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AUTHORIZATION.

5 This test was authorized by reference (z) end other references
pertinent to this problem are listed as references (k), (c), (d), and (e)

Reference: (&) BuBng., ltr. 871-8(3-18-Ds) of 23 March 1937.
(b) Specifications SG&(71)-119a.
(¢) BuOrd. opecifications 0.S8. No. 671 - Synchro
Trensmission Systems- of 14 September 1933.
(d) Arme Engineering Drawing 20985 - BuEng. File No.
11-T-1225L-£1t. O.
(e} Bukng. ltr. Nos-51703-(4-8-Ds) of 19 ipril 1937 to N

OBJECT OF TEST.

2 The object of this test was to determine the conformence of th
trensformers with the specificstions, references (b) snd (c), and their
suitebility for the Naval service,

ABSTRECT OF TEST.

. B The subject trensformers were set up &t this Laboratory in
suiteble test circuite &nd their performence was csrefully checked for
conformance with the specifications. The test was concluded with an
inspection of the sazmple transformers to determine their complience with
the specifications in the mztter of materiels and workmenship.
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CONCLUSIONS.

(a)

(b)

i (c)

()

(e)

(£)

Under the accuracy test, the increase in the error caused by the in-

sertion of a transformer in the synchro circuit appears to exceed the

allowable 3 minute increase. However, an allowance should be made £
the humgs error in setting the generator dial asnd reading the vernieg

off the motor disl. These errors are estimated to be + 3 minutes in

each case, or a possible total error of + 6 minutes.

Under the test for displacement necessary to operate the indicator
trouble lamp6 it was noted that the displacements ranged from
14°/2! to 21°0'. This exceeds the allowable range of 1.4° to 20°
specified under reference (e). - il AT

The results of the measurements of reduction in torque gradient give
values in excess of the allowable 5 percent, the greatest reduction
being 6.2%. '

The coefficient of stiffness of coupling was reduced by an average
of 10.7% when a transformer was inserted in the synchro circuit. The
allowsble reduction is 10%, but the result given includes a possible
error in determining the results from the oscillograms, Plates 12 to
15 inclusive. '

The témperature rise of the transformers, as determined by the
resistence method, was within the specified limit.

The case and terminal cover designs are exceptionally good. There is
no possibility of the terminal turning and breaking an internal
connection.
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RECOMMENDATIONS.

(a) It is recommended that the subject overload transformers be given

(b)

consideration of approval for Naval use in accordance with the
importance of the torque and accuracy requirements which are slightl
exceeded.

It is further recommended that the results of the displacement test
be considered as satisfactory as, at the values given, the glow of
the indicator lamp appeared suddenly and had a useful value of
illuminetion.
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DESCRIPTION OF MATERIAL UNDER TEST.

L. The three sample transformers submitted are identical in design
and each consists of two tapped primary windings and a divided tapped
secondary winding on a laminated core. Housed in the same case are two
fixed condensers and two fixed resistors connected across portions of the
secondary and primary circuits respectively. Drawing, reference (a), gives
diegram of internal connections.

aluminum alloy case filled with an insulating compound. A terminal bio

of molded, fabric inserted, phenolic material forms the cover of the cas
External comnnections are made by securing lugs with machine screws threaded
into small brass plates embedded in the block. The bottom of the case is
. of sheet aluminum.

5. All of the electrical components of the unit are located in & :Est

6. The purpose of the transformer is to operate a type VG-2 indica-
tor lamp when the displacement between a synchro motor and its generator
exceeds the specified number of degrees. The windings are tapped to allow
for the instzlletion of the transformer in the circuits of synchro motors
of various ratings.

METHOD OF TEST.

7. The method used in conducting the test was to set up & circuit
whereby the sample transformers could be connected in the rotarcircuits
(S1 and S3) between a type 5 synchro motor and generator. That is,
primary winding MI-TTI was connected in circuit Sl and primary winding
M3-TT3 in circuit S3. A selected VG-2 lamp, consuming & current of
0,00165 anperes at 115 volts, A.C., 60 cyckes, was connected across
terminals L and Ll. During this test, the transformers were located
in a temperature controlled cabinet having a temperature of 54° C. Bx-
tension lead wires were provided for accurzte measurement of temperature
rise of the secondary windings, using the resistance method.

8. The accurascy test was made with the use of two test stands, each
holding & synchro motor or generator. A dial graduated in degrees from
0 to 360 and a vernier graduated to permit readings of 3 minutes, were
used with each stand. Both synchros were first set on electrical zero,
after which the generator was slowly rotated in steps of 10 degrees and
the errors in the positions of the motor dial recorded. This test was
mede without and with the transformers in the circuit and in both clock-
wise and counter-clockwise directions. The test equipment, as assembled
for this test, is shown by Plate 10.

9, The displzcement test was made with the same equipment by locking
the generator dial at zero and displacing the motor dial until a point
was reached where the trouble indicator lamp began to glow. This proce-
dure was repeated in steps of 10 degrees in both clockwise and counter-
clockwise directions without and with the transformers in the circuit.

10. The torque test was made by replacing the motor disl with a

balanced pointer and a 3 inch drum, around which was passed a silk thread
from which & container for holding shot was suspended. With the generator
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locked as before, the weight was slowly varied until the pointer was dis-
placed one degree. This was continued until the pointer had been displaced
10 degrees in steps of one degree, after which the shot were weighed and
the torque computed in inch-ounces. This procedure was repeated in both
clockwise and counter-clockwise directions without and with the transformers
in the circuit.

11. The stiffness test was made by placing an aluminum dial 3%5 in.
dismeter and 08015 in thickness on the synchro motor. With the system
energized the generator was set to 36 degrees. After deenergizing the
system, the generator was returned to zero and locked, thereby leaving
the motor displaced by 36 degrees. An oscillograph was then connected
across leads Sl and S3 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
oscillograms obtained were used in computing the coefficient of stiffness
of coupling without and with a sample transformer connected in the cir-
cuit. '

12, The temperature rises of the transformer windings were obtained
using the resistance method, by removing them from the synchro circuits
and setting up an equivalent circuit simulsting a condition where a motor
was displaced 180 degrees in relstion to the generator. The current
passed through the windings was the same value as wag§ obtained with the
motor and generator used on the previous tests. During this test, the
transformer was located in a temperature controlled cabinet having a
temperature of 54° C.

13. Unless otherwise noted, all tests reported herein were made at
the rated voltage of 115 volts, a.c., 60 ecycles.

RESULTS OF TEST.

14. Under test for accuracy, the meximum increase in the error
introduced by the insertion of the transformer in the synchro circuit,
was 12 minutes. This occurred in only one instance, being observed
with No. 1 trensformer in the circuit and the generator positioned 240
degrees from electrical zero. Errors of 9 minutes were observed in four
instances, but the majority of errors were 3 minutes or less. The data
obtained during the accuracy test are given as Table 2 and curves,
Plates 2 and 3° 5 s

15, The maximum and minimum displacements required to operate the
indicstor lamp were as followss

Transformer Displacement required to overate lamp.
No, ~__ Maximum Minimum '
Clockwise Counter- Clockwise Counter-
Clockwise Clockwise
1 199571 19954t 15%0! 14%42!
2 20°54¢ 20 15°0¢ 14%45¢
3 21°0¢ 20°3¢ 15°3¢ 14%48¢

Note: These values are the points where the lamp first started to glow.
Except in the instances where only one of the electrodes glowed
at the displacement given, the illumination wes of a useful

- 3-



inteﬁsity. With an additional displacement of 1 degree, the
illumination was suitable for trouble indicator use in all
instances.

16. The results obtained from tests of reduction in indicator motor
torque gradient resulting from the insertion of a transformer in the
synchro circuit were as follows:

Reduction in Torque Gradient
Clockwise Coun ter-Clockwise

Transformer No. 1 bLod% 5.2%
Transformer No. 2 5.2% 5.4%
Transformer No. 3 5.4% 6.2%

17. The oscillograms, given as Plates 12 to 15 inclusive, were
obtained from a normal synchro circuit and with Numbers 1, 2, and 3
transformers, successively placed in the circuit. From these a stiffness
coefficient of 100 was obtained for the normal circuit and an average
coefficient of 89.3 was obtained with a transformer in the circuit. This
reduction in the stiffness of coupling is 10.7%. That allowed is 10%.

18. The average temperature rise of the secondary windings of the
transformers was 16,52 C. at an ambient temperature of 54° C. when set
up in a circuit simulating the maximum current obtainable with two type
5 synchros.




CONCLUSIONS.

19. Under the accuracy test, the increase in the error caused by the
insertion of a transformer in the synchro circuit appears to exceed the
allowable 3 minute increase. However, an allowance should be made for the
humen error in setting the generstor dial and reading the vernier of the
motor dial. These errors are estimated t¢ be +3 minutes in each case, or
a possible total error of +6 minutes.

20. Under the test for displacement necessary to operate the in-
dicator trouble lamp, it was noted that the displacements ranged from
14°42 to 21°0'. This exceeds the allowsble range of 14° to 20° specified
under reference (e). '

21, The results of the measurements of reduction in torque gradient
give values in excess of the sllowable 5 percent, the greatest reduction
being 6.2%.

22. The coefficient of stiffness of coupling was reduced by an
average of 10.7% when a transformer was inserted in the synchro circuit.
The allowable reduction is 10%, but the result given includes a possible
error in determining the results from the oscillograms, Plates 12 to 15
inclusive.-

23, The temperature rise of the transformers, as determined by the
resistance method, was within the specified limit.

. 24. The case and terminsl cover designs are exceptionally good.
There is no possibility of the terminal turning and breaking an internal
connection.




Generator setting
in degrees from
elect. zero (CW).

10

20

30

40

50

60

70

80

90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360

Izble 1.

Motor displacement to light lamp,

Arma Synchro Overload Transformers

Trans. No. 1

CCW

cW

14°-51!
14°-571
159-48¢
17°-9¢
189-54¢
18°-q¢
19°-45!
18°-3¢
17912t
16°-421
16°-45¢
17°-31
17°-54¢
19°-9?
19°-471
17°-6!
15°-33¢
15°-0¢
14°-42¢
14°-54¢
15°-39¢
17°-61
18°-/5?
18°-451
19°-36!
18°-9¢
17°-3¢
16°-36"
16%=45¢
17°-0?
17°-511
19°-3¢
19°-54?
17°-61
159%-45¢!
15°-0¢

15%-45¢
17°-3¢
18°-51¢
189-54¢
19°-30!
18°%-45¢
0 &yl b
17°-45¢
16°-45"
17°.6¢1
18°-9¢
199-42¢
19°-33¢
170481
16°-121
15°-30*
15°-0!
15°-12¢
15°-51t
178
18°-51¢
18°-571
19°-30!
18°-9¢
17°-9¢
16°-39?
16°-511
17°-3t
18°-9¢
19°-45"
19°-511
17°-30¢
16°-9t
15°-18?
15°-91
15°-9t

_Irans. No. 2

CCHW

CH

cwW

14°-541
15°-31

159-48¢
179-9¢

18°-511
189-571
19%-541
189-42¢
17°-30¢
16°-5/1
17°-3¢

17912
18°-21!
19°-45¢
19°9-541
17°-15?
15°-45¢
159-6?

14°-45¢
14°-51¢
15°-36¢
17°-0?

18°.33¢
18°-57¢
199-45¢
18°-18¢
17°-12¢
16°-51¢
17°-6"

¥7° a5t
18°-15!
19°-36¢
20°-61 .
17°-30¢
16°-0!

159 ot

150-1!
17°-9¢
18°-48°?
18°-51¢
19°-451
18°-18!
8 ) A
17°-9¢
17%-18*
170541
19°-3t
20°-45"
199-30!
17°-511
16°-21¢
159-241
15°-6!
15°-61
150-/8¢
17°-6!1
18°-48¢
19°-0¢
19°-48!
18%-30t
170241
17°-15¢
17P-27
18°-3!
19°-0t
209-54!
19°-42¢
17°-30!
16°-271
159-211
15°-9¢ .
15°-0t

' 17°-48

1 199-27
. 17°-42
. 16°-31.

16°-0¢
17°-9¢
18°-51
18°-57
19°-51
18°-30
17°-42
17°-30
17°-42
18°-3¢
19°-6¢
20°-43
19°-39
17°-45
16°-15
15°-33
15°-6*
15°-6¢
15°-51
17°-9¢

18°-45¢

19°-0¢
199-54
18°-39
17°-45
17°-30

18°-6"

19°-91
21°-01

15°-18

- 159-31).
15°-9¢
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Table 2.

bocuracy Test - without and with transformers.

CW-Rotation-slip ring end CCW-Rotation-slip ring end
___error in motor reading = ___error in motor resding
Generator No Trans— Trans-.Trans- No Trans- Trans- Trans-—

setting in Trans- former former former Trans- former former former

degrees former No. 1l No. 2 No. 3  former HNo. 1 HNo. 2 _No. 3

from electe.
Z2ero

10 0 0 -3 -3 =21 -24 -21 -2
20 +9 +6 +9 +6 ~21 -18 ~24, -21
30 -3 -3 0 =3 -15 -2 -2 -18
40 -6 -9 -9 -9 -21 -2 =2, -21
50 +12 +15 9 +12 =12 -12 -12
60 +9 +15 +15 +12 -9 i ) ~15
70 -3 -6 -9 -6 =21 =24 -4,
80 +3 +3 0 -3 =21 -18 -21
90 -6 =3 -3 -3 =27 -27 -18
100 -3 -3 -3 -6 =21 —24, -21
110 -3 0 -3 -6 -21 -18 -18
120 -3 -3 -3 -3 -21 -21 il
130 0 -3 -3 -3 -30 -33 -30 -
140 +9 +9 +9 +9 -21 -21 -24
150 + +6 +6 +3 -15 -18 -18
160 +3 -3 -3 -3 =24 =27 ~24
170 +12 19 +9 +9 -15 -15 -15
180 43 +3 +6 +3 -18 -18 -21
190 0 0 -3 -3 -30 -30 -30
200 +9 +9 +6 +9 =21 =24 -18
210 +3 +3 +3 +6 -30 ~-27 24
220 +3 0 0 -3 -30 -30 -27
230 +9 +12 +9 +9 -1 -21 -21
240 0 -3 -3 -3 -18 -21 -18
250 -6 -6 -3 -5 - =24 =21 -21
260 +6 +6 + +3 ~-15 -21 -2
270 0 0 -3 -3 -2 -24 ~-24,
280 -3 -6 -6 -3 =24, =24 ~27
290 0 0 0 0 ~-18 -15 -18
300 -3 -3 -6 -6 21 =24 -21
310 -6 -9 -6 -9 -2 -27 -2
320 0 +3 0 43 -21 -18 -18
330 -9 0 0 -3 -21 =21 -21 =21
340 +3 -9 -6 -6 -30 =27 -30 -27
350 - 0 +3 0 0 ~R4, =24 -4 24
360 -6 -6 -6 -6 =24 24 27 24
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