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AUTHORIZATION

1. This test was euthorized by referonce (a) and
other roferonces pertinent to this problem are listed as
references (b), (c), () and (e).

Reference: (a) BuEng.Lir. NOs-51703 (4-8-Ds) of

19 April 1937.

(b) Specifications 5a5(71)-1192.

(c) BuOrde Specifications 0.S. Nos 671--
Synchro Transmission Systems == of
‘14 September 1933.

(&) Chas.Cory Corpe Drwg. Nos CA=2030.
BuEng. File Noe DD364-571-522-A1t .0

(e) BuEngelLtre NOs=51703(4~8=Ds) of
19 April 1937 to ¥R,

OBJECT QF TEST

2o The object of this test was to determine the
 conformance of the transformers with the specifications,
roferences (b) and {c), end their suitability for the Naval
servicee

ABSTRACT OF TEST

3. The subject transformers were sot up 2t this
Laboratory in suiteble test circuits and thoir performance
was carefully checked for conformance with the apecifications.
The test was concluded with an inspection to detormine their
compliance with the specifications in the mtter of materials
and workmanshipe




Conclusions

(a) Under the accuracy test, the inerease in the
error caused by the insertion of a transformer in the synchro
circuit appears to slightly exceed the allowablo 3 minutes
increase intwo instances. An allowance should be made for
the human error in setiing the generstor dial smd reading the
famier of the motor diale These srrore ars estimated to be
* 3 minutos in each case, or & possible total error of Z 6
minutese

(b)  Under the tost for displacement necessary to
operate the indicator trouble lemp, it was noted that the
displacements ranged from 15°54' to 19°42'c This is within
the range of 14° to 20°, specified under reference (e)e

(¢) The results of ths measurements of reduction
in torque gradient give average waluss within the allowable
5 percent, the greatest reduction being 5:1 percent.

(d) The coefficient of stiffness of coupling was
reduced 3.56 percent when a transformer was inserted in the
synchro circuite The allowable reduction is 10 percermt, but
the result given includes a possible error in interproting
the oscillogramse

(6)  The temperature rise of the transformer, as
determined by the resistance method, was within the specified
Limit of 80° Fe (4440 C.) above an ambiont temperature of
130" Feo (54449 Ceo)e

(£) The cases are of spot welded steel painted with
alumirum end having covers of molded phenolic materisle This
construction is satisfactory but the terminal screws mounted
on ths govers have no device to prevent their turning.

(g) The insulating compound used in the transformer
cases runs at somo temperature betwsen 130° Fo and 190° F.
A compound having & higher melting point should be substitutede

(h)  The nameplates fumished are not in accordance
with paragraph D=5 of the specificationse




Rec io

(a) It is recommended that the subject overload
transformers be approved for Naval use. subject to the
correction of terminal and nameplate dnsizn and the use of
& more suitable insulating compound.
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DESGRIPTION OF MATERIAL UNDER TEST

4, The three (3) sample overload transformers
submitied were manufactured by Bendix Marirs Products Company,
Incorporated, Brooklyn, New York., Theyam irtended for use
in self=-synchronous motor circuits for opsra*ion of & trouble
lemp whon & motor is displaced from 15 to 3.2 degrecs “rom
the position of iits gemeratore.

5 The transformers are idemticsl in design and
cach actually consists of two (2) tramsformers, Noe 1 stacked
with air gaps Noe 2 stacked 1007 intorleaved, Tho primery
windings of both tramsformers are tapped med tho loed wires
comnect to torminals on the molded covor. The secondary
windings are connected in series andaro not tappede

6e Connected across the primary of transformer
Nos 2 is a 4 ohm 10 watt rosistor. Drawing, reference (a),
gives the circuit and wiring diogram of ‘the overload unite

Te All of the electrical components of the unit
are located in a steel case, eluminum finish, having &
cover of phenolic material, on which are located line
terminsl connsctionse The transformer leminations are of
silicon steel and flexible lead wires extend from each
of the transformers to the machine screw connections on
the temninel blocke The case is filled with an insulating
compounde A photograph of one of the sample transformers
is given as Plate 1l.

METHOD OF TEST

8a The method used in conducting the test was
to set up a circuit whereby the sample transformers
could be comnected in tho rotor circuits (S1 and 83) of
a motor and genorator. That is, primery winding m-T1
was commscted in circuit S1 and primory winding M2-T2
in eircuit S3s A sclected VG=2 lamp, consuming a curront
of 0.00165 amperess at 115 volis, a«Cey 60 cycles, was
commected across temminals L=L. During these tests, the
$ransformers wore loceted in a temperature controlled
cabinet having a temperature of 54.4° Co Extension lsad
wires were provided for accuratc measurements of tempera~=
ture rise of the windings, using the resistance mathode

9 The accuracy tost was made with the use of
two test stands, cach holding a solf=-synchronous motor
orgoneratore A diel, gradunted in degroes from O to 360,
and a vernier graduated to permit roadings of 3 minubes,

-Z=




were used with each stand, Both synchros were first
set on electrical zero, after whieh the gonerator was
slowly rotatod in steps of 10 dogrees and the errors
in the positions of the motor dial r ecordede This
tost - was made Witheut end with the transformers

in the circuit, end in both clockwise and counter=
cloekwise directionse The test equipment, as assom=
bled for this test; is shown by Plate 10.

10. The displacememt test was rmde with the
use of the same eguipment by locking the gensrator
dial at zero and displacing the motor dial until a
point was reached where thetrouble indicator lamp
began to glows This procedurc was r epeated insbeps
of 10 degrees in both cleckwise and counmter=clock-
wise d irections without amd with the transformers
in the circuite

1l. The torque test was made by replacing
the motor dial with a balanced pointer and 3 inch
drum, around which was passed a silk thread frem
which a container for holding shot was suspended.
With the generator locked a8 before, the weight -
was slowly varied until the pointer was displaced
one degrees This was continued until the pointer
had been displaced 10 degrees insteps of one de-
greey after which ths shet were woighed and the
terque computed in inch=ounceses This procedure
was repsated in both clock-wise and counter=clocks
wise directions without and with the transformers in
the circuite.

12. The stiffness t est was made by placing
er eluninum dial 3%5 in diameter and 09015 in thick=-
ness on the synchro motore With the systom cmergized
the g enerater was set to 36 degreess After deenorgiz-
ing the system, the gemerator was returnod to zero and
locked, thereby leaving the motor displaced 36 degreese
An oscillograph was then comtected across leads 51 and
S3 and the circuit was closeds causing the motor dial
to return to zero after several oscillationse The
oscillograph was equipped with a film drive md a
60 cycle wave was used for timings The oscillograms
obtained were used in computing the coefficient of
stiffness of coupling without and with o sample transe
former commected in the circuite




13. The temperature rises of the trans=
former windings were obtained, using the regist=
ance method, by removing them £ rom the synchro
circuits and setting up an equivalent circuit
simulating a condition where a motor was dig=
placed 180 degrees in relation %o the gonoratore
The current passed through the windings was the '
semo valuoc as was obtained with thq motor and
generator used on tho previous tests. During
this t ogt tho transformor was located in 2
temperature controlled cabinet having a tempera-
ture of 54¢4° Ce

14, Unless othorwise noted, alltests
reported herein wero conducted et the rated
voltage of 115 vaolts, a.ce 60 cyclese

RESULTS OF TES]

15. Under t ost for accuracy, the maximum
increase inmearror imtroduced by inserting ome of the
transformors in the syuchro circuit was siz (6)
minutess This orror occurrcd oaly int wo instancese
Data obtained during this test arc given as Table
2 and curvesy Plates 2 and 3.

16e The meximum and minimum displacements
roguired to operate the indicator troublc lamp were
as follows:

TRANSFORMER DISPLACEMENT TO LIGHT LAMP
NUMBER TIMUM MINIMUM
: CW cCW CW CCW
1 190 42° 19° 12¢ - il 16° 57°
2 189 15° 180 42° 16¢ 21° 160 45°

3 0 27 180 12° 150 54°* 160 15°

'_ .

NOTE: With ono additional degree of displacemont,
the value of illumination was considored '
suitable for trouble indicatione

: iy The results obtained from tosts of
roduction in indicator motor torque gredient re-
sulting fron the insortion of a trensforrer in the
synchro circuit were as follows:

e




Reduction in T Gradien

Iransformer Slockwise Counter-Clockwise
NO. i 3-7% 501%
Nos 2 4,0% 44,0%
Noes 3 3.8% 5nl%

18. The oscillograms, given as Plates 12 to 15
inclusive, were obtained from a normal synchro circuit and
with numbers 1y 2, and 3 transformery successively placed in
the circuite From these a stiffness coefficiemt of 1306
was obtained for the normal circuit and an average coefficient
of 125695 was obtained with a trensformer in the circuite
This reduction in the stiffness of coupling is 3.56%. That
allowed is 10%e

19. The averoge tomperaturc risc of tho winding Ml=
T1 of the t ransformers was 29° C. ot an ambient temporature
of 54.4° C. when set up in a circuit simulating tho maximum
current obtainable with €two type 5 synchrose

20, No brezkdowms occurred in any of the t ransformers
whon subjected to the required dielectric tost of 1500 volts,
8¢Ce 60 cycles, applied between windings and ground for one
seconde N

21, The insulationresistance botween the windings and
ground was 100 megohms at 500 yolts, following the dielectiric
teste A minimum of one megohm'lis allowede

22  The transformors msasure 2-3/8 inches in width,
4-9/16 inches in length, and 2=7/16 inches ind epth, and
weight 24 oze




CONCLUSICONS

23.  Under the accuracy test, the increase in the
error caused by the insertion of a transformer in the synchro
circuit appoars to slightly excced the allowable 3 minute in=
croase intwo instancess An allowance should be made for
the human eror in s.etting the g enerctor dial amd roading the
vernier of tho motor diele. These errors are sstimated lo be
2 3 mimites ineach cases or a possible total ¢ rror of 26
minutese

24. Under the t ost for d isplacomont nscossary to
operate the indicator trouble lamp, it was noted that the
displacements ranged from 15954' to 19942's. This is withinr
the range of 14° to 20°, specified undor referance (o).

256 The results of the measurements of reduction
in torque gradient give average volues within the allowable
5 percent, the greatest roduction being 5.1 percente

26, The coefficiont of stiffness of coupling was
roduced 3¢56 percent when e transformor was inserted in
the synchro circuite The allowable reduction is 10 per-
cent, but the result given includes e possible error in

interproting the oseillograms.

2T The tamperature rise of the transformer, as
detormined by the resistance method, was within the speci-
ficd limit of 80° Fe (44.4° C) above an ambient tanpera-
ture of 130° Fe (5449C.}e :

28 The cases aro of spot wolded steel painmted
with aluminum and having covaye of molded phemolic mter-
iales This construction is satisfactory but the terminal
screws mounted on the covers have no device to provent

2%. The insulating compound used in the trans-
formor cases runs et some t emporaturc botwoen 1300 Fe and
190° F. A compound having a higher meliting point should
be substitutode

30s  Tho neamegplates furnished arc not in accorde-
ance with paragraph D=5 of the specifications,




Table 1

MOTOR DISPLACEMENT TO LIGHT LAMP

Generator TRANSFORMER #1  TRANSFORMER #2  TRANSFORMER #3
Setting in

Degrees from

Electrical Zero

(cw) cew CH CCW CW___ccW cw
10 1809 * 17°-13' 17°-15' 16°-21' 17° -6 ' 1696 ¢
20 160-57" 170-30' 160-51' 160-45" 160 -24' 160-6 '
30 17045% 170-48' 160-45' 160=54' 160 ~15' 160-18"
40 170-54¢ 17°=51' 179=0 ' 160=54' 16° -18' 160-18"*
50 170-51' 180-30' 170=0 ' 170-45' 16° -24' 17°-9 .
60 170045t 180-30° 17%°=3 ' 180-0 ' 160 -24' 17°-15°
70 18%-18' 190-42' 170-45° 1806 ' 17° =12' 17%-21’
80 180~39° 189-36' 189-6 ' 180-15* 17° -30' 17°-21'
80 180-57! 180=18° 180=0 ' 170-54' 17° -45°' 170=9 :
100 1900 * 180-27' 180-30' 18%=6 ! 17° =45' 17°-% ’
110 180-48' 180-27* 18%°~6 ' 180-0 ' 17° -30' 170°-21’
120 180-51' 180-12' 180-15' 180-3 ' 170 -45' 179-12°
130 180-54% 180-45' 180-18' 180-3 ' 170 =45' 17°-21°
340 190<0 ! 180-432' 180-15' 180-6 * 17° -48' 170-15°
150 190-0 ' 180=30° 180-9 ' 170-45' 170 -48"' 160-54'
160 190-6 ! 180-3 ' 180-18' 170-15' 170 -48' 160-30°
170 190-6 * 170-45!' 180-3 ' 170=0 ' 170 =39 160-18'
180 180=39! 170=12' 170-45' 160-30° 17¢ -18' 169-0 ¢
190 180-33' 170-0 ' 170-30' 160-21° 170 -0 ° 150-54°
200 180=3 ¥ 170=9 ' 170-6 ' 160-45' 160 =45' 1600 :
210 180-0 ' 17°-30* 19°-0 ' 16°-51' 16° =36' 16°-12’
220 180-0 ' 170=45' 170=9 ' 170=-0 ' 16° ~51' 16°-21'
230 170-54" 180=21' 1709 ' 170-48' 16° -45' 170-9 °
240 170=51' 180-27' 170-12' 180-6 ' 160 ~39' 170-24°
250 180-38¢ 180-42' 180=0 ' 180-9 * 170 ~15' 170-21'
260 180~48! 180-42' 180-9 ' 180-9 * 170 -42° 17°%-27"
270 180~15' 180-51' 180=36' 170-48' 180 ~12°' 17°-0 '
280 180-57¢ 180=30' 180-42' 180-3 ' 170 -57' 170-18'
290 180-48¢ 180=24! 180-24' 180~12f 170 =27° 170-21f
300 180-48" 180~39' 189=27¢ 180-3 ' 170 ~42° 170-24'
310 189-51¢ 180=51' 180-18' 189-12' 170 -=45' 17°-27°
320 1903 ! 180=48"' 180=24' 18%-12° 170 =45 170-24°
330 199=9 ' 180-30' 180-36' 189-3 * 170 -51' 17°-12°
340 190=12% 180=18° 180-30' 170-45' 17° =51° 17°-0 °
350 1906 ' 170=54' 180-30' 170-12' 170 -45' 160-30°
360 180=51¢ 170=30' 170=54' 160~-54' 170 -18°' 160-15°




Table 2

ACCURACY TEST = WITHOUT AND WITH TRANSFORMERS

___—._-._._.——-—-—-—"—'-———-.

Generator CW - Rotation-Slip Ring CCW - Rotatien - Slip
Setting in  End-Brror in Motor Reading Ring End-Error in
Degrees Motor Readinge

from Elec- No No

tricel Zero Trans- Tremg. Transe Iranse Trans- Sranse Iranss.Transe
former #1 #2 #3 former #1 #2 #z

10 =15 =15 =15 =15 -3 0 -3 ¢
20 =9 -9 =9 =9 +9 6 +6  +6
30 =9 =9 =12 -9 +3 0 0 +3
40 =15 =15 =12 =15 0 0 +3 0
50 =9 =0 =9 =12 +6 +g +6 +6
60 =9 =12 =9 9 #3 0 0 0
70 =15 =15 =15 =15 0 0 -3 0
80 =0 =5 -9 =9 +6 +6 +6 +3
90 -6 =6 -6 -6 +3 +3 +3  +3
100 =12 =12 =12 =9 0 o} 0 +3
110 -6 =6 -6 -6 +15 +9 +15 #15
120 =9 =0 6 -9 + 9 +9 +9 ¥
130 =15 ~18 =15 =15 + 6 +6 + 6 6
140 =12 =12 -9 -9 +9 *12 33 ¥12
150 -12 =12 =12 -15 + 6 +9 +6 +5
160 =15 =18 =15 =15 + 6 +6 + 6 TA
170 =9 =9 =9 =9 + 9 +12 #12 1%
180 =9 =12 =9 =12 + 3 +3 +6 *3
190 =21 =21 =18 -2% ) +3 o *3
200 =12 =12 =15 =12 + 9 +9 +9 79
210 =15 ~15 =15 -15 * 6 +3 +3 3
220 ~18 =18 -21 -18 0 *+3 + 3 4
230 =15 =15 =15 =15 +* 6 *5 +6 *9
240 =15 =15 =15 =15 0 *3 + 3 #3
250 =12 -13 =15 =15 -3 0 -3 0
260 =9 =9 =6 =6 * 6 *3 +g *+3
270 =12 =12 =12 =9 L] -3 -3 =6
280 =12 ~15 -12 =12 =3 =3 =3 =3
290 =12 =g =9 =12 0 =3 +3 *3
300 =12 =12 -12 =12 =3 o} * 3 0
310 =15 15 -12 =15 -6 =3 -3 =6
320 «g =6 =9 =9 0 *3 o 73
330 =0 =9 -6 =9 =6 -6 =d =6
340 =12 =12 =12 =9 =3 -6 -3 0
350 =6 =9 =9 -9 ¥ 3 0 *a3 73
360 -6 =5 =9 =6 o} -3 0 o}

58-




pooeTdstg J03BISUCYH

pooBsidsTg J0}eISUSH

295°g 9LE*2 LE®19  GIG°E  ©8E*T  6G°19 0SS°€  89€°%  OT°L9 QTL*E 249°2 T°0L oT. m
04T*E 00T*2 ggees  9LT*E OTT°Z  0°09 BLT*E  G6RT°2  G2°09 ovs*e  T12°% LL*29 6 o
228°2  ¥68°T LE°ES  0€8°2  488°T 8%°€S ATI8°2  ALB®T  2¥°ES TL6°2 LL6°T 80°94 g =
96¥° 2 9£9°T  TH°9%F 6LH°Z 2G9°T GB8°9y O04¥°2Z S¥9°T 89°9%  0T9°% TvL°T 8E° 6% , B
HIT2 60%° T ce°6e  LOT®Z GOB°T 28°6€ GOT°Z HO°T 6L°6E g22°2 G8Y'T TT°2% 9 ©
0SL°T  G9T°T LO®EE  GOA°T  OLT*T  LE°EE HCL°T LT*T  4T°cE $98°T TVe*t T2°GE g Mm
20%°T  S€6° G*92  GOB°T  LE6° 96°92 GLE*T  L16° 00°92 SeY*T  66° 1L0°82 v
9e0°T  -T69° 6S°6T  0GO0°T 004*  ¥8°6T ALE0°T  T69° 09°6T 8TT*T SHAL° ET*T2 € m.
§89° 9¢%* $6°2T 689° 6SH° 20°ET 249° iaad 0L°2T geL  88%° ¥8°¢T g ®
ogs® 22* ¥2°9 92¢g° LT 9T*9  9%E*® TE2° §G*9 gGe* - HER* G989 T m
0es°¢ GGE*Y 84°99 G9G°E  LLE'Z  6E°L9 OLG°E LE®Z 8% L9 SOL°E OLY°% €2°0L 0T 9
She* e 2912 0€°T9 <2TR°€ T2 OAL°09 L2g*t  LST*Z ET°T9 09€°€ 0Oh2*% 05°€9 6 o
2L8° % GT6°T 0€°%S  ¥88°2  TZ6°T 9S°¥S @98*%  T6T°T 60°%S 086°2 S86°T £€°9G 8 3
1S 2 SL9°T Tee Ly  €8%°2  GG9°T  ¥6°%y €TS°¢  SAL9°T  0S°LY L09°2 8€L°T L2°6% s B
09T°2 - O%veT €g*0% GGT*2 GE%°T  €L°0%F O0ST*2 ¥EV'T 99°0% Lv2ee L6t T P2y 9 B
18471 T6T°T 6L°€E  68L°T €6T°T 28°tE 208°T 02°T SO°%E L8*T 62°'T 6%°GE S o
8FbeT  996° gg° Lz  29%°T  GL6® €9* L2 LSH'T 2L6* g~ iR gTS* 1 T°T . T9°82 )
980°T  ¥2L4° 16°0¢ ¥60°T  623L° 89°02 €0T*T  ¥EL® £8°02 $eT°T  SSL* by i 4 g =
ShLe L6%® LO°¥T  9¥L° L6%* OT*%T GEL® 06%° 68°€T 28/° 125° 8L°HT 2 @
98¢€° LS2* og° L $O%°  G692° $9*L b9’ £92® 88°9 STH* Lge G8° L 1 F
*§70 SRD “870 ST "G70 i) “470 “SID -
O.HO.N o..»_. O.HON o1 O.HON o9 O..HON o..w. O.HDN On_.. O.HG_N OP Q.M@N o O.HmN On_.
(ST J090)  JO20K  (G°T X030  J03O0R (s°1 J030  J030p (6* Y J0%.0 J0%3.0[
xe mmou uama uang  xX* mNOu uJmn g umi ..ﬁ.mmow uJang uang H.mmou u.Jamng uJang moohmma ut
goouN) =04 0} «0J 03 S00UNQ =04 03 =6I 0% gooun) «0O0J 03 =0J 0% gooung ~8Ja 03  =8J 0% qucmeonTd

qout quStoy 9uSTol  vour uStop juSTem  UOUL qyBtop udTOy  UWOUT  JuUSTOp  UBTep  ~BTIUEH

JOWI0 Jeuedy, UTTM IB0I0 JEUedy, FNOUL L

g oTqBg






U. 5.

NAVAL RESEARCH LABORATORY

 SIFYOIUT NI AINIWFOV T7d ST YILLIWSNVY L.

09 OF+E OTCE O00E 0Pz 092 02 o022 002 08/} 09/ 0OF! 02/ 00/

- T A “_w__

P HE T

S
Aty

VUYL LIIOHLIN

i8]

nf_ﬁ..

A G

T T 1 ON MO SNYVELL LI

b

VERIOY.

STILINNIW NI HOo¥&T




SITINOFA NI INFWNIIV.TIdSIA ¥TLILIINSNY Y.L
09¢ O0bE 02 00F 092 092 0k2 022 002 08/ 09/ 0Fl ' 02/

WU MEA N MRS aNE S SUE L EE AR RS S A ERESEMENEREESCE ﬁw__
SN RS N T e O BV Y L IO HLIA

SR R TZfS&q@E&&ExE

I
SEEEEEEERE
i LR

Faky

.“_.._._m ARESRRARRARRANA R R] L
N

GON | MINYOSS

SITINNIW NI ¥OY¥T

TP R e
M FWH OSSN E L LAIOHLIM

aaih

SRR R e
LGN Y ANY OSSN YL LT

s =is REpRERRY gaduss
ZG\,\U\NE\Q})UUQ‘.RWNH

i

AoV,

o

LT tH H TR _




 WITHOUT TRANSEORIMER ~—7 - WITH TRANSEORMER NO.|

!
7

| I
|

<
2
"\-\.
Q
2l
o
S
2
™~
e

TORQUE

el ‘ gl e
DISPLACEMENT IN DEGREES




- ! 0”, .':

SRS Sl

o0
y
Q
24l
S
Q
e
Q
i
S
W
=
<
%
Q
B~

Jf sspadsBralisSIEEE TR AERSEAARNN PR,

o / 2 d 4 = 6 7 8
DISPLACEMENT IN DEGREES




[
W
QO
2
|
%
T
Q
2
s
Lu.
3
3
Q
ki

IR AT Firia 9
DISPLACEMENT INDEGREES
PLATE 6




L WITHODT

o
Ly
J
2
S
Q
T

8
§
2

gy
By
o
x
Q
i

sl s -1l e
DISPLACEMENT IN DEGREES




n)
|
.‘§
~
)
o\

N
I
»
s
“J
T'.‘-
“~
oo o
- S
~

~-

FTORQUE

8 9
DISPLACEMENT IN DEGREES




8 : ':'a’.";j
I

 WITHOUT TRANSEQRMER ~—7 /fa-W/TH TRANSEORMER NO.2

ES

O

‘ﬂ'.’f- oo}

2
3
Q.
>
i
2
e
e
y
2
&
g
Qo
N

= G & ¥olilairilen
DISPLACEMENT IN DEGREES
PLATE 9




