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Issued 7-1=55

SYNCHRO SPECIFICATION " | Revisee

1. SCOPE:

1.1 This specification covers the following general class of synchros:

26 volt, LOO cycle synchros
115 volt, LOO cycle synchros
115 volt, 60 cycle synchros

Synchro Transmitter - Torque

Synchro Transmitter - Control

Synchro Control Transformer

Synchro Differential Transmitter - Torque
Synchro Differential Transmitter - Control
Synchro Differential Receiver

Synchro Receiver

Syncliro Resolver Transmitter

Synchro Resolver Control Transformer
Synclro Resolver Differential

1.2 Code for Type Designation of Synchros: Synchros are classified| according to
Trame sizq, Tunction, power supply rating, environmental capabillities and the
type of shaft and method of elegctrical connection. This informption is contained
in the tyge designation which'consists of five blocks ot alternpte numerals and
letters ag follows:

= il R (52

Frame Size " . Function Power Supply Variable Environmental
' Rating _ : Capabilities

1.2.1 Frame Size: The first two numerals of the type designation number consists of
Two numerals which indicate the maximum diameter of the unit in tenths of an
inch, If the diameter is not exactly a whole number of tenths, the next higher
tenth is used,

19
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Frame Size (2 Numerals)

o8 0,701 to .800 inch diameter
10 0,901 to 1,000 inch diameter
11 1,001 to 1,100 inch diameter
15 1,401 to 1,500 inch diameter
16 -— ——— ~

18 1,701 to 1.800 inch diameter
19 —— ——— ’
23 24,201 to 2,300 inch diameter
31 3,001 to 3,100 inch diameter
37 3,601 to 3,700 inch diameter

1.2.2 Function: The second block 6f the type designation number coIsists of' two
Tetters which indicates the functional applications as follows:

Function (Two Letters)

TX Transmitter - Torque
CX Transmitter - Control
CT Control Transformer
TD Differential Transmitter - Torque
CD Dit'ferential Transmitter - Contrqgl
DR Ditferential Receiver

TR Receiver

RX Resolver - Transmitter

RC Resolver - Control Transformer
RD ~Resolver - Differential

1.2.3 Power suoplleating: The\third block of the type designation [number consists
ol one njmeral which indicates the nominal power supply system utilized as
follows:

Power Supply Rating (1 Numeral)

Nominal System
Voltage Frequency

1 115 . 60 ’
2 115 400
3 26 400
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The fourth block of the type designation number consists of a
Tetter which indicates a variable applicable to the particular unit such
as terminals, leads, shaft, etc., in accordance with the following table:

Variable (One Letter)

A Terminal connection, smooth shaft

B Flexible leads, smooth shaft

C Terminal connection, splined shaft

D Flexible leads, splined shaft

E Rotatable - outline figure 3

1.2.5 Environmental Capabilities: The fifth block of the type designltion number

consists df one numeral to indicate the service conditions which the unit is
designed Yo withstand according to the following table:

Envirommental Capabilities

(1 Numeral)

1, TUnexposed Units which are normally installed within protected areas
that do not require more than” a 2l hour humidity check, such
as sealed instruments or.sérvos,

2. Exposed Units which are normally installed in unprotegted areas that
do require more than\a 24 hour humidity check{ such as
unprotected units.(in computer racks.

3. Hi-Temp. Units which are ' nomally installed in areas sybjected to
ambients between 710C. and 150°C, for periods |of 2L hours.

he Hi Hi-Temp. Units which are normally installed in areas sybjected to
ambients between 150°C. and 300°C, for periodd of 2L hours,

1.2.,6 Tllustratipn: 15CT3B3 indicates a Synchro Control Transformer flor use in a
26 volt, LPOU c.p.5. system which has a smooth shaft, flexible ldads and was
designed fpr operation in ambients above +71°C,

1.3 Definitions;

1.3.1 Definitions of Types:

1.3.1.1

1.3.1.2

Synchro:
Tor transmission, reception or conversion of angular data,

Synchro Transmitter:

A synchro is an electro-magnetic device which is primarily used

A unit wherein the rotor is mechanically positioned

Tor transmitting electrical information corresponding to angular position
of the rotor with respect to the stator.

(a) A torque transmitter is constructed primarily for operation with
receivers, torque differential transmitters, and differential

(b)

receivers,

A control transmitter is constructed primarily for operation with
control transfomers or control differential transmitters,
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1.3.1.3

1.3.1.h

1.3.1.5

1030106

1.3.1.7

4=

Synchro Control Transformer: A unit wherein the stator is
electrical angular information and the rotor output is a v

supplied with
oltage proportion-

al to the sine of the difference between the electrical input angle and

the control transformer rotor angle,
for operation with control transmltters and control differ

mitters,

Synchro Differential Transmitter:
positioned Ior modifying electrical angular information re

This unit is constructed primarily

ential trans-

A unit wherein the rotor is mechanically

ceived from a

transmitter and re-transmlttlng electrlcal 1nformat10n correSpondlng to

the gpur
: dependlng on the system w1r1ng.

a) A torque differential transmitter is constricted
operation with torque receivers,

b) A control differential transmitter is.constructed
operation with control transformers,

Synchro Differential Receiver: A unit wherein the rotor i
ass a positlon with respect to the stator in accordance
difference of the electrical angular information received,
cons

0 Receiver: A unit wherein the rotor is free to tur
ifion with respect to thelstator in accordance with the
mation received when:the rotor is properly energized.
ily constructed for operation with torque transmitte
fdrential transmitters.

ver-- Transmitter: A unit which may have two perpend
6 rotor or sbator, that has its rotor mechanically po
mitting €lectrical information corresponding to angul
otor with respect to the stator,

Resolver = Controi Transformer: A unit which may have two

ks rotor position

primarily for

primarily for

s free to turn to
with the sum or
This unit is

ructed primarily for operationiwith two synchro torque transmitters,

n, to assume a
electrical
This unit is
rs and torque

icular windings
5itioned for
ar position of

perpendicular

windings on the rotor or stator that transforms electrical

angular

infarmation from the stator to a voltage proportional to e

ither the sine

or cosine of the difference between the electrical input angle and the

resolver control rotor angle,

Resolver - Differential:
on the rotor or stalor that has its rotor mechanically pos
modifying electrical angular information received from a t
re-transmitting the electrical information corresponding t
difference of the electrical input angle and its rotor pos
depending on the system wiring,

A unit which may have two perpendicular windings

itioned for
ransmitter and.
o the sum or
ition angle,
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1.3.2 Definitions of Terms:

1.3.2.1 Direction of Rotation: Clockwise or counter-clockwise is determined when
Tacing the shalt extension end of the synchro. When two shaft extensions
exist, the one opposite the lead or terminal end shall be the one
considered for this definition,

1.3.2.2 Rotor Angle: The rotor angle of the synchro is the angular displacement
of ITs rofor from the synchro zero position (see 1,3.2.6) measured as
an increasing positive angle in a counter~clockwise direction,

1.3.2.3 Primagy and Secondary Windings: The primary winding is the| one which
Teceiyes energizing power irom either the supply line (as’ in transmitters
or regeivers) or from another synchro (as in control transfprmers). In
the case of differential transmitters and differential recefivers, the
primafy winding is the outer winding.

1.3.2.4 Electfical Angle:

1.3.2.4.1 Tragsmitter and Receiver: The electrical’ angle is the anjgle "a"
dIsplaced in a positive direction from’synchro zero which satisfies
The [relative magnitudes and polarities of the secondary vpltages of a
syn¢hro transmitter or receiver invaccordance with the following
equatlions: ' :

E (813) =nE (Ryy).8in a

E (S32) = n E (Rpy) sin (a + 120°)
E (Spy) = nBE(Rpy) sin (a + 2L0°)
Where: n is theé\ratio Betweén the maximum rms voltage between any two

secondary teminals, with the third Terminal open, and the
primary voltage;

E“(Ryy) is the voltage between terminalszz and Ry

E (813) is the voltage between terminals S and S3.

Other voltages are similarly defined., These secondary voltages
are in time phase with one another and usually displaced a
nominal amount in time phase firom the primary voltage.
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The electrical angle "a" is the angle displaced 1n

a positive direction from synchro zero which satisfies the relative

magnitudes and polarities oI the secondary voltage of a synchro control
transformer ‘in accordance with the following equatlons-

Where:

E (Rp) = n [E (513) sin (a + 120) - E (S32) sin

E (S13) + E (532) + E (S91) = 0O

2]

n is the ratio between the maximum. rms voltage between any two
secondary termlnals, with the third terminal open, and the

D1
ar

' ferential Transmitter and Receiver: “\The electrical

1523 _|_]'|'1'a4.y vv;uasc H4
E (Rjp) is the voltage between terminals Ry ‘and
E (S13) is the voltage between terminals S and

Other voltages are similarly defined,

53

the relative magnitudes and polarities of the secondary
mchro differential transmitter or a differential rece]

jgle displaced In a positive direction’ from synchro ze:

%]
b3

angle "a" is the
ro which satisfies

voltages of a
Lver in accordance

Wi

lere .

[th the Tollowing equations:

E(13) = n [E (S13)+8in (a + 120) - E (S3p) sin

E(r32) = n [E (S33) sin a - E (S32) sin (a + 240
E(r21) = n_[E (S13) sin (a + 240) - E (S35) sin

E'(SIB)'+ E (S32) + E (Se1) =

n is)the ratio between the maximum rms voltage b

L
)]

(a + 126}]

etween any two

sgcondary terminals, with the third Terminal open, and the

primary voltage:

E (Ry5) is the voltage between terminals Ry and R, -

E (813) is the voltage between terminals S; and S3

Other voltages are similarly defined,
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" 1.3.2.h.4 Resolver Transmitter: The electrical angle "a" is the angle displaced in
a positive direction from synchro zero which satisfies the relative

-magnitudes and polarities oif the secondary voltages of a resolver
transmitter in accordance with the following equationss ~—

E (513) =nkEk (R31) sin a
E (Spy) = n E (R31) cos a

where: n is the ratioc between the maximum rms voltage_between the
secondary terminals and the primary voltage:

E (R31) is the voltage between terminals R3 and Ry

E (813) is the voltage between. terminals Sy ana Sj

Other voltages are similarly defined.

1.3.2.L4.5 Resolver Control Transformer: The electricsl-angle "a" i3 the angle
which displaced in a positive direction from synchro zero satisfies

the relative magnitudes and polarities of-the secondary vgltage of a
resolver control transformer in accordance with the following equation:

E (Rpy) = n IE (sy2) sin a #°E (313) cos g__l

Where: n is the ratio between (the maximum rms voltage betwyeen the
secondary terminals and the primary voltage:

E (RZh) is the voltage between,tenninals Ry and R),

E (ShZ) is the voltage between terminals Sy, and Sp

Other voltages are similarly defined.

1.3.2.4.6 Resolver Differential: The eleétrical angle "a" is the angle displaced
Th d positive direction from synchro zero which satisfies|the Telative

magnitudes and polarivies ol the secondary voltages of a resolver
difflerential in accordance with the following equations: | '

E (R13) = n [E (S2h) sin a + E (S13) cos %]
E (th) =n E (531) sin a + E.. (Szh) cos a]

.Where: n is the ratio between the maximum rms voltage between the
secondary terminals and the primary voltage:

E (R13) is the voltage between terminals R; and R3
E (813) is the voltage between terminals Sy and S3

Other voltages are similarly defined,
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1.3.2.5 Time Phases 'The time phase at a point in a synchro system is the phase of
the voltage at that time with respect to the energizing voltage of the

synchro system. The time phase is measured in degrees,
defined here shall not be zcnfused with electrical angle
measured in degrees,

1030206 Syn.cmo Zero:

1.3.2.6,1 Transmitters and Receiver: The synchro zero position’
and receiver is that position of the rotor with respec

d at which the secondary voltages E (Sq,) and E (832

osition is defined as the point where the secondary v
undamental frequency that is in time phase with the s
t maximum coupling is zero,

ontrol Transformer: The synchro zero position of a ¢
That position of the rotor with respect to the stat

1.3.2.6.2

Time phase as
which is also

o1 transmitters
t to the stator
ircuit S - S3
) are approximately

time phase with the primary voltage E R21)‘ The” minimum voltage

oltage of

econdary voltage

ontrol transformer
or at which minimum

oltage is induced in the secondary ¢ircuit R, - wh
nergized by applying 0,866 times the rated voltage be
ﬁ and the terminal S, which is cennected to S3. It i

at, for small deflecticns of the rotor counter-cloc
ero the induced voltage E (R

. 2)
he voltage E (Sp1) or E (823%. The minimum voltage p
s the point where the secondary voltage of fundament
s in time phase with\the secondary voltage at maxim

ifferential Transmitters and Differential Receiver:
osition of differential transmitlers and differential
hat position(of‘the rotor with respect to the stator
oltage is induced in the circuit Ry - R3 and ‘at which
(R3p) and-E (Ryy) are approximately in time phase wi
onding (voltages E (S3p) and E (S1o) when the synchro
pplying 0,866 times %he rated voltage between termina
1 which is connected to S,. The minimum voltage posi

1.3.2,6.3

is approximately in tj

n the unit is
ween terminal
so determined

jise from synchro

e phase with
sition is defined
frequency that
coupling is zero,

The synchro zero
receiver is

at which minimum
the voltages

th the corres-

is energized by

1l S, and terminal
tion is defined

s7the point where the secondary voltage of fundamenta)

1l frequency that

is in time phase with the secondary voltage at maxirmum

coupling is zero,
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Resolver Transmitter: The synchro zero position of a resolver trans-
7ITfer 1s That position of the rotor with respect to the stator at which
minimum voltage is induced in the secondary circuit S - S3 when the

unit is energized with rated voltage between terminals Ry = R3. It is

so determined that for small deflections of rotor counter-clockwise from
synchro zero the induced voltage E (53 } is approximately in time phase
with E (Rg1)e The minimum voltage posgtion is defined as the point where
the secondary voltage of fundamental frequency, that is in time phase
with the secondary voltage at maximum coupling, is zero,

Resoiver control Transformer: The synchro zero position of the resolver
i ct to the

statgr at which minimum voltage'is induced in the second circuit
R), - Rz when the unit is energized with rated voltage betwgen terminals
S2 and §5). It is so determined that for small deflections|of the rotor

countler-clockwise from synchro zero the induced voltage E ha) is
apprdximately in time phase with E (S2),). The minimum voltage position
is ddfined as the point where the secondary voltage of fundamental
frequency, that is in time phase with the secondary voltage|at maximum
coupling, is zero.

1.3.2,7 Transformation Ratio: The transformation ratio of a synchro|l is the ratio
oF Ethe [no-Toad maximum fundamental secondary voltage to the fundamental
supply [voltage _applied to the primary.

1.3.2.8 Electrical>Error: The error at a given rotor position is deffined as the
mechanical rotor position minus the electrical position,

1.3.2.9 Units: Unless otherwise specified the units for Angles are degrees,
minutes, and seconds, Potential is volts rms., Impedance is ohms, Current
is amperes rms,
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2, SYNCHRO CHARACTERISTICS:

2.1 Physical:

2.1, 1 Envelope Dimensions: Figures 1, 2, 3, and L, together with its accompanying
dimensional chart, gives the synchro envelope dimensions, shaft configura-
tions, and electrical connections,

2.1,2 Lead Wire Identification: For units using 1ead wires instead of terminals,
the I‘ollowing color designation is to be considered standard:

TRANSMITTERS, CONTROL TRANSFORMERS AND RECEIVERS

Rotor Stator
Ry - Red S, - Blue
Ry, - Black S2 - Black

5‘3 ~ Yellow

DIFFERENTIAL - (TRANSMITTER, RECEIVER)

Rotor ~Statar
Rl - Yellow ‘ S]‘_ - Blue
R - Black S5 - Black
R3 -~ Blue 83 - Yellow

RESOLVER -~ (TR ANSMITTER, CONTROL TRANSFORMER ARD|DIFFERENTTAL)

Rotor , Stator
R. - Red Sl - Red
R, - Black S, = Black
R>; - Yellow °~ 55 - Yellow

Rh - Black Sh - Blue
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DIMENSIONS

AND
LIMITS

A t1/32

'B +.003
-.010

C +.0000
-.0005

D +.0000
-.0005

E +.0000
-.0005

M $.003

«lle
DIMENSIONAL CHART
Tor
FIGURE WO, 1
SYNCHRO SIZES

o8 10 il iR

1116 3/8 5/16 1/2
0.750 0.937 1.062 1.437

- 0.8123 1.000 13120
0.5000 0.5000 0.6250 0.5000
0.1200 0.0900 0.:1200 0.1200

*#]1.658 1.246 1.687 1.627 \
**] 812 - - 1.978

0.040 - 0.038 0.062 0.0k0

- 0.062 0.062 0.132
0.062 0.062 0.093 0.093
0.062 0.062 0.050 0.678
0.630 0.840 0.975 1.315

= 3={2=64) A hho)—U-(l-Lo)

- 0.678 0.812 0.875

- 0.001 0.001 0.001

. 0.001 0.001

% For unit with flexible leads.

** For unit with terminals (exclusive of screws)
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DIMENSIONAL CHART
for
PTOURES NOS. 2 and 3
SYNCHRO SIZES
DIMENSIONS 11 15 16(a) 18
& -
LIMITS
*¥#1.005 . ¥%0.540 ¥¥0.540 %50.550
A #%t.010 *0.555 5 5 5
+.000 _
B 003 1.062 1.437 1.437 1750
+.000 .
c -20005 1.000 1.3120 1.3120 1.5620
+.0000 )
D 0005 0.6250- 0.8750 0.8750 0.9375
+.000 .
E - ool 0.185 0.185 o.18_5 0.185
1.770 *2.67°
F Max. 1.775 *1.93 2.593 252
G *.003 0.062 0.040 0.040 0.0h40
H +.003 0.062 0.132 0.132 0.132
I +.003 0.093 0.093 0.093 0.093
J +.005 0.050 0.078 0.Q78 0.078
K +.003 0.975 1.312 1.312 1.625
L L-(L4-40) L_(4-4o) 4-(4-40) b-(4-4D)
M $.003 0.812 1.100 1.100 1.250
N 1.318 1.646 1.646 1.959
P 0.0015 0.0015 0.001 0.0015
R 0.001 0.001 0.001 0.001
+.010 .
S - 005 0.292 0.263 0.263 | '0.263
+.010 .
T _.005 0.355 0.200 0.200 0.200
U 21 21 21 21
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. DIMENSIONAL CHART
for
PROYRES NOS. 2 and 3
(Con't)
| SYNCHRO SIZES
pomeros 1 15 M) 18 19
LIMITS
v Y20 120 . 120 120 12(
W *:882 0.175 0.175 0.1750 0.1750 0.1750
Y +:8(o)82 0.1872 0.1872 0.1872 04872 0.1872
7 Max. 0.155 0.155  0.155 0.155 0.155
AA 20° 20° - 20° 20° 20°
AB 10-32NF-2  10-32NF-2  10-32NF-2  10-32NF-2  10-32NF-2
AC *.001 . 0.125 . © 0.125 0.125
AD +.003 0.062 0.062 0.062
AE ’::88‘5) 0.505 0.665 0.810
AF bs5° - h5® us5°
AB *.005 o.176 S 0.281 0.281
am o 0.125 0.100 0.100
AJ 0.281
AK Max. 0.325
AL 0.565
AM - +.000 1.451
-.002
AN 96
AP T2
00
*DIFFERENTIAL

(a) Dimensions for Control Transformers only.
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DIMENSIONAL CHART
for
PRQUENG NOS. 2 and 3
(Con't)
SYNCHRO SIZES
DIMENSIONS 11 L 15 16(a) 18 19
& | —
LIMITS
& +.0000 1.3611
S -.0005 3
AT MAX. 1.2959
AU 20°
AV *.005 1.537
DIMENSIONAL CHART FOR FEGHEE NO, b
SYNCREO SIZES
DIMENSION 23 31
A 0.71 +.000 0.676 +.000
™9 T 026 T -.015
B 1.990+%-000 2.700 Max.
990 005 700 Max
c Sip50 +-000 100 +-000
2 -.001 3 -.002
D 1;9995 *+-0000 2.750 *.001
3995 0005 5
E 1.990 +-000 2.700 Max.
990 - o 7
F 0.2ko5 +-000- 0.2405 +-000
-.001 - -.001
3.580 L.52k Ref.-
G *3.830 Ref- 52k Re
O. ; +'OOO O. O +-001
i 422 T ore 990~ 006
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DIMENSION

I

&

5 & 5 B B

<15~

DIMENSIONAL CHART FOR PRAHREGNO. L

SYNCHRO S
23 31
-.005 -.003
0.250 +~ggg 0.250 *.001
0.203 +.005 0.250 +.005
1.9995 *'88?8 2.750 .00l
0,005 0.002
0.002 0.002
0,001 0.001
0.001 0.001
0.267 *.015 0.267 *.015
0.387 +‘8gg 0.468 Max.
22 22
96 96
+.0000 +.0000
02291 7" oo 0.2291 7" 1050
0.2)_'.05 +.0000 0.2)405 +.0000
-.0002 -.0002
0.205 Max. 0.205 Max.
20° 20°
1/4-28UNEA2 A 1/4-281NES2A
0.125 *.001 -
0.062 +.003 -
+.010 _
0.064 %" 500

b5 *1°
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Coarse Synchro Zero Marking: When required by the detail specification,
synchro zero shall be approximately located to within 10° by providing an
arrow stamped on the frame and an index mark on the shaf't extension,

2.2 FElectrical:

2.2.1

2.2.2

2.2.3

High Potential Tests: The synchro shall withstand satisfactorily a specified
SIinusoldal potential at a frequency of 60 cycles per second applied for

15 sedonds between windings and case and between windings insulated from each
other, but on the same iron structure, The applied potential shall be raised

volts shall be tested at 900 volts R.M.S. and those rated|at ‘
volts shall be tested at 500 volts Ri¢M.S. The High Poténtial| test shall be
performgd only once on the completed synchro. Repeated High Rotential tests,
made by |any agency after shipment from point of manufacture, are to be made
at valugs not to exceed 80% of those specified for'the completed unit.

Insulztion Resistance: The insulation resistance of the synchro shall be
measured at amblent temperature of 22 + 3°C. and a barometric|pressure of
29.92 inches of mercury before and after the high potential t¢st, The
measurenent made at 500 volts d-c for one minute between windings and frame

~ shall ngt be less than 20 megohms,

Open Circuit Current and Power: «The input current and power ghall be
measured with the synchro energized as described under para., 2.2.8 and with
the secqndary leads open, Thé primary current and power shall not exceed
the valjes given in the following table. The measurements shall be made
with thg synchro at normal operating temperature., The open circuit current
and powdgr shall not vary by more than 2 percent as the rotor is turned
through |a complete revolution,
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SINCHREO CURKENT = POWER TABULATION

115 VOLT 60C

115 VOLT 40OC

26 VOLT LOOC

I
AMPS

\
WATTS

T
AMPS

W I
WATTS | AMPS

W
WATTS

TRANSMITTER - TORQUE

8
10

1
15
16
18
19
23
31
37

TRANSMITTER - CONTROL

8
10
11
15
16
18
19
23
31
37

CONTROL TRANSFORMER

8
10
11

n

W31

15CT3B2
16
18
19
23
31
- 37

<D
.
<D
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SYNCHRO CURRENT - POWER TABULATION

II5 VOLT 60C | 115 VOLT LOOC | 26 VOLT LOOC |
T W | I W T W
AMPS | WATTS | AMPS | waTTS | AMPS | WATTS

DIFFERENTIAL TRANS, - TORQUE

8
10
11
15
16
18
19
23
31
37

DIFFERENTTAL THANS. - CONTROL

8
10
11
15
16
18
19
23
31
37

DIFFERENTTAL RHCEIVER

8
10
11
15
16
18
19
23
31
37
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SYNCHRO CURRENT - POWER TABULATION
II5 VoLT 606 T 115 VOLT G0C |26 VouT T |
T w T W
srs | warts WATTS | AMPS  WATTS

RECEIVER

8
10
11
15
16

18
19
23
31
37

RESOLVER - TRANSN

[TTTER

8
10
11
15
16
18
19
23
31
37

RESOLVER - CONT,

TR ANSFCRMER

8
10
11
15
16
18
19
23

31

37

RESOLVER - DIFFERENTIAL

8
10
11
15
16
18
19
23
31
37
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2.2.4 Synchro Zero: Measurements of all angular displacements of the rotors of
synchros shall be referred to a standard position which will be designated

as "Synchro Zero", as defined in paragraph 1.3.2.6.
taken in testing units without dampers to prevent their spinning,

Caution should be

External

friction may be applied or the voltage made very low at first and then
increased to normal after the rotor has come to rest, The values of applied
voltages for types are tabulated below:

Nomlnal System Applied Volts
Volts N Figures
B 5-6 | 7-8 |9-10] 11-127 13-1L{ 15-16
115 115| 78 | 78 115 90 90
26 26 | 10.2(10.,2 26 | 11,8 | 11.8

2.2.,4,1 Synchr

o Zero of Transmitters and Receiver:

of a t
and se

The ‘synchro zero

position

rFansmitter or receiver shall be determined by connecting the primary
condary as shown in figure 5,

L'ZV
APPLIED VOLTS _
RATED|FREQ

th St

Lo

Figure 5
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The synchro shaft will rotate to either of two positions which are 180°
apart, The correct approximate position is that one which produces the
smaller voltage reading in V. The synchro zero position should be accurately
determined as follows! Without rotating the synchro shaft, reconnect

synchro as shown in figure 6,

Re2 //:f 3t - o
APPLIED VOLTS [ / \\ S»
\

RATED FREQ \
RS S3

s | AN ¢ —

Figure 6

Rotate the synchro shat't through the smaller“angle that will produce a zero
reading|on the null meter, That positiom3s the synchro zero|position,

2.2.4.2 Synchro| Zero of Control Transformerse, The synchro zero positiion of a
Control| transformer shall be determined by connecting the synchro as
shown ip figure 7.

IS St
APPLIED VOLTS DR
RATED FREQ  S3

Re r-—=—-

S3 — . V_°C

Figure 7
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The synchro zero position is approximately at the minimum voltage position,
This position should be accurately located by connecting the synclro as
shown in figure 8, without rotating the synchro shaft., .

' St —— -
APPLIED VOLTS | RN ] |
RATED FREQ _ |sg (\ | NULL |
| METER |
~— <R = I
_S}A_/ Lol

Rotate| the s.ynchro shaft through the smallest angle that wil
zero reading on the null meter. That position is the synchr

Figure 8

1 produce a
p zero position,

2.2.4.3 Synchrp 2ero of Differential Transmitters and Differential Heceiver:

The sypchro zero position of” a diiierential Transmitter or meceiver
shall be determined by connecting the synchro as shown in figure 9,

>
v
2
A
!

APPLIED VOUTS 2 [/
RATED FREQ|
"/ /) Rs

r
|

Figure 9
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The synchro shaft will rotate to either of two positions which are 180°
apart, The correct approximate position is the one which produces the

-smaller voltage reading in V.
accurately determined as followsg

the synchro as shown in figure 10,

APPLIED VOLTS
RATED FREQ

The synchro gzero position should then be
Without rotating the shaft, reconnect

Rotate the synchro shaft through the smallest angle that w
zero|reading of the null meter, That-position is the sync

2.2t Synchro Zero of Resolver Transmitter:

Figure 10

The synchro zero of]

trangmitter shall be determined by connecting the primary
as shown in figure 11,

™ T _Ri r 0
Sg_//\\ \R2 | NULL |
S- \\\/!/,/RS 4_MET.R :
3 S

ill produce a
hro gero position.

a resolver
and secondary

APPLIED VOLTS
RATED FRE(Q

=

M- .
eV o5

R3

\‘_/'// Se

Figure 11
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The resolver shaft shall be rotated to the position that produces the

smallest reading in V.,

The synchro zero position should then be accurately
determined as follows: Without rotating the resolver shaft, reconnect the
resolver as shown in figure 12,

Si f———-
N T
:Z?EIEDFVOLTS L?//\ oL !
I Ra 4\_// / | METER |
N S3 | |
A S
Figure 12
Rotate |the resolver shaft through the smaller.angle that will provide a

zero rdading on the null meter.

That position is the synchro zero position,

2.2.4.5 Synchrq Zero of Resolver Control Transformer: The synchro ze¢ro of a
resolver control transformer shall be ‘determined by connecting the pPrimary
and sedondary as shown in figure 13,
‘ vlS| — - :
APPLIED| VOLTS oV p—
RATED HAREQ
R4

Figure 13
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The resolver shaft shall be rotated to the smaller peak voltage position

as read in V,

resolver as shown in figure 1l,

The synchro zero position -should then be accurately
determined as follows: Without rotating the resolver shaft,

reconnect the

r———7
R2 | '
APPLIED VOLTS f\ = 1 ONULL |
RATED FREQ —METER !
|
P\ Sr—
| |
| —_—
Figure 14
Rotate the resolver shaft through the.smaller angle that will provide a
zero reading on the null meter, That position is the synchro zero position.
2.2.,4.6 Synchro Zero of Resolver Differential: The synchro zero of] a resolver
diffepential shall be determined by connecting the primary |and secondary
as shpwn in figure 15, ‘
lS:e
' — T ——"
APPLIED YOLTS N\ Rz ‘ol o
— -] —
RATED FREQ
Ri
Sa
Figure 15

smal lest reading in V,
determined as follows:

The resolver shaft shall be rotated to the position that produces the
The synchro zero position shall then be accurately
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Without rotating the resolver shaft, reconnect the resolver as shown in

figure 16,
S2 \ e
R N\ R2 | 1
APPLIED VOLTS | NULL

RATED FREQ :METER

|
' :
Se N T

Figure 16

Rotate| the resolver shaft through the smallercangle that will provide a
zero rpading on the null meter. That position is the synchrjo zero position,



https://saenorm.com/api/?name=624f3bedb836ad675672cdeb4c3c827a

Issued 7-1=55
SYNCHRO SPECIFICATION Revised

ARP 46|

-31-

2.2.,5 Impedance:

2.2.5.1 General: The synchro shall be mounted centrally in a square aluminum plate
as shown in figure No. 17. The synchro shall be held in place by recommended
mounting clamps. All surfaces oi the plate shall be finished with black
anodize (MIL-A-8625A). The plate shall be mounted on supports which allow

approximately 1/u4" clearance from other surfaces at the bas
upright position by 2 supporting arms. The base and uprigh
be made. of any suitable heat insulating material, The unit

e and held in an
t supports are to
shall be

ma@ntained at 220C, + 39C, until unit reaches a state of equilibrium., Then
the unit and its mounting shall be located to assure minimum effect from

air rents and ambient temperatiure rise,

2.2.5.1.1 Mounting Plates: The mounting plates, bases and supports

figure 20,
o}
/
Ra |
EXCITATION Rg ~ where z =
NULL | when Ry =
DET. | *
N\
& o]
R ~ 3
Unit Under
Test
G

are shown in

condition. -The
‘The impedance
bridge circuit

R+ J 53T
RR~’R
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FIGURE NO, 17

MATERIAL=ALUMINUM 24ST

A DIA. CENTERED FINISH=FXS 963

ON PLATE

DRILL.AND TAP FOR
"FLOTHD., 3 HOLES
EQUALLY SPACED AT 120°
ON B DIA.

SYNCHRO MOUNTING PLATES

Frame Size Dimensions -~ inches
A B c D. - E F
+oool + 0002 ,
-.000
8 0.501 0.875 2.25 2.25 0.1875 3-56
10 0.812 1.187 2.80 2.80 0.1875 3-56
11 1.001 1.375 3.20 3.20 0.1875 3-56
15 1.313 1.688 4.30 4.30 0.1875 3-56
18 1.563 1.956 5.25 5.25 0.1875 3-56
23 2.001 3.00 6.75 6.75 0.3125 6-32
31 2.751 3.50 9.30 9.30 0.3125 6-32
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FIGURE NO. 18
A
w0

pt— 6 —>

3 29

E"l |' 232" ™o
y

U p ol

MATERIAL= LINEN LAMINATED BAKELITE OR
OTHER SUITABLE INSULATING MATERIAL

INSULATING BASE FOR
SIZE 8, 10, 11, 15, 16, 18 8 19 SYNCHRO MOUNTING PLATES
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FIGURE NO. 19
! ,
ol ! |
! . T
9 ' IDIQ
-l
I
i 'f
B

MATERIAL= LINEN LAMINATED BAKELITE OR
OTHER SUITABLE |NSULATING MATERIAL

INSULATING STAND FOR
SIZE 23 & 31 SYNCHRO MOUNTING PLATES
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2.2.5.2 Transmitters, Control Transformers, Receiver:

The following impedance measurements are to be made:
(a) Impedance Zpq

Excite rotor at nominal rated excitation, see Section 2,28, with
stator open circuited,

(b] Impedance Zgq

Excite stator single phase at nominal rated exeitation, see Section

2.1.8, with the rotor open circuited.. For this test, connect terminals

- 8. |and 5., together and apply excitation between-the strapped 8 - 53
t%rminalg and So.

(c} Impedance ZRSS

Excite the rotor, with the stator, short circuited, at| the current
value obtained in measurement ZRO'

(4} Impedance Zgo - 90 (For Salient Pole Synchros)
Apply nominal rated excitation, see Section 2,2.8, to terminal
So|and 51, Connect S; t0-§7. Rotor terminals shall be ppen circuited.
Rotor to be positionea 900 }rom synchro gero,

\



https://saenorm.com/api/?name=624f3bedb836ad675672cdeb4c3c827a

Issued 7-1~55
|ARP 461 | poviees SYNGHRO SPECIFICATION

=36

2.2,5.3 Differentials - Transmitters, and Receiver:

The following impedance measurements are to be made:

(a) TImpedance Zro

Apply nominal rated excitation, see Section 2,2.8, to terminals Rp
and Rj. Connect Ry to Ry. Stator terminals to be open circuited.

(b) Impedance Zs0

Excite the stator single phase at nominal rated excitation, see Section

2.2.8, pith the rotor open circuited, For this test, connect terminals §
and 53 [together and apply excitation between the strapped Sy |- S3 termina}s
and S»o.

(c) Impedance Zpg

Copnect Ry to Ry and excite the rotor terminals Ry and Hp, with the
stator phort circuited, at the current value obtained in measyrement Z2Ro-

2.,2.5.4 Resolvers - Transmitter, Control Transformer and Differential

.

The following impedance measurements are to be made:

| (a) Impedance Zro

Exgite rotor terminals Ry and Ry at nominal excitation, [see Section

2,2,8, with the stator open circuited, For this test connect| rotor
teminals Ry to R).

Ex¢ite statoriterminal 8, =54 at nominal rated excitatilon, see Section
2.2.8, ¥ith therotor open‘circuitgd.
(¢) Impedance ZRSS

: short circuited,
r this test connect

asurement ZRO’ Fo

at the current value obtained in me
rotor'terminals'Rz to Rh'

(d) Repeat steps (a), (b), and (c), but exciting the other phase windings
Ry - Rh (ete.).
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2.2.5.5 Tabulating Impedance Values:

2.2.5.5.1 Impedance - For 115 Volt, 60 CPS Synchros:

SIZE

IMPEDANCE - OHMS

Zrg = R + JX Zgo=R + JX Zrss =R+ JX Zso-90 =R + XX

TRANSMITTER - TORQUE

8
10
11
15
16
18
19
23
31
37

TRANSMITTER - |CONTROL

8
10
11
15
16
18
19
23
31
37

CONTROL TRANSFORMER

8
10
11
15
16
18
19
23
31
37
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SIZE

Zro=R+Jx

-38-
_IMPEDANCE - ORMS

Zgo = R+ JX Zrge =R + JX Zgo-90 = R + JX

DIFFERENTIAL TRANS. - TORQUE

8
10
11
15
16
18
19
23
31
37

DIFFERENTIAL TRANS. - CONTROL

8
10
15
16
18
19
.23
37

DIFFERENTTAL, RECEIVER

8
10
11
15
16
18
19
23
31
37
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2.2.5.,5.,1 Cont'd

TMPEDANCE - OHMS

SIZE Zr°=R+JX ZSOBR+JX ers-R+JX Zso_9oﬂR+Jx

RECEIVER

8
10
11
15
16

18
19
23
31
37

RESOLVER - TRANSMITTER

8
10 .
11
15
16
18
19
23
31
37

RESOLVER - CONT. TRANSFORMER

8
10
11
15
16
18
19

23

31

37
RESOLVER - DIFFERENTIAL

8
10
n
15
16
18
19
23
31
37
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2.2.5.5.2 Impedance .- 115 Volt, L0O CPS Synchros:

IMPEDANCE - OHMS

-SIZE Zro=R+JX ZSO=R‘+JX ZrSS=R+JX ZSO-9O=R‘+JX

TRANSMITTER - TORQUE

8
10
11
15
16
18
19
23
31
37

TRANSMITTER - CONTROL

g
10
11
15
16
18
19
23
3
37

CONTROL. TRANSFORMER

5
10
11
15
16
18
19
23
31
37
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2.2.5.,5.2 Cont'd

TMPEDANCE -~ OHMS

SIZE Zpo = R+ JK Zgo =R + JX Zpgg= R+ JX Zgogo= R+ JX

DIFFERENTIAL TRANS. - TORQUE

8
10
11
15
16
18
19
23
31
37

DIFFERENTIAL TRANS, - CONTROL

8
10
11
15
16
18
19
23
31
37

DIFFERENTIAL RECEIVER

8
10
11
15
16
18
19
23
gk
37
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IMPEDANCE - OHMS

2.2 050502 Conttd

SIZE  °  Zro=R+ JK Zgo =R + JX Zpgg =R + JX Zgo.90 = R + JX

RECEIVER

8
10 .
11 -
15 -

16
18
19
23
3
37

RESOLVER - TRANSMITTER

8
10
11
.15
16
18
19
23
31!
37

RESOLVER - CONT! TRANSFORMER

8
10
11
15
16
18
19
23
31
37

RESOLVER - DIFFERENTIAL

8

- 10
11
15
16
18
19
23
31
37
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2,2,5.5.3 Impedance - 26 Volt, LGO CPS Synchros:
IMPEDANCE - OHMS
SIZE Zho= R+ JX 250 =R+ JX Zpgo=R+ J Zgo.90 = R + XK

TRANSMITTER - TORQUE

8
10
11
15

TRANSMITTER -+ CONTROL

8
10
n
15

CONTROL TRANSFORMER

8
10
11
15 CT3H2 70+3L00 13.2+4376,5 77.8+351

DIFFERENTTAL |[TRANS. - TORQUE

8
10

n
15
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2.2.5.5.3 Cont'd

TMPEDANCE - OHMS

SIZE Zro=R+JX ZSO=R+JX ZrSS=R+Jx Zso-9o=R+JX

DIFFERENTIAL TRANS. - CONTROL

8
10
11
15

DIFFERENTIAL RECEJVER

8
10
11
15

RECEIVER

8

10

11

15

RESOLVER - TRANSMITTER
8

10

11
15
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2.2.5.5.3 Cont'd
TMPEDANCE - OHMS
STZE Zeo= R+ JX Zgo =R+ JK Zpgg = R+ JX Zgougp = R + JX

RESOLVER ~ CONTROL TRANSFORMER

8
10
11

15
RESOLVER - DIFFERENTIAL

8
10
11
15
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2.2.6 Accuracy:

2.2,6.1

Electrical Error - Proportional Voltage Method: Before testing the synchro
Tor electrical error by the proportional voltage method, the synchro zero
position of the synchro under test shall be accurately determined as
described in 1.3.2.6 as applicable, The synchro zero shall be determined
under open circuit conditions and shall not be adjusted before performing

electrical error test,

2.2,6.,1.1 This nethod consists in comparing the actual position of tThe¢ synchro

rotor [with the electrical position of the synchro,

a, of ([the synchro is related to the equivalent position'@,

folloWing expression:

a = Electrical angle = (N + 3M) 60°
R=1/2 -1/2/3 cot (P + 600)

R = -dne of the smaller secondary voltages . A

M = O when Voltage E (Sq4) is in time phase with voltage E |

Jargest secondary voltage JO000

The elec

ohms

ctrical angle,
m’the

Rp1).

M = 1 when Voltage E (S73) is 180° eut of time phase with vcltage E (R21)%

and N [is determined from the following tables:

Terminalsg Giving Terminals Giving
Largest iEcondary Smallest Secondary
Voltiage Voltage

S2 451 Sy - S3

The basic|circuit employed for electrical error testing of syn

Value
of
N

0
1
2

hro trans-

nitters ip“shown in figure 21. The unit shall be energized with rated

voltage and frequency across R; - R2.
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r—= - =
| NULL ;
| METER
L_r___J
Ri_ —
RATED VoLTS / /~ "\
AND FREQ \&) SIS
Rz é,
A Bl
/

/
VOLTAGE DIVIDER

NOTE: The [LZg, delta:connected
loads may be. Treplaced by an
equivalent wye connected load.

Figure 21

Basic Circuit Employed for Electrical Error Test of
Synchro Transmitters ard Receivers
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Three 10,000 ohm resistors shall be connected in delta across the output

circuits

The resistors shall be equal to within 0,01%.

S1, S2 and S3. These resistors shall be capable of b

eing tapped.

The voltage divider shall be

linear to within 0,01% and produce a phase shift of no more than 10 minutes.
Impedances shown as U Zgo shall be four times the value of Zso + 154 of the

type of unit under test (ref, paragraph 2.2.5.2).

This load shall be such

that when three error curves are made, each at one of the three possible
connections of the load, the maximum difference in the error curves shall

not exceed 10% of the allowable transmitter error.

With maximum output

voltage of unit under test applied across one of the impedances, the
maximum pickup across either of the other 2 impedances shall not exceed

0,005% o
the seco
be conne
tap on t
resistor
less tha
and shall

test from a null position,

value of

€ applied voltage. O
ndary terminals giving the largest voltage, and the re
hted across the terminals giving the smaller voltages,
he divider shall be connected to the common terminal o
5 through a sensitive electronic voltmeter having an i
1 that of a 500,000 ohm resistance shunted by’a capaci
|l be capable of indicating 0,2 minute displacement of
Tt shall also be able “to discrimin
quadrature of 1% of maximum output voltage of the unj

so as to

divider

displaceEent from the null position of the“unit under test.

produce a meter reading less than that produced by a
T

hall be set at the proper ratio (R in the formula) fo

electrichl position and the synchro shaft shall be turmed unti

of the n

111 fieter is obtained. The-position of the rotor is t

The error at a given rotor positiow is defined as the mechanic

position
voltage
is given

minus the electrical position, To facilitate the set
Hivider, a table of walues of R corresponding to varig
in following table:

Valdes of R for Various Values of Angle P

onnected across

sistors shall
The variable

f the two fixed

mpedance not

ty of 30 mmfd,

the unit under

late against a

+ under test

0.2 minute

he voltage

+ the desired

1 a zero reading

hen recorded,

al. rotor’

tings of the

us value of @

2 R
0 .00000
5 09617 .
10 18479
15 26795
20 34730
25 2h23
30 .50000
35 571577
- 4o 65270
us .73205
50 .81521
55 .90383
60 1,00000

The maximum error, in absolute value, of transmitters shall not exceed
those given for its classification in tabulation under section 2.2.6.5.
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2.2.,6,1,2 Control Transformers: The basic circuit for electrical error testing of

2.,2.6,1,3 Dififferential Transmitters:

2.2.6.1.3.1

149~

control transformers is shown in Figure 22, The stator terminals of

the control transformer shall be connected to the corresponding stator
terminals of a matching control transmitter operated at rated voltage

and frequency. The output terminals R} - Ro of the control transformer
shall be connected to the null meter. The energizing transmitter shall
be turned until its electrical position, measured as described in
2.2.6.)..1, is at the desired value, The mechanical rotor position of the
unit under test that produces a zero reading of the null meter shall be
determined, The error at a given rotor position is the mechanical rotor
p051tion minus the electrlcal p031t10n. The maximum errors, in absolute

2.2.6.5. CWhen requlred cod1ng may be added to deflne the angular
posiition of the second harmonic error,)

Differential Transmitter Rotors:; The basic{circuit for electrical error
festing of the rotor windings of differential synchros|is shown in
Figure 23. The unit shall be energized at rated frequency with 0.866

1

c

f

imes the rated voltage across termihal S, and terminal S; which is
onnected to S3. The electrical pdsition of the rotor|is obtained
rom the following equation:

Electrical position = @' (N + 3M) 60°
where P is determined)as described in Section 2.2.6.1.1,

M = O when voltage E (R is in time phase with voltage E (S 3)e
M = 1 when voltage E (Rl ) is 180° out of time phase with vol%age E (ng)
and N is obtained «from tg following table:

Terminals Giving Terminals Giving Value

IJargest Secondary Smallest-Sacondary of
Voltage Voltage N
R3‘ - R2 Rl - R3 0
Ry - Ry Ro - Ry 1
Ro - Ry R3 = Ry - 2

The error at a given rotor position is equal to the mechanical position
of the rotor minus the electrical position, The maximum errors, in
absolute value, of differential transmitters shall not exceed the
limits given in section 2.2.6.5.
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Differential Transmitter Stators: The basic circuit for electrical
error testing ol the stator windings of differential synchros is shown
in Figure 24, The stator terminals of the synciro under test shall be
connected to the corresponding stator terminals of a synchro trans-
mitter of efual or larger size, operated at rated voltage and frequency.
Lotor terminals R “of the differential transmitter shall be
connected to a mu 1 me r. The energizing transmitter shall be turned
until its electrical position, measured as described in 2.2.6.1.1, is
at the desired value, The angular position of the unit under test
that produces a zero readlng of the null meter shall be determined.

= a—gd = : de - e-mechanical rotor
posltlon minus the electrlcal position. The maximum errprs, in absolute
value, of differential transmitters shall not exceed the| limits given
in|section 2.2.6,5,
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RATED VOLTS -51~ .
8 FREQUENGY | \

S
;NULL |
: | METER |
Rl/__\ Rz » | |
\ -1 L__{__T-_J
L .

ENERG|I ZING
SYNCHRO

TRANSMITTER

T

SYNCHRO | NuLL '
CONTROL - \ | | METER |

L TRANSFORMER - | |
UNDER TEST \\__4/Re ] |

ks BASIC CIRCUIT EMPLOYED FOR ELECTRICAL ERROR TEST OF CONTROL
TRANSFORMERS '

Eigure 22
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I k
RATED FREQ AND | |
866 RATED VOLTS | NULL METER |
| |
| |
L —_—

Si1 | S2| B3

A %
K
SYNCHF;& T 6@

DIFFERENTIAL

TRANSMITTER
UNOER TEST

VOLTAGE DIVIDER

NOTE: The LZg, deIta connected
loads may be replaced by an
equivalent wye connected load.

BASIC CIRCUIT EMPLOYED FOR ELECTRICAL ERROR TEST OF THE
ROTOR WINDINGS OF THE DIFFERENTIAL
TRANSMITTERS

Figure 23
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_ r——— -
‘ |
- |
RATED VOLTS |NULL METER |

8 FREQUENCY

|
-

RI  |R2 '
N\ | DR
) ~
\/[ i
ENERGIZING ¢ 7
voubee
TRANSMITTER * A
SYNGHRQ / R1 jf —I
DIFFERE NTIAL \ Rz I nuLL |
UNDER TEST // . | METER
/ ! | I

BASIC CIRCUIT .EMPLOYED FOR ELECTRICAL ERROR TEST OF THE .STATOR
WINDINGS OF THE DIFFERENTTAL TRANSMITTERS

. Figure 24
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2.2,6.1.i Resolver Transmitter: This method consists of comparing the actual

position of the synchro rotor with the electrical position of the synchro,
The electrical position of the synchro is obtained from the following
equation:

Electrical Position = P P + (N + 1/2 = P/2 + LM) L5°

¢'=
R =

tan -1 R
Ay
2

smaller secondary voltage/larger secondary voltage =

Ay
M=

M=

N is determined as follows:

N =

2
L}

RATED VOLTS

Ay = 10,000 ohms

O when E (833) is in time phase with voltage E {R3;)

1 when E (S)3) is 180° out of time phase with voltage E (Ryy)

3 when V3 is larger or equal to Vp @and V3 is larger or equal to V3. -

2 when Vp is larger or equal to.V3 and V; is larger or equal to Voo

1 when V, is larger or equalto V3 and Vl.is smaller jor equal to Voo

O when V; is larger or equal to Vp and Vj is smaller pr equal to V3.

+ 1 when R increases with increasing positive angle,

- 1 when R decreases with increasing positive angle;

RATED VOLTS
& FREQ

& FREQ | Si
B
R
R4
RESOLVER , |
TRANSMITTER »—IZZso }
UNDER TEST —dL
| NULL !
|
| METER |
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Four non-inductive voltage dividers of 10,000 ohms each shall be connected
across the output circuits §,-S3, Sp-S), as shown in Figure 25, Impedances
shown as 2 2go shall be two Limas the value of 2gq + 158 of the type of

unit under test (ref. paragraph 2,2.5), This load Fhall be such that four
error curves are made, each at one of the four possible connections of the
load, the maximum difference in the error curves shall not exceed 10% of the
sallowable transmitter error. With maximum output voltage of unit under test
applied across one of the impedances the maximum pickup across the other
impedance shall not exceed 0,005% of the applied voltage, The voltage
dividers shall be equal to within 0.01% and produce a phase shift of no
moret D—minutess he artabile ap—shal De—COoONNE 'anullmeter
having |an impedance not less than that of a 500,000 ohm resistor shunted by a
30 mmf [capacitance and shall be capable of indicating 0.2 ‘minutes displacement
of the |[unit under test from a null position., It shall also he able to dis-
erimingte against a value of quadrature of 1f of maximum output voltage of
the unit under test so as to produce a meter reading)'less than that produced
by a 02 minute displacement from the null position of the unit under test.
The voltage divider shall be set at the proper ratio (R in the formula) for
the degired electrical position and the synchro shaft shall be turned until
a sero [reading of the null meter is obtained. The position ¢f the rotor is
then rgcorded, The error at a given rotor, position is defined as the

mechanical rovor position m%nus the electrical position,
Values of R for Various Values of Angle @§
g R
0 ‘ 00000 /
5 08749
10 ' 17633
15 4 26795
20 36397
25 L6631
30 57735
Lo ~ .83910
LS 1,00000

The maximum errors, in absolute value, of resolver transmitter shall not
exceed those given in section 2.2.6.5.
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2.2.6.,1.5 Resolver coﬁtrol Transformers: The basic circuit for electrical error:

Testing of resolver control transformers is shown in Figure 26,

RESOLVER
ENERGIZING ‘ CONTROL
RESOLVER TRANSFORMER
TRANSMITTER UNDER TEST

& FREQ

le

. E 5 :
RATED VOLTS e S
y / \/ S3 N A \A R3

o S / R2
R4 S4 A2 S4 R4
s 1 g
— 4 L 9 L 1
: NULL" {—NULL—!
| ,
LMETER L METER |

Figure 26

The stlator terminals(of the resolver transformer shall be cannected to
corresponding stator’/terminals of a resolver transmitter opgrated at
rated voltage and-frequency, The output terminals R, R), of (the resolver
control transformer shall be connected to the null meter, The energizing
transmitter shdall be turned until its electrical position, measured as
described 4n°2,2.,6.k i, is at the desired value, The anguldr position of
it under test that produces a zero reading of the null meter shall

EMRINed Fhe—ereror—3a R—§ BA— POt POsS1ieIoN S—%he ecmicd
rotor position minus the electrical position, The maximum errors, in
absolute value, of resolver control transformers shall not exceed the
limits given in section 2.2.6.5.
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olver Differential:

2.2.,6.1.6.1 Resolver Differential-Rotor:

2.2.6,1.6,2 R

Figure 27 (assigned)

psolver Differential-Stator:

Figure 28 (assigned)
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2,2,6,2 Electrical Error - Comparison Methods Before testing the synchro for
elecirical error by the comparison method, the synchro zero position of the
synchro under test shall be accurately determined as described in 1,3.2.6
as applicable, The synchro zero shall be determined under open circuit
conditions and shall not be adjusted before performing electrical error test,

2.,2,6.2,1 Transmitters: Transmitters shall be tested as shown in Figure 29 using
control transfarmers, calibrated by the proportional voltage method as
described in 2.2.6.1.2. The calibrated C,T. shall have an open circuit
input impedance (Zso) two times the open circuit impedance of the output
winding (Zso) of the transmitter under test., The synchro under test shall
be excited with rated voltage and frequency to the rotor, Tts stator

leadsﬂshall be comnected to the stator leads of the calibrated control

transflormer in the following manner: S; to S3, S5 to S3j0apd S, to Sp;

and iYfs rotor shall be mechanically coupled to the rotor of|the control
transflormer so that both units are at synchro zero, The rotor voltage

of thel control transformer is a measure of the electrical error of the
synchrp system (calibrated C.T. error plus unit derror under|test), This
voltage shall be recorded for a complete revolution by means of a

recording voltmeter with the same requirements as the null meter described
in 2.2l.6.1.1. The electrical error record.shall be corrected, if necessary
to account for the errorsof the calibrated control transfo er. The

maximum errors, in absolute value, of the- transmitters shall not exceed

the limits ngen in section 2,2.6,5,.

2.2,6,2.,2 Control Transformers: Control transformers shall be tested |as shown in
Figure 30 using fransmntters, calibrated by the proportional voltage
method| as described in 2,2.,6¢1.1. The transmitter shall have an output
winding impedance with the rotor short circuited and fully ¢oupled to the
output winding.no greater than 2% of the open. circuit input |impedance
(Zso) pf the control transformer under test, The transmittdr shall also
have the proper transformetion ratio so that with rated voltage applied
to the| transmitter the control transformer will receive its [rated
excitapion, The stator leads of the calibrated transmitter |shall be
connected to the. stator leads of the control transformer in [the following
mannerg Sy 00753, S3 to Sy, and S, to S,; and their rotors |shall be
mechanjcally coupled”so both unlts are a% synchro zero, The rotor voltage
of the control transformer is a measure of the electrical enror of the
synchre em—{eontro 3: : ibrated trans-
mitter error). This voltage shall be recorded for .a conplete revolution
by means of a recording voltmeter with same requirements as the null meter
described in 2.2,6.1.1. The electrical error record shall be corrected,
if necessary, for the errors of the calibrated transmitter. The max1mum
errors, in absolute value, of the control transformer shall not exceed
the limits given in section 2.2,6.5,
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2.2.642,3 Differential Transmitters:

2.2.6.2.3.1

242,60424302

Differential Transmitter Rotorg

Differential transmitter rotors

Shall be tested as shown in Figure 31 using control transformers,
calibrated by the proportional voltage method as described in 2.2.6.1.2.
The calibrated C,T, shall have an open circuit input impedance (Zso)

two times the open circuit impedance of the output winding (Zro) of the

transmitter under test,
frequency and 0,866 rated voltage applied between S, and
together,

ct

29
e rotor of the control transformer so that both units

ro, The rotor voltage of the control transformer|is
e electrical error of the synchro system (control’ tra
us differential rotor error under test), This @oltag
rded for a complete revolutién by means of d.recordin,
e same characteristics as the null meter-déscribed in
ectrical error record shall be corrected,”if necessar;
the calibrated control transformer, :.The maximum err
lue, of the differential rotors shall’not exceed the
ction 2,2,6.5.

wdoOdtod

ifferential Transmitter Statory Differential transmj
all be tested as shown in Figure 32 using transmitter
the proportional voltage(method as described in 2,24
ansmitter shall have anloutput winding impedance with
ort circuited and fully coupled to the output winding
of the open circuit input impedance (Zso) of the diff
ste The transmitter shall also have the proper transf

11 receive its,rated excitation. The stator leads of

the following mamnner: S; to S4, S, to S and S3 to

Its rotor leads shall be connected to the stator
the calibrated control transformer in the follow1n5 manner

The synchro under test shall be excited at rated

shorted
eads of
Ry to 53,
y coupled to
are at synchro
h measure of
1smitter error
e shall be re-
g voltmeter with
2.2.6.1.2., The
r, for the errors
brs, in absolute
Llimits given in

595

Ltter stators

5, calibrated
belel. The

the rotor

no gréater than
erential under
ormation ratio

that with rated voltage applied to the transmitter the differential

the calibrated

ansmitter shall be connected to the stator leads of the differential

Sy, and their

tors shall be mechanlcally coup ed so tha both units
chro gero, The rotor voltage E (Ry3) of the differe

w R HESEEOTNVN O O

are at
tial is a

agure of the electrical error of the synchro system (Qifferential
ator error under test plus calibrated transmitter errgr),

This

voltage shall be recorded by means of a recording voltmeter with the

same requirements as the null meter described in 2,2.6.1.1.

The synchro

error record shall be corrected, if necessary, for the errors of the

calibrated transmitter,

The maximum errors, in absolute value, of the

differential stator shall not exceed the limits given in section 2.2.6.5,
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TRANSMITTER CALIBRATED
UNDER TEST c.T.
Rl Rl r _l
RATED VOLTAGE MEC | RRCORDING |
HAN TCAL VOLTMETER
& FREQ. Q COUPLING @, ; !
Re =5 { |
< 51 L __4
s1]|s2 [ 53 ST s3
CO!LPARISON METHOD FOR ELECTRICAL ERROR OF TRANSMITTERS
Figure 29
CALIBRATED C.T.
TRANSMITTER UNDER TEST
Rl Ry [~ T T
b
RATED VOLTAR MECHAN ICAL | RECORDING i
’ VOLTMETER
¢ FREQ. Q COUPLING @) : |
R2 s1 R2 ! I
o 0 IS b __ |
sl] s 3 s2 s3 _
COMPARTSON METHOD FOR)ELECTRIC AL ERROR OF CONTROL TRANSFORMER
Figure 30
DIFFERENTIAL CALTBRATED
o |UNBER TEST c.T.
866 AN RI .[- j
RATED - RECORDING |
VOLTAGE _|S2 ( ) MECHANICAL | VOLTMETER |
;R ggTED COUPLING O | |
)e R2
R1 [R2 |R3 53| s2| s1

COMPARISON METHOD FOR ELECTRIC AL FRROR OF DIFFERENTIAL TRANSMITTER ROTORS

Pigure 31
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CALTBRATED DIFFERENTIAL
TR ANSMITTER UNDER TEST
R m (7777
! . ' o — RECORDING |
gAEEQOVOLTAGE MECHANICAL \ R2 | VOLTMETER |
" Ro Q COUPLING |~ (@) = |
_w . vL R) Ny
. / - I

L] S2] S3 sl S s3

COMPARISON METHOD FOR ELECTRICAL ERROR OF DIFFERENTIAL TRANSMITTER [STATCRS

Figure 32

2.2.6.,2.i Resplver Transmitters: Resolver transmitters shall be tested as shown in

Figire 33 using resolver control transformers, calibrated

by tne propor-

tional voltage method as described in 2.,2.6.1.5. The callibrated resolver

C.T}{ shall have\'an open circuit input impedance two times
imp¢dance of the output winding (Zso) of the resolver tra
test., The\resolver transmitter under test shall be excit

the open circuit
smitter under

ed with rated

valtage<and frequency to the rotor winding RiR3 and RyR), shall be shorted
tovrther. Its stator leads shall be connected to the st.

or leads of the

S %0 S,, S), to S to Sy, and S tos 13 and its rotor
mechanlcally coup&ed %o the rotor o? the resolver control

shall be
transformer so

that both units are at synchro zero, The rotor voltage across RoR), of
the resolver control transformer is a measure of the electrical error
of the synchro system (calibrated resolver ¢,T. error plus resolver
transmitter error under test), This voltage shall be recorded for

a complete revolution by means of a recording voltmeter with the same
requirements as the null meter described in 2.2.6.1.1. The electrical

error record shall be corrected, if necessary, to account

for the errors

of the calibrated resolver control transformer. The maximum errors, in
absolute value, of the resolver transmitter shall not exceed the limits

given in section 2.2.6.5,
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Resolver control transformers shall be
Tested as shown in Figure J4 using resolver transmittérs, calibrated by
the proportional voltage method as described in 2,2,6,1.L.
transmitter shall have an output winding impedance with the rotor short
circuited and fully coupled to the output winding no greater than 2% of
the open circuit input impedance (Zso) of the resolver control trans-
former under test, The resolver transmitter shall also have the proper
transformation ratio so that with rated voltage applied to the resolver
transmitter the resolver control transformer will receive its rated
excitation,
be connected to the stator leads of the resolver control transformer in

The resolver

The . stator leads of the calibrated resolver transmitter shall

the following manner: S, to 5,, S, to S, , S; to S4, and S, to 513 ard
their rotors shall be mechanically coupléd so that’both unfts are at
synchro zero. The rotor voltage across RpR), of the resolver control
transformer is a measure of the electrical error of the synchro system
(errpr of resolver control transformer under test plus callibrated resolver
trangmitter error)., This voltage shall be recordéd for a [complete
revoflution an a recording voltmeter with the same requirements as the
null| meter described in 2.2,6.1.1, The electrical error necord shall
be cprrected, if necessary, for the errors of the calibratled resolver
trangmitter, The maximum errors, in absolute value, of the resolver
contpol transformer shall not exceed the ‘limits given in section 2.2.6.5.
RESOLVER
CALIBRATED CONTROL
RESOLVER TRANSFORMER
TRANSMITTER UNDER TEST
RATED Rl ri| [ —:
Cmbe. 2 NICAL Bl oimerm |
& FREQ. R ' MECHA
(AL [ O COUPLING O i I |
\\\__,' h ;} |
SIS31T S su 851153

COMPARISON METHOD FOR ELECTRICAL ERROR OF RESOLVER CONTROL TRANSFORMER

+

Figure 3k
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2.2.6.,2.6 Resolver-Differential:

2.2.6.2.6,1 Resolver Differential Rotors:

Resolver differential rotors shall be

tested as shown In Figure 35 using resolver control transformers,

calibrated by the proportional voltage method as described in 2.2.6.1.5.
The calibrated resolver C.T. shall have an open circuit input impedance
two times the open circuit impedance of the output winding (Zro) of the

resolver differential under test.

The resolver differential under test

shall be excited with rated voltage and frequency to the stator winding

SgSh

and S153 shall be shorted together. Its rotor leads

shall be

connected to the stator leads of the calibrated resolver control

tran

- . b b

to S,; and its rotor shall be mechanically coupled

e resolver control transformer so that both units)are
The rotor voltage across RQRh of the resolver contn

r is a measure of the electrical error of the synchro
rated resolver C.T. error pluserror of resolver difi
test)., This voltage shall be recorded fér a complet
ans of a recording voltmeter with the €ame requiremen

Rl to Sl,

to the rotor
at synchro

ol trans-
system
ferential rotor
e revolution
ts as the

null|meter described in 2.2.6.1,1. The electrical error record shall be
corrgcted, if necessary, to account for ‘the errors of the [calibrated
resolver control transformer. The maximum errors, in absolute value,
of the resolver differential rotor should not exceed the limits given
in section 2.2,6,5,
RESOLVER CALIBRATED
DIFFERENTIAL RESOLVER
ROTOR CONTROL,
s1 UNDER TEST TRANSFORMER
s3 1 e
23 |RECRDING |
RATED MECHAN ICAL WL VOLTMETER |
VOLTAGE 52 ( @) COUPLING [ ( ) R2 I |
& FREQ, sh \\\~_’,¢[ y RY |
/ L ]
_ N~ —T —_————
R1 R3|R2RL sk | s2 | s3|s1

COMPARISON METHOD FOR ELECTRICAL ERROR OF RESOLVER DIFFERENTIAL ROTOR

Figure 35
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RATED
VOLT AGE
& FREQ.,

“the limits given in section 2.2.6%5.

ARP 46l
~65~ |

Resolver differential stators shall

be tested as shown in Figure 36 using resolver transmitters, calibrated
by the proportional voltage method as described in 2.2.6,1.f. The
resolver transmitter shall have an output winding impedance with the
rotor short- circuited and fully coupled to the output winding no
greater than 2% of the open circuit input impedance (Zso) of the
resolver differential under test, The resolver transmitter shall also
have the proper transformation ratio so that with rated voltage applied
to the resolver transmitter, the resolver differential will receive

its rated excitation, The stator leads of the calibrated resolver
transmitter shall be connected to the stator leads of the resolver

di ial i i : S| Sy to Sg,

d S, to 573 and their rotors shall be mechanically 'coupled so that
bpth tnits are at synchro zero, The rotor voltage across EgR)y of the
resolver differential is a measure of the electrical efror of the
synchro system, (Error of resolver differential)stator under test
plus calibrated resolver transmitter error,) (The voltage shall be
recorded for a complete revolution on a recording voltgmeter with the
same requirements as the null meter described in 2,2,6{1,1. The
electrical error record shall be corrected, if necessary, for the
errors of the calibrated resolver transmitter, The maximum errors,
in absolute value, of the resolver differential stator |shall not exceed

RESOIVER
C ALTBRATED DIFFERENTTAL
RESOLVER STATOR
TRANSMITTER UNDER TEST
Rl .
R1 |
R3] CERI |RECORDING |
MECHANTCAL . VOLTMETER
i Q COUPLING - il - |
[RL] AT
/ 7 1 |
L
| —
s1|s3| S2| sl sk [s2 |s1]s3

COMPARISON METHOD FOR ELECTRICAL ERROR OF RESOLVER DIFFERENTIAL STATOR

Figure 36 -
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2.2.6.3 Receiver Error:

Receivers shall be tested against torque transmitters of equal

Size, The receiver error shall be determined for continuous rotation of

the transmitter both clockwise and counter-clockwise,

The receiver errors,

corrected for the calibration errors of the transmitter, shall not exceed

given in section 2,2.6.5.

2.2 .6.3.1 Dynam.ic:
those
2.2,6,3.,2 Static:

2.2 0601«1 Differe

ntial Receiver:

2.2,6.4.1 Dynam
Two T
of th
the d
each

Lock

ics All sizes of differential receivers shall be test
brque transmitters of the same size, oné’comnected to
b differential receiver and the other connected to the
ifferential receiver.,
iirection of rotation shall be taken,

bne transmitter on synchte . zero and vary the settin

trans

ed against
the rotor

stator of

Two complete sets of error measyrements in

r of the other
tter cantinuously recording the angular position assymed by the
differential receiver,

Repeat the above test but with the other transmitter clamped on synchro

zero

The ex

shall

2.2,6,L,2

Statig:

d vary the setting'of the transmitter continuously as

not exceed those given in section 2.2.6.5.

before,

'rors, corrected for the calibration errors of the trapsmitters,
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2.2,6,5 Tabulation of Allowable Error;:

2.,2,6,5.1 115 Volt, 60 CP§ Synchros:

Electrical Error

Transmitter - Torque

Maximum in Minutes

Unit Size

Transmitter - Control

Control Transfonmer

Diff, Trans. - Torque - Stator
Diff, Trans, = 1

Diff, Trans, - Gontrol - Stator
Diff, Trans, - (

Resolver - Trangmitter

Resolver - Cont| Transformer
Resolver - Differential - Rotor
Resolver - Differential - Stator

Type 810 115 161819 233 N
10 10 8
8 8
8 8 .6
8
forque - Rotor 8
8
ontrol - Rotor 8
Unit Size

Receiver Error

Type

Receiver
Differential Reg¢eiver - Stator
Differential Red¢eiver - Rotor

18

60

v o3 RN

60 60 L8
60
60
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2.2.6.5.2 115 Volt, L4LOO CPS Synchros:
Maximum in Mimutes
Electrical Error Unit Size
zype 8101 15161819 23 3 3
Transmitter - Torque 12 12 8 8 8 8
Transmitter - Control 12 12 12 8 8 8
Control Transformer 10 10 310 8 B8 6
Diff, Trans. - [forque - Stator 10 19 10 10| 8 8
Diff, Trans. - forque - Rotor 10 10 10n10( 8 8
Diff, Trans, - Qontrol - Stator 10 10 B8) 8| 8
Diff, Trans, - Qontrol = Rotor 10 1o, 28 8| 8
Resolver ~ Trangmitter
Resolver ~ Cont| Transformer
Resolver - Différential - Rotor
Resolver - Différential -~ Stator
Receiver Error Unit Size
Type 801 15 16 18 19|23 1
Receiver 60 60 60 60|60 L8
Differential Reieiver - Stator 60 U8
Differential Re¢eiver - Rotor 60 L8
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2.2.6.5.3 26 Volt, LOO CPS Synchros:
Maximum in Minutes
Flectrical FError Unit Size
Type 8 10 11 15 16 16 19 23 3L 3
Transmitter - Torque 15 12 15
Transmitter - Control 10 15 12 15
Control Transformer 10 15 10 15
Diff, Trans, =~ Torgque - Stator
Diff, Trans, - Tprque ~ Rotor
Diff, Trans,., - Cpntrol - Stator 18 10 20
Diff. Trans. - Cpntrol - Rotor 18 10 20
Resolver - Transpitter 18 20
Resolver - Cont,.|Transformer 18 20
Resolver - Differentizl -~ Rotor
Resclver -~ Differential - Stator
Receiver Error Thit Size
Type 8 10 W15 16 18 19 23|31 3
Receiver 120 60
Differential Recpiver - Stator
Differential Recgiver - Rotor
2.2.,7 Minimum Vpltage: The minimum voltage and the fundamental compgnent of the
minimum vpltage shall be determined by employing the circuit off Figure 37,

These vol
value of

The synchi
minimum v
angles sh
be turned
turning o

a

Lages shall be'read on a vacuum tube voltmeter indicat
the voltage.wave in terms of the rms value of an equiv
o shall be.connected as indicated in the table of Fig
blt age readings shall be made with the synchro at the
bwn in—the table, With the switch in position (1) the
to determine the value of the fundamental voltage. ¥

ing the average
alent sine wave,
ure 37, The
electrical
rotor shall
ithout further
2) and the

minimum v

f (the rotor, the switch shall be changed to position (

voltage

and of the fundamental component of the minimum shall not exceed the values

specified
corrected

in 2.2,7.1.
for the attenuation of the filter used,

The value of the fundamental voltage shall have been
The filter shall have a

minimum input impedance of 10 times the maximum open circuit impedance of the

secondary

of the unit under test,



https://saenorm.com/api/?name=624f3bedb836ad675672cdeb4c3c827a

Issued 7a]-55

ARP 461 | ... SYNCHRO SPECTF ICATION
=70=
LOW PASS
| FILTER
. I
—¢ | 1 l U
PRIMARY

SECONDARY| | _(7'07_:' _i

(o} o} (o} ? (2)
SYNGCHRO —
UNDER ELECTRONIC
TEST VOUTMETER
Figure 37

Table of Connections



https://saenorm.com/api/?name=624f3bedb836ad675672cdeb4c3c827a

SYNCHRO SPECTFICATION

Issued 7.}.55

Revised

ARP 46|

-7l

Table of Connections (Cont'd)



https://saenorm.com/api/?name=624f3bedb836ad675672cdeb4c3c827a

ARP 46l

Issued 7-1.565

Revised

SINCHRO SPECIFICATION

-72-

2.2.7.1 Tabulation of Allowable Voltages:

2.2,7.1.1 115 Volts, 60 CPS Synchros:

Type

Transmitter - Control

Minimum Voltage (Millivolts - Max.)

Control TransforLer

Diff, Trans, - T

Diff. h‘ans. - C

Resolver - Transmitter

Resolver -~ Cont,

Resolver - Diffe

2.2.7.0.2 115V

Type

Transmitter - Comtrol

Control TransforIjr

piff, Trans. - Control

Resolver - Transmitter

Pesolver - Cont,

Resolver -~ Differential

p1t, 400 CPS Synchros:

Unit Sigze
B v 23 % N
TSV 125 100
Fs¥ 75—75
TSV 90 60
Fsv 60 U0
brque TSV
Fsv
pntrol TSV 1250100
Fsv 75 75
TSV
Fsv
Transformer TSV
Fsv
rential TSV
FSV

Minimum Voltage (Millivjplts - Max.)

Unit Size
8 o 1 15 16 18 19/ 23 3L
TSV 125 125 125 115 115|100 100
FSV - 7 75 15 65 65| 50 50
TSV 90 75 15 65 65| 60
FSV 60 LO 4O 35 35| 30
que TSV
FsV
TSV 125 125 115 115 100
FSV 7% 1 65 65 50
TSV
Fsy
Transformer TSV
Fsv
TSV

Fsv

37



https://saenorm.com/api/?name=624f3bedb836ad675672cdeb4c3c827a

