 tt tt 10.50 
48067 226-250 tt ft tt 

EIGHT-POUND IRONS WITH PLAIN PULL-OFF PLUG 

39921 8 Lbs. • 95-105 600 Aluminum $10.00 
39922 106-115 . ft 
39923 it 116-125 tt tt 
40805 tt 200-225 it tt 11.00 
43482 tt 226-250 tt 

EIGHT-POUND IRONS WITH COMBINATION INDICATING SWITCH 

48068 " * 8 Lbs. 95-105 600 Aluminum $11.00 
48069 106-115 it .tt it 

' 48070 tt 116-125 tt tt 44 
48071 tt 200-225 tf 12.00 
48072 226-250 tt if 4 4 

HEAVY IRONS WITH COMBINATION INDICATING SWITCH PLUG 
SWITCH PLUG CAT. NO. 42441 PERMANENTLY CONNECTED 

45320 12 Lbs. 95-105 760 Nickel Plate $17.00 
45321 tt 106-115 tt ii ti it 
45322 116-125 it it 
45323 200-225 44 44 18.00 
45324 tt 226-250 tt it it ct 
47356 15 Lbs. 95-105 44 4 4 tt 
47357 106-115 t f it it 
47358 tt 116-125 tt it ti 
47359 «' 200-225 u H 44 19.00 
47360 tt 226-250 tt 44 44 tt 
47361 18 Lbs. 95-105 44 ti " 
47362 it 106-115 it ti tt it 
47363 116-125 tt ti 44 
47364 tt 200-225 tc 44 44 20.00 
47365 it 226-250 tt 44 tt it 
4736G 24 Lbs. 95-105 iooo it it 21.00 
47367 ft 106-115 tt 

44 44 
47368 n 116-125 44 (4 tt 
47369 200-225 tt ft ti 22.50 
47370 tt 226-250 it ti tt 

ADDITIONAL PLUGS, CABLES AND HEATING UNITS 
Cat. No. 42441 Combination Plug and Indicating Switch with 8 ft. Cable and Socket Attaching Plug $4.00 

" " 42442 Pull-ofl Plug complete with 8 ft. Cable and Attaching Plug 3.00 
Extra Cartridge Unit for either 3 lb., 6 lb., or 8 lb. Irons 95-125 Volts 2.50 
Extra Cartridge Units for " " " " " 200-250 " 3.00 
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COMMUTATING POLE RAILWAY MOTORS 

The gradual increase of operating voltages on 200 HP. These motors are called GE-202, 
direct current electric railroads, especially on GE-204, GE-205, GE-206, GE-207 and GE-208, 
large systems or interurban roads, has introduced arranged in order of size. As occasion demands, 
new requirements in railway motor design largely other motors will be constructed in sizes to meet 
relating to the commutation and non-flashing railway service conditions. 
properties of the motor. The commutating pole The two smallest motors, namely GE-202 and 

GE-205 Railway Motor, Back 

type of railway motor is specially well adapted to 
meet the conditions due to this development, 
and the General Electric Company has there¬ 
fore designed and manufactured a line of these 
motors which embody all the requisites for this 
class of service. 

At the present time six different motors are 
manufactured varying in output from 50 HP. to 

GE-204 are constructed with a split frame 
designed to allow the bottom part to be swung 
down into a pit for inspection or renewal of 
parts. The largest motors are of the box frame 
type with large bored openings at each end 
through which the armature can be readily 
inserted or removed. The general construction 
of both types is similar to that employed in the 
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General Electric Company's well-known railway 
motors, the chief point of difference lying in the 
addition of commutating poles. 

ADVANTAGES AND ADAPTATION 
The theory and functions of commutating 

poles have long been understood, but it will not 
be out of place here to give a brief summary of 
their action and the advantages obtained by 
their use. The commutating poles, located 
between the main exciting pole pieces, are con¬ 
nected up with their windings in series with one 
another and with the armature. The magnetic 
strength of the commutating poles varies there¬ 

through careless handling by motormen than 
the present standard railway motor. This fact 
is of importance on heavy grades or where cars 
are provided with equipments geared for high 
speed work, and at the same time are required 
to stop and start frequently in cities. If for 
electric locomotives or other special applications, 
forced ventilation is used, high continuous out¬ 
puts can be obtained from these motors as the 
current input can be considerably increased with¬ 
out commutation difficulties occurring, the heat¬ 
ing of the motor being kept within normal 
limits by the increased ventilation, which may 
be effected by means of a blower. 

GE-204 Railway Motor, Back 

fore with the current through the armature and 
a magnetic field is produced of such intensity as 
to properly reverse the current in the armature 
coils short circuited during commutation. The 
pole pieces are so proportioned and wound as to 
compensate for armature reaction and practically 
non-flashing and sparkless commutation is insured 
up to the severest overloads. As the magnetiz¬ 
ing current around the commutating poles is 
reversed with the armature, the poles perform 
their functions equally well in whichever direc¬ 
tion the motors are running. 

Due to the remarkably good commutating 
characteristics of commutating pole railway 
motors, their overload capacities are consider¬ 
ably increased, and a more rugged form of motor 
is obtained which is less subject to injury 

The following description of the split and box 
frame types of commutating pole railway motors 
gives the more salient points in their construc¬ 
tion. 

MAGNET FRAME 

Split Type of Frame—This frame is made 
of steel cast in bowl-shaped top and bottom 
halves machined along the edges and bolted 
together with four bolts. The two bolts on the 
suspension side are hinged so that the lower half 
can be swung down into a pit for inspection or 
cleaning after the back bolts have been removed. 

The main exciting pole pieces are bolted to 
the frame at an angle of 45 degrees to the hori¬ 
zontal. The commutating pole pieces are 
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bolted to the frame at points midway between 
the exciting poles. 

Bails are cast on both upper and lower frames 
for handling the motor. 

Small holes fitted with malleable iron covers 
and gaskets are provided at both ends of the 
motor for inspection or ventilation whenever 
service conditions will permit. 

The supporting brackets for the armature and 
axle bearings are located on the outside of the 

Commutating Pole Railway Motors 4508-3 

top, bottom and sides with the commutating 
poles between. 

Bails are provided in the four corners of the 
frame to facilitate handling the motor and planed 
bosses on the four corners permit of its being set 
up in exact position when desired. 

An opening is provided below the commu¬ 
tator and at the side, also three openings—one 
in the side, one on top and one on the bottom 
of the frame at the pinion end. These open- 

frame and are cast integral with the top magnet 
frame. The linings are held rigidly in the sup¬ 
porting brackets by means of caps which are 
bolted tightly against them. 

Box Type of Frame — This type of frame 
is made of cast steel in one piece so as to form a 
hollow cube with rounded corners. Large bored 
openings are provided at each end of the frame 
through which the armature can be readily 
inserted or removed. The frame heads carrying 
the armature shaft bearings are supported in the 
recessed ends of the magnet frame and held in 
place by bolts. 

The axle bearing caps are tongued and bolted 
to vertical machined surfaces on the frame. 
The main exciting pole pieces are located at the 

ings are closed by covers with gaskets which 
can be taken off for ventilation whenever service 
conditions permit. 

In both types of frame the opening over the 
commutator is inclined at an angle to allow the 
brush-holders being readily reached either from 
under the car, or if desired through a trap door 
in the floor of the car. This opening is closed 
by a malleable iron cover with a felt gasket resting 
on a machined seat, the cover being held in place 
by a readily adjustable cam locking device. 

The armature and field leads are brought 
through rubber bushed holes on the side next 
to the truck bolster, thus reducing the move¬ 
ment of the leads to a minimum during the 
swiveling of the truck around curves. 
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BEARINGS 
All hearings are designed for oil and waste 

lubrication, as this s>stein has met with great 
success for railway motors e\er since its original 
introduction b\ the General Electric Companj. 

The armature shaft linings are bronze slee\es 
finished all over and lined with a thin la\er of 
babbitt metal secure!) anchored and soldered in 
place. The babbitt metal furnishes an ideal 
bearing surface and is so thin that it will not 
allow the armature to rub on the poles in case 
it is melted out by overheating. In both axle 
and armature bearings the oil\ waste used for 
lubrication is packed in large oil wells and bears 
on the shaft through an opening in the side 
of the bearing linings. 

Waste oil from the armature shaft bearings is 
prevented from entering the interior of the motor 
by deflectors which throw it into grooves from 
which it is conducted away. 

This form of bearing is fully equal in simplicity 
and reliabilit) to the standard box journal bear¬ 
ing. The method of lubrication and treatment 
is practically the same and the boxes are reached 
through large hand holes protected by swing 
covers with felt gaskets. The covers are held 
in place by strong springs. 

The amount of oil required for the bearings is 
exceedingly small and wide experience indicates 
that no other type of bearing equal to this has 
ever been placed on a railway motor. 

All motors are constructed with ver) liberal 
wearing surfaces to ensure a long life to the 
bearings and reduce wear and tear to a minimum. 

FIELD COILS 
The mummified t\pe of main field coil and 

commutating coil is used. These coils are 
wound either with wire or with copper strip as 
may be necessary. The strip is insulated be¬ 
tween turns with asbestos and the sections are 
separated from each other bv an insulating parti¬ 
tion of oiled asbestos and mica. The coils, 
whether of wire or strip, receive a wrapping of 
cotton tape and are thoroughly filled with an 
insulating compound b\ the vacuum process. 
The> are then thoroughly insulated with several 
wrappings of speciall) prepared tape and as a 

final protection, chiefly against mechanical in- 
jur\, are taped with a heav) cotton webbing 
and thoroughly filled with japan. 

This method of construction for the coils 
makes them solid and compact and well adapted 
to radiate heat and withstand moisture. The 
small weight of the coils facilitates their hand¬ 
ling and repairs are easily made in case of injury. 
The coils are securely clamped to the frame 
when the pole pieces are bolted in. 

ARMATURE 

The armature core is built up of soft iron 
laminations interspaced with air ducts which 
provide good ventilation. 

The armature coils are wound on forms with 
insulation between the adjacent coils in the unit 
or poh coil which is pressed to shape in a steam 
mold. The coils are then covered with insulat¬ 
ing material of high quality, and as a final pro¬ 
tection principally from mechanical injur), are 
taped and filled with an insulating compound. 

The windings are specially well protected 
from dust, oil or mechanical injury. The pinion 
end core head extends under the end windings 
with a flange reaching up past the ends of the 
coils. The windings at both ends are covered 
with a strong canvas dressing securely bound in 
place. In accordance with a long established 
practice of the General Electric Company, bind¬ 
ing bands are not allowed to project above the 
armature core and the ends of the band wires 
are secured by means independent of the solder. 

COMMUTATOR 
Conforming to the General Electric Com¬ 

pany's standard practice, the commutator seg¬ 
ments are made of hard drawn copper insulated 
throughout with the best grade of mica. The 
cone micas are built up and pressed hard and 
compact in steam molds. The mica between 
the segments is made of a softer qualit) to make 
it wear down evenh with the copper. 

Great care is taken in the construction of the 
commutator. The cone surfaces are carefully 
machined and cleaned from burs and sharp edges 
to prevent short circuits between the segments, 
and creepage distances are made long to prevent 
grounding. 
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The shells and caps are made of cast steel 
or malleable iron in strong sections in order to 
prevent breakage and keep the shape of the 
commutator true. Before tightening the com¬ 
mutator nut or bolts, the segments are clamped 
tight by the cap which is pressed home in a 
hydraulic press. 

The liberal wearing depth of the segments 
and the excellent commutation of the motor 
insure a long life to the commutator. 

current passing through the spring or pivoting 
pins. The brushholders are adjustable to allow 
for wear of the commutator. They are securely 
clamped in the proper position and can be readily 
removed through the opening in the frame over 
the commutator. 

VENTILATION 
Particular attention has been given to ventila¬ 

tion. Free circulation of air between the in- 

GE-205 Railway Motor, Front 

BRUSHHOLDERS 

The brushholders, two in number, are made 
of cast bronze, and from two to four carbon 
brushes are used per holder, depending on the 
size of the motor. The brushes slide in finished 
ways and are pressed against the commutator by 
independent fingers, which give a practically 
uniform pressure throughout the working range 
of the brushes. 

The springs which actuate the fingers are 
designed so as to bear only slightly on the pin on 
which the fingers pivot, thus preventing any 
undue friction on the pin and reducing wear to 
a minimum. 

There is a "pig tail" or shunt between the 
fingers and the brushholder body to prevent 

terior and the exterior of the motor can be 
obtained as already described under the heading 
" Magnet Frame," by the removal of the 
malleable iron covers whenever service conditions 
permit. 

Armatures are constructed so that when run¬ 
ning, a large volume of air is drawn into the 
interior of the core, and expelled through ducts 
opening along the exterior. 

Good ventilation with the small electrical and 
mechanical losses obtained in these motors keep 
them cool and greatly add to their capacity in 
service. The ventilation is secured without 
sacrificing in any way the proper protection of 
the armature windings, a strong point in the 
construction of the motors. 
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GEAR, PINION AND GEAR CASE 

The gears are made of a superior grade of 
cast steel, and the pinions from a special stock 
of forged steel, extra hammered to improve the 
qualit\ of the metal. The gear teeth are accu¬ 
rately cut, and the width of face and pitch is 
such as to insure ample strength. 

The gear cases are made of malleable iron 
and are suspended at three points from the 
magnet frame to prevent vibration. Strengthen¬ 
ing ribs radiate from the supporting points to 
prevent the case from cracking. The case is 
bolted to the motor frame in such a way as to 
minimize lateral vibration, and the contact sur¬ 
faces between the case and frame are made 
large to prevent undue wear. 

The three point suspension has proved so 
successful a feature in the operation of General 
Electric motors that it is considered a salient 
point in their design. 

SUSPENSION 
In the box frame type of motors, the front of 

the frame is provided with a lug which rests on 
a bracket secured to the truck transom. The 
motor is prevented from rising by a forged strap 
bolted over the top of the lug. When the truck 
is out from under the car, motors can be mounted 
on or taken off the truck from above, no pit 
being required. 

In the case of the split frame motors, lugs are 
cast on the upper half of the frame to which a 
suspension bar is bolted. The lower half of the 
motor frame can be swung down for inspection 
and repairs without disturbing the rest of the 
motor. 

ADVANTAGES 

These motors have the advantages with regard 
to compactness and accessibility of parts for 

repair and inspection that exist in present stand¬ 
ard G. E. railwa\ motors. 

In addition we would call attention to the 
following special qualities possessed by these 
motors which will commend them to all practical 
users of railwa\ motors: — 

1. Ver\ substantial mechanical construction. 
2. Practically sparkless commutation even on 

heavy overloads. 
3. Flashing at commutator largely reduced, 

if not entirely eliminated. 
4. Less wear on commutator. 
5. Cleaner and more reliable motor because 

of the reduced carbon and copper dust 
from brushes and commutator. 

6. Marked reduction in heating of commu¬ 
tator. 

7. Increased life of brushes. 
8. Lowxr magnetic densities and smaller core 

loss. 
9. Increased efficiency and free running ca¬ 

pacity, because of lower core and 
commutator losses. 

10. Improved shape of speed curve giving 
greater economy during acceleration. 

11. Lighter field coils to handle. 
12. Greater service capacity of motors possible 

b\ forced ventilation. 

RATING 

The capacities of these motors for continuous 
service are high owing to their good electrical 
efficiency and ventilation. The ratings of the 
motors are based on a temperature rise by ther 
mometer of not more than 75 degrees C. above 
the surrounding air taken at 25 degrees C. after 
an hour's run at rated load and voltage. 

Motors are wound for operation at 600 volts 
as standard and have a liberal margin of safety 
at this voltage, as good commutation is a 
special characteristic of this type of motor. 
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ELECTRICALLY-OPERATED, RATCHET-DRIVEN 

RHEOSTAT SWITCHES 

Since compactness and safety are prime re¬ 
quisites in modern switchboard practice, remote- 
control apparatus with low tension wiring has 
become generally standard. 

Heretofore motor-driven or chain-operated 
rheostat switches have been generally used but 
the General Electric Company has recently de¬ 
veloped a simple and compact electrically-oper¬ 
ated, remote-control switch which is less ex- 

adapted for cutting resistance in and out from a 
distant point, for any purpose where automatic 
"no-voltage" and "overload-release" features 
are not essential. 

These remote-control switches are operated 
by a ratchet wheel and pawl movement actuated 
by solenoids taking but little current. 

The switchboard apparatus consists of a 
small single-pole, double-throw knife switch, 

FIG. 1. RATCHET-DRF 

pensive to install than the motor-driven type, 
although it retains all the advantages of that 
type. On account of its simplicity it is much 
superior to chain drive or other auxiliary 
mechanisms. 

While remote-control rheostats of the kind 
herein described were designed primarily for vary¬ 
ing the field strength of generators, their use is 
not necessarily limited to this service, as they are 

N RHEOSTAT SWITCH 

which is closed to the right or left according to the 
direction of rotation desired for the switch arm. 
The solenoids of the switch have a common 
plunger acting directly on the switch arm through 
pawls and while the knife switch remains closed 
the proper solenoid is energized intermittently 
and a continuous step-by-step rotation given to 
the arm. 



a KMCHA L ELECT me COM PA x r 

45T0-2 Ekitricall^Opt'ratcd, Ratchet-Driven Rheostat Switches. 

OPERATION 

The switch arm is mounted on the axle of 
a wheel with a knurled rim and is rotated by 
means of the pawls, which engage the rim of the 
wheel. A core actuated by two solenoids (A,A, 
Fig. 2) moves the pawls to the right or left, de¬ 
pending on which solenoid is energized. When 
the solenoids are not energized the pawls are dis¬ 
engaged and are in their normal position at rest 
equidistant from the two solenoids as shown in 
Fig. 1. 

To cut resistance into the field circuit, the 

to the right, a similar cycle of operations takes 
place and the arm of the dial switch moves in a 
counter clock-wise direction. 

To protect the apparatus in case the con¬ 
trolling switch, B, is left closed, a limit switch, 
D, is provided at each end of the switch dial. 
When the dial switch has reached the end of its 
travel in either direction, this limit switch is auto¬ 
matically opened and the solenoid _ circuit thus 
interrupted. 

CAPACITY AND RATING 

The operating solenoids of the standard 

FIG. 2. DIAGRAM OF CONNECTIONS RATCHET-DRIVEN RHEOSTAT SWITCHES 

single-pole switch, B, (Fig. 2) is closed to the 
left. This energizes the left-hand solenoid, 
pulls the core to the left, engaging the left-hand 
pawl in the knurled rim of the wheel and mov¬ 
ing the dial switch arm in a clock-wise direction. 
When the core of the solenoid has reached the 
end of its travel, the solenoid circuit is automati¬ 
cally broken by a small switch, C, which is 
mechanically opened by the core. As soon as 
the solenoids are de-energized, the pawl, actu¬ 
ated by a spring, immediately returns to its cen¬ 
tral position, the circuit of the solenoid is auto¬ 
matically closed by the switch, C, and the same 
cycle of operations is repeated until the switch, 
B, on the controlling board is opened. 

If it is desired to cut resistance out of the 
field circuit the single-pole switch, B, is closed 

switch are wound for 125 volts, direct current, 
and require less than one ampere to operate. 
The dial switches are designed for standard 
voltages up to and including 500 volts and in 
three sizes, as follows: 

50 amps, with 70 divisions. 
100 amps, with 65 divisions. 
200 amps, with 46 divisions. 

Special switches of larger capacities can be 
furnished when necessary, with solenoids wound 
for any standard voltages up to 600 volts. 

REGULATION AND RELIABILITY 

With this type of electrically operated 
switch, perfect adjustment of the resist¬ 
ance can be obtained with a minimum cost 
for apparatus and operating current. It is evi- 



GENERAL ELEGVRIC GOME 1 A'} 

Electrically-Qpi ratedy Ratihet-Driven Rheostat Switches. 4510-3 

dent from the construction of the switch that 
there are no high-speed, revolving parts which 
will continue to cut in or cut out resistance after 
the main control circuit has been opened. In 
other words, the resistance can be adjusted with 
great precision. The simplicity of all the mov 
ing elements makes the device exceptionalK 
reliable and durable. 

SUMMARY 

On account of its simplicity the cost of the 
ratchet-driven switch is naturally considerably less 
than that of a motor-operated switch having the 
same capacity. Another desirable feature of the 
ratchet-driven type is its compactness and the 
great reduction in weight as compared with the 
motor-operated type. 

Some of its advantages as compared with 

the motor-operated switch may be summarized 
as follows: 

Lighter 
Less cost 
Self contained 
Closer regulation 
Occupies less space 
Parts more accessible 
Requires less attention 

INSTRUCTIONS FOR ORDERING 

When ordering electrically-operated, ratchet- 
driven, held-rheostat switches, state ampere 
capacity of field circuit and voltage of direct- 
current operating circuit. The single-pole, 
double throw switch to be installed on the con¬ 
trolling board is not furnished unless specially 
ordered. 



GENERAL ELECTRIC COMPANY 

PRINCIPAL OFFICES. SCHENECTADY, N. Y. 

SALES OFFICES: 
BOSTON. MASS., 84 State Street. 
NEW YORK, N. Y., 44 Broad Street. 
Syracuse, N. Y,, SedgwiCk, Andrews & Kennedy BIdg. 
Buffalo, N. Y., Ellicott Square Building. 
New Haven, Conn., Malley Building. 
PHILADELPHIA, PA., 218-226 South Eleventh Street. 
Baltimore, Md., Continental Trust Building. 
Charlotte, N, C„ Trust Building. 
Pittsburg Pa., Park Building. 
ATLANTA, OA.. Empire Building. 
New Orleans, La., Hennen Building. 
CINCINNATI, OHIO, Perin Bids'., Fifth and Race Sts. 
Columbus, Ohio, Columbus Savings & Trust Bldg. 
Cleveland, Ohio, Citizens Building. 
Nashville, Tenn., Stahlman Building, 
CHICAdrO, ILL,, Monadnock Building. 
Detroit, Mich,, Majestic Building. 
St. Louis, Mo., Wainwright Building. 
Kansas City. Mo., 2114 Central Street.' 
Oklahoma City. Okla., Culbertson Building. 
Dallas, Texas, Scollard Building. 
Helena, Montana, Power Block. 
Duluth, Minn., Providence Building. 
Minneapolis,, Minn., Phoenix Building. 
DENVER, COLO., Kittredge Building. 
Salt Lake City, Utah. Dooly Building. 
SAN FRANCISCO, CAL., Union Trust Building. 
Los Angeles, Cal., Delta Building 
Portland, Ore., Worcester Building, 
Seattle, Wash.. Alaska Building. 

FOREIGN 
Foreign Department, 

Schenectady, N. Y., and 44 Broad St., New York, N. Y. 
London Office. 

83 Cannon Street. London, E. C., England. 

For all Canadian Business, 
Canadian General Electric Company, Ltd., 

Toronto, Ontario. 



General Electric Company 

Schenectady, NY. 

SUPPLY DEPARTMENT 

"July, igoy Bulletin Mo. 4513 
ft-rj • 

PARTS OF TYPE C CONTROLLERS 

C-6-A Controller 

/ 1314. 
2Z766 
22970 
22966 
2293/—iill 
22936 
22932 

ZZ9S6^\_ 
22932-uE2m 
22953CZ- 
22936 
22 793 
22792 
14-646 
36809 
ZZ768^r 
2 2 783^ 
22 7(32-' 
22960 
22 78/- 
22963 
2276/■ 
22 762 
22 783 
22 763 
22777 
22736—a 

22967 
22 768 
22 793 
22798 
32337 
22930 
22 799 
22 79 / 
22933 
22789 
22938 
2294-7 
22946 
22944 
22930 
2297/ ' 
14 643 
22790 
22786 
19739 
22964 
2298/ 
22778 
22778 
227 76 
22770 
22939 
2277/ 

Cat. No. Description 
32557 Operating handle  
11314 *Reversing handle  

*Not included in complete controller. Must be ordered separately. 
Following are the interchangeable parts: 

22758 FRAME, complete, fitted with bearing cap and cap screws for controlling cylinder 
shaft. (Includes pole piece stop, magnet core, binding nut for magnet spool, soft 
rubber packing and all spring and fulcrum pins riveted in position) .... 

9987 Cap screw fastening bearing cap to frame (f"-16, 2" Hex. H. Slot.)  
22761 Soft rubber packing for frame  



GENERAL ELECTRIC COMPANY 

45I3-2 Parts of Type C Controllers 

Cat. No. Description 
22762 Washer strip for packing   
1288 Screw fastening Nos. 22761, 22762 to frame (10-24, F. H.), per 100 .... 

22763 Binding nut with set screw for magnet spool (If'-lS, thick, Hex. Brass Sp'l) 
22764 Set screw for No. 22763 (^"-20, Headless Sp'l), per 100  
14646 Hinge bolt with pin and nut   
4030 Spring cotter for pin (1^

// x f"), per 1000   
22766 CAP for top of controller  • . . 
56716 Long screw fastening cap to frame (jf"-16, V R. H. Brass), per 100 . . . . . 
22767 Short screw fastening cap to frame (#*-16, R. H. Brass), per 100 . . . . 
22980 Washer for Nos. 56716, 22767 (jft* x ft'' x A" thick, Fiber), per 100 .... 
22768 Water.cap for reversing cylinder shaft, with set screw   
22769 Set screw for water cap (i/'-20, ^ Sp'l Blued), per 100   * 
22981 SHEET IRON COVER, complete     
14645 Slotted lug for cover, with rivets    . . 
22770 HINGED POLE PIECE, complete, with hinge brackets and hinge pins 
22771 Spring catch, complete, for pole piece, with two screws   
22772 Screw fastening catch to pole piece stop (10-24, F. H.), per 100 .... 
22773 . ARC DEFLECTOR, complete .    . . 
19628 Screw fastening arc deflector to pole piece (No. 10, TJ* R. H. Blued), per 100 
19630 Insulating bushing used with No. 19628       
22775 Arc deflector back ,    
22776 Division plate for arc deflector : . . . . . . . . . . . ... 
1188 Screw fastening back to division plates (No. 10, 1" F. H.), per 100 . ... 

22777 MAIN MAGNET SPOOL, wound, complete, with terminal  
22778 Terminal, per 100    . 
22779 Binding screw (14-24, R. H, Blued), per 100 ,   
22780 Lock washer for No. 22779 x \n x .060" Ph. Brz.), per 100 ...... 
22781 CONTROLLING CYLINDER, complete, with shaft, insulation disks, collar and 

star wheel   
22782 Insulation disk (upper)   . 
22783 Insulation disk (lower)  
22784 Collar, with pin (IJ" x 1J" x thick)  
22785 Star wheel with pin. Must be fitted   . 
22786 Check pawl, with roller for controlling cylinder   
19739 Roller, with pin   . 
22787 Pivot pin for pawl     
40438 Washer for pin (Jf" x J" x .125"), per 100   
16118 Spring cotter for pin (£" x f"), per 1000     
22788 Tension spring for pawl (32 turns, ,07196" Ph. Brz. wire, diam., closed) 
56809 Pin fastening spring to frame     
22789 OPERATING SHAFT, complete, with gear and interlocking collar  
22790 Operating gear, with Pin (22 teeth, 10 pitch)    
22791 Interlocking collar, with pins   
22792 Pinion for operating gear and controlling cylinder   
22793 Retaining washer for pinion (\tf x 1" x .125" Brass Sp'l) . . . . 
.56743 Screw fastening Nos. 22792, 22793 to controlling cylinder shaft (14-24, J" F. H.), per 
100  

22794 Key for pinion (1" x J")   
22795 SAFETY BREAK CAM, for operating shaft with pin  
22796 Fiber buffer for cam, per 100    
22797 Brass washer plate, for buffer, per 100  
9891 Screw fastening Nos. 22796, 22797 to cam (8-32, $" F. H. Brass), per 100 . 

22798 Spring for cam and interlocking collar (23 turns, .091" Steel wire)   
22799 Pin fastening spring to interlocking collar and cam  
22930 Brass sleeve for operating shaft (|" x 1^" x 2 long)  
22931 REVERSING CYLINDER, complete, with collar and star wheel . . . ... 
22932 Star wheel, with pin. Must be fitted   
40439 Collar, with pin   
22933 Interlocking pawl, with pin for spring  
22934 Pin fastening tension spring to pawl   
22935 Pivot pin for pawl     
10365 Washer for pin ( x J" x .125"), per 100   
16118 Spring cotter for pin (f" x }"), per 1000    
22936 Tension spring for pawl (15J turns, .091" Steel wire, &" diam., closed) . . 
22937 Spring post fastening to frame (|"-16, 1^" long)    
22938 SHAFT FOR SAFETY BREAK, complete, with check pawl, pin for spring and lever 

arm . , .     
22939 Roller, with pin, for check pawl  
22940 Pin for tension spring    
22941 Tension spring for check pawl (19J turns, .07196" Ph. Brz. wire, J" diam., closed) . 



Cat. No. 
22942 
22943 
22944 
22945 
22946 
22947 
22949 

1193 
22950 
22951 
22952 
22953 
10305 
22954 
13848 
50428 
22955 
22956 
13852 
19682 
22780 
22957 
22778 
22959 
19669 
14426 
22960 
19682 
22780 
22962 
22778 
22963 
22964 
16282 
22965 
22967 
19669 
14426 
22968 
22969 
19682 
22780 
22778 
22970 
10214 
22971 
40511 
22972 
40581 
40582 
19691 
19646 
22759 
22760 

34343 
11314 

40333 

40334 
40335 

GENERAL ELECTRIC COMPANY 

Parts of Type C Controllers 4513-3 

Description 
Spring post, fastening to cap plate (j"-16, U" long)  
CONTACT BLOCK, complete, for safety break  

Contact block  
Screw fastening block to lever arm (14-24, 1 fa" F. H.), per 100  
Washer plate for screw  
Unreinforced contact finger, with spring  
Support for finger, per 100  
Screw fastening finger and support to contact block (8-32, ¥ F. H.), per 100 . 
Washer plate for No. 1193, per 100 ,    

Safety break blow-out box, complete, with pole piece, contact bases and magnet spool 
Blow-out box   
Partition for box  
Screw fastening partition to box (No. 6, f F. H.), per 100  
Pole piece for blow-out box  
Screw fastening pole piece to box (No. 10, }" F. H.), per 100  
Screw fastening pole piece to frame (14-24, ¥ R. H. Blued), per 100 
Contact base (upper)  
Contact base (lower)  . 
Screw fastening contact base to blow-out box (No. 10, I" F. H.), per. 100 . 
Binding screw for contact base (14-24, ¥ R. H. Blued), per 100  
Lock washer for No. 19682 (JJ" x ¥ x .000* Ph. Brz.), per 100 ..... 

SAFETY BREAK MAGNET SPOOL, wound, complete, with terminal .... 
Terminal, per 100  

CONTROLLING CONTACT BLOCK, complete, with contact bases  
Screw fastening block to frame (14-24, 1}* R. H.), per 100   
Washer for No. 19691, (JJ* x ¥ x -060* Brass), per 100  
Contact finger, with spring  
Screw fastening finger to contact base (14-24, J* R. H. Blued), per 100 .... 
Lock washer for No. 19682 (££" x ¥ x .060" Ph. Brz.), per 100   
Copper connection strip for finger base, per 100  
Terminal for cables, per 100   
Finger shield  
Trolley shield  
Screw fastening shields to block (No. 10, J" F. H.), per 100  
Fiber insulation strip under controlling contact block  
REVERSING CONTACT BLOCK, complete, with contact bases , 
Screw fastening block to frame (14-24, li"R. H.), per 100   
Washer for No. 19669 (£}" x ¥ x .060* Brass), per 100  
Contact finger   
Connector for contact finger and contact base, per 100 . . .... 
Screw fastening Nos. 22968, 22969 to contact base (14-24, |* R. H. Blued), per 100 
Lock washer for No. 19682 ($J* x J* x .060* Ph. Brz.), per 100   
Terminal for cable, per 100  
Fiber shield  
Screw fastening shield to block (No. 8, ¥ F* H.), per 100  
Medium fiber cleat for holding wire to frame  
Large fiber cleat for holding wire to frame   

*Small fiber cleat for holding wire to frame  
Screw fastening No. 40511 to frame (10-32, l¥ R. H. Blued), per 100 .... 
Lock washer for No. 40581 (£f" x J§* x .050* Ph. Brz.), per 100  
Screw fastening No. 22971 to frame (14-24, 1}* R. H.), per 100  
Screw fastening No. 22972 to frame (14-24, 1* R. H.), per 100   
Wire guard  
Screw fastening wire guard to base of frame (14-24. f* F. H.), per 100 .... 
Connection wire for contact boards (No, 10 B. & S. rubber covered, requiring approxi¬ 

mately 3 feet) ^ -1 

*Not used on controller as now manufactured; listed for convenience of customers having 
controller with old style wiring. 

C-6-K Controller 
Operating handle  •   

* Reversing handle   
*Not included in complete controller. Must he ordered separately. 
Following are the interchangeable parts of the C 6-fv controller which differ from those of 

the C 6-A: 
FRAME, complete, fitted with bearing cap and cap screws for controlling cylinder 

shaft. (Includes pole piece stop, magnet core, binding nut for magnet spool, soft 
rubber packing and all spring and fulcrum pins riveted in position) .... 

OPERATING SHAFT, complete, with gear, interlocking cam and collar 
Interlocking cam, with pin   



GENERAL ELECTRIC COMPANY 

Parts of Type C Controllers 

Cat. No. Description 
4()33() Collar, with pin for operalinjr shaft  
40337 Safety break cam for operatinpr shaft  
40338 Spring for safety break and interlocking cams  
40339 Interlocking pawl, with pin for spring ...   
40340 Pin fastening tension spring to pawl, per 100  
40341 Pivot pin for pawl  
21392 Washer for pin (x "x .OOO"), per 100   
40342 Spring holder  
40343 Screw fastening No. 40342 to frame (jj"-l(), J" Fill. If.), per 100  
40344 SHAFT FOR SAFHTY BRHAK, complete, with cam pawl and lever arm . 
44005 Roller with pin for cam pawl   

C-8-A Controller 
32557 Operating handle   
11314 * Reversing handle  

*Not included in complete controller. Must be ordered separately. 
Following are the interchangeable parts of the C 8--4 Controller which differ from those 

of the C 6-H : 
44180 Cap for top of Controller   
44181 CONTROLLING CYLINDER, complete, with shaft, insulation disks, collar and 

star wheel  
44182 Star wheel, with pin. Must be fitted  

C-26-A Controller 

33560- 
4.04-57- 
40477- 
40476- 
404-80- 
37933 
40451- 
40474- 
40475 
19646 
40456- 
4-0455 

40453 

40455 
4Z634 
40470 
4-046Q 
50446 
4046/ 
40476 
40463 
40469 
40465 
40466 

- 40454 
4045Z 

33560 

40451 
40452 
40453 
40454 

*Opcrating handle  
*Not included in complete controller. ui ust oe uraered separately. 
Following are the interchangeable parts: 
FRAME, complete, includes'adjusting and set screws 
Wire tube    
Base for wire tube  
Tee for wire tube  



Cat. No. 
40455 
40456 
40457 
40458 
40459 
40460 
40461 
40462 
40463 
40464 
42694 
40465 
40466 
40467 
40468 
40469 

2028 
40470 

1288 
40471 
40472 

40473 

40474 
40475 
40476 
40477 
40478 
19646 
22780 
37939 
50428 
40479 
40480 
14192 

40481 
40482 
40483 
40484 

GENERAL ELECTRIC COMPANY 

Parts of Type C Controilers 4513-5 

Description 
Coupler for tee and frame  
Set screw for No. 40455 (J^-IO, Sq. H. Cup I'vjint rnuecl;, per 100 . 
CAP for top of controller  
Screw fastening cap to frame (j["-16, R. H, Brass), per 100 . 
Washer for No. 40458 x J" x ^ thick fiber), per 100 . 
Water cap, with chain and link   
Sheet iron cover, complete  
ARC DEFLECTOR, complete, with pole piece, hinge pin and nuts 

Division plate for arc deflector  
Hinge pin for arc deflector, per 100  
Nut for hinge pin ( ^"-18, ^ thick Hex.), per iou  
Nut with pin for hinge pin ( ^"-18, thick Hex. Sp'l), per 100 

Adjusting screw for hinge pin (£"-13, If" Headless Sp'l) .... 
Set screw for No. 40466 (14-24, £" Headless Sp'l), per 100 . . . 
Hinge bracket for pole piece (upper)  
Hinge bracket for pole piece (lower)  

Screw fastening Nos. 40468, 40469 to pole piece (14-24, f" F. H.), per 100 
Spring catch, complete, with two screws for pole piece  

Screw fastening catch to upper hinge bracket (10-24, J" F. H.) per 100 
BLOW-OUT COIL, wound, complete, with leads    
CONTROLLING CYLINDER, complete, with shaft, insulation disks, collar, stop 

and releasing spring    
Complete set of copper contact segments with screws, per set .... 
Contact segments and screws for same are listed below. 
Insulation disk  
Collar with pin  
Cylinder stop with pin     
Releasing spring    

CONTACT BLOCK, complete, with contact bases  
Screw fastening No. 40478 to frame (14-24, 1" R. H.), per 10U .... 
Lock washer for No. 19646 (JJ" x £" x .060" Ph. Brz.), per 100 .... 
Contact finger with spring  
Screw fastening finger to contact base (14-24, £" R. H. Blued), per 100 
Terminal for cables, per 100    
Finger shield  
Screw fastening shLU to coinaci block (No. 8, F. H.), per lot) .... 

! TtTTUo'tea %E340483 
I 40484 -m\20oW- 

4048/ 
 /850-— -—*| 

4048/ 

\404Q2 

140482 

40483^^1 

40482] 

40432 I 

4043/ 

4048/ 

4048/ 

4048/ 

40482\ 

40482 I 

40462\ @@~ 

40482[ Jj 
360 

Contact Segment .... 
Contact Segment . . * . 
Contact Segment .... 
Screw for Segment, per 100 . 



GENERAL ELECTRIC COMPANY 

4513-6 Parts of l ype C Controllers 

C-28-C Controller 
Cat. No. Description 
34343 Operating handle  
29184 * Reversing handle  

*Not included in complete controller. Must be ordered separately. 
Folloiving are the interchangeable parts: 

40432 FRAME, complete, fitted wtih bearing cap and cap screws for controlling cylinder 
shaft. (Includes pole piece'stop, magnet core, binding nut for magnet spool, soft 
rubber packing and all spring and fulcrum pins riveted in position) . 

2Z775 
 2Z776 

ZZ9&2 
22213 
102671 
2276/ 
22770 
2277/ 
22779 

9987 Cap screw fastening bearing cap to frame (§"-16, 2" Hex. H. Slot.) 
22761 Soft rubber packing for frame  
22762 Washer strip for packing  
1288 Screw fastening Nos. 22761, 22762 to frame (10-24, §" F. H.), per 100 

22763 Binding nut with set screw for magnet spool (1§"-18, 4" thick, Hex. Brass Sp'l) 
22764 Set screw for No. 22763 (|"-20, §" Headless Sp'l), per 100  
14646 Hinge bolt with pin and nut for fastening cover to frame  
4030 Spring cotter for pin (^" x §"), per 1000   

40433 CAP for top of controller  
56716 Long screw fastening cap to frame (§"-16, 1" R. H. Brass), per 100 .... 
22767 Short screw fastening cap to frame (§"-16, §" R. H. Brass), per 100 .... 
22980 Washer for Nos. 56716, 22767 ( §§" x H" x iV thick fiber), per 100 . . . . 
40434 Water cap, with set screw, for reversing cylinder shaft  



Cat. No. 
22769 
40435 
14645 
22770 
22771 
22772 
22773 
19628 
19630 
22775 
22776 

1188 
22777 
22778 
22779 
22780 
40436 

22782 
22783 
22784 
40437 
22786 
19739 
22787 
40438 
16118 
22788 
56809 
40334 
22790 
40335 
40336 
22792 
22793 
56743 

22794 
40337 
40338 
22931 
22932 
40439 
40339 
40340 
40341 
21392 
16118 
22936 
40342 
40343 
40440 
10298 
40441 
40442 
40443 
40444 
40445 
40509 
40510 
21392 
15519 
40344 
44605 
22941 
22942 
22943 
22944 
22945 
22946 
22947 

GENERAL electric company 

Parts of Type C Controllers 4513-7 

Description 
Set screw for water cap (i'/-20, A* Spl Blued), per 100  

SHEET IRON COVER, complete . .   
Slotted lug for cover, with rivets   

HINGED POLE PIECE, complete, with hinge brackets and hinge pins .... 
Spring catch, complete, with two screws for pole piece  

Screw fastening catch to pole piece stop (10-24, I* F. H.), per 100  
ARC DEFLECTOR, complete . . .. . . .    

Screw fastening arc deflector to pole piece (No. 10, 1£" R. H. Blued), per 100 
Insulating bushing used with No. 22774   
Arc deflector back   
Division plate for arc deflector  
Screw fastening back to division plates (No. 10, 1" F. H.), per 100  

MAIN MAGNET SPOOL, wound, complete, with terminal  
Terminal, per 100  
Binding screw (14-24, ft" R. H. Blued), per 100  
Lock washer (£}* x x .060* Ph. Brz.), per 100    

CONTROLLING CYLINDER, complete, with shaft, insulation disks, collar and 
star wheel  

Insulation disk (upper)  
Insulation disk (lower)    
Collar with pin (1J" x 1J* x thick)    
Star wheel with pin. Must be fitted   

Check pawl with roller for controlling cylinder   
Roller with pin   

Pivot pin for pawl   
Washer for pin ($f* x }* x .125*), per 100 .   
Spring cotter for pin (J* x f*), per 1000   
Tension spring for pawl (32 turns .072* Ph. Brz. wire, 4* diam. closed) .... 
Pin fastening spring to frame  
OPERATING SHAFT, complete, with gear, interlocking cam and collar 

Operating gear with pin (22 teeth, 10 pitch)  
Interlocking cam with pin  
Collar with pin for operating shaft  

Pinion for operating gear and controlling cylinder (20 teeth, 10 pitch) .... 
Retaining washer for pinion (J* x 1* x ,125* Brass Spl), per 100  
Screw fastening Nos. 22792, 22793 to controlling cylinder shaft (14-24, J* F. H.), 

per 100  
Key for pinion (1* x £*)   
SAFETY BREAK CAM for operating shaft    
Spring for safety break and interlocking cams  
REVERSING CYLINDER, complete, with collar and star wheel   
" Star wheel with pin. Must be fitted   
' Collar with pin   
Interlocking pawl with pin for spring  
' Pin fastening tension spring to pawl, per 100  
Pivot pin for pawl  
Washer for pin (JJ* x f* x .060*), per 100   
Spring cotter for pin (|* x }*), per 1000    . 
Tension spring for pawl (15J turns .091* steel wire, ft" diam. closed) .... 
Spring holder   
Screw fastening spring holder in position (f*-16, J* Fill. H.), per 100 .... 
PILOT VALVE BODY with sliding bar, bell crank lever and link • 
Screw fastening No. 40440 in position (14-24, J* F. H.), per 100  
Pilot valve stem  
Washer for No. 40441 (if* x J* x ft" thick leather), per 100  
Pilot valve spring (10 turns .025* Ph. Brz. wire, ft" outside diam., open) 
Pilot valve cap (i*-24 thread)  
Pilot valve nipple with coupling and nut  
Pivot valve interlocking lever with bar  
Pivot pin for No. 40509, per 100  
Washer for pin ( Jf* x j* x .060*), per 100  
Spring cotter for pin {ft" x J*), per 1000   
SHAFT FOR SAFETY BREAK, complete, with lever arm and cam pawl . 
Roller, with Pin for cam pawl  
Tension spring for No. 40344 (194 turns .072* Ph. Brz. wire, 4" diam. closed) 
Spring post fastening tension spring to cap plate (ir-16, if* long)   
CONTACT BLOCK, complete, for safety break  

Contact block  
Screw fastening block to lever arm (14-24, 1 ft" F. H.), per 100   
Washer plate for screw  
Unreinforced contact finger, with spring    



4513-8 

Cat. No. 
22949 

1193 
22950 
22951 
22952 
22953 
10305 
22954 
13848 
50428 
22955 
22956 
13852 
19682 
22780 
22957 
22778 
22959 
19669 
14426 
22960 
19682 
22780 
22962 
22778 
22963 
22964 
16282 
22965 
22967 
19669 
14426 
22968 
22969 
19682 
22780 
22778 
22970 
10214 
22971 
40511 
19879 
40581 
40582 
40512 
10264 
22213 
22780 
22778 
11096 
44606 
22760 

34343 
29184 

40513 
40514 

39929 

GENERAL ELECTRIC COMPANY 

Parts o} Type C Controllers 

10i 

Description 
Support for finger, per 100  
Screw fastening finger and support to contact block (8-32, F. H.), per 100 
Washer plate for No. 1193, per 100  ^  

Safety break blow-out box, complete, with pole piece, contact bases and magnet sponl 
Blow-out box  
Partition for box   
Screw fastening partition to box (No. 6, J" F. H.), per 100 . 
Pole piece for blow-out box   
Screw fastening pole piece to box (No. 10, F. H.), per 100 . . 
Screw fastening pole piece to frame (14-24, i" R. H. Blued), per 100 
Contact base (upper)  
Contact base (lower)  
Screw fastening contact base to blow-out box (No. 10, f" F. PL), per 
Binding screw for contact base (14-24, £" R. H. Blued), per 100 
Lock washer for No. 19682 (£}" x J* x .060" Phos. Brz.), per 100 

SAFETY BREAK MAGNET SPOOL, wound, complete, with terminal 
Terminal, per 100  

CONTROLLING CONTACT BLOCK, complete, with contact bases . 
Screw fastening block to frame (14-24, R. H.), per 100 
Washer for screw (£J" x x .060" Brass), per 100  
Contact finger with spring  
Screw fastening finger to contact base (14-24, f" R. H. Blued), per 100 
Lock washer for No. 19682 " x ¥ x .060" Phos. Bronze), per 100 
Copper connection strip for finger base, per 100  
Terminal for cables, per 100   
Finger shield  
Trolley shield   
Screw fastening shields to block (No. 10, f" F. H.), per 100 
Fiber insulation strip under controlling contact block 
REVERSING CONTACT BLOCK, complete, with contact bases 
Screw fastening block to frame (14-24, \¥ R. H.), per 100 
Washer for screw (J|" x i" x .060" Brass), per 100 .... 
Contact finger   
Connector for contact finger and contact base, per 100 . 
Screw fastening Nos. 22968, 22969 to contact base (14-24, g" R. H 
Lock washer for No. 19682 (JJ" x J" x .060" Ph. Brz.), per 100 
Terminal for cable, per 100   
Fiber shield * * | 
Screw fastening shield to block (No. 8, £" F. H.), per 100 . ! 
Large fiber cleat for holding wires to frame  
Small fiber cleat for holding wire to frame  
Screw fastening No. 22971 to frame (14-24, 1J" R. H. Blued), per 100 
Screw fastening No. 40511 to frame (10-32, 14" R. H. Blued) per 100 
  Ph. B 1 

Blued), per 

.050" Brz.), per 100 Lock washer for No. 40581 (H" x Wf x 
TERMINAL BLOCK, complete . 

Screw for No. 40512 (14-24, 1" R. H. Blued), per 100 
Nut for No. 10264 (14-24, Hex. Brass), per 100 ... 
Lock washer for No. 10264 (£}" x ¥ x .060" Ph. Brz.), per 100 
Terminal for No. 40512, per 100  
Screw fastening No. 40512 to frame (14-24, f" R. H. Blued), per 100 

Wire guard  
Screw fastening wire guard in position (14-24, g" F. H.), per 100 
Connection wire for contact boards (No. 10 B. & S. rubber covered, requiring approxi¬ 

mately 4i feet) & re 

00 

C-28-D Controller 
Operating handle  

*Reversing handle [ 
*Not included in complete controller. Must be ordered separately. 
Pottowing the interchangeable parts of the C 28-D Controller which differ from those of 

SAFETY BREAK MAGNET SPOOL, wound, complete, with terminal 
Terminal block, complete  

C-29-B Controller 
Following are the interchangeable parts: 
Operating handle  



GENERAL ELECTRIC COMPANY 

Parts of Type C Controllers 4573-9 

Cat. No-. 
44039 

44040 
1887 

44041 
44042 
44043 

Description 
FRAME, complete, with dial ring, studs and thumbnuts for cover, fulcrum pin for 

reversing finger block rocker and wire cleats .... 
Dial ring  
Screw fastening dial ring to frame (14-24, f" F H ) per 100 
Stud for cover (^"-18, If" long)  
Thumbnut for stud ( ^"-18 Composition) .!!'.!!! 

Sheet iron cover, complete ' 

44-046— 
44049 - 
<39929 — 
44047— 
44067— 
44063— 
44064— 
4.4061- 
44066 
4409/ 
44069 
44046 
44046 
4404/ 
44042 
4 4 097 
44 096 
22793 
66743 
44039 
44074 
44/00 4 
44099 

9703 
44066 

/6089 
44060 
44062 
44063 
44066 
44070 
44069 
44068 
43298 
44 084 
44086 
44068 
16402 
44067 
44095 
304/8 
44 094 
338/7 
4408/ 
/0298 
44054 
44 053 
4405/ 
44052 
44055 

44044 Hand hole cover    
44045 Hinge pin for No. 44044 (£" x Sfs", Split), per 100 
44046 Spring for No. 44044 (20 turns, .064" black steel wire) . . . 
44047 Dash pot cylinder, with lining, pipe plug, adjusting screw and nut 
16089 Pipe plug, (£"pipe), per 100  
44048 Adjusting screw (14-24, f" Hex. H. Blued, Sp'l cap screw), per 100 
44049 Nut for No. 44048 (14-24, Hex. Blued cham. one side), per 100 
44050 Cap screw fastening dash pot cylinder to frame, (f"-16, f" Hex. H. Slot ), per 100 
44051 Piston   
44052 Piston rod  
44053 Compression spring for piston (8 turns, . 091" black steel wire, If" outside diam. open) 
44054 Collar, with pin, for piston rod  
44055 Leather washer for piston rod (f" x x f" thick), per 100   
44056 Retaining ring for No. 44055 (If"-18 thread)   
44057 Nut for piston rod (f"-16, f" thick, across flats Hex. cham. one side), per 100 
16402 Lock washer, for No. 44057, per 100  
44058 Cross head, complete, with guide rods and supporting band  
44059 BLOW-OUT SPOOL, complete, with spring, insulation and controlling contact shoe 
44060 Blow-out spool, with lead and terminal  
44061 Copper terminal, per 100  
44062 Controlling contact shoe  



GENERAL ELECTRIC COMPANY 

4513-TO Parts of Type C Controllers 

Cat. No. 
19GG9 
22780 
44063 
44064 
440G5 
4406G 
19878 
38937 
44067 
48001 

44068 
44069 
44070 

44071 
44072 
44073 

44074 
44075 
44076 
44077 
30418 
44078 
44079 
51745 

44080 
44081 
36908 
15519 
44082 

44083 
44084 
44085 
40582 
44086 
43298 

.44087 

44088 
44084 
44089 
44085 
40582 
44090 
4408G 
43298 
44091 
29423 
44092 
44093 
22778 
13140 
44071 
33817 
38937 
44094 
44095 
44096 
44097 
44098 
44099 
44100 

9703 
44101 
44102 
22793 

Description 
Screw fastening No. 44062 to blow-out spool (14-24, IJ* R. H.), per 100 
Lock washer for No. 19669 (JJ" x £" x . 060" Ph. Brz.), per 100 . . 
Spring for blow-out spool   ! ! 
Insulation for spring  

Supporting block for No. 44059   [ * ' | " 
Insulation between supporting block and supporting band and guide rods,' per 100 
Screw fastening Nos. 44065, 44066 in position (14-24, V R. H.), per 100 . . 
Washer for No. 19878 Qi" x i" x . 060"), per 100  
Insulation between supporting block and blow-out spool spring  
Cap screw fastening blow-out spool spring and insulation to supporting block (14-2 

Hex. H.), per 100 V . T 
Nut for No. 48001 (14-24, Hex. chana. both sides), per 100  
Insulated connection bar for blow-out spools;  
Screw fastening connection bar and blow-out spool terminal to supporting block (1 

32, ir R. H.), per 100  
Washer for No. 44070 (Ji"x x .044"), per 100  
Nut for No. 44070 (10-32, Hex. cham. one side), per 100  
REVERSING CONTACT FINGER BLOCK ROCKER, complete, with insulation 

finger blocks and fingers  
Rocker   . . ! 
Finger block .   
Insulation between finger block and rocker   
Screw fastening Nos. 44075, 44076 to rocker (10-32, F. H.), per 100 ' ! ! 
Contact finger with contact tip  
Connection plate for contact fingers .   
Insulation between connection-plates and finger blocks ..!!!!!!. 
Screw fastening.Nos. 30418, 44078, 44079 to finger block (14-24, R. H. Blued 

per 100 .     
Anchor block for No. 51745, per 100 . . . . . . . . ] ] . " 

Fulcrum pin for rocker ! ! ! ! 
Washer for No. 44081 (££" x 1" x . 062"), per 100 ....!!!! 
Spring cotter for No. 44081 (&"x }"), per 1000   
CONTROLLING CONTACT BLOCK, right-hand, complete^ with contact bases and 

spacing blocks   
Contact block,, with spacing blocks ..!!!!!. 
Contact base  
Screw fastening No. 44084 to contact block (10-32, 1" R. H. Blued) per 100 
Lock washer for No. 44085 QJ" x Jf" x . 050" Ph. Brz.), per 100 '. . 
Copper terminal for contact base, per 100  
Screw fastening No. 44086 in position (10-32, £" R. H. Blued"), per 100 ' ! ! 

CONTROLLING CONTACT BLOCK, left-hand, complete, with contact bases anc 
spacing blocks    

Contact block with spacing blocks .!!!!!" 
Contact base, small !!!!!!! 
Contact base, large .   
Screw fastening Nos. 44084, 44089 to contact block (10-32,1" R. H. Blued) oer 10 
Lock washer for No. 44085 (J|" x if" x . 050" Ph. Brz.), per 100 . . '. . 
Connection strip for Nos. 44084, 44089   
Copper Terminal for No. 44084, per 100 ....!!!]* 
Screw fastening No. 44086 in position (10-32, i" R. H. Blued), per 100 ' ! 

Insulation shield under controlling contact blocks  
Screw fastening Nos. 44082, 44087 to frame (14-24, 14" F H ) per" 100 
REVERSING CONTACT BLOCK, complete, with contact bases 

Contact base, per 100    
Copper terminal for contact base, per 100 !!!!!* 
Screw fastening Nos. 44093, 22778 to contact block (10-32, R H ) per 100 
Washer for No. 13140 (if" x Jf" x . 044"), per 100 . . . . . . 

Screw fastening No. 44092 to frame (14-24, 34" R. H.), per 100 
Washer for No. 33817 (fj" x f" x . 060"), per 100  ! ! ! ! 
Insulation shield under reversing contact blocks  ! ! ! ! 
Operating lever, with roller for piston rod  ! ! ! ." 

Roller with pin  
Hinge pin with locking pin for No. 44095  [ " j | * 
Operating cam * * * " 
Roller for operating cam .    
Hinge bolt for No. 44099 (-^"-14, 2f" Sp'l) 
Nut for No. 44100 (^"-14, Hex. Rough Cham, one side), per 100 .... 
Hinge pin for operating cam and operating handle  
Key for 44101, per 100  
Retaining washer for No. 44101 (f" x 1" x . 125" Brass Sp'l)  



GENERAL ELECTRIC COMPANY 

Cat. No. 
56743 
44103 
10298 

44104 
44105 

44106 

Parts of Type C Controllers 4513-11 

Description 
Screw for No. 22793 (14-24, 4" P. H.), per 100  
Fiber cleat for holding wires to frame   
Screw fastening No. 44103 to frame (14-24, I" P. H.), per 100   

C-29-A Controller 
Following are the interchangeable parts of the C 29-d. Controller which differ from those 

of the C 29-5: 
Operating lever  
FRAME, complete, with studs and thumbnuts for cover, fulcrum pin for reversing 

finger block rocker and wire cleats  
Cleat for holding wires to frame  

C-31-B Controller 

. 44046 
44069■ 
37926 
44063 
44064 ■ 
44123 ■ 
44126 ■■ 
44125 
4406/ 
44067 
44065' 
44124- 
44114 
44046 
44045 
44-096 
44I2Q — 
22793 — 
44/29 — 
44097— 
'56743— 
44109 — 
44131  
44/32 — 
441/7 — 
44076 — 
44/00 — 
44099 — 

9703 — 
44056 — 

4465'6 

4-4065 
44//O 

44113 

44049 
44066 
44060 
44070 
44062 
44/08 
44119 
43298 
44/20 
4 4/2/ 
44/30 
304/3 
44042■ 
4404/ 
44/27 
22776 
44093- 
336/7 
44079 - 
36908 
4408/ ■ 
-155/9 
44/07 ■ 
44113 
44053 
44112 
4-4/// 
44055 

Following are the interchangeable parts: 
37928 Operating handle   
44107 FRAME, complete, with studs and thumbnuts for cover, fulcrum pin for reversing 

finger block rocker and wire cleats  
44041 Stud for cover ( ^"-18, If" long)   
44042 Thumbnut for stud ( f^'-lS, Composition)  
44108 Sheet iron cover, complete  
44109 Hand hole cover  
44045 Hinge pin for No. 44109 (■£" x 3 Split), per 100  
44046 Spring for No. 44109 (20 turns, . 064" black steel wire)  
44110 Dash pot cylinder, with lining, pipe plug, adjusting screw and nut  
16089 Pipe plug, (£" pipe), per 100   
44048 Adjusting screw (14-24, f" Hex. H. Blued, Sp'l Cap screw), per 100 .... 
44049 Nut for No. 44048 (14-24, Hex. Blued Cham, one side), per 100 
44050 Cap screw fastening dash pot cylinder to frame (f"-16, f" Hex. H. Slot.), per 100 



GENERAL ELECTRIC COMPANY 

4513-12 Parts of Type C Controllers 

Cat. No, * Description -I 
44111 Piston . , .       
44112 . Pistonorod .      
44053 Compression spring for piston (8 turns, . OOl" black steel wire, IJ" outside diam. open) 
44113 Collar, with pin for piston rod    
44055 Leather washer for piston rod (fx If x f thick), per 100   
44056 Retaining ring for No. 44055 (lf-18 thread) .   
44114 Nut for piston rod (A'-IS, f thick, f across flats, Hex. cham. one side), per 100 . 
29059 Lock washer for No, 44114, per 100     
44115 Cross head, complete, with >guide rods and supporting band   
44059 BLOW-OUT SPOOL, complete, with spring, insulation and controlling contact shoe 
44060 Blow-out spool with lead and terminal  
44061 Copper terminal, per 100   
44062 Controlling contact shoe . . . '. . . .     
19669 , Screw fastening No. 44062 to blow-out spool (14-24, If R. H.), per 100 
22780 Lock washer for No. 19669 (£f x fx ,060" Ph. Brz.), per 100 . . . . . 
44063 Spring for blow-out spool . . . . .     
44064 Insulation for spring    
44065 Supporting block for No. 44059 . . . .... .    
44066 Insulation between supporting block and supporting band and guide rods . . ! 
19878 Screw fastening Nos. 44065, 44066 in position (14-24, f R. H.), per 100 
38937 ' Washer for No. 19878 (Jfx fx .060"), per 100    . . . . 
44067 Insulation between supporting block and blow-out spool spring . 
48001 Cap screw fastening blow-out spool spring and insulation to supporting block (14-24, 

. f Hex. H.), per 100- .      . 
44068 Nut for No. 48001 (14-24, Hex. Cham, one side), per 100  . 
44069 Insulated connection bar for blow-out spools, per 100 .   
44070 Screw fastening connection bar and blow-out spool terminal to supporting block (10- 

32, If R. H.), per 100     
44071 Washer for No. 44070 (£f x Jf x . 044"), per 100  
44072 Nut for No. 44070 (10-32, Hex. Cham, one side), per 100   
44116 REVKRSiNG CONTACT FINGER BLOCK ROCKER, complete, with insulation, 

linger blocks and fingers   . . . . . . 
44117 Rocker .   "... 
44075 Finger block ;    
44076 Insulation between linger block and rocker   . 
44077 Screw fastening Nos. 44075, 44076 to rocker (10-32, f F. H.), per 100 
30418 Contact finger with contact tip ... . . . . . . . 
44078 Connection plate for contact lingers . . . . ' . . . . . . ' . . 
44079 Insulation between connection plates and finger blocks ........ 
51745 Screw fastening Nos. 30418, 44078, 44079 to linger block (14-24, }" R. H. Blued), 

per 100 • . 
44080 - Anchor block for No. 51745, per 100  
44081 Fulcrum pin for rocker    
36908 Washer for No. 44081 (Jf x 1" x . 062"), per 100   
15519 Spring cotter for No. 44081 (^y" x f), per 1000  ' . 
44118 CONTROLLING CONTACT BLOCK, right-hand, complete, with contact bases and 

spacing blocks   
44119 Contact block with spacing blocks   . . . . 
44084 Contact base   . 
10075 Screw fastening No. 44084^0 contact block, (10-32, f R. H. Blued), per 100 . 
40582 Lock washer for^No. 10075 (£|" x Jf x .050" Ph. Brz.), per 100  
44120 Copper terminal for contact base  
43298 Screw fastening No. 44120 in position (10-32, f R. H. Blued), per 100 
44121 Insulation shield under No. 44-118     
44122 CONTROLLING CONTACT BLOCK, left-hand, complete, with contact bases and 

spacing blocks   
44123 Contact block, with spacing blocks .   
44084 Contact base, small     
44124 Contact base, large  
44085 Screw fastening Nos. 44084, 44124 to contact block (10-32, 1" R. H. Blued), per 100 
40582 Lock washer for No. 44085 (£f x Jf x .050" Ph. Brz.), per 100  
44125 Connection strip for Nos. 44084, 44124, per 100   
44120 ■ Copper terminal for No. 44084   
43298 Screw fastening No. 44120 in position (10-32, f R. H. Blued), per 100 
44126 Insulation shield under No. 44122  
29423 Screw fastening Nos. 44118, 44122 to frame (14-24, If F. H.), per 100 .... 
44092 REVERSING CONTACT BLOCK, complete, with contact bases  
44093 Contact base, per 100   . .    
22778 Copper terminal for contact base, per 100   
13140 Screw fastening Nos. 44093, 22778 to contact block (10-32, f R. H.), per 100 



GENERAL ELECTRIC COMPANY 

Cat. No. 
44071 
33817 
38937 
44127 
44128 
44096 
44097 
44129 
44099 
44100 
-9703 

44101 
44102 
22793 
56743 
44130 
10298 
44131 
44132 

44133 

38670 
42370 
42371 
42691 
40453 
40454 
40455 
40456 
42692 

• 40458 
42693 
40462 
40463 
40464 
42694 
40465 
40466 
40467 
42695 
42696 
2028 

42697 
42698 
40471 
42699 

40473 

40474 
42796 
42797 
40475 
42798 
42799 
42840 
42841 
42842 
42843 
42844 
42845 
42846 

Parts of Type C Controllers 4513-13 

Description 
Washer for No. 13140 (^"x -044*), per 100 .... 

Screw fastening No. 44092 to frame (14-24, 3^' R. H.), per 100 
Washer for No. 33817 (JJ" x x . 060"), per 100 .... 
Insulation shield under reversing contact blocks 
Operating lever, with roller for piston rod . 

■ Roller with pin  
Hinge pin with locking pin for No. 44128 . 
Operating cam  
Roller for operating cam . . . . . • . 
Hinge bolt for No. 44099 (^//-14, 2J" Sp'l) ....... 
Nut for No. 44100 (^*-14, Hex. Rough, Cham, one side), per 100 . 
Hinge pin for operating cam and operating handle ..... 
Key for No. 44101, per 100    
Retaining washer for No. 44101 (}" x 1" x . 125" Brass, Sp'l), per 100 
Screw for No. 22793 (14-24, i" F. H.), per 100 ...... 
Fiber cleat for holding wires to frame    
Screw fastening No. 44130 to frame (14-24, F. H.), per 100 . 
Stop for operating cam  
Cap screw fastening No. 44131 to frame (^"-IS,.!^" Fill. H.), per 100 

C-31-A Controller 
Following is the only interchangeable part of the C 31-/1 Controller which differs from 

those of the C Zl-B: 
Operating lever .     . . , . ... 

C-35-A Controller 
Following are the interchangeable parts: 
Operating handle    *   . 

Key for handle .     . . . . " . 
FRAME, complete, includes adjusting and set screws . . . . .... 
Wire tube    . . . . .    
Base for wire tube     
Tee for wire tube _.     . ...    
Coupler for tee and frame   
Set screw for No. 40455 (§*-16, §* Sq. H. Cup Point, Blued), per 100 .... 
CAP for top of controller    
Screw fastening cap to frame (§*-16, §* R. H. Brass), per 100 . . . 
Sheet iron cover, complete   
ARC DEFLECTOR, complete, with pole piece, hinge pin and nuts . . . 

Division plate for arc deflector   
Hinge pin for arc deflector       . . . . , . 
Nut for hinge pin ( iV'-lS, thick, Hex.), per 100   
Nut with pin for hinge pin (tV'-IS, A" thick, Hex. Sp'l), per 100  

Adjusting screw for hinge pin (£"-13, 1§" Headless Sp'l)  
Set screw for No. 40466 (14-24, ¥ Headless Sp'l), per 100 .     
Hinge bracket for pole piece (upper)   
Hinge bracket for pole piece (lower)     , . 
Screw fastening hinge brackets to pole piece (14-24, §* F. H.), per 100 . ... 
Latch for arc deflector   . . . . .    
Spring for latch .     . 
Blow-out coil, wound, complete with leads 
CONTROLLING CYLINDER, complete, with shaft, insulation disks, collars, pilot 

valve, operating cam and plunger   
Complete set of copper contact segments with screws, per set    
Contact segments and screws for same are listed on,page 15. 
Insulation disk    
Stop collar with pin for lower end of cylinder .    
Bushing for lower end of cylinder   
Collar with pin for upper end of cylinder .    
Operating cam, with stop piece for pilot valve    
Pin for operating cam and plunger (§" x 2"), per 100 ..    
Spring cotter for pin (^" x §" Blued), per 100 .' . 
Stop collar, with set screw, for No. 42798   
Set screw for stop collar (^"-18, §* Headless Sp'l), per 100 ....... 
Plunger for No. 42798    
Spring for plunger ;     

Operating spring for cylinder • . .    
Spring post     - 



4513- 

Cat. No. 
42847 
42848 
42840 
42849 
10255 
42850 

1193 
42851 
42852 
42853 

42854 
42855 
42856 
42857 
42858 
42859 
38937 
42856 
40441 
40442 

GENERAL ELECTRIC COMPANY 

Parts of Type C Controllers 

Description 
Cylinder stop   
Hinge pin for No. 42847 ( 1

5,i" x 1 y')  
Spring colter for pin (fa" x g", Blued), per 100  
Spring for No. 42847   
Screw fastening spring to cap plate (6-32, ]" R. II., Blued), per 100 
Stop plate   
Serew fastening slop plate to cap plate (8-32, I" P. II.), per 100 
PILOT VALVE, complete . . . . . . . . . . . . 

Body   
Operating lever, with catch  

4-Z799 
42370 
38670 
€264! 
4.284-7 
40438 
42848 
42798 
42838 
40473 
14192 
37989 
40478 
4237/ 

42846 
404-74 
42796 
42797 
42845 
40464 

4-2854 
4- 2850 
42857 
42859 
42858 
42692 
42852 
428-60 
40444 
42695 
10576 
50428 
40479 

42693 
40480 
40465 
40464 
42696 
40455 

4269/ -40453 

Catch with rivet  
Hinge pin for operating lever (\" x 21"), per 100 
Spring "'cotter for pin (fa" x Blued), per 100 .... 
Spring for operating lever and body, per 100 
Latch with spring  
Fulcrum pin for latch  
Washer for No. 42859 (H" x x .060"), per 100 
Spring cotter for No. 42859 (fa" x Blued), per 100 . 
Pilot valve stem   
Washer for No. 40441 (£!}" x x thick leather), per 100 



Cat. No. 
40443 
40444 
42860 
10576 

40481 
40482 
40483 
40484 
40478 
19646 
22780 
37939 
50428 
40479 
40480 
14192 

33560 

43757 
43758 

43759 

34343 
29184 

40333 

GENERAL ELECTRIC COMPANY 

Parts of Type C Controllers 4513-15 

Description 
Pilot valve spring  

; > Pilot valve cap (|"-24 thread)  
Pilot valve nipple with coupling and nut  

Screw fastening pilot valve in position (-fV'-lS, 1" F- H.)? Pcr 100 

40483 

1 e© 1 1© 4048/ © 1 
40482 
1 6© 1 1 © 4048! © I 
h-80°-^ 1-   /25- H 

1 ©© 1 

^30484 

40482 
fee 

1 ©9 1 nr 4048/ © 
40482 
\ oe 1 1 © 4043/ © 

1 © 4048/ © 

1 e© i 1© 404Q/ © 
<40482 

360°-     

1 

J 

Contact Segment 
Contact Segment 
Contact Segment  
Screw for Segment, per 100  

Contact block, complete, with contact bases ' . 
Screw fastening No. 40478 to frame (14-24, I" R. H.), per 100 . 
Lock washer for No, 19646 x J" x ,060" Ph. Brz.), per 100 . 

Contact finger with spring  
Screw fastening finger to contact base (14-24, R. H, Blued), per 100 
Terminal for cables, per 100   
Finger shield  
Screw fastening shield to contact block (No. 8, F. H.)f per 100 

C-36-A Controller 

♦Operating handle .   
*Not included in complete controller. Must be ordered separately. 
Following are the interchangeable parts of the C 3 6-^4 Controller which differ from those 

of the C 26-/1: 
Cap for top of controller    • • • * " 
CONTROLLING CYLINDER, complete, with shaft, insulation disks, collar, stop 

and releasing spring   
CONTACT SEGMENTS and screws for same are listed on page 5. 
Cylinder stop with pin  

C-38-C Controller 

Operating handle   
♦Reversing handle    
*Not included in complete controller. M ust be ordered separately. 
Following are the interchangeable parts: 
FRAME, complete, fitted with bearing cap and cap screws for controlling cylinder 

shaft. (Includes pole piece stop, magnet core, binding nut for magnet spool, soft 
rubber packing and all spring and fulcrum pins riveted in position) .... 



45*3-1 

Cat. No. 
9987 

227()1 
22762 

1288 
22763 
22764 
14646 
4030 

44602 
56716 

22767 
22980 
40434 
22769 
22981 
14645 
22770 
22771 
22772 
22773 

GENERAL ELECTRIC COMPANY 

Parts of Type C Controllers 

Description 
Cap screw fastening bearing cap to frame (#"-16, 2" Ilex. II. Slot.) 
Soft rubber packing for frame, eaeli  
Washer strip for packing   
Screw fastening Nos. 22761, 22762 to irame (10-24, 1'. II.), per 100 . . 
Binding nut with set screw for magnet spool (li|"-18, thick, Ilex. Brass Sp 1) 
Set screw for No. 22763 (;l

1"-20, :{" Headless Sp'l), per 100  
Hinge bolt with pin and nut for fastening cover to frame   
Spring cotter for pin (-3V' x {j"), per 1000   

CAB for top of controller    
Long screw fastening cap to frame ($"-16, 1" R. 11. Brass;, per 160 .... 

4-0439 
40434 
£293/ 
2296Q 
29184 
44602 
22967 
22970 
22938 
40342 
40343 
408/ / 
22984 
22952 
22356 
22792 -nnna 
4,4004 J562£9 
44003 ——62 

ZZ960— 
2,0959 
22963 

1268 
22762 
2275/ 
22213 
22763 
22763 
22764 
22777 

 19682 
40336 
40337 
40338 
34343 
22942 
2294/ 
40339 
40335 
40344 
22932 

Its 47-22 947 2297) /— /4. Q46 
22790 

—2278O 
22775 
22776 
19682 
19669 

22778 
10264 
2277/ 
-22770 
40333 

Short screw fastening cap to frame ($"-16, $•" R. H. Brass), ])cr 100 
Washer for Nos. 56716, 22767 ( ipij" x b/' x A" thick fiber), per 100 . . . 
Water cap, with set screw, for reversing cylinder shaft  

Set screw for water cap (^"-20, A" Sp'l Blued), per 100  
Sheet iron cover, complete  

Slotted lug for cover with rivets   
HINGE POLE PIECE, complete, with hinge biackets and lunge pins 
Spring catch, complete, with two screws, for pole piece   

Screw fastening catch to pole piece stop (10-24, $" F. H.), per 100 
ARC DEFLECTOR, complete   

Screw fastening arc deflector to pole piece (No. 10, l^" R. H. Blued), per 100 



GENERAL ELECTRIC COMPANY 

Cat. No. 
19630 
22775 
22776 

1188 
22777 
22778 
22779 
22780 
44603. 

22782 
22783 
22784 
44604 
22786 
19739 
22787 
40438 
16118 
22788 
56809 
40334 
22790 
40335 
40336 
22792 
22793 
56743 

22794 
40337 
40338 
22931 
22932 
40439 
40339 
40340 
40341 
21392 
16118 
22936 
40342 
40343 
40344 
44605 
22941 
22942 
22943 
22944 
22945 
22946 
22947 
22949 

1193 
22950 
22951 
22952 
22953 
10305 
22954 
13848 
50428 
22955 
22956 
13852 
19682 
22780 
22957 
22778 
22959 

Parts of Type C Controllers 4513-17 

Description 
Insulating bushing used with ;No. 19628    
Arc deflector back  
Division plate for arc deflector  
Screw fastening back to division plates (No. 10, 1" P. H.), per 100 . . . ! 

MAIN MAGNET SPOOL, wound, complete, with terminal ....... 
Terminal, per 100  
Screw fastening terminal in position (14-24, ffc" R. H. Blued), per 100 ! . ! 
Lock washer for No. 22779 (jj* x i" x .OGO" Ph. Brz.), per 100  

CONTROLLING CYLINDER, complete, with shaft, insulation disks, collar and 
star wheel   

Insulation disk (upper) !..!!.!!! 
Instilation disk (lower)  
Collar, with pin      ! ! 
Star wheel, with pin. Must be jiued   

Check pawl, with roller, for controlling cylinder  
Roller, with pin   

Pivot Pin for pawl . . . . . .    
Washer for pin QJ" x j" x .125"), per 100  
Spring cotter for pin (J" x f"), per 1000   
Tension spring for pawl (32 turns, .072" Ph. Brz. wire 4" Diam. closed) .... 
Pin fastening spring to frame   
OPERATING SHAFT, complete, with gear, interlocking cam and collar 

Operating gear with pin (22 teeth, 10 pitch) .   
Interlocking cam,-:with pin  
Collar, with pin, for operating shaft.    

Pinion for operating gear and controlling cylinder (20 teeth, 10 pitch; .... 
Retaining washer for pinion ({" x 1" x .125" Brass Sp'l)   
Screw fastening Nos. 22792, 22793 to controlling cylinder shaft (H-24* P. H.l, 

per 100  ' 
Key for pinion  
SAFETY BREAK CAM, for operating shaft   
Spring for safety break and interlocking cams  
REVERSING CYLINDER, complete, with collar and star wheel . .. . 

Star wheel with pin. Must be fitted * . . . , . .    
Collar with pin .      

Interlocking pawl, with pin for spring    
Pin fastening tension spring to pawl, per 100  

Pivot pin for pawl  
Washer for pin ( JJ" x £" x .060"), per 100 . "  
Spring cotter for pin (I" x J"), per 1000 .    . 
Tension spring for pawl (15i turns, .091" steel wire, fa" Diam. closed) .... 
Spring holder  
Screw fastening spring holder in position (j"-16, J" Fill. H.), per 100 .... 
SHAFT FOR SAFETY BREAK, complete, with lever arm and cam pawl . 

Roller with pin for cam pawl  '  
Tension spring for No. 40344 (19£ turns, .072" Ph. Brz. wire, Y diam. closed) 
Spring post, fastening tension spring to cap plate, (f"-16, long) • • 
CONTACT BLOCK, complete, for safety break   

Contact block . •  
Screw fastening block to lever arm (14-24, 1 A" F. H.), per 100   
Washer plate for screw    
Unreinforced contact finger with spring   
Support for finger, per 100  
Screw fastening finger and support to contact block (8-32, Y F. H.), per 100 
Washer plate for No. 1193, per 100    

Safety break blow-out box, complete, with pole piece, contact bases and magnet spool 
Blow-out box  
Partition for box  
Screw fastening partition to box (No. 6, J" F. H.), per 100  
Pole piece for blow-out box  
Screw fastening pole piece to box (No. 10, f" F, H.), per 100  
Screw fastening pole piece to frame (14-24, Y H. Blued), per 100 .... 
Contact base (upper)  
Contact base (lower) '  
Screw fastening contact base to blow-out box (No. 10, J" F. H.), per 100 
Binding screw for contact base (14-24, f" R. H. Blued), per 100  
Lock washer for No. 19682 (J-J" x Y x .060" Phos. Bronze), per 100 . -. 

SAFETY BREAK MAGNET SPOOL, wound, complete, with terminal 
Terminal, per 100  

CONTROLLING CONTACT BLOCK, complete, with contact bases  



GENERAL ELECTRIC COMPANY 

4513-18 Paris of Type C Controllers 

Cat. No. Description 
19G69 Screw fastening block to frame (14-24, Ij" R. H.), per 100   
14426 Washer for No. 19669 (JJ* x J* x .0G0" Brass), per 100  
22960 Contact linger with spring  
19682 Screw fastening linger to contact base (14-24, jj" R. H. Blued), per 100 . 
22780 Lock washer for No. 19682 (J-J" x x .060" Phos. Bronze), per 100  
22962 Copper connection strip for linger base, per 100  
22778 Terminal for cables, per 100   
22963 Finger shield  
22964 Trolley shield *  
16282 Screw fastening shields to block (No. 10, F. H.), per 100   
22965 Fiber insulation strip under controlling contact block  
22967 REVERSING CONTACT BLOCK, complete, with confact bases   
19669 Screw fastening block to frame (14-24, IY R* H.), per 100   
14426 Washer for No. 19669 (£}" x x .060" Brass), per 100  
22968 ^ Contact finger  
22969 /" Connector for contact finger and contact base, per 100  
19682 Screw fastening Nos. 22968, 22969 to contact base (14-24, R. H. Blued), per 100 . 
22780 Lock washer for No. 19682 (&" x £"x .060" Ph. Brz.), per 100   
22778 Terminal for cable, per 100  
22970 :• Fiber shield  
10214 Screw fastening shield to block (No. 8, F. H.), per 100   
22971 Large fiber cleat for holding wire to frame  
40511 Small fiber cleat for holding wire to frame  
19879 Screw fastening No. 22971 to frame (14-24, l-J" R. H. Blued), per 100 . 
40581 Screw fastening No. 40511 to frame (10-32, l-f" R. H. Blued), per 100 . . . . 
40582 Lock washer for No. 40581 (H" x U" x .050" Ph. Brz.), per 100  
40512 TERMINAL BLOCK, complete  
10264 Screw for No. 40512 (14-24, 1" R. H. Blued), per 100   

' 22213 Nut for No. 10264 (14-24, Hex. Brass), per 100  
22780 Lock washer for No. 10264 (jj" x x .060" Ph. Brz.), per 100  
22778 Terminal for No. 40512, per 100  
11096 Screw fastening No. 40512 to frame (14-24, J" R. H. Blued), per 100 .... 
44606 Wire guard  
22760 Screw fastening wire guard in position (14-24, F. H.), per 100  

Connection wire for contact boards (No. 10 B. & S. rubber covered, requiring approxi¬ 
mately 4J feet) 

C-38-A Controller 
34343 Operating handle  
29184 ^Reversing handle ;•  

*Not included in complete controller. Must be ordered separately. 
Following are the interchangeable parts of the C 38-/4 Controller which differ from those 

of the C 38-(7; 
40432 FRAME, complete, fitted with bearing cap and cap screws for controlling cylinder 

shaft. (Includes pole piece stop, magnet core, binding nut for magnet spool, soft 
rubber packing and all spring and fulcrum pins riveted in position) .... 

40435 Sheet iron cover, complete  
40440 PILOT VALVE BODY, with sliding bar, bell crank lever and link  
10298 Screw fastening No. 40440 in position (14-24, f" F. H.), per 100  
40441 Pilot valve stem  
40442 Washer for No. 40441 (£}* x i" x -k" thick leather), per 100 . . ! . ! ! ! 
40443 Pilot valve spring  
40444 Pilot valve cap  
40445 Pilot valve nipple, with coupling and nut .   
40509 Pilot valve interlock lever, with bar  
40510 Pivot pin for No. 40509, per 100  
21392 Washer for pivot pin ($-§" x J" x .060"), per 100  ! 
15519 Spring cotter for pivot pin (^"x J"), per 1000   

C-38-B Controller 
34343 Operating handle   
29184 ^Reversing handle  

~*Not included in complete controller. Must be ordered separately. 
Following are the interchangeable parts of the C 38-f? Controller which differ front those 

of the C 38-C: 
40432 FRAME, complete, fitted with bearing cap and cap screws for controlling cylinder 

shaft. (Includes pole piece stop, magnet core, binding nut for magnet spool, soft 
rubber packing and all spring and fulcrum pins riveted in position.) .... 

40435 Sheet iron cover, complete   
40440 PILOT VALVE BODY, with sliding bar, bell crank lever and link  



PRICE SUPPLEMENT 

TO ACCOMPANY BULLETIN NO. 4513 

PARTS OF TYPE C CONTROLLERS 

CAT. 
NO. PAGE LIST 

PRICE CAT. 
NO. PAGE LIST ■PRICE 

CAT. 
NO. PAGE 

LIST 
PRICE 

1188-2,7,17 . . 
1193-3, 8, 14, 17 . 
*1288-2, 5, 6, 10 . 

. per 100 $0.50 
per 100 1.00 
per 100 .50 

22780-2, 3. 5, 7, S, 
15. 17, 18 

22781-2 . . 
10, 12, 

per 100 $2.00 
. 37.00 

29184-6, 8, 15, 18, 19 
29423-10, 12 . . . 
30418-10, 12 . . . 

per 100 
$1.50 

1.25 
.04 

1887-9 . . . 
2028-5, 13 
'4030-2, 6, 10 . . 

. per 100 

. per 100 
per 1,000 

1.50 
.50 

2.00 
22782-2, 7, 17 
22783-2, 7. 17 
22784-2, 7, 17 

.20 

.25 

.55 
32557-1, 4 . . . 
33560-4, 15. . , . 
33817-10. 13 . , . per 100 

20.00 
7.50 
5.00 

9703-10, 13 ... 
9891-2 . . . 
9987-1, 6, 10 . . 

per 100 
. per 100 

2.50 
.65 
.10 

22785-2 . . 
22786-2, 7, 17 
22787-2, 7. 17 

3.00 
.75 
.04 

34343-3, G, 8, 15, 18, 19 
36908-10, 12 . . . 
37928-11 .... 

per 100 
20.00 

.50 
4.85 

10075-12 . . . 
10214-3, 8, 18 
10255-14 . . . 

per 100 
. per 100 

per 100 
.50 
.25 
.25 

22788-2, 7, 17 
22789-2 . . 
22790-2, 7, 17 

.20 
16.00 
10.00 

37939-5, 15 . . . 
38670-13 .... 
38937-10, 12, 13, 14 per 100 

.26 
19.00 

.25 
10264-8, 18 . . 
10298-7, 11, 13, 18 
10305-3, 8, 17 

19 
. per 100 

per 100 
per 100* 

1.00 
.50 
;25 

22791-2 . . 
22792-2, 7, 17 
22793-2, 7, 10, 13 17' ; 

1.75 
4.50 

.10 
39929-S .... 
40333-3, 15 . . . 
40334-3, 7, 17 . . 

5.00 
16.50 

10365-2 ... 
10576-15 - . . 
11096-8, 18 . . 

per 100 
per 100 

. per 100 
3.50 

.70 

.65 
22794-2, 7, 17 
22795-2 . . 
22796-2 . . per 100 

.03 
4.75 
3.00 

40335-3, 7, 17 . . 
40336-4, 7, 17 . . 
40337-4, 7, 17 . . 

.76 

.85 
4.75 

11314-1, 3, 4 . . 
13140-10, 12 . . 
13848-3, 8, 17 per 100 

2.50 
.50 
.50 

22797-2 . . 
22798-2 . . 
22799-2 . . 

per 100 .75 
.35 
.04 

40338-4, 7, 17 . . 
40339-4, 7, 17 
40340-4, 7, 17 per 100 

.20 

.85 
4.00 

13852-3,8,17 
14192-5, 15 . . 
14426-3, 8, 18 

per 100 
per 100 
per 100 

.50 

.50 
1.00 

22930-2 . . 
22931-2, 7, 17 
22932-2, 7, 17 

.50 
6.00 

.45 
40341-4, 7, 17 . . 
40342-4, 7, 17 . . 
40343-4, 7, 17 . . per 100 

.08 

.10 
4.00 

14645-2, 7, 16 
14646-2, 6, 16 
15519-7, 10, 12, IS, , 19 

ea. 
per 1,000 

.10 

.45 
2.00 

22933-2 . . 
22934-2 . . 
22935-2 . . 

.85 

.04 
,08 

40344-4, 7, 17 . . 
40432-6, 18 . . - 
40433-0 .... 

4.00 

16089-9, 11 . . 
16118-2, 7, 17 
16282-3, 8, IS 

per 100 
per 1,000 

. per 100 
4.00 
2.00 

.50 
22936-2, 7, 17 
22937-2 . . 
22938-2 . . 

.08 

.10 
3.00 

40434-6, 10 . . . 
40435-7, 18 . . . 
4043G-7 . . . 

3.75 
7.50 

45.00 
16402-9 . . . 
19628-2, 7, 16 
19630-2, 7, 17 

. per 100 

. per 100 
4.00 
1.00 

.04 
22939-2 . . 
22940-2 . . 
22941-2, 7, 17 

.10 

.04 

.15 
40437-7 .... 
40438-2, 7, 17 . . 
40439-2, 7, 17 

per 100 
3.35 
1.75 

^ .30 
19646-3, 5, 6, 15 
19669-3, 8, 10, 12, 
•19682-3, 8, 17, 18 

18 
per 100 

. per 100 

. per 100 
1.00 
1.00 
1.00 

22942-3, 7,. 17 
22943-3, 7, 17 
22944-3, 7, 17 

.12 
1.65 

.45 
40440-7, 18 . . . 
40441-7, 14, 18, 19 . 
40442-7, 14, 18, 19 . per 100 

8.00 
.30 

2.00 
19691-3 . . . 
19739-2, 7, 17 
19878-10, 12 . . 

. per 100 
per 100 

1.00 
.10 

1.00 
22945-3, 7, 17 
.22946-3, 7, 17 
22947-3. 7, 17 

per 100 1.50 
.10 
.23 

40443-7, 15, IS. 19 . 
' 40444-7, 15, 18, 19 . 
i 404 15-7, 18, 19 . . 

- .05 
.15 

- 2.00 
: 19879-8, 18 . . 
>21392-4, 7, 17. IS,. 
*22213-8, 18 . . 

19* 
per 100 

•. per 100 
. per 100 

1.50 
.50 

1.50 
22949-3, S, 17 
22950-3, 8, 17 
22951-3, 8, 17 

per 100 
per 100 

1.50 
2.50 

12.00 
40451-4 . . . . 
40452-4 .... 
40453-4, 13 . . . ; .85 

1.00 
22758-1 . . . 
22759-3 . . 
22760-3, 8, 18 per 100 

.20 
1.00 

22952-3, S. 17 
22953-3, 8, 17 
22954-3, 8, 17 

4.00 
2.50 

.45 
40454-4, 13 . . . 
40455-5, 13 . . . 
40456-5, 13 . . . per 100 

.45 

.25 
4.00 

22761-1,6,10 
22762-2, 0, 16 
22763-2, 6, 16 

.50 

.15 
2.50 

22955-3, 8, 17 
22956-3, 8r 17 
22957-3, 8, 17 

.15 

.15 
4.50 

40457-5 .... 
40458-5, 13 . . . 
40459-5 .... 

per 100 
per 100 

4.00 
1.00 

22764-2, G, 16 
22766-2 . . . 
22767-2, 6, 10 

per 100 
. per 100 

4.00 
8.00 

22959-3, 8, 17 
22960-3, 8, IS 
22962-3, 8, 18 per 100 

6.50 
.26 

2.00 
40460-5 .... 
40461-5 .... 
40462-5, 13 . . . 

.50 
3.50 
8.00 

22768-2 . . . 
22769-2, 7, 16 
22770-2, 7, 16 

. per 100 
3.00 
5,00 
2.75 

22963-3, 8. 18 
22964-3, 8, IS 
22965-3, 8, 18 

.30 

.20 

.10 
40463-5, 13 . . . 
40464-5, 13 . . . 
40465-5, 13 . . . 

per 100 
per 100 

.40 

.30 
2.50 

22771-2, 7, 16 
22772-2, 7, 16 
22773-2, 7, 16 

per 100 
.30 
.65 

6.00 
22907-3, 8, IS 
22968-3, 8, IS 
229G9-3, 8, IS per 100 

2.00 
.03 

2.00 
40406-5, 13 . . . 
40407-5, 13 . . . 
40468-5 .... 

per 100 
.15 

4.00 
,35 

22775-2,7, 17 
22776-2, 7, 17 
22777-2, 7, 17 

2.00 
.20 

12.00 
22970-3, 8, IS 
22971-3, 8, IS 
22972-3 . . 

.20 

.10 

.08 
40409-5 .... 
40470-5 .... 
40471-5, 13 . . . 

.25 

.25 
8.50 

22778-2, 3. 7, 8, 10, 
18 . - - 

22779-2, 7, 17 
12, 17, per 100 

per 100 
2.00 

,50 
22980-2, 6, 16 
22981-2, 16 . 
29059-12 . . 

per 100 
per 100 

.75 
7.50 
1.50 

40472-5 . . 
40173-5, 13 . . . 
40474-5, 13 . . . 

per set 
25.00 

5.25 
.25 



PRICE SUPPLEMENT—Continued. 

CAT. 
NO. PAGE 

40475-5, 13 
4047G-5 . 
40477-5 . 
40478-5, 15 
40479-5, 15 
40480-5, 15 
40481-5, 15 
40482-5, 15 
40483-5, 15 
40484-5, 15 
40509-7, 18, 19 
40510-7, 18, 19 
40511-3, 8, 18 
40512-8, 18 . 
40513-8 . . 
40514-8, 19 . 
40581-3, 8, 18 
40582-3, 8, 10, 12 
42370-13 . 
42371-13 . 
42691-13 . 
42692-13 . 
42693-13 . 
42694-5. 13 
42695-13 . 
42696-13 . 
42697-13 . 
42698-13 . 
42699-13 . 
42796-13 . 
42797-13 . 
42798-13 . 
42799-13 . 
42840-13, 14 
42841-13 . 
42842-13 . 
42843-13 . 
42844-13 . 
42845-13 . 
42846-13 . 
42847-14 . 
42848-14 . 
42849-14 . 
42850-14 . 
42851-14 . 
42852-14 . 
42853-14 . 
42854-14 . 
42855-14 . 
42856-14 . 
42857-14 . 
42858-14 . 
42859-14 . 
42800-15 . 
43298-10, 12 
43757-15 . 
43758-15 . 

18 

LIST 
I'HICE 

$0.20 
.50 
.20 

3.50 
per 100 3.00 1.50 

.35 

.25 

.10 
per 100 3.00 

1.75 
per 100 1.00 

.10 

.25 
4.75 

.50 
per 100 .50 
per 100 .50 

.30 

.75 

per 100 

per 100 
per 100 
per 100 

3.75 
2.00 

.30 

.40 

.30 

.06 
50.00 

1.00 
.40 

2.00 
4.00 

.10 

.35 
5.00 

.15 

.05 

.10 

.30 

.40 

.08 

.05 

.15 
13.50 

4.25 
.85 
.06 

per 100 5.00 
per 100 .10 
per 100 1.00 

.35 

.06 
1.50 

per 100 .75 
27.50 

CAT. 
NO. PAGE 

43759-15 . 
44039-9 . 
44040-9 , 
44041-9, 11 
44042-0, 11 
44043-9 , 
44044-9 . 
44045-9, 11 
44040-9, 11 
44047-9 . 
44048-9, 11 
44049-9. 11 
44050-9, 11 
44051-9 . 
44052-9 . 
44053-9, 12 
44054-9 . 
44055-9, 12 
44056-9, 12 
44057-9 . 
44058-9 . 
44059-9, 12 
44060-9, 12 
44061-9, 12 
44062-9, 12 
44063-10, 12 
44004-10, 12 
44065-10, 12 
44066-10, 12 
44067-10, 12 
44068-10, 12 
44069-10, 12 
44070-10, 12 
44071-10, 12, 
44072-10, 12 
44073-10 . 
44074-10 . 
44075-10, 12 
44076-10, 12 
44077-10, 12 
44078-10, 12 
44079-10, 12 
44080-10, 12 
44081-10, 12 
44082-10 . 
44083-10 . 
44084-10, 12 
44085-10, 12 
44086-10 . 
44087-10 . 
44088-10 . 
44089-10 . 
44090-10 . 
44091-10 . 
44092-10, 12 
44093-10, 12 
44094-10 . 

3 

per 100 

per 100 
pe- 100 
per 100 

per 100 

per 100 

per 100 

per 100 

per 100 
per 100 
per 100 
per 100 

per 100 

per 100 

per 100 
per 100 

per 100 

LIST 
PlltCH 

$0.55 
6.50 

.05 

.15 
6.75 
3.25 
2.00 

.05 
17.60 
7.00 
1,00 
3.00 
5.50 

.55 

.05 

.20 
4.00 

.15 
8.00 
4.50 
4.35 
4.50 
2.00 

.25 

.20 

.30 

.45 
5.00 

.05 
10.00 

.10 
1.00 

.25 
1.00 
3.50 
1.00 

.50 

.08 

.50 

.03 

.10 
6.00 

,10 
7.00 
2.75 

.30 

.50 
1.00 
5.75 

.85 

.35 

.15 

.05 
2.75 
4.00 

.10 

CAT, 
NO. 

44095-10 . 
44096-10, 13 
44097-10, 13 
44098-10 . 
44099-10, 13 
44100-10, 13 
44101-10, 13 
44102-10, 13 
44103-11 . 
44104-11 . 
44105-11 , 
4410G-U , 
44107-11 . 
44108-11 . 
44109-11 . 
44110-11 . 
44111-12 . 
44112-12 . 
44113-12 . 
44114-12 . 
44115-12 . 
44116-12 . 
44117-12 . 
44118-12 . 
44119-12 . 
44120-12 . 
44121-12 . 
44122-12 . 
44123-12 . 
44124-12 . 
44125-12 . 
44126-12 . 
44127-13 . 
44128-13 . 
44129-13 . 
44130-13 . 
44131-13 . 
44132-13 . 
44133-13 . 
44180-4 . 
44181-4 . 
44182-4 . 
44602-16 . 
44603-17 . 
44604-17 . 
44605-4, 7, 17 
44606-8, 18 
44607-19 . 
48001-11, 13 
50428-3, 5, 8. 
51745-10, 12 
56716-2, 6. 16 
56743-2, 7, 11, 13 
56809-2, 7. 17 

LIST 
PRICE 

15, 17 

17 



GENERAL ELECTRIC COMPANY 

Parts of Type C Controllers 4513-19 

Cat. No. 
10298 
40441 
40442 
40443 
40444 
40445 
40509 
40510 
21392 
15519 
44607 
40514 

34343 
29184 

44607 
40514 

Description 
Screw fastening No. 40440 in position (14-24, J" F. H.), per 100  
Pilot valve stem  
Washer for No. 40441 (Jf" x x ^ thick leather), per 100  
Pilot valve spring   
Pilot valve cap  
Pilot valve nipple, with coupling and nut    
Pilot valve interlock lever with bar  
Pivot pin for No. 40509,.per 100  
Washer for pivot pin (Jj" x f" x .062"), per 100  ... 
Spring cotter for pivot pin (&" x j*), per 1000   ... 
CONTROLLING CONTACT BLOCK, complete, with contact bases .... 
Terminal block, complete  

C-38-D Controller 
Operating handle   

♦Reversing handle   
*Not included in complete controller. Must be ordered separately. 
Following are the interchangeable parts of the C 38-D Controller which differ from those 

of the C 38-C; 
CONTROLLING CONTACT BLOCK, complete, with contact bases .... 
Terminal block, complete  

INDEX TO CATALOGUE NUMBERS 

1188-2. 7, 17 
1193-3, 8, 14, 17 
1288-2, 5, 6, 16 
1887-9 
2028-5, 13 
4030-2, 6, 16 
9703-10, 13 
9891-2 
9987-1, 6, 16 10075-12 
10214-3, 8, 18 
10255-14 
10264-8, 18 
10298-7, 11, 13, 18, 
10305-3, 8, 17 119 
10365-2 
10576-15 
11096-8, 18 
11314-1. 3, 4 
13140-10, 12 
13848-3, 8, 17 
13852-3. 8, 17 
14192-5, 15 
14426-3, 8, 18 
14645-2, 7, 16 
14646-2, 6, 16 
15519-7, 10, 12, 18. 
16089-9, 11 [19 
16118-2, 7, 17 
16282-3. 8, 18 
16402-9 
19628-2, 7, 16 
19630-2, 7, 17 
19646-3, 5, 6, 15 
19669-3, 8, 10,12,18 
19682-3, 8, 17, 18 
19691-3 
19739-2, 7, 17 
19878-10. 12 
19879-8, 18 
21392-4, 7, 17, 18, 19 
22213-8, 18 
22758-1 
22759-3 
22760-3, 8, 18 
22761-1, 6, 16 
22762-2, 6, 16 
22763-2, 6, 16 
22764-2, 6, 16 
22765- 
22766-2 
22767-2, 6, 16 
22768-2 
22769-2, 7, 16 
22770-2, 7, 16 
22771-2, 7, 16 
22772-2, 7, 16 
22773-2, 7, 16 
22775-2, 7, 17 
22776-2, 7, 17 

22777-2, 
22778-2. 

12, 17, 
22779-2, 
22780-2. 

10, 12, 
22781-2 
22782-2, 
22783-2, 
22784-2, 
22785-2 
22780-2. 
22787-2. 
22788-2. 
22789-2 
22790-2, 
22791-2 
22792-2, 
22793-2, 
22794-2, 
22795-2 
22796-2 
22797-2 
22798-2 
22799-2 
22930-2 
22931-2, 
22932-2, 
22933-2 
22934-2 
22935-2 
22936-2, 
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THOMSON INCLINED COIL PORTABLE INDICATING 

INSTRUMENTS—TYPES P AND P-2 

Portable Indicating Instruments that can 
be relied upon under the severe usage to 
which testing instruments may be subjected, 
are very necessary in maintaining economi- 

SUSPENSION OF MOVING ELEMENTS 

The very light moving elements of all 
instruments are mounted on a vertical bronze 
shaft which terminates in hardened and highly 
polished pivots. The pivots are suspended 
in selected sapphire jewels of the highest 
grade, thus reducing bearing friction and jewel 
wear to a minimum. 

CONTROLLING FORCE 

A thoroughly reliable and permanent 
controlling or restraining force is obtained 
by the use of a highly-tempered, phosphor 
bronze spring. 

VOLTMETER—TYPE P 

cal and satisfactory operation of electric 
lighting and power systems. 

The portable instruments described and 
listed in this Bulletin are primarily designed 
for use on alternating current circuits, but 
may be used with good results on direct 
current circuits, by making reversed read¬ 
ings and taking the mean as the true in¬ 
dication. 

CONSTRUCTION 

Voltmeters and wattmeters are con¬ 
structed on the dynamometer principle, and 
ammeters are constructed on the magnetic 
vane principle. The electrical and mechani¬ 
cal design insures retention of accuracy and 
sensitiveness under the most exacting operat¬ 
ing conditions. 

VOLTMETER, TYPE P—INTERIOR 

SHIPPING CLAMP 

To prevent damage to the moving ele¬ 
ments or bearings during transportation, or 
when the instruments are not in use, a clamp¬ 
ing device, operating from the front of the 
base, lifts the moving element from its bear¬ 
ings and holds it securely. 
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CONTACT KEY 

The voltmeters and wattmeters are pro¬ 
vided with a contact key which may be locked 

Errors due to parallax are eliminated by 
the use of a small mirror under the scale. 

SCALES 

As will be seen from the illustrations on 
pages 6 to 8, the scales are very satisfactory 
as to length, legibility and distribution. No 

AMMETER—TYPE P 

in position, enabling the instruments to be 
left constantly in circuit. 

DAMPING DEVICES 

The movements of the pointer are damped 
by means of an air vane. particular law of deflection is assumed in 

Excessive oscillation of the pointer may making these scales, each instrument being 
carefully calibrated by comparison with a 
laboratory standard. 

AMMETER—TYPE P—INTERIOR 

TORQUE 

The Thomson Inclined Coil Portable 
Instruments are so designed that the torque 

INDICATING WATTMETER TYPE P 

be checked by a friction damping device 
operated by a small button. The combina¬ 
tion of these two systems is very effective 
and enables rapid and accurate reading. 

INDICATING WATTMETER—TYPE P—INTERIOR 

ACCURACY or turmng moment is sufficiently high to 

Variations of frequency, waveform, or insure the indicating pointer taking up a 
power factor do not affect the accuracy of the definite position with each change in current 
instrument indications. value. 
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FINISH 
The cover and other metal parts are 

finished in polished black oxide. The base is 
polished mahogany. 

CARRYING CASES 
All instruments are supplied with neatly 

finished wooden carrying cases, which are 
provided with leather handles. 

VOLTMETERS 
Voltmeters are made in capacities up 

to and including 600 volts for use without 
multipliers. The normal operating point is 
located at the most open part of the scale. 

VOLTMETERS—TYPE P 

Cat. No. Capacity in Volts List Price 

3335 65 $50.00 
3336 130 50.00 
3344 300 50.00 
3337 600 

i 
50.00 

AMMETERS . 
Ammeters are made in capacities up to 

and including 200 amperes. For use on 
alternating current circuits of higher capaci¬ 
ties, current transformers must be used. 

When current transformers are supplied 
the ammeter scale is marked in the actual 
capacity of the winding, thus enabling the 
use of the instrument without current trans¬ 
former on circuits not exceeding the capac¬ 
ity of the instrument. 

Ammeters cannot be furnished for use 
on direct current circuits of more than 200 
amperes. 

AMMETERS—TYPE P 

Cat. No. Capacity in Amps. List Price 

6461 2 $40.00 
28789 5 40.00 

6456 10 40.00 
3332 15 40.00 

40683 20 40.00 
40684 30 40.00 

AMMETERS—TYPE P—Cont'd 

Cat. No Capacity in Amps. List Price 

40685 40 $40.00 
40686 60 40.00 
40687 80 50.00 

6459 100 50.00 
40688 150 50.00 

6460 200 50.00 

WATTMETERS—TYPE P 

Wattmeters are made self-contained in 
capacities up to and including 200 amperes, 
and 100-125 volts normal. They may be 
used, however, at any voltage up to 150, and 
the maximum permissible current is plainly 
marked on the scale of each instrument. 

Wattmeters for use on circuits from 200 
to 600 volts are provided with multipliers. 
When required on alternating current cir¬ 
cuits, the voltage of which exceeds 650, or in 
capacities in excess of 200 amperes, current 
transformers are used. In this case the scale 
is marked in secondary values, or in other 
words the actual capacity of the instrument 
itself. Wattmeters cannot be furnished for 
use on direct current circuits above 200 
amperes. 

Wattmeters of 40-ampere capacity and 
above are provided with larger bases and 
have larger covers than those of lower ratings. 

WATTMETERS—TYPE P—100-125 VOLTS 

Capacity 
Catalogue No. List Price 

Ampere Watt 

7986 1.5 150 $75.00 
7981 3 300 75.00 

30527 5 500 75.00 
28860 10 1000 75.00 

7982 15 1500 75.00 
40689 20 2000 75.00 
40690 30 3000 75.00 
40691 40 4000 110.00 
40692 60 6000 110.00 
40693 80 8000 115.00 

8093 100 10000 115.00 
8094 150 15000 120.00 
8095 200 20000 125.00 
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MULTIPLIERS FOR PORTABLE VOLT¬ 
METERS AND WATTMETERS 

In order that the portable voltmeters 
and wattmeters may be used on circuits 
of higher voltage than that for which they 
are wound, a line of potential multipliers 
has been designed. 

MULTIPLIER FOR PORTABLE VOLTMETERS 
AND AMMETERS 

The multipliers are mounted in a ven¬ 
tilated wooden case and provided with bind¬ 
ing posts for making the proper connections. 

When ordering multipliers for instru¬ 
ments, the ratios desired must be given, and 
when multipliers are ordered separately 
from the instruments, the serial number of 
the instrument with which the multiplier is 
to be used must be specified. For circuits 
above 750 volts potential transformers should 
be used instead of multipliers. 

If transformers are ordered for use in 
connection with instruments, the frequency 
of the circuit must be given. 

Capacity of List Price 
in Volts 

Ratio 2-1 1 Ratio 4-1 Ratio 5-1 

65 $20.00 ! 
130-150 25.00 $25.00 $30.00 

300 25.00 25.00 

LAMP INSPECTORS' WATTMETER- 
TYPE P-2 

A special form of wattmeter for testing 

incandescent lamps and other devices of 
small current capacity has been developed 
and is known as the Lamp Inspectors' Watt¬ 
meter. 

CONSTRUCTION 

This instrument is of the Thomson In¬ 
clined Coil type, permanently inclosed in a 
wooden carrying case. In the electrical 
element of this instrument a compensating 
coil is introduced, so that the wattmeter in¬ 
dicates the consumption of energy in the 
lamps only, and is in no way influenced by 
the losses in either the potential or current 
coil of the instrument. 

LOCKING DEVICE 
To prevent damage to the pivots or 

jewels during transportation, or when not in 
use, the instrument is provided with an auto¬ 
matic clamping device, which, when the cover 
is closed, holds the armature free from the 
jewels. Upon opening the cover the device 
releases and the instrument is ready for 
use. 

CONNECTIONS AND METHOD OF 
OPERATION 

With each Lamp Inspectors' Wattmeter 
are furnished an Edison plug with a T.-H. 

ATTACHMENTS FOR LAMP INSPECTORS' 
INDICATING WATTMETER 

adapter, and a Westinghouse plug, thus 
providing means for connection to the three 
forms of sockets most generally used. 

Lead wires are provided which are suit¬ 
ably tipped at one end for insertion into the 
plugs and at the other end for connection to 
the binding posts of the instrument. 
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A small secondary plug arranged to fit 
the regular plugs and provided with two 
small binding posts is also supplied with every 
instrument. With this convenient device 
the power required by small motors or other 
apparatus may be conveniently measured. 

In the base of the instrument are the 
sockets, one an Edison, and the other a 
Westinghouse. To measure the energy taken 
by a lamp, it is only necessary to connect 

CAPACITY 

The capacity of the indicating wattmeter 
is 150 watts. Lamps of any candle-power 
up to 32 and of any voltage up to 150 can be 
tested, as can also any device, the consump¬ 
tion of energy in which is not over 150 watts 
at any voltage not exceeding 150, or current 
not exceeding 2 amperes. 

By the use of a potential multiplier the 

LAMP INSPECTORS' INDICATING WATTMETER 

the wattmeter to the source of potential and 
insert the lamp to be tested in the proper 
socket in the instrument base. Lamps with 
T.-H. bases may be tested by using the 
adapter. 

INTERCH ANGE ABILITY 

The fact that the instrument is equally 
well adapted to direct and alternating 
currents, necessitates the use of only one in¬ 
strument in stations using both systems. 

On direct current circuits reverse read¬ 
ings should be taken to eliminate the possi¬ 
bility of any slight error which the presence 
of local fields may introduce in instru¬ 
ments of this class. For convenience, a 
special reversing key is provided to reverse 
the current in the instrument and lamp, with¬ 
out the usual inconvenience of reversing the 
leads attached to the terminals. 

When reversed readings are made the 
mean of the two readings is taken as the cor¬ 
rect reading. 

instrument may be used on circuits of voltage 
higher than 150; but when multipliers are 
ordered at a date later than the instrument, 
the latter must be returned to the factory 
for attaching the necessary connection plugs. 

FINISH 

The instrument is very light and exceed¬ 
ingly compact, the external dimensions being 
yf'xTfx 4^". It is provided with a finely- 
polished carrying case, with snap lock. 

The terminals, reversing and damping 
buttons are mounted on a polished vulcanite 
support, and all metal parts of the instru¬ 
ment are finished in black oxide. 

Cat. No. Capacity in Normal List Price 
Watts Voltage 

7987 150 100-125 $100.00 
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AUXILIARY CONTACTOR EQUIPMENTS FOR 

CYLINDER CONTROLLERS 

The increased power and higher voltages 
now being used on many electric railways have 
imposed new requirements in the design of 
control apparatus for railway motors, mainly 
owing to the more destructive character of the 
arcing in case of a grounded motor or derange¬ 
ment of other appar¬ 
atus. To meet these 
requirements the Gen¬ 
eral Electric Company 
has developed an auxil¬ 
iary equipment adapted 
for use with practically 
all standard cylinder 
controllers, consisting 
essentially of two stand¬ 
ard Sprague General 
Electric Type M Con¬ 
trol contactors con¬ 
nected in the main 
trolley circuit and addi¬ 
tional contacts in the 
controllers for opening 
and closing the con¬ 
tactors when the con¬ 
troller is turned off or 
on respectively. 

By this means all 
heavy arcing is elimin¬ 
ated from the controller as the power circuit is 
opened by the contactors, and consequently the 
wear and tear on the controller fingers and con¬ 
tact surfaces is diminished, repairs minimized, and 
the possibility of burnt-out controllers practically 
prevented. 

In addition, this equipment includes overload 

K-28-F Controller 

devices known as MU tripping switches 
which interrupt the energizing circuit of the 
contactor coils in case of an overload, causing 
the contactors to open the main circuit. These 
tripping switches perform the functions of cir- 
cuitbreakers and may be substituted for them, 

preventing arcing in 
the vestibule. 

The equipment also 
includes a combined 
switch and fuse for 
opening and protecting 
the circuit of the con¬ 
tactor operating coils. 

The complete 
equipment as designed 
for use on cars equipped 
with standard cylinder 
controllers includes the 
following : 
Two sets of Controller 

Auxiliary Contact 
Attachments. 

The necessary new 
Cylinder Segments. 

One Contactor Box 
with Contactors as¬ 
sembled. 

Two Overload Trip¬ 
ping Switches. 

One Combined Switch and Fuse for Contactor 
Operating Circuit. 
The control connections are as shown in 

the wiring diagram below, which gives the 
proper sequence and circuits in which the MU 
tripping switch contacts, auxiliary controller 
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attachments, contactor energizing coils, overload 
coil of tripping switch and contactor contacts 
are located. Only a small space is taken up 
under the car by the contactors, and the 
auxiliary controller attachments can be fitted 
to the following controllers: K-6, K-10, K-ll, 
K-12, K-14, K-28 and L-4, with but slight 
change. The automatic MU tripping switch 
which replaces the usual platform circuitbreaker 
is smaller and more compact; in fact, the addi¬ 
tional devices required add little to the total 

two contact fingers operated through a piv¬ 
oted arm by a cam secured to the controller 
shaft, except in the case of the L-4 controller, 
as explained below. The auxiliary contacts are 
connected in series with the contacts of the 
MU tripping switch and the energizing coils 
of the contactors; and, therefore, when the 
controller auxiliary contacts are broken by the 
cam projections, the power circuit of the con¬ 
tactors is opened. The cam projections are 
located so that they break the auxiliary contact 

3 
/"use and Switch 

L/ghtningArrester . ,. ,, , 
rol/gf)tsancfPu/vpl 

kfff/c/ringCoi/ M/ 7r/pp/ng <Sw/bch\ 
A/a/n Sw/f.nh ^ 

Prof/eg Termina/- 
Pux/Z/arg Contacts 

Zr? Controller 

^^"^YZor/tactons 
ruse Box 

Wiring Diagram for Contactor Equipment 

weight of the equipment and can be readily 
fitted to any type of car. 

The combination control which is the sub¬ 
ject of this bulletin is designed for a single car 
equipment and must not be confused with the 
standard Sprague-General Electric Type M 
multiple unit control for operating several motor 
cars together. 

CONTROLLER ATTACHMENTS 

The controller auxiliary attachments as 
shown in the illustration, page 3, consist of 

circuit just before the controller segments leave 
the fingers and also during the period when the 
controller cylinder is passing from series to par¬ 
allel connections, or vice versa. In the L-4 
controller, two of the existing controller seg¬ 
ments and fingers are used for making and 
breaking the contactor coil circuit. When the 
controller is in any of the ON positions 
(except as mentioned above) the auxiliary con¬ 
tacts are closed and a circuit is completed 
through the contacts of the MU tripping 
switch and energizing coils of the contactors, 
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closing the main power circuit through the 
contactors. From the above it is clear that the 
power circuit is opened at the main contacts of 
the contactors when an excessive current passes 
through the tripping switch overload coil, when 
the controller is moved to the OFF position or 
passes from series to parallel connections. 

Auxiliary Attachment for K-28 Controller 

The two controller auxiliary contacts are 
separated from one another by fire-proof insulat¬ 
ing barriers so shaped as to form arc chutes. 
A blowout coil is provided to extinguish arcs 
when breaking circuit. As the current carried 
by the contact fingers is only that required to 
energize the operating coils of the contactors 
it has a small value and no serious arcing can 
therefore occur. 

CONTACTORS 

Two contactors are used similar to those 
employed with Sprague-General Electric Type 
M control. They are assembled in a sub¬ 
stantial sheet-iron box which can be placed in 
any convenient position under the car. A very 
effective magnetic blowout is provided for ex¬ 
tinguishing arcs between the contacts of the 
contactors and currents far in excess of those 
usually encountered during short circuits, can 
be satisfactorily broken. 

MU TRIPPING SWITCHES 

This switch as shown in the illustration, 
page 4, is fitted in a box made of insulating 
material divided into front and back compart¬ 
ments closed by suitable covers. The front 
compartment contains the single pole contact 
of the tripping switch with its tripping device 
and adjusting screw and the operating handle; 
the back compartment contains a small blow¬ 
out coil to extinguish the arc when the single 
pole contact is opened, and the tripping coil 
which actuates the switch when excessive cur¬ 
rent flows through the power circuit. 

As the current interrupted by the switch 
is only that required to energize the contactor 
coils the moving parts have little inertia so that 
the circuit is broken immediately the current 
in the tripping coil reaches a predetermined 
value which can be varied by the adjusting 
screw provided for that purpose. By moving 
the handle to the OFF position, the auxiliary 
circuit is opened, the contactors drop out and 
the power is completely cut off. 

Contactors Assembled in Iron Box 
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4515-4 Auxiliary Contactor Equipments for Cylinder Controllers 

CONTROLLER CAPACITIES 

By the addition of the auxiliary contactor greater current capacity for controllers in a few 
equipment the arc disrupting capacity of con- cases. The rated capacities of various con¬ 
trollers is increased, and therefore it has been trollers have therefore been increased as shown 
possible to enlarge the size of the wiring and in the following table, 
blowout magnet winding and thereby obtain a 

MU-3-A- Tripping* Switch 

CONTROLLERS FITTED WITH ATTACHMENTS 

When new controllers are to be installed, the General Electric Company can furnish the 
following controllers which have the auxiliary contacts assembled in them before shipment: 

CONTROLLER 
RATING WITH CONTACTOR 

EQUIPMENT CONTROLLER 
RATING WITHOUT CONTACTOR 

EQUIPMENT POINTS 

K- 6-H 4- 50 H. P. motors K- 6-A 4- 40 H. P. motors 6 series 
5 parallel 

K-10-H 2- 40 H. P. motors K-10-A 2- 40 H. P. motors 5 series 
4 parallel 

K-ll-H 2- 60 H. P. motors K-ll-A 2- 60 H. P. motors 5 series 
4 parallel 

K-12-D 4-30 H. P. motors K-12-A 4- 30 H. P. motors 5 series 
4 parallel 

K-14-E 4- 75 H. P. motors K-14-A 4- 60 H. P. motors 7 series 
6 parallel 

K-28-F 4- 50 H. P. motors K-28-B 4-40 H. P. motors 5 series 
5 parallel 

L- 4-C 4-100 H. P. motors L- 4-A 4-100 H. P. motors 4 series 
4 parallel 

GENERAL ELECTRIC COMPANY principal offices, schenectady, n. y. 
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MR CIRCUIT BREAKERS 

The General Electric Company is manu¬ 
facturing a complete new line of car circuit 
breakers known as the MR-10, 11, 12 and 13, 
which have advantages over the old types 
MR-3, 4 and 5, and MQ, due to improved con¬ 
tacts, arc chutes and other details. These cir- 

ARC CHUTE 

The circuit breaker is provided with an 
extension arc chute located at the top of 
the casing which practically conceals the 
arc ruptured on breaking circuit, so that it 

AUTOMATIC 
CIRCUIT BREAKER 

MR SKI NO wmai yf, 
pate:W£O MAR.28.[905 si 

GENERAL *1 
ELECTRIC COMPANY 

SCHENCCtADY.Ny.U . AW 

MR CIRCUIT BREAKER 

cuit breakers are especially designed for elec¬ 
tric railway cylinder controller equipments up 
to 300 HP. capacity, and are used for two pur¬ 
poses, viz., as a device to automatically break 
the main trolley circuit in case of excessive 
overloads or short circuits, and as a hand 
operated main circuit switch. They are 
small, compact and thoroughly reliable, 
and the parts are surrounded by a fibre lining 
enclosed in a non-magnetic box with a hinged 
iron cover which prevents accidental con¬ 
tact with live parts. 

can be located in any convenient position 
in the car vestibule without objectionable 
arcing or flashing. The extension arc chute 
is also so inserted that it can be removed 
and replaced by one of larger proportions 
if it is found necessary to completely con¬ 
ceal the arc. 

CONTACTS 

Two contacts are provided in these MR cir¬ 
cuit breakers — a main currerit carrying con¬ 
tact and an auxiliary circuit breaking con- 



GENERAL ELECTRIC COMPANY 

1^516-2, MR Circuit Breakers 

tact. The main moving contact is a lamin¬ 
ated metal brush, and the auxiliary con¬ 
tact consists of two metal fingers located 
above the main contact and arranged so as 
to open the circuit after the main brush con¬ 
tact has moved away about \", thereby 
effectually protecting the main contact from 
burning or injury from the arc. Both main 
and auxiliary switches are designed so as 
to make a face to face wiping contact, thus 

the number of spare parts required. 
The iron cover forms part of the magnetic 

circuit of the blowout and tripping mechan¬ 
ism, thus economizing material and provid¬ 
ing the most compact form of breaker pos¬ 
sible. It is hinged to the box and is closed 
by a convenient thumb latch so that all parts 
can be immediately inspected and renewals 
readily made if required, the various parts 
being so disposed as to be entirely accessible. 

preventing dust or grit from binding the 
contact surfaces when making or breaking 
circuit and effectually preventing sticking. 

As full contact area is obtained with but 
small sliding action, scoring and wear and 
tear of the contact surfaces are minimized 
and good electrical connection is always ob¬ 
tained even in dusty locations. 

UNIFORMITY OF PARTS 

In all capacities of these MR circuit 
breakers the corresponding parts are made of 
uniform size, the only exception being in the 
blowout coils which are wound to suit the 
various current ratings required for tripping 
circuit breakers of different capacities. The 
mechanism and working parts are therefore 
identical in all sizes insuring interchange- 
ability, facilitating repairs, and minimizing 

BLOWOUT COIL AND TRIPPING 

CURRENT 

The blowout coil is of ample capacity, 
and so proportioned as to properly extin¬ 
guish the arc formed when breaking any 
current up to the maximum possible current 
on short circuit. 

The tripping current can be adjusted 
between two values for each size of breaker 
by means of a thumb screw and spring. 
The lower value represents the safe con¬ 
tinuous current carrying capacity of the 
breaker, the higher, the maximum tripping 
current for which the tripping coil is designed. 
A brass plate is provided close to the adjust¬ 
ing spring on which three lines are ruled and 
the corresponding current values stamped; 
the top line indicating the position of the 
top of the cap nut of the adjusting screw for 
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the minimum tripping current; the bottom 
line the position of this nut for the maximum 
tripping current; and the intermediate line 
the position of the nut for a tripping current 
half way between these limits. By opening 
the cover, therefore, the proper tension adjust¬ 
ment of the spring can be at once made for 
any tripping current between these limits. 

HAND OPERATION 

As previously mentioned, the circuit breaker 
can be used as a hand operated main trolley 
circuit switch, the handle provided being used 
for both opening and closing circuit. The 
words "on" and "off" are cast on the cover 

MR Circuit Breakers, Jj-o 16-3 

to clearly indicate whether the switch is open 
or closed. 

RATINGS AND PRICES 

The following are the various circuit 
breakers manufactured for 600 volts, the cur¬ 
rent ratings given representing the minimum 
and maximum tripping currents for which 
they are severally designed, the lower value 
representing the continuous current carrying 
capacity. 
Cat. No. Type Calibration List Price 
44185 MR-10-A 50 to 150 Amps. $35.00 
44186 MR-ll-A 100 to 300 " 35.00 
44187 MR-12-A 200 to 600 " 40.00 
44188 MR-13-A 300 to 900 " 40.00 
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ELECTRIC HOISTS 

The extensive adoption of electric hoists chief characteristics obtained by the use of 
is very largely due to the facility with which the electric drive. 
electric power can now be obtained and to Electric hoists are now extensively used 
the increased efficiency, compactness and for the erection of buildings and for general 

SINGLE FRICTION DRUM ELECTRIC HOIST DRIVEN BY 
TWO CONTINUOUS CURRENT MOTORS 

durability inherent in motor driven hoists, 
which are self-contained and can be readily 
and quickly located where most efficient 
operation is secured. Neither coal, water nor 
pipes are required and the heavy heat losses 
incidental to steam driven hoists are obviated, 
simplicity of construction being one of the 
* Supersedes Bulletin No. 441 %■ 

Second Edition. 

hoisting work in docks, ferries, warehouses, 
mines, quarries, coal yards and for many 
other purposes too numerous to mention. 
In order to meet the increasing demand for 
these machines, the General Electric Com¬ 
pany is manufacturing a complete line of 
both alternating and direct current standard 
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4518A-2 Electric Hoists 

motor equipment^ which arc specially de¬ 
signed for every class of hoist service. 

Pages 5 to 20 give the class and rating 
of the motors, dimensions of drums, bed¬ 
plates, pounds lift, and approximate shipping 
weight of the various hoists equipped by the 
General Electric Company. The accompany¬ 
ing illustrations give the general arrangement 
adopted for each class of service and clearly 
bring out the compactness and consequent 
ease of operation of the hoists. 

of the double cone tvpe and is composed of 
segments of hard wood turned off conically 
to suit the flanges of the friction drum with 
which it engages when in gear. A small 
horizontal movement of the drum along the 
shaft throws the friction band into gear. 
This movement is obtained by means of a 
screw steel pin and cross key operated by a 
hand lever. 

The band brake is of the differential type. 
It is lined with blocks of wood whose wear 

ELECTRIC HOIST MOUNTED ON TRUCK 

HOISTS 

The hoists are of the friction drum type 
equipped with a mechanical brake. They are 
provided with one or more drums according 
to service conditions. The friction drum is 
made in one complete casting turned true. It 
is usually mounted loose on the shaft and 
driven by a friction clutch operated by means 
of hand levers. In some forms, however, it 
is desirable, especially in damp or wet loca¬ 
tions, to operate the drum by gearing which 
is thrown by a jaw clutch. The friction is 

can be taken up by shortening the band and 
which can be readily replaced when worn out. 
The brake acts directly on the drum and is 
controlled by levers located in convenient 
positions. All material used in these hoists 
is carefully selected and special attention has 
been given to the accurate mesh and cut of 
the gears, and to the proper lubrication of 
all moving parts so as to reduce friction, pro¬ 
mote smooth running and increase efficiency. 

As durability is one of the most important 
points in connection with these hoists, every 
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part has been made as strong as possible 
consistent with weight and cost, and thou¬ 
sands have been in constant operation for 
several years all over the country. 

MOTORS 

The direct current motors used for the 
hoists are of the General Electric Company's 
armoured or enclosed type similar to those 
employed in railway work, and can be 
used on 220, 250 or 550 volt circuits. The 
motors are simple', efficient and compact, and 
all the electrical parts are thoroughly insu¬ 
lated and protected from dust and moisture. 
Every motor is thoroughly and completely 
tested both electrically and mechanically 
before shipment and will stand any kind of 
weather without injury to running parts. 

For alternating current circuits, the Gen 
eral Electric Company's induction motors 
are used which can operate on both two- 
and three-phase circuits for 220, 440 or 
550 volts. The motors arc of specially rugged 
construction due to the simplicity inherent 
in this type of motor, for which no commu 
tator is required. Form M motors are usu 
ally employed and the necessary speed chan 
ges are obtained by means of a resistance 
exterior to the motor which is provided with 
collector rings and brushes for this purpose. 

Proper speed reduction is effected through 
cut steel gears, and motor speeds are low so 
as to reduce the gear speeds as much as 
possible, minimize noise and wear, and obtain 
smooth running for the hoist gears and drums. 
In no case are high armature speeds recom 
mended for hoists. 

CONTROLLERS 

For ordinary conditions of service, the 
standard cylinder type of controller is used, 
but for large hoists where the requirements 
are specially exacting, type M control is 
recommended. Controllers have been de 
signed for both direct and alternating cur¬ 
rent operation. They can be supplied either 
with a single handle for both forward run- 

Elecirit Hohts ^518A 3 

ning or reversing, or with two handles 
one for operating the main controller cylinder 
and the other for changing the motor con¬ 
nections to reverse the motion of the hoist. 
These controllers have from 5 to 9 control 
points, the number depending on the nicety 
of speed regulation desired. Controllers for 
alternating current motors only have a single 
operating handle. 

Full information on these controllers will 
be found in a separate bulletin entitled 
"Controllers for Power and Mining Service." 

RESISTANCES 

The General Electric Companv s cast grid 
rheostat is used for both alternating current 
and direct current hoist equipments, it 
is well adapted for severe service as it has 
large current capacity and is practically 
indestructible, haxing proved the most suit¬ 
able tvpe of resistance for electric railways 
for many years. 

This resistance is generally mounted on 
the hoist platform, but in the larger .sizes 
of mine hoists, it is usually located in a con 
venient position nearby. 

PARTIAL LIST OF HOIST INSTALLATIONS 

The following are a few of the hoist in¬ 
stallations using General Electric motors: 

The North German Llovd Steamship 
Company employ 36 electric hoists on three 
of their piers at Hoboken, N. J. The hoists 
arc used for loading and unloading cargo and 
coaling vessels from lighters and are equipped 
with 25 and 40 h.p. direct current 500 \olt 
series motors. 

The Delaware, Lackawanna & Western 
R. R. Company employ 40 electric hoists 
at their coal mines in Scranton and the 
vicinity. The hoists are equipped with direct 
current motors and also a number with 
induction motors. 

The American Argicultural Company use 
a number of alternating and direct current 
hoists on their docks for unloading fertilizer 
material. 



GENERAL ELECTRIC COMPANY 

4518A-4 Electric Hoists 

The O'Rourke Engineering and Construc¬ 
tion Company use electric hoists almost 
exclusively for their extensive Imilding opera¬ 
tions in New York City. Twenty-eight hoists 
are in operation at the Church St. Terminal 
of the Hudson & Manhattan Railroad Com¬ 
pany, New York, and in constructing the 
City Investment Building, Cortlandt and 
Church Sts., New York. 

The Bush Terminal Companv and the 
New York Dock Company use a large number 
of electric hoists. 

The Boston Edison Company, Atlantic 
Street Station employ two-motor double 
friction drum, direct connected high speed 
coal hoists for dock work, which will lift 
8,000 lbs. of coal 800 ft. per minute. The 
hoist is equipped with two MP-6-IOO-I0O 
r.p.m. 250 volt series GE motors operated 
by a foot controller on the Ward-Leonard 
System. When the load has been hoisted, 
a double friction drum hoist equipped with 
two MP-6-40-200 r.p.m. 250 volt motors 
with standard series parallel controller, 
trolleys it in along the boom. 

The Boston Elevated Railroad Company 
use two combination hoists and traveling 
coal bridges on the dock at their Albany St. 
vStation, which are equipped with General 
Electric motors. This equipment is used for 
hoisting coal from lighters and also to convey 
it to the storage over the coal loading sheds. 

The United Railway & Electric Company, 
Pratt St. Station, Baltimore, Md., use electric 
hoists operating on the Ward-Leonard System 
each of which is equipped with an MP-6-100- 
200 r.p.m. 250 volt motor. The load is trollied 
in by a 25 h.p. 635 r.p.m. 550 volt series en¬ 
closed motor using rheostatic control. The 
dvnamic brake used for lowering the coal 
buckets is an interesting feature of this in¬ 
stallation. The mechanical brake is dis¬ 
pensed with by operating the motor as a 
generator with its field separately excited, 
resistance being inserted in the armature 
circuit. 

The City of Boston employs a number of 
alternating current and direct current hoists 
for assisting teams up the gangways at the 
docks at low tide. 
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Electric Hoists Eo 18A-5 

SINGLE FRICTION DRUM ELECTRIC HOISTS WITH CONTINUOUS CURRENT 
500, 250 OR 220 VOLT MOTORS 

Number 
of Hoist 

400 
401 
402 
403 
404 
405 

Motors 

H.P. 

1.5 
2 
3 
5 
7.5 

10 

Class 

CO-2502 
CO-2503 
CO-2503 
CO-2504 
CO-2504 
C0-2505 

Dimensions of 
Drum 

Diam. 
Inches 

8 
8 
8 

12 
12 
12 

Face 
Inches 

9 
12 
12 
15 
15 
15 

Hoist in lbs. 
for single 

line 
Lbs. 

300 
500 
500 

1000 
1000 
1000 

Approx. Kope i Jimensions of 
speed in tt. Bed-plate 

per mm. Inches 

100 
100 
150 
100 
150 
250 

31 x 24 
34 x 27 
34 x 27 
45 x 34 
43 x 34 
43 x 34 

Estimated 
shipping 
weight 

complete 
Lbs. 

1260 
1375 
1380 
2350 
2220 
2610 

SINGLE FRICTION DRUM ELECTRIC HOISTS WITH ALTERNATING CURRENT 
550, 440 OR 220 VOLT VARIABLE SPEED INDUCTION MOTORS 

Number 
Motors Dimensions ok 

Drum Hoist in lbs. 
for single Hope 

speed in ft. 
per min. 

Approx. 
d imensions of 

Estimated 
shipping 
weight 

complete 
Lbs. 

of Hoist 
HP. Class Diam. Face 

Inches Inches 
line 
Lbs. 

Bed-plate 
Inches 

420 1 ITC-5001 8 9 300 100 31 x 24 1260 
421 2 ITC-5002 8 12 500 100 34 x 27 1400 
422 3 ITC-5003 8 12 500 150 34 x 27 1500 
423 4 ITC-5004 12 15 1000 100 45 x 34 2250 
424 6 ITC-5006 12 15 1000 150 43 x 34 2240 
425 11 ITC-5008 12 15 1000 250 43 x 34 2720 

Solenoid brakes may be furnished with all hoists and further information will be given 
on application. 
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GENERAL ELECTRIC COMPANY 

SINGLE FRICTION DRUM MINE HOISTS WITH CONTINUOUS CURRENT 
500, 250 OR 220 VOLT MOTORS 

Number 
of Hoist 

Motors Dimensions of 
Drum Hoist in lbs. 

for single 
line 
Lbs. 

Rope 
speed in ft. 

per min. 

Approx. 
dimensions of 

Bed-plate 
Inches 

Estimated 
shipping 
weight 

complete 
Lbs. H.P. Class Diam. 

Inches 
Face 

Inches 

502 15 CO-2506 24 24 1500 250 54 x 49 4495 
503 24 CO-2002 30 24 2000 300 66 x 55 7420 
504 38 CO-2004 42 30 2500 400 78 x 61 10450 
505 53 CO-2006 48 30 2500 500 94 x 66 14465 
506 76 CO-2001 54 36 4000 500 99 x 74 17725 
507 91 CO-2003 54 36 4000 600 99 x 74 19950 
508 114 CO 2003 60 36 5000 600 111 x 80 24635 
509 114 CO-2003 60 36 6000 500 111 x 80 24635 

These hoists are now furnished with drum and motor gears on the opposite side from 
that shown above. 

vSolenoid brakes may be furnished with all hoists and further information will be given 
on application. 
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Electric Hoists ^518A-7 

SINGLE'FRICTION DRUM ELECTRIC HOISTS WITH CONTINUOUS CURRENT 
500, 250 OR 220 VOLT MOTORS 

Number 
of Hoist 

Motors Dimensions of 
Drum Hoist in lbs. 

for single 
line 
Lbs. 

Rope 
speed in ft. 

per min. 

Approx. 
dimensions of 

Bed-plate 
Inches 

Estimated 
shipping 
weight 

complete 
Lbs. H.P. Class Diam. 

Inches 
Face 

Inches 

510 10 CO-2505 12 16 1500 150 47 x 39 3150 
511 15 CO-2506 12 16 2000 175 54 x 39 3750 
512 20 CO-2506 12 20 2500 175 52 x 46 4450 
513 25 CO-2002 14 27 3500 175 54 x 54 5375 
514 40 CO-2004 16 24 5000 200 67 x 55 1775 
515 50 CO-2006 16 30 7000 200 69 x 60 8775 

Solenoid brakes may be furnished with all hoists and further information will be given 
on application. 
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4518A-8 Electric Hoists 

DOUBLE FRICTION DRUM ELECTRIC HOISTS WITH CONTINUOUS CURRENT 
500, 250 OR 220 VOLT MOTORS 

Number 
Motors Dimensions of 

Drum Hoist in lbs. 
for single Rope 

speed in ft. 
per min. 

Approx. 
dimensions of 

Estimated 
shipping 
weight 

complete 
Lbs. 

of Hoist 
HP. Class Diam. 

Inches 
Face 

Inches 
line 
Lbs. 

Bed-plate 
Inches 

516 15 ! CO 2506 12 16 2000 175 74 x 41 5275 
517 20 CO-2506 12 20 2500 175 71 x 46 5950 
518 25 CO-2002 14 27 3500 175 75 x 54 7325 
519 40 CO-2004 16 24 5000 200 87 x 55 9775 
520 50 CO-2006 16 30 7000 200 93 x 60 11650 

Foot brake levers will be placed forward as shown on page 10 illustrating the 516S 
class. 

Solenoid brakes mav be furnished with all hoists and further information will be given 
on application. 
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Electric Hoists 4518A-9 

DOUBLE FRICTION DRUM ELECTRIC HOISTS WITH CONTINUOUS CURRENT 
500, 250 OR 220 VOLT MOTORS 

Number 
Motors Dimensions of 

Drum Hoist in lbs. 
for single Rope 

speed in ft. 
per min. 

Approx. 
dimensions of 

Estimated 
shipping 
weight 

complete 
Lbs. 

of Hoist 
H.P. Class Diam. 

Inches 
Face 

Inches 
line 
Lbs. 

Bed-plate 
Inches 

516P 15 CO-2506 12 16 2000 175 80 x 41 5475 
517P 20 CO-2506 12 20 2500 175 78 x 46 6175 
518P 25 CO-2002 14 27 3500 175 81 x 54 7600 
519P 40 CO-2004 16 24 5000 200 92 x 55 10075 
520P 50 CO-2006 16 30 7000 200 98 x 60 12000 

These hoists have pinion between drum gears. Both drums rotate in the same direc¬ 
tion allowing rope clearances where swinging gear is used. 

Foot brake levers will be placed forward as shown on page 10 illustrating the 516 S 
class. 

Solenoid brakes may be furnished with all hoists and further information will be given 
on application. 
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DOUBLE FRICTION DRUM ELECTRIC HOISTS WITH CONTINUOUS CURRENT 
500, 250 OR 220 VOLT MOTORS 

Number 
Motors Dimensions of 

Drum Hoist in lbs. 
for single Rope 

speed in ft. 
per min. 

Approx. 
dimensions of 

Estimated 
shipping 
weight 

complete 
Lbs. 

of Hoist 
H.P. Class Diam. 

Inches 
Face 

Inches 
line 
Lbs. 

Bed-plate 
Inches 

* 5168 15 CO-2506 12 16 2000 175 124 x 41 7075 
517S 20 CO-2506 12 20 2500 175 122 x 46 7775 
518S 25 CO-2002 14 27 3500 175 125 x 54 9200 
510S 40 CO-2004 16 24 5000 200 136 x 55 11675 
520S 50 CO-2006 16 30 7000 200 142 x 60 12600 

These are the same as the 516P class except that a boom swinging gear is connected 
and mounted on the front. 

Solenoid brakes may be furnished with all hoists and further information will be given 
on application. 
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Electric Hoists 4518A-11 

DOUBLE SIDE BY SIDE DRUM ELECTRIC HOISTS WITH CONTINUOUS CURRENT 
500, 250 OR 220 VOLT MOTORS 

Motors 
Number 
of Hoist 

516j 
5171 
5181 
519i 
520} 

H.P. Class Diam. 
Inches 

15 CO-2506 12 
20 CO-2506 12 
25 CO-2002 14 
40 CO-2004 16 
50 CO-2006 16 

Dimensions of 
Drum 

Face 
Inches 

15 
15 
15 
16 
18 

Hoist in lbs. 
for single 

line 
Lbs. 

2000 
2500 
.3500 
5000 
7000 

Rope 
speed in ft. 

per min. 

175 
175 
175 
200 
200 

Approx. 
dimensions of 

Bed-plate 
Inches 

63 x 49 
63 x 57 
63 x 57 
73 x 65 
77 x 65 

Estimated 
shipping 
weight 

complete 
Lbs. 

5175 
6290 
7275 
9550 

10775 

Solenoid brakes may be furnished with all hoists and further information will be given 
on application. 
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/ v., t A 

SPECIAL DOUBLE DRUM ELECTRIC HOISTS WITH CONTINUOUS CURRENT 
500, 250 OR 220 VOLT MOTORS 

Number 
of Hoist 

Motors Dimensions of 
Drum Hoist in lbs. 

for single 
line 
Lbs. 

Rope 
speed in ft. 

per min. 

Approx. 
dimensions of 

Bed-plate 
Inches 

Estimated 
shipping 
weight 

complete 
Lbs. H.P. 1 Class Diam. 

Inches 
Face 

Inches 

516| 15 CO-2506 12 16 2000 175 75 x 57 5610 
517| 20 CO-2506 12 22 2500 175 91 x 60 7045 
5184 25 CO-2002 14 22 3500 175 91 x 60 8015 
5194 40 CO-2004 16 24 5000 200 91 x 74 10670 
520| 50 CO-2006 16 30 7000 200 98 x 74 12220 

Solenoid brakes mav be furnished with all hoists and further information will be given 
on application. 
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Electric Hoists J^SISA-IS 

SINGLE FRICTION DRUM ELECTRIC HOISTS WITH ALTERNATING CURRENT 
550, 440 OR 220 VOLT VARIABLE SPEED INDUCTION MOTORS 

Number 
of Hoist 

Motors Dimensions of 
Drum Hoist in lbs. 

for single 
line 
Lbs. 

Rope 
speed in ft. 

per min. 

Approx. 
dimensions of 

Bed-plate 
Inches 

Estimated 
shipping 
weight 

complete 
Lbs. H.P. Class Diam. 

Inches 
Face 

Inches 

521 11 ITC-5008 12 16 1500 150 47 x 39 3230 
522 15 ITC-5009 12 16 2000 175 55 x 39 3420 
523 18 ITC-5010 14 27 2500 175 54 x 54 4430 
524 22 ITC-5011 14 27 3000 175 54 x 54 4725 
525 37 • ITC-5012 16 24 4500 200 67 x 55 6615 
525| 52 ITC-5013 16 30 6000 200 69 x 60 7760 

Solenoid brakes may be furnished with all hoists and further information will be given 
on application. 



4518A-14 Electric Hoists 

GENERAL ELECTRIC COMPANY 

SINGLE FRICTION DRUM ELECTRIC MINING HOISTS WITH ALTERNATING CURRENT 
550, 440 OR 220 VOLT, VARIABLE SPEED INDUCTION MOTORS 

Number 
of Hoist 

Motors Dimensions of 
Drum Hoist in lbs. 

for single 
line 
Lbs. 

Rope 
speed in ft. 

per min. 

Approx. 
dimensions of 

Bed-plate 
Inches 

Estimated 
shipping 
weight 

complete 
Lbs. H.P. Class Diam. 

Inches 
Face 

Inches 

532 15 ITC-5009 24 24 1500 250 54 x 49 4180 
533 22 ITC-5011 30 24 2000 300 66 x 55 6770 
534 37 ITC-5012 42 30 2500 400 78 x 61 9990 
535 52 ITC-5012 48 30 2500 500 94 x 66 13090 
536 75 ITC-5013 54 36 4000 500 99 x 74 16175 
537 112 ITC-5014 54 36 4000 600 105 x 74 18190 
538 150 ITC-5015 60 36 6500 575 121 x 80 23720 

Motor and drum gears will be mounted on the opposite side from that shown in the 
above illustration. 

Solenoid brakes may be furnished with all hoists and further information will be given 
on'application. 



ADDENDA 
To Accompany Bulletin No. 4519 

Parts of GE 87-A and B Railway Motors 
Page 6 

Armature Heads 
ARMATURE 

Cat. No. Location No. of Turns Cat. No. List 
Price 

$13.40 
27.00 

59179 
59180 

Pinion End 
Com. End 

2 
2 

46064 
46064 





GENERAL ELECTRIC COMPANY 

Electric Hoists 

DOUBLE FRICTION DRUM ELECTRIC MINING HOISTS WITH ALTERNATING CURRENT 
550, 440 OR 220 VOLT, VARIABLE SPEED INDUCTION MOTORS 

Number 
of Hoist 

Motors 

H.P. Class 

Dimensions of 
Drum 

Diam. , Face 
Inches Inches 

Hoist in lbs. 
for single 

line 
Lbs. 

Rope 
speed in ft. 

per min. 

Approx. 
dimensions of 

Red-plate 
Inches 

Estimated 
shipping 
weight 

complete 
Lbs. 

541 15 ITC-5009 24 24 1500 250 54 x 84 6785 
542 22 ITC-5011 30 24 2000 300 67 x 90 10120 
543 37 ITC-5012 42 30 2500 400 78 x 106 15165 
544 52 ITC-5012 48 30 2500 500 94 x 110 20110 
545 75 ITC-5013 54 36 4000 500 99 x 129 25395 
546 112 ITC-5014 54 36 4000 600 105 x 129 27380 
547 150 ITC-5015 60 36 6500 575 121 x 131 33840 

Motor gears will be mounted on the opposite side to that illustrated above. 
Solenoid brakes may be furnished with all hoists and further information will be given 

on application. 

EXTRA PRICES FOR DIAL INDICATORS WILL BE FURNISHED ON APPLI¬ 
CATION. 



Jr518A -1G Electric Hoists 

GEMEKAL ELECTRIC COMPANY 

JAW CLUTCH AND BRAKE REVERSIBLE ELECTRIC MINING HOISTS WITH CONTIN¬ 
UOUS CURRENT, 500, 250 OR 220 VOLT MOTORS 

Number 
Motoks Dimensions of 

Drum Hoist in lbs. 
for single Rope 

speed in ft. 
per min. 

Approx. 
dimensions of 

Estimated 
shipping 
weight 

complete 
Lbs. 

of Hoist 
H.P. Class Diam. 

Inches 
Face 
nches 

line 
Lbs. 

Bed-plate 
Inches 

549 7. 5 CO-2504 12 15 1000 150 46 x 42 2225 
550 15 CO -2506 24 24 1500 250 57 x 54 4495 
551 24 CO-2002 30 24 2000 300 67 x 56 7425 
552 38 CO-2004 42 30 2500 400 82 x 62 10450 
553 53 CO-2006 48 30 2500 500 91 x 70 14475 
554 76 CO-2001 54 36 4000 500 98 x 76 17725 
555 91 CO 2003 54 36 4000 600 96 x 76 19950 
556 114 CO -2003 60 36 5000 600 111 x 85 24650 
557 114 CO-2003 60 •#6 6000 500 111 x 85 24650 

Solenoid brakes may be furnished with all hoists and further information will be given 
on application. 



ULNEKAL ELECTRIC CUM I'ANY 

Electric Hoists ^518A-17 

DOUBLE FRICTION DRUM ELECTRIC MINING HOISTS WITH CONTINUOUS CURRENT 
500, 250 OR 220 VOLT MOTORS 

Number 
Motors Dimensions of 

Drum Hoist in lbs. 
for single Rope 

sjieed in ft. 
per min. 

Approx. 
dimensions of 

Estimated 
shipping 
weight 

complete 
Lbs. 

of Hoist 
H.P. Class Diam. 

Inches 
Face 

Inches 
line 
Lbs. 

Bed-plate 
Inches 

558 24 CO-2002 30 24 2000 300 66 x 107 11340 
559 38 CO-2004 42 30 2500 400 78 x 120 16675 
560 53 CO-2006 48 30 2500 500 94 x 126 22875 
561 76 CO-2001 54 36 4000 500 99 x 142 28375 
562 91 CO-2003 54 36 4000 600 99 x 142 30600 
56.3 114 C0-2003 60 36 5000 600 111 x151 38050 
564 114 CO-2003 60 36 6000 500 111 x 151 38050 
565 114 CO-2003 72 60 8000 750 118 x 204 64620 

These hoists have bearing between drum gears. 
Motor will be mounted on opposite side of hoist than that shown above. 
Solenoid brakes may be furnished with all hoists and further information will be given 

on application. 

EXTRA PRICES FOR VERTICAL INDICATORS WILL BE FURNISHED ON 
APPLICATION. 



Jf518A-18 Electric Hoists 

GENERAL ELECTRIC COMPANY 

DOUBLE FRICTION DRUM ELECTRIC MINING HOISTS WITH CONTINUOUS CURRENT 
500, 250 OR 220 VOLT MOTORS 

Number 
of Hoist 

Motors 

H.P. Class 

Dimensions of 
Drum 

Diam. Face 
Inches Inches 

Hoist in lbs. 
for single 

line 
Lbs. 

Rope 
speed in ft. 

per min. 

Approx. 
dimensions of 

Bed-plate 
Inches 

Estimated 
shipping 
weight 

complete 
Lbs. 

566 24 CO-2002 30 24 2000 300 66 x 90 10775 
567 38 CO-2004 42 30 2500 400 78 x 106 15725 
568 53 CO-2006 48 30 2500 500 94 x 110 21475 
569 76 CO-2001 54 36 4000 500 99 x 129 26950 
570 91 CO-2003 54 36 4000 600 99 x 129 29175 
571 114 CO-2003 60 36 5000 600 111 x 131 34650 
572 114 CO-2003 60 36 6000 500 111 x 131 34650 
573 114 CO-2003 72 60 8000 750 120 x 191 61240 

These hoists are similar to the 558-565 class inclusive except that single gear is used 
between drums and the center bearing is omitted. 

The motor will be mounted on the opposite side of hoist to that illustrated above. 
Solenoid brakes may be furnished with all hoists and further information will be given 

on application. 
EXTRA PRICES FOR VERTICAL INDICATORS WILL BE FURNISHED ON 

APPLICATION. 



GENERAL ELECTRIC COMPANY 

Electric Hoists 4518A-19 

DOUBLE FRICTION DRUM ELECTRIC MINING HOISTS WITH ALTERNATING CURRENT 
550, 440 OR 220 VOLT, VARIABLE SPEED INDUCTION MOTORS 

Number 
of Hoist 

Motors Dimensions of 
Drum Hoist in lbs. 

for single 
line 
Lbs. 

Rope 
speed in ft. 

per min. 

Approx. 
dimensions of 

i Bed-plate 
Inches 

Estimated 
shipping 
weight 

complete 
Lbs. HP. Class Diam. 

Inches 
Face 

Inches 

576 15 ITC-5009 24 24 1500 250 54 x 94 6570 
577 22 ITC-5011 30 24 2000 300 66 x 107 10605 
578 37 ITC-5012 42 30 2500 400 78 x 120 15990 
579 52 ITC-5012 48 30 2500 500 94 x 126 21340 
580 75 ITC-5013 54 36 4000 500 99 x 142 26680 
581 112 ITC-5014 54 36 4000 600 105 x 142 28610 
582 150 ITC-5015 60 36 6500 575 121 x 151 37080 

These hoists are similar to 541-547 class except that two drum gears are provided 
and a middle bearing between drums; also the style of motor will be similar to that shown 
in illustration, page 15. 

Solenoid brakes may be furnished with all hoists and further information will be given 
on application. 



4518A-20 Electric Hoists 

GENERAL ELECTRIC COMPANY 

DOUBLE FRICTION DRUM ELECTRIC HOISTS WITH ALTERNATING CURRENT 
550, 440 OR 220 VOLT, VARIABLE SPEED INDUCTION MOTORS 

Number 
of Hoist 

Motors Dimensions of 
Drum Hoist in lbs. 

for single 
line 
Lbs. 

Rope 
speed in ft. 
.■ per min. 

Approx. 
dimensions of 

Bed-plate 
Inches 

Estimated 
shipping 
weight 

complete 
Lbs. H.P. Class Diam. 

Inches 
Face 

Inches 

- 526 15 ITC-5009 12 16 2000 175 ! 74 x 41 4970 
527 18 ITC-5010 12 20 2500 175 ; 71x46 6350 
528 22 ITC-5011 14 27 ' 3000 175 75x54 6680 
529 37 ITC-5012 16 24 4500 200 1 87 x 55 9225 
530 52 ITC-5013 16 30 6000 200 93 x 60 10635 

526P 15 ITC-5009 12 16 2000 175 : 79 x 41 5150 
527P 18 ITC-5010 12 20 2500 ! 1 175 78 x 46 6585 
528P 22 ITC-5011 14 27 • 3000 ■ 175 i 81x54 6950 
529P 37 ITC-5012 16 24 4500 200 1 92 x 55 9535 
530P 52 ITC-5013 16 30 6000 200 j 98 x 60 10995 

526S 15 ITC-5009 12 16 2000 175 41 x 123 6750 
527S 18 ITC-5010 12 20 2500 175 46 x 123 8185 

• 528S 22 ITC-5011 14 27 3000 175 54 x 125 i | 8550 
529S 37 " ITC-5012 16 24 4500 200 55 x 136 11135 
530S 52 ITC-5013 16 30 6000 ! ! 200 60 x 142 12595 

These hoists may be furnished in type P with pinion between drum gears so that both 
drums will operate in the same direction, and also in type S with swinging gear connected 
on the front the same as shown on page 10, illustrating continuous current hoists 516-520 S 
class. 

Solenoid brakes may be furnished with'all hoists and further information will be 
given on application. 
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Schenectady, NY. 

SUPPLY DEPARTMENT 

'June, igoy. Bulletin No. 4519 

ft £ 

PARTS OF GE87-A AND B RAILWAY MOTORS 

4003/ 

GE 87-A RAILWAY MOTOR 

Weights 
Motor, complete, without axle gear and case, GE 87-A   2953 Lbs. 
Motor, complete, without axle gear and case, GE 87-B   3079 " 
Armature and pinion (16 teeth)  768 " 
Axle gear (71 teeth)   265 " 
Gear case   166 " 

45356 FRAME, complete, for GE 87-A motor, includes upper and lower field castings, lids, 
pole pieces, bearing caps and linings, and all bolts, pins, etc., fastening parts 
together   

45357 Frame, complete, for GE 87-B motor, includes upper and lower field castings, lids, 
pole pieces, bearing caps and linings, and all bolts, pins, etc., fastening parts 
together  .... 

45358 Lid with felt packing, for upper casting, commutator end, for GE 87-A motor . $2.2.> 
45359 Lid with felt packing, for upper casting, commutator end, for GE 87-B motor . 3.00 
40376 Cam with eye-bolt, fastening lid in position  .45 
16426 Nut for cam eye-bolt (f'-lO, ¥ thick, Hex. Rough), per 100  5.00 
16136 Lock washer for cam eye-bolt  .05 
14547 Spring cotter for lid (¥ x 2L')> Per 1000   10.00 
33980 Lid with rope packing, for upper casting, pinion end  .(}() 
33981 Lid with rope packing, for lower casting, commutator end  .75 
33982 Lid with rope packing, for lower casting, pinion end, for GE 87-A motor . . . .50 
45325 Lid with rope packing, for lower casting, pinion end, for GE 87-B motor . . . .20 
11295 Cap screw fastening lids in position (§"-11, If" Hex. H.)  .45 



GENERAL ELECTRIC COMPANY 

4519-2 The GE 87-A and B Railway Motors 

C/^T. NO. DBSCRIPTION LIST PRICK 
16137. Lock washer for No. 11295, per 100  $4.00 
45360 Soft rubber bushing for use with cables (long)  .15 
45496 Soft rubber bushing for use with cables (short)   .15 
45497 *ARMATURE BEARING CAP, commutator end, for GE 87-A motor .... 20.00 
45498 *Armature bearing cap, commutator end, for GE 87-B motor   27.50 
45499 *Armature bearing cap, pinion end, for GE 87-A motor  19.00 
46028 *Armature bearing cap, pinion end, for GE 87-B motor  28.00 
46029 *Axle bearing cap, commutator end, for GE 87-A motor  23.50 
46030 *Axle bearing cap, commutator end, for GE 87-B motor  30.00 
46031 *Axle bearing cap, pinion end, for GE 87-A motor  24.00 
46032 *Axle bearing cap, pinion end, for GE 87-B motor  29.00 
24559 Dowel pin for axle bearing cap (J" x •   *06 
46033 Lid for axle bearing cap grease chamber, for GE 87-A motor  .65 
35150 Lid for axle bearing cap grease chamber, for GE 87-B motor  .45 
40390 Spring for No. 46033 (17 turns, . 102" steel wire) ........ .06 
35151 Spring for No. 35150 (17 turns, . 102" steel wire) ' .12 
40393 Hinge pin for No. 46033 (f" x 4 W R- H.), per 100   3.00 
35152 Hinge pin for No. 35150, pinion end (fx 5}" R. H.)  .04 
46034 Hinge pin for No. 35150, commutator end, (fx hi" R. H.)  .05 

4030 Spring cotter for Nos. 40393, 35152, 46034, (A//x f)i Per 1000   2.00 
46035 Hinge bracket with rivets, for No. 46033   .20 
46036 Bolt fastening upper and lower field castings for GE 87-A & B motors together, 

and bearing caps for GE 87-A motor, in position (If-7, 5f Sq. H. Sp'l drilled 
for cotter)  .60 

46037 Stud fastening axle caps to frame, for GE 87-B motor, (If-7, 6" Sp'l drilled for 
cotter)   .40 

46038 Stud fastening gear case to frame, for GE 87-B motor, (If-7, 4f Sp'l drilled for 
cotter)   .35 

46039 Hinge bolt for GE 87-A motor (If-7, 5f Sp'l drilled for cotter)  .65 
18106 Nut for Nos. 46036, 46037, 46038, 46039, (lf-7, Hex. Rough)  .15 
50218 Lock washer for No. 18106  .08 
46040 Hinge pin for frame, for GE 87-A motor (1" x 5")   .15 
16323 Spring cotter for Nos. 46036, to 46040 inclusive, ( x If)' per 1000 .... 3.00 
46041 Dowel stud for upper field casting (l"-8, 6f long)   .20 
46033 Lid for armature bearing grease chamber, for GE 87-A motor  .65 

. 40387 Lid for armature bearing grease chamber, for GE 87-B motor  1.50 
40389 Lid for axle bearing grease chamber, for GE 87-A motor   1.00 
40388 * Lid for stand pipe for armature bearing grease chamber, for GE 87-A motor . . .50 
45330 Lid for stand pipe for armature bearing grease chamber, for GE 87-B motor . . .30 
40390 Spring for Nos. 46033, 40387 (17 turns, . 102" steel wire)   .06 
40382 Spring for No. 40389 (9 turns, . 102" steel wire)  .06 
40391 Spring for Nos. 40383, 45330 (8 turns, .091" steel wire)  .06 
40393 Hinge pin for Nos. 46033, 40387 (f x 4 }f R.H.), per 100  3.00 
40383 Hinge pin for No. 40389 (I" x 3}j" R.H.), per 100   3.00 
40394 Hinge pin for Nos. 40388, 45330 (f x 3-ft" R.H.), per 100  3.00 

4030 Spring cotter for hinge pins (^// x f), per 1000   2.00 
46035 Hinge bracket, with rivets, for No. 46033   .20 
40396 Hinge bracket, with rivets, for No. 40387   .25 
46042 Hinge bracket, with rivets, for No. 40389 .   .20 
33984 Socket pipe plug for lower casting (1" pipe)  .08 
46043 Bolt fastening pole piece to frame (f-9, 5}" Sq. H.)  .25 
16157 Nut for No. 46043 (f-9, Hex. Rough)  .10 
16135 Lock washer for No. 16157, per 100   5.00 
46044 Suspension bolt (lf-7, 4f Sq. H., drilled for cotter)   .35 

*Must be fitted. 



GENERAL ELECTRIC COMPANY 

The GE 87-A and B Railway Motors 4519-3 

CAT. NO. DESCRIPTION LIST PRI/ZE 
18106 Nut for No. 46044, (IJ"-?, Hex. Rough)  S0.15 
50218 Lock washer for No. 18106    .08 

9704 Spring cotter for No. 46044 ( ^ x If"), per 1000    . 4.00 
42996 AXLE BEARING LINING, malleable iron and babbitt, for GE 87-A motor (2 

halves, 4" bore)  20.10 
42997 Axle bearing lining, malleable iron and babbitt, for GE 87-A motor (2 halves, 

4}" bore)  20.45 
42998 Axle bearing lining, malleable iron and babbitt, for GE 87-A motor (2 halves, 

4^" bore)  20.45 
42999 Axle bearing lining, malleable iron and babbitt, for GE 87-A motor (2 halves, 

5" bore)  20.80 
45412 Axle bearing lining, Brass, for GE 87-A motor, (2 halves, 5J" bore) .... 27.00 
43090 Axle bearing lining, Brass, for GE 87-B motor, (2 halves, 5^" bore) . . . . 30.60 
43093 ARMATURE BEARING LINING, commutator end, brass and babbitt . . . 18.15 
43094 Armature bearing lining, pinion end, brass and babbitt (2 halves)  22.00 

BRUSH HOLDERS AND BRUSH HOLDER YOKE 

46045 Plug for No. 43093   .10 
45188 BRUSH-HOLDER YOKE, complete, with holders and cables  28.50 
45189 Brush-holder yoke, with end plates, bracket and cap screws   4.50 
45190 Right-hand brush-holder, complete  8.50 
45191 Left-hand brush-holder, complete  8.50 
45192 Right-hand body, with pins  4.50 
45193 Left-hand body, with pins  4.50 
34064 Pressure arm, with contact spring, tip and flexible pigtail connector .... 1.50 
34065 Contact spring, with conductor, tip and rivets  .75 
55852 Flexible pigtail connector for No. 34064   .20 
24591 Side washer for pressure arm ( x If" x . 031" brass)  .02 
55853 Tension Spring (10 turns, .091" steel music wire)  .25 
45194 Pin for tension spring (^" x 4x5"), per 100   ... 1.50 
45195 Sleeve for No. 45194 ( x A" x long fiber)  .05 
45163 Washer for No. 45195 (f}" x f" x A" thick fiber), per 1000   1.00 



GENERAL ELECTRIC COMPANY 

45TQ-4 The GE 87-A and B Railway Motors 

CAT. NO. DESCRIPTION LIST PRICE 
45196 Hinge pin for pressure arm x 4}" Pin H.), per 100  $4.00 
10110 Spring cotter for No. 45196 J"), per 1000   2.00 
14760 Cap screw fastening yoke to frame (£"-11, l£" Hex. H.), per 100  10.00 
14754 Washer plate for No. 14760, per 100   3.00 
50235 Crown nut for holt fastening body to yoke, (-£"-13, Hex. Sp'l), per 100 . . . 4.00 
50236 Cotter pin for No. 50235, per 1000   2.00 
45197 Right-hand cable with tip (59" long, 150 No. 25 B & S wire)  2.00 
45198 Left-hand cable, with tip (47" long, 150 No. 25 B & S wire)   1.65 
45199 Tip for cables  .40 
14734 Clip for right-hand cable  .04 

1187 Screw for clip (No. 10, |" R.H.), per 100  1.00 
42911 CARBON BRUSH (2-J" long, 2" wide, £" thick), 2 required for each holder, 4 for 

each motor, per 100  14.00 
43100 FIELD COIL, complete, for 2 turn armature  0(5.15 
46046 Outside terminal, with connection strip and screws for No. 43100   .60 
46047 Inside terminal, with connection strip and screws for No. 43100   .60 
46048 Screw for terminal (14-24, R H.), per 100   .85 

46049 Flange for field coil  55 
46050 Oiled Canvas pad for field coil  .20 
46051 Inside connection cable for field coils (9" long, 150 No. 25 B & S wire) .... .25 
46052 Long cable for field coil, for GE 87-A motor (57" long, 150 No. 25 B & S wire ) . . 1.20 
46053 Long cable for field coil, for GE 87-B motor (67£" long, 150 No. 25 B & S wire) . . 1.40 
46054 Short cable for field coil, for GE 87-A motor (54" long, 150 No. 25 B & S wire) . . 1.15 
46055 Short cable for field coil, for GE 87-B motor (60-£" long, 150 No. 25 B & S wire) . 1.25 
46056 Upper field cable, axle side, for GE 87-A motor (30" long, 150 No. 25 B & S wire) .65 
46057 Upper field cable, axle side, for GE 87-B motor (31£" long, 150 No. 25 B & S wire) .70 
46058 Lower field cable with connector, axle side, (22" long, 150 No. 25 B & S wire) . . .65 
46059 Two-way connector with screws, for No. 46058   .20 
6081 Screw for connector (10-24, £" R.H. Blued), per 100   .50 

46060 Ground cable, with terminal, for GE 87-A motor (32" long, 150 No 25 B & S wire ) 1.45 
46061 Ground cable, with terminal, for GE 87-B motor (36" long, 150 No 25 B & S wire) 1.50 
46062 Ground terminal  .80 
11295 Cap screw fastening ground terminal to frame, (§"-11, If" Hex. H.) .... .15 
16137 Lock washer for No. 11295, per 100   4.00 



GENERAL ELECTRIC COMPANY 

The GE 87-A and B Railway Motors 45/9-5 

CAT. NO. DESCRIPTION LIST PRICE 
34075 AXLE KEY, (1" x 1" x 6f" long, round ends)  SO.40 
30102 SPLIT GEAR, 64 teeth, 4" bore  32.15 
30103 Split Gear, 64 teeth, 4^" bore  32.25 
30104 Split Gear, 64 teeth, bore  31.(55 
30105 Split Gear, 64 teeth, 5" bore   32.00 
30106 Split Gear, 64 teeth, 5£" bore  32.50 
28459 *Pinion, grade "D," 23 teeth, 3J" taper bore, for use with Nos. 30102, 30103, 30104, 

30105, 30106   1(5.55 
tPinion grade "C," (Identical with above, except quality of material employed), 

same catalogue number   9.80 
30097 Split Gear, 67 teeth, 4" bore   33.00 
30098 Split Gear, 67 teeth, A\" bore  33.15 
30099 Split Gear, 67 teeth, 4^" bore ".  32.35 
30100 Split Gear, 67 teeth, 5" bore   32.80 

4-6073 46070 
| I 

^ * / 4-607Z 

- 4 6007 
46071 cfiB—46069 

46060 ——-40066 

COMMUTATOR 

30101 Split Gear, 67 teeth, h\" bore  33.20 
28458 *Pinion, grade "D," 20 teeth, 3^" taper bore, for use with Nos. 30097, 30098, 30099, 

30100, 30101  ' 12.00 
tPinion, grade "C," (Identical with above, except quality of material employed) 

same catalogue number   7 70 
30094 Split Gear, 69 teeth, 4" bore   33.00 
30095 Split Gear, 69 teeth, A\" bore    34.00 
30096 Split Gear, 69 teeth, A.\" bore    33.25 
28586 Split Gear, 69 teeth, 5" bore   .... 33.75 
28573 Split Gear, 69 teeth, 5£" bore  34.00 
28457 * Pinion, grade "D," 18 teeth, 3£" taper bore, for use with Nos. 30094, 30095, 30096, 

28586, 28573  ' n.oo 
tPinion, grade "C," (Identical with above, except quality of material employed) 

same catalogue number   (5.70 
26607 Split Gear, 71 teeth, 4" bore . .   . 35.20 
30065 Split Gear, 71 teeth, 4^" bore  35.25 

*Grade "D" pinion furnished with all original equipments. 
fUnless otherwise designated, supply orders will be filled with grade "C." 



GENERAL ELECTRIC COMPANY 

4519-6 The GE 8j-A and B Railway Motors 

CAT. NO. DESCRIPTION LIST PKICB 
30050 Split Gear, 71 teeth, 4J" bore  $34.65 
26681 Split Gear, 71 teeth, 5" bore   35.00 
26682 Split Gear, 71 teeth, 5J" bore  35.35 
28441 *Pinion, grade "D," 16 teeth, Si" taper bore, for use with Nos. 26607, 30065, 30050, 

26681, 26682   9.20 
-j-Pinion, grade "C," (Identical with above except quality of material employed) 

same catalogue number   5.60 
42973 GEAR CASE (D.L. 37927) complete, adapted for use with gear having 8" hub 

diameter (Max. gear 71 teeth, Max. pinion 28 teeth (Malleable Iron), for GE 
87-A motor    39.50 

42974 Gear Case (D.L. 37928) complete, adapted for use with gear having 8" hub diam¬ 
eter (Max. gear 65 teeth, Max. pinion 28 teeth (Malleable Iron), for GE 87-A 
motor    39.50 

42975 Gear Case (D.L. 37946) complete, adapted for use with gear having 8" hub diameter 
(Max. gear 67 teeth, Max. pinion 28 teeth (Malleable Iron) for GE 87-B motor 38.00 

34099 Lid for oil hole, with spring and hinge pin  1.25 
34078 Spring for lid (15i turns, . 102" steel wire)   .15 
34079 Hinge pin for lid (j" x 5")  .04 
46036 Bolt fastening halves of gear case together and fastening to frame (li"-7, SJ* Sq. 

H. Sp'l drilled for cotter), for GE 87-A & B motors  .60 
46063 Bolt fastening gear case to frame, for GE 87-B motor, (l^"-?, Si" Hex. H.) . .30 
18106 Nut for Nos. 46036, 46063 (li"-7, Hex. Rough)   .15 
50218 Lock washer for No. 18106   .08 
16323 Spring cotter for No. 46036 ( tV x H")* per 1000   3.00 
46064 0ARMATURE, 2 turn, complete, with thrust collars and pinion (No. 10 B. & S 

E.D.C.C. wire)   550.00 
43097 jArmature coil, 2 turn (No. 10 B & S E.D.C.C. wire), per set of 43   78.90 
46065 COMMUTATOR, complete  200.00 
46066 Shell  26.00 
46067 Cap    15.50 
46068 Nut  5.70 
46069 Set screw for nut (J^-16, Ijj" Pointed, Headless)  .05 
55891 Key for shell (§" x x I" round ends)  ,10 
44501 Pipe plug for commutator shell (I" pipe), per 100   3.50 
43104 Set of copper and mica segments, finished and bound, (129 segments) . . 90.75 
46070 Mica collar under segments   1.20 
46071 Inner mica cone   1.65 
46072 Wide outer mica cone (SJ" wide)  2.00 
46073 Narrow outer mica cone (2J" wide)   1.60 
46074 Shaft, bare  21.50 
46075 Key for shaft (J" x x 19}" Sq. ends)  .25 
46076 Key for pinion (£" x }" x 4}" Round end)  ,15 
46077 Pinion nut  .55 
46078 Lock washer for nut (2$" x 4}" x thick, Sp'l.)    .06 
46079 Thrust collar, commutator end  2.75 
46080 Thrust collar, pinion end  2.75 
46081 Mica ring, back of commutator segments, (Sj" x 10" x tV' thick)  1,40 
46082 Set of insulations for armature core, includes 5 thicknesses . 010" red paper, 4 thick¬ 

nesses .008" oiled cotton (SJ") wide for commutator end, 5 thicknesses .010" 
red paper and 4 of .008" oiled cotton (4}") wide for pinion end and 5 thick¬ 
nesses .010" red paper 4 of .008" oiled cotton (13 ft" outside diameter, SJ" 
inside diameter), for core head flange, pinion end  1.40 

*Grade "D" pinion furnished with all original equipments, 
tUnless otherwise designated, supply orders will be filled with grade "C." 0Number of teeth in pinion must be specified. 
J43 Coils in complete set for one armature, Cat. No. is for one coil. 
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CAT. NO. 
46083 

46084 

46085 

DESCRIPTION 
Set of oiled asbestos insulations over layer of rope, just back of commutator (SO" 

long, one strip each, J", 1£" and 1^" wide, 3 in set), per 100 sets . . . . 
Set of japanned canvas and oiled cotton insulations over short leads under coils 

(2 thicknesses of canvas, 1 of oiled cotton, 19|" long, Sf" wide, 2 in set) 
Set of japanned canvas and oiled cotton insulations, between inner and outer turns 

of coils, commutator and pinion ends (16^" long, 3£" wide for pinion end, 
3^" wide for commutator end, 6 in set, 3 at each end)  

LIST PRICE 

SO. 50 

.05 

S0Z70 

46086 Set of japanned canvas insulations under long leads at bend of coil (1£" x 11", 43 
in set)  .20 

50268 Set of japanned canvas and oiled cotton insulations, over coils between long and 
short leads (7%" long, 4£" wide, 6 in set)  50 
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CAT. NO. 
50270 

46087 
46088 

46089 

46090 

46091 
46092 

46093 
46094 
50278 
14571 
17498 
46095 

DBSCKIPTION 
Strip of japanned canvas and oiled cotton insulation over ends of short leads, 

just back of commutator (34// long, li" wide)    . 
Set of japanned pressboards for coils in slots (llj" x fg" x . 0157', 86 in set) 
Set of japanned canvas strips over coils, commutator and pinion ends (54" long, 

SJ" wide, 2 in set)   
Set of varnished cambric dressings, commutator'and pinion ends (6 pieces in set, 

3 at each end, one strip each 3^", 4J" and 5J" wide, 52" long, for commutator- 
end and one strip each, 3^", 3|" and 41" wide, 52" long, pinion end) 

Horn fiber center band under binding wire and band over commutator end dress¬ 
ing (50" long, f" wide, .020" thick), per 100  

Horn fiber band over pinion end dressing (50" long, |" wide, .010" thick, per 100 
Set of horn fiber strips under long binding clips, commutator end (1J" x 2" x . 010", 

8 in set), per 100 sets   • . 
Outside dressing, commutator end .   
Outside dressing, pinion end, slotted edge   
Binding clip (6" x f" x . 020'' tin), per 1000 .     
Binding clip (2J" x J" x . 010" tin), per 1000    
Binding clip (l^"x f" x .010" tin), per 1000 . .     
"T" shaped binding clip (£" x Jf" x . 020" tin), per 1000   

Acme tape used in connection and binding armature (£" wide) cord for filling ( 
diam. hemp); cord for dressiiig No. 7; binding wire is .057" tinned steel, re¬ 
quiring approximately 425 feet. 

LIST PKICB. 

$0.08 
.20 

.15 

.65 

3.65 
.75 

.30 

.30 
10.00 
2.00 
2.00 
3.50 

INDEX TO CATALOGUE NUMBERS 

NO. PAGE NO. PAGE NO. PAGE 
1 
■ NO. PAGE NO. PAGE NO. PAGE NO. PAGE 

1187-4 28459-5 34099-6 43100-4 45499-2 46054-4 46081-6 
4030-2 ! 28573-5 1 35150-2 43104-6 46028-2 | 46055-4 46082-6 
6081-4 28586-5 ! 35151-2 *44501-6 46029-2 46056-4 46083-7 
9704-3 30050-6 35152-2 45163-3 : 46030-2 46057-4 46084-7 
10110-4 30065-5 40376-1 . ; 45188-3 1 46031-2 46058-4 46085-7 
11295-1, 4 30094-5 | 40382--2 1 45189-3 46032-2 46059-4 46086-7 
14547-1 30095-5 1 40383-2 45190-3 46033-2 46060-4 46087-8 
14571-8 30096-5 40387-2 45191-3 46034-2 j 46061-4 46088-8 
14734-4 30097-5 40388-2 45192-3 46035-2 46062-4 46089-8 
14754-4 30098-5 40389-2 45193-3 46036-2, 6 46063-6 46090-8 
14760-4 30099-5 40390- 2 1 45194-3 46037-2 46064^6 46091-8 
16135-2 30100-5 , 40391- 2 45195-3 46038-2 46065-6 46092-8 
16136-1 30101-5 40393-2 45196-4 ; 46039-2 46066-6 46093-8 
16137-2, 4 1 30102-5 40394-2 45197-4 46040-2 46067-6 46094-8 
16157-2 | 30103-5 40396-2 45198-4 46041-2 46068-6 46095-8 
16323-2, 6 ! 30104-5 42911- 4 45199-4 46042-2 46069-6 j 50218-2, 3, 6 
16426-1 ; 30105-5 42973- 6 , , 45325-1 46043-2 , 46070-6 50235-4 
17498-8 30106-5 42974- 6 45330-2 46044-2 46071-6 50236-4 
18106-2, 3, 6 ; 33980-1 42975- 6 45356-1 46045-3 46072-6 50268-7 
24559-2 1 33981-1 42996- 3 45357-1 46046-4 46073-6 50270-8 
24591-3 1 33982-1 i 42997-3 45358-1 1 46047-4 i 46074-6 50278-8 
26607-5 1 33984-2 42998-3 j ; 45359-1 46048-4 46075-6 55852-3 
26681-6 i 34064-3 42999-3 45360-2 46049-4 i 46076-6 55853-3 
26682-5 | 34065-3 43090-3 45412-3 46050-4 I 46077-6 55891-6 
28441-6 34075-5 43093-3 45496-2 46051-4 ! 46078-6 
28457-5 1 34078-6 43094-3 1 1 45497-2 i | 46052-4 46079-6 
28458-5 34079-6 1 43097-6 1 45498-2 i 46053-4 j 46080-6 ; 
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ENGINE TYPE CONTINUOUS CURRENT GENERATORS 

FORM R 

The General Electric Company is manufac- Owing to the slow speed that can be obtained 
turing a new line of multipolar direct current with the multipolar type of generator, these 

MP 10-400-120-250 VOLTS 
400 KW. DIRECT CURRENT GENERATOR 

two- and three-wire generators in sizes from 
25 Kw. and upwards known as Form R and 
RO, respectively, the smaller Form R gen¬ 
erators being usually wound for 125 and 250 
volts—the Form RO for 250 volts and the 
larger sizes of both types for 250 and 275 volts. 

machines are specially adapted for direct con¬ 
nection to engines, with which they form a very 
compact unit. 

Direct driven generators have important ad¬ 
vantages over belt driven machines as they 
require less floor space per Kw. output, and thus 
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effect a saving in the cost of land and buildings. of pole piece is also used on all Form R gen- 
High er efficiencies can also be obtained and erators to reduce the eddy current losses and 
economies in fuel due to the elimination of belts at the same time to obtain a more uniform 
and shafting and the losses incidental thereto. flux distribution with improved commutation. 
They have moreover a further advantage of run¬ 
ning practically without noise, enabling them to COMPOUND WOUND MACHINES 
be used in residences and other places where 
quiet operation is a necessity. Form R generators are usually compound 

In these generators are incorporated all the wound, in which case a German silver shunt is 

MP-6-50-290-250 VOLTS 
50 KW. GENERATOR, FORM R 

improvements in design and construction which 
have been suggested to the Company in its long 
experience in the manufacture of this type of 
machine. Only the highest class of material 
and approved modern machinery is used in their 
construction, and they embody all the best 
features of the old Form L, together with 
numerous improvements, chiefly relating to a 
more thorough ventilation of the field coils and 
armatures, as well as a more effective distribu¬ 
tion of the active material. A laminated form 

provided for the series winding so that the com¬ 
pounding can be accurately adjusted for all 
ordinary service conditions; shunt wound genera¬ 
tors will, however, be supplied if desired. The 
maximum range of compounding from no load 
to full load, for which these machines can be 
supplied if so required, is 110 to 125 volts and 
220 to 250 volts. While this range can be 
obtained, over-compounding of about 5% is all 
that is usually necessary for ordinary service 
conditions. 
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Engine Type 

SPEEDS AND VOLTAGES 

In order to adapt these machines to suit the 
speeds used by various engine manufacturers, 
standard Form R generators are designed for 
both standard and slow speeds. The standard 
speed machines can be run 5% above or below 
standard speed, and the slow speed machines 

'ontinuous Current Generators, Form R 4520-3 

LARGE MACHINES 

A full line of machines above 200 Kw. is 
being manufactured, an illustration of which 
appears on the front page. These generators 
comprise machines from 300 Kw. up to 1600 
Kw. at 250 and 275 volts ; the speeds ranging 
from 150 RPM, for the smallest size, to 100 

MP-6-150-225-250 VOLTS 
150 KW. GENERATOR, FORM RO 

5% above slow speed at rated voltage and 
output. A reasonable variation of full load 
voltage can be obtained with these machines, 
but if lower voltages than standard are required, 
the Kw. output must be proportionately reduced. 
Further information on this point can be obtained 
on application. 

The ratings, weights and dimensions for the 
standard generators, Forms R and RO will be 
found on page 7, up to 200 Kw. 

RPM, for the largest size. The dimensions, 
ratings, etc., of these sizes will be furnished 
on application. 

THREE-WIRE GENERATORS 

The Form RO three-wire generators are 
the same as the Form R type with the addi¬ 
tion of collector rings. Machines up to and 
including 200 Kw. are provided with two 
collector rings, mounted at the commutator end 



GENERAL ELECTRIC COMPANY 

4520-4 Engine Type Continuous Current Generators, Form R 

of the machine, which are connected to the 
proper points in the armature winding. 

The brush rigging for the collector rings is sup¬ 
ported from the end of the pillow block, as shown 
in the illustration, and is connected through 
copper brushes to a compensator which is fur¬ 
nished with these machines. These compensa- 

lit/, 

COMPENSATOR 

tors are similar in construction to the well- 
known General Electric Company's type H 
transformers, and consist essentially of two or 
more insulated coils wound on a laminated iron 
core, the whole being enclosed in an iron case, 
thus providing a reliable, compact and efficient 
balancing device. Standard compensators are 
designed for a neutral current of 25% of full 
load generator current, as this value has been 
found ample for practically all conditions of 
service. 

The compensator carries an alternating cur¬ 
rent and serves to maintain a neutral potential 
at its middle point which can therefore be used 
for connection to the middle wire or neutral of 
a three-wire system. The variations of poten¬ 
tial between the two sides will be slight, even 
with considerable differences of load between 
them. 

Form RO machines are usually wound for 
250 volts, so that 125 volts can be obtained on 
either side of the three-wire system. They can 
be either flat or over-compounded to compen¬ 
sate for line losses. 

FRAME 

The frame is cast from a specially selected 
soft iron of high magnetic permeability, and the 
pole pieces are securely bolted to the frame and 
can be readily removed when required. Feet 
are provided on the bottom half of the frame to 
give ample bearing surface for bolting the gener¬ 
ator to the engine bedplate, and liners can be 
supplied between the frame and bedplate if 
required. 

Provision is made in the magnet frame for the 
reception of the brushholder yoke so as to per¬ 
mit the proper shifting of brushes, a hand wheel 
being supplied for this purpose. 

FIELD COILS AND POLE PIECES 

The field coils are rectangular in shape as 
shown in the illustration, and are held firmly in 
position by the tips of the pole pieces when the 
latter are bolted to the frame. The end flanges 
on the field coils are ventilated and ducts are 
formed in the coils so as to allow free circulation 
of air through the windings. In the larger size 

FIELD COIL 

machines, the series and shunt windings are 
wound on separate parts of the bobbin, but in 
the smaller machines, the shunt winding is 
wound over the series. 

The magnet cores are laminated in order to 
minimize eddy currents and are of rectangular 
shape. 
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ARMATURE 

I he armature is built up of soft steel lamina¬ 
tions so as to minimize eddy currents and conse¬ 
quent heating of the core and to increase the 
efficiency of the machine. The laminations are 
punched with dies so as to ensure perfectly 
uniform stampings and when assembled form a 
rigid core with smooth slots in which the con¬ 
ductors are embedded. 

The armature is drum wound and, in addition 
to the usual ventilating ducts through the core, 
an open type flange is used which allows free air 
circulation between the end windings. 

securely soldered into the segments. Loose 
joints and imperfect contact between the arma¬ 
ture and commutator are thus avoided and 
perfect electrical connection is obtained. 

EQUALIZING RINGS 

Equalizing rings are provided on generators hav¬ 
ing multiple wound armatures. These rings are 
used to connect the armature windings between 
points of equal potential so that any unbalancing 
that may occur will be equalized by the alternating 
currents which will How through the rings 

ARMATURE 

The armature is very carefully constructed so 
as to practically eliminate any danger from short 
circuits or grounds. The armature windings 
consist of separately insulated straight copper bars, 
and each coil is so formed as to be easily removed 
from the slots for repairs if required. The slotted 
armature core thoroughly protects the windings 
from mechanical injury during assembly or trans¬ 
portation. The end connections are supported 
by flanges fastened to the armature spider and 
the windings are securely held in the slots 
against centrifugal force, fibre wedges being 
used in the majority of machines for this 
purpose. 

The armature is connected to the commutator 
by carefully selected copper strips which are 

between the sections. These currents equalize 
the pole strengths all around the armature and 
cause an equal division of the direct current in 
the several paths. Thus if an armature should 
settle out of center, due to the difference of air 
gap above and below, the magnetic strength of 
all the poles will remain the same. For the 
same reason unbalanced magnetic pull tending 
to bend the shaft and increase the bearing friction 
will be eliminated. Commutation will also be 
improved, as the distribution of the magnetism 
is equalized under all of the poles. These 
equalizer rings are mounted on the end flange 
on the back of the armature, where they are 
readily accessible. 
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COMMUTATOR 

The commutator segments are made with 
liberal depth of the highest grade of hard drawn 
copper insulated from the shell and from one 
another by selected mica gauged to a uniform 
thickness and of such hardness as to wear evenly 
with the copper. The care taken in the con¬ 
struction of the commutator and the good 
electrical constants of the generators insure 
practically sparkless operation from no load to 
one and one-half full load without requiring 
any shifting of the brushes, thus minimizing the 
wear of the commutator and ensuring a long 
life to the latter. 

The commutator shell is of cast iron and is 
pressed on the armature spider so that the com¬ 
mutator is supported independently of the shaft. 

BRUSH-HOLDER, YOKE AND 
BRUSHES 

The brush-holder yoke, as already mentioned, 
is supported by the magnet frame so as to 
allow the brushes to be readily rotated when 
required. The brushes are made of the highest 
grade carbon and can readily be adjusted or 
removed for inspection without altering the ad¬ 
justment of the brushholders or the tension of 
the spring pressing the brushes on the commu¬ 
tator. 

The brushholders are known as the General 
Electric Company's type CS holder which is 
of light but strong construction. The brushes 
slide in finished ways and are pressed against the 
commutator by springs which give a practically 
uniform pressure throughout the working range 
of the brushes. This type of spring has no 
hinge joints, common to other holders, and vari¬ 
able friction is not therefore introduced tending 
to change the pressure on the brush in opera¬ 
tion. The holder is designed so that the brush 
can be readily removed by simply throwing the 
spring out of notch. 

A flexible, braided copper wire pigtail or 

shunt, is provided to insure proper electrical 
connection between the brushes and studs and 
to prevent current passing through the tension 
spring. 

CS BRUSH-HOLDER 

HEATING 

Standard Forms R and RO generators up to 
and including 200 Kw. are rated for heating on 
the following basis: 

After a continuous full load run of 24 hours 
at rated volts and amperes the rise in temper¬ 
ature of armature or field windings will not 
exceed 35° C, nor the commutator 40° C above 
the surrounding air. With the load then in¬ 
creased to 25% above rated amperes at rated 
volts for two hours the rise in temperature of no 
part of the machine will exceed 55° C above 
the surrounding air. The machines may also 
be operated at 50% overload for one hour 
without injury. The machines will stand 100% 
overload momentarily without flashing over or 
injurious sparking. 

The above temperatures are taken by ther¬ 
mometers and are based on a room temperature 
of 25° C. If the room temperature differs 
from 25° C, the observed rise of tempera¬ 
ture should be corrected /4 % for each degree 
C difference. This is in accordance with the 
standard rules of the American Institute of 
Electrical Engineers. 
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GE FLOOR OUTLET BOXES 

ADJUSTABLE WATER-TIGHT OUTLET BOXES 

GE Adjustable Floor Outlet Box 
Cat. No. 76453 

THE GE Floor Outlet Boxes are intended 
primarily for use in offices or other 

places where, for various reasons, ceiling or 
bracket outlets would be 

undesirable. The 
body of the box 
is drawn in one 
piece from one- 
eighth inch cold 
rolled steel of 
the best grade, 
and the adjust¬ 
able collar wi+h 
which the box 
is provided, is 
made in one 
piece of the 
same material. 

The threaded portion is designed to 
give an adjustment of one inch. 

The floor plate is made of heavy 
brass and is fastened to the iron col¬ 

lar by screws; a 
rubber gasket is 
provided to ensure a water¬ 

tight joint. 
The exposed sur¬ 

faces of the plate 
and nozzle have a 
polished brass fin¬ 
ish, and the steel 
body is heavily ja¬ 
panned inside and 
out. It is substan¬ 
tially built and will 

Section of Adjustable Box showing not sink in the floor Receptacle, Cat. No. 42453 and At- 1 ciihipcted tO 
taching Plug. Cat. No. 42455 in place WUen SUDjeCieu IU 

Plug for Conduit Hole 

heavy weight. It is not necessary to remove 
the floor plate when inserting or removing the 
plug. When not in use, both nozzle and plug 
can be readily re¬ 
moved and the 
box closed by 
means of a brass, 
flush, sealing 
plug. Both noz¬ 
zle and sealing 
plug are pro¬ 
vided with rub¬ 
ber gaskets to 
ensure a water¬ 
tight joint. The 
conduit holes 
can also be 
closed, when 

necessary, by brass plugs. 
The boxes are furnished 

either round 
square floor 
plates. The 

_ Adjustable Box with Sealing 
Plug Cat. No. 76467 Inserted 

with 

adjustable 
iron collars to 
which the plates 
are secured are 
also furnished 
with round or 
square flanges to 
fit the plates. 
If boxes are pur- 
chased sepa¬ 
rately from the 
plates, care 
should be taken 
to specify 

Adjustable Box Cat. No. 76461 Includ¬ 
ing Receptacle and Plug 
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whethcr-'^h'fe. ffajh^pS'.ojn. the adjustable col¬ 
lars shouFd/tfe .rourrfd** or square to fit the 
plates. 

Installation of Box 

The box or lower part (the collar and 
plate being removed) should be set level from 
1 to inches below the upper surface of the 
floor. This should be done when the con¬ 
duit is run. The box should be filled with 
excelsior or paper to prevent the entrance 
^f plaster or rubbish before the floor is laid. 

The adjustable collar with floor plate 
attached, can be set in place either before 
or after the floor is laid. The thread of the 
steel collar should be well leaded before 

screwing it into place so as to make the joint 
thoroughly water-tight. If set in marble or 
tile floor, the rough edges around the brass 
floor plate should be filled with cement. 
The socket or receptacle can be connected 
either before or after the floor plate is set. 

Dimensions of Box 

Diameter across floor plate, 5 inches. 
Diameter lower body, 4 inches. 
Height adjustable from 3| inches to 4f 

inches. 
Weight complete with outlet nozzle 3£ lbs. 
Conduit holes threaded with £ inch stan¬ 

dard pipe tap for f inch conduit, can be 
tapped larger if so ordered. 

PRICE LIST OF GE WATER-TIGHT FLOOR OUTLET BOX 

(ADJUSTABLE) 

Cat. No. 
 *   

Description Package 
Quantity 

List Price 
Each 

76459 Box complete with round brass floor plate with either 
single or double outlet nozzle  25 $4.00 

76460 Box complete with square brass floor plate with either 
single or double outlet nozzle  25 4.50 

76461 Cat. No. 76459 complete with Plug Cat. No. 33442 and 
Receptacle Cat. No. 38298  25 5.30 

76462 Cat. No. 76460 complete with Plug Cat. No. 33442 and 
Receptacle Cat. No. 38298  25 5.80 

76465 Single Outlet Nozzle  25 1.40 
76466 Double Outlet Nozzle  25 1.40 
76467 Flush Sealing Plug (for floor plate)  25 .40 
76468 Sealing Plug (for conduit hole in box)  25 .10 

NOTE.—The hole in the floor plate of either Cat. No. 76459 or 76460 is large enough to admit any 
standard Edison base attaching plug. Receptacle Cat. No. 28795 or 42453, and the separable attaching 
plug Cat. No. 42456 will be found most satisfactory for use in GE Outlet Boxes, if the receptacle and plug 
listed above are not desired. 

TYPE PR OUTLET BOXES 

The Type PR Floor Outlet Box has all 
the advantages of the Adjustable Box with the 
exception of the adjustment feature. Two 
conduit holes, one in each end of box, threaded 
with J inch standard pipe tap for f inch 
conduit are regularly provided. Any other 

arrangement must be specially ordered. 
The box has the following dimensions: 
Length of box 4£ inches. 
Width of box 2J inches. 
Depth under face plate 2} inches. 
Floor plate 4f inches by 3 inches. 
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Exterior 

PRICE LIST OF TYPE PR FLOOR OUTLET BOXES 

Cat. No. Description Package 
Quantity 

List Price 
Each 

76470 Box complete, with standard brass floor plate, with either 
single or double outlet nozzle, and including receptacle 
Cat. No. 38298 and attaching plug Cat. No. 33442  25 $4.20 

76465 Single Outlet Nozzle  25 1.40 
76466 Double Outlet Nozzle  25 1.40 
76467 Flush Sealing Plug (for floor plate)  25 .40 
76468 Sealing Plug (for conduit hole in box)  25 .10 
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ELECTRIC HEATING AND COOKING DEVICES 

FOR MARINE USE 

HE great advantages of 
electricity in the way 
of simplicity, safety 
and flexibility have led 
to its almost universal 
adoption as a means of 
illumination on ship- 

h" '■ board, so that today 
even the smallest tug 

joat has its own electric plant; but ship own- 
)rs and builders have not as yet fully appreci- 
ited its equal superiority as a producer of 
Dower and heat. On land the use of the 
flectric motor for power purposes is now as 
general as electric lighting and the last few 
/ears have seen the beginning of a widespread 
movement to adopt electricity for heating 
and cooldng as well. 

power for ship auxiliaries, it now desires to 
call attention to the very special advantages 
of electric heating and cooking devices on 
board ship. 

A ship's lighting plant, usually of more 
than ample capacity for its intermittent load, 
offers at once an available source of supply, 
which, utilized for cooking in the galley or 
heating in the staterooms, would provide 
numerous real and profitable conveniences 
with small increase in cost. 

RADIATORS 

The electric heater is ideal for state¬ 
room use. It is compact and neat in 

Air Heater 

Luminous Radiator 

Recognizing the vast possibilities in this 
new application of electricity, the General 
Electric Company has developed a variety 
of special devices which have already won 
such favor that it seems certain they will be 
as commonly used as the incandescent lamp. 
As this Company has been closely identified 
from the first with the introduction and 
growth of electric lighting on shipboard, 
and has constantly recommended electric 

appearance and easily turned on and off, 
thus admitting of regulation of tempera¬ 
ture for each individual room. It is con¬ 
nected by simple wiring which is more flex¬ 
ible than steam piping. The wires take little 
space and can be run anywhere, while steam 
pipes are bulky and apt to leak, and necessarily 
heat the spaces through which they pass. 
It is safe to say that the electric radiator, 
although deriving its heat indirectly from 
steam, is no less efficient when the losses due 
to leakage and radiation are taken into con¬ 
sideration. 
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Two types of electric heater have been 
made, the Luminous, consisting of large 
incandescent bulbs, or glowers, in front of a 
copper reflector, and the Non-luminous air 
heater, in which heat is distributed by natural 

Stateroom Heater 
circulation of air through special resistance 
coils. The Luminous type gives quick heat 
by means of radiation, and with its pleasant 
glow would be an attractive substitute for an 
open fire in the smoking room, saloon, or 
writing room of a passenger steamer. 

The Non-luminous heaters are, however, 
better adapted to continuous service in heat¬ 
ing rooms or spaces. 

WATER HEATER 
Another service to which electricity may 

be put is in furnishing hot water in the state- 

Wash Bowl with Heater 
room, and the convenience of the electric 
shaving mug, one or two-quart water heater, 

or the electric washbowl fed from a small 
tank in which a heating unit is immersed, will 
readily be appreciated. The washbowl is 

Parts of One-Quart Heater 

primarily design¬ 
ed simply to take 
the chill off the 
water on boats 
running through * 
the winter i n shaving Mug 
northern waters, but the shaving mug and 
small water heaters will furnish boiling 
water in a few minutes. 

COOKING AND LAUNDERING 

For cooking and laundry work a large 
line of standard devices is offered. There 
is the chafing dish, disk stove, egg boiler and 
coffee percolator for the cabin or wardroom, 

Iron with Indicating Switch 

and various grids, broilers, frying pans, com¬ 
bination cookers, teakettles, water urns, and 
continuous flow water heaters for the galley, 
as well as several sizes of ovens which, with 
the absence of live coals and the facility of 
temperature regulation, at once commend 
themselves as safer and more efficient 
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Cereal Cooker Teakettles 

Frying Pans 

Small Oven Large Oven 

Disk Stove Grid Broiler 

ELECTRIC COOKING APPLIANCES 

than any other form of stove for 
installation. T o 
meet all require¬ 
ments for ironing 
or pressing in the 
laundry, sizes of 
fl a t i r o n s from 
three to twenty- 
four pounds can be 
supplied. 

In addition to the heating and 

marine appliances mentioned above, special devices, 
as electric soldering 
irons,gluepots, curl¬ 
ing iron heaters, 
hospital sterilizers, 
heating pad, disk 
stoves for heating 
poultices, cigar 
lighters, etc., will 
all find their place 

cooking in workshop, suite, smoking room,or sick bay. 

Soldering Iron 
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CONSTRUCTION OF HEATING UNITS 

Two distinct forms of heating elements 
are used by the General Electric Company; the 
Cartridge and Quartz Enamel units consist of 
a thin tape of special resistance metal, wound 

edgewise, insulated with a 
fireproof cement and then 
inserted in a mica lined 
brass tube capped with a 
cement plug through 
which the leading-in wires 
are brought. The Quartz 
Enamel unit, is made up 
of a resistance wire wound 
in a coil of small diameter 
which is then coiled into 

Cartridge Unit the forln of a flat SPiral 

with mica insulating strips 
between its convolutions and held against 
a layer of Quartz grains imbedded in 

Quartz Enamel Unit 

enamel on the bottom of the heater. Both 
heating units arc practically infusible and 

indestructible, but can be readily replaced 
if damaged by accident. Great care has been 
taken in the design of the heating devices to 
insure the most efficient application of the 
heat and at the same time to give proper 
radiating surface so that nearly all the appa¬ 
ratus may be left in circuit indefinitely with¬ 
out fear of burnout. 

All the smaller devices are portable and 
fitted with flexible cord and plug by which 
they may be connected to any lighting circuit 
in the same way as a portable lamp. They 
are regularly carried in stock and samples 
may be seen and full information regarding 
them obtained, at any of the branch offices of 

Cigar Lighter 

the General Electric Company. The larger 
appliances, such as heaters, washbowls and 
ovens are made on a special order and can be 
supplied within a reasonable time. The 
Company invites correspondence in regard 
to heating and cooking outfits for any type 
or size of vessel. 
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LIST OF APPLIANCES FOR CIRCUITS OF 105 TO 125 VOLTS 
AND 200 TO 250 VOLTS 

Air Heater: 2000 watts. 

Broiler: 3 heat, 400 to 1200 watts. 

Chafing Dish: 2 heat, 220 and 575 watts. 

Coffee Percolator : 300 and 500 watts. 

Cigar Lighter: table or pendant type, 75 watts. 

Combination Cookers: 1 qt., 500 watts; 2 qt., 3 heats, 275 to 1000 watts; 
4 qt., 3 heats, 300 to 1050 watts; 6 qt., 3 heats, 350 to 1300 watts. 

Frying Pans: 5", 500 watts; 7", 2 heats, 220 and 575 watts; 10", 3 heats, 
350 to 1300 watts. 

Flatirons: 3 lb., 250 watts; 6 lb., 500 watts; 8 lb., 600 watts; 12 lb., 750 watts; 
15 lbs., 750 watts; 18 lb., 750 lbs., 24 lb., 1000 watts. 

Grid: 3 heats, 225 to 900 watts. 

Glue Pots: 1 qt., 85 watts; 2 qt., 3 heats, 360 watts; 4 qt., 3 heats, 140 to 
560 watts. 

Heating Pad: 55 watts. 

Luminous Radiator: oxidized or nickel finish, 750 and 1500 watts. 

Ovens: small size, 3 heats, 500 to 1500 watts. 

Soldering Iron: 3 lb., 200 watts. 

Sterilizer, Hospital: 3 heats, 200 to 800 watts. 

Stove: 6" disk, single heat, 600 watts; 8" disk, 3 heats, 225 to 900 watts; 
10" disk, 3 heat, 400 to 1200 watts. 

Teakettle: 2 qt., 2 heat, 160 and 575 watts; 4 qt., 3 heat, 300 to 1050 watts. 

Water Heaters: 1 pt., 300 watts; 1 qt. heater and egg boiler, 2 heat, 300 
and 500 watts; 4 qt. heater, 3 heats, 500 to 1050 watts; 6 qt. heater, 
3 heats, 350 to 1300 watts. 

Water Urn : 2 gal., 3 heats, 180 to 720 watts. 
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PARTS OF GE 57-A AND H RAILWAY MOTORS 

~5020/ 
/4346 
14547 
re OQ3 
/6i&7 
50^OG 
50^06 
50^09 

50443 
50203 
50445 

50444 

— /5443 
50456 

50407 
/47I3 
50494 
50493 

y 

15334 
— /5I30 

Cat. No. 

50200 

47569 

50201 
14546 
16083 
16137 

Table of Weights 

Motor, complete, without axle gear and case 2632 lbs. 
Armature and pinion (16 teeth)  704 lbs. 
Axle gear (69 teeth)  200 lbs. 
Pinion (16 teeth)  22^ lbs. 
Gear case  140 lbs. 

Description 

FRAME, complete, for GE-57-A Motor. Includes upper and lower field castings, lid for 
upper casting, lid for lower casting, pole shoes, bearing caps and linings, oil feeders, hinge 
bracket and all bolts, pins, etc., fastening parts together  

Frame, complete, for GE-57-FI Motor. Includes upper and lower field castings, lid for 
upper casting, lid for lower casting, pole shoes, bearing caps and linings, oil feeders, hinge 
bracket and all bolts, pins, etc., fastening parts together  
Lid for upper casting  
Cam, with eye bolt fastening lid in position  
Nut for cam eye bolt (f'-ll, f" thick Hex. Rough) per 100 
Lock washer for cam eye bolt Pcr 190 

* Supersedes Supply Catalogue No. 7521 
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Cat. No. Description 

14547 Spring cotter for lid (i" x 2J") per 1000 
50202 Soft rubber bushing for use with cables  
50203 Bolt fastening upper and lower castings together and bearing caps in position (l^-S, 

4J'/ Sq. H. Sp'l)   
50204 Hinge bolt (I'-g, 31* Sp'l)   
50256 Bolt fastening pole shoes in position (T-S, 4J* Sq. H.)  
15443 Nut for Nos. 50203, 50204, 50256 (I'-S, 1" thick Hex. Rough)  
16130 Lock washer for No. 15443   
50205 Hinge pin for frame (l'!'x4§*)  
16323 Spring cotter for hinge pin (A" x 1 i'O   per 1000 
50206 Lid for grease chamber  
50207 Large spring for lid (18 turns .055" steel wire)  
50208 Small spring for lid (14 turns .055" steel wire)  
50209 Hinge pin for lid Q" x 3i")  
50210 Hinge rivet for lid (}" x 2 J" R.H.)  
14713 Hinge for lid with rivets   
50211 Lid for lower casting, with packing   
50212 Cap screw fastening lid to lower casting (|"-11, 2" Sq. H.)   
16074 Nut for No. 50212 (t"-ll, f" thick Hex. Rough)  
16137 Lock washer for No. 16074    .per 100 
50213 *Armature bearing cap, commutator end   
50214 *Armature bearing cap, pinion end  
50215 *Axle bearing cap, commutator end, for GE-57-A Motor  
50216 *Axle bearing cap, pinion end, for GE-57-A Motor  
47570 *Axle bearing cap, commutator end. for GE-57-H Motor  
47571 *Axle bearing cap, pinion end, for GE-57-H Motor  
16334 Plug for oil holes in bearing caps (§" pipe)  
14732 Oil feeder  
50217 Suspension bolt (1^-7, 4}" Sq. H.)  
18106 Nut for No. 50217 (li"-7, li" thick. Hex. Rough) '  
50218 Lock washer for No. 18106  
50219 AXLE BEARING LINING, brass (2 halves, 4J" bore), for GE-57-A Motor  
50220 Axle bearing lining, brass (2 halves, 41" bore), for GE-57-A Motor  
50221 Axle bearing lining, brass (2 halves, 4" bore), for GE-57-A Motor  
50222 Axle bearing lining, brass (2 halves, 3£" bore), for GE-57-A Motor  
33427 Axle bearing lining, brass (2 halves, 5" bore), for GE—57-H Motor  
33428 Axle bearing lining, brass (2 halves, 51" bore), for GE-57-H Motor  
50223 Armature bearing lining, commutator end, babbitted   
50224 Armature bearing lining, pinion end, babbitted    
50225 Plug for No. 50223  

The barrel spring type brush-holder and yoke illustrated on the opposite page are being 
furnished on all GE-57 equipments. In ordering repair parts, care should be taken to 
determine whether parts required are for this style holder or for the old style holder 
illustrated on the same page. 

38580 BRUSH-HOLDER YOKE, barrel spring type, complete, with holders and cables  
50227 Brush-holder yoke, with end plates, bracket and cap screws  
19213 Right-hand brush-holder, complete  
19214 Left-hand brush-holder, complete  
19215 Right-hand body, with pins    
19216 Left-hand body, with pins    
55851 Pressure arm, with contact spring and flexible pigtail connector ;  
38581 Contact spring, with conductor, tip and rivets  
24591 Side washer for pressure arm QJ" x 1?" x thick, Brass)  

* Must be fitted. 
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55852 
55853 
55854 
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Description 

Flexible pigtail connector for No. 55851  
Tension spring (10 turns .090" steel wire, 1outside diam.)  
Pin for tension spring (x 3J-®-")   • 

NEW STYLE OR BARREL SPRING TYPE BRUSH-HOLDER 

55855 Hinge pin for pressure arm (£" x 3fi}")  
50234 Brush clip, complete   
5521 Screw fastening brush clip to body (10-24, §" R.H. Brass)  per 100 
15887 Cap screw fastening yoke to frame (f—11, 2\" Hex. H.)   
14754 Washer plate for No. 15887   

OLD STYLE BRUSH-HOLDER 

50235 Nut for cap screw fastening body to yoke ($"-13 Hex. Sp'l)  
50236 Cotter pin for No. 50235 per 100 
50237 Right-hand cable with tip 66" long  
50238 Left-hand cable with tip 54" long  
50239 Tip for cables   
14734 Clip for (right-hand) cable  
1097 Screw for clip (No. 8, f" R.H. Brass) per 100 

50226 BRUSH-HOLDER YOKE, Form 1, old style complete, with holder and cables  
50227 Brush-holder yoke, with end plates, bracket, cap screws and rivets for brush-holder body 
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50228 Right-hand brush-holder, Form 1, complete  
50229 Left-hand brush-holder, Form 1, complete  
50230 Right-hand body, with pivots for pressure arm  
50231 Left-hand body, with pivots for pressure arm  
14759 Right-hand pressure arm, with contact spring for Nos. 50230, 50231  
14761 Left-hand pressure arm, with contact spring for Nos. 50230, 50231  
14762 Contact spring with rivets and tip  
14763 Tension spring (16 turns .090" steel wire) ,  
50233 Hinge pin for pressure arm A" x iV') per 100 
50234 Brush clip, complete  
5521 Screw fastening brush clip to body (10-24, f" R.H. Brass) per 100 
15887 Cap screw fastening yoke to frame (§"-11, 2j" Hex. H.)  
14754 Washer plate for No. 15887  
50235 Nut for cap screw fastening body to yoke (-£"-13, Hex. Sp '1)  
50236 Cotter pin for No. 50235 per 1000 

50237 Right-hand cable with tip, 66" long  
50238 Left-hand cable with tip, 54" long  
50239 Tip for cables  
14734 Clip for (right-hand) cable  
1097 Screw for clip (No. 8, f" R.H. Brass) per 100 

18167 CARBON-BRUSH (If" wide, §" thick, 2\" long), 2 required for each holder, 4 for 
each motor per 1000 

50240 FIELD COIL, complete, 110£ turns, for use with 3 turn armature  
19222 Field coil, complete, 90 turns, for use with 2 turn armature  
50241 Outside terminal for coil, with screws  
50242 Inside terminal for coil, with screws  
1698 Screw for terminals (12-24, R.H. Brass) per 100 

50243 Short cable for coil (18" long)  
50244 Short cable for coil, with connector  
50245 Two-way connector, with screws, for short cable  
6081 Screw for connector (10-24, §" R.H. Blued) per 1000 

50246 Long cable for coil (54" long)  
50247 Ground cable, with screw tip (36" long)  
50248 .Screw tip for ground cable, with screws  
11096 Screw for tip (14-24, §" R.H. Blued) per 1000 
50257 *ARMATURE, 3 turn, complete, with pinion (No. 9 B. & S. E.D.C.C. wire) 
19220 *Armature, 2 turn, complete, with pinion (No. 9 B. & S. E. D. C. C. wire) . . . 

* Number of teeth in pinion must be specified. 
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Cat. No. Description 

50258 t Armature coil, 3 turn, No. 9 B. & S. (.114" E. D. C. C. wire), per set of 33  
19221 fArmature coil, 2 turn, No. 9 B. & S. (.114" E. D. C. C. wire), per set of 37  
47572 Armature head, pinion end, for 2 turn armature  

30260 30262 

30263 

60264- 

6026x3 

m 
6026T 

60263 

6027-9 
/teTBQ 

60266 ' /4.S7/ 

60269 ' 60263 

602TO 
6027'/ 

60266 

47573 Armature head, commutator end, for 2 turn armature    
47574 Armature head, pinion end, for 3 turn armature  
47575 Armature head, commutator end, for 3 turn armature  
50259 Moulded insulation head for core, commutator end (5 thicknesses .010" red paper, 4 

thicknesses .008" oiled cotton)  

t Cat. No. is for one coil. 
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Cat. No. Description 

50260 Moulded insulation head for core, pinion end (4 half circles)  
50261 Set of varnished cambric reinforcing strips for joints of No. 50260 (6" long, 2£" wide, 

.015" thick, 4 in set)  
50262 Mica ring at end of commutator segments  
50263 Set of oiled asbestos insulations over commutator and end of armature core just back 

of commutator segments (40" long, 2" wide, .040" thick, 3 in set)  
50264 Set of japanned canvas and oiled cotton insulations over inner leads under coils (2 

thicknesses canvas, 1 of oiled cotton, 17" long, Z\" wide, 2 in set)  
50265 Set of japanned canvas, japanned muslin and oiled cotton insulations between inner and 

outer turns of coils, commutator and pinion ends (15" long, 3" wide, 6 in set, 3 at 
each end)  

S028S  
S02(52- 
S0290 
SO2 89 
S028/- 

50266 Set of long and short japanned pressboard strips between coils in slots (12"and 6" long 
respectively, wide, 66 in set)  

50267 Set of japanned canvas and oiled cotton insulations between outer leads and turns of 
coils (iy x \ 33 in set)  

50268 Set of japanned canvas and oiled cotton insulations over coils between inner and outer 
leads (7£" x 4£", 6 in set)  

50269 Set of pressboard fillers between coils, pinion end (3§" long, f" wide, thick, 33 in set) 
50270 Japanned canvas and oiled cotton insulation strip over ends of inner leads just back of 

commutator (34" long, 1J" wide)  
50271 Red paper band under binding wire (45" long, f" wide)  
50272 Strip of japanned canvas over coils, commutator and pinion ends (45" long, 3" wide, 

2 in set)  
50273 Set of varnished cambric dressings over coils, commutator and pinion ends (45" long, 

1 piece each 6" and 4f" wide, 2 pieces 4J" wide and 2 pieces 3t" wide, 6 pieces in set) . . 
50274 Insulation band back of commutator (cotton drill, oiled cotton, red paper, mica and 

asbestos, 36" long, 2" wide)  
50275 Red paper band over dressing at ends of slots (45" long, -Jf" wide)  
50276 Outside dressing, commutator end (No. 2 cotton drill)  
50277 Outside dressing, pinion end, slotted edge (No. 2 cotton drill)  
14571 Binding clip (2£" x x .010" tin)   per 1000 
17498 Binding clip (1 -fe" x §" x .010" tin) per 1000 
50278 Binding clip (6" x §" x .020" tin) per 1000 
50279 T shaped binding clip (1$" x x .020" tin) per 1000 

Acme tape used in winding armature 1|" wide per lb. 
Acme tape used in binding armature J" wide per lb. 



Cat. No. 

50280 
47576 
50281 
50282 
50283 
50284 
50285 
50287 
55783 
50288 
50289 
50290 

-50291 
50292 
50293 
50294 
50295 
50296 
18016 

. GENERAL ELECTRIC COMPANY 

, Parts of GE 57-A and H Railway Motors 4525-7 

Description 

Cord for filling diam.), Hemp; cord for dressing, No. 8; cord for filling in between 
flange and insulation, on pinion end, No. 36 cotton; binding wire is .045" tinned steel 
requiring approximately 390 feet. 

COMMUTATOR, Form 1, complete, for 3 turn armature    
Commutator, complete, for 2 turn armature  

Shell...,   
Cap       

. Nut for cap (Sp 'I)          
Set screw for nut (§*-16, *4* pointed headless).   
Key.     
Set of copper and mica segments finished and bound (99 segments), for No. 50280... 
Set of copper and mica segments finished and bound (111 segments), for No. 47576. 
Mica collar under segments    ;.. 
Inner mica cone    
Outer mica cone (2§* wide)    
Shaft, bare    
Pinion key      
Pinion nut i,   
-Washer for nut (2 x X .062* Sp '1)       :   ! . 
Thrust collar, pinion end.    
Thrust collar, commutator end      

AXLE KEY, (6i" x 1* x 1*)      

GEARS AND PINIONS FOR GE 57-A MOTOR 

18677 Split gear, 57 teeth, 4" bore, Of* hub diameter ".  
18639 Split gear, 57 teeth, 4£* bore, 6§* hub diameter  
18678 Split gear, 57 teeth, 4§* bore, 6f* hub diameter '       
18542 tPinion Grade, "D" 28 teeth, 3* taper bore for use with Nos. 18677, 18639, 18678  

ttPinion, Grade "C" (Identical with above except quality of material employed). Same 
catalogue number   

18642 Split gear, 59 teeth, 4* bore, 6f * hub diameter..,.:  
18714 Split gear, 59 teeth, 41" bore,. 6f" hub diameter    
18724 • Split gear, 59 teeth, 41" bore, Of" hub diameter  
18543 f Pinion, Grade "D" 26 teeth, 3" taper bore for use with Nos. 18642, 18714, 18724  

TrPinion, Grade "C" (Identical with above except quality of material employed). Same 
catalogue number     

18914 Split gear, 61 teeth, 4* bore, 6f* hub diameter  
30140 Split gear, 61 teeth, 41* bore, 6f * hub diameter  
28002 Split gear, 61 teeth, 41* bore, 6§* hub diameter    
18547 f Pinion, Grade "D" 24 teeth, 3" taper bore for use with Nos. 18914, 30140, 28002, 18547 

nPinion, Grade "C" (Identical with above except quality of material employed). Same 
catalogue number   

45500 Split gear, 64 teeth, 3J* bore, 6§* hub diameter  
18658 Split gear, 64 teeth, 4* bore, 6f" hub diameter.     
18692 Split gear, 64 teeth, 41" bore, fif" hub diameter  
18710 Split gear, 64 teeth, 41" bore, 6§" hub diameter  
18546 fPinion, Grade "D" 21 teeth, 3* taper bore for use with Nos. 45500, 18658, 18692, 18710 

TrPinion, Grade "C" (Identical with above except quality of material employed). Same 
catalogue number        

18770 . Split gear, 66 teeth, 3|" bore, 6f " hub diameter  
18687 Split gear, 66 teeth, 4* bore, 6f " hub diameter  
18757 Split gear, 66 teeth, 41" bore, 6f* hub diameter  

tGrade "D" pinion furnished with all original equipments. 
tt Unless otherwise designated, supply orders will be filled with Grade "C." 



Cat. n 

18824 
18556 

45601 
30158 
45602 
30145 
18541 

28134 
18542 

45545 
45546 
18547 

18647 
28141 
18544 

28505 
26643 
18546 

28078 
28100 
28174 
28062 
18946 

28151 
28196 
26682 
28545 
18541 

50249 

38614 

47036 

GENERAL ELECTRIC COMPANY 

Parts of GE 57—A and H Railway Motors 

Description 

Split gear, 66 teeth, 4$" bore, 61" hub diameter     
t Pinion, Grade "D" 19 teeth, 3ff taper bore for use with Nos. 18770,18687,18757,18824, 
TrPinion, Grade "CM (Identical with above except quality of material employed). Same 

catalogue number  
Split gear, 69 teeth, 31" bore, 6£" hub diameter   
Split gear, 69 teeth, 4" bore, 6i" hub diameter    
Split gear, 69 teeth, 4£// bore, 6£" hub diameter    
Split gear, 69 teeth, 4J" bore, 6£" hub diameter  

tPinion, Grade "D" 16 teeth, 3" taper bore for use with Nos. 18716, 30158, 30145,18638. 
TrPinion, Grade "C" (Identical with above except quality of material employed). Same 

catalogue number  

GEARS AND PINIONS FOR GE 57-H MOTOR 

Split gear, 59 teeth, 5" bore, 8" hub diameter  
tPinion, Grade "D" 28 teeth, 3" taper bore for use with No. 28134  
TrPinion, Grade "C" (Identical with above except quality of material employed). Same 

catalogue number            
Split gear, 63 teeth, 5" bore, 8" hub diameter  
Split gear, 63 teeth, 5£" bore, 8" hub diameter  

f Pinion, Grade "D" 24 teeth, 3" taper bore for use with Nos. 45545, 45546  
TrPinion, Grade "C" (Identical with above except quality of material employed). Same 

catalogue number *. •  
Split gear, 65 teeth, 5" bore, 7£" hub diameter    
Split gear, 65 teeth, 5J" bore, 8" hub diameter  

tPinion, Grade "D" 22 teeth, 3" taper bore for use with Nos. 18647, 28141  
TrPinion, Grade "C" (Identical with above except quality of material employed). Same 

catalogue number  
Split gear, 66 teeth, 5" bore, 74" hub diameter  
Split gear, 66 teeth, 5i" bore, 74* hub diameter    

tPinion, Grade "D" 21 teeth, 3" taper bore for use with Nos. 28505, 26643 ' 
TrPinion, Grade "C" (Identical with above except quality of material employed). Same 

catalogue number    
Split gear, 69 teeth, 5" bore, 74" hub diameter   
Split gear, 69 teeth, 5J" bore, 74" hub diameter  
Split gear, 69 teeth, 54" bore, 74" hub diameter  
Split gear, 69 teeth, 6" bore, 8" hub diameter    

tPinion, Grade "D" 18 teeth, 3" taper bore for use with Nos. 28078, 28100, 28174, 28062. 
TrPinion, Grade "C" (Identical with above except quality, of material employed). Same 

catalogue number  
Split gear, 71 teeth, 5" bore, 7§" hub diameter ;  
Split gear, 71 teeth, 5J" bore, 74" hub diameter  
Split gear, 71 teeth, 54" bore, 8" hub diameter  
Split gear, 71 teeth, 6" bore, 8" hub diameter  *. 

fPinion, Grade "D" 16 teeth, 3" taper bore for use with Nos. 28151, 28196, 26682, 28545. 
TrPinion, Grad^ "C" (Identical with above except quality of material employed). Same 

catalogue number    
GEAR CASE (DE-1), complete, adapted for use with gear having 6f" hub diameter, 

Max. gear 69 teeth, Max. pinion 23 teeth (Malleable Iron), for GE-57-A Motor  
Gear case (DE-3), complete, adapted for use with gear having 6f" hub diameter, Max. 

gear 61 teeth, Max. pinion 33 teeth (Malleable Iron), for GE-57-A Motor  
Gear case (DE-18), complete, adapted for use with gear having 74"hub diameter, Max. 

gear 65 teeth, Max. pinion 28 teeth (Malleable Iron), for GE-57-H Motor...;  

tGrade "D" pinion furnished with all original equipments. 
TrUnless otherwise designated, supply orders will be filled with Grade "C." 



GENERAL ELECTRIC COMPANY 

Paris of GE 57-A and II Railway Motors 4525-9 

Cat, No. Description 

38623 Gear case (DE-52), complete, adapted for use with gear having 8" hub diameter, Max. 
gear 65 teeth, Max. pinion 28 teeth (Malleable Iron), for GE-57-H Motor  

39527 Gear case (DE-170), complete, adapted for use with gear having 7}*hub diameter, Max. 
gear 71 teeth, Max. pinion 21 teeth (Malleable Iron), for GE-57-H Motor  

38631 Gear case (DE-176), complete, adapted for use with gear having 8" hub diameter, Max. 
gear 71 teeth, Max. pinion 21 teeth (Malleable Iron), for GE-57-H Motor  

50254 Lid for oil hole, with spring and hinge pin complete  
17463 Spring for lid (20 turns, .104* steel wire)  
50255 Hinge pin for lid (J" x 6")  
50203 Bolt for gear case (l*-8, 41* Sq. H. Sp'l).,  
15443 Nut for bolt (l*-8, 1* thick, Hex. Rough)  
16130 Lock washer for No. 15443  



GENERAL ELECTRIC COMPANY 

4525-10 Parts of GE 57-A and H Railway Motors 

INDEX TO CATALOGUE NUMBERS 

NO. PAGE NO. PAGE NO. PAGE NO. PAGE NO. PAGE NO. PAGE 

1097-4 18546-7, 8 28078-8 50201-1 50234-3, 4 50270-6 
1698-4 18547-7, 8 28100-8 50202-2 50235-3,4 50271-6 
5521-3, 4 18556-7 28141-8 50203-2, 8 50236-3, 4 50272-6 
6081-4 18638-7 28151-8 50204-2 50237-3,4 50273-6 

11096-4 18639-7 28174-8 50205-2 50238-3, 4 50274-6 
14546-1 18642-7 28196-8 50206-2 50239-3, 4 50275-6 
14547-2 18647-8 28505-8 50207-2 50240—4 50276-6 
14571-6 18658-7 28545-8 50208-2 50241-4 50277-6 
14713-2 18677-7 30140-7 50209-2 50242-4 50278-6 
14732-2 18678-7 30145-7 50210-2 50243-4 50279-6 
14734-3, 4 18687-7 30156-7 50211-2 50244-4 50280-6 
14754-3, 4 18692-7 33427-2 50212-2 50245-4 50281-6 
14759-4 18710-7 33428-2 ! 50213-2 50246-4 50282-6 
14761-4 18714-7 38580-2 70214-2 50247-4 50283-6 
14762-4 18716-7 38581-3 50215-2 50248-4 50284-6 
14763-4 18724-7 38614-8 50216-2 50249-8 50285-6 
15443-2. 8 18757-7 38623-8 50217-2 50254-8 50287-6 
15887-3, 4 18770-7 38631-8 50218-2 50255-8 50288-7 
16074-2 18824-7 39527-8 50219-2 • 50256-2 50289-7 
16083-1 18914-7 45500-7 50220-2 50257-4 50290-7 
16130-2, 8 18946-8 45545-8 50221-2 50258-4 50291-7 
16137-1, 2 19213-2 45546-8 50222-2 50259-5 50292-7 
16323-2 19214-2 47036-8 50223-2 50260-5 50293-7 
16334-2 19215-2 47569-1 50224-2 50261-5 50294-7 
17463-8 19216-2 47570-2 50225-2 50262-5 50295-7 
17498-6 19220-4 47571-2 50226-3 50'263-5 50296-7 
18016-7 19221-4 47572-4 50227-2, 3 50264-5 55783-7 
18106-2 19222-4 47573-4 50228-3 45265-5 55851-3 
18167-4 24591-3 47574-4 50229-3 50266-6 55852-3 
18541-7, 8 26643-8 47575-4 50230-3 50267-6 55853-3 
18542-7, 8 26682-8 47576-6 50231-3 50268-6 55854-3 
18543-7 28002-7 50200-1 50233-4 50269-6 55855-3 
18544-8 28062-8 



'PRICE SUPPLEMENT 

TO ACCOMPANY BULLETIN NO. 4525 

PARTS OF GE 57-A AND H RAILWAY MOTORS Dec. 27, 1907 

CAT. 
NO. LIST 

PRICE 

per 100 $1.50 
per 100 1.00 
per 100 1.10 
per 100 
per 100 

.50 

.65 

.40 
per 100010.00 
per 1000 2.00 

.10 

.50 

.04 

.03 
1.50 
1.50 

.20 

.12 

.12 

.12 
per 100 10.00 
per 100 3.00 

.05 
per 100 4.00 
per 1000 3.00 

.05 

per 1000 
.12 

2.00 
.40 
.15 

per 100 15.75 
/ Grade C 4.65 
I'D 8.00 
/Grade C 12.50 
t " D 22.30 
/Grade C 10.60 
\ " D 18.75 
I Grade C 8.10 
1 " D 14.25 
/Grade C 7.50 
i " D 12.80 
/Grade C 9.30 
I'D 16.50 
J Grade C 6.60 
\ " D 11.60 

30.60 
39.50 
42.40 
32.35 
30.70 
30.15 
32.00 
32.15 
32.15 
36.40 
31.45 
34.35 
34.75 
33.40 
32.00 

/Grade C 5.65 
\ " D 10.20 

5.75 
5.75 
5.00 
5.00 

500,00 
62,50 
6545 

per 100 2.00 
42.65 

CAT. 
NO. 

LIST 
PRICE 

26682-8  $35.35 
28002-7   31.95 
28062-8   36.40 
28078-8   47.95 
28100-8   47.95 
28134-8   38.45 
28141-8   39.40 
28151-8   47.85 
28174-8   48.06 
28196-8   46.45 
28505-8   38.00 
28545-8   38.60 
30140-7   32.00 
30145-8   31.20 
30156-7   
30158-8   33.00 
33427-2   25.35 
33428-2   26.00 
38580-2   23.50 
38581-2   .40 
38614-8   28.00 
38623-9   28.75 
38631-9   28.25 
39527-9   31.85 
45500-7   41.60 
45545-8   46.15 
45546-8   45.85 
45601-8   39.55 
45602-8   41.90 
47036-8   32.45 
47569-1   
47570-2   10.00 
47571-2   10.00 
47572-5   10.00 
47573-5   7.00 
47574-5   11.50 
47575-5   7.25 
.47570-7   165.00 
50200-1   
50201- 1  3.50 
50202-2   .25 
50203-2, 9   .35 
50204-2   .45 
50205-2   .20 
50206-2   .45 
50207-2 ,  .10 
50208-2   .10 
50209-2  per 100 .75 
50210-2  per 100 .60 
50211-2   .75 
50212-2   .15 
50213-2   10.00 
50214-2   10.00 
50215-2   10.00 
50216-2   10.00 
50217-2   .45 
50218-2  per 100 8.00 
50219- 2  18.00 
50220-2   20.60 
50221-2   23.00 
50222-2   26.20 
50223-2   9.60 
50224-2   10.80 
50225-2   .20 
50220-3  23.50 
50227-2, 3   4.00 
50228-4   9.00 
50229-4   9.00 
50230-4   4.50 

CAT. 
NO. 

LIST 
PRICE 

50231-4 ..... $4.50 
50233-4  per 100 1.00 
50234-3, 4   .45 
50235-3, 4  per 100 4.00 
50236-3, 4  per 100 1.00 
50237-3, 4   2.50 
50238-3. 4   2.00 
50239-3, 4   .55 
50240-4   61.65 
50241- 4  .55 
50242-4   .65 
50243-4   .60 
50244-4   1.00 
50245- 4  .30 
50246-4   1.60 
50247-4   1.70 
50248-4   .50 
50249-8   29.00 
50254-9   .go 
50255-9  per 100 4.00 
50256-2   .30 
50257-4   500.00 
50258-5   91.35 
50259-5   35 
50260-6 ...... 1.25 
50261-6  per 100 sets 3.50 
50262-6   1,15 
50263-6   set .16 
50264-6   .20 
45265-6   .60 
50266-6   .40 
50267-6   .20 
502G8-6  Set .50 
50209-6   .30 
50270-6   .08 
50271-6  per 100 .35 
50272-6   .20 
50273-6   .60 
50274-6   .30 
50275-6  per 100 .36 
50276-6   .30 
50277-6   f35 
50278-6  per 1000 10.00 
50279-6  per 1000 5.00 
50280-7   166.00 
50281-7   13.60 
50282-7   7.00 
50283-7   2.00 
50284-7  per 100 7.00 
50285-7  per 100 7.50 
50287-7   61.75 
50288-7   1.35 
50289-7   1.80 
50290-7   2.30 
50291-7   20.00 
50292-7   .20 
50293-7   1.00 
50294-7   .08 
50295-7   4.00 
50296-7   3.15 
55783-7   62.45 
55851-2   1.25 
55852-3 ..... .20 
55853-3 ..... .25 
55854-3  per 100 2.50 
55855-3  per 100 2.75 

♦These prices and data are published for the convenience of customere, and every effort is made to avoid error, 
but this Company does not guarantee their correctness, nor does it hold itself responsible for any errors or omissions 
In this publication. Both prices and data are subject to change without notice. 





General Electric Company 

Schenectody, NY. 

SUPPLY DEPARTMENT 

August, igoy Bulletin No. 

ft & ^ • 
PARTS OF GE 81-A RAILWAY MOTOR 

46S&$ 
40-57(5 
10137 
/ 1430 
40004 
4Q0O4 
40090 
46000 
40094 
40000 
4039! 
46579 
1.6107 
46561 

GE 81-A RAILWAY MOTOR 
Weights 

Motor complete, without axle gear and case 
Armature and pinion (14 teeth)  
Axle gear (67 teeth)  
Gear Case  

Cat. No. Description 

46574 FRAME complete, includes upper and lower field castings, lids, pole pieces, bearing caps 
and linings and all bolts, pins, etc., fastening parts together  

46575 Lid with felt packing for upper casting, commutator end  
40376 Cam with eye bolt fastening lid in position  
16426 Nut for cam eye bolt (f'-lO, thick, Hex. Rough)  
16136 Lock washer for No. 16426 :  
14547 Spring cotter for lid x 2^") i,.,  
46576 Lid with rope packing for upper and lower castings, pinion end  
46577 Lid with rope packing for lower casting, commutator end  
11295 Cap screw fastening Nos. 46576, 46577 in position (§"-11, 1§" Hex. H.)  
16137 Lock washer for No. 11295  
14548 Soft rubber bushing for use with cables  
46578 *ARMATURE BEARING CAP, commutator end  
46579 * Armature bearing cap, pinion end  
46580 *Axle bearing cap, commutator end  
46581 *Axle bearing cap, pinion end  
18013 Dowel pin for axle bearing caps (§" x §")  

/6446 
40369 
4039O 

4656Z 
4033/ ■ 
40362 
14-546 
46560 
46577- 
40397- 
40563 

1665 lbs. 
410 " 
175 " 
156 " 

* Must be fitted. 



1^526- 

Cat. N 

40381 
40382 
40383 

4030 
40397 
46582 

46583 
16157 
16135 
14551 
16323 
40389 
46033 
40388 

40390 
40382 
40391 
40383 
40393 
40394 
4030 

40397 
46584 
33984 
16334 
46585 
46586 
16157 
16135 
16064 
46587 
41059 
46588 
41066 
41067 
46589 

GENERAL ELECTRIC COMPANY 

Parts of GE 81-A Railway Motor 

GE 81-A RAILWAY MOTOR 

Description 

Lid for axle bearing cap oil well  
Spring for lid (9 turns, .102" steel wire)  
Hinge pin for lid (J" x 3 ]§" R.H.)  
Spring Cotter for No. 40383 (-fa" x jj-")  
Hinge bracket, with rivets for No. 40381  

Bolt fastening upper and lower field castings together and bearing caps in position 
(F-9, 4F Sq. H. Sp'l)  

Hinge bolt (F-9, 4^", Sp'l)  
Nut for Nos. 46582, 46583 (F-9, Hex. Rough St'd)  
Lock washer for No. 16157  
Hinge pin for frame (I" x 4F Sp'l)  
Spring Cotter for Nos. 46582, 46583 (M' x H")  
Lid for axle bearing oil well  
Lid for armature bearing oil well  
Lid for stand pipe for armature bearing oil well  

Spring for No. 40389 (17 turns, .102" steel wire)  
Spring for No. 46033 (9 turns, .102" steel wire)  
Spring for No. 40388 (8 turns, .091" steel wire)  
Hinge pin for No. 40389 (F x 3 W' R-H.)  
Hinge pin for No. 46033 (f" x 4 flf" R.H.)  
Hinge pin for No. 40388 (f" x 3 M' R-H.)  
Spring cotter for Nos. 40383, 40393, 40394 ( x |")  
Hinge bracket, with rivets, for No. 40389  
Hinge bracket, with rivets, for No. 46033  
Socket pipe plug for lower casting (1" pipe)  
Pipe plug for upper casting (f" pipe)  
Bolt fastening pole pieces to frame (F-9, 3|" Sq. H.)  
Suspension bolt (F-9, Sq. H.)  
Nut for Nos. 46585, 46586 (F-9, Hex. Rough St'd)  
Lock washer for No. 16157  
Spring cotter for No. 46586 ( fF x 1|")  
AXLE BEARING LINING, malleable iron and babbitt. (2 halves, 3f" bore) 
Axle bearing lining, malleable iron and babbitt (2 halves, 4" bore)  
Axle bearing lining, Brass (2 halves, 4F bore)  
Armature bearing lining, commutator end, brass and babbitt  
Armature bearing lining, pinion end, brass and babbitt  
Plug for No. 41066  



Cat. N 

45180 
45181 
13852 
11339 
11340 
11341 
11342 
11343 
14762 
45182 
45183 
45184 

45163 
45185 
10110 
14765 
16076 
14760 
14754 
45186 
45187 
15670 
14734 

1187 
11347 
11348 
11349 
11350 
10251 
15764 
15768 
17972 
46590 
46591 

GENERAL ELECTRIC COMPANY 

Parts of GE 81-A Railway Motor ll.526-3 

GE 81-A RAILWAY MOTOR 

Description 

BRUSH-HOLDER YOKE, complete, with holders and cables. 
Brush-holder yoke, with end plates, brackets, and cap screws 
Screw fastening end plate to yoke (No. 10, F.H.)  
Right-hand brush-holder, complete  
Left-hand brush-holder, complete  
Right-hand body, with pins  
Left-hand body, with pins  
Pressure arm, with contact spring and tips  
Contact spring, with tip and rivets  
Tension spring (10 turns, .091" steel music wire)  
Pin for tension spring ( x 3|" Pin H.)  
Insulation sleeve for No. 45183 ( M' x M' x 1" long)  

Washer for No. 45184 (|-f"x f" x ^ thick, fiber)  
Hinge pin for pressure arm Q" x 3 ^" Pin H.)  
Spring Cotter for No. 45185 (^" x   
Crown nut for bolt fastening brush-holder body to yoke (£"-13, Hex. Sp'l)  
Spring cotter for No. 14765 (£" x 1")  
Cap screw fastening yoke to frame (§"-11, 1§" Hex. H.)  
Washer plate for No. 14760  
Right-hand cable, with tip (54" long, 49 No. 23 B. & S. wire)  
Left-hand cable, with tip (44" long, 49 No. 23 B. & S. wire)  
Tip for cables  
Clip for right-hand cable  
Screw for clip (No. 10, §" R.H.)  

CARBON BRUSH (2£" long,3"wide, §" thick,) 1 required for each holder, 2 foreachmotor 
FIELD COIL, complete, for 3 turn armature  

Outside terminal for coil, with screws  
Inside terminal for coil, complete, with connection strip and screws  
Screw for terminal (10-32, R-H.)   

Flange, for field coil  
Oiled canvas pad for field coil  
Inside connection cable for field coils (5£" long, 49 No. 23 B. & S. wire)  
Long cable for field coils (48" long, 49 No. 23 B. & S. wire)  
Cable for upper field coil, axle side (28" long, 49 No. 23 B. & S. wire)  
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Cat. M 

46592 
17970 

6081 
46593 
11295 
16137 
15946 
43913 
43931 
43946 
43955 

17984 
17981 

16326 
16136 
17985 
30063 
30064 
45511 
45537 
19351 

42972 

GENERAL ELECTRIC COMPANY 

Paris of GE 81-A Railway Motor 

GE 81-A RAILWAY MOTOR 

Description 

Cable for lower field coil, axle side, with connector (20" long, 49 No. 23 B. & S. wire). . 
Two-way connector for No. 46592 with screws .j  
Screw for No. 17970 (10-24, f" R.H. Blued)  

Ground Cable, with terminal (36" long, 49 No. 23 B. & S. wire),    
Cap screw fastening ground cable terminal to frame (f"-ll, If'Hex. H.)  
Lock washer for No. 11295  
AXLE KEY (f"x W x 7*" Sp'l)  

♦ADJUSTABLE AXLE COLLAR, 2 halves (Sf axle)  
*Adjustable axle collar, 2 halves (4" axle)  
*Adjustable axle collar, 2 halves (4^" axle) ,  
* Adjustable axle collar, 2 halves (4£" axle)  
NOTE: The above axle collars are for use on standard gauge, 48" between wheel hubs 
Screw for adjusting axle collars from 4|" to 7|" (l"-8, 4" Sp'l)   
Bolt for collar (f'-lO, 3|" Sq. H.)  

Nut for bolt (f"—10, Hex.)  
Lock washer for No. 16326  
Spring cotter for adjusting screw (-fa" x 2\")  

SPLIT GEAR, 67 teeth, 3f" bore   
Split gear, 67 teeth, 4" bore  
Split gear, 67 teeth, 4 bore  
Split gear, 67 teeth, 44" bore  

f Pinion, grade "D," 14 teeth, 2 fa" taper bore, for use with Nos. 30063, 30064, 45511, 
45537  

§ Pinion, grade " C " (Identical with above, except quality of material employed) same 
catalogue number  

GEAR CASE (D. L. 37939) complete, adapted for use with gear having 6" hub diame¬ 
ter, Max. gear 67 teeth, Max. pinion 21 teeth (Malleable Iron)  

* Includes adjusting screws. 
f Grade "D" pinion furnished with all original equipments. 
§ Unless otherwise designated, supply orders will be fitted with grade "C." 



*PRICE SUPPLEMENT 

TO ACCOMPANY BULLETIN NO. 4526 

PARTS OF GE 81-A RAILWAY MOTOR Dec. ,1907 

CAT. 
NO. 

LIST 
PRICE 

U87-3 per 100 $1.00 
4030-2  per 1000 2.00 
6081-4  per 100 .60 

10110-3 . . . . . .per 1000 2.00 
10251-3  per 100 ,30 
11295-1,4   .15 
11339-3   4.00 
11340-3   4.00 
11341- 3  3.25 
11342-3   3.25 
11343-3    .85 
11347-3  per 100 19.00 
11348-3   28.25 
11349-3    .50 
11350-3   .45 
11352-5   35.50 
11358-6   .25 
13738-6   .08 
13852-3  per 100 .50 
14547-1  per 1000 10.00 
14548-1 '  .08 
14551-2   .15 
14567-6   .30 
14571-6  per 1000 2.00 
14592-6   .15 
14593-6   .50 
14594-6   .60 
14734-3   .04 
14741-6   .08 
14754-3   .03 
14760-3   .10 
14762-3   .20 
14765-3   .06 
15377-6  per 1000 5.00 
15498-6 ...... per 1000 7.50 
15553-6   .50 
15670-3   .25 
15764-3   .60 
15768-3   .40 
15946-4   .50 
16064-2, 5   .04 
16076-3  per 1000 2.00 
16135-2, 5 per 100 5.00 
16136-1, 4  .05 
16137-1, 4 per 100 4.00 
16157-2, 5  .10 
16323-2  per 1000 3.00 

CAT. 
NO. 

LIST 
PRICE 

16326-4   $0.10 
16334-2  .05 
16426-1  per 100 5.00 
17498-6  per 1000 2.00 
17970-4   .15 
17972-3   .20 
17981-4   .20 
17984-4   .70 
17985-4  per 1000 6.00 
18013-1  .04 
,00^ f Grade C 3.60 1SW51  \ " D 6.20 
30063-4   31.75 
30064-4   31.65 
33984-2   .08 
40376-1   .45 
40381-2   .75 
40382-2   .06 
40383-2  per 100 3.00 
40388-2   .50 
40389-2   1.00 
40390-2   .06 
40391-2   .06 
40393-2  per 100 3.00 
40394-2  per 100 3.00 
40397-2   .20 
41059-2   13.20 
41066-2   9.05 
41067-2   14.55 
42972-4   29.00 
43103-5   33.65 
43913-4   3.90 
43931-4   4.20 
43946-4   4.50 
43955-4   4.85 
44501-6  per 100 3.50 
45163-3  per 1000 1.00 
45180-3   18.50 
45181- 3  4.25 
45182-3   .10 
45183-3  per 100 .65 
45184-3  per 100 3.60 
45185-3   2.65 
45186-3   1.25 
45187-3   1.10 
45511-4   38.45 
45537-4 ...... 36.65 
46033-2   .65 

CAT. 
NO. 

LIST 
PRICE 

46574-1   
46575-1    $3.15 
46576-1   1.15 
46577-1   1.10 
46578-1   15.75 
46579-1   14.60 
46580-1 . *  14.15 
46581-1   14.80 
46582-2, 5   .35 
46583-2   .30 
46584-2   .35 
46585-2   .30 
46586-2 ...... .30 
46587-2   13.50 
46588-2 ...... 13.75 
46589-2   .08 
46590-3   1.50 
46591-3   .45 
46592-4   .60 
46593-4   1.50 
46594-5   38.00 
46595-5   .80 
46596-5   .05 
46597-5  per 100 2.50 
46598-5   350.00 
46599-5   100.00 
46600-5 9.25 
46601-5   4.15 
46602-5   4.25 
46603-6   16.00 
46604-6   .15 
46605-6   .10 
46606-6   .15 
46607-6   2.75 
46608-6 ...... 4.00 
46609-6   1.20 
46610-6   .25 
466 U-6  .45 
46612-6 ....... .06 
46613-6   .75 
46614-6   .25 
46615-6   .25 
Cat. No. not in Bui. . 
55795-6   1.30 
55796-6   1.50 
55797-6   1.25 
55798-6 -  .75 
55799-6   1.25 

♦ These prices and data are published for the convenience of customers, and every effort is made to avoid error, 
but this Company does not guarantee their correctness, nor does it hold itself responsible for any errors or omissions 
in this publication. Both prices and data are subject to change without notice. 
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ADDENDA 
To Accompany Bulletin No. 4526 
Parts of GE 81-A Railway Motor 

Page 5 
Armature Heads 

Location 

Pinion End 
Com. End 

No. of Turns 

3 
3 

ARMATURE 
Cat. No. 

46598 
46598 

List 
Price 
$9.50 

7.50 





Cat. N 

46594 

46595 
46596 
46597 
46582 

16157 
16135 
16064 
46598 

11352 
46599 
43103 
46600 
46601 
46602 
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GE 81-A RAILWAY MOTOR 

Description 

Gear Case (D. L. 37968) coirolete, adapted for use with gear having 61" hub diameter, 
Max. gear 67 teeth, Max. pinion 21 teeth (Malleable Iron) ' 

Lid for oil hole, with spring and hinge pin complete  
Spring for lid (16 turns, .102" steel wire)  
Hinge pin for lid x 4J")  
Bolt fastening halves of gear case together and fastening case to frame (J"-9, 4|" 

Sq. H. Sp'l)  

4-66/4 466/3 

Nut for No. 46582 (£"-9, Hex. St'd)  
Lock washer for No. 16157  
Spring cotter for No. 46582 ( M' x H")  

^ARMATURE, 3 turn, complete, with thrust collars and pinion (No. 10 B. & S. E. 
D. C. C. wire). . .    

AArmature Coil, 3 turn, No. 10 B. & S. (.118" E. D. C. C. wire) per set of 29  
COMMUTATOR, complete  
Set of copper and mica segments, finished and bound (115 segments)  
Shell ' ^ 
Cap  
Nut ^ 

* Number of teeth in pinion must be specified. 
A 29 coils in complete set for one armature, Cat. No. is for one coil. 
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GE 81-A RAILWAY MOTOR 

Cat. No. Description 

14741 Set screw for Nut (|ff-16, 1 ^ Pointed Headless)  
44501 Pipe plug for shell (-J" pipe)      
55796 Wide outer mica cone  
55797 Narrow outer mica cone  
55795 Inner mica cone  
55798 Mica collar under segments  
46603 SHAFT, bare  
46604 Key for shaft (J* x Y x 11 square ends)  
46605 Key for commutator (I" x £" x 6Jff square ends)  
46606 Key for pinion (V x 4'' x 3|# round end)  
15553 Pinion nut (lV-8, Hex. Sp'l)   
13738 Lock washer for nut  
46607 Thrust collar, commutator end   
46608 Thrust collar, pinion end  
55799 Mica ring back of commutator segments (71* outside diam., 6f* inside diam., .062*)... 
46609 Set of armature core insulations includes 8 pieces of .010* red paper and 6 pieces of .008* 

oiled cotton  
14592 Set of oiled asbestos strips over ends of armature heads and commutator segments (4 

strips, 30* x 2* x.025*)...  
46610 Set of japanned canvas and oiled cotton insulations over short leads, under coils (3 

in set, 11* long, 21* wide)  
14594 Set of japanned canvas, japanned muslin and oiled cotton insulations, between inner 

and outer turns of coils, commutator and pinion ends (6 in set, 3 at each end, 12* 
long, 2}* wide)  

14593 Set of japanned canvas and oiled cotton insulations over coils, under long leads (2 in 
set, 16* long, 31* wide)  

46611 Set of japanned canvas insulations between leads and coils (58 in set, 1* x 1*)   
11358 Set of japanned canvas binding insulations, over coils, commutator and pinion ends (4 

inset, 17" long, lj*wide)  
46612 Horn fiber center band under binding wire (}* x 36* x .010")  
46613 Set of varnished cambric dressings, commutator and pinion ends (6 in set, 36" long, 

2 pieces 34* wide and 4 pieces 3* wide)  
14567 Insulation band back of commutator (cotton drill, oiled cotton, red paper, mica and 

asbestos, 30" long, 2" wide)   
46614 Outside dressing, commutator end  
46615 Outside dressing, pinion end, slotted edge    
14571 Binding clip (21* x 4" x .010" tin)  
17498 Binding clip (1 x £" x .010" tin)  
15377 T shaped binding clip (1* x J4" x .020* tin bent)  
15498 T shaped binding clip (4^* x 44" x .020" tin)  

Acme tape used in connecting and binding armature (1* wide) cord for filling (^" 
diam., hemp) cord for dressing No. 8; binding wire is .045" tinned steel, requiring 
approximately 230 feet. 
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INDEX TO CATALOGUE NUMBERS 

NO. PAGE NO. PAGE NO. PAGE NO. PAGE NO. PAGE NO. PAGE 

1187-3 14592-6 16334-2 41066-2 46576-1 46600-5 
4030-2,2 14593-6 16426-1 41067-2 46577-1 46599-5 
6081-4 14594-6 17498-6 42972-4 46578-1 - 46601-5 

10110-3 14734r-3 17970-4 43103-5 46579-1 46602-5 
10261-3 14741-6 17972-3 43913-4 46580-1 46603-6 
11295-1,4 14754-3 17981-4 43931-4 46581-1 46604-6 
11339-3 14760-3 17984-4 43946-4 46582-2, 5 46605-6 
11340-3 14762-3 17985-4 43955-4 46583-2 46606-6 
11341-3 14765-3 18013-1 44501-6 46584-2 46607-6 
11342-3 15377-6 30063-4 45163-3 46585-2 46608-6 
11343-3 : 15498-6 30064-4 45180-3 46586-2 46609-6 
11347-3 15553-6 33984-2 45181-3 46587-2 46610-6 
11348-3 . 15670-3 40376-1 45182-3 46588-2 46611-6 
11349-3 15764-3 40381-2 45183-3 46589-2 46612-6 
11350-3 15768-3 40382-2, 2 45184-3 46590-3 46613-6 
11352-5 15946-4 40383-2, 2 45185-3 46591-3 46614-6 
11358-6 . 16064-2, 5 40388-2 45186-3 46592-4 46615-6 
13738-6 16076-3 40389-2 45187-3 . 46593-4 49351-4 
13852-3 16135-2, 2, 5 40390-2 45511-4 46594-5 55795-6 
14547-1 16136-1, 4 40391-2 45537-4 46595-5 55796-6 
14548-1 16137-1, 4 40393-2 46033-2 46596-5 55797-6 
14551-2 16157-2, 2,5 40394-2 46574-1 46597-5 55798-6 
14567-6 16323-2 40397-2,2 46575-1 46598-5 55799-6 
14571-6 : 16326-4 41059-2 
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THOMSON POLYPHASE INDUCTION WATTMETERS 

Thomson Polyphase Induction Watt¬ 
meters are made for the specific purpose 
of measuring energy in any two-phase, three- 
phase or monocyclic circuit. They may 
be applied to a circuit carrying a mixed 
load of lamps, motors or other translating 
devices and record accurately irrespective 
of unbalanced load conditions. 

Three types of polyphase meters are now 
being manufactured, viz: 

Accuracy under all conditions of service 
experienced in practice, and high torque 
insuring continued accuracy, are two of the 
prominent characteristics of these poly¬ 
phase meters. The statement may be made 
without fear of contradiction that in these 
essentials, the Thomson Polyphase Induc¬ 
tion meters herein described, are superior 
to any other polyphase meter in commer¬ 
cial service. 

THOMSON POLYPHASE INDUCTION WATTMETER—TYPE D-3 

Type D-3—for house service. 
Type DS-2—with metal cover for switch¬ 

board use. 
Type DS-3—with glass cover for switch¬ 

board use. 
The electrical features of these three 

types are identical, but there are some 
differences of external appearance and me¬ 
chanical details, as each type has been 
designed with special reference to the ser¬ 
vice required of it. 

*Supersedes Bulletin No. 4366. 

TYPE D-3 WATTMETER 
GENERAL DESCRIPTION 

The external appearance of this meter 
as shown by the illustration is similar to 
the Type C-6 direct current meter. The 
meter is supported by three lugs, the upper 
one being key-holed and the lower right- 
hand one slotted. This permits of quick 
installing and levelling. 

The cover is fastened by two studs and 
wing nuts and is directly removable toward 
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the front. The wing nuts and studs are 
arranged so that a single sealing wife may be 
passed through them—a method of sealing 
that prevents tampering without detection. 
A groove entirely encircling the edge of the 
cover is lined with cotton felt, the leading 
in holes for the wires are also covered with 
the same material, which fits closely around 
the wires after insertion. The binding 
posts have blind holes. These details of 
construction illustrate the great care taken 
in design to make the meter thoroughly 
dust and insect proof. 

The meter proper comprises two single- 
phase meter elements, each acting upon 
its own disc, both discs being mounted upon 
a single shaft which actuates the register 
through a worm gear. It will be noted 
that this construction is based on the well 
known method of metering a polyphase 
circuit by two single-phase meters; * the sum 
of the readings being the total power in the 
circuit. In the polyphase meter, the addi¬ 
tion is accomplished automatically. 

REGISTER 

The register is direct-reading in kilowatt 
hours. One complete revolution of the 
most rapidly moving pointer reads 10 Kw. 
hours. No constants are used except 10 
or multiples thereof and then only in con¬ 
nection with 60 cycle meters above 15 Kw. 
capacity, 40 cycle meters above 10 Kw. 
capacity and 25 cycle meters above 5 Kw. 
capacity. The dial face is made of porce¬ 
lain with a dull finish. The figures are 
large and black which with the white back¬ 
ground give an extremely legible dial. 
The mechanical design of the register will 
permit its removal and replacement with¬ 
out altering in the slightest degree the 
meshing of the worm on the shaft with the 
worm wheel. 

MAGNETS 

There are two sets of magnets arranged 
astatically in pairs and each pair is held by 
a single shoe. The permanency of magnet 

strength is beyond question as it is insured 
by the rigid process of selection of the steel 
and the construction, magnetization and 
ageing of the magnets themselves based 
upon an experience extending over a period 
of 20 years. 

BEARINGS 

The importance of the meter jewel cannot 
be overestimated. Almost any material if 
well polished may be made into a bearing 
for a meter which in its initial condition will 
give low friction and prove satisfactory, 
but this condition of low initial friction must 
be maintained for a long period and in order 
to secure this requirement, the jewel and 
pivot must be of the hardest possible material. 
All jewels used in polyphase induction 
meters are cut from selected Eastern sapphire. 
The General Electric Company manufactures 
its own jewels and employs an expert lapi¬ 
dary and skilled workmen for cutting and 
polishing the stones. 

The jewels are set in a brass plug which 
in turn rests on a spring, the strength of 
which is carefully tested and gauged by high 
and low limit weights. 

The pivots or shaft ends are designed so 
that they may be easily removed from the 
meter shaft for inspection or replacement. 
They are made from the highest grade of 
piano wire and are drawn down under such 
enormous pressure that the finest grain is 
obtained. They are then glass hardened 
and highly polished. 

SHIPPING DEVICE 

For protection during transportation, a 
shipping device is provided with all poly¬ 
phase meters. It consists of a cap nor¬ 
mally drawn down and held by the jewel 
screw against the force of a lifting spring. 
When this cap is drawn down, the moving 
element rests on the jewel and is free to 
rotate. By backing out the jewel screw, 
the cap is released and is forced by the 
spring against the moving element, raising 
the latter from the jewel and holding it 
firmly. 



CHANGE NOTICE 
To accompany Bulletin No. If.527 / 

Thomson Polyphase Induction Wattmeters 

Page 4' The paragraph pertaining to registers should read as follows: 
The register is of the four-dial type, reading directly in kilowatt hours on meters of low capacity. 

On larger meters, a dial face multiplier of 10, 100, 1000, etc., is required. By using this system, the 
actual energy units remain the same in all sizes, the reading being obtained by the addition of one or 
more ciphers to the indication of the first pointer. To permit greater accuracy where frequent read¬ 
ings are taken, the register on switchboard meters is constructed to record ten times faster than the 
corresponding capacity Type I meter. One revolution of the most rapidly moving pointer equals 
10 kilowatt hours in meters without constants, except in the case of some low-capacity meters where 
the usual switchboard meter register would have a dial face multiplier of 1/10. To overcome the 
use of a fractional multiplier in such cases, a dial face is used having 1 over the right-hand dial, 
10 over the second dial, etc. In other words, such dials read 1 kilowatt hour for one revolution of 
the most rapidly reading pointer. To distinguish these dials, the right-hand circle is black, pointer 
and figures being white. This distinguishing feature will prevent errors due to any oversight in 
noting the different units in which the dials read. 

Page 14: Note change in dimensions, as follows: 
Overall length of meter case should be 13 7/16 in.; the distance, between upper potential posts 

to upper edge of meter case 4 5/64 distance from lower potential posts to lower edge of meter 
case 4 5/64 in. 

Page 15: Note change in dimensions, as follows: 
Overall length of meter case should be 14 9/16 in.; distance from upper potential posts to upper 

edge of meter case 4 39/64 distance from lower potential posts to lower edge of meter case 
4 89/64 W- 
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MAGNETIC CIRCUIT 

The magnetic circuit is so designed and 
arranged that it is practically closed upon 
itself and any projected magnetic fields 
tending to demagnetize the damping mag¬ 
nets are eliminated. The magnets are further 
safeguarded by their position which is some 
distance from the coils and the plane in 
which they lie is at right angles to the pro¬ 
jected field. 

TORQUE 

Long life with accuracy is obtained in a 
motor meter by providing a high torque or 
turning - moment. In all rotating meters, 
there are two kinds of work performed; 
one is overcoming the drag of the disc in 
passing between the poles of the magnets, 
which is the innate law of the perfect meter, 
the other is overcoming friction, which is a 
variable, and which does not conform to 
the law of the perfect meter. In order that 
this variable factor shall not interfere with 
the accuracy of the meter, it is essential 
that it shall be as small as possible and also 
that the ratio of the work in overcoming 
the drag of the disc to the work in overcom: 

ing friction shall be very large. Practically, 
this is accomplished by providing a high 
torque, permitting a heavy drag or load 
in turning the disc through the field of the 
permanent magnets, and rendering friction 
variations of negligible effect. 

The torque of these polyphase meters at 
full load is greater and the weight of the 
moving element less than that of the earlier 
types. This extremely high torque has not 
been secured at the expense of increased 
energy consumption (for the total watt loss 
in the meter coils is less than the earlier 
forms), but is due purely to economical and 
scientific arrangement of the meter parts. 

LIGHT LOAD ADJUSTMENT 

Accuracy on light loads is of the utmost 
importance and means to obtain such accu¬ 
racy under all conditions of service should 
be provided in all meters. For this purpose, 

all Thomson High Torque Induction meters 
are furnished with a light load device or 
starting plate. This starting plate is a 
small rectangular conductor encircling the 
potential pole and can be moved from 
a central position in either direction by 
means of an adjusting lever. At either 
side of the lever, the letters "F" and "S" 
are cast in the front of the frame and indi¬ 
cate which way to move the lever for "fast" 
or " slow." 

CREEPING 

Creeping on potential alone is prevented 
in General Electric induction meters in a 
simple yet effective manner. In each disc, 
there are two diametrically opposite holes 
in such a position that as the disc rotates, 
the holes will pass under the center of the 
potential pole. These holes increase the 
resistance to the flow of the eddy currents, 
so that if there is any tendency for the disc 
to creep, it will not make more than half a 
revolution but will come to rest when one 
of the holes is near the potential pole. When 
current is flowing in the series coils of the 
meter, rotation of the disc is in no way 
prevented, nor the accuracy of the meter 
impaired. 

ACCURACY 

The most exhaustive tests will prove 
that the accuracy of these polyphase meters 
under both favorable and adverse conditions 
is superior to that of others designed for 
similar service. Variation of power factor, 
voltage, frequency or wave form which may 
be experienced in central station practice 
produce inappreciable errors. 

CAPACITIES 
t 

The Type D-3 meter is made for use on 
any two-phase, three-phase or monOcyclic 
circuit of frequencies from 25 to 133 cycles. 
They are made self-contained up to and 
including 650 volts and 150 amperes, except¬ 
ing for 4-wire, 3-phase circuits where the 
current capacity is limited to 75 amperes 
Above these limits, current and potential 
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transformers must be used. For 4-wire, finish AND CONNECTIONS 
3-phase circuits above 75 amperes, three The external finish of the Type D-3 meter 
current transformers are necessary. The is black japan, and the internal metal parts 
frequency of the circuit must always be are dipped and lacquered. The meter is 
given m ordering. made for side connections. 

METERS FOR SWITCHBOARD SERVICE, TYPES DS-2 AND DS-3 

THOMSON POLYPHASE WATTMETERS FOR SWITCHBOARD SERVICE—TYPE DS-2 

SWITCHBOARD WATTMETER—TYPE DS-3 

These polyphase meters are designed for 
switchboard use and are provided with studs 
for making connections back of the panel. 

The registers are direct reading in kilo¬ 
watt hours. One complete revolution of 
the most rapidly moving pointer equals 
1 Kw. hour. 

The internal parts and their arrangement 
are identically the same as those in the 
D-3 meter and hence insure equal accuracy 
and satisfaction. 

The types DS-2 and DS-3 meters are or¬ 
dinarily furnished for primary service and 
are listed with current and potential trans¬ 
formers. They can be furnished, however, 
for secondary circuits in the same capacities 
as the D-3 meters. 

The DS-2 meter is contained in a cast 
metal case finished . in dull black. The 
front of the cover has a pebbled surface 
with raised portions of polished copper. 

The DS-3 meter is contained in a rectan¬ 
gular case of plate glass. The metal parts 
of the case and interior of meter are finished 
in dull black. 



GENERAL ELECTRIC COMPANY 

Thomson Polyphase Induction Wattmeters 4527 -5 

THOMSON POLYPHASE INDUCTION METERS—TYPE D-3 

FOR SECONDARY THREE-PHASE, TWO-PHASE AND MONOCYCLIC CIRCUITS. 25-133 CYCLES 
Rectangular Pattern, Side Connected, Black Japan Finish 

100-120 VOLTS 

CAT. NO. KW. CAPACITY NON-INDUCTIVE 
LOADS 

3-Wire 3-Phase, 
3-Wire 2-Phase 

and 4-Wire 2-Phase 4-Wire 3-Phase 
Amps. 

2 and 3-Phase Monocyclic 
Monocyclic 

41314 
41315 
41316 
41317 
41318 

41341 
41342 
41343 
41344 
41345 

41368 
41369 
41370 
41371 
41372 

3 
5 

10 
15 
25 

i 
1 
2 
3 
5 

* 
i 

i 
li 
3 

41319 
41320 
41321 
41322 

41346 
41347 
41348 
41349 

41373 
41374 

* 
* 

50 
75 

100 
150 

10 
15 
20 
30 

5 
8 

10 
15 

H.P. CAPACITY 
MOTORS 

2 and 3-Phase 
and 

Monocyclic 

1 
2 
3 
5 

10 
15 
20 
30 

200-240 VOLTS 

41323 41350 41375 3 1 i 1 
41324 41351 41376 5 2 1 2 
41325 41352 41377 10 4 2 4 
41326 41353 41378 15 6 3 6 
41327 41354 41379 25 10 5 10 

41328 41355 41380 50 20 10 20 
41329 . 41356 41381 75 30 15 30 
41330 41357 * 100 40 20 40 
41331 41358 * 150 60 30 60 

400-480 VOLTS 

44961 44970 44979 3 2 1 2 
44962 44971 44980 5 4 2 4 
44963 44972 44981 10 8 4 8 
44964 44973 44982 15 12 6 12 
44965 44974 44983 25 20 10 20 

44966 44975 44984 50 40 20 40 
44967 44976 44985 75 60 30 60 
44968 44977 * 100 80 40 80 
44969 44978 * 150 120 60 120 

500-600 VOLTS 

41332 41359 41382 3 3 li 3 
41333 41360 41383 5 5 3 5 
41334 41361 41384 10 10 5 10 
41335 41362 41385 15 15 8 15 
41336 41363 41386 25 25 12 25 

41337 41364 41387 50 50 25 50 
41338 41365 41388 75 75 40. 75 
41339 41366 * 100 100 50 100 
41340 41367 * 150 150 75 150 

NOTE — Always state normal voltage and frequency of circuit. 
♦Not made self-contained in capacities above 75 amperes. 



GENERAL ELECTRIC COMPANY 

4527-6 Thbmson Polyphase Induction Wattmeters 

THOMSON POLYPHASE INDUCTION WATTMETERS—TYPE D-3 

FOR PRIMARY THREE-WIRE THREE-PHASE, THREE AND FOUR-WIRE TWO-PHASE AND 
MONOCYCLIC CIRCUITS 

Rectangular Pattern, Side Connected, Metal Cover, Japan Finish 

1000-1150 VOLTS 

Amps. 
KW. CAPACITY NON-INDUCTIVE LOAD H.P. CAPACITY MOTORS 25-40 CYCLES 60-133 CYCLES 

2 and 3-Phase Monocyclic 2 and 3-Phase Mono- 
cyclic Cat. No. Cat. No. 

5 
10 
15 
20 
30 

10 
20 
30 
40 
60 

5 
10 
15 
20 
30 

10 
20 
30 
40 
60 

42800 
42801 
42802 
42803 
42804 

42810 
42811 
42812 
42813 
42814 

40 
60 
80 

100 
150 

80 
120 
160 
200 
300 

40 
60 
80 

100 
150 

80 
120 
160 
200 
300 

42805 
42806 
42807 
42808 
42809 

42815 
42816 
42817 
42818 
42819 

2000-2300 VOLTS 

5 
10 
15 
20 
30 

20 
40 
60 
80 

120 

10 
20 
30 
40 
60 

20 
40 
60 
80 

120 

42820 
42821 
42822 
42823 
42824 

42830 
42831 
42832 
42833 
42834 

40 
60 
80 

100. 
150 

160 
240 
320 
400 
600 

80 
120 
160 
200 
300 

160 
240 
320 
400 
600 

42825 
42826 
42827 
42828 
42829 

42835 
42836 
42837 
42838 
42839 

THOMSON POLYPHASE INDUCTION WATTMETERS—TYPE DS-2 

FOR PRIMARY THREE-WIRE THREE-PHASE, THREE AND FOUR-WIRE TWO-PHASE AND 
MONOCYCLIC CIRCUITS - 

Rectangular Pattern, Back Connected, dast Metal Cover, Dull Black Finish 

1000-1150 VOLTS 

Amps. 
KW. CAPACITY NON-INDUCTJVE LOAD h p. ca'pacity motors 25-40 CYCLES 60-133 CYCLES 

2 and 3-Phase Monocyclic 2 and 3-Phase Mono- 
cyclic Cat. No. Cat. No. 

5 
10 
15 
20 
30 

10 
20 
30 
40 
60 

5 
10 
15 
20 
30 

10 
20 
30 
40 

' 60 

41389 
41390 
41391 
41392 
41393 ' 

41409 
41410 : J 

4141f ^ 
41412 
41413 

40 
60 
80 

100 
150 

80 
120 : 
160 
200 
300 

40 
60 

' '80 
100 , 
150 

80 
120 
160 

j ^ 200 
: 300 

41394 
41395 
41396 
41397 
41398 

41414 
41415 
41416 11 

L 41417 
•L 41418 - 

NOTE—In ordering, specify nature and frequency of circuit. > • ■ ... . ,* 
Catalogue Numbers include two current and two potential trajisforraers., .< .uW* 



GENERAL ELECTRIC COMPANY 

Thomson Polyphase Induction Wattmeters 1+527-7 

THOMSON POLYPHASE INDUCTION WATTMETERS—TYPE DS-2 (Continued) 

FOR PRIMARY THREE-WIRE THREE-PHASE, THREE AND FOUR-WIRE TWO-PHASE AND 
MONOCYCLIC CIRCUITS 

Rectangular Pattern, Back Connected, Cast Metal Cover, Dull Black Finish 

2000-2300 VOLTS 

Amps, 
KW. CAPACITY NON-INDUCTIVE LOAD H.P. CAPACITY MOTORS 25-40 CYCLES 60-133 cycles 

2 and 3-Phase Mo no cyclic 2 and 3-Phase Mono- 
cyclic Cat. No. Cat. No. 

5 
10 
15 . . 
20 
30 

20 . 
40- - 

. - 60* - 
80 

* 120 

10 
20 
30 
40 
60 

20 
40 
60 
80 

120 

41399 
41400 
41401 
41402 
41403 

41419 
41420 
41421 
41422 
41423 

40 
60 
80 

100 
150 ; 

160 . 
240 
320 

! 4(3o"" ' ' 
: eoo 

80 
120 
160 
200 
300 

160 
240 
320 
400 
600 

41404 
41405 
41406 
41407 
41408 

41424 
41425 
41426 
41427 
41428 

THOMSON POLYPHASE INDUCTION WATTMETERS—TYPE DS-3 

FOR PRIMARY THREE-WIRE THREE-PHASE, THREE AND FOUR-WIRE TWO-PHASE AND 
MONOCYCLIC CIRCUITS 

Rectangular Pattern, Back Connected, Glass Cover, Dull Black Finish 

1000-1150 VOLTS 

Amps. 
KW. CAPACITY NON-INDUCTIVE LOAD H.P. CAPACITY MOTORS 25-40 CYCLES 60-133 cycles 

2 and 3-Phase Monocyclic 2 and 3-Phase Mpno- 
cyclic Cat. No. Cat. No. 

5 
10 ' 
15 -- 
20 
30 

10 " 
20 

- 30 
40 
60 * 

5 
10 

-- ~ -15 
20 
30 

10 
20 
30 
40 
60 

41528 
41529 
41530. 
41531 
41532- 

41548 
41549 
41550 
41551 
41552 

* 40 
60 
80 

100 
_ . 150 

80 — 
120 
1:60 
200 

... ' 300 

40 
60 
80 

100 
'150 

80 
120 
160 
200 
300 

41533 
41534 
41535 . 
41536 
41537 

-'41553 
' 41554 

41555 i 41556 
41557 

2000-2300 VOLTS 

5 
id" 
15*- 

-■ 20-* * - 
30 -VT.. - '• 
40 
60 
80 

100 
150 

20 
"40 

- ■ 60 
- 80 r > ^ 

120 ' " 

10 
20 

^ 30 
40.. v 60 ' A 

..20 . 
40 
60 ' 
80 

120 

41538 
41539 
41540 
41541 
41542 

* 4155.8. _ _ 
41559 
41560 

' 41561 
"■ "41562 —■ 

160^ 
240 
320 
400 
600 

80 
120 
160 
200 
300 

160 
240 
320 
400 
600 

41543 
41544 
41545 
41546 
41547 

41563 
41564 
41565 
41566 
41567 

NOTE—In ordering, specify nature and frequency of circuit. 
Catalogue Numbers include two current and two potential transformers. 



GENERAL ELECTRIC COMPANY 

Jf.527-8 Thomson Polyphase Induction Wattmeters 

CONNECTIONS THOMSON POLYPHASE WATTMETERS—TYPE D-3 

25 CYCLES AND OVER 

3-WIRE, 2 AND 3-PHASE AND MONOCYCLIC 
CIRCUITS 

4-WIRE 2-PHASE CIRCUITS 

4-WIRE 3-PHASE CIRCUITS 3-WIRE, 2 AND 3-PHASE AND MONOCYCLIC CIRCUITS 
WITH CURRENT TRANSFORMERS 



GENERAL ELECTRIC COMPANY 

Thomson Polyphase Induction Wattmeters 1^527-9 

CONNECTIONS THOMSON POLYPHASE WATTMETERS—TYPE D-3 

25 CYCLES AND OVER 

4-WIRE, 2-PHASE CIRCUITS WITH CURRENT 
TRANSFORMERS 

4-WIRE, 3-PHASE CIRCUITS WITH CURRENT 
TRANSFORMERS 

AJotQ:- G shows ground connecfi ons 

3-WIRE, 2 AND 3-PHASE AND MONOCYCLIC 
CIRCUITS WITH CURRENT AND POTEN¬ 

TIAL TRANSFORMERS 

A/ofe:- C? shows ground eonn&ofions 
4-WIRE, 2-PHASE CIRCUITS WITH CURRENT AND 

POTENTIAL TRANSFORMERS 



GENERAL ELECTRIC COMPANY 

4527-10 Thomson Polyphase Induction Wattmeters 

CONNECTIONS THOMSON POLYPHASE WATTMETERS—TYPE D-3 
25 CYCLES AND OVER 

AJofs - Cr qr-ourld COnj7&cfiOn<S 

4-WIRE, 3-PHASE CIRCUITS'WITH CURRENT 
AND POTENTIAL TRANSFORMERS 

CONNECTIONS THOMSON POLYPHASE SWITCHBOARD WATTMETERS- 
TYPES DS-2 AND DS-3 



GENERAL ELECTRIC COMPANY 

Thomson Polyphase Induction Wattmeters 4527-11 

CONNECTIONS THOMSON POLYPHASE SWITCHBOARD WATTMETERS- 
TYPES DS-2 AND DS-3 

^3/Dhcy^G c/r-ccs/'fe. 3i>v/r& (B WSphase and monocyctic; circuits 

*NOTE:—On 3 wire 2 phase circuits 
(A) should be the common return on 
monocyclic circuits (A) must be the teaser 
wire, 

■4- w/re c/ncuits 4 wire circuits 



GENERAL ELECTRIC COMPANY 

4527-12 Thomson Polyphase Induction Wattmeters 

CONNECTIONS THOMSON POLYPHASE SWITCHBOARD WATTMETERS- 
TYPES DS-2 AND DS-3 

-fn 

L OcrcJ A Scxsr-ce 

\3 w/re 3 fyHase tync/monocyche cir-cu/ts 
*A/ofe — Or? 3 wtre 3/D/ias& c>r~cuifs (A) 
sHou/d be ftne comrnon return; an 
monocyct'c circuits A must be tie teaser wire 

-ffl 

iT iTL 

/St phase 
±=E3=L 

±=&=L 

n 

-Source 
£r?rt phase ^ 

4-\A/ire 3/ob&se circuits 

L-ood 

~Y 1 Z 

m 

z®- 

/Yeutmf 

ri a 

Source 

A wire 3 /oSosg c/rcuits 



GENERAL ELECTRIC COMPANY 

Thomson Polyphase Induction Wattmeters Ii.527-13 

DIMENSIONS THOMSON POLYPHASE WATTMETERS—TYPE D-3 

J- M*-—e4" *1 8 /-fo/e —:  r- 

i Ho/*. 

I 

d 3 PH> cxse, '4/rtHootf Trans. 

vyH/n Trcrns AH C'HCo// ?S. 

2 Sfe/# 
^UVtre,3or- 3 PHase, t/nocjf Tr~ons. 

DIMENSIONS TYPE D-3 WATTMETERS 
3 TO 75 AMPERES 

4 Mre. Jt PAase bT/Sho(/f- Trai&for/rter 3 W/rg. 2 0r3P/>a&a VT/fhot/r Tfansforrrter 

DIMENSIONS TYPE D-3 WATTMETERS 
100 AND 150 AMPERES 



4527-14 

GENERAL ELECTRIC COMPANY 

Thomson Polyphase Induction Wattmeters 

DIMENSIONS THOMSON POLYPHASE SWITCHBOARD WATTMETERS- 
TYPE DS-2 

3 - 75 /7m/d 
4 iV/re JPfiase^/rf u/c s 

S-ZSOPm/D 
--Jj}- —p —Jjs—/7//C/rcu/t s ercepc 

3P/i&se 

8 I*/* * ■ II 

/Vut /or Ci/r Scud VuC for Pot Stud 

Capacity /I 3 C a 
3-/00 Amp i fi' :T 
/50 /Imp J- 2 /i th 

DIMENSIONS TYPE DS-2 WATTMETERS 



GENERAL ELECTRIC COMPANY 

Thomson Polyphase Induction Wattmeters 4527-15 

DIMENSIONS THOMSON POLYPHASE SWITCHBOARD WATTMETERS- 
TYPE DS-3 

3-73/7/77/3 
W/rt? JP/ba^se C(rcc///s 

| u-c* 0 ^ 
pj' A/tf£ for Cor Stc/tf Wi/tforPot 3toe/ 

Cap a c rt y a c & 
3-/0O/?t7?/D £ £ H H 

3 <i£ 1 

DIMENSIONS TYPE DS-3 WATTMETERS 
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Schenectady, NY. 

SUPPLY DEPARTMENT 

August, igoj Bulletin No. 4528 

B ^ yJ • 
PARTS OF TYPE DH CUT-OUT SWITCHES 

TYPE DH 7, FORM A CUT-OUT SWITCH 

7Z&/6O 

YZ7&SO- 

Y79YY- 

227&0 
/96&2 

<48/5-4 

Cat. No. 

47939 
47940 
47941 
47942 
19682 
47943 
13848 
48164 
47945 
48165 
47947 
47948 
47949 
47950 
48154 
40438 
48166 
48156 
48157 

Description 

Following are the interchangeable parts. 
CAP PLATE, with handle stop  

Handle stop  
Locking plunger  
Compression spring for No. 47941 (6 turns, .064" spring steel wire).... 
Screw fastening No. 47940 to cap plate (14-24, §" R.H. Blued)  

Base plate  
Screw fastening Nos. 47939, 47943 to connection board (No. 10, F.H.) 
CYLINDER, complete, with shaft and handle  

Handle, with pin  
Shaft  
Brass bushing with pin, for shaft  
Cylinder bushing, large  
Cylinder bushing, small  
Contact  
Nut with pin for shaft (■^"-14, Hex. Sp'l)  

Connection board, with anchor blocks. 
Contact finger  
Contact base  



1^528- 

Cat. N 

47250 
22778 
19682 
22780 
48167 
48168 
48160 
33795 
48169 

47939 
48162 
47940 
47941 
47942 
19682 
47943 
48163 

GENERAL ELECTRIC COMPANY 

Parts oj Type DH Cut-out Switches 

TYPE DH 7, FORM A CUT-OUT SWITCH 

Description 

Screw fastening Nos. 48156, 48157 to connection board (8-32, jj" F.H. Brass). . 
Copper terminal for contact base  
Screw fastening No. 22778 to base (14-24, f" R.H. Blued)  
Lock washer for No. 19682 (££" x x .060" Ph. Brz.)  
Insulation strip for contact bases (right-hand)  
Insulation strip for contact bases (left-hand)  
Screw fastening Nos. 48167, 48168 to connection board (No. 10, R.H. Blued) 
Washer for No. 48160 (jOj" x x .040" Brass)  
Cover, complete  

4&/<50 

^<9/S<6 

^e/59 

^8/37- 

77978 

22780 

77979 

77973 7&/S3 779SO 

Note: The accompanying illustration of the Type DH-8, Form A Cut-out switch is 
also representative of Form B. The differences being in the cap plate, base 
plate and in the omission of the cover on the Form B. 

Following are the interchangeable parts: 
CAP PLATE, with handle stop, for DH-8-A Cut-out switch  
Cap plate, with handles top, for DH-8-B Cut-out switch  

Handle stop  
Locking plunger  
Compression spring for No. 47941 (6 turns, .064" spring steel wire)  
Screw fastening No. 47940 to cap plate (14-24, f" R.H. Blued)  

Base plate, for DH-8-A Cut-out switch  
Base plate, for DH—8—B Cut-out switch  

TYPE DH 8, FORMS A AND B CUT-OUT SWITCHES 



Cat. No. 

13848 
47944 
47945 
47946 
47947 
47948 
47949 
47950 
48154 
40438 
48155 
48156 
48157 
47250 
22778 
19682 
22780 
48158 
48159 
48160 
33795 
48161 

GENERAL ELECTRIC COMPANY 

Parts of Type DH Cut-out Switches 4528-8 

TYPE DH 8, FORMS A AND B CUT-OUT SWITCHES 

Description 
Screw fastening cap plate and base plate to connection board (No. 10, f" F.H.)  
CYLINDER, complete, with shaft and handle  

Handle, with pin  
Shaft  
Brass bushing with pin, for shaft  
Cylinder bushing, large  ' 
Cylinder bushing, small  
Contact  
Nut with pin for shaft (^"-14, Hex. Sp'l)  
Washer for No. 48154 (£f" x x .125")  

Connection board, with anchor blocks  
Contact finger  
Contact base  
Screw fastening Nos. 48156, 48157 to connection board (8-32, f" F.H. Brass)   
Copper terminal for contact base  
Screw fastening No. 22778 to base (14-24, f" R.H. Blued)  
Lock washer for No. 19682 (££" x x .060" Ph. Brz.)  
Insulation strip for contact bases (right-hand)  
Insulation strip for contact bases (left-hand)  
Screw fastening Nos. 48158, 48159 to connection board (No. 10, V R.H. Blued) 
Washer for No. 48160 (jtf" x |-|" x .040" Brass)  
Cover, complete, for DH-8-A Cut-out switch only  

TYPE; DH 15, FORMS A, B, C, E AND F CUT-OUT SWITCHES 

4.TQ4.& 
4-<33&T 
46336 
4-6393 

4Q390 
46369 
4639Q 

47946 

46374 
46364 
46/64 

4636! 
46379 
46397 
46/66 

46366 
4Q396 
46366 

36Q3 
47930 

3Z74Q 

/05IZ 
47349 

Note: The above illustration of the Type DH-15, Form C Cut-out Switch is also rep¬ 
resentative of Forms A, B and E. The Type DH-15, Form A Cut-out Switch is for 
mounting directly on a panel. 

Following are the interchangeable parts: 
48374 BASE for DH-15, Forms B and C switches  
48375 Base for DH-15, Form E switch  



GENERAL ELECTRIC COMPANY 

Ji.
r)'28-Ji Parts oj Type DH Cut-nut Switches 

TYPE DH 15, FORMS A, B, C, E AND F CUT-OUT SWITCHES 

Cat. No. Description 

4837(1 Base for DH-lf), Form F switch  
48377 Insulation back for Nos. 48374, 48375  
48378 Insulation back for No. 4837(1  
14192 Screw fastening insulation back to base (No. 8, F.H.)  
48379 CYLINDER, complete, with shaft and handle  
47945 Handle, with pin  
48380 Shaft  
47947 Brass bushing with pin, for shaft  
47948 Cylinder bushing, large  
47949 Cylinder bushing, small  
47950 Contact  
48154 Nut with pin, for shaft ( ^"-14, Hex. Sp '1)  
40438 Washer for No. 48154 (£§" x x .125")  

4-794.9 
4&I34 
43334- 

TYPE DH 15, FORM F CUT-OUT SWITCH 

48381 Upper bearing for cylinder, with plunger, spring and screw plug  
47941 Locking plunger for cylinder handle  
48382 Compression spring for No. 47941 (7 turns-, .004" Black Spring wire)  
48383 Screw plug ({{"-11, long)  
48384 Lower bearing for cylinder  
50902 Screw fastening Nos. 48381, 48384 to panel (14-24, 1£" R.H. Brass), for DH-15, Form 

A switch  
10512 Screw fastening Nos. 48381, 48384 to base (14-24, |" R.H. Brass), for DH-15, Form B, 

C, E and F switches  
48385 Nut for Nos. 50902, 10512 (14-24, Hex. Brass)   
22780 Lock washer for No. 48385 (pt" x x .000" Ph. Brz.)  
48380 Contact base (right-hand) for DH-15, Forms A, B,CandE,and (left-hand), for DH-15, 

Form F switches  
48387 Short contact base (left-hand) for DH-15, Forms A,B,C and E,and (right-hand), for 

DH-15, Form F switches  



ERRATA 
To Accompany Bulletin No. J^5^3 

Parts of R53-A Controller 

as The prices of the contact segments shown on page 2 are 
t°llows: List Price 

4.0484—Screw for segments per 100 $3.00 
  lo 
4909S  26 
   

ERRATA 

To Accompany Bulletin No. 4528 

Parts of Type DH Cutout Switches. 

Page 6: Cat. Nos. 14426, 48898, 22778 and 48885 
appearing at the top of this page are parts of Forms A, 
B, C, E and F Cutout Switches and belong under the 
heading on page 5. 

The sixth Cat. No. from the bottom of the page should 
be 46397 instead of 46898. 





Cat.No. 

48388 

48389 
48390 
48391 
48392 
48393 
48394 

095 

10440 

48395 
33790 
48150 
48390 

5883 
48397 
32702 
32748 

22115 

GENERAL ELECTRIC COMPANY 

Parts of Type DH Cut-out Switches Jfo28-5 

TYPE DH 15, FORMS A, B, C, E AND F CUT-OUT SWITCHES 

Description 

Long contact base (left-hand for DH-15, [Forms A,B,C and E and (right-hand), for 
DH-15, Form F switches)  

Fuse base  
Fuse clip for DH-15, Forms A, C and F switches  
Fuse clip for DH-15, Form B switch  
Fuse clip for DH-15, Form E switch  
Fuse stop  
Screw fastening contact bases to panel and fastening Nos. 48389, 48390, 48393 in posi¬ 

tion (8-32, \\" R.H.), for DH-15, Form A switch  
Screw fastening contact bases to base (8-32, ^"R.H.), for DH—15, Forms B, C, E and F 

switches  

-46*399 

32748 

48/36- 

48396 

47930 
48384- 
48/34- 

4838/ 

48379 

48400— 

Screw fastening fuse base, clip and stop in position (8-32, ^ R.H.), for DH—15, bonus 
B, C, E and F switches  

Washer for No. 48394 (4' x t" x -034")  
Washer for Nos. 095, 10446 ( -&" x ¥' x -OSO" Brass)  
Contact finger  
Finger stop  
Screw fastening Nos. 48156, 48396 to contact base (8—32, -fij R.H. Blued)  
Washer plate for No. 5883  
Connection screw (14—24, 2" R.H. Brass), for DH—15, Form A switch  
Connection screw (14-24, 1}" R.H. Brass), for DH-15, Forms B,C and E and long con¬ 

nection screw for DH—15, Form F switches  
Short connection screw for DH—15, Form F switch (14-24, 1 ' R.H. Brass)  



4628- 

Cat. N 

14426 
48398 
22778 
48385 
48379 
47945 
48380 
47947 
47948 
47949 
47950 
48154 
40438 
48381 
47941 
48382 
48383 
48384 
22115 
48385 
22780 
48399 
32748 

5504 
14426 
48395 
48398 
48385 
48156 
48396 

5883 
48398 
48400 
48398 
22778 
14426 
48385 

GENERAL ELECTRIC COMPANY 

Parts of Type DH Cut-out Switches 

TYPE DH 15, FORM D CUT-OUT SWITCH 

Description 

Washer for connection screws (i" x .060" Brass)  
Copper terminal for DH-15, Forms A, B, C and E switches.    
Copper terminal for DH-15, Form F switch  
Nut for connection screws (14-24, Hex. Brass)  
CYLINDER, complete,-with shaft and handle  

Handle, with pin  
Shaft  
Brass bushing with pin, for shaft  
Cylinder bushing, large  
Cylinder bushing, small  
Contact  
Nut with pin, for shaft (Hex. Sp'l)  
Washer for No. 48154 (£§* x J" x .125")  

Upper bearing for cylinder, with plunger, spring and screw plug  
Locking plunger for cylinder handle  
Compression spring for No. 47941 (7 turns, .064" Black Spring wire) 
Screw plug (|"-11, j" long)  

Lower bearing for cylinder  
Screw fastening Nos. 48381, 48384 to panel (14-24, 1" R.H. Brass)  
Nut for No. 22115 (14-24, Hex. Brass)  
Lock washer for No. 48385 (H" x i" x .060" Ph. Brz.)  
Contact base  
Long screw fastening No. 48399 to panel (14-24, 1$" R.H. Brass). .  
Short screw fastening No. 48399 to panel (8-32, R.H.)   
Washer for No. 32748 (£}" x i" x .060" Brass)  
Washer for No. 5504 (x |" x .034")  
Copper terminal for No. 32748  
Nut for No. 32748 (14-24, Hex. Brass)  
Contact finger   
Finger stop      
Screw fastening Nos. 48156, 48396 to contact base (8-32, ft" R.H. Blued) 
Washer plate for No. 5883  
Fuse clip, with stop and stud  
Large copper terminal for No. 48400  
Small copper terminal for No. 48400  
Washer for fuse clip stud (iJ" x £* x .060" Brass)  
Nut for fuse clip stud (14-24, Hex. Brass)  
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INDEX TO CATALOGUE NUMBERS 

NO. PAGE NO. PAGE NO. PAGE 

695-4 47946-2 48378-3 
5504-6 47947-1,2, 3, 5 48379-3,5 
5883-5, 6 47948-1, 3,5 48380-3, 5 

10446-5 47949-1, 3, 5 48381-4, 6 
10512-4 47950-1, 3, 4, 5 48382-4,6 
13848-1, 2 48154-1, 3, 4, 6 48383-4, 6 
14192-3 48155-3 48384-4,6 
14426-5, 6 48156-1, 3, 5, 6 48385-4, 5, 6 
19682-1, 2, 3 48157-1, 3 48386-4 
22115-5,6 48158-3 48387-4 
22778-2, 3, 5, 6 48159-3 48388-4 
22780-2, 3, 4, 6 48160-2, 3 48389-4 
32702-5 48161-3 48390-4 
32748-5, 6 v 48162-2 48391-4 
33795-2, 3 48163-2 48392-4 
33796-5 48164-1 48393-4 
40438-1, 3, 4, 6 48165-1 48394-4 
47250-2, 3 48166-1 48395-5, 6 
47939-1,2 48167-2 48396-5, 6 
47940-1, 2 48168-2 48397-5, 6 
47941-1, 2, 3, 4, 6 48169-2 48398-5, 6 
47942-1, 2 48374-3 48399-6 
47943-1,2 48375-3 48400-6 
47944-2 48376-3 56902-4 
47945-1, 2, 3, 5 48377-3 
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WRIGHT DEMAND INDICATORS 

The Wright Demand Indicator is a de¬ 
vice for registering the maximum ampere 
demand of appreciable duration in any elec¬ 
trical circuit. 

The extensive adoption of this Indicator 
demonstrates its usefulness in determining 
load factor, the maximum output of genera¬ 
tors, transformers, feeders, 
etc., and the demands of 
individual consumers. 

The Wright Demand 
Indicator may be used on 
either direct or alternating 
current circuits and records 
the maximum current which 
has passed through it at any 
time since it was last set. 

It is purposely designed 
to be slow acting. If the 
maximum load lasts only 
four minutes, the Indicator 
will record approximately 
90 per cent, of the maxi¬ 
mum. If the load lasts ten 
minutes, approximately 97 
per cent, is recorded and if 
the load continues about 40 
minutes, the full 100 per 
cent, is registered. Momen¬ 
tary overloads like the start¬ 
ing current in motors, arc 
lamps, etc., or short circuits 
are not recorded. 

5-AMPERE WRIGHT DEMAND INDICATOR 

CONSTRUCTION AND PRINCIPLE OF 
OPERATION 

The working parts are enclosed in a cast 
iron case which can be securely sealed against 
tampering and which is fitted with a glass 

front so that the Indicator can be read with¬ 
out opening the hinged cover. The construc¬ 
tion of the Indicator permits it to be placed 
in any locality without risk of damage, and 
it is practically impossible for it to get out 
of order. 

A liquid is hermetically sealed in a glass 
vessel consisting of two 
bulbs connected by a "U" 
tube, and a central tube 
called the "Index" tube 
connected to the upper end 
of the right hand side of 
the " U. " Around the left 
hand or heating bulb, is 
placed a band of resistance 
metal, through which is 
passed the current to be 
measured, or a definite 
shunted portion of it. The 
heating effect of the current 
increases the temperature 
of the left hand bulb, caus¬ 
ing the air to expand which 
forces the liquid up the 
right hand side of the "U" 
tube and into the " Index" 
tube, where it remains 
until the Indicator is reset. 
The height of the liquid 
in the "Index" tube as 
shown by the scale indicates 
the maximum current which 

has passed through the Indicator. 
It is the difference in temperature of the 

air in the two bulbs which causes the flow of 
the liquid. Any change in external tempera¬ 
ture causes equal air expansion in both bulbs 
and therefore does not affect the reading. 
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THE GLASS TUBE 

The glass tube is made from selected stock 
and is thoroughly annealed since it is the 
care taken in the annealing process which 

gives it the abil¬ 
ity to withstand 
rough usage. The 
glass tube is 
mounted on a suit¬ 
able hinged sup¬ 
port, enabling the 
Indicator to be re¬ 
set by raising the 
tube and allowing 
the liquid to re¬ 
turn to its original 
position in the 
" U " tube. 

Rigidly fastened 
inside the lower 
part of the "U" 
tube are the 
"traps" which are 
essentially small 
inverted glass fun¬ 
nels. These traps 
prevent the pas¬ 
sage of air from 
one side of the 
" U " to the other. 
When the tube is 
tilted up for reset¬ 
ting, bubbles of air 
may pass the capil¬ 
laries and if it were 
not for the traps, 
these bubbles 
would go to the 
bottom of the " U " ; 
then when the tube 
is restored to its 
normal position, 
the bubbles might 
pass up the wrong 
side of the "U" 

and destroy the calibration. The traps, how¬ 
ever, due to action of the capillaries, remain 
covered by the liquid when the tube is in 

5-AMPERE INDICATOR WITH 
COVER OPEN 

the inverted position and the air bubbles 
pass by and collect beyond the entrance to 
the traps. 

TERMINALS 

The leading-in holes for service wires are 
insulated with porcelain bushings. The 
terminals which are located in the top of 
the case, are made in the form of a horizontal 
friction hinge holding the tube support. 
This friction hinge automatically retains the 
tube in the inverted position during the 
period of resetting and insures excellent elec¬ 
trical contact at all times. 

Capillary--'- ^ nary 

Trap 

INDICATOR TUBE WITH LIQUID 

HEATING BANDS 

The heating bands are made of a special 
high resistance metal with zero temperature 
coefficient and are non-inductive. In capa¬ 
cities as high as 25 amperes, the entire 
current is passed through the heating bands. 
In Indicators of larger capacity, the heat¬ 
ing bands are connected either to internal 
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or external shunts. The heating bands are 
so designed that they will clamp firmly about 
the heating bulb, irrespective of any varia¬ 
tions in bulb dimensions. 

SCALES 

Illustrations of some of the Indicator scales 
are shown in this Bulletin. The lowest scale 
reading is L (20 per cent.) of the rated 

600-AMPERE, DIRECT-CURRENT WRIGHT 
DEMAND INDICATOR—CLOSED 

capacity of the Indicator which has been 
found to be most practical for all commercial 
applications. The scale reads direct in amperes. 

CAPACITIES 

Wright Demand Indicators of all capaci¬ 
ties from 5 to 150 amperes inclusive may be 
used interchangeably on direct or alternating 
current circuits of any frequency. Indicators 
of 200 amperes capacity and over are furnished 
with shunts for direct current service, and 
with current transformers for alternating- 
current circuits. 

The shunts are in all cases, internal except 
in connection with Indicators of 800 amperes 
and over. 

Current transformers must be used in all 
cases on alternating-current circuits where 
the potential exceeds 1150 volts. 

SHUNTS 

The shunts are so designed that they 
present a large surface contact. This feature- 
together with that of the radiating strips in¬ 
sures minimum temperature rise. The resist- 

600-AMPERE, DIRECT-CURRENT WRIGHT 
DEMAND INDICATOR—OPEN 

ance part of the shunt is made of a special 
alloy having a zero temperature coefficient, 
and all live parts are properly shielded. 

OVER-LOAD CAPACITY 

The liberal dimensions of the terminals 
and the general design of the Indicator give 
it a large over-load capacity so that it may 
be safely operated on loads of double its 
rated capacity without injury. It should be 
remembered, however, that when operating 
at its rated current the index tube is filled in 
40 minutes, hence an over-load may quickly 
fill the tube and render an accurate record 
impossible. 
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LARGE CAPACITY WRIGHT DEMAND INDICATOR 
WITH EXTERNAL SHUNT 

WEATHER-PROOF EQUIPMENTS 

For outdoor installations, the Indicator 
can be furnished mounted in a weather-proof 
box with supports for hanging in any conven¬ 
ient location beside the transformer. 

WRIGHT DEMAND INDICATORS 

FOR CIRCUITS NOT EXCEEDING 

750 VOLTS 

Direct or Alternating Current 

Cat. No. Amperes List Price 

483.37 5 $12.00 

48338 10 12.00 

48339 15 12.00 

48340 25 12.00 

48341 35 16.00 

48342 50 16.00 

48343 75 16.00 

48344 100 16.00 

48345 150 23.00 

Direct Current Only 

Cat. No. Amperes List Price 

48346 200 $24.00 

48347 300 26.00 

48348 400 29.00 

48349 600 35.00 

Prices of Wright Demand Indicators of 
larger ampere capacities furnished on appli¬ 
cation. 
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DIMENSIONS OF WRIGHT DEMAND INDICATORS 
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CURTIS STEAM TURBINES-HORIZONTAL SHAFT TYPE 

The characteristics of the Curtis steam tur¬ 
bine as developed by the General Electric 
Company specially adapt it for driving hori¬ 
zontal shaft generators. 

sizes and 100 lbs. for the larger. The use of 
superheated steam in the Curtis turbine 
results in greater steam economy, as in any 
type of reciprocating engine or turbine, but 
without the usual attendant difficulties from 
lubrication and warping of parts. 

These sets require minimum attendance and 

150 KW. TURBINE CONNECTED TO DIRECT CURRENT GENERATOR 

The shaft is very short, of small diameter, 
and has a comparatively low surface speed in 
the bearings, resulting, with the light weight 
of the revolving parts, in low bearing friction 
and small tendency to wear. 

These advantageous features characterize 
the line of horizontal shaft Curtis turbine 
sets built in sizes of 20 Kw., 35 Kw., 75 Kw., 
100 Kw., 125 Kw., 150 Kw., and 300 Kw., 
for direct current, and 100 Kw. and 300 
Kw., for alternating current. 

They can be arranged to operate either 
non-condensing or condensing, and at any 
steam pressure above 80 lbs. for the smaller 

* Supersedes Bulletin No. 4445. 

may be advantageously installed for supply¬ 
ing light and power in mills, machine shops, 
laundries, apartment houses; for heating and 
lighting plants on steam vessels, in office 
buildings, railroad stations, and for train 
lighting. They are also extensively used for 
exciting alternating current generators in 
central power stations. 

The design embodies the simplicity of a 
water wheel, ample strength of all parts, and 
a neat, attractive appearance. The large 
number of these turbines in successful com¬ 
mercial service gives ample proof of their 
reliability. 
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Guriis.^t'Ctnxi Turbines—Horizontal Shaft Type 

These machines are built either with a 
single piece shaft and two bearings, or with 
a two-piece shaft and four bearings. In the 

mon base. All parts of the turbine and 
generator are interchangeable and easy of 
access. 

The governing mechanism is simple and 
reliable, controlling the speed perfectly under 
conditions of fluctuating load and varying 
steam pressure. 

100 KW. TURBINE CONNECTED TO DIRECT CURRENT GENERATOR 

latter type the turbine shaft is connected to 
the generator shaft by means of a flexible 
coupling. In both designs the turbine 
and generator are mounted on a com- 

For condensing operation the packing is so 
designed that air leakage is prevented, thus 
eliminating the difficulties of maintaining a 
high vacuum, which can be used to great ad- 

100 KW. TURBINE AND DIRECT CURRENT GENERATOR PARTLY ASSEMBLED 
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vantage as the turbine has a large exhaust 
passage and no exhaust valves. Turbines 
built for condensing service can be operated 
non-condensing in case of necessity. 

continuous operation with little attention. 
The commutating pole construction elimi¬ 
nates sparking under all conditions of load. 

The generators for direct current are built 

100 KW. TURBINE CONNECTED TO ALTERNATING CURRENT GENERATOR 

The generators are of the most improved 
type and embody many new features, such 
as commutating poles and special commutator 
construction, particularly adapting them to 

for 125 and 250 volts; the generators for 
alternating current are built for any of the 
standard voltages used in this class of service. 

For safety in operation these turbines are 
in a class by themselves, and cannot be ex¬ 
celled. In addition to the positive and 
efficient automatic governor, they are equip¬ 
ped with an entirely independent emergency 
governor. This mechanism has been simpli¬ 
fied to the last degree, thereby, making 

300 KW TURBINE CONNECTED TO DIRECT CURRENT GENERATOR 
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failure to operate a practical impossibility. 
Cleanliness has been especially considered 

in designing these machines, and surfaces 

turned to the boilers, this is of vital import¬ 
ance. This feature is of especial value in 
connection with laundering, dye works, 
bleacheries and paper mills. 

One of the most important advantages of 
these turbines is the great smoothness of 
operation which is almost essential in build¬ 
ings where noise is objectionable, and on 
trains and boats. 

Should the turbine be flooded with water 
there can be no danger of stripping the buck¬ 
ets nor other damage. Steam is admitted in 
a steady flow and there is no risk of steam 

20 KW. TURBINE WITH DIRECT CURRENT GENERATOR 

which may require cleaning are either painted 
or covered with planished iron. The oiling 
system is entirely enclosed, is automatic, and 
there is absolutely no oil throwing. 

These turbines require less floor space than 
any type of horizontal engine, and about 
the same floor space as vertical engines, 
but have much less height. Owing to their 

35 KW. TURBINE WHEEL AND ARMATURE 
ASSEMBLED ON SHAFT 

TURBINE NOZZLE 

light weight, small size and the absence of 
reciprocating parts, massive foundations are 
unnecessary. 

These units are economical in steam con¬ 
sumption and are so designed that their 
economy is not dependent on adjustments. 
There are no wearing parts affecting economy, 
nor opportunities for leakage, and efficiency 
will, therefore, be maintained indefinitely. 

The exhaust steam from the Curtis turbine 
is absolutely free from oil as no internal 
lubrication is necessary. Where the exhaust 
steam is used for heating or for manufacturing 
processes, or where condensed steam is re- 

hammer. These turbines can be started up 
promptly from a cold condition without 
danger from accumulations of condensed 
steam. 

35 KW. TURBINE WITH DIRECT CURRENT GENERATOR 

Every turbine is carefully tested before 
leaving the factory. 
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GENERAL ELECTRIC TRANSFORMERS- TYPE H 

IMPROVED DESIGN 

The universal popularity of the General other types was quickly appreciated. Hun- 
Electric Type H Transformer long ago in- dreds of thousands of kilowatt capacity 

IMPROVED DESIGN, TYPE H TRANSFORMER 

dicated that this form of construction would 
supersede all others. Over ten years ago, the 
General .Electric Company placed the first 
design of the Type H Transformer on the 
market and its great superiority over all 

now in service bears witness to the fact that 
no other type of design so nearly fulfills the 
ideal conditions of safety, economy and 
durability. Superior transformer design, as 
exemplified in the Type H Transformer, 
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needs no better recommendation than has 
been given it by other manufacturers in their 
gradual but steady tendencies towards (Gen¬ 
eral Electric standards. 

In this, as in many other classes of elec¬ 
trical apparatus, the excellence of final com¬ 
mercial product depends to a considerable 
degree on the careful selection by the design¬ 
ing engineers, of the value to be assigned to 
the variable properties of the apparatus. If 
the value of low core loss is unduly magnified, 
the resulting design is liable to have unduly 
high copper loss and poor regulation; if too 
bulky or unnecessary insulations are used, 

The progress made in its development from 
year to year is a matter of history, an 1 it is 
truthfully said that the history of transformer 
development is the history of the Type H 
Transformer. The redesigned Type H Trans¬ 
former now being placed on the market 
marks an additional era in the development. 

If we imagine both sets of coils in the 
Type H wound on one leg of the laminated 
iron core, we should have a simpler but un¬ 
balanced form. Now, if this imaginary 
transformer has its core divided vertically 
into four flat sections and these sections be 
swung around at right angles to each other, a 

GROUP OF TYPE H TRANSFORMERS—.6 KW. TO 50 KW. 

the transformer will generally have a high 
reactance with a tendency to overheat and 
a low efficiency. 

Of the many types of transformers that 
have been placed before the public, the Type 
H has proved itself best adapted to the most 
even balancing of all the variable character¬ 
istics incident to efficient design, and the 
General Electric Company, after eighteen 
years' experience with many designs and a 
careful investigation of all types, is as firmly 
convinced as it was ten years ago that the 
Type II construction is best for transformers 
of small and medium capacity. 

THE IMPROVED TYPE H 

Recognizing the stronger position this 
transformer has each year assumed, the Gen¬ 
eral Electric Company has constantly made 
every endeavor towards its improvement. 

transformer having a cross-shaped core is 
produced. This novel form of construction 
is used in the redesigned Type H. 

ADVANTAGES OF THE NEW DESIGN 
In adopting this type of construction, full 

consideration has been given to the retention 
of all essential electrical, magnetic and 
mechanical features which have produced 
such excellent results in the Type H Trans¬ 
formers heretofore manufactured, and at the 
same time advantage has been taken of a 
form of construction which permits important 
improvements. 

The latest design of Type H Transformer 
has the winding on the center leg only. It is 
cylindrical in shape and presents large sur¬ 
faces, allowing the oil free access to all parts 
of the coil and core. It gives a short mean 
length of turn in the winding as well as a 
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short mean length in the magnetic circuit in 
the core, resulting in low copper and core 
losses, high efficiency and good regulation. 

The proportions of the winding space 
in the redesigned Type H Transformers are 
similar to those of the superseded design, 
giving the same advantages, some of which 
may be summarized as follows: 

(1) Simplicity of winding and insulation 
as there are only cylindrical surfaces between 
primary and secondary. 

(2) Thin coils, bringing the oil in close 
proximity to all parts of the copper and thus 
allowing rapid radiation of heat. 

(3) Uniform expansion and contraction 
under alternate heating and cooling by 
reason of uniform heating, ample oil ducts, 
and the symmetrical arrangement of core 
and coils, with consequent prevention of chaf¬ 
ing of insulations and insurance of long life. 

In addition to these advantages, the 
following important properties are found in 
the new Type H design: 

1st—Better efficiencies. 
2nd—Greater uniformity of impedances 

whereby the various sizes of the line can be 
made to operate in multiple more perfectlv, 
each taking its correct proportion of the 
load. 

3rd—Improved connection board. 
4th—Improved method of supporting 

primary and secondary leads. 
5th—Improved method of clamping 

transformers in box. 

REACTANCE DROP 

By a careful intermixing of the coils 
the reactance obtained is small and the 
resulting regulation, particularly on loads 
of low power factor, is greatly improved. 

COOLING 

That part of the steel core composing the 
magnetic circuit outside of the winding is 
divided into four equal parts, each part being 
arranged at such a distance from the wind¬ 
ing that all portions of the winding and core 
are equally exposed to the action of the oil 

(the cooling medium), and on the larger sizes 
the winding is divided by ample channels 
through which sheets of oil are continually 
sweeping. The result is a uniform temper¬ 
ature throughout the transformer, thus elimi¬ 
nating the detrimental effects of unequal 
expansion in the coils with consequent rub¬ 
bing and abrasion of the insulation. 

SAFETY, DURABILITY AND 
ECONOMY 

Safety, durability and economy are the 
essential features of all electrical apparatus 
in the order of their importance. 

TYPE H TRANSFORMER—CORE AND COILS 

In no branch of electrical manufacture 
have these features been more carefully con¬ 
sidered than in the production of the General 
Electric Type H Transformers. Safety, dura¬ 
bility and economy are dependent upon: 

Insulation, Aging, 
Temperature Rise, Copper Loss, 
Core Loss, Regulation. 

INSULATION 

Insulations are classified in accordance 
with the duties they have to perform. 

1st.—Insulation between primary, sec¬ 
ondary and all other parts. 

2nd.—Insulation between layers. 
3rd.—Insulation between turns. 
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Each of these has its special electrical 
and mechanical strains to withstand; each 
has its possible weakness. To use too little 
or unsuitable material in any of these places 
means short life; to use too much means 
needlessly high losses or temperature rise. 

Insulation Between Primary and Second¬ 
ary.—The most important characteristic of 
a transformer, safety, is directly dependent 
upon the insulation between primary and 
secondary. 

The design of the Type H Transformer is 

the transformer be destroyed by abnormal 
conditions. Such a mica cylinder projecting 
well beyond either end of the primary wind¬ 
ing, of sufficient thickness to withstand from 
15,000 volts to 20,000 volts, and regularly 
tested in manufacture to 10,000 volts for one 
minute, is practically indestructible when 
used on circuits of voltage not exceeding 
2,500. 

Insulation Between Layers.—On account 
of the large proportion of the available wind¬ 
ing space in a transformer which must neees- 

PARTS OF TYPE H TRANSFORMER-IMPROVED DESIGN 

particularly well adapted to successful in¬ 
sulation at this point, by the use of a thick 
shield built up of layers of mica. 

Mica is an unequaled insulation because 
of its fire-proof property and high dielectric 
strength. It is, however, a very unsatis¬ 
factory and unsafe insulation to depend upon 
where sharp bends are necessary. In the 
Type H Transformer this condition does not 
arise, since when the secondaries are wound 
the sharp corners disappear and an insulating 
sleeve of mica is readily wound on which 
forms a shield between primary and second¬ 
ary, even should the fibrous insulations on 

sarily be occupied by insulation, it is essential 
that the insulation should be of the best 
quality to insure reliability, and as thin as 
possible to insure high efficiency. 

By employing windings that are practi¬ 
cally cylindrical in form, the use of short 
layers, difficult to insulate, has been avoided. 
Between layers the limiting feature is not 
electrical but mechanical strength of insula¬ 
tion, as the potential between layers seldom 
exceeds 200 volts. 

Paper is almost universally used be¬ 
tween layers, but as is well known, the 
various kinds of this material differ widelv 
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both as to mechanical and electrical strength. 
Cheap papers, having practically no fibre, 
crack with the slightest tension of the wires 
when used in transformers. Other papers 
with fairly good strength will quickly become 
brittle when subjected to a temperature even 
lower than that which must be expected in a 
transformer under load. 

The paper used in the Type H Trans¬ 
former has been selected after years of expe¬ 
rience, and the uniformity of its quality and 
purity is assured by constant inspection and 
electrical test of every sheet used. 

There are, in many types of transformers, 
two fertile sources of "short circuits " between 
layers. One is insufficient insulation between 
the outside turns of two adjacent layers, and 
the other the "crawling" of the superimposed 
layers on each other, due to unequal tempera¬ 
tures in different parts of the coils. 

The first defect is due to an attempt to 
economize space, the paper not being allowed 
to project sufficiently beyond the ends of 
the layers to prevent the last turn of one 
layer from falling on the next one below. 
The maximum pressure existing between 
layers occurs at the corners, and a perfect 
sheet of insulation extended beyond the 
layer at each end so arranged that it is im¬ 
possible for the turns to come out of place 
is found in the Type H Transformers. 

The second defect mentioned, namely, 
the "crawling" of the layers on each other, 
is a more serious one, perhaps, since it occurs 
only after the transformer has been in service 
a considerable length of time. If ample 
oil ducts are not provided between the 
coils and between coils and core, differ¬ 
ent temperatures will result in the trans¬ 
former structure which will cause an un¬ 
equal expansion of copper in different 
parts of the structure. A slight motion of 
one layer on another is thus produced which 
must in time crack the insulation between 
the layers, especially where one wire rides 
over an adjacent one at the crossing from 
one layer to the next. 

The Type H Transformers, containing a min¬ 
imum number of layers and having thin coils, 
equally cooled by the surrounding oil in all 
parts,cx])and equally throughout and are there- 

POLE INSTALLATION 

fore free from deterioration of this character. 
Insulation Between Turns.—Cotton 

wrapping on the wire is universally used to 
insulate turn from turn in transformers. 
Defects or bad spots in such covering are not 
easily detected, especially in small coils 
where the wire must be wound with rapidity. 
The General Electric Company, unlike other 
transformer manufacturers, buys its wire bare 
and applies the cotton covering in its own 
shops. It can therefore take such care and 
make such thorough inspection of this work 
that faults are reduced to a minimum. 

Drying and Filling.—The coils of all the 
smaller transformers, after winding, are sub¬ 
jected to the vacuum drying and compound 
filling process developed by the General 
Electric Company. This effectively dries out 
any moisture which may be present in the 
interstices of the winding and then closes 
them against reabsorption. 
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The compound, filling all crevices as it and should be measured by the increase of 
does, cements the winding into a solid block resistance of the copper. 
of copper and insulation, which dissipates the Great care is taken in designing the Type 

M/CA SM/ELO— 
M/CA SH/ELD- 
COl/EEED 
EYTAP/A/E 
O/L OUCT-- 

- ~SECONO/IEy 
 EE//WAEY 
O/L COAWELS 
-SECOA/OAEY 

■SPAC/OG BLOCK 

OIL DUCTS, OIL CHANNELS AND INSULATION 

heat generated within it with comparative 
ease, and gives a uniformly low temperature 
throughout. 

In the larger sizes, the primary coils are 
treated by the above process after which 
they are taped in and out several times, 
each tape being thoroughly saturated with 
varnish. The secondary coils are inter- 
wound, two in one layer, making very thin 
coils. These are not subjected to the above 
process, but are thoroughly saturated with 
varnish, after all moisture has been expelled, 
so that the same results are obtained: moist¬ 
ure is excluded and heat dissipated. 

TEMPERATURE 

High temperatures in transformers are 
seriously objectionable because they cause 
deterioration of insulation. Claims made for 
temperature rise mean absolutely nothing, 
unless all conditions are understood. The 
temperature rise should be based on the 
average temperature rise of either the 
primary or secondary after an eight-hour run, 

H Transformers to maintain the proper dis¬ 
tribution of iron and copper losses, so that 
the average increase in temperature of the 
winding is practically that of the hottest 
point in the transformer. 

By sacrificing uniform heating and in¬ 
sulation in the design of a transformer, it is 
possible to obtain a transformer of lower core 
loss, better regulation, and less cost, but one 
which it is dangerous to use. Such "econ¬ 
omy" should be most carefully guarded 
against. 

USE OF OIL 

Oil is a better heat-conducting medium 
than air, and a transformer will have a much 
lower temperature with oil than without. 
The use of oil preserves the insulation, keep¬ 
ing it soft and pliable, and prevents oxidiza¬ 
tion by air; consequently, the use of oil 
maintains uniform core loss and a superior 
insulation. 

The General Electric Company was the 
pioneer in advocating the use of oil in trans- 
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formers. It is mentioned in the following 
words as far back as Bulletin No. 3006, issued 
February 1st, 1892: 

MA new and valuable feature is the in¬ 
troduction of oil into the transformers to keep 
moisture from the insulation, to greatly 
increase the insulation and to prevent, as far 
as possible, its destruction by high potential 
discharges occasioned by lightning." 

CORE CONSTRUCTION 
The core used in the redesigned Type 

H Transformer contains four magnetic cir¬ 
cuits of equal reluctance in multiple, each 
circuit consisting of a separate core similar 
to that of the superseded Type H Trans¬ 
former. In this novel construction one leg 
of each circuit is built up of two different 
widths of punchings forming such a cross 
section that when the four circuits are as¬ 
sembled together they interlock to form a 
central leg, upon which the winding is 
placed. 

The four remaining legs consist of punch¬ 
ings of equal width. These occupy a posi¬ 
tion surrounding the coil at equal distances 
from the center on the four sides; form¬ 
ing a channel betweep each leg and coil, 
thereby presenting large surfaces to the oil 
and allowing it free access to all parts of the 
winding. 

In the small sizes the punchings are all of 
the same length assembled alternatively, 

forming two lap joints equally distributed in 
the four corners of the core, while on the 
large sizes each width of punching is made 
in two lengths, so that the corresponding 
punching of the inner and outer circuits in- 
termesh, forming lap joints in two corners 
and giving a magnetic circuit of very low 
reluctance. 

CORE LOSS 
Since under ordinary conditions of ser¬ 

vice, transformers are connected to the lines 
for the entire 24 hours of each day, it is 
essential that the light load loss, i. e., the 
core loss, should be as small as is consistent 
with the maintenance of proper values of 
the other characteristics. 

In the design and construction of the 
cores of Type H Transformers, consideration 
has been given to the most minute details 
tending to minimize core loss. 

The core loss claims are based on a sine 
wave and will be from 10 per cent, to 15 per 
cent, lower on circuits supplied by many types 
of generators now in commercial use. 

AGING 
The General Electric Company has de¬ 

voted a large amount of time and money 
in carefully investigating the matter of aging, 
and has found that it is impossible to obtain 
uniformly non-aging steel, without employing 
special treatment which is the outcome of 
many years of experience. By the use of such 
methods, a steel has been obtained which is 
practically non-aging, not only under normal 
conditions, but even at temperatures well 
beyond those which would be safe for the 
insulation of the transformer. 

COPPER LOSS 
Copper loss being dependent upon the 

length and cross section of the conductor used, 
can be calculated with precision by the de¬ 
signer. It should be fixed at such a value 
that the other characteristics—core loss, heat¬ 
ing and regulation — will be maintained 
within the most effective limits. 

While low core loss is of great importance, 
it should also be kept in mind that copper loss 
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reaches its highest value at the "peak" of the 
load and at the time the station is being taxed 
to its utmost capacity. Again, since copper 
loss varies with the square of the load, it 
follows that transformers connected to carry 
overloads on the "peak" have poor efficiency 
and regulation at such times unless designed 
for low copper loss. 

Particular attention is called to the low 
copper loss and good regulation of the Type 
H Transformers. 

REGULATION 

The principal factors in a transformer 
affecting its regulation, are the "CR," or 
copper loss (resistance) drop and the reactive 
drop of its windings. On a non-inductive 
load the latter, unless very large, does not 

THREE-WIRE SECONDARY CONNECTIONS 

practically the same value as the resistance 
drop. On an inductive load, however, the 
reactive drop of the windings is more nearly 
in phase with the load voltage and therefore 
has considerable effect on the regulation. It 

• is, therefore, essential that both of these 
components be made as small as possible. 

Improved Design 
i 

By the careful proportioning of the core and 
coils and the proper location of the latter, 
both the resistance drop and reactive drop 
of the Type. H Transformer are reduced to a 
minimum. 

PORCELAIN CONNECTION BOARD, 
BUSHINGS AND LEADS 

Inside the case is a porcelain connection 
board, by means of which the primary coils 
may be connected either in series or in mul¬ 
tiple. The secondary windings are divided 
into two parts, and the four secondary as 
well as the two primary leads are brought 
out through the transformer casing. The 
board is provided with barriers on its upper 
surface which separate the different terminals. 

Each lead where it leaves the transformer 
is sealed into a porcelain bushing so as to 
prevent the entrance of moisture or other 
foreign substance or the leakage of oil, and 
these bushings are similarly sealed into the 
case. 

THREE-WIRE SECONDARY WINDINGS 
ON TYPE H TRANSFORMERS 

The General Electric Company, in its 
Pamphlet 90S7, issued November 14th, 1900, 
called attention to the necessity of properly 
distributing the secondary windings on 
core type transformers if balanced voltage 
is to be maintained on a three-wire circuit 
fed from the transformer. The popularity 
of the Type H Transformer has led to ex¬ 
tensive copying of its general design and 
many of its detailed features. Some of these 
copiers are posing as original investigators 
and developers of this type of transformer. 
For instance, one manufacturing company 
has published in the technical press, an 
article describing their recently made "ex¬ 
periments" demonstrating the necessity of 
so designing the windings of the core type 
transformer as to avoid the lack of balance 
in the secondaries of such transformers "as 
heretofore constructed."- 

As the General Electric Company's 
patent covering this "re-discovery" was issued 
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nine years ago, and was the result of ex¬ 
periments made a considerable time previous 
to the issue of the patent, this Company be¬ 
lieves it is justified in reprinting here a copy 
of the principal claim of the patent, numbered 
595,403, issued December 14th, 1897: (,In 
a transformer, the combination of a core, a 
winding mounted thereon, and a winding 
in inductive relation to the first named wind¬ 
ing and connected to a three-wire circuit, 
comprising a plurality of coils connected to 
each side of the three-wire circuit, sa,id coils 
being so arranged on the core that they re¬ 
ceive substantially equal induction from the 
first mentioned winding under balanced and 
unbalanced loads.11 

The method used in the redesigned Type 
H Transformer for accomplishing this result 
is shown diagramatically on opposite page. 

As will be seen, the method adopted con¬ 
sists of distributing equally, on each side of 
the primary coil, both halves of the secondary 
winding, so that each secondary, throughout 
its length, is closely adjacent to the entire 
primary winding. 

In order to insure the exact equality of 
resistance and reactance in the two secondary 
windings necessary to obtain perfect regu¬ 
lation of the two halves, the inside portion 
of the secondary winding on one side of the 
primary coil is connected in series with the 
outside portion of that on the other side. 
As a result the drop of voltage in either side 
of the secondary of Type H Transformers, 
under any ordinary conditions of 
unbalanced load, does not ex¬ 
ceed the listed regulation 
drop. 

This particular arrangement 
is used because it accomplishes 
the results desired perfectly, and 
is the simplest and best method for 
this construction. Several other 
methods could be and have been 
used. The patent covers all such 
methods. 

GROUNDING SECONDARIES 

OF TRANSFORMERS 

Grounding the secondaries of Type H 
Transformers has been approved by the 
American Institute of Electrical Engineers 
and the National Electric Light Association. 
The National Board of Fire Underwriters has 
incorporated in the National Electric Code 
rules covering this matter. To insure good 
service with a grounded secondary, superior 
insulation between the primary and secondary 
is necessary, for the reason that, under these 
conditions, only one ground, i. e., one on the 
primary, is sufficient to put a strain of the 
full potential of the primary circuit on the in¬ 
sulation between primary and secondary 
coils, whereas ordinarily it requires an acci¬ 
dental ground on both primary and second¬ 
ary. The General Electric Company recom¬ 
mends the grounding of the secondary rather 
than the use of a grounded shield, for the 
reason that while the shield might prevent 
primary voltage appearing on the secondary 
by breaking down the insulation between 
coils, there would be no protection if a cross 
should occur outside of the transformer. On 
the other hand, if the secondary circuit is 
properly grounded, it is impossible to obtain 
a difference of potential between the house 
wiring and the ground greater than the lamp 
voltage. The mica shield, used between the 
primary and secondary windings of Type H 
Transformers, makes the approved method 
of grounding perfectly safe. 

insulation of tvpe n transformers 
• Type H lrans<ormera are ao deaicned and built u to (nsure tha greatest 
reliability In their operation. The Insptalion between layers and turns of the trans* lormer has been tested by operation at three times normal voltage and between the primary and secondary by applying a strain of 10,000 volts. These testa were 
made without oil. the uaa ol which gives a still higher factor ol aalety Such high standards ol teat have resulted In a remarkable record of reliability ol operation 
for Type tf Transformers. It is our desire. II possible, to still further raise the standard of transformer 
insulation We, therefore, ask you to notify our oearest District Office should this transiormer prove In any way dclcctive Please give full loformatloo at to the time 
transformer has been lo service, the average load carried and the conditions at the time of failure. Core Loss, Exciting Current. Regulation and Keating on this traneformcr 
have beco determined by accurate measurement a. 

GENERAL ELECTRIC COMPANY 
schenectadv. n. v.. l. s. a 
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WORKMANSHIP 
Notwithstanding the fact that the Gen¬ 

eral Electric Company employs only skilled 
labor for winding its transformer coils— 
man}r of its men having been engaged ex¬ 
clusively on this work for over 15 years—the 
most perfect system is used in preparing and 
placing the insulating materials on the coils. 
Nothing is left to the judgment of the work¬ 
man, as is so commonly the case in this class 
of work, consequent^ a perfectly uniform 

mm 

production results. All insulations, to the 
smallest pieces of paper, are detailed in 
drawings to exact size and are produced by 
the aid of gauges and special machinery, and 
in all departments the same accurate methods 
are used as are customary in other mechanical 
operations, but which are usualty sadly lacking 
in the winding and insulating of transformers. 
These methods have resulted in such dura¬ 
bility in Type H Transformers, that in three 
years, during which records were kept, less 

than one-third of one per cent, of the capacity 
sold were reported as burned out from all 
causes, including lightning and overload. In 
order to follow closely any defects which 
might occur in its transformers, the General 
Electric Company attaches a tag similar to 
the one illustrated on p. 9 to each transformer. 

INSULATOR TYPE PORCELAIN 
CUT-OUTS 

The primary switch and cut-out shown 
in the accompanying illustration is shaped so 
as to be used as an insulator, and the wires 

1 may be brought directly from the line to the 
cut-out and thence to the transformer with¬ 
out other support. The cut-out is made of 

1 porcelain, finished in black to harmonize with 
1 the transformer case, and is easily installed 
i and wired. 
j The plug is so arranged that ordinary 

uncovered fuse wire may be used, although 
■ this is not recommended since the rating of 

fuse wire depends entirely on the alloy and the 
length in which it is used, and it is therefore 

possible that the block may be improperly 
fused. The use of the listed fuses is recom¬ 
mended, as they are accurate in operation 
and easy to handle. Alloy fuses having cop¬ 
per terminals are used for currents up to and 
including 10 amperes, but fuses with capaci¬ 
ties exceeding 10 amperes are punched from 
one piece of sheet metal. The hand is pro¬ 
tected from injury by a shield above the 
handle, and the plug, when once inserted, is 
held firmly in place by the spring contacts. 

SINGLE-POLE PRIMARY SWITCH AND CUT-OUT—CAT. No. 51874 

FUSES FOR INSULATOR TYPE CUT-OUTS 

Cat. No. Capacity in Amps. Cat. No. Capacity in Amps. 

23174 1 23180 15 
23175 2 23181 20 
23176 3 23182 25 
23178 5 23183 30 
23179 10 

For the 40 kw. and 50 kw. sizes, when operated at 1100 volts Cut-Out, Cat. No. 51S74 is not suitable and instead of it Cat. No. 
5696 should be furnished. If the transformers are to be operated at 1100 volts this Cut-Out should be specially ordered. 
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GENERAL ELECTRIC TYPE H OIL TRANSFORMERS 

FREQUENCY LIMITS, 50-140 CYCLES; NORMAL, 60 CYCLES; PRIMARY VOLTAGE, 1100 OR 2200 
DATA BASED ON 1100 OR 2200 VOLTS, 60 CYCLES, SINE WAVE 

t Secondary Volts 
Core 
Loss 

i 
Cop. [Per Cent. 
Loss Reg. 

Efficiency Net Weight 
in Lb. Inc. 

Oil 
Kvv. 110 or 220 122 or 244 Full 

Load Load h Load Load Cat. No. • Cat. No. 

.0 24041 24036 21 15 2 .54 94 .3 93.9 92 .4 87 .2 90 
1 24042 24037 27 24 2 .45 95.2 94.9 93 .8 89.8 100 
1 .5 24043 24038 32 34 2.30 95.8 95 .7 94 .9 91 .7 160 
2 . 24044 24039 37 45 2.28 96.1 96 .0 95.4 92.6 165 
2 .5 24045 24040 41 53 2 .15 96.4 96 .4 95.8 93.4 195 
o 4125 4161 45 61 2.08 96.6 96.6 96.1 93 .9 200 
4 4127 4164 55 74 1 .92 96.9 96 .9 96.5 94 .4 295 
5 4129 4167 62 90 1 .90 97.1 97.1 96 .7 94.9 325 
7.5 4133 4173 84 122 1 .75 97.3 97.4 97.0 95.3 400 

10 4135 4176 102 1 149 1 .59 97.6 97.6 97 .3 95.9 450 
15 4137 4179 137 209 1 .51 97.7 97.8 97 .5 96 .2 810 
20 4139 4182 162 268 1 .42 97 .9 98.0 97 .8 96.6 900 
25 4141 4185 187 311 1 .31 98 .1 98.1 97.9 96.8 1175 
30 4143 4188 210 359 1 .25 98.1 98.2 98.0 97 .0 1230 
40 4025 4026 258 450 1 .20 98.3 98 .3 98.2 97 .2 1580 
50 4095 4096 307 540 1 .15 98.3 98 .4 98.3 97 .3 1615 

The average tcmperacure rise of eitner primary or secondary will not exceed 450C. in eignt nours lull load and 50oC. in 
twenty-four hours full load. 

Temperature rise determined by increase of resistance method. 

GENERAL ELECTRIC TYPE H OIL TRANSFORMERS 

FREQUENCY LIMITS, 50-140 CYCLES; NORMAL, 60 CYCLES; PRIMARY VOLTAGE, 1100 OR 2200 
DATA BASED ON 1100 OR 2200 VOLTS, 125 CYCLES, SINE WAVE 

Kw. 
Secondary Volts 

Core 
Loss 

Cop. 
Loss 

Per Cent. 
Reg. 

Efficiency Net Weight 
in Lb. Inc. 

Oil 110 or 220 122 or 244 Full 
Load 4 Load * Load 

i 
Load Cat. No. Cat. No. 

.6 24041 24036 15 15 2.54 95.2 95.1 94 .0 90.4 90 
1 24042 24037 19 24 2 .45 95.9 95.8 95.2 92.2 100 
1 .5 24043 24038 23 34 2.30 96.3 96 .4 95.9 93.7 160 
2 24044 24039 26 45 2.28 96.6 96.7 96.4 94.5 165 

2 .5 24045 24040 29 53 2.15 96.8 97.0 96.7 95.3 195 
3 4125 4161 32 61 2 .08 97 .0 97.1 97.0 95 .4 200 

4 4127 4164 39 74 1 .92 97.2 97 .4 97.2 95.8 295 
5 4129 4167 44 90 1 .90 97 .4 97.5 97 .4 96.2 325 

7 .5 4133 4173 60 122 1 .75 97.6 97.8 97.6 96.5 400 
10 4135 4176 72 149 1 .59 97.8 98 :0 97 .9 96.9 450 

15 4137 4179 97 209 1 .51 98 .0 98.1 98 .1 97 .2 810 
20 4139 4182 115 268 1 .42 98.1 98.3 98.2 97 .4 900 

25 4141 4185 133 311 1 .31 98.3 98 .4 98.3 97.6 1175 
30 4143 4188 149 359 1 .25 98.3 98.5 98 .4 97.8 1230 

40 4025 4026 183 450 1 .20 98 .4 98.6 98.5 97 .9 1580 
50 4095 4096 218 540 1 .15 98.5 98.6 98.6 98.0 1615 

The average temperature rise of either primary ^or secondary will nut exceed 40oC. in eight hours and 450C. in twenty four 
hours full load. , . Temperature rise determined by increase of resistance method. 
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GENERAL ELECTRIC TYPE HB OIL TRANSFORMERS 

FREQUENCY LIMITS, 60-140 CYCLES; NORMAL, 60 CYCLES; PRIMARY VOLTAGE, 1100 OR 2200 
DATA BASED ON 1100 OR 2200 VOLTS, 60 CYCLES, SINE WAVE. 

Kw. 
Secondary Volts 

Core 
Loss 

Cop. 
Loss 

Per Cent. 
Reg. 

Efficiency Net Weight 
in Lbs. Inc. 

Oil 110 or 220 
Cat. No. 

Full 
Load * Load 1 Load h Load 

.6 43078 27 15 2.60 93.4 92.7 90.6 84.3 85 
1 43679 35 24 2.53 94.4 93 .9 92.4 87.3 90 
1 .5 43680 43 28 1.99 95.5 95 .0 93.8 89.3 100 
2 43681 50 34 1 .80 96.0 95.6 94.5 90.6 165 
2.5 43682 55 40 • 1.71 96.3 96.0 95.1 91 .6 170 
3 3716 60 47 1 .67 96 .6 96.3 95.4 92 .3 195 
4 3705 70 67 1 .77 96 .7 96.5 95.8 93.1 205 
5 3706 78 87 1 .90 96 .8 96 .7 96 .2 93.3 290 
7.5 3708 101 120 1 .77 97 .1 97.1 96.6 94 .5 325 

3709 123 145 1 .61 97.4 97.3 96.9 95.0 400 
15 3710 168 214 1 .60 97.5 97.5 97.1 95 .4 455 
20 3711 196 235 1 .34 97 .9 97 .9 97 .5 96 .0 820 
25 - 3712 241 270 1.19 98.0 ■ 97 .9 97.6 96.0 900 • 
30 3713 276 295 1 .09 98.1 98.1 97 .7 96.2 1170 
40 35271 349 352 1.00 98.3 98 .2 97.9 96 .4 1230 
50 35272 435 382 .85 98 .4 98.3 97 .9 96 .5 1600 

The average temperature rise of either primary or secondary will not exceed 50oC. in eight hours full load and 550C. in twenty- 
four hours full load. . r . Temperature rise determined by increase of resistance method. 

GENERAL ELECTRIC TYPE HB OIL TRANSFORMERS 

FREQUENCY LIMITS, 60-140 CYCLES; NORMAL, 60 CYCLES; PRIMARY VOLTAGE, 1100 OR 2200 
DATA BASED ON 1100 OR 2200 VOLTS, 125 CYCLES, SINE WAVE. 

Kw. 
Secondary Volts 

Core 
Loss 

Cop. 
Loss 

Per Cent. 
Reg. 

Efficiency Net Weight 
in Lbs. Inc. 

Oil 110 or 220 
Cat. No. 

Full 
Load * Load i Load Load 

.6 43678 19 15 2.60 94.6 94 .2 92.9 88.2 85 
1 43679 25 24 2.53 95.3 95.1 94 .2 90 .3 90 
1.5 43680 31 28 1 .99 96 .2 96.0 95.2 91.9 100 
2 43681 36 34 1.80 96 .6 96.5 95.7 92 .9 165 
2.5 43682 39 40 1 .71 96 .9 96.8 96.2 93 .7 170 
3 3716 43 47 1 .67 97.1 97.0 96.5 94.2 195 
4 3705 50 67 1.77 97 .2 97 .2 96.8 94 .9 205 
5 3706 55 87 1.90 97 .2 97.3 97 .0 95 .4 290 
7.5 3708 72 120 1 .77 97.5 97 .6 97 .3 95 .9 325 

10 3709 87 145 1 .61 97.7 97.8 97.6 96.3 400 
15 3710 119 214 1 .60 97.8 97.9 97.7 96.6 455 
20 3711 139 235 , 1.34 98 .2 98 .2 98.1 97 .0 820 
25 , 3712 171 270 1 .19 98 .3 98 .3 98.1 97.1 900 
30 3713 196 295 .1 .09 98 .4 98 .4 98 .2 97.2 1170 
40 35271 248 352 1 .00 98.5 98 .5 98.3 97 .4 1230 
50 35272 309 382 .85 98.6 98 .6 98 .4 97 .4 1600 

The average temperature rise of either primary or secondary will not exceed 450C. in eight hours full load and 50oC. in 
twenty-four hours full load. 

Temperature rise determined by increase of resistance method. 
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GENERAL ELECTRIC TYPE H OIL TRANSFORMERS 
FREQUENCY LIMITS, 50-140 CYCLES; NORMAL, 60 CYCLES; PRIMARY 

VOLTAGE, 1100 OR 2200 

Watts Capacity 
Seconda 

110 or 220 
ry Volts 

122 or 244 Quarts of Oil 
Required 

No. of 50-Watt 
Lamps 

Approximate 
Shipping Weight 
in Lbs. Inc. Oil Cat. No. Cat. No. 

600 24041 24036 3.5 12 105 
1000 24042 24037 3 20 115 
1500 24043 24038 9 30 180 
2000 24044 24039 7.5 40 185 
2500 24045 24040 8.5 50 220 
3000 4125 4161 8 60 225 
4000 4127 4164 17 80 330 
5000 4129 4167 16 100 360 
7500 4133 4173 29 150 445 

10000 ' 4135 4176 27 200 495 
15000 4137 4179 60 300 865 
20000 4139 4182 56 . 400 955 
25000 4141 4185 100 500 1245 
30000 4143 4188 96 600 1300 
40000 4025 4026 150 800 1665 
50000 - 40£5 4090 144 1000 1700 

Transformers for 1100 or 2200"volt service have porcelain connection boards for the primary coils, by means of which they may 
be adapted.for either circuit. The secondary voltage may be changed by connections of the secondary leads outside of the trans¬ 
formers. Prices include oil, boxing, two primary fuse boxes, Cat. No. 51874, and transformer hanging hooks. If operated on 1100 
volts, the 40 kilowatt and 50 kilowatt sizes should be provided with fuse boxes. Cat. No. 5696. which should be specially ordered 

Special prices will be quoted on transformers for other than 1100 or 2200 volt circuits. 

GENERAL ELECTRIC TYPE HB OIL TRANSFORMERS 

FREQUENCY LIMITS, 60-140 CYCLES; NORMAL, 60 CYCLES; PRIMARY 
VOLTAGE, 1100 OR 2200 

Secondary Volts 
Quarts of Oil 

Required 
No. of 50-Watt 

Lamps 
Approximate 

Shipping Weight 
in Lbs. Inc. Oil Watts Capacity 110 or 220 

Cat. No. 

600 
1000 

43678 
43679 

3 
3.5 

12 
20 

100 
105 

1500 
2000 

43680 
/43081 

3 
9 

30 
40 

115 
185 

2500 
3000 

43682 
3716 

7.5 
8 .5 

50 
60 

190 
220 

4000 
5000 

3705 
3706 

8 
17 

80 
100 

230 
325 

7500 
10000 

3708 
3709 

16 
29 

150 
200 

360 
445 

15000 
20000 

3710 
3711 

27 
60 

300 
400 

500 
875 

♦25000 
30000 

3712 
3713 

56 
100 

500 
600 

955 
1240 

40000 
50000 

35271 
35272 

96 
150 

800 
1000 

1300 
1685 50000 6srlTZ iou JUOU 

These transformers have porcelain connection boards for the primary coils, by means of which they may be adapted to either 
1100 or 2200 volt circuits. The secondary voltage may be changed by connections of the secondary leads outside of the transformers. 
Prices Include oil, boxing, two primary fuse boxes, Cat. No. 51874, and transformer hnnging hooks. t-cnc -u* u'u 

If operated on 1100 volts, the 40 kilowatt and 50 kilowatt sizes should be provided with fuse boxes. Cat. No. 5696, which should 
be specially ordered. 
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RAILWAY SIGNALS, TOP MAST, DIRECT CONNECTED 

TWO POSITION TYPE 

In order to meet the demand for a simple 
motor signal for two-position operation, the 

General Electric Company has de¬ 
veloped a signal, known as the 
M-113, which is believed to mark 
as great an advance over other 

two-posi¬ 
tion sig¬ 
nals as was 
made by 

Fig. 1 the M-110 
signal (see G. E. Bulletin 
4484), over three-position sig¬ 
nals of older types. 
This new design embod- 
ies all of those features 
which have been found 

to be desirable in electric motor sig¬ 
nal construction. Special attention 
has been given not only to sim¬ 
plicity of design, but to the choice of the 
best possible material for each part. This, 
combined with the ample proportions of 
all wearing surfaces, insures long life and 
the highest attainable efficiency. These 
signals have undergone an extended test 
under all kinds of weather conditions, 
and special tools have been designed for 
their production. They are now offered to 
the railroads as representing the best that 
has been produced in signals of this class. 

The M-113 signal belongs to what is known 
as the top mast, or direct connected type. 
There are several practical advantages to be 
gained by the location of the motor and 
operating mechanism at the top of the signal 

mast, at the point where the work is to be 
done, these are as follows: 

Simplicity. With mechanism located at 
the base of the mast it is necessary to change 
from the rotary motion of the motor and 
gears to a straight line motion, and to pro¬ 
vide means for transmitting this motion to 
the top of the mast in such a way as to 
turn the signal shaft, or spindle, and give the 
proper indication of the signal arm. With 
top mast construction, this is avoided and a 

simplicity, rigidity and compactness 
of design is secured which is impossi¬ 
ble with any other location of the 
motor mechanism. 

Reliability. Because of the greater 
simplicity, and the consequent reduc¬ 
tion in friction, the apparatus is much 

less liable to derangement. 
On account of this construc¬ 

tion, the insulation of the entire 
mechanism and case from the 
mast becomes an easy matter, 
and thus a large 
percentage of the 
troubles due to 
grounded wires Fig. 2 

avoided. 
Economy. 

The reduc¬ 
tion in the 
number of 
moving parts and consequently 
in the friction, results in a 
marked reduction in power con¬ 
sumption. This is a matter the 

Fig. 3 
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importance of which is second only to that 
of reK^tdlit^; and is of special moment 
where "Sigfrkls' are operated from primary bat- 

m** rr • ! % ' t 
r'/'„ I ^ 

• * * • fostefiaffdn/' 'All" mbvihg parts of the sig- 
• # ««> » O' * • • 

naJL*b^iim eyuitaiSied in, or attached to, the 
mechamstlt ""at the top of the mast, 
the signal can be installed with a minimum 
of labor on any kind of a pole. This feature 
is especially valuable in temporary installa¬ 
tions or repair work, as the signal can be 
easily placed on a pole, and wires run to , 
the proper terminals in the case when the 
installation will be complete. 

Maintenance. Objections to top mast sig¬ 
nals are based principally on the ground of 
difficulty of maintenance. Experience has 
shown, however, that from the standpoint of 
maintenance, the top mast signal has a dis¬ 
tinct advantage over those of the other class. 
It requires less attention on the part of the 
maintainer than one located near the surface 
of the ground because the mechanism is 
away from water and surface moisture, so 
that there is much less accumulation of dirt 
and condensation of water inside the case. 
Furthermore, all parts of the signal requiring 
inspection or care, are placed at one point, 
and may, therefore, be readily inspected when 
any part of the signal is examined. A small 
but convenient platform is provided for the 
maintainer. 

MECHANISM 

Figure 4 shows the M-113 signal mechanism 
complete in the position corresponding to the 
stop position of the blade. 

The supporting frame of the mechanism 
which carries the bearings for the signal shaft 
and the reduction gearing, is made so as to 
form a weather proof case. The joint between 
the door and the case is made with a gasket 
of elastic felt, which is specially adapted to 
this purpose. At the bottom of the case, and 
cast integrally with it, is the socket by which 
it is secured to the top of the mast. Inside 
this socket is an insulating bushing which 
eliminates the possibility of grounds, even if 

the wiring comes in contact with the case or 
if, through accident, the insulation of any 
current carrying part of the mechanism be 
broken down. A similar socket is* provided 
at the top of the case for the reception either 
of the pinnacle, should the signal be at the 
extreme top of the mast, or an extension of 
the mast, if one or more mechanisms are to 
be placed above. 

The form of the case is such that, with a 
suitable bracket for supporting the lamp, 
any of the various standard spectacle castings 
now in use may be applied to the signal. 
The whole external design presents a sym¬ 
metrical appearance when mounted on the 
mast, and its shape is such that it does not 
interfere with the distinct indication of the 
semaphore arm. 

The operating parts of this signal consist 
primarily of a motor, reduction gears, 
means for engaging and disengaging the 
signal shaft from the driving gear, means for 
preventing shock to the signal parts when 
the signal returns by gravity to its stop posi¬ 
tion, and the necessary electrical contact 
devices for securing the desired movements. 

The motor is but a slight modification of 
that used in the M-110 (3-position type) 
signals. It is of the best possible construc- 
sion throughout. The entire magnetic cir¬ 
cuit is made of laminated steel of the best 
quality. 

The field coils are wound with enamelled 
magnet wire, which is water proof and of high 
insulation resistance and puncture test. 
Each coil is finished with several layers of 
insulating tape which support the coil so that 
no spool is necessary and the best possible 
insulation is secured. The motor field is 
compounded, and the series and shunt coils 
are separate, to guard against the possibility 
of a cross connection and to lessen the cost of 
repairs, in case a coil should become injured. 
The purpose of this compound winding will 
be apparent from a further description of the 
signal. 

The armature is wound with double cotton 
covered magnet wire on a well insulated core. 
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The armature is afterward treated by the 
vacuum japan process, so that all the insula¬ 
tion is thoroughly impregnated with an 
insulating compound which renders it water 
proof and greatly increases its insulation 
resistance. 

The commutator is of the best possible 
construction and of ample size, so that its 
life is practically 
unlimited. 

The motor 
bearings are care¬ 
fully made and 
provided with oil 
wells and ring 
lubrication. 

The brushes 
are laminated 
copper of ample 
carrying capa¬ 
city, and are pro¬ 
vided with brush 
holders which in¬ 
sure a minimum 
variation in con¬ 
tact pressure and 
are easily ad¬ 
justed. The sup¬ 
porting studs, on 
each of which are 
mounted two 
brushes, are thor¬ 
oughly insulated 
by mica from the 
motor frame, and 
are permanently 
connected to the 
motor terminals which are also insulated with 
the best quality of mica. The commutator 
is protected by a cover of clear glass, which 
is held in place by means of a threaded stud 
fastened to the outer bearing. The knurled 
nut which secures the commutator cover is 
fastened permanently to the glass, so that it 
cannot be lost or mislaid. Inside the com¬ 
mutator cover, and next to the commutator 
itself, is a ball ratchet, which prevents a 
backward rotation of the motor. The func¬ 

tion of this ratchet will be explained later. 
The reduction gearing of this signal has 

received most careful attention. The gears 
are accurately cut on automatic machines. 
The motor pinion and the gear with which it 
meshes are made of alloys which differ in 
their composition, so as to secure the best 
running conditions at high rotative speed. 

The intermediate 
gear is made of 
the same alloy as 
the high speed 
gear, while the 
main driving 
gear is of cast 
iron and of very 
rugged design. 
The pinion which 
drives the main 
gear, as well as 
that driving the 
intermediate 
gear, are of high 
grade steel, and 
each with its 
shaft is formed in 
one piece, thus 
insuring the most 
substantial con¬ 
struction and pre¬ 
venting the possi¬ 
bility of a pinion 
working loose. 
The shafts are ac¬ 
curately finished 
to gauge, and 
special tools have 

been designed to insure the accurate finish of 
the bearings to secure perfect alignment and 
mesh of the gears. It is on account of the 
accuracy of this work that this signal operates 
with so little friction. The high speed gear 
and the motor pinion are protected by a case 
attached to the inside of the frame, while the 
intermediate gear and its pinion are protect¬ 
ed by a gear case made of a single piece and 
bolted to the outside of the frame with 
which it makes a weather-proof joint. 
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To the face of the main gear are attached 
driving pins of case hardened steel. The 
engagement of these pins with the pawl of 
the slot-arm fastened to the signal shaft 
moves the signal from stop to proceed posi¬ 
tion. The slot-arm is mounted on a squared 
portion of the signal shaft by means of an 
accurately broached square hole in its hub. 
This slot-arm carries the so-called slot-magnet, 
the armature of which is attached to one end 
of a bell crank lever. The other end of this 
lever is attached to the pawl which is drawn 
into position for engagement with the driving 
pins whenever the slot-magnet is energized. 
The slot-magnet coils consist of enamelled 
wire, of the same quality used in the motor 
field coils, wound on spools separate from the 
magnet cores, so that they can be readily 
replaced in case of injury. Each leg of the 
slot-magnet carries two coils; the series coil 
is connected in the motor circuit, and the 
shunt coil connected outside of the control 
contacts which break the motor circuit. 
Current is carried to this moving slot-coil 
by means of two segmental collector rings 
and heavy German silver contact fingers 
engaging with them. The outer end of the 
series coil is connected directly to the motor 
control contact sector. 

It will be noted that no flexible moving 
wires are used in this machine. 

On the signal shaft, directly back of the 
main gear, is mounted an eccentric. The 
strap of this eccentric is cast in one piece 
with the cylinder of the dash-pot, or liquid 
buffer, which prevents shock to the mechan¬ 
ism when the signal returns by gravity to its 
stop position. The .area of this dash-pot is 
such that ample retardation is secured with¬ 
out resort to any form of packing, or the use 
of small ports which are liable to become 
clogged. The eccentric is so arranged as to 
give no retarding effect at or near the clear 
position of the signal, so that the first move¬ 
ment is rapid and the signal is retarded in 
ample time to prevent any injurious shock. 
The dash-pot is filled with a light oil, which 
is specially imported for this purpose, and 

does not materially change with a reduction 
of temperature to 50° R below zero. Means 
are provided to effectually exclude all dirt 
from both the cylinder itself and all portions 
of the piston rod. The upper end of the 
piston rod is fastened to a piece which is 
journaled on a shaft at the top of the signal 
case or frame. 

The circuit controller which governs the 
movement of the signal, is mounted at the 
end of the main shaft where it may be most 
conveniently inspected. This controller con¬ 
sists of contact fingers, made of hard rolled 
German silver, engaging with contact sectors 
which are made of a special non-corrosive 
metal that, is extremely hard and has been 
found to be most suitable for this purpose. 
The contact sectors are mounted on a collar 
which is securely fastened to the main shaft, 

Ser/esS/ot Co/7 
• tfra/n? Con fact, Sccior 
Sra/reCandacdf/hgeFS- ^ 

Afofarsfrvnature 
Sfiund/ve/d- 
Ser/esir/e/d- 

TfocAror/Unetfe/c 

VMbShunt S/otCo/Y 

S/gna/ Sf/aCd 
A7o£or Contact Sector -A>fo£orCo/7tcrc£ ftnger 

but from which it can be readily removed. 
They are insulated from this collar by means 
of a moulded insulating material which is 
specially adapted to this purpose. The 
fingers for engagement with these sectors are 
mounted on studs held in a casting which is 
journaled on the main shaft and prevented 
from rotating by means of a projection at the 
top of the case. The motor contact stud is 
provided with a quick break device to pre¬ 
vent burning. The whole construction of 
these parts is very substantial and, as all 
parts are made interchangeable and to accur¬ 
ate gauges, no adjustment is necessary. 

All of these signals are provided with a 
substantially constructed counting device 
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for registering the number of movements. 
This device has been made a part of the 
General Electric Company's standard mechan¬ 
ism, as it is believed that a careful record of 
the operation of each signal is extremely 
desirable, and conducive to the best results. 

OPERATION 

When the signal circuit is closed, current 
will flow through the shunt coils of the slot- 
magnet, and in another circuit through the 

drawn away by pressure of the driving pins 
against the pawl. The slot-magnet being 
energized, the pawl is held in the path of the 
driving pins, and, as the motor revolves, one 
of the driving pins, is forced against the pawl 
thereby turning the slot-arm and the signal 
shaft to which it is connected. When the 
arm of the signal has come almost to its ex¬ 
treme position of "proceed," the motor current 
is broken by means of the controller, but this 
does not arrest the movement of the signal, 

Fig. 6 

series coil of the slot-magnet, and thence 
through the motor control sector and its 
contact fingers to the armature and series 
field of the motor. At the same time a por¬ 
tion of'the current will flow around the arma¬ 
ture of the motor through the shunt field. 
As the armature of the slot-magnet is resting 
against the stop pins in the pole pieces when 
the signal is in the stop position {see Figure 
4) only sufficient energy is required in the 
slot-magnet to hold the armature from being 

Fig. 7 

on account of the inertia of the revolving 
armature and other parts. It is evident that, 
on account of a shunt field winding, the 
motor, driven by its own inertia, becomes a 
generator maintaining its field excitation. 
Immediately after the circuit between the 
motor and the battery is opened, connection 
is made through another contact sector closing 
a low resistance circuit between the motor 
brushes, thus converting the motor into a 
powerful electric brake to arrest the further 
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movetnent of the signal. A diagram of the 
circuits which accomplished this result is 
shown in Fig. 5. As soon as the motor stops, 
the ball ratchet, before mentioned, prevents 
any backward rotation of the motor armature 
and the signal is held in its clear position, as 
shown in Figure 6, until the main circuit 
between the signal and battery is opened. 
It will be understood that the higher the 
voltage of the battery the greater will be 
the speed of the motor at the time the 
battery current is cut off and the greater 
will be the inertia of the moving parts. It 
is also evident that the greater the speed 
of the motor the higher will be the E. M. F. 
generated in its armature, and the greater 
will be the current opposing its forward 
movement when it is acting as a generator. 
It will, therefore, be seen that, whatever the 
voltage of the battery, the motor will make 
practically the same number of revolutions 
after its current is broken, and will stop the 
signal arm at essentially the same position. 
This method of stopping the motor eliminates 
the necessity for a friction brake and at the 
same time secures better results. When the 
main signal circuit is opened, and the slot- 
magnet de-energized, its heavy armature falls 
away from the cores, and this movement is 
assisted by the pressure of the driving pin 
against the pawl (see Figure 7). This move¬ 
ment of the armature throws back the pawl 
from engagement with the driving pin, and 
the signal shaft, together with the slot-arm, 
are free to assume the position to which they 
are normally carried by gravity. As the 
signal arm comes to its stop position, the 
rotation of the slot-arm causes the armature 
to swing back against the poles of the magnet 
so that it is in position to be held firmly in 
place when current is again applied, as 
shown in Figure 4. 

ACCESSIBILITY OF PARTS 

An important advantage of this type of 
construction, resulting largely from the 
amount of space around the mechanism, is 
the accessibility of all parts of the mechan¬ 

ism, and the readiness with which any part 
may be removed, in case repairs or renewals 
become necessary. By unscrewing two huts, 
shown at the bottom of the motor base and 
disconnecting the wires, the motor may. be 
quickly removed. By detaching from the 
main shaft the collar, above mentioned, which 
supports the contact sectors, the circuit con¬ 
troller, slot-arm, main driving gear and dash- 
pot can be quickly and easily removed. 

The proper lubrication of this signal has 
also received careful attention. Not only 
have all parts been made easy of access for 
oiling, but means have been provided in all 
bearings to retain sufficient oil so that fre¬ 
quent oiling is not necessary to its successful 
operation. 

All the interior wiring is carefully done, 
and terminals of ample proportions are pro¬ 
vided for all wires leading into the case. 

The construction of the case, or frame, is 
well shown in Figure 8. The operating parts 
of the signal, aside from the motor, are shown 
in Figure 10, from which a good idea of its 
simplicity can be obtained. The construction 
of the motor itself is fully shown in Figure 9. 

ADAPTABILITY 
In case it is desired to use this mechanism 

for upper quadrant indication, the change can 
be readily effected. The motor is reversible 
with a slight alteration in connections and a 
reversal of the brushes. The gearing is sym¬ 
metrical with respect to the vertical axis of 
the signal, and the slot-arm and other parts 
are designed so as to be reversible. It is evi¬ 
dent, therefore, that this change can be effec¬ 
ted quickly and at practically no expense. 

This signal, as has been stated, is designed 
primarily for two-position operation. With 
the proper circuit controller it may be used to 
give three-position indications, in which case, 
however, in indicating a back-up" train 
movement, the signal arm will first go to 
"stop" and then immediately assume the 
proper " caution " position. The General Elec¬ 
tric Company's top mast, three-position, M- 
110 signal, and the Company's Signal Relays 
are described in Bulletins on these subjects. 
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CASE FOR M-113 SIGNAL MECHANISM 

C0~~ 

A Mechanism Case. 
Aa Door with Hinge Pins. 
Ab Gasket for Door. 
B Hasp for Door. 
Ba Hasp Nut with Rivet. 
Bb Hinge Bolt with Rivet. 
Be Hinge Bolt Lug with Rivets. 
C Lamp Bracket. 
Ca Stop for Semaphore Spectacle. 
Cb Bolt with Nut for Spectacle Stop. 
Cc Gear guard with Screw. 
D Motor Stud. 

So Da Nut for Motor Stud. 
Db Outside Gear Cover. 

■-<? Dc Gasket for Gear Cover. 
E Bolt with Nut for Gear Cover. 
Ea Set Screw for Case. 

/ Eb Wiring Cleat with Screw, 
Ec Pinnacle. 
Ed Insulator for Case. 
Ef Bolt with Nut for Lamp Bracket. 

Fig. 8 

When ordering, state type of signal from name 
plate. Give name of part and corresponding 
reference letter. 

PARTS OF SIGNAL MOTOR, CY-18-C-5 

Fig. 9 
S Series Field Coil. Va Oil Cup. 
Sa Shunt Field Coil. Vb Field Frame. 
Sb Motor Base. Vc Screw for Motor Yoke. 
Sc Bolt for Motor Base with Nut. Yd Brush-holder (Right). 
T Adjusting Screw with Nut. Ve Brush-Holder (Left). 
Tc Cable Terminal. W Motor Brush. 
U Armature Complete with Pinion and Taper Wa Brush-Holder Set Screw. 

Pin. Wb Brush-Holder Spring. 
Ua Armature Pinion. Wc Motor Terminal Block, with Mica, 
Ub Taper Pin for Armature Pinion. Wd Terminal Stud complete. 
Uc Washer for Armature Shaft. We Terminal Nut. 
V Bearing Cap, (Pinion End). Wf Clamping Nut for Terminal. 
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X Screw for Ball Retaining Ring. 
Xa Ball Retaining Ring. 
Xb Brush-Holder Stud complete. 
Xc Motor Bearing Set Screw. 
Xe Knurled Cap-Nut. 
Y Set Screw for Brush-Holders. 
Ya Insulation for Brush-Holder Stud. 
Yb Leather Gasket for Commutator Cover. 
Yc Motor Yoke. 
Yd Bearing Cap with Stud for Commutator Cover. 

Ye Motor Terminal complete with Insulation. 
Z Oil Ring. 
Za Ball diameter. 
Zb Commutator Cover with Clamping Nut. 
Zc Screw Fastening Terminal Block (not shown 

in cut). 
Zd Armature Bearing, (not shown in cut). 

When ordering, state type of signal from name 
plate. Give name of part and corresponding 
reference letter. 

PARTS OF M-113 SIGNAL MECHANISM 

F Driving Gear complete. 
Fa Intermediate Gear. 
Fb High Speed Gear. 
Fc Driving Pinion with Taper Pin. 
Fd High Speed Pinion with Taper Pin. 
G Main Shaft with Keys. 
Ga Collar for Main Shaft. 
Gb Screw for Shaft Collar. 
Gc Washer for Main Shaft. 
Gd Nut for Main Shaft. 
Ge Cotter Pin for Main Shaft. 
H Eccentric. 

Fig. 10 
Ha Lubricating Felt for Eccentric. 
Hb Safety Stop. 
He Clamping Screw with Nut for Safety Stop. 
Hd Motor Contact Stud with Insulating Sleeve 

only. 
He Motor Contact Stud Complete, as shown. 
Hf Upper Contact Stud with Insulating Sleeve 

only. 
Hg Upper Contact Stud complete as shown. 
J Buffer. 
Ja Cap with Screens. 
Jb Lead Gasket. 



GENERAL ELECTRIC COMPANY 

Railway Signalsf Top Mast, Direct Connected Two Position Type J^5S6-9 

Jc Knurled Nut for Buffer Piston. 
Jd Buffer Piston complete. 
Je Buffer Shield. 
Jf Buffer Coupling, with Cotter Pin. 
Jg Nut for Buffer Pistpn. 
K Connecting Pin for Buffer, 
Ka Contact Stud Support. 
Kb Screws for Counter. 
Kc Fiber Locking Pin. 
Kd Locking Plate. 
Ke Insulating Washer for Motor Stud. 
Kf Insulating Tube for Motor Stud, not shown. 
L Counter. 
La Counter Link with Rivets. 
Lb Counter Collar. 
Lc Brake Contact Stud with Insulating Sleeve 

only. 
Ld Brake Contact Stud Complete as shown. 
Le Collector Segment Terminal Screw, with 

Washers. 
Lf Spacer for Brake Contact Stud. 
M Slot Arm. 
Ma . (No. 14-24 Screws, F.H. Steel J" long.) 
Mb Pawl for Slot Arm. 
Mc Pawl Pins c 1^" with Cotters. 
Md Slot Arm Pins £//x2}§,' with Cotters. 
Me Pawl Link. 
N Slot Armature. 
Na Armature Lever. 
Nb Magnet Core with Nut and Washer. 
Nc Magnet Core Support. 
Nd Magnet Yoke. 
Ne Steel Nut. 
Nf Washer. 
0 Slot Coil. 

Oa Square Insulating Sleeve. 
Ob Terminal for Motor Sector. 
Oc Collector Segment. 
Od Collector Segment Screw, (No. 14-24 R.H. 

I?" long) with Washer. 
Oe Brass Spacer for Segment Screw. 
Of Insulating Washer for Collector Segments. 
P Contact Sector Collar with Screw and Counter 

Pin. 
Pa Set Screw for Sector Collar. 
Pb Insulating Washer for Contact Studs. 
Pc Contact Sector Spacer {" Thick. 
Pd Contact Sector Spacer Thick. 
Pe Insulating Tube for No. 14 Screw, (not shown 

in cut). 
Q Contact Finger Terminal. 
Qb Collector Finger. 
Qc Contact Finger. 
Qd Motor Fingers complete with Support, Ter¬ 

minal and Studs. 
Qe Screw for Motor Terminal. 
Qf Nut r-16. 
R Motor Contact Sector, 
Ra Brake Contact Sector. 
Rb Contact Sector for Additional Circuit. 
Rc Sector Screw, (No. 14-24 R.H. IF' long), 

with Washer. 
Rd Sector Screw, (No. 14-24 R.H. 2" long), 

with Brass Washer. 
Re Terminal Screw with Nut. 
Rf Brake Circuit Connector. 
Xe Knurled Cap-Nut. 

When ordering, state type of signal from name 
plate. Give name of part and corresponding 
reference letter. 
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PARTS OF R 53-A CONTROLLER ■v--! 

2424Z  

49065 
49073 

II 
43087- 
4307Z 

49006 
3Q55I 
49096 
49090 
37714 
49068 

Z33IZ 

^497066 
.40474 

49088 
49085 
37976 

49076 
4906Z 
49080 
4908! 

—49095 
_j49079 
- 49091 

Cat. No. 
23912 

49062 
49065 
49066 
24242 
49067 
49068 
49069 
49070 
37712 

R 53-A Controller, Complete 

Description List Price 
*Operating handle, malleable iron  $2.50 

Following are the Interchangeable parts: 

FRAME, complete, includes lining, spring and pawl posts and pole piece hinge pin.... 
Cap for top of controller with spring catch for cover, and pole piece hinge pin  

Spring Catch with rivets, for cover per 100 5.00 
Screw fastening No. 49065 to frame (3/8"-16, 1" R.H.) per 100 2.25 
Sheet iron cover, complete per ^ffl) 4.00 
HINGED POLE PIECE  2.50 
Upper hinge pin for pole piece (5/16" x 1") per 100 1.50 
Lower hinge pin for pole piece (5/1 6" x 1 1/8") per 100 1.50 
Spring catch, complete, with two screws, for pole piece  .20 

* Not included in complete controller; must be ordered separately. 
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PARTS OF R S3-A CONTROLLER 
Cat. No. Description List Price 

306 Screw for No. 37712 (10-24, 3/4' F.H.) per 100 $3.00 
49071 f Aj^C DEFLECTOR, complete  2.50 
10884':;< Screw fastening No. 49071 to pole piece (10-24, 1 1/4" R.H.)   per 100 .60 
49072f ' Insulating,bushing used with No 10884  .08 
4907(1 c «'f ' BLpWyOljTJ CQIL, wound, complete, with leads and connector  7.00 

f.4&074/J ''' Twb-Vtfay Connector with screw, for lead  .15 
fc32Qlcc ;c •/ screw for No' 49074 C8"32' 1/4* R-H- Blued)  per 100 .75 
49$? fL \ (

c/cc RctaMng'plate for blow-out coil  .50 
490^0 4 CYLINDER, complete, with shaft, insulation disks, collar and star wheel  35.00 
49077 Complete se of copper contact segments, with screws per set 3.00 

Contact segments and screws for same are listed on page 2. 
40474 Insulation disk  .25 
49078 Collar for shaft with pin  .20 
49079 Star wheel with pin. must be fitted  1.15 
49080 Check pawl with roller and pin for tension spring  .60 
49081 Roller, with pin    .10 

P" 

ee 

1 ee \*4902z*rGG 

- 4909Z 41 eel 

1 

1 ee vzsoqz 
V460-^ 

~®erV4909Z 

4.909Z^~§$r\ 

4909z-a ee 

~Q~Y490S3 49033 

"S" ~5" I 

404.Q4 
~WY49094-4^ 

- A?<5c 

U- 360 

SD I 

~H i 
S_j 
—J 

49082 Pin fastening tension spring to pawl    4.00 
49083 Pivot pin for pawl *.  .10 
49084 Washer for No. 49083 (7/16" x 13/16" x .094")  3.50 
15519 Spring cotter for No. 49083 (3/32" x 3/4")  2.00 
13632 Tension spring for pawl (26 turns, .091" black spring wire)  .06 
49095 Pin fastening spring to frame  3.50 
49096 CONTACT BOARD, complete, with anchor blocks, without fingers .. . 3.00 
19685 Screw fastening No. 49096 to frame (14-24, 7/8" R.H. Blued)  .85 
14426 Washer for No. 19685 (17/64" x 1/2" x .060" Brass)  1.00 
37976 Contact finger, with spring  .29 
49085 Finger stop  .35 
38551 Set screw for No. 49085 (8-32, 7/16" R.H Blued)  .50 
49086 Copper terminal for contact finger  2.50 
49087 Screw fastening Nos. 37976, 49085, 49086 to contact board (14-24, 1/2" Fill. H. 

Blued)  1.50 
49088 Finger shield, with barriers  1.15 
49089 Insulation strip under contact board  .15 
49090 Wire guard  3.00 
49091 Screw fastening No. 49090 for frame (10-24, 5/16" R.H. Blued)  .80 
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INDEX TO CATALOGUE NUMBERS 

NO. PAGE NO. PAGE NO. PAGE 

306—2 49066—1 49081—2 
10884—2 49067—1 49082—2 
13632—2 49068—1 49083—2 
14426—2 49069—1 49084—2 
15519—2 49070—1 49085—2 
19685—2 49071—2 49086—2 
23261—2 49072—2 49087—2 
23912—1 49073—2 49088—2 
24242—1 49074—2 49089—2 
37712—1 49075—2 49090—2 
37976—2 49076—2 49091—2 
38551—2 49077—2 49095—2 
40474—2 49078—2 49096—2 

, 49062—1 49079—2 
49065—1 49080—2 
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CONTINUOUS CURRENT RAILWAY SWITCHBOARDS 

FRONT AND BACK VIEWS OF CONTINUOUS CURRENT ROTARY CONVERTER PANELS 
WITH WATTMETERS ON SUB-BASES 

The present design of switchboards for improvements in previous designs. Sim- 
railway use, manufactured by the General plicity of arrangement, facility of installation, 
Electric Company, is the result of continued reliability and safety in operation and long 

* Superseding Bulletin No. 4387. 
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life are the important features of these switch¬ 
boards. 

Although each panel is an independent 
unit and may be ordered separately, the panels 
are especially designed to be used together to 
form switchboads, regardless of the great 
difference in capacities which has necessitated 
using two heights of panels. 

This bulletin covers several classes of panels, 
all of which are for 600 
V. continuous current 
railway service, the 
negative bus being 
grounded. The follow¬ 
ing types of panels are 
included: 

Generator panels, including circuit 
breaker and equalizer switch panels. 

Rotary converter panels. 
Feeder panels for one circuit. 
Feeder panels for two circuits with one 

ammeter per panel. 
Feeder panels for two circuits with 

two ammeters per panel. 
In order to reduce the number of parts on 

each type of panel, and particularly with a 
view to minimizing the chance of a short cir¬ 
cuit, the General Electric Company has de¬ 
signed and standardized generator, converter 
and feeder panels furnished with main current 
carrying parts of positive polarity only. 

The circuit breakers, ammeters, rheostat 
hand-wheels, switches and other devices are 
of uniform design and occupy corresponding 
positions on all the panels, regardless of the 
capacity or style of the panel, thus giving a 
symmetrical appearance to a switchboard 
composed of any combination of generator, 
converter and feeder panels. 

GENERATOR PANELS 

Until recently it has been the custom to 
connect railway generator panels in the 
negative side of the circuit in order that the 
circuit breaker would protect the machine 
in case of an accidental ground on the positive 
side of the machine, or in the armature wind¬ 

ing, this arrangement involving the mounting 
of the positive and equalizer switches on 
pedestals or panels beside the machines. 
These switches must be carefully protected 
from accidental contact with crane chains or 
anything else which would form a ground 
connection and the operator must be careful 
to open them before working on the machine 
or near the pedestal. As the feeder panels 

FRONT VIEW OF RAILWAY GENERATOR AND FEEDER 
PANELS WITH VOLTMETERS ON 

SWINGING BRACKET 

are necessarily connected in the positive side 
of the circuit, it will be seen that both polar¬ 
ities must be brought to the switchboard when 
negative generator panels are used, involving 
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more cable than is necessary when positive 
generator panels are used. 

The positive generator panel arrangement 
is also preferable because no change is neces¬ 
sary in case rotary converters are added to 
the equipment, to operate in parallel with the 

BACK VIEW OF RAILWAY GENERATOR 
AND FEEDER PANELS 

generators. Direct current rotary converter 
panels are always connected in the positive 
side, as the automatic device in the alter¬ 
nating current side offers ample protection 
from grounds in the machine. 

In addition to the advantages spoken of 
above there are several less important advan¬ 

tages gained by the use of positive generator 
panels, and the General Electric Company 
has consequently standardized these panels, 
although this connection necessitates the use 
of an additional circuit breaker, on the 
negative side of the machine, connected inside 

of the series field. This 
circuit breaker is intended 
to protect the machine in 
case of an accidental 
ground on the positive side 
or in the armature wind¬ 
ing and should be set for 

a higher current than the switchboard breaker 
in order that both breakers will not trip in 
case of overloads. 

The negative circuit breaker and the 
equalizer switch are mounted on a small panel 
designed for installation close to the machine 
controlled. It is not necessary to use negative 
circuit breakers with generators driven by 
electric motors, as the automatic switches or 
fuses in the alternating current side offer 
ample protection from grounds in the direct 
current machines. 

Generator panels are made in capacities 
ranging from 250 amperes to 6250 amperes. 
No negative switches are used as the series 
fields are connected permanently to ground. 

The standard panels covered by catalogue 
numbers are equipped with: 

1 Carbon break circuit breaker. 
1 Thomson illuminated dial ammeter 

with shunt. 
1 Hand-wheel and chain operating 

mechanism for rheostat. 
1 Potential receptacle. 
1 S. P. S. T. carbon break field switch 

with discharge clip. 
1 Card holder. 
1 S. P. S. T. plain lever main switch. 
1 S. P. D. T. quick break station lighting 

switch, for panels controlling generators 
from 100 Kw. to 1200 Kw. inclusive. 

1 Thomson recording wattmeter (op¬ 
tional). 

1 Lightning arrester for positive side 
(not mounted on panel) 
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Supporting framework and tie rods. 
All connections on back of panel includ¬ 

ing bus-bars. 
1 Circuit breaker and equalizer switch 

panel. 

ROTARY CONVERTER PANELS 

The single polarity panels designed for the 
control of the continuous current end of 
rotary converters are similar, in most respects, 
to the generator panels. They are not pro¬ 
vided with field switches, as suitable field 
break-up switches are included with all rail¬ 
way converters manufactured by the General 
Electric Company. The equalizer switches 
are mounted on the frames of the machines 
and included in the price of the converters and 
no negative switches are required as the series 
fields are connected permanently to ground. 
The circuit breakers are provided with low 
voltage release coils which trip the breakers 
if the voltage drops below a certain point. 
These low voltage release coils are also used 
in connection with a centrifugal speed limit¬ 
ing switch which is mounted on the rotary 
converter shaft and which short-circuits the 
low voltage release coil and opens the circuit 
breaker in case the speed exceeds normal by a 
predetermined amount. 

Rotary converter panels are made in capac¬ 
ities ranging from 250 amperes to 3750 
amperes. The standard panels are each 
equipped with: 

1 Carbon break circuit breaker with low 
voltage release coil. 

1 Thomson illuminated dial ammeter 
with shunt. 

1 Hand-wheel and chain operating mech¬ 
anism for rheostat. 

1 Potential receptacle. 
1 Card holder. 
1 S. P. S. T. plain lever main switch. 
1 S. P. D. T. quick break station lighting 

switch, except for 1500 Kw. panels. 
1 Thomson recording wattmeter (op¬ 

tional). 
1 Lightning arrester for positive side of 

circuit (not mounted on panel). 

Supporting framework and tie rods. 
All connections on back of panel in¬ 

cluding bus-bars. 
The rotary converter panels listed in this 

bulletin are designed on the basis of the con¬ 
verters being started only from the alternating 
current side. If it is especially desired to 

FRONT VIEW OF TWO CIRCUIT FEEDER PANEL 

start from the direct current side, one multi¬ 
point starting rheostat switch can be added 
to the standard equipment. For 60 cycle 
rotary converters the General Electric Com¬ 
pany recommends the 'installation of both 
alternating and direct current starting de¬ 
vices . 
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CIRCUIT BREAKER AND EQUALIZER 
SWITCH PANELS 

These panels are designed for mounting 
beside the machines and are self-supporting. 
The backs of these panels are enclosed with 

BACK VIEW OF TWO CIRCUIT FEEDER PANEL 

a metal cover which is removable. The 
panels are mounted 28" above the floor, the 
space below the panel also being enclosed by 
expanded metal. 

FEEDER PANELS 

Feeder panels are made in three styles, 
as described below. 

Potential receptacles are included with 
each feeder circu't to allow of the trolley vol¬ 
tage being read (before closing the feeder 
switches) in cases where feeders are inter¬ 
connected or continued to other sources of 
power. 

The feeder panels for one circuit are each 
equipped with: 

1 Carbon break circuit breaker. 
1 Thomson feeder type ammeter with 

shunt. 
1 Potential receptacle. 
1 Card holder. 
1 S. P. S. T. plain lever switch. 
1 Kicking coil. 
1 Lightning arrester (not mounted on 

panel). 
All necessary supports and tie rods. 
All connections on back of panel includ¬ 

ing bus-bars. 
The feeder panels for two circuits with 

one ammeter per panel are each equipped 
with: 

1 Carbon break circuit breaker. 
1 Thomson feeder type ammeter with 

shunt. 
2 Potential receptacles. 
2 Card holders. 
2 S. P. S. T. plain lever switches. 
1 Kicking coil. 
2 Lightning arresters (not mounted on 

panel). 
All necessary supports and tie rods. 
All connections on back of panel in¬ 

cluding bus-bars. 
The feeder panels for two circuits with 

two ammeters per panel are each equipped 
with: 

1 Carbon break circuit breaker. 
2 Thomson feeder type ammeters with 

shunts. 
2 Potential receptacles. 
2 Card holders. 
2 S. P. S. T. plain lever switches. 
2 Kicking coils. 
2 Lightning arresters (not mounted on 

panel). 
All necessary supports and tie rods. 
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All connections on back of panel includ- of these circuit breakers are given in other 
ing bus-bars. Bulletins. 

CIRCUIT BREAKERS 

The panels listed in this bulletin are 
equipped with carbon break circuit breakers 
which have proven very satisfactory for the 
severe conditions met in railway service and 
which are of more recent design than the 
magnetic blowout type formerly used. Type 

C " form P " circuit breakers are used for 
all capacities up to and including 1200 

ITYPE C, FORM K, CARBON-BREAK CIRCUIT BREAKER 
I 650 Volts, 10000 Amps. 

amperes. Above this capacity type " C " 
form K " circuit breakers are used. All 
circuit breakers are equipped with auxiliary 
switches for connection to an alarm bell or 
an indicating lamp circuit. If it is desired 
to leave any circuit breaker in the open posi¬ 
tion, the tell-tale switch may be opened by 
hand to cut out the bell or lamp. When the 
circuit breaker is again closed the tell-tale 
switch is automatically reset. Descriptions 

TYPE C, FORM P, CARBON-BREAK CIRCUIT BREAKER 
650 Volts, 800 Amps. 

INSTRUMENTS 

Thomson Astatic Illuminated Dial In¬ 
struments are used in connection with gener¬ 
ator and rotary converter panels. The am¬ 
meters are of the electro-magnetic type, but 
the voltmeters are constructed with per¬ 
manent magnets in order that they may indi¬ 
cate reversal of polarity by a deflection of 
the pointer to the left of zero. 

The voltmeters are not mounted on the 
panels, but are arranged for mounting on a 
swinging bracket at the end of the switch¬ 
board, each panel being supplied with a 
potential receptacle for connecting the volt¬ 
meter to the machine or feeder controlled by 
that panel. Although brackets are designed 
for either one or two voltmeters, it is prefer¬ 
able to have two and connect one perma¬ 
nently to the bus, and the other to the poten¬ 
tial receptacles for reading the voltage of any 
machine or feeder. 

Voltmeters and potential plugs may be 
ordered as follows: 
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One 750-Volt Thomson Astatic Illuminated 
Dial Voltmeter, permanent magnet type, 
including swinging bracket and 2-point poten¬ 
tial plug, Cat. No. 58435. 

Two 750-Volt Thomson Astatic Illuminated 
Dial Voltmeters, permanent magnet type, 

THOMSON ASTATIC AMMETER 

including swinging bracket and 2-point po¬ 
tential plug, Cat. No. 58436. 

Thomson Astatic Ammeters, Feeder Type, 
are furnished on all feeder panels. These 
instruments are identical in principle with 

THOMSON ASTATIC VOLTMETER 

the Illuminated Dial type, but are smaller 
and the scales are not illuminated. 

A complete description of astatic instru¬ 
ments with sample scales is given in a sepa¬ 
rate Bulletin. 

SWITCHES 

The main switches supplied on these panels 
are of the plain lever type, as the carbon 
break circuit breakers have proved so reli¬ 
able that it is not necessary to provide quick 
break switches. 

The field switches are quick break with 
discharge resistance clips. Opening the field 
switch breaks the field circuit and, at the 
same time, throws a resistance in shunt with 
the field to take up the inductive discharge. 

1 

TYPE L, FORM D 12, PLAIN LEVER SWITCH 

To protect the switch contacts from serious 
burning, carbon break contacts are provided. 

To provide for connecting the station 
lighting circuit to any machine, each generator 
and converter panel is supplied with a S. P. 
D. T. 60 ampere lighting switch connected in 
such a manner that there is no danger of 
paralleling the machines through the lighting 
switches. The lighting circuit must be con¬ 
nected between the main switch and the 
machine so that the lights will not be extin¬ 
guished when the circuit breakers open be¬ 
cause of a short circuit on the system. 

On panels of large capacity, the lighting 
switches are not supplied, as it is assumed 
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that in large stations the purchaser will make 
special arrangements for station lighting. 

Fuses for the lighting circuits are not 
provided with the panels. They should be 
mounted on the wall near the lights, and the 
point at which they should be connected may 
be determined by reference to the diagram 
of connections. 

SINGLE-POLE FIELD DISCHARGE SWITCH 

POTENTIAL PLUG SWITCHES 

All machine and feeder panels are provided 
with receptacles to connect the voltmeter to 
any machine or feeder circuit. The plug to 
be inserted in these receptacles is not sup¬ 
plied with the panel, but is included in the 
catalogue number of the voltmeter, because 
only We plug should be used on any switch¬ 
board, to obviate the chance of paralleling 
the machines through the voltmeter con¬ 
nections. 

WATTMETERS 

Thomson Recording Wattmeters are made 
in ampere capacities suitable for panels of 
all standard ratings, although the construc¬ 
tion varies to a considerable extent. In 
order, therefore, that wattmeters may have 
a similar external appearance they are all, 
irrespective of ampere capacity, furnished 
with rectangular glass cases when supplied 
on railway panels. 

Great care has been exercised in the design 
of these meters that they may be free from 
the effects of short circuits and stray fields 
from bus-bars or other sources. Wattmeters 
of 800 amperes capacity and above have a 

double armature astatically arranged, and 
the magnets are shielded by an iron case, 
thus further insuring them against detri¬ 
mental external influences. 

Wattmeters are recommended on individual 
machine panels in preference to a total watt¬ 
meter on a total output or station panel, for 
the following reasons, viz: 

(1) The load factor on individual watt¬ 
meters would be much higher than on a total 
meter which would have to be large enough 

THOMSON ASTATIC RECORDING WATTMETER 
TYPE G 

to carry the " peak " load of the whole 
station, whereas the average load is much 
lower than the " peak." 

(2) When it is desired to increase the 
station capacity the individual wattmeter 
scheme is the more flexible, as it is necessary 
to add only another generator panel with its 
wattmeter. If a total meter had been 
installed it would be necessary to replace it 
by a larger meter and, possibly, a new panel 
would be required. It is clear that this would 
be exceedingly inconvenient and expensive, 
entailing a possible shut down of the plant 
to change the heavy connections. 

Generator panels with recording watt¬ 
meters are provided with terminals to allow 
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of the connection of a jumper cable for short 
circuiting the generator through the watt¬ 
meter and ammeter for testing purposes, the 
machine being disconnected from the bus. 
The wattmeter potential coils, should of 
course, be excited from a constant potential 
source during the test, the current being 
regulated by varying the field of the machine 
under test. 

LIGHTNING ARRESTERS 

The lightning arresters used with all rail¬ 
way switchboards are the well-known type 

M " form " D-2," which have been em¬ 
ployed successfully for several years. For 
complete description refer to Bulletin on 
Direct Current Lightning Arresters. 

Lightning arresters are furnished with all 
generator, rotary converter and feeder panels. 
It is desirable to isolate the arresters from the 
switchboard. When used on a feeder panel, 
the panel is equipped with a kicking coil made 
of bare copper rod coiled and connected be¬ 
tween the main switch and the circuit breaker; 

• RHEOSTATS 

Field rheostats are not' included in the 
equipment of the panels and are not designed 
to be mounted on the back of the panel. 
Chain operating mechanisms are furnished 
complete, for the operation of rheostats, these 
mechanisms being designed to operate the 
rheostats when mounted as shown in accom¬ 
panying diagram. If it is desired to locate 
the rheostat back of the switchboard, either 
on or above the switchboard gallery, special 
mechanisms must be called for when ordering. 
In such cases the method of operation should 
be specified. Discharge resistances are made 
a part of the rheostats furnished with General 
Electric railway generators. 

MATERIAL AND SIZE OF PANELS 

The standard material adopted for the 
main panels is black enameled slate. The 
slate used is free from metallic veins which 
would impair the insulating qualities. The 

enamel is applied in layers, each layer being 
baked on and thoroughly rubbed down. It 
is then given a hand finish which produces an 
extremely smooth surface and high polish. 
Panels of blue Vermont marble or of natural 
black slate can be substituted, if preferred. 
The auxiliary generator panels are made of 
natural black slate, with oiled finish. 

METHOD OF MOUNTING AND CONTROLLING 
FIELD RHEOSTAT 

Panels with circuit breakers of 3000 amperes 
capacity and less are 90" high and 16" wide. 
Above that capacity they are 108" high and 
24" wide. The 108" panels are made in three 
sections, viz: a sub-base 28" high, a main 
panel 46" high and a circuit breaker section 
34" high. The 90" panels are made in two 
sections, viz: a sub-base 28" high and a main 
panel 62" high. The panels are 2" thick and 
all front edges are beveled. For sizes of 
auxiliary generator panels refer to table on 
page 12. 
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Where the panel extends above the 
secondary contacts of the circuit breaker, 
an arc deflector is provided to prevent the 
arc scorching the panel. 

SUPPORTING FRAME 

Panels are supported on 1\" pipe frame¬ 
work in accordance with the standard practice 
of the General Electric Company. 

Since all the main switchboard panels are 
of positive polarity it is recommended that 
the framework be insulated from the ground, 
thereby reducing to a minimum the chance of 

FIVE CABLE TERMINALS MOUNTED ON ONE STUD 

short circuits on the switchboard. The tie 
rods for supporting the switchboard from 
the wall are also insulated from the frame of 
the panels. 

If the floor of the station is made of con¬ 
crete or other material which would estab¬ 
lish a ground, the switchboard should be 
mounted on a wooden sill set on the floor and 
securely fastened thereto. The best method 
of carrying the main cables to the switch¬ 
board is to provide suitable floor bushings for 
the various leads, locating them about 4 
inches behind it. An illustration of this 
construction is shown in the accompanying 
diagram. 

BUS-BARS AND CONNECTIONS 

As heretofore stated, bus-bars are supplied 

with the panels, and are 5" wide, except on 
large capacity panels where bars lO" wide are 
necessary. Connections from the panel to 
the bus are made by clamping the connection 
bars to the bus-bars, which arrangement 
does not require holes being drilled in the 
bus-bars. 

Cable lugs for connecting cables to bus-bars 
can be found in Bulletin on Cable Terminals. 

Connections on the back of the panel are 
made of bare copper bars varying from 

TYPE M, FORM, D-2, LIGHTNING ARRESTER—INTERIOR 

to f" thick, which are attached to the studs 
of the apparatus with contact nuts, one nut 
being placed between each pair of connection 
bars. 

Small potential wiring consists of insulated 
copper wire, fastened to the back of the panel 
by fiber cleats. The necessary cartridge 
fuses are inserted in the potential cir¬ 
cuits. 

The current density of all connection bars 
is figured at 1000 amperes per square inch 
cross section. 

METHOD OF STARTING 

To throw a generator in parallel with other 
generators already running, the following 
procedure should be followed: 
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First—Close v negative circuit breaker and 
equalizer switch (on panel near machine). 

Second—Close field switch (on main 
panel). 

Third—Close positive circuit breaker (on 
main panel). 

Fourth—Insert potential plug in receptacle 
and regulate voltage. 

Fifth—When the proper voltage is ob¬ 
tained, close the main switch. 

After a rotary converter has been started 

from the alternating current end and built 
up with the proper polarity, the following 
procedure should be followed to throw the 
direct current end in parallel with other 
machines running: 

First—Close equalizer switch (on machine) 
Second—Close circuit breaker (on panel) 
Third—Insert potential plug in receptacle 

and regulate voltage. 
Fourth—When the proper voltage is ob¬ 

tained, close positive switch (on panel.) 
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CATALOGUE NUMBERS OF GENERATOR PANELS 

Kw. Capacity 
of Generator 

50% Overload 

Ampere 
Capacity 
of Panel 

Catalogue Numbers For General 
Outline 
See Fig. 

No. 

Approximate Shipping Weight in Lbs- 

With 
Wattmeter 

Without 
Wattmeter 

With 
Wattmeter 

Without 
Wattmeter 

100 250 48839 
i 

48853 1 2600 2600 
150 375 48840 48854 1 2600 2600 
200 500 48841 48855 1 2600 2600 
250 625 48842 48856 1 2700 2600 
300 750 48843 48857 1 2700 2600 
400 1000 48844 48858 1 2800 2700 
500 1250 48845 48859 1 2800 2700 
650 1620 48846 48860 1 3300 3200 
800 2000 48847 48861 1 3400 3300 

1000 2500 48848 48862 1 4000 3900 
1200 3000 48849 48863 1 4000 3900 
1600 4000 48850 48864 2 4500 4300 
2000 5000 48851 48865 2 5000 4800 
2500 6250 48852 48866 2 5100 4800 

For Diagram of connections for Generator Panels see Fig. 6, Page 17. 

EQUIPMENT * OF GENERATOR PANELS 

Kw. Capac¬ 
ity of 

Generator 
50% 

Overload 

Ampere Capacity of Equipment Size of 
Main 
Panel i 

1 

Size of 
Auxiliary 

Panel 

Cable Terminals Designed For 

Circuit 1 . _ . 'Ammeter Breaker 
Main 
Switch 

Equalizer| Lighting 
Switch j Switch 

! 
Field 

Switch 
Watt¬ 
meter 

Main 
Cables 

Equalizer 
Cables 

100 
150 
200 
250 
300 
400 
500 
650 
800 

1000 
1200 
1600 
2000 
2500 

300 
500 
500 
800 
800 

1200 
1200 
2000 
2000 
3000 
3000 
4000 
6000 
6000 

400 
500 
800 
800 

1000 
1500 
2000 
2500 
3000 
4000 
4000 
5000 
8000 
8000 

300 
400 
600 
600 
800 

1000 
1200 
2000 
2000 
3000 
3000 
4000 
5000 
6000 

200 
200 
200 
300 
300 
400 
600 
600 
800 

1000 
1200 
1500 
2000 
3000 

60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 

None 
None 
None 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

200 
300 
450 
600 
600 
800 

1200 
1500 
2000 
2000 
3000 
4000 
4000 
6000 

oo^xie" 
OCxlO" 
oo^xie* 
oo^xie" 
oo^xie* 
ocrxie" 
oo^xie" 
oo^xie* 
oo'xie" 
90"x 16" 
90,fxl6ff 

108'/x24// 

108"x24/' 
108"x24" 

76//xl6// 

76"xl6" 
76*xl6* 
76*xl6" 
7 6*x 16* 
76"xl6* 
76//xl6// 

OCxlO" 
90* x 16* 
90*xl6* 
OO'^xie* 
90wx20// 

90"x20" 
90//x20'/ 

3/0 
300,000 
400,000 
600,000 
800,000 

1,500,000 
1,500,000 
2,000,000 

2-1,500,000 
2-1,500,000 
2-2,000,000 
3-2,000,000 
3-2,000,000 
4-2,000,000 

3/0 
300,000 
400,000 
600,000 
800,000 

1,500,000 
1,500,000 
2,000,000 
1,500,000 
1,500,000 
2,000,000 

2-2,000,000 
2-2,000,000 
2-2,000,000 

* Equipment also includes other apparatus as listed on page 3. 

Note.—Above data are for general information only and must not be used for contracts or for construction without 
confirmation. 
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Carbon Break 
Circuit Breaker 

Main Bus Bar 
TID Ammeter 

BheosCat Handwheef 
F/e/d Switch 

Potentiaf keceptac/e 
Card do/der • 
Rheostat Chain 
Op eratingMechanism] 
Lighting Switch 
lypeD-/2 L ever Switch 

-Recording Wattmeter 

Wattmeter Res is tance 

I I ^— /<5 —M 
Fig. 1 

GENERATOR PANEL NOT EXCEEDING 1200 KW. CAPACITY 

"i—r 

Connect/on to 
Bus Bars /nc/uded" 

kjype C Form F 
C/rcu/t Breo/ter 

TID. Ammeter 
Poten t /a I Receptoc/e 
Rheo5tat Randwhee/ 

• Field Switch 
Card fio/der 
Rheostat Cna/_n_ _ 
Operat/ng MechonJsm, 
Type D'/B Lever Switch 

Recording Watt met er 

iVottmeter Resistance- 

Fig. 2 
GENERATOR PANEL, 1600 KW. AND ABOVE 
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CATALOGUE NUMBERS OF ROTARY CONVERTER PANELS 

Kw. Capacity 
Rotary- 

Converter 
60% Overload 

Ampere 
Capacity 
of Panel 

Catalogue Numbers For General 
Outline 

See Fig. No. 

Approximate Shipping Weights in Lbs. 

" With 
Wattmeter 

Without 
Wattmeter 

With 
Wattmeter 

Without 
Wattmeter 

100 250 48464 48470 3 1000 1000 
150 375 48465 48471 3 1000 1000 
200 500 48466 48472 3 1000 1000 
300 750 48467 48473 3 1000 1000 
400 1000 48468 48474 3 1100 1000 
500 1250 48469 48475 3 1100 1000 
750 1875 48476 48478 3 1200 1100 

1000 2500 48477 48479 3 1800 1600 
1500 3750 48480 48481' 4 2000 1800 

For Diagram of connections for Rotary Converter Panels see Fig 7, Page 17. 

EQUIPMENT * OF ROTARY CONVERTER PANELS 

Kw. Capacity 
Rotary Converter 
i 60% Overload 

Ampere Capacity of Equipment 
Size of 
Panel 

Cable Terminals Designed For 
Circuit 
Breaker Ammeter Main 

Switch 
Lighting 
Switch Wattmeter Main 

Cables 
f Equalizer 

Cables 

100 300 400 300 60 200 90*x 16' 3/0 . 3/0 
150 500 500 400 60 300 90* x 16' 300,000 300,000 

. 200 500 800 600 60 450 90* x 16* 500,000 500,000 
300 800 1000 800 60 600 90* x 16* 800,000 800,000 
400 1200 1500 1000 60 800 90* x 16* 1,000,000 1,000,000 
500 1200 2000 1200 60 1200 90*x16* 2-600,000 600,000 
750 2000 2500 2000 60 1500 90* x 16* 2-1,000,000 1,000,000 

1000 3000 4000 3000 60 2000 90"-x 16* 2-1,500,000 1,500,000 
1500 4000 5000 4000 None 3000 108* x 24* 2-2,000,000 2,000,000 

Equipment also includes other apparatus as listed on page 4. 
f Equalizer switches are mounted on the rotary converters. 

Note.—Above data are for general information only and must.not be used for contracts or for construction without 
confirmation. 
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T 
i 
l 
I 
I 
I 
I 
I 
I 
I 
t 

63* 

I . 

n i 
i 
i 
i, 

26 
I 
i 
l 
I 
i.S 

IQi 

_ Cor ban 3rea/r 
C/rcu/t Breaker 
low Vo/tage Pelease 

Main Bus Bar- 
\-tID /Ammeter 

ftheostat k/ancfwhee/ ft5 

• Patent fa/fteccptac/e 
' Caret k/o/c/er 
Pheoetat Chain \ 
QaeraC/hp MechanismJ 
-lighting Syvitch 
Type O-iB Le\/er 5widc/i 

«) 

-fiecorcfinjg Wattmeter 

Wattmeter Pesistance - 

I . I 
\*—/6-M 

Fit?. 3 
ROTARY CONVERTER PANEL NOT EXCEEDING 1000 KW. CAPACITY 

Connection to   
Qus Bars inc/uctect' 

Type C Form k 
Circuit, Breaker 

PLow Vo/toge Be/ease 

- f TJ.a Ammeter 
'Pot entia/ Peceptac/e 

— U-Pheostat Hondwiieef 

Cord Ho/der 
Pheostat Cna/n_  
Opera t ing MechanisrnVE 
Typo D-iPLever Switch 

Recording Wattmeter 

WattmeterftesBtance 

24- 4 
Fig. 4 

ROTARY CONVERTER PANEL, 1500 KW. CAPACITY 

rSj 
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FEEDER PANELS 

CATALOGUE NUMBERS AND EQUIPMENT * OF FEEDER PANELS 

Ampere 
Capacity 

of 
Panel 

Number 
of 

Circuits 

Ampere 
Capacity 
of Each 
Circuit 

Catalogue 
Numbers 

ForGeneral 
Outline 
See Fig. 

No. 

Approxi¬ 
mate Ship¬ 
ping weight 

in Lbs. 

Ampere Ca 

Circuit 
Breaker 

opacity of Ec 

Ammeter 

luipment 

Switch 
Size of 
Panel 

Cable 
Terminals 

Designed For 

500 1 500 48456 5 1100 500 600 600 90" X 16" 600,000 
800 1 800 48457 5 1100 800 1000 800 90" X 16" 1,000,000 

1200 1 1200 48458 5 ' 1100 1200 1500 1200 90" x 16" 2,000,000 
2000 1 2000 48463 5 1200 2000 2500 2000 90" x 16" 2-1,500,000 

800 ■ 2 400 48459 5 1100 800 1-1000 2-400 90" x 16" 400,000 
1200 2 600 48460 5 1100 1200 1-1500 2-600 90" x 16" 800.000 

800 2 400 48461 5 1150 800 2-600 2-400 90" x 16" 400,000 
1200 2 600 48462 5 1150 1200 2-800 2-600 90" x 16" 800,000 

* Equipment also includes other apparatus as listed on page 5. 
For Diagram of connections for Feeder Panels see Fig. S, Page 18. 

Note.—Above data are for general information only and must not be used for contracts or for construction without 
confirmation. 
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General Electric Company 

Schenectady, NY. 

SMALL MOTOR DEPARTMENT 

October, igoj hy GeEelT&E0Company * Bulletin No. 454.5 

SINGLE-PHASE MOTORS, TYPE IS, FORM KG 

THE field for the use of single-phase 
motors of moderate capacity is con- 

1/2 H.P. TYPE IS, FORM KG MOTOR 

stantly growing by reason of the increas¬ 
ing tendency of central stations to gen¬ 
erate polyphase cur¬ 
rent and feed a large 
portion of the light¬ 
ing load through 
single-phase distri¬ 
bution. 

Power is frequent¬ 
ly required near 
such circuits for the 
operation of light 
machinery, and it is 
most conveniently 
furnished by the installation of the General 
Electric Company's Type IS, Form KG 
single-phase motors. 

The phenomenal success of General Elec¬ 
tric polyphase motors is believed to be 
largely due to the simple and substantial 
character of the design, combined with a 
careful selection of materials and the em¬ 
ployment of skilled labor in construction. 
The same characteristics have been incor¬ 
porated in these single-phase motors as far 
as possible. 

GENERAL DESCRIPTION 

The KG motors are in" Appearance similar 
to those of polyphase design. Si^es £ to 
5 h.p. inclusive are built in a "unique form of 
construction known as the riveted frame, 
in which the laminations of the stator core 
are riveted together between cast iron flanges 
to which the end heads are secured, thus 
exposing the core directly to the air. The 
cast iron shell or box frame employed in less 
advanced designs is entirely omitted. 

This new form of construction possesses 
several important advantages, such as im¬ 

proved ventilation, 
reduced weight and 
extreme compact¬ 
ness. These desir¬ 
able features are 
attained without 
sacrificing quality 
in any respect, or 
lowering the high 
standard which the 
General Electric 
Company maintains 

10 H.P. TYPE IS, FORM KG MOTOR 

*Supersedes Bulletin No. 4^55. 
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at all times in apparatus of its manufacture. 
The larger sizes (7%, 10 and 15 h.p.) are 

built in a form known as the skeleton frame, 
differing in detail, but similar in design and 
affording the same advantages as possessed 
by the riveted frame form of construction. 

The bearing brackets are removable and 
can be shifted 90 or 180 degrees, for the pur¬ 
pose pf wall or ceiling suspension, respectively. 

assembled under a heavy pressure in the 
frames. 

The windings are similar to those of a three- 
phase motor, consisting of a large number 
of coils placed progressively in the slots. 

THE PULLEY 

Clutch pulleys are furnished with motors 
of 1 h.p. and larger. By the use of these 
clutches the starting current on the six-lead 

A—Clutch Body, B—Friction Band, C—Adjusting Spring, 
D—Outer Clutch Shell with Pulley Sleeve, 

E—Solid Removable Pulley 
F—Internal Mechanism Comprising Parts A, B and C 
G—Outer Shell and Pulley Comprising Parts D and E 

PARTS OF CENTRIFUGAL CLUTCH PULLEY FOR USE ON TYPE IS MOTORS 

Internal automatic devices for starting are 
eliminated, thus producing a motor of simplest 
mechanical construction. 

Motors ranging from 1 h.p. to 5 h.p. inclu¬ 
sive, are fitted with six terminals, while the 
remaining motors have three terminals. 

The | and £ h.p. motors have slotted feet 
for the purpose of tightening the belt. With 
the larger motors iron sliding bases are 
provided for this purpose, although motors 
can be supplied without bases, if so desired. 
All bases are designed for supporting motors 
when installed on floor, side wall, or ceiling. 

THE ROTOR 

The Rotor is of the high resistance squirrel- 
cage type, consisting of a number of slotted 
soft steel discs assembled upon a shaft and 
carrying in the slots, copper bars which ex¬ 
tend beyond the core at each end, and are 
permanently connected to short-circuiting 
rings. 

THE STATOR 

The Stator is made up of the best 
quality of soft steel punchings which are 

motors will not be greater than 200 per cent, 
of full load current when starting the motor 
under full load, while the three-lead motors 
require 3 to 4 times full load current when 
starting under full load. The clutch pulley 
consists of an outer shell which is free upon 
the shaft, and a friction band attached to the 
shaft, and which always revolves with it. 
When the rotor has attained almost full speed, 
the friction band of the clutch is forced against 
the surface of the outer shell, thereby causing 
both parts to gradually engage and finally 
to rotate as one. The shell hub is fitted with 
an oilless bearing and thus requires no lub¬ 
rication. To the sleeve of the shell a standard 
pulley is fastened by means of a key and set- 
screw. Should it become necessary to change 
the pulley, it may be readily removed and 
replaced by one of the desired diameter or by 
a pinion. 

STARTING BOXES 

The motor is rendered self-starting by 
means of a starting box containing resistance 
and reactance, and a double-throw switch 
for the 1 h.p. motors and larger. The switch 
is first thrown to the starting position, and 
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when the rotor has attained almost full speed 
is quickly thrown over to the running position, 
the object being to first connect the resistance 
and reactance in circuit with the motor and 
then to disconnect it. 

The starting box furnished with the £ h.p. 
and | h.p. motors has a single-throw spring 

AUTOMATIC STARTING DEVICE 

When the conditions of operation are such 
as to require the motor to start and stop 
automatical!)'', as in connection with float 
switches governing pumps, refrigerating ap¬ 
paratus, etc., this company can supply an 
automatic starter. 

AUTOMATIC STARTING BOX FOR 
1/4 AND 1/2 H.P. MOTOR 

release switch. To start these motors, the 
operator holds the switch blades down on the 
lower contacts until the rotor has reached 
almost full speed, then upon releasing the 
switch handle, the blades spring up into the 
running position. 

In motors having six leads, the winding 
connections are changed through the starting 
box at the time of throwing the switch over 
from the starting to the running position. 
By this arrangement a starting torque of 
approximately 150 per cent, is obtained with 
200 per cent, of full load current. The 
smaller motors without clutch pulleys develop 
a starting torque of 110 per cent, of full load 
torque. The larger three-lead motors—1\, 
10 and 15 h.p. sizes—develop a starting torque 
of 150 per cent, of full load torque with from 
three to four times full load current. The 
torque and starting current of these sizes, 
however, can be increased or decreased as 
desired for different loads by changing the 
connections to different taps provided on 
top of the starting box. 

AUTOMATIC STARTING BOX FOR 1 H.P. MOTOR 

This device is both simple and reliable. 
Excepting for the J and \ h.p. motors the 
automatic starter may be substituted at any 
time for use with motors already installed 
in place of the non-automatic box ordinarily 
furnished. 

The I and \ h.p. sizes, however, must be 
adapted to this purpose by the addition of 
a connecting lead. 

TEMPERATURE AND OVERLOAD 

GUARANTEES 

When operated continuously at full load, 
on circuits of the correct voltage and fre¬ 
quency, the temperature rise will not exceed 
40° C. A continuous overload of 25% for 
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two hours, or a momentary overload of 50% 
can be carried without excessive heating. 

VOLTAGES AND FREQUENCIES 

The standard motors from \ h.p. to 5 h.p., 
inclusive, are wound for 110 or 220 volts, 
60 cycles. The standard winding for the 
larger motors is 220 volts, and although a 110 
volt winding can be substituted in the larger 

outs and fuses, with catalogue numbers, 
follows: 

Motors F uses Fuse Blocks 

H P Volts Cat. No. Amps. Cat. No. No. Required 

i 
J 

110 34952 10 34367 1 
220 34950 5 34367 1 

5 
i 

110 34955 20 34367 1 
220 34952 10 34367 1 

1 110 34950 25 34367 1 
1 220 34954 15 34367 1 
2 110 34960 45 34376 1 
2 220 34956 25 34367 1 
3 110 34966 70 36801 1 
3 220 34958 35 34376 1 
5 110 34970 I 100 36801 1 
5 220 34962 j 55 34376 1 
74 220 34966 70 36801 1 

10 220 34970 100 36801 1 
15 220 34976 ' 150 34971 2 

CEILING INSTALLATION 

machines, it is not recommended. These 
motors will operate satisfactorily on circuits 
where the range of voltage and frequency 
collectively does not exceed 10 per cent, 
either above or below normal. 

Motors of the same capacities for 50 cycle 
or 40 cycle circuits can be furnished to 
order. Machines of these frequencies are not 
kept in stock. 

CUT-OUTS AND FUSES 

Enclosed cartridge fuses should be pro¬ 
vided for KG motors. A list of suitable cut- 

WALL INSTALLATION 

SPEEDS 

The speed of an induction motor is regu¬ 
lated by the frequency of the supply circuit 
and is not materially affected by variatiom 
of voltage. The name-plates are stamper 
with synchronous speed, and motors wil 
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operate at full load from 3£% to 5% less. 
On the different frequencies synchronous 
speeds are as follows: 

60-cycle motors 1800 r. p. m. 
50 " " 1500 " 
40 " " 1200 " 

CIRCUITS AND TRANSFORMERS 

The Form KG motors can be operated 
from the regular lighting circuits without an 
appreciable effect upon the lamps, providing 
the circuits are well laid out and supplied with 
sufficient transformer capacity; or, if pre¬ 
ferred, they can be placed upon separate 
transformers. In either case, 1 kw. of trans¬ 
former capacity should be allowed per h.p. of 
motors installed. 

EFFICIENCY AND POWER FACTOR 

An inspection of the table and the char¬ 
acteristic curve will readily show that the 

OPERATING DATA—TYPE IS, FORM KG 
SINGLE-PHASE MOTORS 

/V/0 Oc/fao/^ 

Type Poles HP R.P.M. Form Volts %Eft. %P.:F. 
Full 
Load 

Speed 

IS 4 1 1800 KG 110 60 66 1710 
IS 4 1800 KG 220 60 | 66 1710 
IS 4 \ 1800 KG 110 63 i 68 1710 
IS 4 i 1800 KG 220 63 68 1710 
IS 4 1 1800 KG 110 69 71 1710 
IS 4 1 1800 KG 220 69 71 1710 
IS 4 2 1800 KG 110 72 74 1710 
IS 4 2 1800 KG 220 72 74 1710 
IS 4 3 1800 KG 110 73 75 1710 
IS 4 3 1800 KG 220 73 75 1710 
IS 4 5 1800 KG 110 76 76 1710 
IS 4 5 1800 KG 220 76 76 1710 
IS 4 7i 1800 KG 220 78 87 1710 
IS 4 10 1800 KG 220 80 90 1730 
15 4 15 1800 KG 220 83 89 1735 

motors have been designed properly in re¬ 
gard to these characteristics. It is desirable 
for the purchaser, when selecting motors, 
to procure those having as high efficiency as 
possible, in order to reduce kw. consumption 
to the minimum, while from the central 
station point of view it is essential that only 
motors of high-power factor be connected to 
the lines, so that the generating apparatus 
and distributing system may not be over¬ 
loaded with wattless currents having a 
tendency to destroy the voltage regulation, 
and from which no income can be derived. 

APPLICATIONS 

Single-phase motors are well adapted to 
the operation of all kinds of machinery by 
means of belts and gears, or to direct* con¬ 
nection to loads requiring only moderate 
starting torque, as in the case of generators, 
blowers, etc., to which they may be direct 
connected with rigid couplings. Where 
greater torque is required at the moment of 
starting, as in case of pumps under head, 
clutch couplings should be used. When 
gearing is to be employed, the ordinary pulley 
can be removed from the clutch sleeve and a 
pinion substituted; this is preferably made 
of rawhide in order to reduce the noise. 

The low weight per horse power obtained 
by the riveted form of construction em¬ 
ployed, permits of special applications here¬ 
tofore not available. When necessary, modi¬ 
fications in standard construction may be 
obtained to more readily adapt motors to 
special applications. 

RULE TO DETERMINE SIZE OF PULLEY 

D = Diameter of driver or number of 
teeth in pinion. 

d= Diameter of driven or number of teeth 
in gear. 

Rev = Revolution per minute of driver. 
rev = Revolution per minute of driven. 
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d = 

D = - 

D x Rev 

rev 

d x rev 

rev = • 

Rev — 
Rev 

I) x Rev 

d x rev 

D 

To find the speed of belt in feet per min¬ 

ute, multiply the circumference of pulley in 
feet by the number of revolutions per minute. 

In the table given below, the amount of 
power that can be transmitted by single and 
double leather belts is shown. This cal¬ 
culation is on the basis of an arc of contact 
on the smaller pulley of 37.5% of its cir¬ 
cumference. 

POWER THAT MAY BE TRANSMITTED BY SINGLE AND DOUBLE BELTS 

WIDTH OF BELT 

2Y 4" 5" 6" 71" 91" 12" 

HP HP HP HP HP HP HP HP HP HP HP HP HP HP HP HP 
S D S D S D S D S D S D S D S D 

400 1 H H 2 2 24 24 3 3 34 34 44 4 54 5 7 
600 H 2 2 3 24 34 34; 44 4 5 5 64 6 84 74 10 
800 2 3 3 4 3 44 44 54 5 7 64 84 8 11 10 134 

1000 n 34 34 5 4 54 54 7 6 84 8 11 10 14 124 17 
1500 4 5 5 74 6 84: 8 10 9 13 124 164 144 21 18 25 
1800 4* 6 6 9 7 10 94 124 11 154 15 20 174 25 214 30 
2000 5 7 7 10 8 114 104 14 12 17 164 22 194 28 24 34 
2400 6 84 84 12 94 134 13 17 15 204 20 26 23 33 29 41 
2800 7 10 10 14 11 16 15 20 17 24 23 31 27 39 334 47 
3000 74 104 104 15 12 17 16 21 18 26 25 33 29 42 36 51 
3500 9 12 12 174 14 20 19 25 21 30 29 38 34 49 42 60 
4000 10 14 14 20 16 23 21 28 24 34 33 44 39 55 48 68 
4500 11 16 16 224 18 26 24 32 27 

L 
38 37 50 44 62 54 76 

FORM KG SINGLE-PHASE MOTORS, 1/4 TO 5 H.P. 
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* DIMENSIONS OF SINGLE-PHASE MOTOR STARTING BOXES—TYPE IS 

SPRING RELEASE STARTING BOX 

Motor Starting Box 

Type Poles HP Pre- Weight A B c D E F G H J K quency 

IS 4 i 60 8 7A 61 7 A A 5f A 7i 9 5! 7f 
IS 4 i 60 8 7 A 61 7 A A 51 A 7f 9 51 7t 

Aa 

oooooooooooooo ftftnonQonnortooQ ooool^^^^ loooo OOOo|^>qT£:|oOoo oooooooooooooo I wwvwwwvwwvr . I _ 1 OOOOOOOOOOOOOO 11 #1 OOOOOOOOOOO ) 

FV.AfafcjtLlTjri-1 TliLsa J1 
.U-— X *^1 I*-— Co -— 
L Go a 

I Da 

O OOOOOOOOOO 
oo§}M535^OO 

DOUBLE THROW STARTING BOX 

Motor Starting Box 

Type Poles HP Speed Weight X Y Z Aa Ba Ca Da Ea Fa Ga 

IS 4 1 1800 27 10 8 8f 61 81 10 A 61 H 101 
IS 4 2 1800 32 10 8 81 61 81 10 A 61 H 101 
IS 4 3 1800 40 10 8 81 61 81 10 A 71 H 101 
IS 4 5 1800 47 10 . 8 81 6t 81 10 ■fa 8& tt 101 
IS 4 71 1800 60 91 14 81 71 14J 151 1 9} tt 10 
IS 4 10 1800 65 91 14 81 71 14f 151 1 91 H 10 
IS 4 15 1800 75 91 14 8» 71 16f 171 1. 91 n 10 

Note:—Boxes for motors 1-5 h.p. inclusive are arranged for six leads to motor:— 7£-15 h.p. for three leads. 
* For reference only. 
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* DIMENSIONS OF SINGLE-PHASE INDUCTION MOTORS TYPE IS, FORM KG, 60 CYCLES 

Frame 

Weight Pulley 

D E F G H J K L M N O P With 
Base 

With¬ 
out 
Base 

. A 
Dia. 

B 
Face 

c 

no 55 3 i} } IH 6 A 5 if 4}} f 1} } 1} 8} 4} 8} 2} 
112 70 3i if } 12} 7 A 6 A 5 A } 1} f 2 8} 4} 8} 2} 
122 130 110 4* 2} If 17 A 10A 9} 6 A } If } 3tt 9t 4} 9} 1} 
140 160 140 4} 2} 2 19 A ii A 9H 7 A } 1} } 3 if 10} 5} 10} 1} 
160 210 190 4i 3} 2} 21f 12} 10}f 8 A } 1} } 4 A 12} 6} 12} 2} 
180 305 270 4J 4} 2f 23 H 14} 12} 8} } 2f 1 5} 14} 7} 14} 2} 

7 380 6 4 2} 24} 15A 12}} 9 A } 3 1 5t 17} 9 17} 2} 
8 579 6 4} 2} 29} 17} 15} 11} } 4 If 6 19f 10 20 3} 
9 625 6 6 2f 32} 18} 16} 12} } 4 If 6 19} 10 20 3} 

Base 

Frame 

1X0 
112 
122 
140 
160 
180 

7 
8 
9 

6 
6 
7} 
8i 

10t 
m 
14} 
17 
17 

7i 
81 

10} 
11} 
14} 
17 
17 

11} 
11} 
11} 
14} 
14} 
16} 
17} 

12} 
12} 
13 
15} 
15} 
18} 
19} 

w 

ISA 
14 §§ 
16}} 
21 
25} 
28} 
28} 

2} 
2} 
2} 
3 
2} 
3 
3 

1} 
1} 
1} 
1} 

4} 
5} 
7 
7 
7 
9} 
9} 

11 
12 

A' 

1} 

B1 C 

6} 
7} 
8} 
8} 
8} 

11} 
12 
14 
15 

' } 

1 
1} 
1} 
1} 
1} 
1} 

G1 

4}} 
5 A 
6 A 
7A 
8 A 
8} 
9A 

11} 
12} 

Keyway 

A* Axl} 
AxAxlf 
}x }xlA 
}x }xlA 
}x }xlA 
}x }xlA 
fx Ax3} 
fx Ax2} 
fx Ax2} 

* For REFERENCE ONLY Rating Frame No. 
E-G L for frames 112 and smaller 
Clutch pulley not supplied with frames 112 and smaller 4-5 -1800 180 
Leads not including connector extend 4" beyond frame 6-i -1200 120 

60 CYCLES 64 -1200 122 
Rating Frame No. 6-1 -1200 140 " 

4-i -1800 110 6-1.5-1200 160 
44 -1800 112 6-2.5-1200 180 
4-1 -1800 122 4-7.5-1800 7 
4-2 -1800 140 4-10-1800 8 
4-3 -1800 1,60 4- 15-1800 9 
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PARTS OF TYPE IS, SINGLE-PHASE INDUCTION MOTORS, FORM KG 

A Bearing Bracket K Sliding Base 
B Oil Well Cover L Float Bolt 
C Oil Well Plug M Belt Tightener Screw 
D Field Coils N Pulley Driving Plate 
E Frame 0 Pulley Cap Screw with Washer 
F Terminal Block P Pulley Friction Band 
G Terminal Block Screw Q Pulley Adjusting Spring 
H Cap Bolts R Removable Pulley 
I Bearing Lining S Pulley Hub 

J Rotor 

Order parts by name, omitting reference letter, and give serial number of motor as 
shown on name-plate. 
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CONNECTIONS OF TYPE IS, SINGLE-PHASE INDUCTION MOTORS, FORM KG 
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THOMSON HIGH TORQUE INDUCTION TEST METER,' 

TYPE IB-2 

To every central station or isolated plant 
,he question of periodical meter calibration 
s of vital importance, and the customary 
nethod of making such tests is by the use of 

THOMSON HIGH TORQUE INDUCTION TEST METER 
TYPE IB-2 

indicating instruments. Although there is 
no question regarding the accuracy of this 
method, the rapid growth of electric lighting 
and power systems and the more than pro¬ 
portionate increase in the use of rotating 
meters, demand that some way be provided 
whereby tests may be made more quickly, 
and yet without decreasing their reliability 
in the least. Such a method is provided 
by the Thomson High Torque Induction 
Test Meter. 

In using this meter it is unnecessary that 
the load shall be constant, as the only obser¬ 
vations necessary are the number of disk 
revolutions of the meter undergoing test and 
the pointer indications of the standard meter 
before and after test. Both meters integrate 

* Supersedes Bulletin No. 4420. 

the instantaneous values and hence it is un¬ 
necessary to obtain the mean value or require 
an unvarying load. The time saved by 
this device will be appreciated when it 
is remembered that no check tests have to 
be made, nor need a reading, once commenced, 
be discontinued on account of load fluctua¬ 
tions. 

CASE WITH COVER REMOVED SHOWING CORD 
AND SWITCH FOR CONTROLLING 

THE METER 

Furthermore, the meter is so designed 
that one standard may be used for testing 
meters of different capacities covering a range 
from light load to full load. This further 
renders possible more rapid testing as no 
time is consumed in changing standards. 
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Personal errors of observations are also 
practically eliminated as all readings may be 
made with precision. 

The stopdwliclr may be confined solely 
teethe testing,rpom -op laboratory, as it is not 
i;epdired" f except, m ;ch(?cicin,gl the test meter 
with the jirimary. standards. 

These^Ve^onedicfne^are sufficient to recom¬ 
mend the use of the Thomson High Torque 
Induction Test Meter in every central station 
or isolated plant operating an alternating 
current system. 

CONSTRUCTION 
CASE 

The test meter is en¬ 
closed in a wooden car¬ 
rying case provided with 
a substantial strap to 
aid in transportation. 
The case is made from 
quarter sawed oak with 
antique finish. It is of 
a convenient size, being 
only in. by 8 in. by 7 
in. in over-all dimen¬ 
sions. 

The cover is provided 
with lock and key for 
the prevention of tam¬ 
pering by unauthorized 
persons. 

REGISTER 

The register of the Thomson High Torque 
Induction Test Meter is very large and easily 
read and is placed on top. This feature is 
particularly advantageous when making tests 
at points of installation where there is no 
opportunity to hang up the meter, but where 
it must be placed on the floor or some other 
place below the observer. The register is of 
the three pointer type. The largest pointer 
reads directly in disk revolutions, and as the 
dial is sub-divided into one hundred equal 
parts, the position of the pointer may be read 
to hundredths of a revolution. The two 
smaller pointers make one revolution for 

MECHANISM OF THOMSON HIGH TORQUE 
INDUCTION TEST METER, 

TYPE IB-2 

each ten or one hundred revolutions respec¬ 
tively. It is, therefore, a very simple matter 
to ascertain the number of revolutions made 
by the disk by simply noting the position of 
the three pointers at the beginning and end 
of each test. As the full load speed of the 
meter is less than 35 revolutions per minute, 
a three minute test at this load may be 
made before the indications repeat them¬ 
selves. 

CONNECTIONS 

Connections to the test meter are made by 
means of binding posts, 
conveniently located on 
top. 

At the left of the dial 
is placed a plug recep¬ 
tacle in series with the 
potential circuit. In 
this receptacle a plug is 
inserted and connected 
by means of a lamp 
cord to a pendant snap 
switch, the opening and 
closing of which stops or 
starts the meter. The 
cord is of sufficient 
length to permit of the 
test meter being placed 
at some distance from 
the operator; which 
may be necessary, for in¬ 
stance, when the meter 

under test is installed at such a height as to 
require the use of a ladder. 

LOCKING DEVICE 
A little to the right of the dial is placed a 

knurled thumb nut, by aid of which the mov¬ 
ing element may be raised from its jewel bear¬ 
ing and securely locked during transportation. 

FUSE 
A fuse plug located at the left of the dial is 

in series with the one ampere winding. This 
protects the fine wire winding in case it should 
be subjected to an accidental overload. The 
fuse plug is of the enclosed type, thus preventing 
the melted fuse wire from injuring the meter. 
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JEWEL AND PIVOT 

A meter'with the highest possible accur¬ 
acy both initially and. throughout its entire 
period of usefulness, requires an indestructi¬ 
ble bearing, and to this end the cup diamond 
has been' adopted for the lower thrust bear¬ 
ing. The grinding of diamonds in a concave 
form has been so perfected by the General 

.Electric Company that they are quite the 
equal of any other jewel bearing both in 
form and finish. The extreme hardness of 
the diamond renders it practically indestruc¬ 
tible, and, therefore, of inestimable value in 
a meter with a rotating element. 

The pivot is identical with that used for 
the ordinary sapphire bearing, consisting of a 
small piece of piano wire, glass hardened and 
highly polished, inserted in a removable brass 
shaft end. 

ACCESSIBILITY. 

The entire meter may be lifted from the 
case by two buttons on opposite sides, thus 
making it easily accessible for calibration. 
When removed from the case, the meter will 
remain without support in an upright position 
resting upon the magnet core and central cast¬ 
ing, to which all parts are fastened. 

WINDINGS 

The potential winding is suitable for use 
on voltages ranging ten per cent, on either 

. side of the normal. Three current coils are 
employed, one end of each being connected 
to a common binding post, and the other ends 
terminating in each of the three remaining 
binding posts, which are properly marked 
for the various ampere capacities of the coils 
attached thereto. The capacities selected 
as being the most generally desirable are one, 
ten and twenty amperes, which are sufficient 
for testing meters from three to twenty-five 
amperes normal capacity. The ampere turns 
of the three windings are equal, hence the 
torque is constant when the meter is operating 
under the same percentage of full load for 
the individual coils. In other words, when 

rque Induction Test Meter\ Type 13-2 

using the Smallest winding with one ampere 
passing, the torque is equal to that produced 
by the largest coil with a current of twenty 
amperes. Thus, friction is entirely neg¬ 
ligible and accuracy is obtained through¬ 
out the range. This feature will be found of 
the greatest importance when testing a meter 
on light loads, for no corrections will have 
to be made for possible errors in the test meter. 

TORQUE 

Realizing that continued accuracy is main¬ 
tained by a high torque or turning movement, 
it is but natural that the General Electric 
Company should produce for its test meter 
one that has the highest possible torque 
without impairing other necessary and de¬ 
sirable features. This extremely high torque 
has been obtained solely by efficient design. 
Internal losses are practically negligible, and 
the moving element is so light that all ques¬ 
tions of jewel wear are eliminated. 

MAGNETS 

The permanent magnets are the same de¬ 
sign as those employed in the Types I, IS-2 
and IS-3 single-phase induction meters. Two 
magnets are astatically arranged and mounted 
in a single shoe. Actual service has proven 
this design to. be extremely* reliable and 
efficient. 

METHOD OF CALIBRATION 

Adjustment at full load is accomplished by 
loosening the two damping screws which 
hold the magnets and then moving the mag¬ 
nets bodily. Moving the magnets towards 
the center of the disk increases the speed while 
moving the magnets toward the edge of the 
disk decreases the speed. 

Accuracy at light load is obtained in the 
usual way, that is, by moving a lever, at the 
bottom of the meter, to the right or to the 
left as may be required; thus shifting a small 
rectangular conductor situated between the 
disk and the potential winding. The dis¬ 
tortion of the flux obtained by moving the 
position of this adjusting device alters only 



GENERAL ELECTRIC COMPANY 

^549-4 Thomson High Torque Induction Test Metert Type IB-2 

the light load accuracy of the meter without 
affecting the calibration at full load. 

ACCURACY 

Under all conditions found in central sta¬ 
tion practice, the accuracy of the Portable 
High Torque Induction Test Meter is excep¬ 
tional. Errors for ten per cent, changes in 
voltage or frequency are entirely negligible, 
as is also the case when measuring inductive 
loads or operating on circuits of widely differ¬ 
ent wave forms. The three separate current 
windings render it possible to obtain the same 
accuracy on a ten watt load as on a two 
kilowatt load. In other words, the meter 
possesses the same accuracy throughout a 
range of 200 to 1. 

METHOD OF OPERATION 

The proper current winding of the test 
meter is connected in series with, and between 
the load and the meter undergoing test. 
The potential coil is connected across the line 
between the service switch and meter to be 
tested. It is necessary that the meters be 
connected up in this way, so that neither 
shall record the loss in the potential or current 
coils of the other, which would otherwise 
introduce appreciable errors at light load. 
The potential plug is inserted in the receptacle 
placed at the left of the dial, and after ascer¬ 

taining that the disk of the test meter is 
rotating counter clockwise, the test meter is 
stopped by opening the pendant snap switch 
and the reading of the pointers noted. The 
test meter should then be started simul¬ 
taneously with the counting of disk revolu¬ 
tions of meter being tested, and again stopped 
by opening the snap switch after the required 
number of revolutions are taken and position 
of pointers again noted. The difference in 
the pointer indications between first and last 
readings gives the total number of disk revo¬ 
lutions of test meter. The watt hours re¬ 
corded by the two meters are in each case 
equal to the product of disk revolutions and 
their respective constants, hence the relative 
accuracy is given by the ratio of these pro¬ 
ducts. A sufficient number of revolutions 
should be taken to make negligible any errors 
of observation in reading the pointer indica¬ 
tions. 

PRICE 

Thomson High Torque Induction Test 
Meter, Type IB-2. 

Cat. No. ! I 
Amperes i Volts \ Cycles 

1 ! i 
Net Price 

48988 1/10/20 110 60 $60.00 

TYPE IB-2 PORTABLE TEST METER, CONNECTED TO CHECK TYPE I INDUCTION 
METER, 2 WIRE 3/25 AMPERE 

Note Wire marked "A" must be connected to source side of meter. 

GENERAL ELECTRIC COMPANY, PRINCIPAL OFFICES, SCHENECTADY, N. Y. 
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GENERAL ELECTRIC CARBON-BREAK CIRCUIT BREAKERS 

TYPE C, FORMS G, P AND K 

General Electric Carbon-Break Circuit 
Breakers as described in the following pages 
typify the latest development in the art and 
the design represents the results of years of 
experiment and practical experience. 

A circuit breaker is an essential in all 
electrical installations, its uses are manifold 
and important; through its medium when 

latter type only being listed in this publica¬ 
tion because of its relatively great popularity 
and because the other types in a sense 
are special and their construction and de¬ 
sign are often governed by prevailing local 
conditions. 

Circuit breakers may be used to the greatest 
advantage in feeder systems, with motor 

DOUBLE-POLE TYPE C, FORM G CIRCUIT BREAKER, 
500 VOLTS, OVERLOAD 

DOUBLE-POLE TYPE C, FORM P CIRCUIT BREAKER, 
WITH LOW-VOLTAGE ATTACHMENT 

used separately or in connection with suitable 
auxiliary devices protection is afforded in 
the event of dangerous overloads, short cir¬ 
cuits, low voltage, high voltage, reverse cur¬ 
rents, excessive speed, etc. 

A circuit breaker may be designed for 
motor, solenoid, float or hand operation, the 

* Supersedes Bulletins 4380, 4348, 4886, 4410 and 

driven machinery, in factories, planing mills 
and steel mills, on lighting systems of all 
kinds, in conjunction with cranes to limit the 
hoist or travel of the various carriages and 
on special circuits of unlimited variety. 

The Carbon-Break Circuit Breakers made 
by the General Electric Company are de- 
4486. 
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signet •to •au^bniatifcftfly open the circuit on 
overloads and .short circuits under the most 
severe conditions to be met with. The final 
arc is broken on carbon-tipped tertiary and 
renewable metal secondary contacts. The 
main contact is thus protected against injury 
by burning and the auxiliary contacts may 
be readily renewed when necessary. All 
General Electric Circuit Breakers are con¬ 
servatively rated and will carry the specified 
current continuously without excessive heat¬ 
ing. 

CONSTRUCTION 

Ease of closing is secured by a toggle 
mechanism that also prevents the opening of 
the breaker from jarring or any other causes 
except those by reason of which it is designed 
to operate. This feature makes it possible 
to mount the breaker at the top of the switch¬ 
board where the arc of rupturing can do no 
damage to other apparatus. 

A special form of laminated brush is used 
that secures practically an end contact on 
each lamination and equally distributes the 
pressure over the contact surface. 

With this form of brush a slight rubbing 
motion is given the contacts each time the 
breaker is closed, which keeps them clean. 

The use of delicate parts that will not stand 
continued rough usage is avoided. 

No springs are used in the construction of 
any but the small types (Type C, Form G). 
In all others the spring of the laminated brush 
and the action of gravity open the breaker 
positively and quickly when it is tripped. 

The breaker cannot remain in an indetermi¬ 
nate position, but must be fully closed or open. 

All parts are readily accessible and easily 
renewable. 

The main contact is protected by auxiliary 
copper and carbon contacts in shunt; the 
final break taking place between, and the 
arc being ruptured on these carbon contacts. 
These auxiliary contacts consisting of the 
secondary or "burning" contact and the 
tertiary or "carbon break" contact are of 
Vital importance to the life and satisfactory 
Operation of the breaker. Without both of 

them the practical value of the circuit 
breaker is sacrificed. 

In General Electric breakers the carbon 
contacts consist of solid blocks of carefully 
selected carbon, secured in clamping jaws 
without the use of countersunk screws, which 
would structurally weaken them and increase 
the probability of breakage. 

The "burning" contacts are made of 
copper or of a highly infusible alloy,, and so 
designed that they may be readily and quickly 
replaced by new ones when damaged due 
to long continued operation. 

As far as possible, contact studs are made 
from one-piece drop forgings. 

Any breaker can be removed from its 
template or temporary base and transferred 
to a switchboard without affecting its cali¬ 
bration. 

All breakers will stand a high potential 
test between parts of opposite polarity, and 
between breaker and ground, of from three 
to five times the normal voltage rating of the 
breaker. 

All attachments are so designed that they 
may be removed from or attached to the 
breaker without in any way affecting its 
calibration, or interfering with its operation 
as an overload device. 

AN IMPORTANT CONSIDERATION 

As a protective device, effectiveness is 
much more essential than efficiency—ex¬ 
pressed in terms of energy lost due to temper¬ 
ature rise. But this rise should not exceed 
that guaranteed for the apparatus with which 
the breaker is to be used. Commercially this 
is all that should be expected; and beyond 
this point it is undesirable, from an economi¬ 
cal standpoint, to keep down such losses by 
putting an excess of copper into the construc¬ 
tion of the breaker. 

RATING 
General Electric Automatic Circuit Breakers 

are compact but temperature rise is always 
the determining factor in their design. They 
are so amply proportioned, therefore, that 
the temperature rise of no part will exceed 



GENERAL ELECTRIC COMPANY 

General Electric Carbon-Break Circuit Breakers 4550-3 

moderate limits under normal conditions—- 
will in fact be comparable to the rise in the 
apparatus protected by the breaker. It is a 
mistake to specify certain sectional carrying 
capacity as in the larger types it is often 
necessary to exceed the cross section or¬ 
dinarily called for in order to secure ample 
radiating surface. 

Moderate temperature rise under normal 
conditions should always be insisted upon. 

The rating of the circuit breakers is given 
on the name plate by two numbers. The 
first representing the continuous ampere car¬ 
rying capacity and the second the voltage. 
This system is followed in the price lists 
given in this Bulletin. 

AUTOMATIC FEATURES 

The automatic operation of a circuit breaker 
is usually accomphshed through the medium 
of an electro-magnet excited by current 
flowing through a coil of wire, or its equiva¬ 
lent, surrounding at least one pole of the 
magnetic circuit. 

This coil may be wound for either current 
or potential, depending upon its method of 
connection in the circuit. 

The current coil is connected in series with 
the circuit and designed to carry all the 
current flowing through that circuit. 

The power of the electro-magnet depends 
on the amount of current flowing, and not on 
the voltage of the circuit. 

The potential coil is connected across the 
line, as shown in the illustration, and only 
has to carry that fraction of the total current 
that the voltage of the system can force 
through its high resistance winding. The 
power of the electro-magnet depends upon 
the potential of the system, therefore, and 
does not in any way depend upon the 
total amount of current flowing in that 
system. 

With this explanation the several methods 
of tripping a circuit breaker can be readily 
understood. 

Overload and underload protection is secured 
by the use of current coils. 

Low voltage release and shunt trip attach¬ 
ments are actuated by potential coils. 

OVERLOAD TRIP 

When the current flowing through the 
circuit exceeds a predetermined value, the 
electro-magnet of the Overload Trip is 
energized sufficiently to overcome the force 
of gravity acting on its armature; this arma- 

: Ci/rre/?t > Co// 
Potent/at Co// 

POSITIONS OF CURRENT AND POTENTIAL COILS IN 
CIRCUIT 

ture is forcibly attracted and strikes the 
tripping lever a hammer blow, releasing the 
toggle mechanism and causing the breaker 
to open. In all breakers up to and including 
500 amperes capacity the overload tripping 
magnet consists of a wire or bar-wound coil. 
In breakers of larger capacity than 500 
amperes the coil is replaced by a magnet 
frame encircling the lower stud, the current 
flowing through this stud being sufficient to 
secure the desired range of calibration. 

UNDERLOAD TRIP 
With the Underload Trip, when the current 

flowing through the circuit falls below a pre¬ 
determined value, the energy of the electro¬ 
magnet is insufficient to counteract the force 
of the spring acting on its armature, this 
armature is released and strikes the tripping 
lever a hammer blow, opening the circuit 
breaker. 

LOW VOLTAGE TRIP ATTACHMENT 

The Low Voltage Trip is designed to operate 
the circuit breaker when the line voltage drops 
to approximately 50 per cent, or less of the 
normal voltage. 

It should be noted that its coil is always 
in circuit, as is the case with the overload and 
underload coils, and operates with the re¬ 
leasing of its armature. 

It is always necessary to use a fixed amount 
of resistance (depending upon the voltage of 
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the system) in series with the low voltage 
release. 

The low voltage release performs the func¬ 
tions of a shunt trip coil when used in con¬ 
junction with a push-button, auxiliary switch 
or speed-limiting device, and is generally 

LOW-VOLTAGE ATTACHMENT 

preferred to the shunt trip attachment. 

SHUNT TRIP ATTACHMENT 

The Shunt Trip Attachment has 
designed to provide for conditions 

Ser/es fPes/stonce 
—jtnr—i  

been 
under 

nects it from the circuit. Whenever it is 
impossible to connect the shunt trip in this 
manner, the Circuit-Opening Auxiliary Switch 
should be used in connection with it. 

CIRCUIT-CLOSING AUXILIARY SWITCH 

This switch closes 
when the circuit 
breaker opens, and 
may be used to an¬ 
nounce the automa¬ 
tic opening of the 
circuit breaker, 
through the means of 
an indicating lamp 
or an alarm bell. It 
is often necessary to 
arrange one circuit 
breaker so that, in 

opening, it will trip others. This may be ac¬ 
complished by using a Circuit-Closing Auxil¬ 
iary Switch in connection with a low voltage 
or shunt trip attachment on the circuit 
breakers to be tripped. 

SHUNT-TRIP ATTACHMENT 

'Lo^wl/o/toge rr/p/wn^ i 

LOW-VOLTAGE TRIP -TRIPPING SWITCH 
NORMALLY OPEN 

which the low voltage attachment cannot be 
successfully applied. It resembles the low 

Sep/cs ffes/stonce 

Shunt Tn/p • Co// Tr/pp/np 
Sw/tc/? 

tow Po/tape Co// 

Tr/pp/np 
Sw/tc/> 

SHUNT TRIP—COIL CONNECTED BEYOND BREAKER 
AND THROWN OUT OF CIRCUIT AFTER 

TRIPPING 

The construction of this type of switch is 
such that it may be opened by hand after 
the circuit breaker opens, but it is auto- 

LOW-VOLTAGE TRIP TRIPPING SWITCH NORMALLY 
CLOSED 

L/ne 

voltage attachment in construction, but dif- 
ers in that it trips the circuit breaker when 
energized. The shunt trip should be allowed 
to remain only momentarily in circuit; hence 
it should be so connected that the opening 
of the circuit breaker immediatelv discon- 

C/ncu/t Ooen/np Sw/tch 
 C 

^y/itrp/p 
rp/pp,nn H 
Sw/tch / 

J 
SHUNT TRIP—AUXILIARY CIRCUIT-OPENING SWITCH 

TO THROW COIL OUT OF CIRCUIT 
AFTER TRIPPING 

matically reset when the circuit breaker is 
closed. 



GENERAL. ELECTRIC COMPANY, 

General Electric Carbon-Break Circuit Breakers J^nnO-n 

CIRCUIT-OPENING AUXILIARY SWITCH an(^ permitting another circuit breaker 
This switch opens an auxiliary circuit to remain closed onlv when the circuit 

when the circuit opens, and is intended to breaker equipped with the auxiliary switch 
be used in connection with a shunt trip is open. 

PosCt/Ye Aus 1 c 
L 

( I, 
C/rcu/t BreoAer- 

C/rCLj/t. C/os'ngC\ 
Sw/tcO »/Res/stones 

Low i/b/tope Co//' 

S/oeec/ l./n->/tinp 
■ Oe^/ce 

CONNECTIONS OF LOW-VOLTAGE RELEASE COIL 
WHEN USED WITH SPEED LIMITING 

DEVICE ON ROTARY 
CONVERTER 

Pos't./ve Sc/s 

To Peec/er- 

Prom Generator- 

CONNECTIONS OF SHUNT TRIP COIL WITH AND 
WITHOUT CIRCUIT OPENING 

AUXILIARY SWITCH 

CIRCUIT-OPENING AUXILIARY SWITCH 

attachment to insure the immediate discon¬ 
nection of the shunt coil from the circuit. 

CIRCUIT-CLOSING AUXILIARY SWITCH 

It may also be employed to serve other pur¬ 
poses, such as tripping another circuit 
breaker having a low-voltage attachment, 

COMBINED CIRCUIT-CLOSING AND CIRCUIT- 
OPENING AUXILIARY SWITCH 

As the name implies, this switch performs 
all the duties of both the circuit-closing and 
the circuit-opening switches. 

COMBINED CIRCUIT-OPENING AND CIRCUIT-CLOSING 
AUXILIARY SWITCH 
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TYPE C, FORM G AUTOMATIC CIRCUIT BREAKERS 

FOR DIRECT CURRENT, SINGLE- AND DOUBLE-POLE—250 AND 500 VOLTS. FOR ALTERNATING 
CURRENT SINGLE-. DOUBLE- AND TRIPLE-POLE—250 AND 550 VOLTS 

The Type C, Form G Carbon-Break Circuit 
Breaker, as manufactured by the General 
Electric Company meets all demands for a 
small, reliable, automatic, protective device 
for direct and alternating current systems, 

flexible in this respect; its time lag is appre¬ 
ciable and more or less dependent upon 
climatic conditions; it can never be absolutely 
relied upon to rupture at its rated capacity. 

Through the use of a double-pole circuit 

TRIPLE-POLE TYPE C, FORM G CIRCUIT BREAKER WITH 
OVERLOAD AND LOW-VOLTAGE RELEASE 

and its moderate price should be a most 
important factor in influencing any decision 
involving a choice between fused switches 
and circuit breakers. 

Aside from considerations of price, a 
circuit breaker possesses many obvious ad¬ 
vantages over the combination of fuse 
and switch. Continuity of service is more 
nearly insured than when fuses are used, 
and the constant expense and delays in¬ 
volved in the replacement of these fuses 
are avoided. 

The operation of the circuit breaker is 
absolutely positive, and it can be adjusted 
to trip at any predetermined point between 
its wide limits of calibration. A fuse is in- 

breaker with independently operated arms, 
the usual lever switch in series may be dis¬ 
pensed with, since such a circuit breaker 
performs the functions of both switch and 
single-pole breaker. Either arm may be 
closed and is then free to trip, and will trip 
instantly in response to an overload or 
short circuit (should such exist) when the 
second arm is closed. 

Type C, Form G Circuit Breakers, are 
suitable for every class of service requiring 
automatic protective devices. 

The line consists of: 
Single- and Double-Pole Breakers for 

Direct Current Circuits (Overload or 
Underload). 
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General 

Single-, Double- and Triple-Pole Breakers 
for Alternating Current Circuits. 

DOUBLE-POLE TYPE C, FORM G CIRCUIT BREAKER 
250 VOLTS, OVERLOAD 

These breakers may be supplied mounted 
on slate bases, for front connection; or for 
back connection without bases, for mounting 
on switchboard panels. The slate bases 
have a dull black finish and the current 
carrying parts are of naturally finished copper 
and brass, buffed and lacquered. 

Type C, Form G Circuit Breakers are 
made in all capacities up to 300 amperes. 
Two styles are for direct current; one for 
use on circuits up to 250 volts, and one for 
use on circuits up to 500 volts, and two for 
alternating current, one for 250 volts and 
one for 550 volts. 

ric Carbon-Break Circuit Breakers Jf.550—7 

DOUBLE-POLE TYPE C, FORM G CIRCUIT BREAKER, 
OVERLOAD 

DOUBLE-POLE TYPE C, FORM G CIRCUIT BREAKER, 
UNDERLOAD 
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AUTOMATIC CIRCUIT BREAKERS (OVERLOAD) 

CARBON BREAK, TYPE C, FORM G, DIRECT CURRENT 

SINGLE-POLE, 250 VOLTS 

CAT NO. CAIvIB RATION 

Front connected 
on Base 

Back connected 
'•'Ampere 
Capacity List Price 

for 1^ in. or 
2 in. Panel Minimum Maximum 

39897 39909 3 1.5 5 $12.00 
39901 39913 5 3 8 12.00 
39905 39917 10 5 15 12.00 
35481 35505 15 10 25 12.00 
35485 35509 25 15 40 13.00 
35489 35513 50 25 75 14.00 
35493 35517 100 50 150 17.00 
35497 35521 200 100 300 25.00 
35501 35525 300 200 450 30.00 

DOUBLE-POLE, 250 VOLTS 

39898 39910 3 1.5 5 $17.00 
39902 39914 5 3 8 17.00 
39906 39918 10 5 15 17.00 
35482 35506 15 10 25 17.00 
35486 35510 25 15 40 18.00 
35490 35514 50 25 75 19.00 
35494 35518 100 50 150 22.00 
35498 35522 200 100 300 40.00 
35502 35526 300 200 450 45.00 

SINGLE-POLE 500 VOLTS 

39899 39911 3 1.5 5 $16.00 
39903 39915 5 3 8 16.00 
39907 39919 10 5 15 16.00 
35483 35507 15 10 25 16.00 
35487 35511 25 15 40 17.00 
35491 35515 50 25 75 18.00 
35495 35519 100 50 150 21.00 
35499 35523 200 100 300 30.00 
35503 35527 300 200 . 450 35.00 

DOUBLE-POLE, 500 VOLTS 

39900 39912 3 1.5 5 $21.00 
39904 39916 5 3 8 21.00 
39908 39920 10 5 15 21.00 
35484 35508 15 10 25 21.00 
35488 35512 25 15 40 22.00 
35492 35516 50 25 75 23.00 
35496 35520 100 50 150 25.00 
35500 35524 200 100 300 45.00 
35504 35528 300 200 450 50.00 

* Ampere capacity denotes the load in amperes which the breaker will carry continuously without excessive heating. 
Note.—All circuit breakers of capacities up to and including 1200 amperes are supplied with the necessary nuts and 

terminals. Breakers of capacities over 1200 amperes are supplied with two nuts only on each stud and no terminals. 
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AUTOMATIC CIRCUIT BREAKERS (UNDERLOAD) 

CARBON BREAK, TYPE C, FORM G, DIRECT CURRENT 

SINGLE-POLE, 250 VOLTS 

CAT. NO. 

Front connected 
on Base 

Back connected 
for 1£ in. or 
2 in. Panel 

*Ampere 
Capacity List Price 

V S 

37491 
37495 
37499 
37503 
37507 
37511 

37515 
37519 
37523 
37527 
37531 
37535 

15 
25 
50 

100 
200 
300 

$14.00 
! 15.00 

16.00 
; 19.00 
1 28.00 

33.00 

DOUBLE-POLE, 250 VOLTS 

37492 
37496 
37500 
37504 
37508 
37512 

37516 
37520 
37524 
37528 
37532 
37536 

15 
25 
50 

100 
200 
300 

$19.00 
20.00 
21.00 
24.00 
44.00 
49.00 

SINGLE-POLE, 500 VOLTS 

37493 
37497 
37501 
37505 
37509 
37513 

37517 
37521 
37525 
37529 
37533 
37537 

15 
25 
50 

100 
200 
300 

$18.00 
19.00 
20.00 
23.00 
33.00 
38.00 

* 
DOUBLE-POLE, 500 VOLTS 

37494 
37498 
37502 
37506 
37510 
37514 

37518 
37522 
37526 
37530 
37534 
37538 

15 
25 
50 

100 
200 
300 

$23.00 
24.00 
25.00 
27.00 
49.00 
54.00 

* Ampere capacity denotes the load in amperes which the breaker will carry continuously without excessive heating. 
Note> Underload circuit breakers can be set to trip between the minimum limit of 10 per cent, and the maximum limit 

of 20 per cent, of their normal ampere carrying capacity. 
Note.—All circuit breakers of capacities up to and including 1200 amperes are supplied with the necessary nuts and termi¬ 

nals. Breakers of capacities over 1200 amperes are supplied with two nuts only on each stud and no terminals. 



GENERAL ELECTRIC COMPANY 

Jf.550-10 General Electric Carbon-Break Cimiit Breakers 

ATTACHMENTS FOR TYPE C, FORM G CIRCUIT BREAKERS 

DIRECT CURRENT 

* LOW-VOLT AGE RELEASE ATTACHMENTS 

Cat. No. 
Attachment 

37539 
37542 
37540 
37543 
37541 
37544 

List 
Price 

$10.00 125 
12.00 125 
10.00 250 
12.00 250 
10.00 500 
12.00 500 

V oltage 
of Circuit 

Approx. 
Releasing 
Voltage 

FOR CIRCUIT BREAKER 

Amp. Capacity 

60 3 to 100 
60 200 & 300 

125 3 to 100 
125 200 & 300 
250 3 to 100 
250 200 & 300 

Poles/, 

Single and 
Single and 
Single and 
Single and 
Single and 
Single and' 

double 
double 
double 
double 
double 
double 

t SHUNT TRIP ATTACHMENTS 

Cat. No. 
Attachment 

List 
Price 

V oltage 
of Circuit 

FOR CIRCUIT BREAKER 

Ampere Capacity Poles 

37545 
37546 

$8.00 
10.00 

125-250-500 
125-250-500 

3 to 100 
200 & 300 

Single and double 
Single and double 

AUXILIARY SWITCHES 

CIRCUIT- CLOSING CIRCUIT-OPENING COMBINED CIRCUIT-OPENING 
AND CIRCUIT-CLOSING 

! 

Ampere 
Capacity 
of Circuit 
Breaker 

For 
Mounting 

on 
Cat. 
No. 

List 
Price 

Cat. 
No. 

List 
Price 

Cat. 
No. 

List 
Price 

37553 $5.00 37547 $5.00 37559 $8.00 3 to 100 \\,f base 
37554 5.00 37548 5.00 37560 8.00 3 to 100 IJ" panel 
37555 5.00 37549 5.00 37561 8.00 3 to 100 2 " panel 
37556 5.00 37550 5.00 37562 8.00 200 & 300 li" base 
37557 5.00 37551 5.00 37563 8.00 200 & 300 H" panel 
37558 5.00 37552 5.00 37564 8.00 

\ 
200 & 300 2 " panel 

* Release at one-half rated voltage. 
t Should be allowed to remain in circuit only momentarily. 
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AUTOMATIC CIRCUIT BREAKERS (OVERLOAD) 

CARBON BREAK, TYPE C, FORM G, ALTERNATING CURRENT 

SINGLE-POLE, 250 VOLTS 

CAT. NO. 
* Amp ere 
Capacity 

CALIBRATION 
List Price Front connected 

on Base 
Back connected for 1^ 

in. or 2 in. Panel Minimum Maximum 

43338 43350 3 1.5 5 817.00 
43342 43354 5 3 8 17.00 
43346 43358 10 5 15 17.00 
38142 38166 15 10 25 17.00 
38146 38170 25 15 40 18.00 
38150 38174 50 25 75 19.00 
38154 38178 100 50 150 22.00 
38158 38182 200 100 300 30.00 
38162 38186 300 200 450 35.00 

DOUBLE-POLE, 250 VOLTS 

43339 43351 3 1.5 5 $22.00 
43343 43355 5 3 8 22.00 

. 43347 43331!% 10 5 15 22.00 
38143 38167 15 10 25 22.00 
38147 38171 25 15 40 23.00 
38151 38175 50 25 75 24.00 
38155 38179 100 50 150 27.00 
38159 38183 200 100 300 45.00 
38163 38187 300 200 450 50.00 

SINGLE-POLE, 550 VOLTS 

43340 43352 ! 3 1.5 5 $21.00 
43344 43356 | 5 3 8 21.00 
43348 43360 ! 10 5 15 21.00 
38144 38168 | 15 10 25 21.00 
38148 38172 ; 25 15 40 22.00 
38152 38176 50 25 75 23.00 
38156 38180 100 50 150 26.00 
38160 38184 200 100 300 35.00 
38164 38188 1 300 200 450 40.00 

DOUBLE-POLE, 550 VOLTS 

43341 43353 3 1.5 5 $26.00 
43345 43357 5 3 8 26.00 
43349 43361 10 5 15 26.00 
38145 38169 15 10 25 26.00 
38149 38173 25 15 40 27.00 
38153 38177 50 25 75 28.00 
38157 38181 100 50 150 31.00 
38161 ! 38185 200 100 300 50.00 
38165 ! 38189 

! 
300 200 450 55.00 

* Ampere capacity denotes the load in amperes which the breaker will carry continuously without excessive heating. 
Note. — All circuit breakers of capacities up to and including 1200 amperes are supplied with the necessary nuts and 

terminals. Breakers of capacities over 1200 amperes are supplied with two nuts only on each stud and no terminals. 
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AUTOMATIC CIRCUIT BREAKERS (OVERLOAD AND LOW VOLTAGE) 

CARBON BREAK, TYPE C, FORM G, ALTERNATING CURRENT 

TRIPLE-POLE, 550 VOLTS, ONE OVERLOAD COIL ONLY 

CAT. NO. 
*Ampere 
Capacity- 

CALIBRATION 
List Price Front connected 

on Base 
Back connected for 

in. or 2 in. Panel Minimum Maximum 

46271 46280 3 1.5 5 $40.00 
46272 46281 5 3 8 40.00 
46273 46282 10 5 15 40.00 
38196 40322 15 10 25 40.00 
38197 40323 25 15 40 40.00 
38198 j 40324 50 25 75 40.00 
38199 I 40325 100 50 150 45.00 
38200 40326 200 100 300 75.00 
38201 40327 300 200 450 85.00 

TRIPLE-POLE, 550 VOLTS, TWO OVERLOAD COILS ONLY 

46268 46277 3 1.5 5. $50.00 
46269 46278 5 3 8. 50.00 
46270 46279 10 5 15 50.00 
38190 38214 15 10 25 50.00 
38191 38215 25 15 40 50.00 
38192 38216 50 25 75 50.00 
38193 38217 100 50 150 55.00 
38194 38218 200 100 300 85.00 
38195 38219 300 200 450 95.00 

TRIPLE-POLE, 550 VOLTS, ONE OVERLOAD AND ONE LOW VOLTAGE COIL 

OAT, , NO. 
Front connected on 

Base 
Back connected for 

in, or 2 in. Panel Ampere 
Capacity 

CALIBRATION - 
List Price 

Cycle* Cycles 
Minimum Maximum 

25, 40 and 60 25, 40 and 60 • 

46274 46283 3 1.5 3 $60.00 
46275 46284 5 3 8 60.00 
46276 46285 10 5 15 60.00 
38202 38220 15 10 25 60.00 
38203 38221 25 15 40 60.00 
38204 38222 50 25 75 60.00 
38205 38223 100 50 150 65.00 
38206 38224 200 100 300 95.00 
38207 38225 300 200 450 105.00 

* Ampere capacity denotes the load which the breaker will carry continuously without excessive heating. 
Note.—All circuit breakers of capacities up to and including 1200 amperes are supplied with the necessary nuts and 

terminals. Breakers of capacities over 1200 amperes are supplied with two nuts only on each stud and no terminals. 
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ATTACHMENTS FOR TYPE C, FORM G CIRCUIT BREAKERS 

ALTERNATING CURRENT 

) (MH * LOW-VOLTAGE RELEASE ATTACHMENT 

| 
DESCRIPTION OP CIRCUIT BREAKERS 

Cat. No. List Voltage of Approximate Attachment Price Circuit j Releasing Voltage t 
1 Amp. Cap. | Poles 

43378 $14.00 125 60 ■ up to 100 Single and double 
43381 16.00 125 60 200 to 300 Single and double 
43379 14.00 250 125 up to 100 Single and double 
43382 16.00 250 125 200 to 300 Single and double 
43380 14.00 550 250 up to 100 Single and double 
43383 16.00 550 250 200 to 300 Single and double 

Cat. No. 
Attachment 

37545 
37546 

t SHUNT TRIP ATTACHMENTS 

List 
Price 

$8.00 
10.00 

DESCRIPTION OP CIRCUIT BREAKERS 
Voltage of 

Circuit 

125-250-550 
125-250-550 

Amp, Cap. 

3 to 100 
200-300 

Poles 

Single and double 
Single and double 

AUXILIARY SWITCHES 

CIRCUIT-CLOSING CIRCUIT- OPENING COMBINED CIRCUIT-OPENING 
AND CIRCUIT-CLOSING Ampere 

Capacity | 
of Circuit ! 
Breaker 

I 

For Mounting 
on 

Cat. 
No. List Cat. 

No. List Cat. 
No. List 

37553 
37554 
37555 
37556 
37557 
37558 

$5.00 
5.00 
5.00 
5.00 
5.00 
5.00 

37547 
37548 
37549 
37550 
37551 
37552 

$5.00 
5.00 
5.00 
5.00 
5.00 
5.00 

37559 
37560 
37561 
37562 
37563 
37564 

$8.00 
8.00 
8.00 
8.00 
8.00 
8.00 

3 to 100 
3 to 100 
3 to 100 

200 to 300 
200 to 300 
200 to 300 

IJ" base 
IY panel 
2 " panel 
ll" base 
H" panel 
2 u panel 

* Release at one-half rated voltage. 
t Should be allowed to remain in circuit only momentarily. 
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DIMENSIONS OF TYPE C, FORM G CIRCUIT BREAKERS (OVERLOAD) 

3 TO 100 AMPS., 250 AND 500 VOLTS, DIRECT CURRENT 

rr; 
S -M?4f g CS 4 cArep Sl'tfatACB&'alivp 

Rarr/mr tan SOO .'V f H^Ctrcu/t OroaAer-s cn/y y 
ll 

7/  

wyy sf-  

FRONT CONNECTED 

H——H   jri— J 
BACK CONNECTED 

200 AND 300 AMPS., 250 AND 500 VOLTS, DIRECT CURRENT 

r on SOOMl Tr""  /j****gCBAQtop| OP Circuit Broakons cnty  -i 

FRONT CONNECTED 

For REFERENCE ONLY BACK CONNECTED 
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General Electric Carbon-Break Circuit Breakers 4550-15 

DIMENSIONS OF TYPE C, FORM G CIRCUIT BREAKERS (UNDERLOAD) 
15 TO 100 AMPS., 250 and 500 VOLTS, DIRECT CURRENT 

BtznrfaranSQOk'a/C J \£}./2Cfrcuf£ BrcaMcns \ar?/y j. P 

 7f  

FRONT CONNECTED 

Barr/er on SOO t/o/t O. BCfrcoi't Qrvokcrs only 

i r  H 

BACK CONNECTED 
200 AND 300 AMPS., 250 AND 500 VOLTS, DIRECT CURRENT 

^ Barrier on SOOVb/c D.fl t _ Cfrcuit Breeders on/y V  i * a 

■   7,f  

FRONT CONNECTED 

-?£ h 
For REFERENCE ONLY BACK CONNECTED 
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4550-16 General Electric Carbon-Break Circuit Breakers 

DIMENSIONS OF TYPE C, FORM G CIRCUIT BREAKERS (OVERLOAD) 

3 TO 100 AMPS., 250 AND 550 VOLTS, ALTERNATING CURRENT 

Mo/<2 ^'C.O.q 

p) 

7" 

r\Barr!a/~ on 600 Vo/t D.R T*/' 1 C/rcuit Breakers on/a /f 
i- ^ 

I 
. I /O Cor 2SO K //'forSOO V. I I I 

I 

I ♦   
t-l— 

— si 1 

TRONT CONNECTED 

Sorr-ier en 300 Pate. 

3-Li '—: -i i ■ - ^ r- j!£ J  ^ . 

BACK CONNECTED 
200 AND 300 AMPS., 250 AND 550 VOLTS, ALTERNATING CURRENT 

£'fo/e £ C.fl. £ c/se/r nBom'cr on 500Po/C O. f ~ Circuit Sr-eakona anty  &£'-  

 H-  
FRONT CONNECTED 

 H 

Barrier on BOOPb/c D.k? | ] Circuit Breakers or>/y.\ . 

For REFERENCE ONLY BACK CONNECTED 
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General Electric Carbon-Break Circuit Breakers 4550-17 

DIMENSIONS OF TYPE C, FORM G CIRCUIT BREAKER (OVERLOAD) 

3 TO 100 AMPS., 550 VOLTS, ALTERNATING CURRENT 

FRONT CONNECTED 

BACK CONNECTED 

200 AND 300 AMPS., 550 VOLTS, ALTERNATING CURRENT 

FRONT CONNECTED 

For REFERENCE ONLY BACK CONNECTED 
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4550-18 General Electric Carbon-Break Circuit Breakers 

DIMENSIONS OF ATTACHMENTS AND AUXILIARY SWITCHES FOR TYPE C, FORM G 
CIRCUIT BREAKERS—DIRECT AND ALTERNATING CURRENT 

i— 
I, ^ 
t\ h i' ii ii ii 
i M 

s 

' i/' fsHo/S§C.B._ 
£ deep for 
^deep for A? "Pane/ 
/Ji deep for 2 "Pane/ 

f 

For REFERENCE ONLY 

200andBOO/fmpereo /O Co /OO Bmperes 
S/ng/e and Doa£>/e Po/e S/ng/e and Doub/e Po/e 

Dr/Z/fng P/ano ffonC P/eyv 
low-voltage release attachments 

Cat. No. 
of Attachment 

Voltage 
of Circuit 

Approx. Re¬ 
leasing Voltage 

DESCRIPTION OP CIRCUIT BREAKER 
Ampere Capacity Poles 

37539 125 60 Up to 100 Single & double 
37542 125 60 200 & 300 Single & double 
37540 250 125 Up to 100 Single & double 
37543 250 125 200 & 300 Single & double 
37541 500 250 Up to 100 Single & double 
37544 500 250 200 & 300 Single & double 

DIMENSIONS 

3tf 

3 if 
4^ 
311 
4A 

2| 
2i 
2« 
2j 
2| 

SHUNT TRIP ATTACHMENTS 

Cat. No. 
of 

Attachments 
Voltage 

ot t Circuit 

DESCRIPTION OF CIRCUIT BREAKER DIMENSIONS 
Ampere 

Capacity Poles A B 

37545 
37546 

125-250-500 
125-250-500 

Up to 100 
200 & 300 

Single & double 
Single & double 

311 
4& 

2| 
21 

4 

1 M 1 ii' 
k-n 
i / 

I \ 
lIi 

„ No. 3Or/// 
i; 

No.ODr/// 

rC": --I '' 'U.-. ' 
i--R D 

——ij 

mi- 
r f 

^'ho/e§^C.3./%deep ^ 

D 
i^ "S ^ //O 

' IT AA 

200andSVOP/nperes /O Co /OO Pnoperes 
S/ng/e and DooO/e Po/e S/ng/e and Doc/b/e Po/e 

Dr////ng P/ans front If/ew 

For REFERENCE ONLY 
-J ^ 

Circuit-Closing Switch 
Cat. No. 

Circuit-Opening Switch 
Cat. No. 

Combined Circuit-Closing 
and Circuit-Opening Switch 

Cat. No. 
Ampere Capacity 
of Circuit Breaker For Mounting on 

37553 37547 37559 Up to 100 Base (\Y thick) 
37554 37548 37560 Up to 100 W panel 
37555 37549 37561 Up to 100 2" panel 
37556 37550 37562 200 & 300 Base (li* thick) 
37557 37551 37563 200 & 300 IJ" panel 
37558 37552 37564 200 & 300 2" panel 
Note.—Catalogue Numbers for D.C. Circuit Breaker Attachments only are given above, 

both A.C. and D.C. Attachments. 
Dimensions are the same for 



GENERAL ELECTRIC COMPANY 

General Electric Carbon-Break Circuit Breaker 4550-19 

TYPE C, FORM P AUTOMATIC CIRCUIT BREAKERS 

FOR DIRECT CURRENT, SINGLE- AND DOUBLE-POLE—250 AND 650 VOLTS. FOR ALTERNATING 
CURRENT, SINGLE- AND DOUBLE-POLE—250 AND 750 VOLTS 

Type C, Form P Circuit Breakers are back with base for mounting on framework, 
connected and can be supplied without The overload coil of the small capacity 
base for mounting on a switchboard, or breaker consists of a wire wound spool. 

DOUBLE-POLE TYPE C, FORM P CIRCUIT BREAKER, OPEN AND CLOSED 

SINGLE-POLE TYPE C, FORM P CIRCUIT BREAKER, OPEN AND CLOSED 



GENERAL ELECTRIC COMPANY 

Jj.550—20 General Electric Carbon-Break Circuit Breaker 

Circuit breakers of intermediate capacities 
have polished copper cylindrical coils. On 
the larger sizes, 800 and 1200 amperes, this 
coil is replaced by a magnet frame encircling 
the lower stud, the current flowing through 
this stud being sufficient to secure the de¬ 
sired range of calibration. 

The-Type C, Form P Circuit Breakers are 

particularly adapted for use on railway and 
power systems which are frequently sub¬ 
jected to severe short circuits and heavy 
overload. They are made up to 1200 am¬ 
pere capacity. 

All current carrying parts are of polished 
copper, and the operating mechanism has a 
smooth dull black finish. 

AUTOMATIC CIRCUIT BREAKERS (OVERLOAD) 
CARBON BREAK, TYPE C, FORM P, DIRECT CURRENT 

SINGLE-POLE, 250 VOLTS, BACK CONNECTED 

CAT NO. CALIBRATION 

On Base For 1J in. or 2 in. Panel * Ampere Capacity List Price 
Min. Max. 

■ 
36204 36231 15 10 25 $35.00 
36207 36234 25 15 45 35.00 
36210 36237 50 25 75 37.00 
36213 36240 100 50 150 42.00 
36216 36243 200 100 300 50.00 
36219 36246 300 200 450 60.00 
36222 36249 500 300 750 75.00 
36225 36252 800 | 500 1200 115.00 
36228 36255 1200 800 1800 150.00 

SINGLE-POLE, 650 VOLTS, BACK CONNECTED 

36206 36233 15 10 25 $38.00 
36209 36236 25 15 45 38.00 
36212 36239 50 25 75 40.00 
36215 36242 100 50 150 45.00 
36218 36245 200 100 300 55.00 
36221 36248 300 200 450 65.00 
36224 36251 500 300 750 80.00 
36227 36254 800 500 1200 120.00 
36230 36257 1200 800 1800 160.00 

DOUBLE-POLE, 250 VOLTS, BACK CONNECTED 
I 

36205 

J 

36232 15 10 25 $52.00 
36208 36235 25 15 45 52.00 
36211 36238 1 50 25 75 55.00 
36214 36241 100 50 150 60.00 
36217 36244 200 100 300 70.00 
36220 ! 36247 300 200 450 90.00 
36223 36250 r 500 300 750 120.00 
36226 36253 800 500 1200 200.00 
36229 36256 1200 800 1800 250,-00 

nals. 

*Ampere capacity denotes the load which the breaker will carry continuously without excessive heating. 
Note. —All circuit breakers of capacities up to and including 1200 amperes are supplied with the necessary nuts and tenni- 
Breakers of capacities over 1200 amperes are supplied with two huts only on each stud and no terminals. 



GENERAL ELECTRIC COMPANY 

General Electric Carbon-Break Circuit Breakers ^.550-21 

AUTOMATIC CIRCUIT BREAKERS (UNDERLOAD) 

CARBON BREAK, TYPE C, FORM P, DIRECT CURRENT 

SINGLE-POLE, 250 VOLTS, BACK CONNECTED 

CAT. NO. 
Ampere List Price Capacity 

On 1} in. Base For H in. or 2 in. Panel 

42074 42101 15 $50.00 
42077 42104 25 50.00 
42080 42107 50 52.00 
42083 42110 100 57.00 
42086 42113 200 65.00 
42089 42116 300 75.00 
42092 42119 500 90.00 

*42095 42122 800 140.00 
*42098 42125 1200 175.00 

SINGLE-POLE, 650 VOLTS, BACK CONNECTED 

42076 42103 15 $53.00 
42079 42106 25 53.00 
42082 42109 50 55.00 
42085 42112 100 60.00 
42088 42115 200 70.00 
42091 42118 300 80.00 
42094 42121 500 95.00 

*42097 42124 800 145.00 
*42100 42127 1200 185.00 

DOUBLE-POLE, 250 VOLTS, BACK CONNECTED 

42075 42102 15 $67.00 
42078 42105 25 67.00 
42081 42108 50 70.00 
42084 42111 100 75.00 
42087 42114 200 85.00 
42090 42117 300 105.00 
42093 42120 500 135.00 

*42096 ' 42123 800 225.00 
*42099 42126 1200 275.00 

* Mounted on incli "base, 
Note.—Ampere capacity denotes the load that the breakers will carry continuously without excessive heating. 
Note. — Underload breakers can be set to trip between the minimum limit of 10% and the maximum limit of 20% of their 

carrying capacity. 
Note. — All circuit breakers of capacities up to and including 1200 amperes are supplied with the necessary nuts and terminals. 



GENERAL ELECTRIC COMPANY 

4550-22 General Electric Carbon-Break Circuit Breakers 

ATTACHMENTS FOR TYPE C, FORM P CIRCUIT BREAKERS 

DIRECT-CURRENT 

* LOW VOLTAGE RELEASE ATTACHMENTS 

Cat. No. 
of Attachment 

List 
Price 

Voltage 
of Circuit 

Approx. Releasing 
Voltage 

DESCRIPTION 

Ampere Capacity 

OP CIRCUIT BREAKER 

Poles 

36258 $16.00 125 60 15 to 500 Single- 8c double-pole 
36264 16.00 125 60 800 & 1200 Single-pole 
36261 16.00 125 60 800 & 1200 Double-pole 
36259 16.00 250 125 15 to 500 Single- & double-pole 
36265 16.00 250 125 800 & 1200 Single-pole 
36262 16.00 250 125 800 & 1200 Double-pole 
36260 16.00 650 325 15 to 500 Single-pole 
36266 16.00 650 325 800 & 1200 Single-pole 

t SHUNT TRIP ATTACHMENTS 

Cat. No. 
of Attachment 

List 
Price 

Voltage of 
Circuit 

DESCRIPTION OF CIRCUIT BREAKER 

Ampere Capacity Poles 

36267 
36269 
36268 

$12.00 
12.00 
12.00 

125-250-650 
125-250-650 
125-250-650 

15 to 500 
800 & 1200 
800 & 1200 

Single- & double-pole 
Single-pole 
Double-pole 

AUXILIARY SWITCHES 

CIRCUIT-CLOSING CIRCUIT-OPENING 
COMBINED CIRCUIT- 

CLOSING AND 
CIRCUIT-OPENING Ampere Capacity 

of 
Circuit Breaker 

For Mounting on 
Cat. No, List Price Cat. No. List Price Cat. No. List Price 

36270 
36271 
36272 
36273 
36274 
36275 
36276 
36277 

$6.00 
6.00 
6.00 
6.00 
6.00 
6.00 
6.00 
6.00 

36278 
36279 
36280 
36281 
36282 
36283 
36284 
36285 

$6.00 
6.00 
6.00 
6.00 
6.00 
6.00 
6.00 
6.00 

36286 
36287 
36288 
36289 
36290 
36291 
36292 
36293 

$11.00 
11.00 
11.00 
11.00 
11.00 
11.00 
11.00 
11.00 

15 to 200 
15 to 200 
15 to 200 

300 & 500 
300 & 500 
300 & 500 
800 & 1200 
800 & 1200 

Base (liff thick) 
ij" panel 
2 ff panel 
Base (IJ" thick) 
1^" panel 
2 " panel 
\Y panel or base 
2 " panel 

* Release at approximately one-half rated voltage, 
f Should be allowed to remain in circuit only momentarily. 



GENERAL ELECTRIC COMPANY 

General Electric Carbon-Break Circuit Breakers 4550-23 

AUTOMATIC CIRCUIT BREAKERS (OVERLOAD) 

CARBON BREAK, TYPE C, FORM P, ALTERNATING CURRENT 

SINGLE-POLE, 2S0 VOLTS, BACK CONNECTED 
CATALOGUE NUMBER CALIBRATION 

On 1£ inch 
Base 

For li inch 
or 2 inch Panel 

Ampere 
Capacity Minimum Maximum 

Price 
List 

40877 
40880 
40883 
40886 
40889 
40892 
40895 

*40898 
*40901 

40904 
40907 
40910 
40913 
40916 
40919 
40922 

*40925 
*40928 
t40931 
t40934 

15 
25 
50 

100 
200 
300 
500 
800 

1200 
800 

1200 

10 
15 
25 
50 

100 
200 
300 
500 
800 
500 
800 

25 
45 
75 

150 
300 
450 
750 

1200 
1800 
1200 
1800 

$40.00 
40.00 
44.00 
50.00 
60.00 
70.00 
90.00 

140.00 
180.00 
140.00 
180.00 

SINGLE-POLE, 750 VOLTS, BACK CONNECTED 

40879 
40882 
40885 
40888 
40891 
40894 
40897 

*40900 
*40903 

40906 
40909 
40912 
40915 
40918 
40921 
40924 

*40927 
' *40930 

t40933 
t40936 

15 
25 
50 

100 
200 
300 
500 
800 

1200 
800 

1200 

10 
15 
25 
50 

100 
200 
300 
500 
800 
500 
800 

25 
45 
75 

150 
300 
450 
750 

1200 
1800 
1200 
1800 

$44.00 
44.00 
48.00 
55.00 
65.00 
75.00 
95.00 

145.00 
185.00 
145.00 
185.00 

DOUBLE-POLE, 250 VOLTS, BACK CONNECTED 

40878 40905 15 10 25 $70.00 
40881 40908 25 15 45 70.00 
40884 40911 50 25 75 75.00 
40887 40914 100 50 150 80.00 
40890 40917 200 100 300 90.00 
40893 40920 300 200 450 110.00 
40896 40923 500 300 750 140.00 

*40899 *40926 800 500 1200 230.00 
*40902 *40929 1200 800 1800 280.00 

t40932 800 500 1200 230.00 
t40935 1200 800 1800 280.00 

* For moimting on inch base or panel only, 
t For mounting on 2 inch panel only. , ^ , ... 
Note—Ampere capacity denotes the load that the breaker will carry continuously without excessive heating. 
Note.—All circuit breakers of capacities up to and including 1200 amperes are supplied with the necessary nuts and termi¬ 

nals* Breakers of capacities over 1200 amperes are supplied with two nuts only on each stud and no terminals. 



GENERAL ELECTRIC COMPANY 

4550-24 General Electric Carbon-Break Circuit Breakers 

ATTACHMENTS FOR TYPE C, FORM P CIRCUIT BREAKERS 

ALTERNATING CURRENT 

* LOW-VOLTAGE RELEASE ATTACHMENTS 

Cat. No, 
Attach. List Price Voltage of 

Circuit 
Approximate 

Releasing 
Voltage 

DESCRIPTION OF CIRCUIT BREAKER 

Ampere Capacity 1 Poles i 

43362 $20.00 125 60 up to 500 Single and double 
43363 20.00 250 125 up to 500 Single and double 
43364 20.00 750 375 • up to 500 Single and double 
43365 20/00 125 60 800 and 1200 Double 
43366 20.00 250 125 800 and 1200 Double 
43367 20.00 750 375 800 and 1200 Double 
43368 20.00 125 60 800 and 1200 Single 
43369 20.00 250 125 800 and 1200 Single 
43370 20.00 750 375 800 and 1200 Single 

t SHUNT TRIP ATTACHMENTS 

Cat. No, 
Attach. List Price Voltage of 

Circuit 
DESCRIPTION OP CIRCUIT BREAKER 

Ampere Capacity Poles 

36267 
36268 
43371 

$12.00 
12.00 
12.00 

125-250-750 
125-250-750 
125-250-750 

up to 500 
800 and 1200 
800 and 1200 

Single or double 
Double 
Single 

AUXILIARY SWITCHES 

Circuit- 
Closing List Price 

i 

Circuit- \ 
Opening List Price 

Combined 
Circuit-Closing 

and Circuit- 
Opening 

List Price Ampere Capacity 
of Circuit Breaker 

For Mounting 
On 

36270 
36271 
36272 
36273 
36274 
36275 
43372 
43373 

$6.00 
6.00 
6.00 
6.00 
6.00 
6.00 
6.00 
6.00 

36278 
36279 
36280 
36281 
36282 
36283 
43374 
43375 

$6.00 
6.00 
6.00 
6.00 
6.00 
6.00 
6.00 
6.00 

36286 
36287 
36288 
36289 
36290 
36291 
43376 
43377 

$11.00 
11.00 
11.00 
11.00 
11.00 
11.00 
11.00 
11.00 

15 to 200 
15 to 200 
15 to 200 

300 and 500 
300 and 500 
300 and 500 
800 and 1200 
800 and 1200 

H" base 
14" panel 
2 " panel 
IF base 
1Y panel 
2 " panel 
IJ'b.or p. 
2 " panel 

* Release at approximately one-half rated voltage, 
t Should be allowed to remain in circuit only momentarily. 



GENERAL ELECTRIC COMPANY 

General Electric Carbon-Break Circuit Breakers If550-25 

DIMENSIONS OF TYPE C, FORM P CIRCUIT BREAKERS DIRECT AND 
ALTERNATING CURRENT—SINGLE-POLE 

Ato. ZQcfr-iff ^ Cce/x 

I . ■!%, 
i i 

Y-o—| 
Qrt//in£ P/an Front V/cpy 

BocM conneccccr Crrcv/'t SrcaXcrs fn&y Ge srtocjntcci on /£ or 2 "fan^f-S 

//£ ertrrj® ^ 

I 
j£ ^ C & I 

U- — 3 -J 
Drr//ing P/on Front kO'ery 

Beer conncocaor CSrce/c t3reoA<-r~s 
may £>e /nountccf o't or 2"Pot to* 

For REFERENCE ONLY 800 to 1200 AMPERES 

CAT. NO. 

With Without Amps. Volts A B C D E F G H J K L M N 0 P R S T U 
Base Base 

36204 36231 15 1 36207 
36210 

36234 
36237 

25 
50 | 250 12 6 31 I 4| 124 4 44 3 f-16 th'ds -44 34 91 42 22 1 1A ■4 A 2 

36213 36240 100 ; J 
36216 
36219 
36222 
36225 

36243 
36246 
36249 
36252 

200 
300 
500 
800 

250 
250 
250 
250 

12 
14 
14 
17 

• 6 
7 
7 

12 

34 
44 
44 
31 

■l 
1 A 
1 
2i 

41 
5 
5 
6 

124 
144 
144 
16 A 

4tt 
54 
54 
64 

3 
32 
32 
64 

-134 " 
4-11 " 
2-12 " 
1-12 " 

44 
44 
44 
44 

31 
4A 
4A 
5 

9! 
1H 
m 
122 

42 
52 
52 
64 

22 
3 
3 

1 
I 
I 

1A 
H 
H 

I 
H 
14 

A 
H 
42 

1A 

2 
A 
A 

36228 36255 1200 250 17 12 31 21 6 16 A 64 64 14-12 " 54 5 12| 64   — 1A — 
36206 36233 15 1 
36209 
36212 

36236 
36239 

25 
50 > 650 13 6 3S I 4| 134 4 44 3 4-16 " 44 34 91 42 22 1 l A I A 2 

36215 
36218 
36221 
36224 

36242 
36245 
36248 
36251 

100 
200 
300 
500 

J 
650 
650 
650 

13 
154 
154 

6 
7 
7 

31 
44 
44 

4 
1A 
1 A 

41 
5 
5 

134 
15 A 
15 A 

4 44 
54 
54 

3 
3! 
32 

4—13 " 
4-11 '■ 
2-12 " 

44 
44 
44 

34 
4 A 
4 A 

9! 
114 
114 

42 
52 
52 

22 
3 
3 

1 
2 
2 

1A 
U 
U 

I 
14 
14 

A 
H 
H 

2 
A 
A 

36227 
36230 

36254 
36257 

800 
1200 

650 
650 

18 
18 

12 
12 

31 
3| 

24 
24 

6 
6 

174 
174 

64 
64 

64 
64 

1 -12 " 
14-12 14 44 

54 
5 
5 

134 
134 

64 
64   — — — 

1A 
1A — 

NOTE.—Catalogue numbers for D.C. Circuit Breakers only are given above. Dimensions are the same for both A.C. 
and D.C. Type C, Form P Circuit Breakers. 



GENERAL ELECTRIC COMPANY 

4550-26 General Electric Carbon-Break Circnit Breakers 

DIMENSIONS OF TYPE C, FORM P CIRCUIT BREAKERS 

DIRECT AND ALTERNATING CURRENT—DOUBLE-POLE 

I i II . . I kO-k—O— —O-I I* e -h 

i -X. 

Ato. £8 <*r///£cfecp !*S H 

jiHt/t* |V| 
i 1 
1^1 iiaj; 

ft i rr r t , | i—R ■ i 
0t—}—t -A—1- i ; r i 
6 ! 
h--0--^-0—H 1/ 

Dr////'ng P/ctn Front Wew 
B&cM cc^->r>cctecf C'rcw't BrcoXars m&ij 6c rnoc/nCccr on or Z'ftono/J 

15 to 500 AMPERES 

A/o 2 Cfrfff-x Ctoep ' 
•Q* 
,. . rv T /Vto. 24 &r;/^ gfio/e I | ^ 

/S "o'* Ok ^ i&cep . , 1 
yT/ I ^ 

v'/ 

I 

Dr/f/fng P/on Front l/tcw 
Goc# conneecccf Ctreufc Broctfrcra /not/ to mountecf on /£~or Z'Ponofr- 

 ^ 

For REFERENCE ONLY 
800 to 1200 AMPERES 

With 
Base 

36205 
36208 
36211 
36214 
36217 
36220 
36223 
36226 
36229 

Without 
Base 

36232 
36235 
36238 
36241 
36244 
36247 
36250 
36253 
36256 

Amp. 

15 
25 
50 

100 
200 
300 
500 
800 

1200 

Volts 

■ 250 

250 
250 
250 
250 
250 

12 

i 
1 A 
1 T? 
Itt 
1 

12* 

12* 
14* 
14* 
16 A 
16A 

4H 

4tt 
5* 
5* 
6* 
6* 

*-16 th'ds 

£-13 
f-H 
|-12 

1 -12 
1*—12 

K 

4£ 3* 

3* 
4A 
4A 
5 
5 

4f 21 1A 

1A 
if 
if 

A 
i* 
if 

i A 
1A 

A 
A 

*The right-hand lower stud is made longer on account of the magnet yoke. The remaining three studs are three-fourths 
inch shorter. 

Note.—Catalogue Numbers for D.C. Circuit Breakers only are given above. Dimensions are the same for both A C and 
D.C. Type C, Form P Circuit Breakers. 



GENERAL ELECTRIC COMPANY 

General Electric Carbon-Break Circnit Breakers 4550-27 

DIMENSIONS OF ATTACHMENTS AND AUXILIARY SWITCHES FOR TYPE C, FORM P 

CIRCUIT BREAKERS—DIRECT AND ALTERNATING CURRENT 

k ! 
r# oJ 

rWi 
r ! i 

11V-1;, v-vic/ 
F" 

FT l i l i 

S//?g/<? or Dout>/c Po/c /■5 to SOO Amperes 

For REFERENCE ONLY 

• < 
• •• 'I " A rl' 'h I F-\ ^ I If/ o h/ tt k t I i i 1 

7^1 

ilis- -5/i—i 

B8* 

CU 

-r-h 
T 

i 
i 

Dri//ir>g P/ort front Yicv 
Sing/e Po/e GOO to /ZOO Amperes Doub/e Po/e GOO to /20O Amperes 

SHUNT TRIP AND LOW-VOLTAGE RELEASE ATTACHMENTS 

(K> 
i 
i 
i 
i 

X 
"T a>—™f-?T 

$*} ^ , 
J * A I 

<? ^%*,Po.SDr,y/\ 
r I 

Qrf/Jfng P/crn front Wow 

c:{: 

r'« 
Li 

nin 
n 

-tr 

)-Vr.-jrT ~ -Tl" r 
i!:Ki %/ ^iKTi I - v-V c-l-LJ IK- 
"9 

! 
F-*- 

w 

f-1- 

$ 
(3^ 

rir 

J5 to ZOO Amp. OOOana-500Amp, QOOancf /ZOOAmp. 
Drilling Pi&ns Front l//c*v 

For REFERENCE ONLY 
AUXILIARY SWITCHES 

Note.—For thickness of panels on which Auxiliary Switches are to be mounted see table on page 22. 



GEXEKAL ELECTRIC COM PAX Y 

1+550-28 General Electric Carbon-Break Circuit Breaker 

TYPE C, FORM K CIRCUIT BREAKERS 

FOR DIRECT CURRENT—SINGLE-POLE—250 AND 650 VOLTS 

FOR ALTERNATING CURRENT—SINGLE-POLE—250 AND 750 VOLTS 

Type C, Form K Circuit Breakers especially The usual overload trip coil is omitted, the 
designed for heavy service, are particularly trip being accomplished by means of a 
well suited for railway work. horseshoe magnet placed around the lower 

contact stud. This magnet is provided with 
u swinging armature, which when pulled up- 

DIRECT CURRENT TYPE C, FORM K CIRCUIT 
BREAKER, CLOSED 

They arc made in two styles, for direct 
current circuits up to 250 volts and for cur¬ 
rent capacities from 2000 to 0000 amperes, 
for G50 volt circuits for current capacities 
from 2000 to 10,000 amperes, and for alter¬ 
nating current service 250 and 750 volts with 
current capacities from 2000 to 4000 amperes. 

TYPE C, FORM K CIRCUIT BREAKER, OPEN 

ward strikes a catch, releasing the contacts 
and permitting the breaker to open. 

Polished copper current carrying parts 
and toggle joints, etc., finished in smooth dull 
black, make the circuit breakers verv hand¬ 
some in appearance. 



GENERAL ELECTRIC COMPANY 

General Electric Carbon-Break Circuit Breakers 50-29 

AUTOMATIC CIRCUIT BREAKERS (OVERLOAD) 

CARBON BREAK, TYPE C, FORM K, DIRECT CURRENT 

SINGLE-POLE 250 VOLTS 

• CATALOGUE NO. 
Ampere 

Capacity 

CALIBRATION 
List Price. 

Mounted 
on Base 

For Mounting on 
2 in. Panel Minimum Maximum 

29617 28921 
28922 

*28923 

2000 
4000 
6000 

1200 
2000 
2000 

4,000 
10,000 
15,000 

$225.00 
400.00 
650.00 - 

650 VOLTS 

29619 28925 
28926 

*28927 
t28928 
t28929 

2000 
4000 
6000 
8000 

10,000 

1200 
2000 
2000 
2000 
2000 i 

i 

4000 
10,000 
15,000 
20,000 
25,000 

$260.00 
450.00 
775.00 
950.00 

1,500.00 

*For mounting on 2 inch or 2\ inch panel. 
fFor mounting on inch panel only. 
Note.—Ampere capacity denotes the load which the breaker will carry continuously without excessive heating. 
Note.—All circuit breakers of capacities up to and including 1200 amperes are supplied with the necessary nuts and termi¬ 

nals. Breakers of capacities over 1200 amperes are supplied with two nuts only on each stud and no terminals. 

ATTACHMENTS FOR TYPE C, FORM K CIRCUIT BREAKERS—DIRECT CURRENT 
* LOW-VOLTAGE RELEASE ATTACHMENTS 

250 VOLTS 

CATALOGUE NO. 

Volts 

I ' j 

List Price 

i ! J 

Description 
FOR circuit breaker 

125 250 Cat. No. Amperes 

32466 32465 $16.00 Low Voltage Release 28921 2000 
32469 32468 16.00 Low Voltage Release 28922 4000 
32472 32471 16.00 Low Voltage Release 28923 6000 

650 VOLTS 

125 250 650 

32466 
32469 
32472 
32475 
32475 

32465 
32468 
32471 
32474 
32474 

32464 
32467 
32470 
32473 
32473 

16.00 
16.00 
16.00 
16.00 
16.00 

Low Voltage Release 
Low Voltage Release 
Low Voltage Release 
Low Voltage Release 
Low Voltage Release 

28925 
28926 
28927 
28928 
28929 

2000 
4000 
6000 
8000 

10,000 

* Releases at approximately one-half rated voltage. 
Note.—Prices on Attachments for A.C. Circuit Breakers, Type C Form K, will be quoted on application. 
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4.55(}-30 General Electric Carbon-Break Circuit Breakers 

ATTACHMENTS FOR TYPE C, FORM K CIRCUIT BREAKERS (Continued) 

DIRECT CURRENT 

* SHUNT TRIP ATTACHMENTS 
250 VOLTS 

CATALOGUE NO. 

List Price Description 
FOR CIRCUIT BREAKER 

Volts 

125 250 Cat. No. Amperes 

32456 
32457 
32458 

32456 
32457 
32458 

$12.00 
12.00 
12.00 

Shunt Trip 
Shunt Trip 
Shunt Trip 

28921 
28922 
28923 

2000 
4000 
6000 

<350 VOLTS 

125 250 650 

32456 
32457 
32458 
32459 
32459 

32456 
32457 
32458 
32459 
32459 

32456 
32457 
32458 
32459 
32459 

12.00 
12.00 
12.00 
12.00 
12.00 

Shunt Trip 
Shunt Trip 
Shunt Trip 
Shunt Trip 
Shunt Trip 

28925 
28926 
28927 
28928 
28929 

2000 
4000 
6000 
8000 

10,000 

AUXILIARY SWITCHES 
250 VOLTS 

CIRCUIT-CLOSING CIRCUIT-OPENING COMBINED CIRCUIT-OPENING 
AND CIRCUIT-CLOSING Thickness 

of 
Panel 

POR CIRCUIT BREAKER 

Cat. No. List 
Price Cat. No. List 

Price Cat. No. List 
Price 

in 
Inches Cat. No. Amperes 

32496 
32497 
32498 
32502 

$6.00 
6.00 
6.00 
6.00 

32484 
32485 
32486 
32490 

$6.00 
6.00 
6.00 
6.00 

32508 
32509 
32510 
32514 

$11.00 
11.00 
11.00 
11.00 

2 
2 
2 
2i 

28921 
28922 
28923 
28923 

2000 
4000 
6000 
6000 

650 VOLTS 

32492 
32493 
32494 
32499 
32500 
32501 

$6.00 
6.00 
6.00 
6.00 
6.00 
6.00 

32480 
32481 
32482 
32487 
32488 
32489 

$6.00 
6.00 
6.00 
6.00 
6.00 
6.00 

32504 
32505 
32506 
32511 
32512 
32513 

$11.00 
11.00 
11.00 
11.00 
11.00 
11.00 

2 
2 
2 

21 
21 

28925 
28926 
28927 
28927 
28928 
28929 

2000 
4000 
6000 
6000 
8000 

10,000 

* Should be allowed to remain in circuit only momentarily. 
Note.—Prices on Attachments for A.C. Circuit Breakers, Type C, Form K will be quoted on application. 
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General Electric Carbon-Break Circuit Breakers J+550-31 

AUTOMATIC CIRCUIT BREAKERS (OVERLOAD) 

CARBON BREAK, TYPE C, FORM K ALTERNATING CURRENT 

SINGLE-POLE, 250 VOLTS, BACK CONNECTED 

CATALOGUE NUMBER 
Amp. Cap. 

CALIBRATION 
List Price 

On 2 inch Base For 2 inch Panel Min. Max. 

40871 40872 
40875 

2000 
4000 

1200 
2000 

4000 
10000 

$300.00 
500.00 

SINGLE-POLE, 750 VOLTS, BACK CONNECTED 

40873 40874 
40876 

2000 
4000 

1200 
2000 

4000 
10000 

$335.00 
550.00 

Note.—Ampere capacity denotes the load that the breaker will carry continuously without excessive heating. 
Note.—All circuit breakers of capacities up to and including 1200 amperes are supplied with the necessary nuts and ter¬ 

minals. Breakers of capacities over 1200 amperes are supplied with two nuts only on each stud and no terminals. 

NUTS AND TERMINALS FOR TYPE C, FORM K CIRCUIT BREAKERS 

DIRECT AND ALTERNATING CURRENT 
. All circuit breakers of capacities up to and including 1200 amperes are supplied with the necessary nuts and terminals. 

Breakers of capacities above 1200 amperes are supplied with two nuts only, on each stud, and no terminals. I he following tables 
give the nuts and terminals which are used with the various circuit breakers in our standard practice. If the conditions are such 
that the arrangement of nuts and terminals given will not meet the requirements, Bulletin No. 4360, covering nuts and terminals, 
should be referred to. TERMINALS FOR CK BREAKERS—250 AND 750 VOLTS 

Cat. 
No. 

Quantity 
Per Stud 

List Price 
Per 100 

No. and Size of Cable 
(Circular Mills) 

Size of Cable 
Hole in Inches 

For Circuit 
Breaker 

Ampere Capacity 

27448 2 $700.00 2-1,500,000 U 2000 
27453 
27452 Si 

750.00 3-2,000,000 if 4000 

26950 •4 800.00 4r-2,000,000 if 6000 
26952 6 800.00 6-2,000,000 1 

if 8000 
Special 10,000 

NUTS FOR CK BREAKERS—250 AND 750 VOLTS 

Cat. 
No. 

Number 
Required 
per Stud 

List Price 
per 100 

Thickness 
in Inches 

Diam. Across 
Flats in Inches 

Diam. of Stud 
in Inches Shape 

For Circuit 
Breaker 

Ampere Capacity 

26972 i $185.00 1 3 if Hex. 2000 
26974 2 360.00 1 31 2i Hex. 4000 
26968 3 315.00 1 4f 3i Oct. 6000 
26969 5 450.00 1 5* 4 Oct. 8000 
31745 6 450.00 1 6 4f Oct. 10,000 

Note,—Prices on Attachments for A.C. Circuit Breakers, Type C, Form K will be sent on application. 
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GENERAL ELECTRIC COMPANY 

General Electric Carbon-Break Circuit Breakers 

DIMENSIONS OF TYPE C, FORM K CIRCUIT BREAKERS 

DIRECT CURRENT 

r0~i 

r-e. 

! r-p—! u 
r r-^ <r 

I T 

LIZl-ll 

For REFERENCE ONLY 250 VOLTS 

CAT. NO. RATING r " ~ 
     Description A B C D E F G H J K L 

S.P. Volts Amps. 
1 

29617 250 
' 

2000 
l 

with 2" base 18 11 16 9 8| 31 6 7i 16f 20i 
28921 250 2000 for 2" panel 81 6ft 6 7i 16f 20J 
28922 250 4000 for 2" panel 10 7i 7 8* 19 22% 
28923 250 6000 for 2" or 2\fl panel 10 ft 8i 10 8ft 24f 28 

CAT. NO. RATING 
Description M N 0 P R s T u v w 

S.P. Volts Amps. 

29617 
28921 
28922 

250 
250 
250 

2000 
2000 
4000 

with 2" base 
for 2" panel 
for 2" panel 

71 
7f 
9 

Itf 
Itf 
2 & 

2J 
2* 
3} 

2J 
21 
51 

41 
41 
51 

A 
ft 
i. 

2ft 
2ft 
2f 

if 
if 
21 

5^ 
5 A 
51 

28923 250 6000 for 2" or 2panel 10| 3 M 41 41 61 i 4! fy-ll C. B. ¥ deep\ 
lfor2r Panel / 31 61 
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General Electric Carbon-Break Circuit Breakers 1+550-33 

DIMENSIONS OF TYPE C, FORM K CIRCUIT BREAKERS 

DIRECT CURRENT 
r— 

F~^>- 

4iOp 
0-- -- n —- 

For REFERENCE ONLY 650 VOLTS 

CAT. NO. RATING 
Description \ A 

i ■" 

e 
j 

c D E F G 
1 

H J K L 
S.P. Volts Amps. 

29619 650 2000 with 2" base j ^ ii 16 9 Sff Q_Q. "8 6 71 16f 201 
28925 650 2000 for 2" panel 8«f en 6 71 16f 201 
28926 650 4000 for 2" panel j 10 ft 71 7 81 19 24^ 
28927 650 6000 for 2" or 2Y panel ! 1H 81 10 811 241 30 
28928 650 8000 for 2Y panel i 

! 
HA 8 HI 8f 261 311 

28929 650 10000 for 2¥ panel 
! 

ISA 8| 14 91 29 341 

CAT. NO. RATING 
   Description M N 0 p R s T u V w 

S.P. Volts Amps. 

29619 
28925 
28926 

650 
650 
650 

2000 
2000 
4000 

with 2// base 
for 2* panel 
for 2" panel 

n 
n 
9 

1H 

2 A 

2} 
2f 
Si 

24 
24 
54 

24 
24 
54 

A 
A 
4 

2 A 
2A 
2} 

1 7 :i!T 
44 

n 
n 
21 

5 A 

51 

28927 650 6000 for 2" or 2?" panel 10} 3 44 4i 44 64 i Ui / 34-1S C. B. ¥ deep! 
| tfor2i Panel J 31 61 

28928 
28929 

650 
650 

8000 
10000 

for 2¥ panel, 
for 2y panel 

124 
14 

4 A 
4§4 

5 
6 

4} 
54 

74 
8 

64 
1 ! 6f 

14 1 3 lli 
i 4 ; 6 
14171 
j 
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4550—34 General Electric Carbon-Break Circuit Breakers 

DIMENSIONS OF TYPE C, FORM K, CIRCUIT BREAKERS 

ALTERNATING CURRENT 

r-e. 

"V 
i T 

! ! - I ! 
-J 

250 VOLTS 

Volts Amps. 

250 
250 
250 

750 
750 
750 

2000 
2000 
4000 

2000 
2000 
4000 

Description 

on 2" base 
for 2" panel 
for 2" panel 

on 2" base 
for 2" panel 
for 2" panel 

18 

18 

11 

11 

16 

16 

10 

81 
lOM 

3& 

3f 6} 
6} 
81 

H 

6 61 171 
: ni 

7 7i 201 

201 
201 
231 

61 171 
61 171 
71 201 

M 

71 
7f 
9 

201 
201 
24 H 

in 
m 
2ft 

in 
m 
2 ft 

.21 
121 
151 

41 
41 
51 

2ft 
2ft 
21 

141 
14l 
"51 

u 
11 
21 

2ft 
2 ft 
21 

mi 
u 
21 
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General Electric Carbon-Break Circuit Breakers 4550-85 

DIMENSIONS OF ATTACHMENTS FOR TYPE C, FORM K CIRCUIT BREAKERS- 
DIRECT CURRENT 

fin? 
IO O 

Si 

\ 
11 v I I » v^l t Hi 11 

I!! iin 
f! 

I'lliiirn ] 
i   11 i u ^ »• n 

Lr^k_j 1—J 
^@3 

U- A "J 

I ! 

.''-h r \ • / * 

^y/o/e V- 
Af/o/e 

/ ZPe eyO /or -<? "/^a-^eA. ' //" 
/ZeepSorefrasteA 0^7^ C-ff /br/t/°as7e/\ *£ k| ; -lir 

Z?^////s7gr s^/a-s? /y"0S7£ IS/ew 

n KviU^u 11 

AiL-muMi. 

For REFERENCE ONLY 
SHUNT TRIP ATTACHMENTS 

Cat. No. 
of Attachment 

Voltage of 
Circuit 

Ampere 
Capacity 

of Circuit Breaker A 

DIMENSIONS 

B 

; IN INCHES 

c D 

32456 125-250-650 2000 6t 74 3f 4f 
32457 125-250-650 4000 7f 7f 31 51 
32458 125-250-650 6000 n 8£ 5 61 
32459 125-250-650 8000 71 9 A 61 
32459 125-250-650 10000 71 91 5! 61 

LOW-VOLTAGE RELEASE ATTACHMENTS 

Cat. No. 
of Attachment 

Voltage of 
Circuit 

Approx. Releasing 
Voltage 

Ampere 
Capacity 

of Circuit Breaker A 

DIMENSIONS 

B 

IN INCHES 

c D 

32464 650 325 2000 6i 8 31 41 
32465 250 125 2000 6i 8 31 41 
32466 125 60 2000 6i 8 3| 41 
32467 650 325 4000 71 81 31 51 

32468 250 125 4000 71 81 31 51 
32469 125 60 4000 7! 81 31 51 
32470 650 325 6000 7* 91 5 61 
32471 250 125 6000 7f 91 5 61 

32472 125 60 6000 71 91 5 61 
32473 650 325 8000 71 9& 61 
32473 650 325 10000 71 9 A 61 
32474 250 125 8000 7t 9& 61 

32474 250 125 10000 71 91 51 61 
32475 125 60 8000 71 91 51 61 
32475 125 60 10000 7f 91 51 6f 
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4550-36 General Electric Carbon-Break Circuit Breakers 

DIMENSIONS OF AUXILIARY SWITCHES FOR TYPE C, FORM K CIRCUIT 

BREAKERS—DIRECT CURRENT 

/ 1 1 \ 1 ' I1 

/if-M 
i ii/!' i 

v4' 

/j'/Zo/e^L 

! A 
''K L 1—^7— 

<?J?0 l/o/ts 

,k 
l4'! 

U. 

GH 

vp5— 
esoi/o/ts 

W/ew 

For REFERENCE ONLY 
AUXILIARY SWITCHES 

Circuit-Opening 
Cat. No, 

Circuit-Closing 
Cat. No. 

Combined Circuit- 
Opening and Circuit- 

Closing Cat. No. 

CIRCUIT BREAKERS 
For 

Mounting On 
DIMENSIONS IN INCHES 

Volts Ampere A B c 

32480 32492 32504 650 2000 2 ff panel m 31f 
32481 32493 32505 650 4000 2 " panel 3 A 41 
32482 32494 32506 650 6000 2 " panel 51 58 
32484 32496 32508 250 2000 2 " panel 3 & 
32485 32497 32509 250 4000 2 " panel 41 
32486 32498 32510 250 6000 2 " panel 41 
32487 32499 32511 650 6000 2y/ panel 51 58 
32488 32500 32512 650 8000 21" panel 6| 51 
32489 32501 32513 650 10000 21" panel n 61 
32490 32502 32514 250 6000 21" panel 41 

Data printed in commercial bulletins are for general information only and must not be used for contracts or for con¬ 
struction without confirmation. 

GENERAL ELECTRIC COMPANY, PRINCIPAL OFFICES, SCHENECTADY, N. Y. 
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THOMSON HORIZONTAL EDGEWISE INSTRUMENTS- TYPE H 

FOR SWITCHBOARD SERVICE 

In the distribution of electrical energy 
for lighting and power purposes, one of the 
essentials of economical and satisfactory 

HORIZONTAL EDGEWISE AMMETER—EXTERIOR 
operation is the use of instruments of the 
highest possible accuracy. 

The Thomson Horizontal Edgewise In¬ 
struments, Type H, have for several years been 
recognized as the standard for alternating cur¬ 
rent service, and are undoubtedly the most 
accurate and attractive instruments used 
for switchboard work. The fact that 
the majority of high grade and important 
alternating current installations completed 
during the past six years have employed 
this type of instrument is in itself a testi¬ 
monial of the highest value. 

A complete line of instruments is made 
consisting of ammeters, voltmeters, single- 
phase wattmeters, polyphase wattmeters, 
frequency indicators and power factor in¬ 
dicators. All . horizontal edgewise instru¬ 
ments are of uniform size, thus presenting 
a pleasing appearance when installed. While 
primarily designed for alternating current 
service the voltmeters, ammeters and watt¬ 
meters can be used with good results on 
direct current. 

CONSTRUCTION 

Wattmeters, power factor indicators and 
frequency indicators are constructed on the 
direct reading, dynamometer principle; am¬ 
meters and voltmeters on the wellknown 
Thomson inclined coil principle. 

SUSPENSION OF MOVING ELEMENTS 

The moving elements of all Horizontal 
Edgewise Instruments are extremely light 
and are firmly secured to a vertical shaft 
which is provided with hardened and highly 
polished steel pivots -suspended in high grade 
sapphire jewels. This method of vertical 
suspension introduces less friction and main¬ 
tains a more nearly perfect balance than 
horizontal suspension. 

Careful attention has been given to the 
construction of the moving parts and jewels, 

HORIZONTAL EDGEWISE AMMETER—INTERIOR 

as this has the greatest infiuence upon the 
life, accuracy and permanency of indicating 
instruments. 

CONTROLLING FORCES 

The controlling or restraining force of 
ammeters, voltmeters and wattmeters is 
obtained by the use of a highly tempered 

* Supersedes Bulletin No. 4884- 
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phospfioT'.ljrojVzS ^mrrg accurately made from 
the best grade of material, thus insuring 
thorough reliability and permanency. 

Frequency indicators and power factor 
indicators do not employ a spring control, 
the position of the armature being dependent 

HORIZONTAL EDGEWISE VOLTMETER EXTERIOR 

upon the directive forces exerted by the 
moving clement. 

DAMPING QUALITIES 

The indications of all Horizontal Edge¬ 
wise Instruments are highlv dead-beat which 
permits accurate and rapid readings. This 
effective damping quality also protects the 
pointer and moving element from injurv or 
shock due to violent load fluctuations. 

Damping is obtained by the effect of 
Foucault currents induced in an aluminum 
sector, as it passes, with the swinging of the 
pointer, between the poles and across the 
fields of two astatically arranged permanent 
magnets. This method of damping is very 
effective, introduces no friction, and is free 
from the objectionable features common to 
man}' liquid or air damping systems. 

EFFECT OF STRAY FIELDS 

Horizontal Edgewise Instruments are 
thoroughly shielded from the influence of 
external magnetic fields. This is accom¬ 
plished by the use of a laminated soft iron 
shell which completely surrounds the measur¬ 
ing coils and. also the use of a soft iron cover 
enclosing the entire instrument. 

The instruments can be placed close 

to each other without mutual interference, a 
feature of much importance in switchboard 
construction. 

SCALES 

The scales of all Horizontal Edgewise 
Instruments are very satisfactory as to length, 
legibility and distribution. No particular 
law of deflection is assumed, each instrument 
being carefully calibrated by comparison with 
a laboratory standard. Errors due to paral¬ 
lax are eliminated by a special construction 
of the scale and pointer, a fact which will be 
appreciated by all users of indicating instru¬ 
ments. 

TORQUE 

The torque or directive force of the Hori¬ 
zontal Edgewise Instruments is of very high 
value, and as the weight of the moving parts 
is extremely small, the friction of the bearings 
is very slight. The indicating pointer thus 
takes up a definite position showing accurate¬ 
ly every change in current value. 

ACCURACY 

Horizontal Edgewise Instruments are 
accurate to a high degree. They may be used 
on circuits of any frequency, wave form or 
power factor, and are free from heating errors. 

NORMAL INDEX 

Horizontal Edgewise Voltmeters are pro¬ 
vided with an adjustable index, which may 

HORIZONTAL EDGEWISE VOLTMETER INTERIOR 

be set at any desired point on the scale, and 
which materially assists in maintaining the 
system at normal operating conditions. 
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Thomson Horizontal Edgewise Instruments, Type H, jor Switchboard Service ^551-3 

CONNECTIONS 
Horizontal Edgewise Instruments arc 

made for back connection only, and are pro¬ 
vided with connection studs which also serve 
to secure the instruments on the switchboard. 

FINISH 

The standard finish of all Horizontal 
Edgewise Instruments is dull black. This 
finish is pleasing in appearance and very 
permanent. Special finishes to match other 
appliances can be supplied upon order. 

AMMETERS 

Ammeters are made in capacities up to 
and including 300 amperes, for use without 
current transformers. All i istruments for 
use on circuits in excess of 2300 volts or 300 
amperes will be furnished with current trans¬ 
formers. It is recommended that current trans¬ 
formers be used with ammeters on circuits of 
more than 1150 volts, as a safeguard to the 
switchboard attendant. Ammeters of more 
than 300 amperes capacity cannot be fur¬ 
nished for direct current cncuits. 

VOLTMETERS 

Voltmeters are made in capacities up 
to and including 650 volts for use without 
potential transformers. When ordered with 
potential transformers the scales are marked 
in secondary volts, unless the order calls for 
marking in primary volts. 

Voltmeters are always furnished with an 
adjustable normal running index, which may 
be located at any desired point on the scale. 

The resistance is external in all capacities 
and is secured in a ventilated cage suitable 
for mounting on the back of the switchboard. 

Cat. Xo. Volt Capacity ! List Price 

51020 175 $75.00 
51021 350 75.00 
40640 500 80.00 
51022 750 80.00 

Orders for instruments intended for 
with transformers must always specify the 
frequency of the circuit. 

For scales and dimensions sec pages 8, 
11 and 12. 

Cat. No. Ampere Capaeity List Price 

28776 5 $60.00 
51007 10 60.00 
51140 15 60.00 
40634 20 60.00 
40635 30 60.00 
40636 40 60.00 
40637 60 60.00 
40638 80 60.00 
51012 100 65.00 
51013 150 65.00 
51014 200 65.00 
40639 300 85.00 

Orders for instruments intended for use 
with transformers must always specify the 
frequency of the circuit. 

For scales and dimensions see pages 8 
to 11. 

HORIZONTAL EDGEWISE SINGLE-PHASE WATT¬ 
METER—EXTERIOR 

SINGLE-PHASE WATTMETERS 

Single-phase Wattmeters arc made in 
current capacities up to and including 200 
amperes and for potentials up to and includ¬ 
ing 650 volts without transformers. Instru¬ 
ments for use on circuits in excess of 1150 
volts or 200 amperes will be furnished with 
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current transformers. Instruments for poten¬ 
tial circuits in excess of 650 volts are always 
provided with potential transformers. 

The resistance of the potential circuit is 
external in all capacities and is secured in a 
ventilated cage suitable for mounting on the 
back of the switchboard. 

HORIZONTAL EDGEWISE SINGLE-PHASE WATT¬ 
METER—INTERIOR 

HORIZONTAL EDGEWISE POLYPHASE WATT¬ 
METER -EXTERIOR 

SINGLE-PHASE WATTMETERS 
100-125 Volts 

Cat. No. 

28778 
28784 
51142 
40641 
40642 
40643 
40644 
40645 
51025 
51026 
51027 

Capacity 
Amperes Kilowatts 

5 
10 
15 
20 
30 
40 
60 
80 

100 
150 
200 

. o 
1 
1.5 
2 
3 
4 
6 
8 

10 
15 
20 

List Price 

$90.00 
90.00 
90.00 
90.00 
90.00 
90.00 
90.00 

100.00 
100.00 
100.00 
100.00 

200-250 Volts 

Cat. No. Capacity 
Amperes i Kilowatts 

List Price 

28780 5 1 $100.00 

28786 10 2 100.00 
51144 15 3 100.00 
40646 20 4 100.00 
40647 30 6 100.00 
40648 40 8 100.00 
40649 60 12 100.00 
40650 80 16 110.00 
51030 100 20 110.00 
51031 150 30 110.00 
51032 200 40 110.00 

500-600 Volts 

Cat. No. Capacity 
Amperes j Kilowatts List Price 

28782 5 2.5 $110.00 
28788 10 5 110.00 
51146 15 7.5 110.00 
40651 20 10 110.00 
40652 30 15 110.00 
40653 40 20 110.00 
40654 60 30 110.00 
40655 80 40 120.00 
51035 100 50 120.00 
51036 150 75 120.00 
51037 200 100 120.00 

Orders for instruments intended for use 
with transformers must always specify the 
frequency of the circuit. 

HORIZONTAL EDGEWISE POLYPHASE WATT¬ 
METER—INTERIOR 

For scales and dimensions see page 8, 12, 
13, 14 and 15. 
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POLYPHASE WATTMETERS 

The Horizontal Edgewise Polyphase In¬ 
dicating Wattmeters are designed for use on 
balanced or unbalanced two-phase three or 
four-wire, and three-phase, three-wire systems. 
This instrument indicates on a single scale 
the total energy of the system, regardless of 
the conditions of load, a fact which will be 
appreciated by all users of polvplnse appa¬ 
ratus. 

HORIZONTAL EDGEWISE FREQUENCY INDICATOR- 
EXTERIOR 

The Polyphase Indicating Wattmeter is 
practically a combination of two single-phase 
instruments symmetrically arranged under 
one cover so as to have the two moving 
elements mounted on a single shaft. 

By the use of the polyphase instrument, 
the switchboard construction is rendered 
much more compact than when two or three 
instruments are installed, and the station 
attendant's work is greatly simplified. 

Polyphase Indicating Wattmeters are 
made in current capacities up to and including 
60 amperes, and potential capacities up to 
and including 650 volts, for use without 
transformers. Instruments for use on cir¬ 
cuits in excess of 60 amperes or 650 volts, 
will be furnished with current transformers. 
Instruments for use on circuits in excess of 
650 volts are always provided with potential 
transformers. 

The resistance of the potential circuits is 
external in all capacities and is secured in a 
ventilated cage suitable for mounting on the 
back of the switchboard. 

5, Type H, jar Switchboard Service J+dol- 

POLYPHASE WATTMETERS 
100-125 Volts 

Cat. Xo. i Capacity 
Amperes Kilowatts List Price 

31808 5 1 $125.00 
31809 10 2 125.00 
31810 15 3 125.00 
40656 20 4 125.00 
40657 30 6 125.00 
40658 40 8 125.00 
40659 60 12 125.00 

200-250 Volts 

Cat. No. Capacity 
Amperes Kilowatts List Price 

31813 ! ■ ^ 2 $135.00 
31814 i 10 4 , 135.00 
31815 15 6 135.00 
40660 20 8 135.00 
40661 30 12 135.00 
40662 40 16 135.00 
40663 60 i 24 135.00 

500-600 Volts 

Cat. No. Capacity j 
| Amperes Kilowatts List Price 

31818 i 5 5 $145.00 
31819 1° 10 145.00 
31820 15 15 145.00 
40664 20 20 145.00 
40665 30 30 145.00 
40666 40 40 145.00 
40667 ! 60 60 .145.00 

Orders for instruments to lie used with 
transformers must always specify the fre¬ 
quency of the circuit. 

For scales and dimensions see pages 8, 
12, 13, 14 and 15. 

FREQUENCY INDICATORS 

The Frequency Indicator shows on a 
direct reading scale the cycles per second of 
any alternating current system. The use of 
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a frequency indicator enables the station 
attendant to note immediatclv any variation 
from the normal frequency. The advantage 
of such an instrument over the method of 
determining the frequency bv means of speed 
indicators will at once be appreciated. 

Frequency Indicators arc provided with 
external reactances and resistances which are 
secured in a ventilated cage for mounting on 
the back of the switchboard. Means are 

HORIZONTAL EDGEWISE FREQUENCY INDICATOR - 
INTERIOR 

provided for adjusting the instrument for 
the characteristics of the circuit on which it 
is installed. Standard instruments are wound 
for 100-120 volt circuits only, but can be 
wound for circuits up to and including 650 
volts if desired. Instruments for use on cir¬ 
cuits in excess of 650 volts are always pro¬ 
vided with potential transformers. 

The normal operating point is marked at 
approximately the center of the scale, thus 
giving the advantage of very open divisions. 

FREQUENCY INDICATORS 
100-125 Volts 

Cat. No. Frequency in 
Cycles List Price 

51128 25 $100.00 
51129 40 100.00 
51130 60 100.00 
51131 125 100.00 
51132 133 1 100.00 

The voltage of the circuit must always 
be given if other than 100-125 volts. 

For scales and dimensions see pages 8 
and 15. 

POWER FACTOR INDICATORS 

The Power Factor Indicator shows on 
a direct reading scale the power factor, 
lagging or leading, of balanced three-wire, 

HORIZONTAL EDGEWISE POWER FACTOR 
INDICATOR EXTERIOR 

two-phase, three-wire, three-phase or four- 
wire, two-phase systems. 

The Power Factor Indicator will be 
found useful in connection with generating 
and sub-station systems operating synchron¬ 
ous (rotary) converters. Heretofore it has 
been necessary to take simultaneous readings 
on two indicating wattmeters or upon one 
indicating wattmeter, an ammeter and a 
voltmeter, and by means of these readings 

HORIZONTAL EDGEWISE POWER FACTOR 
INDICATOR—INTERIOR 

determine by computations the power factor 
on the line under consideration. This 
method, however, is too complicated to ad¬ 
mit of the frequent, accurate and rapid 
determination which has now become so 
important, and has given place to the simple 
method made possible by the Power F'actor 
Indicator. This instrument is manufactured 
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with one standard scale .60-1.00-60, show¬ 
ing power factors as. low as .60, with either 
leading or lagging current. 

Power Factor Indicators are made with 
capacities up to and including 200 amperes, 
for use without current transformers. In¬ 
struments for use on circuits in excess of 
1150 volts or 200 amperes will be furnished 
with current transformers. Power Factor 
Indicators can be furnished for any potential 
up to and including 650 volts, although it 

will be noted that indicators for 110 volts 
only are listed. It is anticipated that instru¬ 
ments for all primary circuits will be used in 
connection with potential transformers, and 
on circuits in excess of 1150 volts, in connec¬ 
tion with current transformers. 

The resistance of the potential circuits 
is external in all capacities and is secured in a 
ventilated cage suitable for mounting on the 
back of the switchboard. 

POWER FACTOR INDICATORS FOR BALANCED SYSTEMS 
100-125 Volts 

Catalogue No. 
Ampere Capacity List Price 

3-Phase 3-Wire 2-Phase 3-Wire 2-Phase 4-Wire 

23697 27513 23784 5 $90.00 
23698 27514 23785 10 90.00 
23699 27515 23786 15 90.00 
40668 40673 40678 20 100.00 
40669 40674 40679 30 100.00 
40670 40675 40680 40 100.00 
40671 40676 40681 60 100.00 
40672 40677 40682 80 100.00 
23781 27519 23790 100 110.00 
23782 27520 23791 150 110.00 
23783 27521 23792 200 110.00 

When instruments are to be used with transformers, the frequency of the circuit must always 
be given. 

For illustration of scale see page 15 and for dimensions see page 8. 

Data printed in commercial bulletins are for general information only and must not be used for contracts or 
for construction without confirmation. 
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DIMENSIONS OF THOMSON HORIZONTAL EDGEWISE INSTRUMENTS—TYPE H 

FOR SWITCHBOARD SERVICE 
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POWER FACTOR INDICATORS 
RESISTANCE BOXES USED WITH THOMSON HORIZONTAL EDGEWISE INSTRUMENTS 

Type Voltages Fig. Lead Holes 

Voltmeter  All 1 A-E 
Ind. Watt. Sing.-Ph. . All 1 A-E 
Ind. Watt. Bal. 3-Ph . All 1 A-C-E 
Power Factor Ind. ,3-Ph. and 3-W.,2-Ph. 50-199 1 A-E-F-J 
Power Factor Ind. ,3-Ph. and 3-W., 2-Ph, 200-800 2 A-E-F-J 
Power Factor Ind.,4-W., 2-Ph. . . 50-199 1 A-B-D-E-F-G-I-J 
Power Factor Ind., 4-W., , 2-Ph. . . 200-800 2 A-B-D-E-F-G-I-J 
Ind. Watt. Poly. 3-Wire 50-199 1 A-E-F-J 
Ind.' Watt. Poly. 3-Wire 200-800 2 A-E-F-J 
Ind. Watt. Poly. 4-Wire 50-199 1 A-B-D-E-F-G-I-J 
Ind. Watt. Poly. 4-Wire 200-800 2 A-B-D-E-F-G-I-J 

For Reference Only. 
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THOMSON HORIZONTAL EDGEWISE INSTRUMENTS 

TYPE H FOR SWITCHBOARD SERVICE 

In the distribution of electrical energy for 
lighting and power purposes, one of the essentials 
of economical and satisfactory operation is the 

HORIZONTAL EDGEWISE AMMETER—EXTERIOR -- 

use of instruments of the highest possible accuracy. 
The Thomson Horizontal Edgewise Instru¬ 

ments, Type H, have for several years been 
recognized as the standard for alternating cur¬ 
rent service, and are undoubtedly the most ac¬ 
curate and attractive instruments used for 
switchboard work. The fact that the majority 
of high grade and important alternating current 
installations completed during the past six years 
have employed this type of instrument is in 
itself a testimonial of the highest value. 

A complete line of instruments is made con¬ 
sisting of ammeters, voltmeters, single-phase 
wattmeters, polyphase wattmeters, frequency 
indicators and power factor indicators. All 
horizontal edgewise instruments are of uniform 
size, thus presenting a pleasing appearance when 
installed. While primarily designed for alter¬ 
nating current service the voltmeters, ammeters 
and wattmeters can be used with good results on 
direct current. 

*Supersedes Bulletin No. 4384. 
Second Edition 

CONSTRUCTION 

Wattmeters, power factor indicators and 
frequency indicators are constructed on the 
direct reading, dynamometer principle; am¬ 
meters and voltmeters on the well known 
Thomson inclined coil principle. 

SUSPENSION OF MOVING ELEMENTS 

The moving elements of all Horizontal Edge¬ 
wise Instruments are extremely light and are 
firmly secured to a vertical shaft which is pro¬ 
vided with hardened and highly polished steel 
pivots suspended in high grade sapphire jewels. 
This method of vertical suspension introduces 
less friction and maintains a more nearly perfect 
balance than horizontal suspension. 

Careful attention has been given to the 
construction of the moving parts and jewels, 

HORIZONTAL EDGEWISE AMMETER—INTERIOR 

as this has the greatest influence upon the life, 
accuracy and permanency of indicating instru¬ 
ments. 

CONTROLLING FORCES 

The controlling or restraining force of am¬ 
meters, voltmeters and wattmeters is obtained 
by the use of a highly tempered phosphor-bronze 
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spring accurately made from the best grade of 
material, thus insuring thorough reliability and 
permanency. • , , 

Frequency indicators and power factor in¬ 
dicators ; do notemploy. a spring control, the 
posftidn' of "the - atma'tfn ti being dependent upon 
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HORIZONTAL' EDGEWISE v^OLMETER—EXTERIOR 

the directive forces exerted by the moving 
element. 

DAMPING QUALITIES 

The indications of all Horizontal Edgewise 
Instruments are highly dead-beat which permits 
accurate and rapid readings. This effective 
damping quality also protects the pointer and 
moving element from injury or shock due to 
violent load fluctuations. 

Damping is obtained by the effect of 
Foucault currents induced in an aluminum 
sector, as it passes, with the swinging of the 
pointer, between the poles and across the 
fields of two astatically arranged permanent 
magnets. This method of damping is very 
effective, introduces no friction, and is free from 
the objectionable features common to many 
liquid or air damping systems. 

; EFFECT OF^STRAY^FIELDS 

Florizontal Edgewise Instruments are thor¬ 
oughly shielded from the influence of external 
magnetic fields. This is accomplished by the 
use of a laminated soft iron shell which com¬ 
pletely surrounds the measuring coils and also 
the use of a soft iron cover enclosing the entire 
instrument. 

The instruments can be placed close to each 

other without' mutual interference, a feature 
of much importance in switchboard construction. 

SCALES 

The scales of all Horizontal Edgewise In¬ 
struments are very satisfactory as to length, 
legibility and distribution. No particular law 
of deflection is assumed, each instrument being 
carefully calibrated by comparison with a labora¬ 
tory standard. Errors due to parallax are 
eliminated by a special construction of the scale 
and pointer, a fact which will be appreciated 
by all users of indicating instruments. 

TORQUE 

The torque or directive force of the Hori¬ 
zontal Edgewise Instruments is of very high 
value, and as the weight of the moving parts 
is extremely small, the friction of the bearings 
is very slight. The indicating pointer «thus 
takes up a definite position showing accurately 
every change in current value. 

ACCURACY, 

Horizontal Edgewise Instruments are ac¬ 
curate to a high degree. They may be used on 
circuits of any frequency, wave form or power 
factor, and are free from heating errors. 

NORMAL INDEX 

Horizontal Edgewise Voltmeters are pro¬ 
vided with an adjustable index, which may be 

HORIZONTAL EDGEWISE VOLMETER—INTERIOR 

set at any desired point on the scale, and which 
materially assists in maintaining the system 
at normal operating conditions. 
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CONNECTIONS 

Horizontal Edgewise Instruments are made 
for back connection only, and are provided 
with connection studs which also serve to secure 
the instruments on the switchboard. 

FINISH 

The standard finish of all Horizontal Edge¬ 
wise Instruments is dull black. This finish is 
pleasing in appearance and very permanent. 
Special finishes to match other appliances can 
be supplied upon order. 

AMMETERS 

Ammeters are made in capacities up to and 
including 300 amperes, for use without current 
transformers. All instruments for use on cir¬ 
cuits in excess of 2300 volts or 300 amperes will 
be furnished with current transformers. It is 
recommended that current transformers be used 
with ammeters on circuits of more than 1150 
volts, as a safeguard to the switchboard atten¬ 
dant. Ammeters of more than 300 amperes 
capacity cannot be furnished for direct current 
circuits. 

Cat. No. Ampere Capacity List Price 

28776 5 $60.00 
51007 10 60.00 
51140 15 60.00 
40634 20 60.00 
40635 30 60.00 
40636 40 60.00 
40637 60 60.00 
40638 80 60.00 
51012 100 65.00 
51013 150 65.00 
51014 200 65.00 
40639 300 85.00 

Orders for instruments intended for use with 
transformers must always specify the frequency 
of the circuit. 

For scales and dimensions see pages 8 to 11. 

VOLTMETER 

Voltmeters are made in capacities up to and 
including 650 volts for use without potential 
transformers. When ordered with potential 
transformers the scales are marked in secondary 
volts, unless the order calls for marking in 
primary volts. 

Voltmeters are always furnished with an 
adjustable normal running index, which may 
be located at any desired point on the scale. 

The resistance is external in all capacities 
and is secured in a ventilated cage suitable for 
mounting on the back of the switchboard. 

Cat. No. Ampere Capacity List Price 

51020 175 $75.00 
51021 350 75.00 
40640 500 80.00 
51022 750 80.00 

Orders for instruments intended for use with 
transformers must always specify the frequency 
of the circuit. 

For scales and dimensions see page 8, 11 
and 12. 

HORIZONTAL.EDGEWISE SINGLE-PHASE WATT-; 
METER—EXTERIOR 

SINGLE-PHASE WATTMETERS 

Single-phase Wattmeters are made in cur¬ 
rent capacities up to and including 200 amperes 
and for potentials up to and including 650 volts 
without transformers. Instruments for use on 
circuits in excess of 1150 volts or 200 amperes 
will be furnished with current transformers. 
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Instruments for potential circuits in excess of 
650 volts are always provided with potenial 
transformers. 

The resistance of the potential circuit is ex¬ 
ternal in all capacities and is secured in a ven¬ 
tilated cage suitable for mounting on the back 
of the switchboard. 

! HORIZONTAL EDGEWISE SINGLE-PHASE WATT- ; 
METER-INTERIOR 

HORIZONTAL EDGEWISE POLYPHASE WATT¬ 
METER—EXTERIOR 

SINGLE-PHASE WATTMETERS 
100-125 Volts 

Cat. No. Capacity List Price Amperes Kilowatts 

28778 5 .5 $90.00 
28784 10 i 90.00 
51142 15 1.5 90.00 
40641 20 2 90.00 
40642 30 3 90.00 
40643 40 4 90.00 
40644 60 6 90.00 
40645 80 8 100.00 
51025 100 10 100.00 
51026 150 15 100.00 
51027 200 20 100.00 

200-250 Volts 

Cat. No. Capacity List Price Amperes Kilowatts 

28780 5 i $100.00 
28786 10 2 100.00 
51144 15 3 100.00 
40646 20 4 100.00 
40647 30 6 100.00 
40648 40 8 100.00 
40649 60 . 12 100.00 
40650 80 16 110.00 
51030 100 20 110.00 
51031 150 30 110.00 
51032 200 40 110.00 

500-600 Volts 

Cat. No- Capacity List Price Amperes Kilowatts 

28782 5 2.5 ' $110.00 
28788 10 5 110.00 
51146 15 7.5 110.00 
40651 20 10 110.00 
40652 30 15 110.00 
40653 40 20 110.00 
40654 60 30 110.00 
40655 80 40 120.00 
51035 100 50 120.00 
51036 150 75 120.00 
51037 200 100 120.00 

Orders for instruments intended for use with 
transformers must always specify the frequency 
of the circuit. 

HORIZONTAL EDGEWISE POLYPHASE WATT¬ 
METER—INTERIOR 

For scales and dimensions see pages 8, 12, 
13, 14 and 15. 
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POLYPHASE WATTMETERS 

The Horizontal Edgewise Polyphase In¬ 
dicating Wattmeters are designed for use on 
balanced or unbalanced two-phase three or four- 
wire, and three-phase, three-wire systems. This 
instrument indicates on a single scale the total 
energy of the system, regardless of the condi¬ 
tions of load, a fact which will be appreciated 
by all users of polyphase apparatus. 

POLYPHASE WATTMETERS 
100-125 Volts 

HORIZONTAL EDGEWISE FREQUENCY INDICATOR- 
EXTERIOR 

Capacity List Price Amperes Kilowatts 

31808 5 i $125.00 
31809 10 2 125.00 
31810 15 3 125.00 
40656 20 4 125.00 
40657 30 6 125.00 
40658 40 8 125.00 
40695 60 12 125.00 

200-250 Volts 

Cat. No. Capacity List Price Amperes Kilowatts 

31813 5 2 $135.00 
31814 10 4 135.00 
31815 15 6 135.00 
40660 20 8 155.00 
40661 30 12 135.00 
40662 40 16 135.00 
40663 60 24 135.00 

The Polyphase Indicating Wattmeter is 
practically a combination of two-single-phase 
instruments symmetrically arranged under one 
cover so as to have the two moving elements 
mounted on a single shaft. 

By the use of the polyphase instrument, 
the switchboard construction is rendered much 
more compact than when two or three instru¬ 
ments are installed, and the station attendant's 
work is greatly simplified. 

Polyphase Indicating Wattmeters are made 
in current capacities up to and including 60 
amperes, and potential capacities up to and 
including 650 volts, for use without transformers. 
Instruments for use on circuits in excess of 60 
amperes or 650 volts, will be furnished with 
current transformers. Instruments for use on 
circuits in excess of 650 volts are always pro¬ 
vided with potential transformers. 

The resistance of the potential circuits is 
external in all capacities and is secured in a ven¬ 
tilated cage suitable for mounting on the back 
of the switchboard. 

500-600 Volts 

Cat. No. Capacity List Price Amperes Kilowatts 

31818 ' 5 5 $145.00 
31819 10 10 145.00 
31820 15 15 145.00 
40664 20 20 145.00 
40665 30 30 145.00 
40666 40 40 145.00 
40667 60 60 145.00 

Orders for instruments to be used with 
transformers must always specify the frequency 
of the circuit. 

For scales and dimensions see pages 8, 12, 
13, 14 and 15. 

FREQUENCY INDICATORS 

The Frequency Indicator shows on a direct 
reading scale the cycles per second of any alter¬ 
nating current system. The use of a frequency 
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indicator enables the station attendant to note 
immediately any variation from the normal 
frequency. The advantage of such an instru¬ 
ment over the method of determining the 
frequency by means of speed indicators will 
at once be appreciated. 

Frequency Indicators are provided with 
external reactances and resistances which are 
secured in a ventilated cage for mounting on 
the back of the switchboard. Means are pro- 

HORIZONTAL EDGEWISE FREQUENCY INDICATOR- 
INTERIOR 

vided for adjusting the instrument for the 
characteristics of the circuit on which it is in¬ 
stalled. Standard instruments are wound for 
100-125 volt circuits only, but can be wound 
for circuits up to and including 650 volts if de¬ 
sired. Instruments for use on circuits in excess 
of 650 volts are always provided with potential 
transformers. 

The normal operating point is marked at 
approximately the center of the scale, thus 
giving the advantage of very open divisions. 

FREQUENCY INDICATORS 
100-125 Volts 

Cat. No. Frequency in 
Cycles List Price 

51128 25 $100.00 
51129 40 100.00 
51130 60 100.00 
51131 125 100.00 
51132 133 100.00 

The voltage of the circuit must always be 
given if other than 100-125 volts. 

For scales and dimensions see pages 8 and 15. 

POWER FACTOR INDICATORS 

The Power Factor Indicator shows on a 
direct reading scale the power factor, lagging 
or leading, of balanced three-wire, two-phase, 

HORIZONTAL EDGEWISE POWER FACTOR 
INDICATOR—EXTERIOR 

three-wire, three-phase or four-wire, two-phase 
systems. 

The Power Factor Indicator will be found 
useful in connection with generating and sub¬ 
station systems operating synchronous (rotary) 
converters. Heretofore it has been necessary 
to take simultaneous readings on two indicating 
wattmeters or upon one indicating wattmeter, 
an ammeter and a voltmeter, and by means of 
these readings determine by computations the 

HORIZONTAL EDGEWISE POWER FACTOR 
INDICATOR—INTERIOR 

power factor on the line under consideration. 
This method, however, is too complicated to 
admit of the frequent, accurate and rapid de¬ 
termination which has now become so impor¬ 
tant, and has given place to the simple 
method made possible by the Power Factor 
Indicator. This instrument is manufactured 
with one standard scale .60-1.00-.60, showing 
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power factors as low as .60, with either leading 
or lagging current. 

Power Factor Indicators are made with 
capacities up to and including 200 amperes, 
for use without current transformers. Instru¬ 
ments for use on circuits in excess of 1150 volts 
or 200 amperes will be furnished with current 
transformers. Power Factor Indicators can be 
furnished for any potential up to and including 
650 volts, although it will be noted that indi¬ 

cators for 110 volts only are listed. It is an¬ 
ticipated that instruments for all primary cir¬ 
cuits will be used in connection with potential 
transformers, and on circuits in excess of 1150 
volts, in connection with current transformers. 

The resistance of the potential circuits is 
external in all capacities and is secured in a 
ventilated cage suitable for mounting on the 
back of the switchboard. 

POWER FACTOR INDICATORS FOR BALANCED SYSTEMS 

100-125 Volts 

Catalogue No. 
Ampere Capacity List Price 

3-Phase 3-Wire 2-Phase 3 Wire 2-Phase 4^Wire 

23697 27513 23784 5 $90.00 
23698 27514 23785 10 90.00 
23699 27515 23786 15 90.00 
40668 40673 40678 20 100.00 
40669 40674 40679 30 100.00 
40670 40675 40680 40 100.00 
40671 40676 40681 60 100.00 
40672 40677 40682 80 100.00 
23781 27519 23790 100 110.00 
23782 27520 23791 150 110.00 
23783 27521 23792 200 110.00 

When instruments are to be used with transformers, the frequency of the circuit must always 
be given. 

For illustration of scale see page 15 and for dimensions see page 8. 

Data printed in commercial bulletins are for general information only and must not be used for contracts or 
for construction without confirmation. 
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DIMENSIONS OF THOMSON HORIZONTAL EDGEWISE INSTRUMENTS—TYPE H FOR 
SWITCHBOARD SERVICE 

Xr-ori C/c2<X Xy/oe H. ymm&ferj 5-JOC/f/7//o h Vb/fm 
Yi' +cA . 

A/ofe.'^yf/Zow af/&& s ?£ "^£><yce b&tw&en /nstt-uments for- r-&rr?ov/r7^ cover-^C7~C ws 

AMMETERS, 5-300 AMPS.. AND VOLTMETERS 

5-cVOyfm/o. 

J }f 

:Ph} t-V" 

SINGLE-PHASE INDICATING WATTMETERS,;5-200 AMPS. 

^2 

I 
I 

7$ 

POLYPHASE INDICATING WATTMETERS 
HorEdje./ron C/od Frequency fnd/czfor Type H 

4 Ssr/es Box. 

fi/ott:*Vlo# oHnuf i'&ettrttl l/ufru/ntnti 
tfrtrnering cojrtr JiSirtJ, 

FREQUENCY INDICATOR 
7"A/> Arrt, 

-R 

RESISTANCE BOXES FIGS. 1 and 2. 

RESISTANCE BOXES USED WITH THOMSON 

/Vote e/Zat* ft/raft o sp&ce £>r/»vecs7 /rrs/nrrntr/y/r per sv/rmv/tf 

■ POWER FACTOR INDICATORS 

HORIZONTAL EDGEWISE INSTRUMENTS 

Type Voltages Fig. Lead Holes 

Voltmeter  All i A-E 
Ind. Watt. Sing.-Ph  All l A-E 
Ind. Watt. Bal. 3-Ph  All 1 A-C-E 
Power Factor Ind., 3-Ph. and 3-W., 2-Ph. 50-199 1 A-E-F-J 
Power Factor Ind., 3-Ph. and 3-W., 2-Ph. 200-800 2 A-E-F-J 
Power Factor Ind., 4-W., 2-Ph. . 50-199 1 A-B-D-E-F-G-I-J 
Power Factor Ind., 4-W., 2-Ph. . . . 200-800 2 A-B-D-E-F-G-I-J 
Ind. Watt. Poly. 3-Wire  50-199 1 A-E-F-J 
Ind. Watt. Poly. 3-Wire  200-800 2 A-E-F-J 
Ind. Watt. Poly. 4-Wire  50-199 1 A-B-D-E-F-G-I-J 

Ind. Watt. Poly. 4-Wire  200-800 2 A-B-D-E-F-G-I-J 

For Reference Only. 
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DIRECT CURRENT INSTRUMENTS, TYPE D 

The Type D, Direct Current Instruments, 
manufactured by the General Electric Com¬ 
pany are constructed upon the well known 
D'Arsonval principle and are designed for 
switchboard use. They are neat in appear¬ 
ance, substantial in construction, and un¬ 
surpassed in accuracy. 

from the shell by removing two screws which 
support the core and moving element in place. 

DAMPING 

The instruments are rendered very dead 
beat by means of Foucault currents which are 
generated in the aluminum frame on which 

TYPE D AMMETER 

CONSTRUCTION 

A small coil of wire carrying the current 
to be measured, or a shunted portion of it, is 
wound on a light cylindrical frame of alumi¬ 
num. The frame is so pivoted in jewelled 
bearings as to move freely in a small annular 
space between a soft iron core and the pole 
pieces of a permanent magnet. The soft iron 
core together with the armature and jewel 
supports are assembled within a soft steel 
shell constituting the pole pieces. 

The iron core and the jewel supports, to¬ 
gether with the armature, can be withdrawn 

the coil is wound, as it rotates in the field of 
the permanent magnet. The pointer there¬ 
fore comes quickly to rest after each change 
in current value, enabling rapid and accurate 
readings. This damping quality, further¬ 
more, prevents injury to the pointer with 
violent fluctuations of the load. 

MAGNETS 

There is no feature of a direct current 
instrument more vital to its continued accur¬ 
acy than the permanency of its magnets, for 
if the magnet strength changes, serious errors 
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will 'result..'*'r T'l.1©' 'imignets used by the Gen¬ 
eral Electric Company are manufactured 
from the very best grade of magnet steel 
obtainable, and are subjected to special pro¬ 
cesses of hardening and aging which render 
them permanent throughout long continued 
use. 

SCALES 

TYPE D AMMETER WITH COVER REMOVED 

LIFE AND ACCURACY 

Direct Current Instruments, Type D, have 
unusually high torque and light moving ele¬ 
ments which features, combined with a very 
small air gap between the magnet pole faces 
and the iron core, insure long life with con¬ 
tinued accuracy. 

FREEDOM FROM EFFECT OF STRAY 
FIELDS 

The Type D Instrument is enclosed in a 
round cast iron case which protects it from 
the effect of stray fields. It also renders the 
instrument dust-proof. 

CAPACITIES 

The ammeters are made self-contained in 
capacities up to and including 60 amperes; 
capacities in excess of 60 amperes are used 
with external shunts which are included in 
the list prices. 

The voltmeters are made self-contained 
in capacities up to and including 750 volts. 

The scales of these instruments are uniform 
throughout their entire range, and are par¬ 
ticularly legible, as will be noted by referring 
to the accompanying illustrations. When it 
is desired to read current flows in two direc¬ 
tions, scales can be furnished without extra 
charge, with zero marking at the center, or at 
other intermediate points of the scale, e. g., 
100-0-100 or 200-0-1000. 

CONNECTIONS 

The instrument being intended for switch 
board use, is made " back connected," the 
current being conveyed from the external 
circuit by means of two brass studs. These 
studs also serve to support the instrument. 

FINISH 

The standard finish of Type D Instruments 
is dull black with raised portions polished 
copper. This finish is pleasing in appearance 
and very durable. 

SHUNTS 

All Type D Instruments from 80 to 3000 
amperes inclusive are furnished with an ex¬ 
ternal shunt known as the Form 3. These 

MECHANISM OF TYPE D INSTRUMENT 

shunts are made of a special alloy having 
practically a zero temperature coefficient. 
The general characteristics of the Form 3 
shunt are shown in the accompanying illus¬ 
tration. Dimensions are shown in diagram 
and table on pages 5 and 6. 
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All General Electric instrument shunts in 
excess of 800 amperes are now provided with 
a thermo-electric attachment. This attach¬ 
ment consists of a metal strip, one end of 
which is electrically connected to one end of 
the shunt and the other placed in close ther¬ 
mal contact with the opposite end of the 
shunt, but insulated from it electrically. 
The leads to the ammeter are connected from 
the two insulated points, one being on the 
shunt proper, the other on the metal strip, 
which are in close thermal contact. This 
prevents the superimposing of secondary 

Direct Current Instruments, Type D 1^552-3 

thermo-electric currents upon the primary 
current, due to the fall of potential in the 
shunt, and the amount of which fixes the 
value of the instrument's indication. Am¬ 
meter shunts with this attachment will be 
found free from temperature errors due to 
generation of thermo-electric current. 

All shunts furnished with Type D Instru¬ 
ments are interchangeable, having a uniform 
drop of sixty (60) millivolts. 

The General Electric Company does not 
recommend the shunting of sections of the 
bus-bar. 

FORM 3 SHUNT 
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AMMETERS 

Cat. No. Amp. 
. Capacity List Price Cat. No. Amp. 

Capacity List Price 

49293 5 $40.00 49303 200 $45.00 
49294 10 40.00 49304 300 47.50 
49295 15 40.00 49305 400 50.00 
49296 20 40.00 49306 600 52.50 

49297 30 40.00 49307 800 55.00 
49298 40 40.00 49308 1000 60.00 
49299 60 41.00 49309 1500 70.00 
49300 80 42.00 49310 2000 80.00 

49301 100 43.00 49311 3000 90.00 
49302 150 44.00 

Above prices include shunts. 

VOLTMETERS 

Cat. No. Capacity List Price 

49312 175 $45.00 
49313 350 50.00 
49314 500 55.00 
49315 750 60.00 

Prices on higher capacities than those listed will be furnished on application. 
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FORM 3 SHUNTS 80 TO 800 AMPERES 

CAPACITY DIMENSIONS IN INCHES 

FIG. 
Amps. A B C D E F G H I J 

80-100 I 1 6i H il 5i If 
150 1 ! 6i il 1 7 51 3 4 If 
200 ! 1 64 U 1 7 5i a 4 If 
300 1 ! 6f U 51 = 3 4 If 
400 2 1 81 2 il 6i 1 21 3 S U 2 a 
500 2 8| 2 17 3 5" 6i 1 21 1 If 2 1 
600 2 ' 8| 21 u 61 11 21 2 2i a 4 
800 2 ! 8f 25 2 1 "3"5- ■6i 11 21 f 2 21- ! » ! 1 

Note_—Above data are for general information only and must not be used for contracts or for construction without 
confirmation. 
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FORM 3 SHUNTS 1000 TO 3000 AMPERES 

CAPAC¬ 
ITY 

FIG. 
DIMENSIONS IN INCHES 

CON. STRIPS 
I I ! EACH END 

Amps. A B C D E F 
I 

G H! I J K L M 

1000 1 ; ioi 3 7i 4i 31 11 21 2 1 3 2 3 21 2 7 TTT 2 
1200 2 10i 3 8 41 31 11 21 1 7 3 2 1 4 21 if 2 .1, 2 
1500 2 ioi 3 8 41 31 H 21 1 7 3 2 1 4 21 if 2 1 4 3 
2000 2 11 4 81 51 3J 21 21 2 1 i A 2 1 4 9 ■> 21 21 1 o 3 
2500 2 11 4 Si 5i 31 21 21 1 4 O 9 ! -13" 2i 21 1 4 4 
3000 2 111 4 91 6 31 21 21 §4" 1 4 9^9_ -1 (> 21 21 4 4 

Note.—Above data are for general information only and must not be used for contracts or for construction witl 
confirmation. 
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TYPE D AMMETER SCALES 
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TYPE D AMMETER SCALES 

60 80 loo 

TYPE D VOLTMETER SCALES 
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PORTABLE INSTRUMENTS TYPE P-3 

A satisfactory instrument for portable use 
must first of all be accurate. It is not suffi¬ 
cient that a portable instrument be accurate 
as it comes from the makers; it must be 
capable of retaining 
this quality in ser¬ 
vice. 

The accuracy of a 
portable instrument 
must also be main¬ 
tained when it is sub¬ 
jected to disturbing 
influences such as ex¬ 
ternal magnetic fields, 
variations in wave 
form, frequency, etc. 

Mechanically, it 
should be rugged in 
construction, with a 
light-weight moving 
element, not suscep¬ 
tible to damage 
in transportation. 
Weight and size 
should be as small 
as possible consistent 
with the foregoing 
essentials, so that 
several instruments 
may be carried with 
case. The General 
Electric Company's 
Iron Clad Portable Instrument 
meets these requirements. 

TYPE P-3 PORTABLE WATTMETER 

-Type P-3 

CONSTRUCTION 

The voltmeters and wattmeters are con¬ 
structed on the direct reading dynamometer 
principle, while the ammeters are constructed 

on the well-known Thomson inclined coil 
principle. The instruments excel in mechan¬ 
ical construction, are neat in appearance and 
very substantial. They are contained in 

neat carrying cases 
provided with hinged 
cover and snap lock. 
By the removal of 
the internal moulded 
cover and three ad¬ 
ditional screws, the 
entire mechanism can 
be taken from the 
case. 

DAMPING QUALI¬ 
TIES 

The pointer fluc¬ 
tuations are damped 
by means of Foucault 
currents set up in a 
thin aluminum seg¬ 
ment attached to the 
shaft. This segment 
oscillates with each 
movement of the 
pointer, in the field of 
two astatically ar¬ 
ranged permanent 
magnets. The seg¬ 
ment balances the 
p o i'n t e r and there 

is therefore no necessity for counter weights. 

JEWELS AND PIVOTS 

Careful attention has been given to the 
construction of the jewels and pivots, as 
these have great influence upon the continued 
accuracy of indicating instruments. The 
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pivots are made from the best grade of steel, 
especially hardened and highly polished, and 
are suspended in high grade sapphire jewels 
which are practically indestructible. 

FREED.QM FROM*: EFFECT OF STRAY 
V: ;/ \'\ '.'fl^EtDS.--'; 

One of the s.eyerest "tests* of *tl\t'reliability 
of these instrit^^ts*'W^i&li.ti$ecl;for laboratory 
or general testm'g' purfio^hS'ts their ability 

TYPE P-3 INSTRUMENT WITH MOULDED RUBBER 
COVER REMOVED 

to give accurate indications when used in 
the vicinity of external magnetic fields. 
The coils of the Type P-3 instruments are 
entirely surrounded by a laminated iron 

shield which thoroughly protects them from 
errors due to this cause. This shield also 
serves to prevent errors caused by the pro¬ 
jected field of the damping magnets when the 
instrument is used on direct current circuits. 

ACCURACY 

The Type P-3 instruments may be used 
on circuits of any frequency, wave form or 
power factor without appreciable error. The 
voltmeter and wattmeter may be used inter¬ 
changeably on direct or alternating current. 
The ammeter although primarily an alter¬ 
nating current instrument, may also be used 
on direct current circuits by taking reverse 
readings—the mean being the proper indica¬ 
tion. 

CAPACITIES 

The Type P-3 ammeters are made self- 
contained in capacities up to and including 
30 amperes; voltmeters up to and including 
750 volts and single-phase wattmeters in 
capacities up to and including 30 amperes 
and 750 volts. 

SCALES 
The scales of the Type P-3 instruments 

subtend an arc of approximately 90 degrees, 
and are very legible, as may be noted from 
reference to the accompanying illustrations. 

CONNECTIONS 
The binding posts are brought out at the 

top of the instruments, and are provided with 
suitable thumb-screws for securing the leads 
which connect the instrument to the external 
circuit. 

MECHANISM OF P-3 INSTRUMENT 
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PORTABLE INSTRUMENTS, TYPE P-3 

VOLTMETERS 

Cat. No. Capacity List Price 

49447 150 $100.00 
49448 300 105.00 
49449 600 110.00 

AMMETERS 

49499 2 $80.00 
49442 5 80.00 
49443 10 80.00 
49444 15 80.00 
49445 20 90.00 
49446 30 90.00 

WATTMETERS—100-125 VOLTS ]—— 

Capacity 

Cat. No. Amperes Watts List Price 

49450 1.5 150 $120.00 
49451 3 300 120.00 
49452 5 500 125.00 
49453 10 1000 125.00 
49454 15 1 1500 130.00 
49455 20 . 2000 130.00 
49456 30 3000 135.00 
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PORTABLE INSTRUMENTS, TYPE P-3 M 7 

WATTMETERS—200-250 VOLTS 

Capacity 

Cat. No. Amperes Walts List Price 

58417 1.5 300 $130.00 
58418 3 600 130.00 
58419 . 5- 1000 135.00 
58420 10 2000 135.00 
58421 15 3000 140.00 
58422 20 4000 140.00 
58423 30 .6000 145.00 

WATTMETERS—500-600 VOLTS 

Capacity 

Cat. No. Amperes Watts . List Price 

58424 1.5 750 $140.00 
58425 3 1500 140.00 
58426 5 2500 145.00 
58427 10 ' 5000 145.00 
58428 15 7500 150.00 
58429 20 10000 150.00 
58430 30 15000 155.00 
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TYPE P-3 WATTMETER SCALES 
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THE ELECTRIC DRIVE IN CEMENT PLANTS 

It is safe to assert that there is no staple 
product of manufacture in the United States 
of which the output has increased with such 
rapidity as Portland Cement. In 1880, the 

production from 1890 to 1906. As opposed to 
this gain, the output of natural cement has 
fallen off since 1899, and mills producing this 
class of cement have been forced either to limit 

12-1-18-100-166 2/3-K-440 volt motors driving raw material tube mills in Universal Portland Cement Co., 
Plant No. 4. These motors are coupled through flexible couplings to the countershafts of the 

mills. This necessitates only one gear reduction. The concrete wall separating the 
motors from the mills secures an unusually clean motor room 

country produced 42,000 barrels of this 
commodity. In 1890, the output had grown 
to 335,000 barrels. At about that time the 
possibilities of reinforced concrete for building 
purposes began to be appreciated. New 
cement plants were constructed to meet the 
demand. The manufacture of cement was 
enormously stimulated, until in 1906 the 
United States produced 46,500,000 barrels — 
over 1000 times the output of twenty-six 
years ago. 

The curve on the following page illustrates 
graphically the steady and increasing gain in 

their output, or to install rotary kilns and 
manufacture Portland. The third class of 
cement, called Puzzolan, or slag, is showing a 
small but steady increase. The production has 
increased from 280,000 barrels in 1901 to 
480,000 barrels in 1906. The total produc¬ 
tion of hydraulic cement in the United States 
in the last year was 51,000,000 barrels, 91 
per cent, of which was Portland. 

In spite of the astonishing growth of this 
industry, the demand is still unsatisfied. 
Our exports—never very large—-dropped from 
900,000 barrels in 1905, to 580,000 in 1906; 
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and tfie imports increased in the same time, 
from 850,000 to 2,200,000 barrels. In view 
of the increasing number of building opera¬ 
tions for which concrete is found to be pecu- 

/ 
/ 
/ 

/ / 
/ 

i / 

' 
/ . 

X 
0 $ rj 

/ 
/ /votoi*   - / 

s \ 

alumina. 
are: 

(1) 
(2) 
(3) 
(4) 
(5) 

The materials used in this country 

Cement rock and limestone, 
Limestone and shale or clay, 
Marl and shale or clay, 
Blast furnace slag and limestone, 
Caustic soda waste, and clay. 

Combination No. 3 is effected by what is 
called the wet process. Numbers 1, 2, 4 and 
5 are combined in a dry state. Of these 
various combinations, numbers 1 and 2 
greatly predominate; 51.4 per cent, and 
35.6 per cent, respectively of the entire out¬ 
put of Portland Cement for 1906 was made 
by these two combinations. 

Limestone, cement rock and shale are 
usually quarried, while clay is dug from pits, 
and marl is dredged, often under water. In 
blasting the stone at the quarry, it is shat¬ 
tered as much as possible and the remaining 
large pieces are broken up by hand and con¬ 
veyed in skips or cars to the crushers. These 
reduce it again to 1 to 2J inch cubes. This 
is then sent through driers until almost all 

Curve showing production of Cement in the United 
States from 1890 to 1906 

liarly adapted, including railroad, dock and 
harbor work, office buildings, aqueducts, 
bridges, canals, tunnels, factories, hotels, 
dwellings and many other constructions, there 
appears to be no probability of any diminu¬ 
tion in the rate of growth of the cement 
business for many years. 

The Manufacture of Portland Cement 
The essential elements of Portland cement 

are alumina, silica, and lime; which are ground 
finely, mixed in the right proportion (ap¬ 
proximately 8% AI3O2, 21% Si02, 62% 
CaO, and 9% impurities impossible to 
eliminate commercially), and roasted at 
about 2800 deg. P., when it is again ground. 
There are many raw materials in which the 
necessary ingredients are found. The right 
proportion is generally obtained by com¬ 
bining two materials, in one of which lime 
predominates, and in the other silica and 

Induction Motor Covered with Thick Coating ot 
Cement Showing Conditions of Operation 

of the moisture is evaporated. In order to 
produce a good grade of cement, a very inti¬ 
mate mixture must be made, and the material 
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ground until 95 per cent, will pass a 100 mesh 
sieve before burning. The approved method 
is generally to introduce two sets of grinding 
machinery between the driers and the kilns, 
generally ball mills and tube mills. The two 

2-1-18-100-166 2/3-K-440 volt motors direct connected to 
countershaft of raw material tube mills through six arm 

flexible couplings, in Universal Portland Cement Co., 
Plant No. 4. These motors were started four months 

ago and have run continuously ever since 
without any shut down 

materials are ground separately to pass 
through a 20 mesh sieve in the first set of 
grinders—the ball mills—and then mixed 
and sent through the tube mills. The output 
of the tube mills is sent to the rotary kilns 
for burning. After gradually rolling down 
the length of the rotary kiln, the material 
is discharged as cement clinker. This hot 
clinker is cooled, and again ground to the 
desired fineness, after which it is conveyed 
to the stock house as finished cement. 

From the time the rock is fed into the 
crushers, it is not handled again until the 
cement is delivered by the weighing and 
packing machine into bags or barrels. All 
transportation from one machine to another, 
or to the storage bins, is accomplished by 
means of conveyors, either bucket, belt or 
screw. 

Advantage of Electric Drive for This Industry 
The manufacture of Portland cement has 

certain features which differentiate it com¬ 
mercially from almost any other industry. 
The raw materials underlie more than 20 
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per cent, of the entire area of the United 
States. Their initial cost is low, the cost of 
quarrying or dredging is slight, and, owing 
to the eager market, and more particularly, 
to the widespread deposits of raw materials, 
no successful merger can be formed to regulate 
the selling price. The price of the finished 
cement is determined almost entirely by the 
actual cost of the different operations through 
which the raw material passes. In the light 
of this fact, it is obvious that the most pros¬ 
perous companies will be those that adopt, at 
the outset, the cheapest and most efficient 
means of operating the various machines 
necessary in cement manufacture. 

View taken at the further end ot motor annex showing 
I-6-20-500-K-440 volt motor belted to a conveyor. 

Universal Portland Cement Co., Plant No. 4 

The advantage of individual electric drive 
in machine shops and factories, in eliminating 
line shafting and adding to flexibility and 
economy, have now been almosf universally 
demonstrated. These general advantages 
apply with equal weight to cement operations. 
There are, however, certain inherent require¬ 
ments in the manufacture of cement which 
completely establish the argument in favor 
of electric motors for this class of work. 

1. Fourth of July and Christmas are the 
only holidays for the cement trade. For 
the rest of the year, twenty-four hours a day, 
and seven days in the week, the mill must be 
kept in continuous production. The shut 
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down of any one machine, or the failure of 
its driving power, must not affect the opera¬ 
tion of any other machine. 

2. The general layout of the plant, to be 
most economical, should be determined solely 
by the relative locations of the quarries, the 
storage bins, the best available place for the 
machinery, and the space available for future 
growth. The direction and distance of the 
power transmission should not interfere with 
the most efficient layout. 

3. In order to keep a check on the cost of 
manufacture, a continuous and accurate 
record should be available, showing the 
amount of power used in each of the different 
departments. 

except the burners, are unskilled workmen. 
If motors are installed, they must be of a 
rugged type to need little attention and to 
operate in an atmosphere thick with stone 
and cement dust. 

A complete electrical installation, com¬ 
posed of two or more General Electric engine 
or turbo-driven alternators, switch board, and 
the proper motor equipment, consisting of 
General Electric alternating current, Form K 
induction motors, will successfully meet all 
of the above conditions. 

1. As long as the boilers produce steam, 
continuity of operation is ensured. Both 
the motors and generators will run without 
shut down for any desired length of time. 

1-6-40-500-K-440 volt vertical motors, belted to Fuller mills, Plant No. 4, Universal Portland Cement Co. 
There are eight of these driven altogether. The bearings on these motors have given entire satisfac¬ 

tion in spite of the dust and grit that naturally tend to produce excessive wear 

4. Most of the machines used in cement 
manufacture start under a heavy overload, 
and some are liable to short overloads during 
operation. The driving unit must be de¬ 
signed to give the best efficiency at the load 
required in normal operation, and yet have 
a large margin of overload capacity which 
can be drawn upon at starting or when 
necessary. 

5. Above all, the prime mover must be 
adapted to severe service conditions. The 
cement machinery does not require much 
attention, and the driving machinery is not 
apt to get it. Almost all the employees, 

The individual electric motor drive allows 
for the independent shut down or starting of 
any one of the cement machines, without 
affecting the operation of any other. 

2. The location of the power house need 
not be considered in laying out the plant. In 
case water power is available at some distance 
from the mill, the generating station may be 
located at the source of power and the electric 
power transmitted at high efficiency to the 
cement plant. No line shafts need be con¬ 
sidered in designing the mill, and the machines 
may be placed wherever most convenient to 
feed or discharge. This results in a great 
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saving of floor space and improvement in 
design. 

3. The switchboard can be laid out to 
have a separate feeder circuit for each of the 

ROTOR OF FORM K MOTOR 

departments, with a recording wattmeter in 
each feeder, and an indicating ammeter on 
each of the motor panels. If the board is 
still further equipped with a recording watt¬ 
meter on each generator panel, a complete 
check on all power used is obtained. Any 
increase or loss in efficiency of any depart¬ 
ment can be instantly noted, and the cause 
ascertained. This record will be found a 
great aid in working towards higher total 
efficiency and in lowering the cost of pro¬ 
duction. 

4. The Form K motor, which we recom¬ 
mend especially for this class of work, is given 
the normal running horse-power rating of the 
machine it drives. These motors are supplied 
with high resistance rotors for producing a 
starting torque of twice normal torque if 
necessary. The rotor bars are bolted to the 
end rings instead of being soldered, which 
enables the motor to stand the heavy current 
required for starting. These motors will 
endure short overloads of 200 per cent, to 
300 per cent. They are exactly suited to the 
duty, running at highest efficiency under 
normal load, with a large margin of overload 
for starting, when required. 

5. The first applications of electric drive 
to this manufacture were made before the 
merits of the alternating current for power 

were fully demonstrated. The General Elec¬ 
tric Co. has installed direct current equipments 
in a number of plants with great success, 
notably in the Edison Portland Cement Co., 
at Stewartsville, N. J. Among the electrical 
apparatus at this plant, are ten 25 h.p., slow 
speed, variable speed motors driving rotary 
kilns 150 feet long, the heaviest kilns in the 
world. Where it is possible for the mill 
designer to determine the character of the 
power to be used, however, the best practice 
is to install alternating current of 25 or 60 
cycles. Form K induction motors, operating 
on this current, are peculiarly adapted to the 
severe service outlined in paragraph No. 5 
above. There are no sliding contacts; no 
current-carrying parts exposed to the air; 
absolutely nothing to be injured by the dust 
except the bearings, which are made dust- 
proof by felt dust guards on each side. The 

5-1-6-40-500 Form K Motors driving Kent mills. Sandusky 
Portland Cement Co., Dixon, 111. 

compensators for starting these motors are 
arranged with a latch, so that the operator 
cannot throw the motors directly on the line 
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until they start to run; once running, they can 
be left all day without attention. They are 
protected—and in turn protect the machinery 

1-6-18-500 Form M Motor driving Rotary Kiln 8 by 100 ft. 
Sandusky PortlandlCement Co., Dixon, 111. 

—against excessive overloads, by fuses or 
circuit breakers on the starting panel. The 
revolving part is nothing more than a number 

of copper rods, parallel to and surrounding the 
shaft, and embedded in an iron core, with 
their ends connected by rings at each end. 
Owing to the appearance of this rotor, it is 
commonly known as the " squirrel cage " 
type. There is nothing more complicated 
about it than a piece of shafting revolving 
between journals. Dust cannot hurt these 
motors. It is almost impossible to damage 
them. It would be hard to find any driving 
machinery more nearly " fool proof." 

Machines Used in Cement Manufacture 
Rock Crushers. With the exception of 

the Giant Rolls installed by Thomas A. 
Edison at the Edison Portland Cement Co., 
the almost universal type of crusher is the 
gyratory. The Giant Rolls consist of four 
pairs of corrugated steel cylinders, arranged 
one under the other, each pair being sepa¬ 
rately belt driven. The largest pair is on top, 
the cylinders being about 5 feet in diameter, 
and from 4 to 6 inches apart. As these rolls 
will crush a solid 10 ton piece of rock, no 
hand breaking is required, and the rock may 
be loaded into the skips at the quarry, directly 
after blasting. 

6-1-8-85-375 Form K Motors driving Tube mills through flexible couplings. 
Sandusky Portland Cement Co., Dixon, 111. 
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The gyratory type, which is used in almost 
all cement mills employing the dry process, 
consists essentially of a vertical spindle, on 
the upper end of which is mounted a chilled- 
iron crushing head that moves inside a hopper 
shaped top into which the rock is fed. The 
bottom of the spindle passes loosely through 
an eccentric, driven from a horizontal shaft by 
bevel gears. The spindle, therefore, has a 
gyratory motion, and may or may not rotate 
on its own axis. As the head, running 
eccentrically, approaches and recedes from 
the sides of the hopper, the stone is graduallv 

to one motor, though this is not the best 
practice, as all crushers must be stopped when 
the motor is shut down. Gearing is not suit¬ 
able for these machines, as the driving gear 
would be subject to a severe strain should the 
crusher become clogged with rock. 

Ball Mills. These mills take the output 
of the crushers or the rotary kilns and reduce 
it to a coarse grit, generally about No. 16 to 
No. 20 mesh. The mill consists of a drum 
having a diameter of about double its length, 
filled with steel balls. The drum revolves 
on a horizontal axis, at a speed of from 21 to 

2-I-4-10-750-K-440 volt motors flexibly coupled to Buffalo blowers, used to force a mixture of air and coal 
dust into the slag and limestone dryers. Similar blowers are used for forcing powdered coal into the 

rotary kilns. The apparent fog around the right hand machine is due to the large 
amount of dust in the air. Universal Portland Cement Co., Plant No. 4 

crushed and falls down between the crushing 
surfaces. The stone must be broken by hand 
to a convenient size to feed into the hopper. 
A crusher having a hopper about 40 inches in 
diameter and a crushing head about 20 
inches will have a stroke of approximately 
f inch. 

The h.p. necessary to drive, averages 1.2 
times the tons of rock crushed per hour; fig¬ 
uring on rock of moderate hardness. A crusher 
of this type is suitable for individual belt drive. 
Sometimes two or more crushers are belted 

27 revolutions per minute. The lining of 
the drum is made up of overlapping steel 
plates which form steps. As the drunr de¬ 
volves, the balls drop over the steps, pounding 
the material to pieces. This mill, with the 
balls it contains, is very heavy and takes 
almost double normal torque for starting. 
It is adapted for either belting or gearing. 
In gearing to the mill, it is common practice 
to gear to the countershaft, making two gear 
reductions between the driving motor and 
the mill. When a low frequency alternating 
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current is available, however, very good 
results are obtained by using a slow speed 
motor (about 166 r.p.m.) and coupling directly 
to the countershaft, thus doing away with one 
gear reduction. The General Electric Com¬ 
pany has recently supplied a number of 40 
and 60 h.p. motors running at this speed, to 
the Universal Portland Cement Co. for driv¬ 
ing ball and tube mills. 

Kominuters. These are modifications of 
the ball mills, having drums of the same 
diameter and of about twice the length and 
capacity of the ball mills. The other modi- 

ness for finished cement or for burning. 
When working on raw material, it is generally 
necessary to crush the rock into fragments 
smaller than those used in feeding ball mills. 
The mill is driven from a pulley at the top, 
revolving on a vertical axis. The power is 
transmitted to a vertical shaft, which is hung 
from a universal joint inside the pulley and 
is free to move in any direction at the bottom. 
A crushing roll is rigidly connected to the 
bottom of the shaft. 

When the pulley revolves, the crushing 
roll is thrown off center, and revolves against 

1-18-40-1662/3-K-440 volt motors driving ball mills in the raw material mill. Universal Portland Cement Co., 
Plant No. 4. There are nine of these mills together, and very satisfactory results have been obtained 

by this type of slow speed drive, which eliminates one gear reduction 

fications apply to the method of discharge 
and do not affect the essential features. 
v.-vTube Mills. The tube mill consists of a 
cylinder 20 to 22 feet long and to 5 feet in 
diameter, filled with flint pebbles, generallv 
imported from Europe. These mills take the 
output of the ball mills—either raw material 
or clinker—and grind it to the desired fineness 
for burning or for finished cement. In their 
general features they are similar to the ball 
mills, and should be either belted or geared 
to a motor having a high starting torque. 

Griffin Mills. These mills are used for 
grinding clinker or rock to the required fine- 

a fixed ring or die with a centrifugal force of 
about 6000 lbs. pressure. The grinding is 
done between these two surfaces. Two 
distinct actions on the material to be ground 
are obtained; the roll revolves against the 
die in the direction of the pulley, and this 
contact causes the roll and shaft to revolve 
around their own axis in an opposite direction. 
These mills are best adapted to belting, and 
may be driven from a'vertical motor, or a 
horizontal motor with a quarter-turn belt. 

The Griffin mill is manufactured in two 
sizes, 30 inch and 36 inch, designated accord¬ 
ing to the diameter of the ring against which 
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the crushing roll revolves. A new mill has 
been brought out by the manufacturers, 
called a Three Roll Griffin mill. This is 
similar in its action to the standard mill, 
but, as the name implies, has three crushing 
rolls instead of one. 

Fuller-Lehigh Mills. These are com¬ 
monly called Fuller mills. They are used 
on the same material as the Griffin mill de¬ 
scribed above, and the grinding is done by 
four unattached chilled-iron balls about 9 
inches in diameter, that are propelled by 
four equidistant horizontal arms or pushers 
radiating from a vertical central shaft. The 
orbit is a circular die against which the balls 
exert great pressure, since they weigh about 
112 lbs. each and revolve at about 210 r.p.m. 
The main shaft is driven from a pulley 
mounted at the bottom, below the grinding 
level. 

This mill, like the Griffin, may be belted 
to a vertical motor, or to a horizontal motor 
with a quarter-turn belt, i 

Kent Mills. These mills will grind clinker 
to the required fineness for finished cement, 
or they may be set to give a coarser output 
for use in connection with tube mills for 
further grinding. When used on raw ma¬ 
terial, they will grind to the required fineness 
for burning. The output of an ordinary 
crusher is generally further reduced in size 
before feeding into the Kent mill. 

The essential features of this mill consist 
of a ring revolving on a horizontal axis, with 
three rolls revolving inside, pressed by springs 
against its inner surface. Centrifugal force 
carries the material to be ground in a layer 
about an inch thick around the inner face of 
the ring, where it passes between the ring and 
the rolls. 

These mills are driven from two pulleys, 
one at each end, and are very well adapted 
to belting to a motor that has two pulleys 
and an outboard bearing; and which is pro¬ 
vided with a sliding base under the motor and 
outboard bearing so that the slack of both 
belts can be taken up simultaneously. The 

Kent mill is also furnished with one pulley 
if desired. 

Rotary Kilns, The raw material, prop¬ 
erly mixed, is fed into rotary kilns and burned. 
These kilns vary from 60 to 170 feet in length 
but it is doubtful if any future installation 
will contain kilns shorter than 100 feet. 

In its usual form, the kiln consists of a 
cylinder 6 to 8 feet in diameter, constructed 
of sheet steel £ to A inches thick, lined with 
fire brick. The cylinder is supported at a 
slight angle from the horizontal on two or 
more rolled steel tires, each of which revolves 
on four heavy cast steel rollers mounted in 
pairs on a rocker. 

The fuel used is generally powdered coal, 
which is forced into the lower end of the kiln 
by compressed air. The flame passes through 
the entire length of the kiln and the gases are 
discharged into a stack at the upper end. The 
raw material is fed into the upper end of the 
kiln by a water-jacketed screw conveyor, and 
gradually rolls down the entire length, being 
discharged at the lower end into a rotary 
clinker cooler, or directly into a bucket 
conveyor. 

The speed of the kiln varies from £ to 3 
r.p.m. in the various sizes. In the 150 ft. 
kilns in the Edison Portland Cement Com¬ 
pany's plant, the material takes about 
hours to pass through. Rotary kilns are 
driven by a circular rack situated generally 
at the middle, and connected by a train of 
gears either to a pulley to which the driving 
motor is belted, or to a pinion on the motor 
shaft. 

A rotary kiln is the only machine of any 
importance in a cement plant which requires 
two or more speeds. The general practice is 
to use variable speed Form M induction motors, 
with a drum controller and resistance, capable 
of operating continuously at any speed be¬ 
tween £ and normal. In a number of plants 
a constant speed, Form K motor is used to 
drive the kiln line shaft, to which all the 
rotaries are connected. A clutch and gear 
shaft is installed with each kiln, so that any 
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one of the kilns can be connected or discon¬ 
nected independently of the others and 
operated at either of two fixed speeds. An¬ 
other method is to use constant speed motors 
for driving, interposing a mechanical speed- 
changer between the driving shaft and the 
kiln. 

Miscellaneous. The machines described 
above perform the most important of the 
cement operations. In addition to these, 
however, there are numerous auxiliary opera¬ 
tions. Among the other machines are the 
belt, bucket and screw conveyors, fans, air 
compressors, coal crushers and pulverizers 
(a good many of the machines used in grind¬ 
ing cement are suitable for grinding coal), 
pumps, driers and rotary coolers. The driers 
and coolers are generally built on the same 
plan as the rotary kilns. All of these aux¬ 
iliary machines are perfectly adapted to 
electric motor drive. 

The Power Station 
In the present stage of the cement industry, 

it is doubtful if any new plant can be profit¬ 
ably operated with a capacity of less than 
1500 barrels per day. Results obtained from 
a great many cement plants, indicate that 
the horse-power necessary to operate varies 
from 0,8 to 1.2 h.p. per barrel per day. For 
the smallest practicable plant, this would 
indicate about 1500 h.p. Unless electric 
power can be bought at an exceptionally low 
price, it will be found cheaper in the end to 
install a complete generating plant to furnish 
this power. Besides the factor of economy, 
this will eliminate all chances of a shut down 
of the plant resulting from exterior causes. 

The load of a cement mill is steady, and its 
load factor high, in fact in many cases the 
average horse-power developed is greater than 
the normal capacity of the generating units. 
For industrial conditions, when the load is 
steady and can be closely calculated, it is a 
decided economy to install generators rated 
according to the maximum output. The 
General Electric Co. is prepared to furnish 
turbine units rated on this principle. For a 

1500 barrel plant, 2 ATB 750 kw. 1800 r.p.m. 
440 volt 60 cycle turbo generators will be 
ample, and will be worked constantly at their 
highest efficiency. These generators are a 
modification of the 500 kw. unit of the same 
rating, and sell at a small advance over the 
standard 500 kw. price. They are designed 
especially for the low power factor load caused 
by induction motors and will give the rated 
output continuously at 80 per cent, power 
factor. 

The General Electric Company has lately 
equipped with turbo generators the Fordwick 
Cement Company, the United States Portland 
Cement Company and the York Portland 
Cement Company, From Mr. Elbert Walker 
Shirk, the owner of the U.S. Portland Cement 
Company, the following unsolicited statement 
has been received. 

" The 800 kw. turbine, now in operation, 
is giving splendid satisfaction, and there is 
no question in my mind but that this type of 
power equipment is far and away the best for 
cement mill practice. We have had absolutely 
no difficulty of any kind or description ili 
starting, or operating this machine, and from 
our experience so far we are inclined to think 
that when once properly adjusted, the Curtis 
turbine will practically run without mechan¬ 
ical attention indefinitely." 

The best guarantee for any apparatus is 
a satisfied customer. There is probably no 
one in this country interested in the cement 
business who is not familiar with the chain of 
plants in the United States and Canada 
known as the " Cowham System." These 
plants, which comprise the following, have 
been financed, installed and operated by Mr. 
W. F. Cowham of Jackson, Mich., through the 
Cowham Engineering Company, of which he 
is President: 

Southern States Portland Cement Co., 
Rockmart, Ga. 

Peninsular Portland Cement Co., Cement 
City, Mich. 

Western States Portland Cement Co. 
Independence, Kan. 
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Northwestern States Portland Cement Co., 
Mason City, Iowa. 

National Portland Cement Co., Durham, 
Ontario. 

International Portland Cement Co., Hull, 
Quebec. 

These plants have all been installed 
throughout with General Electric apparatus, 
the Canadian plants being equipped through 
the Canadian General Electric Company. 
To the four plants in the United States only, 
the General Elcetric Company has supplied 
over 10,000 h.p. in motors and over 8000 kw. 
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in generators, besides switchboards and cable. 
In giving us a list of this apparatus, Mr. 
W, J. Maytham, Chief Engineer of the Cow- 
ham Engineering Company, says: 

" We have had excellent results with all the 
apparatus mentioned above, especially con¬ 
sidering the extremely severe use to which it 
has been subjected. As you know, we run 
our mills 24 hours a day and seven days a 
week, and sometimes run a machine weeks 
without stopping. We believe your appara¬ 
tus to be the best obtainable." 

TABLE OF HORSE-POWER, OUTPUT AND SPEED 

(For some of the figfures contained in the following table, we are indebted to Mr. Richard EC Meade's treatise on Portland Cement. ) 

H.P. to 
Drive 

Revs. Per Min. Output in Tons Per Hour 
Type Size Pulley Main 

Shaft 
Hard 
Lime. 

Cmt. 
Roclc 

Marl 
Clay 

Clin¬ 
ker Coal Remarks 

Gyratory Crusher * 
Gyratory Crusher * 
Ball Mill t 
Ball MiUt 
Tube Mill t 
Tube Mill t 
Kominuter t 

6D 
6D 
7 
8 

5'x22' 
5*'x20' 

No. 66 

25-40 
30-60 
30-40 
40-50 
70-80 
80-90 
40-55 

400-450 
400-450 
125 
125 
180 
180 
160-175 

200 
200 
21-23 
21-23 
21-27 
21-27 

20-30 
30-40 

3-5 
4-7 
3-4 
4-6 
5-7 

25-35 
30-50 
4-6 
5-8 
4-6 
5-8 
6-8 

8-12 
10-15 

2*-3 
34-5 
24—3 
3-4 

54-7 
2 

24 

Vertical shaft, horizontal driving 
pulley, output passing 1 in. screen 
Horizontal; fed from crusher or 
kiln, output passing No, 16 mesh 

Horizontal; fed from ball mill, 
95% output passing No. 100 mesh 
Similar to ball mill 

Griffin Mill t 

Griffin Millt 

30" 

36* 

25-28 

30-35 

190-200 

136-150 

190-200 

135-150 

14—' 2-3 2-3 14-2 
Vertical; fed ¥ crush, rock or 
clinker, 95% output passing No. 
100 mesh 

Griffin 3 Roll $ 30* 40 150 150 4-5 5-6 4-6 

Fuller Lebigh Mill X 30-50 210 210 3-3i 34-4 24 Vertical; feed and output same as 
Griffin mill 

Kent Mill t 25-30 180-220 180-220 3-4 34-4 34-4 3-4 Horizontal; feed and output same 
as Griffin mill 

Type Length H.P. 
to Drive Revs. Per Min. Output in Barrels Per Day 

Rotary Kiln § 60 ft. 10-15 1- -3 250 j 
Rotary Kiln § 80 ft. 10-15 1- -3 300 

Rotary Kiln § 100 ft. 15-20 1- -2 450 

Rotary Kiln § 120 ft. 15-25 1- -2 580 

Rotary Kiln § 150 ft. 20-25 740 

Rotary Kiln § 170 ft. 20-30 i-l 860 

* Starts light when empty; overload torque at starting if hopper contains rock, 
t 80 to 100 per cent, overload torque necessary for starting. 
% Starts light. 
§ Starts with SO to 70 per cent, overload torque. 
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GENERAL ELECTRIC APPARATUS SOLD TO DOMESTIC CEMENT 

MANUFACTURERS TO DATE 

Company Class * No. Motors H.P. No. 
Generators Kw. 

iEtna Portland Cement Co., Fenton, Mich. D. 220 5 230 3 230 
Alpha Portland Cement Co., Alpha, N, J. D. 125 2 57 
Alpena Portland Cement Co., Alpena, Mich. D. 117 1 10 2 45 
Atlas Portland Cement Co., Northampton, Pa. D. 500 4 185 1 225 
Blanc Stainless Cement Co., Allentown, Pa. D. 500 1 120 
Bonneville Portland Cement Co., Siegfried, Pa. D. 500 6 127.6 
Buckhore Portland Cement Co., Manheim, W. Va. D. 250 1 25 1 75 
California Portland Cement Co., Colton, Cal. A. 440-50 7 250 
Continental Portland Cement Co., St. Louis, Mo. A. 440-26 13 1625 
Coplay Cement Co., Coplay, Pa., Mill '* B " D. 500 8 485 
Coplay Cement Co., Saylors, Pa., Mill " C " D. 600 7 355 
Dexter Portland Cement Co., Nazareth, Pa. D. 250 9 277.6 3 275 
Edison Portland Cement Co., Stewartsville, N. J. D. 250-500 41 911 4 2580 
Fordwick Cement Co., Ford wick, Va. A. 440-25 1 50 4 1670 
German American Portland Cement Co., La Salle, 111. A. 220-60 34 390 154 
Glens Falls Portland Cement Co., Glens Falls, N. Y. D. 

A. 
115 1 
550-40) 21 892 
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Great Northern Portand Cement Co., Marlborough, Mich. D, 230 75 1190 
Helderberg Cement Co., Howes Cave, N. Y. (Switchboard) A. 440-60 
Hudson Portland Cement Co., Hudson, N. Y, D. 250 3 450 
Illinois Steel Co., S. Chicago, IU. (old " Rookery " plant) D. 250 2 13 
loia Portland Cement Co., Dallas, Texas A. 400-25 2 13 
Lehigh Portland Cement Co., Ormrod, Pa., Mill " A " D. 250 3 255 1 220 
Lehigh Portland Cement Co., Ormrod, Pa., Mill " D " D. 250 3 271 1 250 
Lehigh Portland Cement Co., Mitchell, Ind.. Mill " G " A. 550-40 4 675 1 500 
Lehigh Portland Cement Co., Fogelsville, Pa., Mill " H " A. 550-40 11 885 1 600 
Los Angeles Aqueduct Cement Co., Los Angeles, Cal. A. 440-60 2 1500 
Michigan Alkali Co., Wyandotte, Mich. D. 110 1 40 
Nazareth Cement Co., Nazareth, Pa. A. 550-60 36 1557 3 1000 
Newaygo Portland Cement Co., Newaygo, Mich. A. 440-25 24 625 1 300 
Northwestern States Portland Cement Co., Mason City, la. A. 550-25 80 4105 3 3000 
Pacific Portland Cement Co., Solano Co., Cal. 49 3520 
Peninsula Portland Cement Co., Cement City, Mich. A. 550-25 39 1635 3 . 1425 
Pennsylvania Cement Co., Bath, Pa. D. 250 1 50 
Portland Cement Co. of Utah, Salt Lake City, Utah A. 2080-60 9 753 
Sandusky Portland Cement Co., Bay Bridge, Ohio, Plant No.l D. 220 1 30 
Sandusky Portland C. Co., Syracuse, Ind. Plant No. 2. A. 440-25 2 20 
Sandusky Portland Cement Co., Dixon, III., Plant No. 3, A. 440-25 84 3500 
San Juan, Portland Cement Co., Chittenden, Cal. A. 550-60 45 3280 
Southern California Portland Cement Co., Crestmore, Cal. A. 440-50 48 2610 
Southern States Portland Cement Co., Rockmart, Ga. i A. 550-25 45 1850 2 1360 
J. B. Speed, Louisville, Ky. 1 D. 220 1 45 
Superior Portland C. Co., Seattle, Wash. (3-375 Kw. trans.) ! A. 440-60 4 1250 
U. S. Cement Co., Bedford, Ind. ! A. 440-25 4 120 2 1800 
U. S. Portland Cement Co., Florence, Col. A. 440-30 19 482 
Universal Portland C. Co., Buffington, Ind., Plant No, 4, A. 440-25 140 5740 
Universal Portland C. Co., Pittsburg, Pa., Plant No. 5. A. 440-25 108 3533 
Western States Portland Cement Co., Independence, Kan. A. 550-25 58 2750 3 2600 
York Portland Cement Co., Portsmouth, Ohio A. 440-60 31 1315 1 500 

" * Under the heading " Class," the symbols have the following meanings: 
t>—Direct Current. A—Alternating Current. 3-Phase. 
First Number—Voltage. Second Number—Frequency. 

GENERAL ELECTRIC COMPANY PRINCIPAL OFFICES, SCHENECTADY, N. Y. 


















