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NOTICE

This document has been taken directly from U.S. Military Specification MIL-S-20708E, Supplement 1B, 
Amendment 2 and contains only minor editorial and format changes required to bring it into 
conformance with the publishing requirements of SAE technical standards.  The initial release of this 
document is intended to replace MIL-S-20708E, Supplement 1B, Amendment 2.  Any part numbers 
established by the original specification remain unchanged.

The original Military Specification was adopted as an SAE standard under the provisions of the SAE 
Technical Standards Board (TSB) Rules and Regulations (TSB 001) pertaining to accelerated adoption 
of government specifications and standards.  TSB rules provide for (a) the publication of portions of 
unrevised government specifications and standards without consensus voting at the SAE Committee 
level, and (b) the use of the existing government specification or standard format.

Under Department of Defense policies and procedures, any qualification requirements and associated 
qualified products lists are mandatory for DOD contracts.  Any requirement relating to qualified products 
lists (QPL’s) has not been adopted by SAE and is not part of this SAE technical document.
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1. SCOPE:

1.1 Scope:

This specification relates to Synchros, 60 and 400 Hz.  It is 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:

1.2.1 Nomenclature: The nomenclature shall consist of the item name, followed by a type designation 
including a modification letter and a military part number.  All synchros having the same design 
nomenclature shall be physically, mechanically, and electrically interchangeable for all military 
applications.  The type designation shall be indicated by a combination of digits and letters.  The 
type designation of 26-volt synchros shall be preceded by “26V”.  The complete nomenclature of a 
size 15, 115-volt, 400-Hz Synchro Transmitter is illustrated in Table I.  Nomenclature for new 
synchro types will be assigned by the Naval Air Systems Command, Department of the Navy.

1.2.1.1 Item name - (see 6.5.1): The item name shall be one of the following, as applicable:

Synchro Transmitter
Synchro Receiver
Synchro Differential Transmitter
Synchro Differential Receiver
Synchro Control Transformer
Synchro Receiver Transmitter

However, on small synchros where space is insufficient for the full item name, the words 
“Differential” and “Control” may be omitted.

1.2.1.2 Size: The first two digits shall designate the maximum diameter in tenths of an inch.  If the 
diameter is not exactly a whole number of tenths, the next higher tenth shall be used.
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1.2.1.3 Function: The succeeding group of letters shall indicate the function in accordance with the 
following:

When two synchros are enclosed within the same housing, the nomenclature shall indicate both 
units; e.g., 37TR-TR6A.

1.2.1.4 Supply frequency: The succeeding digit shall indicate the frequency of the power in accordance 
with the following:

1.2.1.5 Design modification: An upper case letter “A” following the frequency digit shall indicate the 
original or basic design of a standard synchro type.  The first modification that affects the external 
mechanical dimensions or the electrical characteristics of the basic type shall be indicated by the 
upper case 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 part number: The military part number shall consist of the letter “M”, the basic number of 
the specification sheet (not including the revision letter), an assigned dash number and a suffix 
letter designating the latest modification letter in the type designation, as shown in the following 
example:
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1.3 Illustration:

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 number specifies that this synchro has a splined shaft and terminal connections.

2. APPLICABLE DOCUMENTS:

2.1 Government documents:

2.1.1 Specifications and standards: The following specifications and standards form a part of this 
specification to the extent specified herein.  Unless otherwise specified, the issues of these 
documents shall be those listed in the issue of the Department of Defense Index of Specifications 
and Standards (DODISS) and supplement thereto, cited in the solicitation.

SPECIFICATIONS

   MILITARY

      MIL-S-81963 Servocomponents, Precision Instrument, Rotating, Common 
Requirements and Tests:  General Specification for

      MIL-S-20708/1 Synchro, Control Transformer, Type 11CT4E
      MIL-S-20708/2 Synchro, Control Transmitter, Type 11CX4E
      MIL-S-20708/3 Synchro, Torque Receiver, Type 11TR4C
      MIL-S-20708/4 Synchro, Torque Transmitter, Type 11TX4C
      MIL-S-20708/5 Synchro, Torque Receiver, Type 26V-11TR4C
      MIL-S-20708/6 Synchro, Torque Transmitter, Type 26V-11TX4C
      MIL-S-20708/7 Synchro, Control Transformer, Type 26V-11CT4D
      MIL-S-20708/8 Synchro, Control Transmitter, Type 26V-11CX4C
      MIL-S-20708/9 Synchro, Control Differential Transmitter, Type 26V-11CDX4C
      MIL-S-20708/14 Synchro, Control Transmitter, Type 15CX4D
      MIL-S-20708/15 Synchro, Control Transformer, Type 15CT4C
      MIL-S-20708/16 Synchro, Control Differential Transmitter, Type 15CDX4D
      MIL-S-20708/17 Synchro, Torque Differential Transmitter, Type 15TDX4C
      MIL-S-20708/19 Synchro, Torque Receiver Transmitter, Type 15TRX4A
      MIL-S-20708/20 Synchro, Control Transmitter, Type 15CX6C
      MIL-S-20708/21 Synchro, Control Transformer, Type 15CT6D
      MIL-S-20708/22 Synchro, Control Differential Transmitter, Type 15CDX6C
      MIL-S-20708/23 Synchro, Torque Receiver Transmitter, Type 15TRX6A
      MIL-S-20708/25 Synchro, Control Transformer, Type 16CTB4B
      MIL-S-20708/28 Synchro, Control Transmitter, Type 18CX4D
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2.1.1   (Continued):

      MIL-S-20708/29 Synchro, Control Transformer, Type 18CT4C
      MIL-S-20708/30 Synchro, Control Differential Transmitter, Type 18CDX4C
      MIL-S-20708/31 Synchro, Torque Differential Transmitter, Type 18TDX4C
      MIL-S-20708/32 Synchro, Torque Receiver Transmitter, Type 18TRX4A
      MIL-S-20708/33 Synchro, Control Transmitter, Type 18CX6C
      MIL-S-20708/34 Synchro, Control Transformer, Type 18CT6D
      MIL-S-20708/35 Synchro, Torque Receiver Transmitter, Type 18TRX6B
      MIL-S-20708/36 Synchro, Control Differential Transmitter, Type 18CDX6D
      MIL-S-20708/39 Synchro, Control Transformer, Type 19CTB4B
      MIL-S-20708/42 Synchro, Control Transformer, Type 19CTB6B
      MIL-S-20708/45 Synchro, Control Transmitter, Type 23CX4D
      MIL-S-20708/46 Synchro, Control Transformer, Type 23CT4C
      MIL-S-20708/47 Synchro, Control Differential Transmitter, Type 23CDX4C
      MIL-S-20708/48 Synchro, Torque Differential Transmitter, Type 23TDX4C
      MIL-S-20708/49 Synchro, Torque Differential Receiver, Type 23TDR4B
      MIL-S-20708/50 Synchro, Torque Receiver Transmitter, Type 23TRX4A
      MIL-S-20708/52 Synchro, Control Transmitter, Type 23CX6D
      MIL-S-20708/53 Synchro, Control Transformer, Type 23CT6D
      MIL-S-20708/54 Synchro, Control Differential Transmitter, Type 23CDX6C
      MIL-S-20708/55 Synchro, Torque Differential Transmitter, Type 23TDX6C
      MIL-S-20708/56 Synchro, Torque Receiver Transmitter, Type 23TRX6B
      MIL-S-20708/62 Synchro, Torque Receiver Transmitter, Type 31TRX4A
      MIL-S-20708/66 Synchro, Torque Receiver Transmitter, Type 31TRX6A
      MIL-S-20708/67 Synchro, Torque Differential Receiver, Type 31TDR6B
      MIL-S-20708/68 (OS) Synchro, Torque Differential Transmitter, Type 31TDX6C
      MIL-S-20708/70 Synchro, Torque Receiver Transmitter, Type 37TRX4A
      MIL-S-20708/74 Synchro, Torque Receiver Transmitter, Type 37TRX6A
      MIL-S-20708/76 Synchro, Torque Differential Transmitter, Type 37TDX6A
      MIL-S-20708/78 Synchro, Control Transmitter, Type 26V-08CX4C
      MIL-S-20708/79 Synchro, Control Transformer, Type 26V-08CT4C
      MIL-S-20708/80 Synchro, Control Differential Transmitter, Type 26V-08CDX4C
      MIL-S-20708/81 Synchro, Control Differential Transmitter, Type 11CDX4B
      MIL-S-20708/93 (AR) Synchro, 400 Hz, Size 15
      MIL-S-20708/94 (AR) Synchro, 60 and 400 Hz, 23
      MIL-S-20708/95 (AR) Synchro, 400 Hz, Size 16
      MIL-S-20708/100 Synchro, Receiver, Type 5SN Mod 1B
      MIL-S-20708/131 Synchro, Control Transmitter, Type 15CX4F
      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
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2.1.1   (Continued):

      MIL-S-20708/144 (AF) Synchro, Torque Receiver, Type 26V-08TR4A
      MIL-S-20708/145 (AF) Synchro, Torque Transmitter, Type 26V-08TX4A
      MIL-S-20708/500 Synchro, Torque Receiver, Type 26V-10TR4
      MIL-S-20708/504 (OS) Synchro, Control Transformer,  Type 15CT6B

STANDARDS

   MILITARY

      MIL-STD-105 Sampling Procedures and Tables for Inspection by Attributes
      MIL-STD-202 Test Methods for Electronic and Electrical Component Parts
      MS17183 Clamp Assembly (Synchro)
      MS17186 Washer, Drive (Synchro)
      MS17187 Nut, Plain, Hexagon
      MS35275 Screw, Machine-Drilled Fillister Head, Slotted, Corrosion-Resisting 

Steel, Passivated, UNC-2A
      MS35276 Screw, Machine-Drilled Fillister Head, Slotted, Corrosion-Resisting 

Steel, Passivated, UNF-2A
      MS35338 Washer, Lock-Spring, Helical, Regular (Medium) Series
      MS90406 Gage, Ring, Spline (Go-No Go)

2.1.2 Other Government drawing: The following other Government drawing forms a part of this 
specification to the extent specified herein.  Unless otherwise specified, the issue shall be the one 
in effect on the date of the solicitation.

Bureau of Ordnance

      929471 (Spline) Go Composite Ring Gage

(Copies of specifications, standards, and drawings required by contractors in connection with 
specific acquisition functions should be obtained from the contracting activity or as directed by the 
contracting officer.)

2.2 Order of precedence:

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.
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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 furnished under this specification shall be products which are authorized by the qualifying 
activity for listing on the applicable qualified products list at the time set for opening of bids (see 4.5 
and 6.4).

3.3 First article:

When specified in the contract or purchase order, a sample shall be subjected to first article 
inspection (see 4.6 and 6.3).

3.4 Design conventions:

3.4.1 Direction of rotation: The standard (positive) direction of rotation of the shaft is counterclockwise 
when the synchro is viewed from the shaft extension end.

3.4.2 Electrical angle:

3.4.2.1 Transmitters and receivers: The electrical angle “a” is the angle, displaced in a positive direction 
from synchro zero, which satisfies the relative magnitude and polarities of the secondary 
voltages of an ideal synchro transmitter or receiver in accordance with the following equations:

E(S1S3) = N E(R2R1) sin a
E(S3S2) = N E(R2R1) sin a (a + 120°)
E(S2S1) = N E(R2R1) sin a (a + 240°)

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 
equations:

E(R1R3) = N (E(S1S3) sin (a + 120°) - E(S3S2) sin a)
E(R3R2) = N (E(S1S3) sin a - E(S3S2) sin (a + 240°))
E(R2R1) = N (E(S1S3) sin (a + 240°) - E(S3S2) sin (a + 120°))

Where:

The terminal sequence as indicated in the parentheses designates the sense of the voltage 
vector.
N is the transformation ratio.
E(R1R2) is the voltage between terminals R1 and R2.
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.

3.4.2.3 Control transformers: The electrical angle “a” is the angle displaced in a positive direction from 
synchro zero, which satisfies the relative magnitude and polarities of the secondary voltages of 
an ideal synchro control transformer in accordance with the following equations:

E(R1R2) = N (E(S1S3) sin (a + 120°) - E (E(S3S2) sin a))
E(S1S3) + E(S3S2) + E(S2S1) = 0

Where:

The terminal sequence as indicated in the parentheses designates the sense of the voltage 
vector.
N is the transformation ratio.
E(R1R2) is the voltage between terminals R1 and R2.
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.

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 shaft is rotated in the positive direction (not to exceed 180°) from synchro 
zero, the voltage E(R3R1) shall be in approximate time phase with E(S3S2).

3.4.3.3 Control transformers: Synchro zero of control transformers shall be determined with the synchro 
connected in accordance with Figure 3.  When the synchro shaft is rotated in the positive 
direction (not to exceed 180°) from synchro zero, the voltage E(R2R1) shall be in approximate 
time phase with E(S3S2).

3.4.4 Spline shafts: The end function of the spline on synchros with splined shafts is as a rotational 
positive fastening.  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 shall be inspected by 
(Spline) Go Composite Ring Gage Buord 929471.

3.5 Design and construction:

3.5.1 Termination identification: Winding terminations shall be as specified in MIL-S-81963.  
Identification of terminal screw, solder pin or wire lead types shall be as specified in Table II herein.

3.5.2 Synchro zero markings: The synchro zero markings shall be checked in accordance with 4.8.2.4 
and shall meet the requirements specified in MIL-S-81963.

3.5.3. Dimensions: Outline drawings for the different sizes of synchros are included as Figures 4, 5, 6, 7, 
8, and 9.  Lettered dimensions shown on the outline drawings are provided in Table III.

3.6 Performance:

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

3.6.5 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.

3.6.6 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.

3.6.7 Dielectric withstanding voltage: When tested in accordance with 4.8.7, the synchro shall meet the 
requirements of MIL-S-81963.

3.6.8 Insulation resistance: Insulation resistance measurements shall be performed in accordance with 
4.8.8 and shall meet the requirements of MIL-S-81963.

3.6.9 Primary current: When tested in accordance with 4.8.9, the value of the current of each primary 
winding shall be as specified in MIL-S-81963.

3.6.10 Primary power: When tested in accordance with 4.8.10, the value of the power of each primary 
winding shall be as specified in MIL-S-81963.

3.6.11 Transformation ratio (see 6.6.9): When tested in accordance with 4.8.11, the value of 
transformation ratio shall be as specified in the specification sheet.

3.6.12 Phase shift (see 6.6.10): When tested in accordance with 4.8.12, the value of the phase shift shall 
be as specified in the specification sheet.

3.6.13 Electrical error (see 6.6.2): When tested in accordance with 4.8.13, the electrical error shall not 
exceed the value specified in the specification sheet.

3.6.14 Residual (null) voltage (see 6.6.14): When tested in accordance with 4.8.14, the null voltage shall 
not exceed the value specified in the specification sheet.

3.6.15 Receiver error (see 6.6.3): When tested in accordance with 4.8.15, the maximum error shall not 
exceed the value specified in the specification sheet.

3.6.16 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.

3.6.17 Synchronizing time (see 6.6.4): When tested in accordance with 4.8.17, the synchronizing time 
shall not exceed the value specified in the specification sheet.

3.6.18 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.
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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 specified by the specification sheet.

3.6.22 Audible noise, structureborne: When required by the applicable specification sheet, 
structureborne noise shall be tested in accordance with 4.8.22 and shall meet the requirements of 
MIL-S-81963.

3.6.23 Electromagnetic interference: When required by the applicable specification sheet, 
electromagnetic interference shall be tested in accordance with 4.8.23 and shall meet the 
requirements of MIL-S-81963.

3.7 Environmental:

3.7.1 Vibration: Vibration shall be conducted in accordance with 4.9.1.  After vibration the synchros shall 
meet the requirements of MIL-S-81963 and Table IV herein.

3.7.2 Shock:

3.7.2.1 Shock, specified pulse: Shock shall be conducted in accordance with 4.9.2.1.  After shock 
synchros shall meet the requirements of MIL-S-81963 and Table IV herein.

3.7.2.2 Shock, high impact: Shock shall be conducted in accordance with 4.9.2.2.  After shock, 
synchros shall meet the requirements of MIL-S-81963 and Table IV herein.

3.7.3 Altitude: During altitude testing, synchros shall be capable of operation from the low temperature 
specified in MIL-S-81963 to 125°C.  Synchros size 23 and smaller shall meet the 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 temperature:

3.7.5.1 Ambient low temperature: The synchro shall be tested in accordance with 4.9.5.1 and shall meet 
the requirements 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 resistance: Synchros shall be tested in accordance with 4.9.6.  After testing in 
accordance with 4.9.6, synchros shall meet the requirements of Table IV.

3.7.7 Explosion resistance: When required by the applicable specification sheet, synchros shall be 
tested in accordance with 4.9.7 and shall meet the requirements of MIL-S-81963.

3.7.8 Salt atmosphere: When required by the applicable specification sheet, synchros shall be tested in 
accordance with 4.9.8 and shall meet the requirements of MIL-S-81963.

3.7.9 Identification marking: Identification markings shall be as specified in MIL-S-81963.

3.7.10 Workmanship: Workmanship of the synchro shall conform to the requirements of MIL-S-81963.

4. QUALITY ASSURANCE PROVISIONS:

4.1 Responsibility for inspection:

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

4.2 General:

Unless otherwise specified herein or in the applicable specification sheet, all testing shall be 
conducted in accordance with MIL-S-81963.

4.2.1 Test equipment and inspection facilities: The accuracy of test equipment and inspection facilities 
shall conform to MIL-S-81963.

4.2.2 Alternate test 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 test voltage and frequency: Unless otherwise specified, the test voltage and frequency 
of a true sine 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 of tests:

The methods of sampling, inspection, and tests conducted on synchros shall be classified as follows:

a. Qualification (4.5)
b. First Article (4.6)
c. Quality Conformance (4.7)

4.5 Qualification inspection:

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

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

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

4.5.3 Assessment of qualification approval test results:

4.5.3.1 Qualification sample failure: 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 
qualifying activity in accordance with MIL-S-81963.

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

4.5.3.2.2 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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4.5.3.2.2.1 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.

4.5.3.2.2.2 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.

4.5.3.2.2.3 Electrical error: An increase of 1 minute in addition to the maximum electrical error value 
specified in the specification sheet may be permitted.  Following high impact shock, an 
increase to 1 1/2 times the maximum electrical error value specified in the specification sheet 
is permissible.

4.5.3.2.2.4 Mechanical breakaway torque: An increase to 2 times the maximum breakaway torque value 
specified in the specification sheet at standard test temperature may be permitted.  Following 
high impact shock, an increase to 3 times the maximum breakaway torque value specified in 
the specification sheet at standard test temperature is permissible.

4.5.3.2.2.5 Shaft radial play: The maximum permissible radial play is 1 1/2 times the maximum value 
specified in the specification sheet.  Following high impact shock, radial play not exceeding 
2 1/4 times the maximum value specified in the specification sheet is permissible.

4.5.3.2.2.6 Shaft end play: Irrespective of the limits specified in the specification sheet, a minimum end 
play value of 0.0001 inch is required.  The maximum permissible end play is 1 2/3 times the 
maximum value specified in the specification sheet.  Following high impact shock, end play 
not exceeding 2 1/2 times the maximum value specified in the specification sheet is 
permissible.

4.5.3.2.2.7 Residual voltage: Following high impact shock, an increase of 50 percent in the maximum 
fundamental and total residual voltage values specified in the specification sheet is 
permissible.

4.5.3.2.2.8 Dielectric withstanding voltage: Following high impact shock, a winding leakage current 
increase to 1.5 milliamperes peak maximum is permissible.

4.5.3.2.2.9 Insulation resistance: Following high impact shock and having been immediately preceded 
by dielectric withstanding voltage, a reduction to 25 megohms insulation resistance is 
permissible.

4.5.3.2.2.10 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.

4.5.3.4.1 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.

4.5.3.4.1.1 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:

a. Frame Size
b. Voltage:  26V or 115V
c. Frequency:  60 Hz or 400 Hz
d. Synchro Function:  Control or  Torque

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

4.5.3.4.1.2 From each group, four units shall be selected for the entire qualification approval test 
program.  When there are only two types in a group, two of each shall be selected; but in the 
case of three types in a group, two shall be selected 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 of qualification sample: Disposition of the qualification sample shall be as specified in 
MIL-S-81963.

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

4.5.6 Changes: After samples have been submitted for qualification, no change shall be made in the 
materials, design, or manufacturing processes without prior approval of the qualifying activity.

4.5.7 Extensions of qualification for family of parts: When qualification approval is 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 conformance sample failure: Action following quality conformance sample failure shall be 
as specified in MIL-S-81963.

4.8 Test methods and examinations:

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

4.8.2 Variation of brush contact resistance: Brush contact resistance test shall be conducted in 
accordance with MIL-S-81963 and shall be performed between terminals R1-R2 of transmitters, 
receivers, and control transmitters; between terminals R1-R2 and R1-R3 of differential transmitters 
and differential receivers; and between S1-S2 and S1-S3 of rotatable stator synchros, and shall 
meet the requirements of 3.6.2.

4.8.3 Shaft radial and end play: Shaft radial and end play shall be tested in accordance with
MIL-S-81963 and shall meet the requirements of 3.6.3.

4.8.4 Shaft runout: The synchro housing shall be rigidly mounted.  A dial gauge shall be applied to the 
shaft within 1/8 inch of the bearing face and the shaft rotated.  The difference between the extreme 
indicator readings shall be 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 
frequency as specified in 4.3.4 to the R1-R2 terminals of the synchro.  The stators of 
rotatable stator synchros shall be looked at synchro zero.  Terminals S1 and 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.

4.8.6.1.2.2 Method 2: Torque transmitters and receivers shall be electrically coupled to another 
transmitter of the same frame size and nominal impedance and energized by applying a 
voltage and frequency as specified in 4.3.4 to the R1 and R2 terminals of the synchros and 
tested in accordance with 4.8.6.1.  The stators of rotatable synchros shall be locked at 
synchro zero.  The torque gradient is the slope of the line expressed in ounce-inches per 
degree.

4.8.6.1.3 Torque differential transmitters and receivers:

4.8.6.1.3.1 Method 1: Torque differential transmitters and receivers shall be energized by applying the 
voltage and frequency as specified in 4.3.4 between terminal S1, which is connected to S3, 
and terminal S2.  Terminals R1 and R3 shall be connected together and the synchro shall be 
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.

4.8.6.1.3.2 Method 2: Torque differential transmitters and receivers shall be energized by applying the 
voltage and frequency as specified in 4.3.4 between terminal S1, which is connected to S3, 
and terminal S2.  The rotor terminals shall be connected to a torque transmitter’s stator.  The 
transmitter shall be the same frame size and frequency rating as the synchro under test and 
shall be locked on synchro zero and tested in accordance with 4.8.6.1.  The torque gradient 
is the slope of the line expressed in ounce-inches per degree.

4.8.7 Dielectric withstanding voltage: The dielectric withstanding voltage test shall be conducted as 
specified in MIL-S-81963 and Table VII herein and shall meet the requirements of 3.6.7.

4.8.8 Insulation resistance: The insulation resistance between the application points stipulated in Table 
VII shall be measured a specified in MIL-S-81963 and shall meet the requirements 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 than 50 volts rms, 
100 volts dc shall be applied between all application points.

4.8.9 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 specified in
MIL-S-81963.  The current drawn shall meet the requirements of 3.6.9.

4.8.10 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 specified in
MIL-S-81963.  The power consumed shall meet the requirements of 3.6.10.
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4.8.11 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.

4.8.12 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 
connected to a measuring device which indicates or compress the phase shift to an accuracy of 
±15 minutes and does not alter the open circuit voltages by more than 0.1 percent.  The phase shift 
shall meet the requirements of 3.6.12.

4.8.13 Electrical error test: The synchro shall be energized as specified in 4.3.4 and stabilized as 
specified in 4.3.2.  The electrical error shall be measured and recorded at every 5-degree position 
of the rotor and shall meet the requirements of 3.6.13.  The total combined error of the test 
equipment during testing shall not exceed 30 seconds of arc.  The stators of rotatable stator 
synchros shall be locked at synchro zero.  The electrical error of both the rotor and stator shall be 
determined for differential transmitters and differential receivers.  Examples of electrical error test 
setups for different types of units are shown in Figures 11 and 12.

4.8.14 Residual (null) voltage test: The synchro shall be energized as specified in Table VIII and the null 
readings made with the synchro at the electrical angles shown in Table VIII.  The voltage-
measuring devices used in 4.8.14.1 and 4.8.14.2 shall indicate the average value of the voltage 
wave in terms of the rms value of an equivalent sine wave and shall have an  input impedance of at 
least 500,000 ohms resistance shunted by a capacitance of 30pF.  The residual (null) voltage shall 
meet the requirements of 3.6.14.

4.8.14.1 Frequency sensitive voltmeter method: A frequency sensitive voltmeter shall be used which has 
a fundamental frequency filter with characteristics for a change of ±1 percent in energizing 
frequency.  The output voltage shall change no more than ±0.5 percent and be at least -30 db at 
half and twice rated frequency.  The meter shall be properly compensated for the insertion loss of 
the filter.  The synchro rotor shall be turned until a minimum voltage is obtained on the frequency 
sensitive voltmeter.  The voltage is the fundamental component of the null voltage.  Without 
disturbing the rotor position, the total null voltage shall be measured.

4.8.14.2 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 
quadrature 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.

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 as
20

70
8

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


SAE    AS20708      

- 19 -

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 synchro under test 
shall be set at synchro zero with respect to the same reference.  Receiver error shall be 
determined and recorded either continuously or at no greater than 5 degree intervals for both 
clockwise and counterclockwise compatible with the direction of rotation of both synchros.  If the 
calibrated electrical error of the transmitter(s) exceeds 3 minutes, the receiver error shall be 
corrected.  The receiver error shall meet the requirements of 3.6.15.

4.8.15.2 Receivers:

4.8.15.2.1 Method 1: The shaft of the torque transmitter shall be mechanically coupled to the shaft of a 
control transformer.  The stators of the receiver under test, the torque transmitter, and the 
control transformer shall be electrically connected and compatible to direction of rotation.  A 
calibrated phase-sensitive nullmeter shall be placed across the output of the control 
transformer.  The shaft of the control transformer shall be rotated and the receiver error 
interpreted from the calibrated phase-sensitive nullmeter when tested in accordance with 
4.8.15.1.

4.8.15.2.2 Method 2: Stator terminals of the receiver and transmitter shall be connected.  Both housings 
shall be locked rigidly together with respect to the same reference and the transmitter rotor 
secured at synchro zero.  The synchros shall be tested in accordance with 4.8.15.1.

4.8.15.2.3 Method 3: Electrically connect a transmitter to an Angle Position Indicator (API) and record the 
digital output from the API with a data logger.  While driving the transmitter at 1 rpm, record the 
readings at the rate of six per second for an interval of 70 seconds starting when the API reads 
0.000 degrees.  Repeat the process with the transmitter rotating in the opposite direction.  A 
programmable 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 
shaft of the control transformer shall be rotated and the receiver error interpreted with the 
calibrated phase-sensitive nullmeter when tested in accordance with 4.8.15.1.

4.8.15.3.2 Method 2: Terminals of the differential receiver rotor shall be connected to the stator of a 
transmitter, and the differential receiver stator terminals shall be connected to the stator of a 
second transmitter.  Stator housings of the differential receiver and one transmitter shall be 
mechanically locked with respect to the same reference.  Both transmitter shafts shall be 
locked at synchro zero to prevent rotation and the test shall be conducted in accordance with 
4.8.15.1.

4.8.15.3.3 Method 3: This method is the same as 4.8.15.2.3 except the stator of the differential synchro is 
electrically connected to a second transmitter’s stator with its shaft locked on synchro zero.  
The rotor is electrically connected to the driven transmitter’s stator after the first set of readings 
are recorded and prior to testing the differential synchro.

4.8.16 Spinning test: The applicable test dial used for mechanical breakaway torque as specified in
MIL-S-81963 shall be mounted rigidly on the shaft of the receiver or differential receiver.  The 
synchro receiver shall be connected to the appropriate terminals of a torque transmitter, or in the 
case of a differential receiver, to two transmitters of a size 37 for 115-volt synchros or a size 11 for 
26-volt synchros.  The rotor(s) of the transmitter(s) shall be locked in the synchro zero position.  
The rotor of the synchro under test shall be displaced 177°±2° from synchro zero and the synchros 
energized with 120 percent of standard test voltage at rated frequency.  This procedure shall be 
performed five times for a clockwise displacement and five times for a counterclockwise 
displacement and shall meet the requirements of 3.6.16.

4.8.17 Synchronizing time test: Terminals 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 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.

4.8.19 Impedance: The impedance of the synchro windings shall be measured in accordance with
MIL-S-81963 when energized in accordance with 4.3.4 and Table IX herein.  Impedance shall be 
determined at synchro zero and shall meet the requirements of 3.6.19.

4.8.20 Temperature rise: Temperature rise shall be conducted in accordance with MIL-S-81963 and shall 
meet the requirements of 3.6.20, using secondary windings for dc resistance measurements.  
Windings shall be energized as specified in 4.3.4.

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

4.8.22 Audible noise, structureborne: Structureborne noise test shall be conducted in accordance 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.

4.8.23 Electromagnetic interference: Electromagnetic interference test shall be conducted in accordance 
with MIL-S-81963.  The rotor of the synchro shall be rotated at 1150 ±50 rpm and shall be 
energized as indicated in Table X.  The synchro shall meet the requirements of 3.6.23, when 
required by the applicable specification sheet.

4.8.24 Synchro zero marking: The applicable synchro windings shall be connected as shown in Figures 
1, 2, and 3, phased in accordance with 3.4.3, and the rotor turned until the nullmeter minimum 
reading is obtained.  The relative position of the synchro zero index marked on the housing and the 
index marked on the shaft shall be in accordance with 3.5.2.

4.9 Environmental:

4.9.1 Vibration: All 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.

4.9.2 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 MIL-S-81963, energized 
in accordance 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 in accordance with 
MIL-S-81963, energized in accordance with 4.3.4, and the rotor turned at 1150 ±50 rpm.  Synchros 
of the rotatable stator type shall be continuously operated for 2000 hours, energized in accordance 
with 4.3.4, the housing held stationary, and the rotatable stator rotated at 200 ±10 rpm.  Synchros 
shall meet the requirements of 3.7.4.

4.9.5 Ambient temperature test: The temperature extremes required under 4.9.5.1 and 4.9.5.2 are tests 
for storage extremes and are required to be accomplished once per synchro.  Synchros may be 
conditioned at the operational temperatures as often as necessary to perform the required test.  
Upon completion of the temperature test, the synchro shall be removed from the test chamber and 
allowed to remain at the standard test conditions of 4.3.1 for at least 4 hours before undergoing 
further tests.

4.9.5.1 Ambient low temperature: Synchros shall be subjected to the ambient low temperature tests in 
accordance with MIL-S-81963 and 4.9.5 herein.  The synchros shall be energized in accordance 
with 4.3.4 and shall meet the requirements of 3.7.5.1.

4.9.5.2 Ambient high temperature: Synchros shall be subjected to ambient high temperature tests of 
125°±2°C, unless otherwise specified in the applicable specification sheet, in accordance with 
MIL-S-81963 and 4.9.5 herein.  The synchros shall be energized in accordance with 4.3.4 and 
shall meet the requirements of 3.7.5.2.

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 
herein.

4.9.7 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.

4.9.8 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 applicable 
specification sheet.
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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:

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

6. NOTES:

6.1 Intended use:

The intended use for synchros covered by this specification shall be in accordance with
MIL-S-81963.

6.2 Ordering data:

Ordering data shall be as specified in MIL-S-81963.

6.3 First article inspection:

Information pertaining to first article inspection of synchros shall be obtained as specified in
MIL-S-81963.

6.4 Qualification:

With respect to products requiring qualification, awards will be made in accordance with
MIL-S-81963.  The activity responsible for the Qualified Products List is Naval Air Systems 
Command (AIR-5143), Department of the Navy, Washington, DC 20361-1000; however, information 
pertaining to qualification of products may be obtained from Commanding Officer, Naval Weapons 
Support Center (Code 7022), Crane, Indiana 47522-5070.

6.5 Definition of synchro and synchro system types:

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 output.

6.5.1.2 Synchro receiver: A synchro receiver converts an electrical input into a rotor position as a 
mechanical output.

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 as
20

70
8

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


SAE    AS20708      

- 24 -

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 control transformer is amplified and applied to a servomotor which drives the load and the 
transformer to the null position.

6.5.2 Synchro system: A synchro system is a circuit containing one or more synchros that operate on 
angular information and convey this information over a distance.

6.5.3 Torque synchro system: A torque synchro system is a system in which the transmitted signal does 
usable work.

6.5.4 Control synchro system: A control synchro system is a system in which the transmitted signal 
controls a source of power which does work.

6.6 Definitions and conventions:

6.6.1 Rotor angular displacement:

6.6.1.1 Rotor position: The rotor position of any synchro is an angular mechanical rotor displacement 
from the synchro zero position, measured in the positive direction.

6.6.1.2 Rotor angle: The rotor angle of a practical synchro is the angular mechanical rotor displacement 
from the synchro zero position, measured in the positive direction, at which the synchro’s output 
voltages exactly correspond to the output voltages of an ideal synchro set at any specific rotor 
position.

6.6.2 Electrical error: The electrical error at a given rotor position is the electrical angle minus the rotor 
position or the rotor position minus the rotor angle (see Figure 16).

6.6.3 Receiver error: Receiver error is the difference in the shaft displacement of the receiver under test 
to the corresponding 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 Rotor open-circuit impedance: The rotor open-circuit impedance of a synchro is:

Zro = The impedance of the rotor with the stator terminals open.

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

Zso = The stator impedance with the rotor terminals open.

6.6.5.3 Rotor short-circuit impedance: The rotor short-circuit impedance of a synchro is:

Zrs = The impedance of the rotor with the stator terminals shorted.

6.6.5.4 Stator short-circuit impedance: The stator short-circuit impedance of a synchro is:

Zss = The impedance of the stator with the rotor terminals shorted.

6.6.6 Primary and secondary windings: For transmitter and receiver synchros, the rotor is the primary 
and the stator is the secondary.  For control transformers and differential synchros, the stator is the 
primary and the rotor is the secondary.

6.6.7 Rated voltage: The rated voltage of synchros is the line voltage of the synchro system power 
supply; i.e., 115 volts or 26 volts.

6.6.8 In-time-phase secondary voltages: The in-time-phase secondary voltage is the time phase 
fundamental component of the secondary voltage at the first position of maximum coupling when 
the synchro rotor is turned in the positive direction from synchro zero.

6.6.9 Transformation ratio: The transformation ratio is the ratio of the fundamental frequency component 
of the no-load secondary voltage at maximum coupling to the voltage applied to the primary.

6.6.10 Phase shift: Phase shift is the difference between the time phase of the fundamental component 
of the primary voltage and the time phase of the secondary voltage of the synchro at the first 
position of maximum coupling in the positive direction from synchro zero.

6.6.11 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 Mechanical breakaway torque: Mechanical breakaway torque is the torque required to turn the 
rotor of a synchro from rest when unenergized.
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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 
is made up of harmonics of the energizing frequency.  Fundamental residual voltage is the 
quadrature component of the energizing frequency; total residual voltage is the fundamental 
residual voltage and harmonics.

6.6.15 Time phase: The time phase at a point in a synchro system is the phase of the voltage at that point 
with respect to the phase of the energizing voltage of the system.

6.6.16 Temperature rise: Temperature rise is the increase of the internal temperature of a synchro above 
the ambient temperature due to the dissipation of the energizing power.

6.6.17 Units: Unless otherwise specified, units of measurement are as follows:

a. Angles - degrees, minutes
b. Potential - volts, rms
c. Impedance - ohms
d. Current - amperes, rms
e. Temperature - degrees, centigrade
f. Time Phase - degrees
g. Torque - ounce-inches
h. Time - seconds

6.7 Mounting hardware for design applications:

Information on mounting hardware and mounting methods for design applications may be found in 
MIL-HDBK-225. SAENORM.C
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6.8 Subject term (key word) listing:

Analog converter, electromechanical
Design modifications
Electrical tests
Environmental tests
First article
Mechanical tests
Military part numbers
Military specifications
Qualified products list (QPL)
Qualification
Quality conformance
Rotatable stator
Rotating components
Servomotors
Specification sheets
Standardization
Synchro control transformers
Synchro differential receivers (torque)
Synchro differential transmitters (control)
Synchro differential transmitters (torque)
Synchro receivers (torque)
Synchro receiver transmitters (torque)
Synchro transmitters (control)
Synchro transmitters (torque)

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

6.10 International standardization agreements:

Certain provisions of this specification are the subject of international standardization agreements 
reached by the NATO Study Group on Analogue and Digital Servocomponents 
(AC/301(SGI)(STG/1)).  When amendment, revision, or cancellation of this specification 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.

TABLE II.  Termination identification marking.
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TABLE III.  Standard Dimensions for Synchros.
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TABLE III.  Standard Dimensions for Synchros - Continued.
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TABLE III.  Standard Dimensions for Synchros - Continued.
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TABLE III.  Standard Dimensions for Synchros - Continued.
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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.

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 as
20

70
8

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


SAE    AS20708      

- 36 -

TABLE IV.  Qualification and quality conformance inspection - Continued.
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TABLE V.  Mounting Hardware. 1/
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TABLE VI.  Standard test energizing connections.

TABLE VII.  Dielectric withstanding voltages and application points.

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 as
20

70
8

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


SAE    AS20708      

- 39 -

TABLE VIII.  Connections, energizing voltage and
angular displacements for residual
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null voltage test.
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TABLE IX.  Impedance designations.
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TABLE X.  Connections and voltages for electromagnetic
interference, vibration, endurance and

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

FIGURE 2.  Diagram for determining synchro zero
position of differential transmitters

and differential receivers.

FIGURE 3.  Diagram for determining synchro zero
position of control transformers.
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FIGURE 4.  Outline drawing for size 05 and 08 synchros.
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FIGURE 5.  Outline drawing for size 11 and 15 synchros.
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FIGURE 6.  Outline drawing for size 18 synchros.
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FIGURE 7.  Outline drawing for size 23 synchros.
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