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1. SCOPE:

1.1 Scope:

This specification relates to Synchros, 60 and 400 Hz. Itis not complete in itself, but shall be used in
conjunction with MIL-S-81963 in which the latter shall be recognized as forming an inherent part of
this specification.

1.2 Classification:

121

1211

1.21.2

Nomenclatur
including a

nomenclatur
applications.

type designgtion of 26-volt synchros shall be preceded by “26V*,*The complete

e: The nomenclature shall consist of the item name, followed by a

b shall be physically, mechanically, and electrically interchangeable

odification letter and a military part number. All synchros having th

The type designation shall be indicated by a combination of digits

ype designation

e same design

for all military

and letters. The
homenclature of a

size 15, 1154volt, 400-Hz Synchro Transmitter is illustrated_ in{Table I. Nomencla1;[ure for new
synchro typdgs will be assigned by the Naval Air Systems CGommand, Department of the Navy.
Item name|- (see 6.5.1): The item name shall be @ne of the following, as applicable:
Synchro Tfansmitter
Synchro Receiver
Synchro Differential Transmitter
Synchro Differential Receiver
Synchro Cpntrol Transformer
Synchro Rgeceiver Transmitter,
However, ¢n small synchreas'where space is insufficient for the full item name, the words
“Differentigl” and “Contrel® may be omitted.
Size: The fiirst twe-digits shall designate the maximum diameter in tenths of an inch. If the
diameter ig not.exactly a whole number of tenths, the next higher tenth shall b¢ used.
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1.2.1.3 Function: The succeeding group of letters shall indicate the function in accord

ance with the

following:
First Letter Fungtion
c Control
T Torque
——Suceeeding-Lotters Funotion
D Differential
R Receiver
T Transformer
X Transmitter
B Rotatable Stator
When two gynchros are enclosed within the same housing,thé nomenclature ghall indicate both
units; e.g.,|37TR-TR6A.
1.2.1.4 Supply freTuency: The succeeding digit shall indicaté’the frequency of the poyer in accordance
with the following:
Supply Frequency)(Hz) Code
60 6
%00 y
1.2.1.5 Design modification: An upper'case letter “A” following the frequency digit shgll indicate the
original or basic design of a standard synchro type. The first modification that affects the external
mechanical dimensions:orthe electrical characteristics of the basic type shall be indicated by the
upper casq letter “B*<Succeeding design modifications shall be indicated by “C”, “D”, etc.,
except “I”, [L”, “O*~and “Q” shall not be used.
1.2.1.6 Military pa e basic number of

t@umber: The military part number shall consist of the letter “M”, th
the specificl_ﬁh_r(_fm_rh—l_ﬂﬁﬁﬂ_h_a ion sheet (not Including the revision leter), an assigned dasn nun

nber and a suffix

letter designating the latest modification letter in the type designation, as shown in the following

example:
M 20708714 =01 D
Military Specification Dash ~ Latest
Designator Sheet Number Number Modification
Letter
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1.3 [lllustration:

A synchro classified as 15CX4D - M20708/14-01D (see Table I) indicates the third modification to the
original design of a 115-volt, 400-Hz synchro control transmitter whose body diameter is greater than
1.40 inches but not greater than 1.50 inches, and the military part number specifies that this synchro
has a splined shaft and terminal connections. A 26-volt synchro classified as 26V-11TX4C - M20708/
6-01C indicates the second modification to the original design of a 26-volt, 400-Hz synchro torque
transmitter whose body diameter is greater than 1.00 inch but not greater than 1.10 inches, and the
military part nymber specifies that this synchro has a splined shaft and terminal . ggnnections.

2. APPLICABLE DPCUMENTS:
2.1 Government dpcuments:

2.1.1 Specifications and standards: The following specifications and standards form g part of this
specification|to the extent specified herein. Unless otherwise/specified, the issugs of these
documents ghall be those listed in the issue of the Department of Defense Index of Specifications
and Standargls (DODISS) and supplement thereto, cited in the solicitation.

SPECIFICATIONS
MILITARY
MIL-S-81963 Servocomponents, Precision Instrument, Rotating, Gommon
Requirements and Tests: General Specification for
Synchro;, Control Transformer, Type 11CT4E
Synghro, Control Transmitter, Type 11CX4E
Synchro, Torque Receiver, Type 11TR4C
Synchro, Torque Transmitter, Type 11TX4C
Synchro, Torque Receiver, Type 26V-11TR4C
Synchro, Torque Transmitter, Type 26V-11TX4C
Synchro, Control Transformer, Type 26V-11CT4D
Synchro, Control Transmitter, Type 26V-11CX4C

Synchro, Control Differential Transmitter, Type Z26V-11CDX4C
Synchro, Control Transmitter, Type 15CX4D

MIL-S-2Q708/1
MIL-S-2Q708/2
MIL-S-2Q708/3
MIL-S-2Q708/4
MIL-S-2Q708/5
MIL-S-2Q708/6
MIL-S-2Q708/7.
MIL-S-2Q708/8
MIL-S-20708/9
MIL-S-20708/14

MIL-S-20708/15
MIL-S-20708/16
MIL-S-20708/17
MIL-S-20708/19
MIL-S-20708/20
MIL-S-20708/21
MIL-S-20708/22
MIL-S-20708/23
MIL-S-20708/25
MIL-S-20708/28

Synchro, Control Transformer, Type 15CT4C

Synchro, Control Differential Transmitter, Type 15CDX4D
Synchro, Torque Differential Transmitter, Type 15TDX4C
Synchro, Torque Receiver Transmitter, Type 15TRX4A
Synchro, Control Transmitter, Type 15CX6C

Synchro, Control Transformer, Type 15CT6D

Synchro, Control Differential Transmitter, Type 15CDX6C
Synchro, Torque Receiver Transmitter, Type 15TRX6A
Synchro, Control Transformer, Type 16CTB4B

Synchro, Control Transmitter, Type 18CX4D
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2.1.1 (Continued):

MIL-S-20708/29
MIL-S-20708/30
MIL-S-20708/31
MIL-S-20708/32
MIL-S-20708/33
MIL-S-20708/34
MIL-S-20708/35

Synchro, Control Transformer, Type 18CT4C

Synchro, Control Differential Transmitter, Type 18CDX4C
Synchro, Torque Differential Transmitter, Type 18TDX4C
Synchro, Torque Receiver Transmitter, Type 18TRX4A

Synchro, Control Transmitter, Type 18CX6C
Synchro, Control Transformer, Type 18CT6D

Synchro, Torque Receiver Transmitter, Type 18TRX6B

MIL-S-2(
MIL-S-2(
MIL-S-2(
MIL-S-2(
MIL-S-2(
MIL-S-2(
MIL-S-2(
MIL-S-2(
MIL-S-2(
MIL-S-2(
MIL-S-2(
MIL-S-2(
MIL-S-2(
MIL-S-2(
MIL-S-2(
MIL-S-2(
MIL-S-2(
MIL-S-2(
MIL-S-2(
MIL-S-2(
MIL-S-2(
MIL-S-2(
MIL-S-2(
MIL-S-2(
MIL-S-2(

708136
708/39
708/42
708/45
708/46
708/47
708/48
708/49
708/50
708/52
708/53
708/54
708/55
708/56
708/62
708/66
708/67
708/68 (OS)
708/70
708/74
708/76
708/78
708/79
708/80
708781

Synchro, Control Differential Transmitter, Type 18€[
Synchro, Control Transformer, Type 19CTB4B
Synchro, Control Transformer, Type 19CTB6B
Synchro, Control Transmitter, Type 23CX4D
Synchro, Control Transformer, Type 23€T4C
Synchro, Control Differential Transmitter, Type 23CLO
Synchro, Torque Differential Transmitter, Type 23TD
Synchro, Torque Differential Receiver, Type 23TDR4
Synchro, Torque Receiver Transmitter, Type 23TRX4
Synchro, Control Transmitter, Type 23CX6D
Synchro, Control Transfotmer, Type 23CT6D
Synchro, Control Differential Transmitter, Type 23CLO
Synchro, Torque Differential Transmitter, Type 23TD
Synchro, Torque-Receiver Transmitter, Type 23TRX{
Synchro, Torque Receiver Transmitter, Type 31TRX4

X6D

X4C
X4C
B

LA

X6C
X6C
bB
LA

Synchro, Terque Receiver Transmitter, Type 31TRX6A

Synchro,Jorque Differential Receiver, Type 31TDRE
Synchro; Torque Differential Transmitter, Type 31TD
Synghro, Torque Receiver Transmitter, Type 37TRX4
Synchro, Torque Receiver Transmitter, Type 37TRX{
Synchro, Torque Differential Transmitter, Type 37TD
Synchro, Control Transmitter, Type 26V-08CX4C

Synchro, Control Transformer, Type 26V-08CT4C

Synchro, Control Differential Transmitter, Type 26V-(

B
X6C
LA
bA
X6A

D8CDX4C

Synchro, Control Differential Transmitter, Type 11CDO

X4B

MIL-S-20708793 (AR)
MIL-S-20708/94 (AR)
MIL-S-20708/95 (AR)
MIL-S-20708/100
MIL-S-20708/131
MIL-S-20708/135 (AR) Synchro, Control Transmitter, Type 26V-05CX4A
MIL-S-20708/136 (AR) Synchro, Control Transformer, Type 26V-05CT4A
MIL-S-20708/137 (AR) Synchro, Control Differential Transmitter, Type 26V-05CDX4A
MIL-S-20708/138 (OS) Synchro, Control Transmitter, Type 31CX4A
MIL-S-20708/139 (OS) Synchro, Control Transmitter, Type 31CX6A
MIL-S-20708/142 (AR) Synchro, Control Transformer, Type 26V-23CT4A
MIL-S-20708/143 (AF) Synchro, Torque Differential Transmitter, Type 26V-08TDX4A

Synchro, 400 Hz, Size 15

Synchro, 60 and 400 Hz, 23

Synchro, 400 Hz, Size 16

Synchro, Receiver, Type 5SN Mod 1B
Synchro, Control Transmitter, Type 15CX4F
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2.1.1 (Continued):

MIL-S-20708/144 (AF)
MIL-S-20708/145 (AF)
MIL-S-20708/500

MIL-S-20708/504 (OS)

STANDARDS

Synchro, Torque Receiver, Type 26V-08TR4A
Synchro, Torque Transmitter, Type 26V-08TX4A
Synchro, Torque Receiver, Type 26V-10TR4
Synchro, Control Transformer, Type 15CT6B

MILITARY

MIL-STD-105
MIL-STD-202
MS1718
MS1718
MS1718
MS3527

OO r—CO

MS35276

MS35338
MS90406

2.1.2 Other Goverpment drawing: The following other Government drawing forms a p
specification|to the extent specified herein. Unless otherwise specified, the issu
in effect on the date of the solicitation.

Bureau of Ofdnance

929471

(Copies of specifications, standards, and drawings required by contractors in co
specific acqyisitior functions should be obtained from the contracting activity or

contracting dffieer.)

Sampling Procedures and Tables for Inspectignh by A

ttributes

Test Methods for Electronic and Electrical Componepnt Parts

Clamp Assembly (Synchro)
Washer, Drive (Synchro)
Nut, Plain, Hexagon

Screw, Machine-Drilled Fillister Head, Slotted, Corrosion-Resisting

Steel, Passivated, UNC-2A

Screw, Machine-Drilled Fillister Head, Slotted, Corrosion-Resisting

Steel, Passivated, UNF-2A
Washer, Lock-Spring,Helical, Regular (Medium) Se
Gage, Ring, Spline(&o-No Go)

(Spline) Go Composite Ring Gage

2.2 Order of precedence:

ies

art of this
e shall be the one

hnection with
ns directed by the

In the event of a conflict between the text of this specification and the references cited herein (except
for associated detail specifications, specification sheets or MS standards), the text of this
specification shall take precedence. Nothing in this specification, however, shall supersede
applicable laws and regulations unless a specific exemption has been obtained.



https://saenorm.com/api/?name=65cfdd988b10d89e652e097043575c52

SAE AS20708

3. REQUIREMENTS:

3.1 Specification sheets:

The individual item requirements shall be as specified herein, MIL-S-81963, and in accordance with
the applicable specification sheets. In the event of any conflict between requirements of
MIL-S-81963, this specification, and the specification sheet, the latter shall govern.

3.2 Qualification:
Synchros furni
activity for listi
and 6.4).

3.3 First article:

When specifie
inspection (ses

3.4 Design conver

3.4.1 Direction of :Lotation: The standard (positive)-direction of rotation of the shaft is ¢

when the sy
3.4.2 Electrical an

3.4.2.1 Transmitte
from synch
voltages of

E(S1S3) =
E(S3S2) =
E(S2S1) =

ng on the applicable qualified products list at the time set far,'openin

1 in the contract or purchase order, a sample shall be subjected to f
e 4.6 and 6.3).

tions:

chro is viewed from the shaft extension end.

jle:
's and receivers: (The electrical angle “a” is the angle, displaced in g
ro zero, which satisfies the relative magnitude and polarities of the
an ideal synehro transmitter or receiver in accordance with the follg

N E(R2RY) sin a
N E(R2R1) sin a (a + 120°)
N-E(R2R1) sin a (a + 240°)

shed under this specification shall be products which are autharized by the qualifying

j of bids (see 4.5

rst article

ounterclockwise

positive direction
secondary
wing equations:

Where:

The terminal sequence as indicated in the parentheses designates the sense of the voltage

vector.

N is the transformation ratio.
E(R2R1) is the voltage between terminals R2 and R1.

E(S1S3)is

the voltage between terminals S1 and S3.

The in-time-phase secondary voltages are obtained as described in 6.6.8; other voltages are
similarly defined.
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3.4.2.2 Differential transmitters and differential receivers: The electrical angle “a” is the angle, displaced
in a positive direction from synchro zero, which satisfies the relative magnitude and polarities of
an ideal synchro differential transmitter or differential receiver in accordance with the following

3.4.2.3

equations:

E(R1R3) =
E(R3R2) =
E(R2R1) =

N (E(S1S3) sin (a + 120°) - E(S3S2) sin a)
N (E(S1S3) sin a - E(S3S2) sin (a + 240°))
N (E(S1S3) sin (a + 240°) - E(S3S2) sin (a + 120°))

Where:

The termin
vector.

N is the trgnsformation ratio.

E(R1R2) ig
E(S1S3) ig
The in-time
similarly de

Control tra
synchro ze
an ideal sy

E(R1R2) 5
E(S1S3) +

Where:

The termin
vector.

al sequence as indicated in the parentheses designates the,sense

the voltage between terminals R1 and R2.
the voltage between terminals S1 and S3.
-phase secondary voltages are obtained as described in 6.6.8; othg
fined.

hsformers: The electrical angle “a” issthe angle displaced in a positi
ro, which satisfies the relative magtitude and polarities of the secor
nchro control transformer in acea@rdance with the following equation

N (E(S1S3) sin (a + 120%)+-E (E(S3S2) sin a))
E(S3S2) + E(S2S1) =0

al sequencetas indicated in the parentheses designates the sense

N is the tr
E(R1R2) i
E(S1S3) i

nsformation ratio.
the voltage between terminals R1 and R2.
the'voltage between terminals S1 and S3.

bf the voltage

r voltages are

ve direction from
dary voltages of
5:

pf the voltage

The in-time-phase Secondary voltages are obtained as described In 6.6.8; other voltages are
similarly defined.

3.4.3 Synchro zero: Synchro zero is that position of the rotor with respect to the stator at which

minimum voltage is induced in the secondary circuit specified, and at which the secondary
voltage(s) specified is in-time-phase (see 6.6.8) with the primary voltage specified (see 4.3.4). The
order in time of maximum voltages in the stator terminals is in the order S1, S2, S3, when the rotor
is turned in a positive direction (see 3.4.1). The minimum voltage position with the secondary
unloaded is defined as the angular position where the secondary voltage of fundamental frequency
that is in-time-phase with the secondary voltage at maximum coupling is zero. The phase-
sensitive voltmeters in Figures 1, 2, and 3 shall be the type as described in 4.8.12.
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3.4.3.1 Transmitters and receivers: Synchro zero of transmitters and receivers shall be determined with
the synchro connected in accordance with Figure 1. When the synchro shaft is rotated in the
positive direction (not to exceed 180°) from synchro zero, the voltage E(S1S3) shall be in
approximate time phase with E(R2R1).

3.4.3.2 Differential transmitters and differential receivers: Synchro zero of differential transmitters and
differential receivers shall be determined with the synchro connected in accordance with Figure
2. When the synchro shatft is rotated in the positive direction (not to exceed 180°) from synchro
zero, the vpltage E(R3R1) shall be in approximate time phase with E(S3S2),

3.4.3.3 Control trapsformers: Synchro zero of control transformers shall be detérmine

connected

direction (1

time phasq with E(S3S2).

3.4.4 Spline shafts
positive fastg

l with the synchro

in accordance with Figure 3. When the synchro shatft is rotated in the positive
ot to exceed 180°) from synchro zero, the voltage E(R2RZ) shall bg in approximate

: The end function of the spline on synchros with Splined shafts is as a rotational
ning. These splines are not to be used as gears. The tooth form shall be full depth

involute on all splines. Splines for size 11, 15, or 18 synchros shall be inspected by (Spline) Go
Composite Ring Gage MS90406-1. Splines for size:23, 31, or 37 synchros shal

(Spline) Go

Composite Ring Gage Buord 929471,

3.5 Design and construction:

3.5.1 Termination

Identification

3.5.2 Synchro zerp markings: The synchro zero markings shall be checked in accord
and shall mget the requiremernits specified in MIL-S-81963.

3.5.3. Dimensions:
8,and 9. Le

3.6 Performance:

Outline @rawings for the different sizes of synchros are included as

be inspected by

dentification: Winding terminations shall be as specified in MIL-S-81963.
of terminal screw, solderpin or wire lead types shall be as specified in Table Il herein.

hnce with 4.8.2.4

Figures 4,5, 6, 7,

ftered dimensions shown on the outline drawings are provided in Table IlI.

3.6.1 Visual and mechanical inspection: Visual and mechanical inspection shall be performed in
accordance with 4.8.1 and shall meet the requirements of MIL-S-81963.

3.6.2 \Variation of brush contact resistance: Brush contact resistance test shall be conducted in
accordance with 4.8.2. This test shall be the first test performed and shall also be the first test
performed after environmental tests as indicated in Table IV. The variation in resistance shall be as
specified in MIL-S-81963.

3.6.3 Shaft radial and end play (see 6.6.11): Shaft radial and end play shall be tested in accordance
with 4.8.3 and shall meet the requirements specified in MIL-S-81963.
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3.6.4

3.6.5

3.6.6

3.6.7

3.6.8

3.6.9

3.6.10

3.6.11

3.6.12

3.6.13

3.6.14

3.6.15

3.6.16

3.6.17

3.6.18

Shaft runout: When tested in accordance with 4.8.4, shaft runout shall not exceed the value

specified in t

he specification sheet.

Mechanical breakaway torque (see 6.6.12): When tested in accordance with 4.8.5, mechanical
breakaway torque shall meet the requirements specified in MIL-S-81963.

Torque gradient (see 6.6.13): When tested in accordance with 4.8.6, the torque gradient of torque
synchros shall conform to the requirements in the applicable specification sheet.

Dielectric Witlhstanding voltage: When tested in accordance with 4.8.7, the sync

requirementy

Insulation re
4.8.8 and sh

Primary curr
winding shal

Primary pow|
winding shal

Transformati
transformatig

Phase shift (|
be as specifi

Electrical err
exceed the \

Residual (nu
not exceed t

of MIL-S-81963.

Sistance: Insulation resistance measurements shall be«péerformed in
bll meet the requirements of MIL-S-81963.

ent: When tested in accordance with 4.8.9, the“value of the current
be as specified in MIL-S-81963.

er: When tested in accordance with 4.8{10, the value of the power
be as specified in MIL-S-81963.

on ratio (see 6.6.9): When tested in accordance with 4.8.11, the va
n ratio shall be as specified.in the specification sheet.

See 6.6.10): When tested’in accordance with 4.8.12, the value of th
ed in the specificatioh. sheet.

pr (see 6.6.2); When tested in accordance with 4.8.13, the electricg
alue specifiediin the specification sheet.

Il) voltage(see 6.6.14): When tested in accordance with 4.8.14, thg
ne value specified in the specification sheet.

hro shall meet the

accordance with

of each primary

bf each primary

ue of

b phase shift shall

| error shall not

null voltage shall

Receiver error (See 6.6.3); When tested in accordance with 4.8.15, the maximu
exceed the value specified in the specification sheet.

m error shall not

Spinning: When tested in accordance with 4.8.16, the rotor of a receiver or differential receiver
shall synchronize or come to rest from any initial angular position without spinning.

Synchronizing time (see 6.6.4): When tested in accordance with 4.8.17, the synchronizing time

shall not exc

eed the value specified in the specification sheet.

Security of terminals or wire leads: The security of each screw type or solder pin type of terminal
or of each wire lead, as applicable to the particular type of synchro, shall be tested in accordance
with 4.8.18 and shall meet the requirements of MIL-S-81963.

-10 -
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3.6.19 Impedance (see 6.6.5): When measured in accordance with 4.8.19, the impedance values shall
be as specified in the specification sheet.

3.6.20 Temperature rise (see 6.6.16): When measured in accordance with 4.8.20, temperature rise shall
be as specified in MIL-S-81963.

3.6.21 Variation of voltage and frequency: Synchros shall be capable of operating satisfactorily from
power sources subject to a +10 percent voltage regulation in combination with frequency variation
of £5 percent. When tested in accordance with 4.8.21, the power drawn from the source shall not

exceed that

3.6.22 Audible nois

structureborme noise shall be tested in accordance with 4.8.22 and shall,meet th
MIL-S-81963.

3.6.23 Electromagn
electromagn
requirementy

3.7 Environmental

3.7.1 Vibration: V
meet the req

3.7.2 Shock:

3.7.2.1 Shock, sps
synchros s

3.7.2.2 Shock, hig
synchros s

3.7.3 Altitude: Du
specified in |

specified by the specification sheet.

P, structureborne: When required by the applicable specification sh

etic interference: When required by the applicable specification shg
btic interference shall be tested in accordance with"4.8.23 and shall
of MIL-S-81963.

bration shall be conducted in accordance with 4.9.1. After vibration
uirements of MIL-S-81963 and Fable IV herein.

cified pulse: Shock shall be conducted in accordance with 4.9.2.1.
hall meet the requirements of MIL-S-81963 and Table IV herein.
hall meetthe requirements of MIL-S-81963 and Table IV herein.

ing.altitude testing, synchros shall be capable of operation from the
NIL5S-81963 to 125°C. Synchros size 23 and smaller shall meet thé

eet,

le requirements of

bet,
meet the

he synchros shall

After shock

N impact: Shock shall be conducted in accordance with 4.9.2.2. After shock,

low temperature
b requirements of

Table IV.

3.7.3.1 Altitude, low temperature: Altitude, low temperature, shall be conducted in accordance with
4.9.3.1 and shall meet the requirements of Table IV.

3.7.3.2 Altitude, high temperature: Altitude, high temperature, shall be conducted in accordance with
4.9.3.2 and shall meet the requirements of Table IV.

3.7.4 Endurance: Endurance shall be conducted in accordance with 4.9.4. After testing, the synchros
shall meet the requirements of Table IV.
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3.7.5 Ambient tem

perature:

3.7.5.1 Ambient low temperature: The synchro shall be tested in accordance with 4.9.5.1 and shall meet

the require

ments of Table IV.

3.7.5.2 Ambient high temperature: The synchro shall be tested in accordance with 4.9.5.2 and shall
meet the requirements of Table IV.

3.7.6 Moisture res
accordance

3.7.7 Explosion re
tested in acg

3.7.8 Salt atmospl}
accordance

3.7.9 Identification

3.7.10 Workmanshi

4. QUALITY ASSURANCE PROVISIONS:

4.1 Responsibility
Responsibility
4.2 General:

Unless otherw
conducted in 4

4.2.1 Test equipm

stance: Synchros shall be tested in accordance with 4.9.6. After-ig
vith 4.9.6, synchros shall meet the requirements of Table IV.

sistance: When required by the applicable specification sheet, syng
ere: When required by the applicable specificationysheet, synchros
vith 4.9.8 and shall meet the requirements of MIL-S-81963.

marking: ldentification markings shall beas specified in MIL-S-819

p: Workmanship of the synchro shallseonform to the requirements d

for inspection:

for inspection shall be as specified in MIL-S-81963.

se specified herein or in the applicable specification sheet, all testirn
ccordanee with MIL-S-81963.

ordance with 4.9.7 and shall meet the requirements of MI£-S-81963.

sting in

hros shall be

shall be tested in

63.
f MIL-S-81963.
g shall be

ent-and inspection facilities: The accuracy of test equipment and ins

bpection facilities

shall conform o MIL-S-81963.

4.2.2 Alternate tes

t methods: Alternate test methods shall conform to MIL-S-81963.

4.3 Test conditions:

4.3.1 Standard test conditions: Unless otherwise specified, the standard test conditions shall be as
specified in MIL-S-81963, and each test shall be carried out with the synchro in the applicable
mounting fixture in accordance with MIL-S-81963. Mounting hardware shall conform to the
requirements of Table V.
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4.3.2 Temperature, stabilized operating: The stabilized operating temperature of the synchro shall be as
specified in MIL-S-81963, using the applicable secondary windings stipulated in Table VI herein for
the periodic dc resistance measurement.

4.3.3 Temperature, stabilized non-operating: The stabilized non-operating temperature of the synchro
shall be as specified in MIL-S-81963 using the applicable secondary windings stipulated in Table VI
herein for the periodic dc resistance measurement.

4.3.4 Standard tesft voltage and frequency: Unless otherwise specified, the test voltage and frequency
of a true sing wave shall be as specified in Table VI. The voltage and frequency|shall be
maintained Within a tolerance of £1 percent. The total harmonic content shall be less than
1 percent.

4.4 Classification ¢f tests:

The methods ¢f sampling, inspection, and tests conducted on ‘synchros shall be classified as follows:
a. Qualificatign (4.5)

b. First Article (4.6)

c. Quality Copformance (4.7)

4.5 Qualification irjspection:

Qualification inspection shall be performed-at a laboratory approved by the Naval Air Systems
Command and shall be performed in acecordance with MIL-S-81963 and Table IV herein.

4.5.1 Qualification[sample: The qudlification sample shall be as specified in MIL-S-81963.

4.5.2 Qualification|inspection reutine: The qualification inspection routine shall be performed in
accordance with MIL-S5-81963 and Table IV herein.

4.5.3 Assessment|of gualification approval test results:

4.5.3.1 Qualification sample Tailure: Qualification sample failure shall be as specified in MIL-S-81963.

4.5.3.2 Degradation of performance: The following relaxations may be permitted at the discretion of the
gualifying activity in accordance with MIL-S-81963.

45.3.2.1 Acceptance tests: All the specified performance characteristics must be attained.

45.3.2.2 Environmental tests: As appropriate during or following each of the environmental tests, the
following minor relaxations in specified requirements may be permitted. It should be noted that
the relaxations are not cumulative; e.g., electrical error, if accepted at up to 1 minute of arc in
addition to the specified maximum value following vibration, shall still not be more than
1 minute of arc in addition to the specified maximum value following low impact shock.
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453.221

453.2.2.2

Variation of brush contact resistance: A maximum variation of 1.5 ohms or 0.75 percent of
rotor dc resistance specified in the specification sheet may be permitted. Following high
impact shock, a maximum variation of 2.25 ohms or 1.125 percent of rotor dc resistance
specified in the specification sheet is permissible.

Receiver error: An increase of 6 minutes for sizes 11 and 15, 5 minutes for sizes 18 and 23,
and 4 minutes for sizes 31 and 37, in addition to the maximum receiver error value specified
in the specification sheet, is permissible. Following high impact shock, an increase to 1 1/2

times the maximum receiver error value specified in the specification sheet is permissible.

45.3.2.2.3 Electric
specifie
increas
is perm
45.3.2.2.4 Mecha

specifie

high impact shock, an increase to 3 times the maximum breakaway torque

the spe

45.3.2.25 Shaftr
specifie
2 1/4ti

45.3.2.2.6 Shafte

play value of 0.0001 inch is required. The maximum permissible end play

maxim
not exd
permis
45.3.2.2.7 Residu
fundan
permis

al error: An increase of 1 minute in addition to the maximum electr
ed in the specification sheet may be permitted. Following high\impa
e to 1 1/2 times the maximum electrical error value specified'in the g
issible.

nical breakaway torque: Anincrease to 2 times thetnaximum break
d in the specification sheet at standard test temperature may be pe

cification sheet at standard test temperatuse*is permissible.
d in the specification sheet. Following high impact shock, radial plg
mes the maximum value specified in the specification sheet is perm
nd play: Irrespective of thelimits specified in the specification shee
Im value specified inithe specification sheet. Following high impact
eeding 2 1/2 timeSthe maximum value specified in the specificatior
Sible.

al voltage= Following high impact shock, an increase of 50 percent

ental andtotal residual voltage values specified in the specification
le][=

cal error value
ct shock, an
pecification sheet

hway torque value
mitted. Following
value specified in

hdial play: The maximum permissibleskadial play is 1 1/2 times the aximum value

1y not exceeding
ssible.

t, a minimum end
s 1 2/3 times the
shock, end play
sheet is

n the maximum
sheet is

45.3.2.2.8 Dielect

increase to 1.5 milliamperes peak maximum is permissible.

45.3.2.29

ric withstanding voltage: Following high impact shock, a winding leakage current

Insulation resistance: Following high impact shock and having been immediately preceded

by dielectric withstanding voltage, a reduction to 25 megohms insulation resistance is
permissible.

45.3.2.2.10

Major failures during or following environmental tests: Allowances having been made for the

relaxations quoted in 4.5.3.2.2, failures experienced during or following environmental tests
shall be dealt with as provided for in MIL-S-81963.

4.5.3.3 Qualification sample isolated failure: In case of catastrophic failure, the procedures of
MIL-S-81963 shall apply.
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4.5.3.4 Qualification approval by analogy: Qualification approval by analogy shall be as specified in
Figure 10 herein and MIL-S-81963.

45.3.4.1 Rules for selection: Test samples shall be selected in accordance with 4.5.3.4.1.1 through
4.5.3.4.1.3 as depicted in Figure 10.

45.3.4.1.1 From a group of units submitted for qualification approval by analogy testing, the test
samples shall be selected by successively dividing the group in the following sequence:

Frape—Stze

Voltage: 26V or 115V

Frequency: 60 Hz or 400 Hz
Synchro Function: Control or Torque

aoop

Having|made the subdivision as above, the units shall then be-grouped together with no more
than thfee types comprising any one group.

4.5.3.4.1.2 From each group, four units shall be selected for therentire qualification approval test
program. When there are only two types in a group,two of each shall be sglected; but in the
case of three types in a group, two shall be selectéd from the differential type and one each
from the other two.

4.5.3.4.1.3 The sample group of units having been selected shall then be subjected to|the qualification
tests.

4.5.4 Disposition df qualification sample: Disposition of the qualification sample shall pe as specified in
MIL-S-81963.

45.5 Requalificatipn: The frequency-of qualification inspection in order to retain qualification approval
shall be as specified in MIL-S-81963.

45.6 Changes: After samples have been submitted for qualification, no change shall pbe made in the
materials, dgsign{ermanufacturing processes without prior approval of the quallfying activity.

4.5.7 Extensions ofguatficationforfamily-of parts——When-qualification-apprevaks-granted for military
part number M20708/X-01 (plus modification letter), such qualification approval shall be extended
to all military part numbers listed for the same synchro type designation.

4.6 First article sample inspection:
When required by the contracting activity, first article shall be as specified in MIL-S-81963.

4.6.1 First article sample failure: Action following first article sample failure shall be as specified in
MIL-S-81963.

4.7 Quality conformance inspection:

Quality conformance inspection shall be as specified in MIL-S-81963 and Table IV herein.
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4.7.1 Quality conformance inspection sampling: Statistical sampling and inspection shall be as specified
in MIL-S-81963. When MIL-STD-105 specifies an action by the Government, it shall, at the option
of the Government, be performed either by the Government or by the contractor under the
supervision of the Government.

4.7.2 Quality conformance inspection routine: The minimum of inspection to be verified by the
Government Inspector shall be the requirements of MIL-S-81963 and Table IV herein. The
Government Inspector may substitute 100 percent inspection for all or part of the sampling
procedure.

4.7.3 Quality confgrmance sample failure: Action following quality conformancé samplle failure shall be
as specified jn MIL-S-81963.

4.8 Test methods and examinations:

4.8.1 Visual and nmechanical examination: The synchro shall be examined in accordaphce with
MIL-S-81963 and shall meet the requirements of 3.6.1.

4.8.2 Variation of rush contact resistance: Brush contactresistance test shall be conducted in
accordance with MIL-S-81963 and shall be performed between terminals R1-R2| of transmitters,
receivers, ard control transmitters; between terniihals R1-R2 and R1-R3 of differential transmitters
and differentjal receivers; and between S1-32 and S1-S3 of rotatable stator syng¢hros, and shall
meet the requirements of 3.6.2.

4.8.3 Shaft radial and end play: Shaft radialand end play shall be tested in accordang¢e with
MIL-S-81963 and shall meet the fequirements of 3.6.3.

4.8.4 Shaft runout| The synchrqg hausing shall be rigidly mounted. A dial gauge shall pe applied to the
shaft within 1/8 inch of the:bearing face and the shaft rotated. The difference betjveen the extreme
indicator reaflings shatkbe the shaft runout and shall meet the requirements of 3,6.4.

4.8.5 Mechanical breakaway torque: Mechanical breakaway torque test shall be conducted in
accordance with'MIL-S-81963 and shall meet the requirements of 3.6.5.

4.8.6 Torque gradient test:

4.8.6.1 General: The synchro shall be energized in accordance with 4.3.4 until it reaches stabilized
operating temperature (see 4.3.2). Torque shall be applied by weights suspended from a thread
attached to the rim of a torque pulley rigidly mounted on the synchro shaft. The thread diameter
shall be less than 0.01 times that of the pulley. A measuring device which will enable changes in
angular position of the synchro shaft to be read within 15 minutes of arc shall be attached to the
fixture. Predetermined weights of equal increments shall be applied to cause deflections of
approximately 2, 4, 6, 8, and 10 degrees in both clockwise and counterclockwise directions. The
corresponding deflections shall be recorded and a torque-deflection curve plotted as the straight
line best fitted to the observed points, and shall meet the requirements of 3.6.6.
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4.8.6.1.2 Torque transmitters and receivers:

4.8.6.1.2.1 Method 1: Torque transmitters and receivers shall be energized by applying voltage and

48.6.1.2.2

4.8.6.1.3 Torque djfferential transmitters and receivers:

4.8.6.1.3.1 Method 1: Torque differential transmitters and receivers shall be energized

4.8.6.1.3.2 Method 2: Torque differential transmitters and receivers shall be energized

4.8.7

4.8.8

4.8.9

4.8.10

frequency as specified in 4.3.4 to the R1-R2 terminals of the synchro. The
rotatable stator synchros shall be looked at synchro zero. Terminals S1 an

stators of
d S3 shall be

connected together and the synchro tested in accordance with 4.8.6.1. The torque gradient
shall be one-half the slope of the line expressed in ounce-inches per degree.

Method 2: Torque transmitters and receivers shall be electrically coupled to another

transmijtter of the same frame size and nominal impedance and energized
voltagg and frequency as specified in 4.3.4 to the R1 and R2 terminals‘oft
tested n accordance with 4.8.6.1. The stators of rotatable synchros shall |
synchrp zero. The torque gradient is the slope of the line expressed’in our
degree

voltagd and frequency as specified in 4.3.4 between terminal S1, which is
and terminal S2. Terminals R1 and R3 shall be‘connected together and thg
tested n accordance with 4.8.6.1. The torque gradient shall be one-half th
expresged in ounce-inches per degree.

voltagd and frequency as specified-in 4.3.4 between terminal S1, which is

by applying a
he synchros and
e locked at
ce-inches per

by applying the
connected to S3,
e synchro shall be
e slope of the line

by applying the
connected to S3,

and terminal S2. The rotor terminals shall be connected to a torque transnjitter’s stator. The
transmijtter shall be the sanie frame size and frequency rating as the synctjro under test and

shall be locked on synchro zero and tested in accordance with 4.8.6.1. Th
is the slope of the ling 'eXpressed in ounce-inches per degree.

Dielectric withstanding-voltage: The dielectric withstanding voltage test shall be

e torque gradient

conducted as

specified in MIL-S-81963 and Table VII herein and shall meet the requirements of 3.6.7.

Insulation registance: The insulation resistance between the application points dtipulated in Table

VIl shall be measured a specified in MIL-S-81963 and shall meet the requiremen

s of 3.6.8 herein.

For synchros with maximum operating voltages greater than 50 volts rms, 500 volts dc shall be

applied between all points. For synchros with maximum operating voltages less
100 volts dc shall be applied between all application points.

than 50 volts rms,

Primary current: Current drawn by the primary winding shall be measured with the secondary

winding open-circuited, the synchro energized in accordance with 4.3.4, and as
MIL-S-81963. The current drawn shall meet the requirements of 3.6.9.

specified in

Primary power: Power drawn by the primary winding shall be measured with the secondary

winding open-circuited, the synchro energized in accordance with 4.3.4, and as
MIL-S-81963. The power consumed shall meet the requirements of 3.6.10.

specified in
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4.8.11

4.8.12

4.8.13

4.8.14

Transformation ratio test: The synchro shall be energized and stabilized in accordance with 4.3.4
and 4.3.2, then the rotor turned in the positive direction from synchro zero until the first position of
maximum coupling is reached. The secondary shall be connected to a measuring device which
indicates or compares the rms voltage of the fundamental frequency and does not alter the open
circuit secondary voltage by more than 0.1 percent. The transformation ratio shall meet the
requirements of 3.6.11.

Phase shift test: Phase shift shall be measured with the synchro energized, stabilized, in
accordance with 4.3.4 and 4.3.2 and rotor positioned as in 4.8.11 above. The secondary shall be

Electrical err|
specified in 4

connected tq a measuring device which indicates or compress the phase shift{d an accuracy of
+15 minutes fand does not alter the open circuit voltages by more than 0.1 pefcent. The phase shift
shall meet the requirements of 3.6.12.

pr test: The synchro shall be energized as specified ini4.8.4 and st
|.3.2. The electrical error shall be measured and recorded at every

of the rotor gnd shall meet the requirements of 3.6.13. The total eombined error

equipment d

synchros Shi)l

determined
setups for di

Residual (nu
readings ma
measuring d
wave in term
least 500,00
meet the req

4.8.14.1 Frequency|

4.8.14.2

a fundame
frequency.
half and tw
the filter. T
sensitive vi

Liring testing shall not exceed 30 seconds of arc« The stators of rota

r differential transmitters and differential receivers. Examples of el
ferent types of units are shown in Figurgs*11 and 12.

I) voltage test: The synchro shall\b€ energized as specified in Tabl
e with the synchro at the electrical angles shown in Table VIII. The
bvices used in 4.8.14.1 and-4.8714.2 shall indicate the average valu
s of the rms value of an eguivalent sine wave and shall have an inpt
D ohms resistance shunted by a capacitance of 30pF. The residual
uirements of 3.6.14.

sensitive voltmeter method: A frequency sensitive voltmeter shall k
htal frequency-filter with characteristics for a change of £1 percent if
The output.voltage shall change no more than +0.5 percent and bg
ce rated\frequency. The meter shall be properly compensated for th
he sybchro rotor shall be turned until a minimum voltage is obtaineg

hbilized as
5-degree position
of the test

itable stator

| be locked at synchro zero. The electrical etror of both the rotor and stator shall be

ectrical error test

e VIl and the null
voltage-

e of the voltage

it impedance of at
null) voltage shall

e used which has
W energizing

at least -30 db at
e insertion loss of
on the frequency

pltmeter. The voltage is the fundamental component of the null volt

hge. Without

disturbing

ne rotor position, the total null voltage shall be measured.

Phase-sensitive voltmeter method: The synchro rotor shall be turned until the in-phase

component of the null voltage is zero as indicated on a phase-sensitive voltmeter. The
guadrature voltage shall be read. This voltage is the fundamental component of the null voltage.
Without disturbing this rotor position, the total null voltage shall be measured.
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4.8.15 Receiver error test:

4.8.15.1 General: The synchro under test shall be connected to a calibrated transmitter(s) of the same
frame size and the same nominal impedance. The calibrated transmitter(s) and synchro under
test shall then be rotated at 1 rpm. This calibrated transmitter(s) shall have met the acceptance
requirements of this specification. The transmitter(s) and the synchro under test shall be
energized in accordance with 4.3.4 and stabilized in accordance with 4.3.2. Stators of rotatable
stator synchros shall be locked at synchro zero. If a low-pass filter is incorporated into the test

equipment] it shall pass 10 Hz and below. The calibrated transmitter(s) and.sy,
shall be seft at synchro zero with respect to the same reference. Receives'erro
determined and recorded either continuously or at no greater than 5 degree in

clockwise
calibrated
corrected.

4.8.15.2 Receivers:

4.8.15.2.1 Method 1
control tr
control tr
calibrate

interpretd
4.8.15.1.

Method 2
shall be |
secured

4.8.15.2.2

4.8.15.2.3
digital ou
readings
0.000 de

blectrical error of the transmitter(s) exceeds 3 minutes,théreceiver

ansformer. The stators of the receiver uhder test, the torque transn
ansformer shall be electrically connected and compatible to directio
| phase-sensitive nullmeter shall be‘placed across the output of the
transfornper. The shaft of the control trapsformer shall be rotated and the reg

Method 3:

nd counterclockwise compatible with the direction of rotatiof’of bot

The receiver error shall meet the requirements of 3:6:15.

: The shatft of the torque transmitter shallbe mechanically coupled

bd from the calibrated phase:sensitive nullmeter when tested in acc

. Stator terminals ofithe receiver and transmitter shall be connecte
ocked rigidly together with respect to the same reference and the tr
At synchro zero\_The synchros shall be tested in accordance with 4

Electrieally connect a transmitter to an Angle Position Indicator (A
tput frem.the APl with a data logger. While driving the transmitter af
at thelrate of six per second for an interval of 70 seconds starting w

nchro under test
r shall be
ervals for both

h synchros. If the

error shall be

to the shaft of a
itter, and the

n of rotation. A
control

eiver error
brdance with

. Both housings
ansmitter rotor
8.15.1.

PIl) and record the
1 rpm, record the
hen the API reads
ite direction. A

jfees. Repeat the process with the transmitter rotating in the oppog

program

nable synchro standard with the same nominal impedance as the synchro under test
may be substituted for the transmitter, eliminating the need for the previous readings.
Electrically connect the synchro under test to the transmitter and the API. Mechanically
displace the shaft of the synchro under test 1 degree from the transmitter to determine the
scale factor. The scale factor is a number, that when multiplied by the change in the API
reading, equals 1 degree. Obtain another set of data by repeating the previous readings while
the synchro under test is connected to the transmitter. The receiver error is the scale factor
times the difference in the two sets of data.
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4.8.15.3 Differentials:

4.8.15.3.1 Method 1: The shaft of the torque transmitter shall be mechanically coupled to the shaft of a
transformer. The stators of the torque transmitter and control transformer shall be electrically
connected to the rotor of the differential receiver under test in such a manner as to maintain
compatible direction of rotation. The stator of the differential receiver shall be connected to the
stator of a second torque transmitter, the shaft of which is locked at synchro zero. A calibrated
phase-sensitive nullmeter shall be placed across the output of the control transformer. The

4.8.15.3.2

4.8.15.3.3

4.8.16

4.8.17

shaft of t
calibrate

Method ?
transmitt
second t
mechani
locked at
4.8.15.1.

Method 3
electrical
The rotor

ne control transformer shall be rotated and the receiver error intefpr
| phase-sensitive nullmeter when tested in accordance with 4.8115:

: Terminals of the differential receiver rotor shall be connected to th
br, and the differential receiver stator terminals shall becconnected t
ansmitter. Stator housings of the differential receiver and one trang
cally locked with respect to the same reference. Both transmitter sh
synchro zero to prevent rotation and the test shall’be conducted in

: This method is the same as 4.8.15.2:3.eéxcept the stator of the diff
y connected to a second transmitter’s:stator with its shaft locked or
is electrically connected to the driven transmitter’s stator after the fi

are reconded and prior to testing the differential synchro.

Spinning tes
MIL-S-81963

: The applicable test diakused for mechanical breakaway torque a
shall be mounted rigidly-on the shaft of the receiver or differential 1

synchro rece
case of a di

iver shall be connected'to the appropriate terminals of a torque tran
erential receiver, toytwo transmitters of a size 37 for 115-volt synchr

26-volt synchros. The rotor(s) of the transmitter(s) shall be locked in the synchr
The rotor of {he synchro.under test shall be displaced 177°£2° from synchro zero
energized with 120 percent of standard test voltage at rated frequency. This pro
performed fiye times{or a clockwise displacement and five times for a countercl
displacement andshall meet the requirements of 3.6.16.

peted with the
L.

e stator of a

b the stator of a
mitter shall be
afts shall be
accordance with

brential synchro is
synchro zero.
[st set of readings

5 specified in
eceiver. The
smitter, or in the
DS or a size 11 for
D zero position.
and the synchros
cedure shall be
bckwise

Synchronizing time test.

lerminals of the synchro under test shall be connected

to the appropriate

terminals of a torque transmitter(s) of the same size and the same nominal impedance as the
synchro under test. The rotor(s) of the transmitter(s) shall be locked at synchro zero. The

applicable test dial used for mechanical breakaway torque as specified in MIL-S-81963 shall be
rigidly mounted on the shaft of the synchro under test. The synchro under test shall be displaced
30°£2° clockwise, energized in accordance with 4.3.4, and the time required to return to synchro
zero and remain within 1 degree of zero shall be measured. The synchronizing time shall be the
average of three successive tests. This test shall be repeated at a displacement of 30°+2°
counterclockwise. The above test shall be repeated at displacements of 177°+2° clockwise and
counterclockwise. The synchronizing time for any test position shall meet the requirements of
3.6.17.
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4.8.18

4.8.19

4.8.20

4.8.21

4.8.22

4.8.23

4.8.24

4.9 Environmental

49.1

4.9.2

Security of terminals and wire leads: The security of each screw type or solder pin type of terminal
or of each wire lead shall be tested in accordance with MIL-S-81963 and shall meet the

requirements of 3.6.18.

Impedance: The impedance of the synchro windings shall be measured in acco

rdance with

MIL-S-81963 when energized in accordance with 4.3.4 and Table 1X herein. Impedance shall be

determined at synchro zero and shall meet the requirements of 3.6.19.

rise: Temperature rise shall be conducted in accordance with Mlk-
meet the requirements of 3.6.20, using secondary windings for dc resistance.me
Windings shall be energized as specified in 4.3.4.

Variation of Jyoltage and frequency: The synchro shall be energized.and stabilizg
with 4.3.2 and 4.3.4. The voltage shall then be adjusted to 110 percent of voltag
Table VI and|the frequency adjusted to 95 percent of the value specified in Table
drawn from the energizing source shall meet the requirements of 3.6.21.

Audible noisg, structureborne: Structureborne noise test'shall be conducted in g

5-81963 and shall
asurements.

ed in accordance
e specified in
VI. The power

ccordance with

MIL-S-81963, energized in accordance with 4.3.4, and shall meet the requirements of 3.6.22, when

required by the applicable specification sheet.

Electromagnetic interference: Electromagnetic interference test shall be conduc
with MIL-S-81963. The rotor of the synchroshall be rotated at 1150 +50 rpm an
energized ag indicated in Table X. The.synchro shall meet the requirements of 3
required by the applicable specification sheet.

Synchro zerg marking: The applicable synchro windings shall be connected as

1, 2, and 3, phased in accordance with 3.4.3, and the rotor turned until the nullm
reading is oljtained. Therelative position of the synchro zero index marked on th
index markef on the shaft shall be in accordance with 3.5.2.

ted in accordance
H shall be
.6.23, when

shown in Figures
eter minimum
e housing and the

Vibration: AIT'Synchros shall be tested in accordance with MIL-S-81963. During

the test, the

synchros shall be energized in accordance with Table X with their rotor shafts free to rotate while
mechanically loaded. Immediately after the test, each synchro shall be examined for loose or

damaged parts and shall meet the requirements of 3.7.1.

Shock:

4.9.2.1 Shock, specified pulse: All synchros shall be tested in accordance with MIL-S-81963, energized
in accordance with Figures 13, 14, or 15 with their rotor shafts free to rotate while mechanically

loaded and shall meet the requirements of 3.7.2.1.
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4.9.2.2 Shock, high impact: All synchros shall be tested in accordance with MIL-S-81963, energized in
accordance with Figures 13, 14, or 15 with their rotor shafts free to rotate while mechanically

loaded and shall meet the requirements of 3.7.2.2.

4.9.3 Altitude:

4.9.3.1 Altitude low temperature: Synchros shall be tested in accordance with MIL-S-81963, energized

in accordance with 4.3.4 and shall meet the requirements of 3.7.3.1.

4.9.3.2 Altitude high temperature: Synchros shall be tested in accordance with MIL3S181963, energized

in accordapce with 4.3.4 and shall meet the requirements of 3.7.3.2.

4.9.4 Endurance: [Synchros, except rotatable stator units, shall be tested«n@ccordange with
MIL-S-81963, energized in accordance with 4.3.4, and the rotor turhed at 1150 £50 rpm. Synchros
of the rotatalle stator type shall be continuously operated for 2000 hours, energized in accordance
with 4.3.4, the housing held stationary, and the rotatable stater rotated at 200 +1D rpm. Synchros
shall meet the requirements of 3.7.4.

4.9.5 Ambient temperature test: The temperature extremés required under 4.9.5.1 anf 4.9.5.2 are tests

495.1

4.9.5.2

for storage extremes and are required to be accomplished once per synchro. Sy
conditioned @t the operational temperatures as often as necessary to perform th
Upon completion of the temperature test, the~synchro shall be removed from the
allowed to rgmain at the standard test conditions of 4.3.1 for at least 4 hours bef
further tests.

Ambient lo temperature: Synthros shall be subjected to the ambient low ten]
accordance with MIL-S-81963)and 4.9.5 herein. The synchros shall be energij
with 4.3.4 and shall meet the requirements of 3.7.5.1.

Ambient high temperature: Synchros shall be subjected to ambient high temp
125°+2°C, Junless:otherwise specified in the applicable specification sheet, in g
MIL-S-819p3 and4.9.5 herein. The synchros shall be energized in accordanc
shall meet|theyrequirements of 3.7.5.2.

nchros may be
e required test.
test chamber and
pre undergoing

perature tests in
red in accordance

Prature tests of
ccordance with
e with 4.3.4 and

4.9.6 Moisture resistance: Synchros shall be subjected to the moisture resistance test in accordance
with MIL-S-81963, energized in accordance with 4.3.4, and shall meet the requirements of 3.7.6

4.9.7

4.9.8

herein.

Explosion resistance: The synchro shall be tested in accordance with MIL-STD-

202, Method 109,

while being vibrated according to 4.9.1 and energized as specified in Table X. The synchro shall
meet the requirements of 3.7.7, when required by the applicable specification sheet. For additional

information pertaining to explosion resistance, see MIL-S-81963.

Salt atmosphere: Synchros shall be subjected to the salt atmosphere test in accordance with

MIL-S-81963 and shall meet the requirements of 3.7.8, when required by the ap
specification sheet.

plicable
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4.9.9

Inspection of packaging: The sampling and inspection of the preservation-packaging, packing,
and container marking shall be in accordance with the requirements of MIL-S-81963.

5. PACKAGING:

5.1 Packaging requirements:

6. NOTES:

6.1

6.2

6.3

6.4

6.5

The requirements for packaging shall be in accordance with MIL-S-81963.

Intended use:

The intended yise for synchros covered by this specification shall be in accordance

MIL-S-81963.

Ordering data:
Ordering data
First article ins

Information pe
MIL-S-81963.

Qualification:

With respect tc
MIL-S-81963.
Command (Al
pertaining to q
Support Cente

Definition of sy

Shall be as specified in MIL-S-81963.
pection:

Ftaining to first article inspection-of synchros shall be obtained as s

products requiringyqualification, awards will be made in accordanc
The activity responsible for the Qualified Products List is Naval Air
R-5143), Department of the Navy, Washington, DC 20361-1000; hoV
Lialification,6f products may be obtained from Commanding Officer,
r (Code-7022), Crane, Indiana 47522-5070.

nchro and synchro system types:

b With

ecified in

b with

Systems
vever, information
Naval Weapons

6.5.1 Synchro: A synchro is an electromechanical analog converter which, through electromagnetic
means, gives an electrical output that is a function of its rotor position or positions its rotor to an

angle that is

a function of the electrical input.

6.5.1.1 Synchro transmitter: A synchro transmitter converts a mechanical input (rotor position) into an

electrical o

utput.

6.5.1.2 Synchro receiver: A synchro receiver converts an electrical input into a rotor position as a
mechanical output.
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6.5.1.3 Synchro differential transmitter: A synchro differential transmitter gives an electrical output which
is a function of two inputs--its electrical input and its mechanical input (rotor position).

6.5.1.4 Synchro differential receiver: A synchro differential receiver gives a mechanical output (rotor
position) which is a function of two electrical inputs--its primary input and its secondary input.

6.5.1.5 Control transformer: A control transformer, in conjunction with an amplifier and servomotor,
converts an electrical input into a rotor position in high torque applications. The electrical output

of the cont
transforme

6.5.2 Synchro sys
angular infor|

6.5.3 Torque sync
usable work.

6.5.4 Control sync
controls a sd

6.6 Definitions ang

6.6.1 Rotor angul3

6.6.1.1 Rotor posifion: The rotor position of‘any synchro is an angular mechanical rot

from the sy

6.6.1.2 Rotor angl
from the sy
voltages e
position.

6.6.2 Electrical err

rol transformer is amplified and applied to a servomotor which driye
r to the null position.

em: A synchro system is a circuit containing one or more synchros
mation and convey this information over a distance.

ro system: A torque synchro system is a systemdn,which the trans
hro system: A control synchro system is a,system in which the tran
urce of power which does work.

conventions:

r displacement:

nchro zero position, ‘measured in the positive direction.

p: The rotor angle of a practical synchro is the angular mechanical r
nchro zero-pesition, measured in the positive direction, at which thg
actly correspond to the output voltages of an ideal synchro set at a

5 the load and the

that operate on

mitted signal does

smitted signal

br displacement

ptor displacement
synchro’s output
ny specific rotor

e minus the rotor

pr~The electrical error at a given rotor position is the electrical ang|

position or th

€ rotor position minus the rotor angle (see Figure 10).

6.6.3 Receiver error: Receiver error is the difference in the shaft displacement of the receiver under test

to the corres

ponding shaft position of a torque transmitter of equal size.

6.6.4 Synchronizing time: Synchronizing time is the time required for the rotor of a synchro receiver or
differential receiver to approach and stay within 1.0 degree of rest when energized.
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6.6.5 Impedance:
6.6.5.1
Zro = The
6.6.5.2
Zso =The
6.6.5.3
Zrs = The
6.6.5.4

Zss = The

6.6.6 Primary and

and the statd

primary and
6.6.7 Rated voltag
supply; i.e., !
6.6.8 In-time-phas

fundamental
the synchro

6.6.9

Rotor shor

Transformati

impedance of the rotor with the stator terminals open.

Rotor open-circuit impedance: The rotor open-circuit impedance of a synchro is:

Stator open-circuit impedance: The stator open-circuit impedance of a synchro is:

stator impedance with the rotor terminals open.
-circuit impedance: The rotor short-circuit impedance of a synchro

mpedance of the rotor with the stator terminals shorted

Stator shoit-circuit impedance: The stator short-circuit impedance of a synchr

mpedance of the stator with the rotor terminals*shorted.
secondary windings: For transmitter and receiver synchros, the rot

the rotor is the secondary.

|15 volts or 26 volts.

e secondary voltages:, The in-time-phase secondary voltage is the
component of the sécondary voltage at the first position of maximu
otor is turned, in.the positive direction from synchro zero.

of the no-load secondary voltage at maximum coupling to the voltage applied to

6.6.10 Phase shift:

of the primar

Rhase shift is the difference between the time phase of the fundam

ris the secondary. For control transfermers and differential synchro

le: The rated voltage of synchroOs is the line voltage of the synchro g

pn ratio: ~The transformation ratio is the ratio of the fundamental freq

is:

Dr is the primary
s, the stator is the

ystem power

ime phase
M coupling when

uency component
the primary.

ental component

y voltage and the time phase of the secondary voltage of the synch

position of maximum coupling in the positive direction from synchro zero.

6.6.11

ro at the first

Radial play and end play: The radial play of a synchro rotor is the shaft displacement

perpendicular to the shaft axis due to the reversal of a force applied perpendicular to the shaft axis.
The end play of a synchro rotor is the axial shaft displacement due to the reversal of an axial force.

6.6.12

rotor of a synchro from rest when unenergized.

Mechanical breakaway torque: Mechanical breakaway torque is the torque required to turn the
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6.6.13 Torque gradient: Torque gradient is the initial rate of change of torque with angular displacement
of the rotor from a position where the torque is zero, when the synchro is energized from a
standard torque transmitter of the same frame size and rating. The torque gradient is normally
given as the mean value obtained in the range of £10 degrees from the zero torque position.

6.6.14 Residual (null) voltage: Residual voltage in a synchro is the actual voltage present at the
secondary terminals at that position at which the theoretical secondary voltage is zero. This
voltage consists of the quadrature component of the energizing frequency and a component which

residual volt

6.6.15 Time phase:
with respect

6.6.16 Temperature
the ambient

6.6.17 Units: Unleg

Angles -
Potential
Impedan
Current -
Temperal

is made up gf harmonics of the energizing frequency. Fundamental residual velfage is the
quadrature gomponent of the energizing frequency; total residual voltage isithe

ge and harmonics.

The time phase at a point in a synchro system is the phasé of the v¢
to the phase of the energizing voltage of the system.

rise: Temperature rise is the increase of the internal temperature o
emperature due to the dissipation of the energizing power.

s otherwise specified, units of measurement are as follows:

degrees, minutes

- volts, rms

Ce - ohms

amperes, rms

fure - degrees, centigrade

Time Ph
Torque -

S@mooooTw

se - degrees
unce-inches

Time - sgconds

6.7 Mounting hardware for design applications:

Information onfmaunting hardware and mounting methods for design applications
MIL-HDBK-225%:.

ndamental

ltage at that point

f a synchro above

may be found in
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6.8

6.9

6.10

Subject term (key word) listing:

Analog converter, electromechanical
Design modifications

Electrical tests

Environmental tests

First article

Mechanical tests

Military part nymbers
Military specifications
Qualified products list (QPL)
Qualification
Quality confor
Rotatable statgr
Rotating com
Servomotors
Specification sheets
Standardizatio
Synchro contr¢l transformers

Synchro differ¢ntial receivers (torque)
Synchro differg¢ntial transmitters (control)
Synchro differ¢ntial transmitters (torque)
Synchro receivers (torque)

Synchro receiver transmitters (torque)
Synchro transmitters (control)

Synchro transmitters (torque)

This paragrapl was deleted as.it did not pertain to the converted SAE document.

International sfandardization agreements:

Certain provisipns.of this specification are the subject of international standardizatjon agreements

reached by thg NATO Study Group on Analogue and Digital Servocomponents

(AC/301(SGI)(STG/T)). When amendment, revision, or cancellation of this Speciiication is proposed
which affects or violates the international agreement concerned, the preparing activity will take
appropriate reconciliation action through international standardization channels, including
departmental standardization offices, if required.

PREPARED UNDER THE JURISDICTION OF
SAE AEROSPACE COUNCIL
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TABLE I. Nomenclature.

Synchro 15 cx 4 D

Transmitter

M20708/14~01D |
(Type Designation)

Item Name Size Function | Supply Design Military
Frequency | Modifi~ |Part Number
cation

(1.f2.1.1) (1.2.1.2) |(1.2.1.3) [(1.2.1.4) }(1.2.1.5) | (1.2.1.6

TABLE II. Termination identification marking.

Terminal No. Wire Lead Color Winding
1 Red, White tracer Rotor 1

2 Black, White tracer Rotor 2
(if used) Yellow, White tracer Rotor 3

Si1 Blue Stator
S2 Black Stator 2
S3 Yellow Stator 3
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Standard Dimensions for Synchros.
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Standard Dimensions for Synchros - Continued.

TABLE IIl.
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Standard Dimensions for Synchros - Continued.

TABLE IIl.
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Standard Dimensions for Synchros - Continued.

TABLE IIl.
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TABLE IV. Qualification and quality conformance inspection.
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TABLE IV. Qualification and quality conformance inspection - Continued.
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TABLE IV. Qualification and quality conformance inspection - Continued.
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TABLE IV. Qualification and quality conformance inspection - Continued.
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TABLE V. Mounting Hardware. 1/

2/ D

a

| fferential trarsmitters (CDX, TDX and CDXB) require 6 each
machine screws ‘arid lock washers instead of the 5 each requireq
|1 other types ' of synchros.

Number Military Synchro
Hardware Required Standard Size
MS-35276-203 11
Machine Sorew 5 EA 2/ Ms-35275-213 15, 18, 23
MS-35275-227 31,37
MS-35338-134 11
Lock| Washer 5EA 2/ Ms-35338-135 15, 18, 23
MS-35338-136 3, 37
MS-17186-6 1, 15, 18, 23
Drive Washer 1EA
MS-17186-8 31, 37
MS-17187-2 1, 15, 18, 23
Nut 1 EA
MS-17187-3 31, 37
1/ For information only, see MS1T183, Clamp Assembly (Synchro)

1 on
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TABLE VI. Standard test energizing connections.

Primary ~Voltage in Approximate
Synchro Type _Time Phase 1/ 2/ Secondary
Volts 3/ |[Terminals 4/ | Secondary and Primary | Terminals
Transmitter 115 or R1-R2 E(S182) and E(R2R1) S1-83
& Receiver 26 5/ E(S3S2) and E(R2R1)
Differen 82-8183 E(R3R2) and E(S382) 1-R3
Transmitter 10.2 5/ E(R1R2) and E(S1S2)
1 & Receiver
Control 78 or S2-8183 E(R1R2) and E(S281)| 6/ | [R1-R2
Transformer 10.2 5/ E(R1R2) and E(S283) 6/

E(S1B2) is the voltage between terminals S1 and S2.
aimijlarly defined,

Other volta

The Bequence as indicated in parentheses designates the sense of
voltage vector.

gdes are

3/ Freqpency of 60 or 400 Hz, as applicable.
4/ 8183|indicates that terminals S1 and 83 are connected together.
5/ Applles to 26-volt synchros.
6/ For pmall counterclockwise deflections from synchro zero,
TABLE VII. Dielectric withstanding voltages and application points.
Initial Test Voltages, Subsequent Tesb Volpages
Maximum|Rated rms (50 or 60 Hz) rms (50 or 60 Hz)
Voltage, rms |{.\
Each winding to housing and Each winding to housipg and
primary to secondary windings | primary to secondary rindings
Up to 50 242 to 250 194 to 200
51 to 100 485 to 500 388 to 400
101 to 200 870 to 900 696 to T20
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TABLE VIII. Connections, energizing voltage and
angular displacements for residual
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null voltage test.

Other conneotions are similarly defined.

Primary Supply Residual (Null)
Teat Unit Test Voltage Voltage Reading
Across 115-Volt 20-Volt Across | At Electrical
Terminals 1/ | Synchros Synchros | Terminals Argles

cx, ™, R1-R2 115.0 26.0 S1-83 0° and 180°
TR S3-82 60° and 240°
82-31 {120° and 300°

CDx, x| S2-S1s3 78.0 10.2 R1-R3 0° ~and 180°
TDR R2-R1 60° d 240°
R3-R2  |1209 and 300°

cbx, Tox] S3-S182 78.0 10.2 R2-R1 0° and 180°
TOR R3-R2 60° apd 2u0°
R1-R3 [120° and 300°

CDX, DX S1-82S3 78.0 10.2 R3-R2 0° and 180°
TDR R1-R3 60° and 240°
R2-RL  {120° and 300°

CT $2-81S3 78.0 1042 R1-R2 0° and 180°
S1-8283 78.0 10.2 R1-R2 60° and 240°

§3-8182 8.0 10.2 R1I-R2 |120° and 300°

1/ 8183 indicates that terminals Sl and S3 are connected together.

- 40 -



https://saenorm.com/api/?name=65cfdd988b10d89e652e097043575c52

SAE AS20708

TABLE IX. Impedance designations.

Voltage Acroas
Terminals for Synchro Additional
Impedance Type of Synchro Impedance Terminals Connections
Under Test Measurements 1/f 115V 26V
Synchros | Synchros

Rotor, Open [CX, TX, TR, TRX Ri-R2 115 26 -
Cirouit CcT R1-R2 57.3 22,5 -
Impedance CDX, TIDX, TDR R2-R1R3 78 10.2 -

Zro
Stator, Open
Circult Al]l types S2-3183 78 10.2 -
Impedance

Zso
WRotor-. Short |CX, TX, CT, TR, TRX R1-R2 2/ 2/ sS1s2s3
Circuit
Impedance CDX, TDX, TDR R2-R1R3 2/ 2/ S1s2s3

Zrs
Stator, Shorti{cX, CT, TX, TR, TRX S2-8183 3/ 3/ R1R2
Circuit
Impedance CDX, TDX, TDR S2-8183 3/ 3/ R1RZR3

Zss

1/ RIR3 indicates that terminals Rl and R3 are connected together. Ot
comections are similarly defined.

her

2/ The voltage necessary to induce a current within + 3 percent of curpent in
Zro megsurement.

3/ The voltage necessary to induce a current within + 3 percent of curpent in
Zso mejsurement.
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TABLE X. Connections and voltages for electromagnetic

interference, vibration, endurance and

explosion tests.

Voltage
Type Terminals 1/ 115 Volt 26 Volt
Synchros Synchros
Transmitters and receivers R1-R2 115 + 5% | 26.0 + 5%
Differential receivers and R2-R1R3 78 + 5% | 10.2|+ 5%
diffepential transmitters -
Contrpl transformers R1-R2 57 + 5% | 22.2|+ 5%

1/ RIRB indiocates that terminals RL and R3 are connegted together,
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r— = =1

Si
R2
| 2\wait" e
See 3.4 SE

e \__// 83 | VOLMMETER |
b

-

s |

FIGURE 1. Diagram for determining synchro zero
position of transmitters and receivers.

r——=—7=1
‘ L
See 4.3-4 PHASE [
SENSITIVE | .
VOLTMETER —
|
FIGURE)2. Diagram for determining synchro zero
position of differential transmitters
and differential receivers.
, (===
S
8- — —
See 4.3.4 R PHASE
—_ R2 SENSITIVE |
S3 VOLIMETER l |

— e —— ]

FIGURE 3. Diagram for determining synchro zero
position of control transformers.
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’/

R3
R2

NOTE: LETTERED DIMENSIONS ARE SHOWN IN TABLE Il

H
IDENTIFICATION TO BE
READ FROM TERMINAL END s
i

TE 7

TYPICAL
TERMINATIONS
8EE NOTE 4
NOTES:
1. PERPENDICULANITY AND CONCENTRICITY SHALL BE MEASURED WITH
THE UNT IN A VERTICAL POSITION SUPPORTED BY [THE SHAPT,
THEN THE HOUSING ROTATED,
2, RUNOUT OF THE SMOOTH PORTION OF SHAFT “AAT SHALL
010 x 45° CHAVFER NOT EXCEED ,0008 FIM,
3. END PLAY AND RADIAL PLAY SHALL BE MEASURED| DURING THE
REVERSAL OF THE FOLLOWING LOADS:
END PLAY ~ /2 POUND *  RADIAL PLAY —~|1/2 POUND
4 TERMINAL LEAD WIRES SHALL DEPART THROUGH THE BACK SURFACE
T—“ OF THE TERMINAL END OF THE SYNCHRO IN ANY ACCEPTABLE
U DIA, MANNER.
[

8. MINOR VARIATIONS OF UMIT CONFIGURATION ARE RERMITTED FOR

8. UNLESS OTHERWIST SPECIFIED, DIMENSIONS ARK IN INCHES.

TOLERANCES ON FRAGTIONS ::1/64, DECIMALS £.005, ANGLES £2°

‘ __JE:?_ UNDMENSIONED DESION OETAL.

7. MARK ON HOUSING I3 TO MATCH SHAFT MARK WITHIN 10" WHEN
ROTOR IS SET AT APPROXIMATELY SYNCHRO ZERO AND WILL GEAR
NO RELATION TO THE CENTER LINES SHOWN ON THIS DRAWING.

UNDERCUT: 8, DIELECTRIC WITHSTANDING TEST POTENTIAL SHALL BE 500 +0/~15

010 WDE x .005 DEEP RMS YOLTB FOR INITIAL APPLICATIONS AND 400 %12 RMS YOLTS
FOR SUBSEQUENY TESTS, THE INSULATION RESISTANCE TEST
SHALL BE PERFORMED WITH A DC POTENTIAL OF 250 VOLTS..

FIGURE 4. Outline drawing for size 05 and 08 synchros.
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NOTE: LETTERED DIMENSIONS ARE SHOWN IN TABLE Il

]
-|:‘1 a?'ﬂ.%m..l.ﬁm

MEASURED WITH THE UNIT IN A
SUPPORTED BY THE SHAFT, THEN
ROTATED.

2, RUNOUT OF THE SMOOTH PORTION OF SHAFT "AA°
SHALL NOT EXCEED .0008 FiM.

3, END PLAY AND RADIAL PLAY SHALL
DURING REVERSAL OF THE

1 mmmm?%mu

HOUSING

STOP ON SHAFY END PLAY — 1 POUND  RADIAL LAY — 1/2 POUND
{ — P g 4. THE TERMINAL BLOCK SHALL BE 8Y SCREWS

mmm OTHER THAN THE TERMINAL RECESSES SHALL

- - ALLOW TERMINAL LUGS, MS~17182-1] TO BE INSTALLED

U DA

0 NF=2A W00,
"mgro)'::.hm 8. MINOR VARIATIONS OF UNIT CONFIGURATION ARE
o -002 PERMTTED FOR UNDIMENSIONED OESIGN DETAL.

F = SPUNE DATA DECIMALS £.008, AND ON ANGLES +7°

7. MARK ON HOUSING IS TO MATCH SHAFT MARK WITHIN
10° WHEN ROTOR IS SET AT APPROXMATELY SYNCHRO

— AL SPUNE

ZERO AND WILL BEAR NO RELATION TO THE CENTER
WOODRUFF KEYCUTTER 1/8 X 3/4
o —(nmanmuum{:u) 4 UNES SHOWN ON THS DRAMNG.
HAROWARE 8 FOR ALTITUDE TESTING, TEST VOLTAGE SHALL B€
s \—L— 010 x 45" cHAMFER 3500 YOLTS DC FOR ALL UMITS OVER 60 VOLTS RMS.
PARTIAL VIEW
I-r

FIGURE 5. Outline drawing for size 11 and 15 synchros.
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NOTE: LETTERED DIMENSIONS ARE SHOWN IN TABLE Iif

Heen)
§ =y

Jon] -

- «l REPRATILRE oo *— [T

L
I

p £

STOP ON SHAFT ==

” | No. 19 (190) 32 NF-2A MoD.
| uasn o s 000

MIMOR VARIATIONS OF UMIT CONFIGURATION ARE
PERMTIED FOR UNDIMERSIONED DESIGN DETAIL.

T
-
} i
:

CHAMFER 7. MARK ON HOUSING IS TO MATCH SHAFT MARK WITHIN

s 010 x 48 10° WHEN ROTOR 1S SET AT APPROXMATELY SYNCHRO

PARTIAL VIEW ZERO AND WL BEAR NO RELATON TO THE CENTER
X-x LINES SHOWN ON THIS DRAWING.

FIGURE 6. Outline drawing for size 18 synchros.
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SEE NOTE 4

NOTE:

LETTERED DIMENSIONS ARE SHOWN IN TABLE Il

210 WX ¥ 008 DR

F = SPLNE DATA

MAJOR DIA. 240 +:000

1/4 = 2B UNF-2A MOD.

POSITION

RUNCUT OF THE GMOOTH PORTION OF
SHALL NOT EXCEED .0008 FM,

END PLAY AND RADIAL PLAY SHALL BE
DUNING REVERSAL OF THE FOLLOWNG

END PLAY = 1 POUND  RADIAL PLA
THE TERMINAL BLOCK SHALL BE

OTHER THAN THE TERMINAL SCREWS.
ALLOW TERMINAL LUGS, M9—17182~1, TO| BE INSTALLED

’Ml

= 1/2 POUND
BY SCREWS

WTH BARRELS INBOARD OR OUTBOARD, PREVENT
FROM

MINOR VANIATIONS OF UNIT CONFIGURATION ARE
PERMITTED FOR UNDIMENSIONED DESON DETAL.

UNLESS OTHERWISE SPECIFIED, DIMENSIONS ARE IN INCHES,
TOLERANCES ON FRACTIONS & 1/84, ON DECIMALS & .005,
AND ON ANGLES & 2°

MARK ON HOUSING (S TO MATCH SHAPT MARK WITHN 10°
WHEN ROTOR IS SET AT APPRONIMATELY SYNCHRO ZERO

AND WALL BEAR NO RELATION TO THE CENTER LINES
SHOWN ON THIS DRAWNG.

FIGURE 7. Outline drawing for size 23 synchros.
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