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AliTBOlUZATlOI 
l. This test was authorized ey reference (a) and other references 

perUnent to tbis problem are listed as ref'erenceu (b), (c), and (d). 

Reterencea (a) BuEng.ltr. S62-2/L5(l0-l0-Ds) of 12 October 19.36 and 
s62-2/L5{l2-17-Ds) of l8 December 1936. 

(b) Specifications SGS(7l)-119a.;.. Trouble lodicEitora for 
Selt-s,nchroDOUB Motors and Generators - of 15 Jw., 
1936. 

(c) BuOrd. Specifications o.s. No. 671 - STDchro ?ranamisslon 
Systems - ct 14 September 1933. · 

(d) General Electric Co. Drawing W-4979985 - Blown Fuse 
Transformer. · 

OBJECT OF 1'FSl' 

2. Tbe object of tbis test wau to detenaine the conformance of 
the subject µ-anBformera with the specifications, references (b) and (c), 
r.nd their atdtabllity for Naval uue. 

ABSTRACT OF TF.ST 

J. The subject transfol'IDers were set up at this Laboratory in 
suitable test circuits and their perforll8Dce earefulq checked for 
coru'ormance with the specifications. The test was concluded with an 
inspection of the transformers to determine their conformance in the 
matter or ma terie.ls end workmanahip. 
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OOBCLUSIONS 

(a) Under the accuracy teat, occasional errors appear to exceed 
by three minutes the allowable 3-minute increase in error with the 
transformer in the circuit. An allowance should be mnde, however, for 
the human error in setting the generator dial and reading the vernier of 
the motor dial. These errors are estimated to be ± J minutes. 

(b) The results of the test for displacement necessary to 
operate the indicator lamp are not within the required 15 to 18 degrees. 
Ttro or three degrees Jll'W3t be added to the values given in order to produce 
n perceptible glow as defined by the specifications. 

(c) The results of the measurements of reduction in torque gradient 
are within the limits allowed by the specifications. 

(d) The coefficient of stiffness of coupling was reduced less than 
the allowed 10 per cent by the insertion or a. transformer in a Synchro 
circuit. 

(e) The temperature rises of both types of transformers are 
within the limits allowed. 

(r) The potentials across the indicator lamp of the blown fuse 
transformer were within the specified tolerances. 

(g) Both types of transformers were satisfactory tm.der the 
required dielectric and insulntion resietance tests. 

(h) Under inspection the follo•ing features were noted as being 
objectionable& 

(l) In the overload tra.ns£ormer, the lead wires· are too 
short, resulting in their breaking off where soldered 
to terminals. The construction of the internal 
brackets should be improved as they now require the 
use of nuts which have been filed to fit. In addition, 
provision should be made to prevent the terminals from 
turningo . 

(2) Ir the present cype of cc.se construction is retained 
for the overload transformer, the lineit . .tor the box 
should be of a more moisture-reBistant material. 

(3) Provision should be m&.de to prevent the terminals from 
turning when ma.king line connections to the blown fuse 
transformero . 

(4) The paper insulator u.sed in the end bells of the blown 
fuse transformer should be replaced with a non-eygroscopic 
material. 
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(5) The projecting corners of the nameplate on the blonn 
fuse transformer uhould be romded to prevent injury 
to personnel. 

(6) Neither of the transformer cases is hermetically 
sealed as required by tbe specifications. 
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REOOW4ENDATIONS 

(a) It is recommendod that both typei:. of transformers be approved 
for Naval. use subject to correction of the deficiencies noted herein. 
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DESCRIPTION OF MATERIAL UNDER TEST 

4. The overloed transforiaer consists of two prim.art windings 
and a tapped secondary winding on a laminated core. One primary is 
connected to terminals M2-T2, the other to terminals Ill-Tl, across 
which are also connected a fixed resistor of 2.25 ohms. The st&rt of 
tbe secondar;y is connected to Ll, but L2 is a dead terminal which ~e1 
be connected to any one of the five taps. 

5. The terminals are motmted on a phenolic block v1hich forms one 
end of the case. The tr6Ilaformer is built into a pressed metal case. 

6. - The purpose of this transformer 1~ to operate a VG-2 indicator 
lamp when the displacement between a Synchro motor and its generator 
exceeds the specified number of degrees. The secondary is tapped to 
allow for the installation of the transformers in the circuits of Synchro 
motors of various ratings. 

7o One or the four sample transformers submitted is shown by 
Plate 10. 

METHOD OF TEST ON OVERLOAD TRANSFORME.tIB 

Gepffll Set-up. 
8. Tbe method empl01ea in conducting all. teats on the overload 

transformers was to set up a circuit whereby either one or the 88Jlple 
transformers could be connected in the rotor circuit (Rl and RJ) between 
a S711chro motor and generator. Thtlt is, primary winding Kl-Tl was 
connected in ciroui t Rl and primary winding .112-T:2 in circuit RJ. A 
eelected VG-2 lamp, consuming a current ~r 0.00165 amperes at ll5 volts, 
a.c., 60 cycles, was connected across the tnpped eecond&ry. The trans­
formers were placed in a temperature-controlled cabinet having a 
temperature of 54°c. Extension lead wires were provided for accurate 
measurement of temperature rise o.f the windings by the resistt.nce method. 

Accuracy Tggt 

9. This test was accomplished wi tb the use of two test stands, 
each holdiDg a Synchro motor or gener~tor. A dial graduated in degrees 
from Oto 360 nnd a vernier gradunted to permit readings of .3 minutes, were 
used w1 th each stand. Both Synchroa Y18re first set on electrical zero, 
e.f'ter which the generator was slowq rotated in steps of 10 degrees and 
the errors in the positions ot the motor dial were recorded. This test was 
mnde without ~nd with the transformers in the circuit, end in both clock­
wiae and counter-clockwise directions. The test equipment, as assembled 
for this test, is shown by Plate 9. · 

Displacement Test 

lOo With the S8llle equipment used in the accuracy test, the Syncbro 
generator di&l waf,I locked at zero ,µid tho motor dial was dis;,laced until 
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a point was reached where the trouble indicntor lllllp begllll to glow. This 
procedure was repeated in steps or 10 degrees in both clockwise and counter­
clockwise directions without and with the transformers in the circuit. 

Torque Test 

llo For this test the motor dial was replaced with a balanced 
pointer and .)VO drum, around which was passed a silk thread from which 
a container for holding shot wns suspended. With the generator locked as 
before, the weight wa3 slowq varied until the pointer waa displaced one 
degree. This was continued until the pointer bed been displaced 10 
degrees in steps of one degree, after which the shot was •eighed nnd the 
torque computed in inch-ounces. This pro~edure was repeated in both 
clockwise and counter-clockwise directions without and with the trans­
formers in the circuit. 

Stiffness Teg~ 

12. For this test the motor waa fitted with an aluminum dial .3V5 
in diameter and 0V015 in thickness. Ii th the system energized tho 
geuerntor was set to .36 degrees. the system was then deenergized and 
the generator was returned to zero and locked~ leaving the aotor displaced 
.36 degreeso AD oscillOil"&Ph was then connected across leads Rl and" 
and the circuit was closed, causing the motor dial to return to zero 
after several oscillations •. The oscillograph was equipped with a film 
drive and a 60 cycle wave was used for timing. The oscllloerams obtained 
were used 1n computing coefficient of stiffness of coupling without and 
with a sample transformer connected in the circuit. 

temperature Rise 

13. The transformers were re.1110ved from the &,nch.ro circuits and 
set up in an equivalent circul t simulating a condi Uon where a motor was 
displaced 180 degrees in relation to the generator. The current passed 
through the windings was the sru:ie value as was obtained ldth the motor 
and generator used on the previous tests. The resistance method was 
used for obtaining the rises at an ambient temperature of 54°0. 

METHOD OF TEST ON BLOWN FUSE 'l'RAHSFOIWERS 

l4o The procedure in this test was to set up a circuit s:1 mu) a ting 
actual installation where the primary of the transformer would be connected 
to the load side of two fuses, and the secondaey, nth a VG-2 lellp in 
series, connected across the line side. The potential across the indicator 
lamp was measured with a vaCUUJ11 tube vol tmete:r under the several cood1 tlons 
ot over and under voltage and frequency, and ri th the fuse a in and out. 

150 1'b& temperature rise of the transformers was determined qy the 
resiatnnce methods b,y placing ihem in a temperature controlled cabinet 
having a temperature of 540co The transformers were connected in the 
same circuits which were supplied with rated voltage and frequency. 
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l6o The usual dielectric and insulation tests followed by an 
inspection of the construction, worlmanehip, and materials, concluded 
the test. 

17. The blown fuse transformer is desibned to operate a VG-2 
indicator lamp when either or both fuses in a circuit blow. It consists 
ot a primary winding and a secondaey winding, raUo ltl, aounted on a 
laminated core. The pressed case construction and nameplate and 
terminals are ahown by Plate 10. 

18. Four terminals a.'"8 provldedJ two priaaey terminala tor 
ccmieetion across the load side ot the fuses, bat with the indicator 
lamp in aeries, and two secondary terminals for connection across the 
line. 

19. Unless otherwise noted, all tests reported herein were mde 
at the rated voltage of 115 volts, a . c., 60 eycles. 

RESULTS OF TEST 

Overload Transform~rs 

200 The maximum increase in the error as determined during t.be 
accuracy test was six minutes when the generator was rotated clockwise 
and six minutes when rotated counter-clockwise. The error of six 
minutes occurred in several instances. The results of this test 
sre given in l'ablee 4 and 5, ancl curves, Platea 4 and 5. 

21.o The maximum Md minimum displacements required to operate 
the indicator lamp, using Noo 5 tnp on transformers 1, 3 o.nd 4, are 
88 f'oll01183 

Displacement required to operatg lWID 
Transformer 

Noo 
Maximum Minimum 

Clockwise Counter-C1ockwiae Clockwise Counter-Clockwise 

l 
.3 
4 

18° 48' 
20 6 
18 Sl 

18° 51' 
19 42 
18 45 

14° 51' 
17 ) 
16 9 

14° JO' 
16 o. 
15 15 

Notei These values are the points where the lamp tirst started to 
glow and the intensity of tbe illumination was very lo•• In 
order to produce a useful indication it was necessary to 
increase the displacements by two or three degrees. This 
applies to all the results given for displacement tests in 
Te.bl.es l, 2, and 3, nod curves, Plates 1, 2, and J. The 
apecificaUons require that the lamp shall not glow at 
15 degrees but shall glow at 18 degrees with sufficient 
brilliancy to be seen from a distance of 6 feet in a field 
of JO-toot cnndleeo 
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22. The results obtained from tests of reduction in lncilcutor 
motor torque gro.dient resulUng from the ini;lertion of t.be t.ra.n~formors 
in the circuit are ~s followsi 

Reduction in Torque Gredient 

Transformer No. l - 2.1% CW 
Transformer No. 3 - l. 91% CVI 
Tre.nsfomer Noe 4 - 1.82% Cf/ 

4.2% CC\'/ 
l.94% CCPi 
2.09% CCIV 

Hote: These values are ;vi thin the 5% allowed by the 
specifications. 

2J. The oscillogr8lll8 given as Plates 11 and 12 were obtained 
without nnd ri th llo. J transformer in the circuit. From these, a stiff­
ness coefficient of 130.7 ns obtained without the transformer in the 
Synchro circuit end a coefficient of 123.45 ri tb the tr&nsformer in the 
circuit. A complete description of this test and calculations are given 
in pare.graphs 102 to 107, inclusive, of Ordnance speciticstions No. 671. 
Tbe reduction ot the stiffness ot coupling is 5.54% and is within the 
allowable 10 per cent. 

24., The maximum temperature rise of arr:, winding in the overload 
transformer was ?.6°c. above an ambient or 54.4°0. The allowable rise is 
4/+oJ.oC., 

Blog Fuse transtorme,;:s 

25. The potential across tbe indicator lamp associated with the 
blown fuae transformer under the various conditiooB of over &nd under 
voltage 6.lld frequency U ·_given 1n Table 9. Tb.is table also givoa the 
valueo obtainod during the temperature rise teats. 

260 Both Q'PGB of tranaforaera withstood the required dielectric 
test. 1500 volts, a.o., 60 cycles. Following this, the insulation 
resistance in each cnse was 100 megobaa by ,500 volt aegger. The minillum 
allowable isl cegoba. 



CONCLUSIONS 

270 Under the accuracy test, occasional errors appear to exceed 
by three minutes the allowable )-minute increase in error with the 
transformer in the circuit. An allowance should be made., ho•ever, for 
the human error 1n setting the generator dial end reading the vernier 
of the motor dial. These errors are estimated to be± 3 minutes. 

28. The results of the test for displacement neceusary . to 
operate the indicator lamp are not within the required 15 to 18 degrees. 
Two or three degrees must be added to the values given 1n order to 
produce a perceptible glow as defined by the specificationa. 

29. The results of the measurements of reduction 1n torque 
gradient are within the 11m.ts allowed by the specifications. 

30. The coefficient of stiffness or coupling was reduced less 
than the allowed 10 per cent by the inserti'on of a transformer in · 
a Synchro circuit. 

31. The temperature rises of both types of trans.formers are 
w1 thin the l1JPi ts e.llowed. · 

32. The potentials across the indicator lamp ot the blown fuse 
transformers were within the specified tolerances. 

33. Both types of transformers were satisfactor, under the 
required dielectric and insulation resistance tests. 

J4o Under inspection, the following features were noted as being 
obJectiooablea 

(a) In the overload transformer, the lead wiree are too short, 
resulting 1D their ~ealdng otr where soldered to terminala. 
·The construction of the internal brackets should be improved 
as they now require the use 0£ nuts which have been !'Ued 
to tito In addition, provision should be made to prevent · 
the terminals .from turning. 

(b) lf the preoent type of case conatruction 1B retained for 
the overload transformer, the llnv-f'or tbe box should be 
of a more moisture-resistant material. 

(c) Provision should be made to prevent the terminals froa 
turning when making line conne~Uo~s to the blown t\tB8 
transformer. 

(d) The paper insulator used in the end bells of the blow fuse 
transformer should be replaced with a non-1:\Ygroscopic 
msterialo 
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(e) The projecting corners of the nameplate on the blowD fuse 
trnnaf ormer should be r ounded to prevent injU17 to 
personnelo 

(f) lei tber of the trans.former cases is hermetic~ sealed as 
required by the specifications. 
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table l 

Ho. l Overload Transformer 
Motor Displacement to 'Light Lamp 

~tor 
Setting 
in Degrees 

Tai? 2 from Elect. Ta2 l Ta2 ,l Ta2' Ta2 ~ 
Ztro-(CW) CQfi QVi CC( cw - QQ[i CJi QQrt ~l'i QCV7 _C'II 

10 .32°- O' 26°-57' 26°-51 9 ' 2.3°-271 22°-JO' 20°-15' 18°-511 l?°-511 15°-571 15°-21• 
20 :;2 .30 26 9 26 3 22 51 21 .3.3 19 45 18 0 17 9 15 21 15 9 
)() 28 12 25 51 24 3 22 JO 20 18 19 15 17 24 17 .3 15 24 14 51 
40 26 57 27 6 2.3 15 2.3 27 19 51 20 9 17 6 17 24 14 57 1, 15 
50 26 15 28 21 2) .3 24 ' 19 15 ·20 30 16 48 17 54 14 39 1, .30 
60 25 51 30 15 22 .33 25 51 19 36 21 ,1 16 51 18 51 14 45 16 15 
10 26 45 32 6 22 57 2!'1•30 19 48 · 2.3 ,0 17 12 20 12 14 51 17 21 
80 27 15 .33 18 2.3 45 28 51 .20 24 24 '2!'1 17 54 21 9 15 30 18 18 
90 28 9 .3) 39 25 30 29 12 21 57 25 15 19 6 2l 45 16 .30 l8 45 

100 31 3 34 15 26 51 29 18 2.3 6 25 9 20 0 21 JO 17 6 18 '8 
110 )2 18 34 6 ZS 9 29 51· 24 12 2S 30 20 54 21 51 18 0 18 45 
120 33 24 32 48 29 3 28 48 25 .3 24 ~ 21 .39 21 JO l8 )9 18 .30 
1.30 3.3 6 31 54 29 0 27 51 25 0 23 51 21 45 20 24 18 39 17 .39 
140 34 12 .31 12 29 45 27 12 25 .36 23 18 21 30 20 12 18 12 17 21 
150 .32 51 .31 36 28 .3 26 57 ::.3 48 22 54 20 6 19 36 17 6 16 51 
160 .32 0 33 0 27 39 27 45 2.3 12 2J 12 19 45 19 45 16 54 16 51 
110 31 0 31 12 26 45 27 15 22 18 23 16 19 0 19 54 16 9 16 51 
180 ,30 51 28 51 26 12 25 6 22 9 21 27 19 :, 18 45 16 3 16 6 
190 ;l JO 27 12 27 3 23 54 22 18 20 45 18 48 18 9 15 54 1, 51 
200 32 15 26 15 26 9 22 57 21 12 19 57 18 3 17 21 15 lS 15 18 
210 28 30 26 15 24 9 22 57 20 .30 19 48 17 39 17 12 15 15 15 6 
220 2.6 45 Z7 15 22 51 23 30 19 45 20 15 17 0 17 45 14 45 15 30 
2:30 25 45 'Z'1 57 22 12 24 12 19 6 20 45 16 4'2 18 .3 14 .30 15 JO 



Table l (C9n\inued) 

Qenentor, 
Setting 
in Degrees 
from Elect. TaJ2 1 TaR 2 Ta:2 l TaR '- Ta2 ~ 
Zaro-{CW} ccw cw CCVI CJ! ccn cw QQN Qrl ccw cw 

240 25°-361 30°-15• 22°-15• 25°-42~ 19°- 91 22°- 01 16°-.361 190_ JI .14°-30' 16°-u.• 
250 26 6 J2 6 22 45 27 JO 19 21 2.3 42 16 51 20 15 14 42 17 30 
260 26 54 33 3 23 30 28 30 20 15 24 30 17 45 :20 57 15 30 18 6 
270 28 51 33 21 25 9 29 9 2l 48 25 .3 18 48 21 54 16 9 18 51 
280 JO 48 JJ 51 26 30 29 12 22 57 ,24 56 19 51 2l 48 17 0 18 48 
290 32 0 34 6 27 57 29 54 24 6 25 JO 20 45 21 54 17 51 

18 '' JOO JJ 15 32 54 28 51 28 45 25 0 24 51 21 45 21 JO 18 30 18 JO 
.310 33 JO 32 0 29 9 27 45 25 .9 2:3 54 21 54 20 .30 18 51 17 45 
320 34 2t 31 30 JO 6 27 18 25 21 24 .36 21 30 20 18 18 15 ½Z 30 330 33 Jl JO 28 9 27 ,g 23 51 22 5~ 20 15 19 ~ 17 6 51 
340 32 6 .3.3 0 27 36 27 23 24 23 20 0 19 17 16 51 
350 Jl J 31 .3 26 JO 27 9 22 JO 23 9 19 6 19 JO 16 9 16 51 
360 30 54 28 JO 26 JO 24 54 2l 15 2l 2.4 19 0 18 JO 16 9 16 J 



i.fble 2 

Hoo 3 Overload Tranerormer 
Motor Displacement to Light Lamp 

Genentoi-
Setting 
in Degreee 
from Electo Ta2 1 Ta~ 2 Ta2 J :tal! I. Ta2 ~ 

Zero ccw cw ccw Qfi ccw cw ccw cw ccw CJ[ 

10 .35°-30' .31°- 6• .300 .. .300 27"- o• 24°-54' 2.3°- 9' 20°-45' 2r:P- 9' l?°-181 l?°-36 1 

20 37 48 30 21 .31 9 26 9 25 .3 22 21 20 .33 19 33 17 6 17 6 
.30 34 12 30 33 28 6 26 CJ 23 30 22 18 19 57 19 18 17 6 16 54 
,.0 31 39 31 30 26 42 2'1 0 22 15 23 0 19 6 19 51 16 .39 17 12 
50 30 6 32 54 25 39 ~ 4, 21 48 23 JO l8 51 20 15 16 15 17 30 
"60 29 J6 35 12 25 18 29 30 21 15 24 54 18 51 21 6 16 9 18 9 
"10 30 9 )6 'Z7 26 6 .31. CJ 22 9 26 2'1 19 9 22 .30 l.6 36 19 18 
80 31 3 37 3 26 45 31 51 22 54 27 .3 19 54 23 3 17 12 19 45 
90 .)2 54 .36 48 28 21 31 45 24 .30 'Z7 9 21 3 23 21 18 12 20 0 

100 35 6 37 6 30 .3 .31 2'1 25 36 26 )0 21 57 23 0 18 45 19 45 
110 36 6 .36 57 30 1.8 32 12 26 15 27 15 22 15 23 9 19 15 19 30 
120 36 15 37 0 .31 0 32 ., 26 )6 Z7 21 22 45 23 12 19 30 19 48 
130 36 39 .35 12 .31 .30 30 1, 27 0 2, 48 2.3 0 21 51 19 42 18 30 
140 37 17 .34 56 .32 0 29 54 'Z7 9 25 9 22 51 20 30 19 9 18 2'1 
150 36 36 35 45 30 .36 29 48 25 51 25 6 21 36 20 54 18 6 18 0 
160 .38 21 35 15 Jl 15 30 3 25 12 25 30 21 15 21 12 18 0 18 9 
170 .34 51 35 51 29 30 JO 57 24 39 26 6 20 45 21 51 17 33 18 12 
180 34 18 32 54 29 0 28 12 24 JO 24 1~ 20 48 20 54 17 30 17 51 
190 .35 12 31 0 30 3 26 54 24 54 2.3 12 20 45 20 0 17 12 17 18 
200 37 39 JO 12 Jl 6 26 l2 24 45 22 39 20 12 19 JO 16 51 17 3 
210 34 0 30 39 27 48 26 6 2.3 6 22 12 19 45 19 15 l6 54 16 45 
220 Jl 9 .31 21 26 12 26 57 22 12 22 54 19 6 19 54 l6 30 17 12 
2.30 29 45 32 54 25 33 28 3 21 .39 23 .30 18 30 20 18 ~ 0 17 .30 



Table 2 (Continued) 

Beaeratot' 
Setting 
in Degrees 
from Electo Ta:Q l l'.a:12 i TaR ,l Ia12, Ia:12 ~ 

.ZElro cow cw ccr, cw ccw cw CCJi ~-~- _ cw _ _CCW -~ CW 

2.40 29°-51' 35°- 45' 250-J6t 30°- O' 21.0 -45' 25°- .3' 18°- 51' 21.0- 24• 16°-12• 180_23., 
250 30 6 .36 .38 26 3 31 9 22 6 26 21 19 0 22 30 16 J6 19 21 
260 31 0 37 0 26 45 31 30 22 48 26 54 19 45 23 9 17 3 19 51 
270 33 0 36 .30 28 45 31 5i 24 15 27 15 21 9 2.3 12 18 6 20 6 
280 35 3 37 3 30 3 31 24 25 .36 26 48 21 51 23 3 18 45 19 54 
290 36 6 36 51 .30 51 32 .3 26 36 'n 18 22 48 23 15 19 18 19 51 
300 37 J 35 30 ,31 45 30 48 26 51 26 15 2.3 3 22 45 19 .39 19 .30 
310 .36 51 35 9 31 45 30 6 26 54 25 .30 2.3 3 21 54 19 45 18 .30 
320 37 9 .34 12 .31 57 29 18 26 57 24 54 22 45 21 15 19 0 18 9 
3.30 36 0 3$ 9 30 39 29 30 25 39 24 J.8 21 36 21 0 18 3 1'1 56 
.340 .35 12 37 45 28 54 .30 48 25 9 25 9 21 15 21 6 18 3 17 51 
350 .34 .35 35 30 29 15 .30 54 24 21 26 0 20 45 21 24 17 U 17 54 
J60 34 9 32 54 29 0 28 12 24 30 24 .3 20 24 20 .39 17 18 17 45 



Table 3 

Hoo 4 Overload Transformer 
Motor Displacement to Light Lamp 

a..wtw 
Setting 
in Degrees 
from Electo Ta21 Ia:e 2 Tai? J IaR !.t. Ta:Q ~ 

Z~r.Qo __ _QC_W ___ CW .CQl'l QW ccw cw ccw cw ocw --- -c, 
10 .32°-30' 28°-30' 27°-120 24°-579 22°-42' 21,0_24, 19°-31 l.8°-48' 16°-9' 16°-15• 
20 33 42 'Z'1 48 · 27 3 24 12 2.2 3 21· 3 l8 30 18 )0 15 45 16 15 
.30 29 45 27 30 25 3 2,3 57 21 9 20 51 18 12 l8 9 16 0 15 51 
40 28 9 28 42 24 ·6 24 54 20 45 · 21 .30 17 57 18 48 15 45 16 15 
50 27 6 29 30 23 JO 25 27 20 9 22 3 17 .39 19 6 15 15 16 30 
60 27 6 .31 54 2J 45 27 ' 18 20 J6 .2.3 12 17 51 20 0 15 .30 17 18 
70 27 51 J) 9 24 6 27 48 20 51 24 30 l8 6 21 9 15 45 l8 12 
80 28 33 33 54 24 51 29 21 21 30 25 6 lS 48 21 48 16 9 18 42 
90 30 30 .33 48 26 JO 29· JO 22 57 25 30 19 57 2.2 0 17 9 19 0 

100 .31 57 3.3 JO 28 36 29 6 2.3 45 25 .3 20 JO 21 45 17 45 18 51 
110 32 54 .34 0 28 36 29 39 24 42 25 21 21 9 21 JO 18 9 18 45 
120 .33 45 32 51 29 6 28 30 25 J 24 .30 21 36 21 18. 18 45 18 30 
130 .33 48 32 0 29 6 27 57 25 .3 2.3 48 21 .30 20 24 18 36 17 JO 
140 .34 9 )1 JO 29 54 27 24 25 15 2.3 30 21 30 . 20 12 18 .30 17 21 
150 .32 51 31 54 28 .3 27 15 2,3 51 2.3 9 20 6 19 48 17 0 17 0 
160 32 0 3.3 39 27 36 28 0 23 21 23 15 20 0 19 54 17 0 17 6 
170 32 9 31 .9 26 15 28 6 22 36 23 45 19 9 19 57 16 9 17 0 
180 30 54 29 54 26 JO 25 54 22 6 2.2 15 19 0 19 12 16 6 16 .30 
190 .32 9 28 .30 27 15 25 .3 2.2 48 21 45 19 0 18 54 16 6 16 )0 
200 32 54 27 30 26 45 24 3 22 · 0 20 57 18 12 18 21 15 45 16 9 
210 29 JO 27 45 24 54 24 6 21 9 20 • 18 6 18 9 15 45 15 54 
220 28 15 28 30 24 9 24 54 20 51 21 30 17 51 18 .39 15 24 16 12 
230 Zl J 29 45 23 15 24 45 20 0 21 54 17 .33 18 54 15 16 16 30 
240 27 0 31 51 23 30 'Z'I 21 20 9 2.3 6 17 ,5 20 6 15 18 17 15 



Iable l (Continued} 

0.-rato~ 
Setting 
in Degrees 
from Electo Ta:e l Ia~ 2 Ta:e ,'.2 Tae /.. TaQ ~ 

Zero_~ cow cw ccw cw cow C! CCij cw OOW cw 

250 2?°-458 33°- 9' 2.40_ 3' 28°-45' _20°-48• 24°-30• l.T'-57' 21°-12• 15°-36' 18°-12• ., 28 18 34 0 24 54 29 24 21 .3.3 25 9 18 42 21 JO 16 6 l8 48 
2'10 30 9 .33 51 26 33 ;29 27 22 54 25 21 19 48 22 0 17 J 19 0 
280 .31 51 33 % 27 51 29 0 ;23 45 25 54 20 30 21 .30 17 36 18 45 
290 J.3 0 .33 54 28 36 29 . JO 24 .3.3 25 12: 21 0 21 .30 18 0 18 21 
)00 ).3 36 32 1+5 29 9 28 6 24 54 24 30 21 )6 21 l.2 18 36 18 21 
310 .3.3 15 .32 0 28 54 27 .36 24 51 2.3 30 21 30 20 12 18 Jg 17 21 
320 34 6 ll 18 29 42 27 12 2.3 21 2.3 18 21 .3.3 19 51 18 u 12 
330 .32 45 31 48 28 0 27 0 2.3 .)9 22 51 20 6 19 JO 17 3 51 

;340 .32 0 .3.3 12 27 45 27 56 23 .39 23 15 20 0 19 .30 17 0 16 54 
'.350 31 6 32 15 26 .39 2B ·o 22 ·e 23 31 19 3 19 30 16 6 16 54 

:360 Jl 9 29 ,o 26 30 25 45 22 15 21 57 19 6 19 6 16 15 16 18 



Table 4 

Accuracy Test 
With and Without Numbers 1,) and 4 Tr~nsformers 

(Cij Rotution - Slip Ring End} 

Getamator 
Setting 
in Degrees Error in Error with Error with Error with 
from Electo :.lotor Rea.ding, Bo.l Noo4 Noo3 

Zero No Transformer Ifp,neformer Tr~oaforuier Tr.s.a3former 

:u, •t·· -3· -6' -.3' 
20 +3 -.3 0 

30 0 0 0 0 

40 -3 -3 -6 -9 
50 0 0 0 .[. 
60 0 0 -.3 0 
70 +3 0 0 - 3 
80 ~ +6 +.3 +J 
90 +9 +9 +6 +6 

100 0 0 +3 0 
llO +9 +12 +9 +6 
120 +6 +3 +9 +6 
]JO +3 +3 +6 +3 
140 +3 +3 +3 +3 
150 +.3 +6 +J +6 
160 +J 0 0 -3 
170 +.3 +6 +6 +9 
180 0 0 0 -3 
190 -6 - .3 -6 -3 
200 -3 +3 +3 +.3 
210 0 0 -3 0 

220 0 0 -3 -J 
230 +9 +6 +6 +9 
u.o +.3 +6 +6 +J 

250 0 +3 0 +3 
260 +6 +6 +6 +9 
270 +3 0 0 +3 
280 0 0 0 +3 
290 +3 +6 +9 +6 
300 +J +3 +6 +J 
310 -6 -6 -6 -6 
.320 -J -3 0 -J 
:no -6 -6 -6 -6 
.340 -9 -9 -9 -9 
350 -6 -6 -9 -6 
360 -6 -6 -6 -6 



table 5 

Accuracy Test 
171 th c.nd rll thout Numbers 1, J and 4 1'r&ns!ormers 

(CCW Rotation - Slip Ring End) 

Generator 
Setting 
1n Degrees Error in Error with Error with Error with 
from Electo llotor Readin6, No.l Noo4 liooJ 

Zero l,o Tre.nsf'ort1Cr Trpnsf'o;nnet t,ansformer ifanai'ormer 

10 -18' -21' ·-18• -18• 
20 -18 - -18 -18 - -18-
30 -21 -21 -24 -24 
/J) -24 -21 -24 -24 
50 -21 -24 -21 -21 
60 -27 -24 -18 -21 
70 -24 -21 -24 -Z'I 
80 -Zl -24 -71 -'2!1 
90 -24 -Z'I -Zl -30 

100 -'2!1 -Z'I -30 -30 
ll0 -27 -JO -24 -27 
120 -.30 -JO -30 -30 
1.30 -.30 -30 -.30 -'Z'I 
140 -24 -21 -24 -24 
150 -24 -24 -21 .;.21 
160 -21 -21 -24 -21 
1'70 ~18 -1.5 -15 -15 
180 - 21 -21 -21 -21 
190 -21 -21 -21 -21 
200 -21 - 21 -21 -18 
210 -21 -21 -21 -21 
220 -27 -30 -27 -27 
2.30 -24 -21 -21 -21 
2.40 -24 -21 -24 -24 
250 -30 -.30 -.30 -30 
260 -27 -27 -30 -30 
270 -24 -24 -24 -'Zl 
280 -24 -24 -27 -27 
290 -21 -l.8 -18 -21 
300 -21 -21 -21 -21 
310 -21 -24 -24 -24 
320 -18 -15 -18 -18 
330 -15 -18 -15 -18 
311) -lS -18 -12 -15 
350 -15 -12 -12 -12 
360 -18 -18 -18 -18 



Tablo 6 

torque Tests 
With snd Without No. l Transformer 

No Tran6former With !£ansformtr 
Generr:.tor Weight to Weight to 
Displacement Return Return 

in Ltotor to l'leigbt Inch 0Z8o ilotor to Weight in lneh Ozso 
Degrees Zero-Glas. iJ! Oas, Oz.xl.5__ ~o-Gmso O\mces Ozs.x lo5 

Generator displaced - CW (from slip ring end) 

l 6.84 .2414 .3621 6 .. 59 .2322 3.,483 
2 l.3.85 0 4884 .7326 13°57 .4785 .7177 
3 20.90 .7376 1.1064 19.98 .7052 1.058 
4 27,.53 .97«, 1.456 27.46 .. 9694 1.454 
5 34.68 1.22) 1.8)4 33.65 1.188 l . 782 
6 41.57 1.~ 2.199 40.56 1.432 2.148 
7 49.05 1.73 2.595 47.77 l.685 2.5n 
8 55 • .1.2 1.954 2.931 54.99 1.94 2.91 
9 62.61 2.208 3.312 61.35 2.162 3.243 

10 70.18 2.475 3.712 68.80 2.426 J.639 

Generator displaced - CCW (from alip ring end) 

l 7.24 .255 .3825 6.82 .2406 .3609 
2 14.25 .5025 .7537 14.15 .4W6 07494 
3 a.co 07404 l.ll06 21.os o?l+J+J+ l.ll66 
4 28.ll .992 1.,488 Z"/067 .m 1.465 
5 .35.00 1.234 1.85]. 34.61 lo222 l.8.33 
6 41.96 lo48 2.22 41.25 1.455 2.182 
7 49.02 1.7.3 2.595 48°24 1.702 2 .. 553 
8 55.94 1.972 2.958 54.85 1.934 2.901 
9 6Jo28 2o2.3 3.345 60053 20138 30207 

10 70052 2.o/..9 3.735 67.83 2o.392 )0588 



table 7 

Torque Teets 
;ith and Without No. 3 Trruisformer in Circuit 

No Trantlformer With Ttnnsformer 
Generctor Weight to Weight to 
Displace- Return Retuni 
ment in Motor to Weight Inch Ozeo Motor to Weieht Inch Ozso 
Degrees eero-Gmso in Oza. Ozs.x 102 Zero-Gmso in Oza. Ozs.x 1.5 

Gener&tor displaced CW {from slip ring end) 

l 6084 .241 .3615 6 • .41 .226 .339 
2 l.3o50 .476 .714 13.09 .462 .693 
3 21.09 .744 l.ll6 :20.02 .7<Yl5 1.061 
4 Zlo/lJ 0968 1.452 26050 .935 1.403 
5 34022 1.207 1.810 33.60 1.185 1.778 
6 41.24 1.4~4 .2.18l 40.31 1.42 2.13 
7 47.97 lo692 2.538 47.70 1.682 2.523 
8 54.96 1.937 2.906 54.20 1.91 2.86 
9 62046 2.202 3.:,03 61.25 2.16 3.24 

10 69.12 2.442 3.66) 67.54 2.381 .3.571 

Generator displaced CCW (from slip ring end) 

l 7o67 0270 .405 7o50 02645 30967 
2 14.44 0509 .764 1.3.8.3 0488 1>7.32 
3 2lo~6 0757 1.1.35 20.68 .729 lo094 
4 Z7o92 .984 10476 Z1ol6 0958 l . ,D7 
5 35090 ·10266 10899 34000 1.198 1.797 
6 42.19 l.488 2.232 40078 1 •. 4.37 2.156 
7 48071 1.718 2.577 47.90 10688 2.5.32 
8 55036 lo952 20928 54.74 1.9.31 2.896 
9 62.Jl 2ol97 3.296 61.05 ;2.1.55 J.2J2 

10 68075 20425 3.338 68009 2.404 30606 



Table 8 

Torque Tests 
With and Without No. 4 Transformer 1n Circuit 

Without Transformer With Trsn~tormer 
Generator Vieight to Weie:;ht to 
Displace- Return Return 
ment in Motor to Weight Inch Oza. Motor to Weight Inch Oza. 
Degreee ~ero-Gme, 1p Ozs1 ozp.x 1., Zero-Oms. in Oza. Oza.x l,5 

Generator displaced CW (from alip ri~g end) 

1 7.40 o26J. . 3915 6.61 .233 .3495 
2 14.29 • .504 .756 13.24 .467 .7005 
3 21.16 .7/J, 1.109 19,80 .6985 .71.S 
4 28014 .993 1.489 2:1.40 . 967 1..45 
5 35.21 1.242 1 .863 .3.3.89 1.195 1.792 
6 /+2.o'Z'/ 1.49 2.24 41.57 1.469 2.204 
7 49052 1.75 2.625 48.,48 1.708 2.562 
8 55.13 1.94 2.91 54.71 1.932 2.898 
9 62.92 2.22 3.33 61.76 2.18 3.'21 

10 70.30 .2.J,8 3.72 69.0 2.435 .;.65 

Generntor displnced CCW (from slip ring end) 

l 7ol.2 0251 0)765 6059 2o3~ .3.1,8 
2 13090 049 .735 l4o2l .501; .752 
3 20066 07299 1.095 20.57 0725 100875 
4 27065 o9'76 1.464 26057 0937 1.405 
5 35008 la2.38 1.857 34.74 10224 1.836 
6 41,,77 1.475 2.21.3 4lo4J 1.46 2.19 
7 ,48098 10727 2.,590 47.73 1.682 2.523 
8 56ol0 1.98 2.97 54.34 1.916 2.874 
9 6Jol2 2o.225 )o)37 61..70 2 ol.78 J . 267 

10 70008 20473 3.709 68.?0 2.42 306) 



Table 9 

Indicator Lomp Voltages -
Blown Fuse Transformers 

2;<>c. Room Temperature - VG2 Lamp -
lo65 ma. at 115 volts, a.c. 

~~ ~cles ~ Qzcles 6~ Qlcles 
Lamp Lamp w.mp Lamp Lamp Lamp 
Volts Volts Volts Volts Volts Volts 

Line Fuses Fuses Line Fuses Fuses Line Fuses Fuses 

!2lli. ...JB_ ~ Volts 1n ~ Volts ip ~ 

Transformer No. 1 

92 2.5 83 92 2.7 84 92 2.6 85 
115 5.3 100 115 4 • .3 101 115 .3.65 102 
126.5 6.8 108 126.5 5.35 109 126.25 4.45 109 

Transformer No. 2 

92 2., 83 92 2.15 83 92 2.0 84 
ll5 3.75 98 115 J.O 98 115 2.7 98 
126.5 5.1 105 126.5 ).8 105 126.5 3.2 105 

Transformer No. 3 

92 2ol 83 92 2.0 82 92 1.8 SJ 
115 J.O 98 115 2.6 97 115 2.4 98 
12605 J.8 105 126.5 3.1 104 126.5 2.85 104 

~stormer No. 4 

92 2.1 84 92 2.1 84 92 1.9 85 
115 2.9 100 115 2.8 100 115 2.55 100 
126.5 J.8 107 126.5 3.35 108 126.5 )oO 108 

(Vacuum Tube Voltmeter used) 

Temperature Rises -
4 hours run - 54.4°c. ambient - Resistance method. 

Transf2£!!t !fo11 Itm1stonae~ •~•' Itmiffpez: l2!J Trru:isfonier t!sh, 
Primary Secondary Primary Secondney Prims.ry Secondney Primary Secondary 

oc. oc. OCo - oc. 0co 0c. oc. oc .. 
Fuses in -

3.0 J.6 J.,O 3.0 2.9 2.9 2.J 2.J 

Fuses open - less thnn 
l/2 1/2 1/2 1/2 1/2 1/2 1/2 1/2 
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