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UILITARY SPECIFICATION

SERVO(XM4PONENTS, PIUCIS1ON INSWNENT,
ROTATING, COMMON RETIREMENTS AND

TESTS

GENERAL SPECIFICATION FOR

This specification \s approved for use by all
Departments and Agencies of the Department of
Oefense.

MIL-S-81963A

MIi.-S-8l96i
?Ol!ay 1974

1. SCOPE

1.1 Scope. TiI~sspeclflcatlon covers common requirementsand tests for
analog, digital and analogtdlgital precis!on Instrument ~otat~n9 servo-
compcments (synchros, electrical resolvers, electrical l~near resolvers,
transolvers. shaft angle encoders, servomotors, tachometer-generators,
servmoror-tachorneter-generators, stepptng motors, and gearheads). This
specification shall be used ~ith the applicable general specificationwhich
covers a particular class of servocomponents(e.g. synchros). together with .
the specification sheet detailing the specfffc requirement for the individual
servocomponent.

2. APPLICABLE OOCUMENTS

2.1 Government ciocuments.

2.1.1 S~ecifications, standards, and handbooks. Unless otherwf$e
specified, the following specifications, standards, and handbooks of the Issue
listed in that issue of the Oei)artmentof Defense Index of SPecif~c~tion and
Stan6~rds (0061Ss)specified ii the solicitation forma part”of thts
specification to the extent speclfled herein,

.

Beneficial comments (recommendations,additions, deletions) and any
pertinent data ~hich may be of use in Improving this document should
be addressed to: Commanding offfcer, Naval A$r EngineeringCenter,
Systems Engineering and StandarciizationDepartment. Code 93. Lakehurst
NJ (MI733-51OOby using the self-addressed StandardizationMcument
Improvement Proposal (00 Form 1426) appearing at the end of this
document or by letter.

Fsc 5990

OISTRIWTION STATEMENT A. Approved for public release; distribution is
unlimited.
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Insulated, 200”C, 600 Volts, Extruded Insulation

Hire, Electrical, Polytetrafluoroethylene (PTFE)
Insulated,-200°C, 250 Volts, Extruded Insulation

Synchros, General Specification For
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STANDARDS

FEDERAL

FED-STD-H28/2

I MILITARY

MIL-STD-1O$

MIL-STD-130
.

MIL-sT&202
I
l.”

MIL-STD-454

MIL-STD-461

Screw Thread Standards for federal Services,
SectIon 2, Un!fled Inch Screw Threads - UN and
UNR Thread Forms

Sampling Procedures and Tables for InspectIon by
Attributes

Identlf!catlonHarking of U.S. Mllltary Property

Test Methods for Electronic and Electrical
Component Parts

Standard General Requirements for Electronic
Equipment

ElectromagneticEmission and Susceptibility
Requirements for the Control of Electromagnetic
Interference

MIL-STD-462 Electromagnetic InterferenceCharacteristics,
$ieasurementof

!41L-STD-740(SH) Airborne and Structureborne Noise Measurement and -
Acceptance Criteria of Shipboard Equipment

(Copies of specifications,standards, handbooks, drawtngs, and publications
required Dy manufacturers In connection with spec.if~cacquisition functions
shwld be obtained from the contracting activity or as dtrected by the
contracting cfficer.1

2.2 Other publications. The following documents form a part of this
specification to the extent specified herein. The !ssues of the documents
vhich are indicatedas DoD adopted shall be the !ssue listed {n the current
DoDISS and the supplement thereto, if applicable.

ANSI-S1.11-71 Soeclflcat!on for Octave, l+alf-Octave,and
(R-1976) Third-Octave Band Filter Sets

(Appllcatlon for copies should be addressed to the Amerfcan Natfona’
Standards Institute,.1430 Broadway, NY 100I8.)

NATIONAL 3UI?EAUOF STANDARDS

NBS Handbook 100 Copper Wire Tabie (InternationalAnnealed Copper !

(Application for copies should be addressed to the U.S. Department of
Commerce, NBS, tiashlngton,DC 20234.)
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AMERICAN SOCIETY

ASTM A582-80

ASTM E18-84

(Application for
Testing and Materia<

FOR TESTING AND MATERIALS (ASTM)

Free OlachlningStainless and Heat-Resisting $tee
Bars, Hot-Rolled or Cold Finished

Of this

dual servocompo-

2.3 Order of precedence. In the event of a conflict between the text of
this specification and the references .cited herein, the tex’
specification shall take precedence.

3. REQUIREMENTS

3.1 Detail requirements. Oetail requirements for indiv’
nents shall rank in the following order of precedence:

a. Speclflcatlon sheet.
./

b. The general specification for the particular class of servo-
components.

c. This specification.

d. Referenced documents.

3.2 Qualification. Servocomponents furnished under the applicable servo-
component general specification shall be products which are qualified for
listing on the applicable qualified products list at the time set for opening
of bids (see 4.6 and 6.7).

3.3 First art~cle. ldhenrequired by the contractlng”actlvlty, servOcomp-
nents shall conform to the requirements specified herein and shall have met
the first article inspection specified in 4.7-prior to the regular production
on a contract (see 6.3).

3.4 Parts, materials, and processes.

3.4.1 Parts, materials, and processes. Iiheneverpossible, parts and
materials shall be selected from those sDecifted herein. If a suitable
material is not listed, a material shall.be used which will permit the
servocomponent to meet all the requirements of this specification. Materials
used in the construction or packaging of servocomponents shall not produce
corrosive, toxic, or otherwise deleterious fumes or vapors which could
precipitate upon or attack parts or personnel. Acceptance or approval Of any
constituent material shall not be construed as a guarantee of the acceptance
of the finished product.

----

Rockwell Hardness and Rockwell Superficial
Hardness ofkietallic Materials, Test Methods for

copies should be addressed to the American Society for
s. 1901 Race Street, Philadelphia, PA 19103.)

(Industry association specifications and standards are generally available
for referen~e from libraries. They are also distributed a~ng technical
groups and using federal agencies.)
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3.4.2 Houslnq rotor shaft. Housing and rotor shaft material shall be
corrosion resistant steel conforming toASTt4 A S82-80, Type 416 (IJNSS14600).
The housing Is considered to Include front aridrear end bells, beartng seats,
and any other structural supporting parts. The shaft shall have a hardness
conforming to ASTM E18-84, appropriate to the servocomponentas follows:

Where the shaft spllnlng !s not 20HRC to32HRC
to be used as a primary pinton
such as synchros, resolvm-

Hhere the shaft 1s designed to 281iRCto35HRC
&e used as the primary ptnlon
such as servoinotors-

.

3.4.3 Insulating materials. Insulating materla?s shall be In accordance
with Requirement 11 of MIL-STD-454.

3.4.4 Dtssimllar metals. Dlssimllar metals shall not be used In intimate
contact with each other unless swltably protected against electrolytic
corros$on. Mhen It !s necessary for any comblnatton of dissimilar metals to
be ass$mbled a material compatible ~lth each shall be Interposedbetween
them. For classlflcatlon purposes metals are grouped as follows:

Alumlnum 2inc
Most anodic metals Aluminum alloys Cadmlum

Zinc Steel
Cadmium Lead
T’1n Tin
Corrosion- Corros!on-
reslstant steel resistant

steel

Copper and Its alloys
Nickel and its alloys
Chromlurn
Corrosion-resistant
steel

GQ]d
Silver (Cathod!c)
Most Cathodic metals

Contact between a member of one group and another member of the same
gro~p shall be considered as being similar. Contact between a member of one
group and member of any other group shall be considered as being dissimilar
except for zinc. tln and cadmium as listed in Groups 2.and 3, and corros~on-
resistant steel as Ilsted in Groups 2, 3 and 4.

b. All metals not ltsted In the above grouping shall be considered as
be~ng disslmtlar not only to each other but also to any memberof any group.

c. The above groupingshall not be construed as walvfng requirements
relattng to the corrosion resistance treatment of parts and assembl~es. Care
shall be exercised In using alumlnum alloys agafnst each other or against .
dtfferlng materfals.

d. Where reference Is made In the above grouping to a certain member In a
particular group the reference applies to the metal on the surface of the part
such as zinc means zinc casting, zinc electro-plate, zinc hot dlp or zinc .
metal spray.

5
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I

e. If any corrosion Is anticipated between different metals In contact,
even though they are similar, the metals shall be assembled in such a manner
that the smaller part is cathodic and protected, and the larger part is anodic
or corrodible.

%

f. Certain quallfied standardor approved nonstandard parts and attaching
hardware have tin or nickel-plate finish. These parts may be mounted on a
chassis without additional protection from corrosion.

3.4.5 Electrolytic corrosion protection. Ilherett is unavoidable that
combinations of dissimilar metals be in contact, the following methods or
combinations of methods shall be employed unless electrical consideration
preclude their use.

a. A material shall be interposed between the metals so as to reduce
electrolytic potential differences, such as steel in contact with aluminum
should be cadmium plated.

b.’ An inert material shall be Interposed between dissimilar metals to act
as an insulating barrier.

Corrosion inhibitors shall be applied to the faces of each of the
dis~~milar metais, such as nickel-plated brass screws in contact with
alununinumshall be coated with zinc chromate paste.

d. The contact areas of each of the dissimilar metals shall be coated with
an inorganic coating such as aluminum and steel surfaces In contact should be
painted.

e. The requirements of 3.4.4e shall apply.

f. The amount of aeration reaching the dissimilar contact areas shall be
restricted, such as steel bolts In contact with aluminum should have all
contact surfaces sealed with zinc chromate primer or with a vinyl or
equivalent film.

9* Any other systems of protection which are designed to alleviate
electrolytic corrosion shall be subject to the approval of the procuring
activity.

3.4.6 Restricted materials. Flammable or exploslve material, magneslum~or
magnesium alloys, material which can produce toxic or suffocating fumes.
cotton, linen, cellulose n~trate, regenerated cellulose, wood “(untreated),
jute, leather, cork, organic fiberboard, paper and cardboard, hair or wool
felts, plastic materials employ~ng paper, cotton, llnen or wooden flours as a
filler, materials composed of phenollc, mercury or mercuric compounds shall
not be used.

3.4.7 Fungus and moisture resistant materials. Materials which are not
nutrients for fungi and which are moisture resistant shall be used.

6
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3.4.8 Collector rings. Collector rings, when
alloy material.

I

required, shall be of gold

3.4.9 Ball bear~nqs. Eallbearlngs of the radial thrust type and shall
conform to 141L-B-$1793,tolerance ABK-SP or better. Oouble shielding shall
be employed where space permits. Balls. races, reta~ners, and shields shall
be made of corrosion-reststantsteel and shall be In accordance with
MIL-B-81793.

3.4.10 Lubricants. Lubricants used In servocomponentsshal? be consistent
with the requirements here4n In regard to fungus and motsture resistance,
corrosion, em!ssion of toxic fumes while enabling the servocomponentto meet
all the performance and envlronnwntal requirementsof this specification.

3.4.11 Threaded parts. All screw threads and tapped holes used In the
construction of servocomponentsshall be In accordance with FEO-STO-H28/2.
The number of threads and dimensions shall be those specified for Unified Inch
Screw Threads. Unified coarse-threads are preferred. except where deflnlte
improvements In design or operating characteristicswould be affected by use
of Unified fine threads. Servocomponents shall be supplted complete with
associated terminal screws and washers, and drive nut and washer, as
appropriate.

3.4.12 Solderinq. Soldering shall be in accordance with Requirement 5 of
IHL-STD-454.

3.4.13 Maqnet wire. Magnet wire shall conform to J-N-1177, Class 130 or
higher.

3.5 Des!cm and construction.
. .

3.5.1 Termination icienttflcatlon.Minding terminations shaI? be as
specified in the applicable specification sheet. (The identificationof
terminal screw, solder pin or wire lead types shall be as specified in the
applicable general specification.) Terminal identificationmarkings shall be
molded permanently into the $ervocomponentend cap. The design of the end caP
shall be such that the material In the terminal recess is below the surface of
the female-threaded post. All unused terminal positions should be closed or
filled, When thread type terminations are specified, the design of the end
cap shall be such that the terminal block shall remain f!xed when termtnal
screws are removed.

3.5.2 Terminal or wire leads strenqth.

3.5,2.1 Wire leads. Each wire lead terminal shall consist of seven
strands of silver-coated copper conductor and shall be 18 inches long minimum
or as specified in the applicable specification sheet. For servocoWonent
frame sizes 05, wire leads shall conform to MIL-W-16B78/6, Type ET-30. For
$ervocomponentframe sizes 08, 11 and 15, ~lre leads shall conform to
biIL-14-16878/4,Type E-28. Each wire lead shall be capable, once only, of
withstanding a pulling force of one pound !n the case of servoccnponents size

7 I
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05, or of two pounds for servocomponents In frame size 08 and larger applied
in a manner that both conductor strands and Insulation wI1l be subjected to
the force. Mtre leads shall be anchored so as not to transmit the strain to
the Internal electrical connections. Each wire lead shall not separate from
the housing nor show evidence of Insulation or conductor strand damage.

3.5.2.2 Screw-thread terminals. Each screw-thread type terminal shall
withstand, once only, a gradual torque of 4.5 pound-inches which shall be
maintained for a period of 5 to 10 seconds without evidence of movement or
damage to the terminal or surrounding materials. The torque shall be applied
clockwise and then counterclockwise about the centerline of the terminal
assembly.

3.5.2.3 Solder-pin terminals. Each solder-pin type terminal shall
withstand, only once, a gradual 2 pound pulling force which shall be
maintained for a period of 5 to 10 seconds without evidence of movement or
damage to the terminal or surrounding materials. The force shall be applied
In the direction of the terminal axes.

3.5.3 Servocomponent zero markinq. The servocomponents housing shall be
permanently marked with an index line or arrow adjacent to the rotor shaft to
coincide with a permanent mark on the rotor shaft within 10” of exact
servocomponent zero as indicated in the applicable specification sheet.

3.6 Performance.

3.6.1 “Shaft radial and end play. With a mechanical load on the rotor
shaft as specified in the applicable specification sheet, the servocomponent
shall meet the shaft radial and end play llmts specified therein.

3.6.2 Rotor moment of inert~a. Hhen required by the applicable general
speclflcatlon, the moment of inertia of the rotor shall be no greater than
that specified in the applicable specification sheet.

3.6.3 Breakaway torque.

3.6.3.1 Mechanical breakaway torque. Mhen required by the applicable
general specification, the torque required to turn the,rotor shall not exceed
the values specified in the applicable specification sheet.

3.6.3.2 Electrical breakaway torque. Hhen required by the applicable
general specification, the electrical breakaway torque shall not exceed the
values specified in the applicable specification sheet.

3.6.4 Dielectric withstanding voltage. The servocomponent shall withstand
the test potentials between application points specified in the applicable
general spec~flcatlon. The servocomponent shall display no evidence of
insulation breakdown or of internal arcing nor shall winding leakage current
exceed 1 milliampere peak. The leakage current ltmit shall not include the
current drawn by the test equipment capacitance. Immediately after meetifig
this requirement, the servocomponent shall meet the Insulation resistance
requirement.

8
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3.6.5 Insulation resistance. The Insulation resistance at the dc voltage
specified and between those application points des~gnated tn the appl~cabls
general speclflcat%onfor the dielectric wlthstand!ng voltage at-55*Cor at
the standard test condition shall be at least 50 megohms, and at the high
ambient temperature specffled fn the applicable general speclflcatlon sheet
the fnsulat~on resistance shall be at least 10 megohms.

3.6.6 Current. The current drawn by each wlndlng designated tn the
applicable gimeral speclftcationshall be wlth~n the limits speclf~ed In the
applicable spectflcatlonsheet.

3.6.7 Power, The power consumed by each w~nding designated In the
appllcable~ral spectflcationshall be wlthln the Ifm!ts speclfted In the
applicable specification sheet.

.
3.6.8 Impedance. ~he Impedance of each w!ndtng designated fn the

appl~cab?e general speclffcatlon shall be wlthln the llmlts speclfled therein.

3.6.9 Temperature rise. The temperature rtse of the servocomponent shall
not exceed the value spec!fled in the applicable specification sheet.

3.6.10 Variation of brush contact resistance. Nhen required by the
applicable general specification, the change of brush contact resistance over
the entire length of travel of the brush on the collector rings shall not be
more than 1.0 ohm for servoconponentswhose measured rotor resistance Is 200
ohms or less and 0.5 percent of measured rotor resistance for servocomponents
whose measured rotor resistance is greater than 200 ohms except that
resistance variations of less than 25 m!l}lsecond$ in duration shall be
disregarded.

3.6.11 Electromagnetic interference. Mhen requ~red by the applicable
general specification the servocomponent shall not exceed the conducted and
radiated Iimlts of MIL-STD-461, requirements CE03 and RE02 of Equtpment
Class IIB.

3.7 Environmental.

3.7.1 Vlbratlon. Servoconponentsof frame size 23 and smaller, shall
withstand harmonic vibrations of 0.06 inch double amplltude (maximum total
excursion) or 15g (pK) uhlchever Is less over the frequency range of 10 to
2000!iz !n each of three mutually perpendicular planes, one ofwhlch shall be
that of the servocomponent’sshaft axis for a period of four hours in each
plane. The vibratfon cycle of 10 to 2000 Hz and return to 10 Hz, shall be
traversed tn 20 minutes. Servocomponents larger than frame stze 23 shall
withstand harmonic vtbratlons at frequencies up to 500 Hz at an acceleration
of 10g (PK). Unless otherwise speciffed In the applicable general
speclf!cation,while in this environment, the servocomponentshall be
energized and tts shaft mechanically loaded in accordance with Figure 1 and
free to rotate. Subsequently, the servocomponent shall show noevldence of
loose or damaged parts and shall then meet the requirements as specified in
the applicable general specification.

I
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3.7.2 Shock.

3.7.2.1 Shock, specified pulse. The servocomponent shall withstand 30
Impacts at an acceleration of 50g {PK) of 1121 millisecond time duration, half
sine waveform. The servocomponent shall be subjected toflve blows tn each
direction along three mutually perpendicular axes, one of which shall be that
of the servocomponent’s shaft axis for a total of 30 blows. Unless otherwise
specified in the applicable general specification, while In this environment,
the servocomponment shall be energized and its shaft mechanically loaded In
accordance with Figure 1 and free to rotate. Subsequently, the servocomponent
shall show no evidence of loose or damaged parts and shall then meet the
requirements of the applicable general specification.

3.7.2.2 Shock, high impact. The servocomponent shall withstand three
shock blows from a weight of 400 pounds falling vertically from heights of 1,
3 and S feet respectively and three end (back) blows from aweightof 400
pounds swlnglng on a radius of 5 feet and falllng froma vertical heightof
1,3 and 5 feet respectively. Unless otherwise specified in the applicable
general specification, while in this environment, the servocomponent shall be
energized and the shaft mechanically loaded and free to rotate. Subsequently,
the servocomponent shall show no evidence of loose or damaged parts and shall
then meet the requirements of the applicable general specification.

3.7.3 Altitude. The servocomponent shall operate from sea level to
100,000 feet in combination with any temperature from -55eC to that high
temperature specified in the applicable general specification.

3.7.3.1 Altitude low temperature. The servocomponent shall withstand a
reduced chamber pressure of 8.27 Torr (approximately equivalent to an altitude
of 100,000 feet) after stabilization at an ambient temperature of -55 f 2°C.
Nhile still in this specified environment, the servocomponent ”shall meet the
requirements of the applicable general specification.

‘3.7.3.2 Altitude high temperature. The servocomponent shall withstand a
reduced chamber pressure of 8.27 Torr (approximately equivalent to an altitude
of 100,000 feet) after stabilization at a high ambient temperature environment
as specified in the applicable general specification. 14hilestill in this
specified environment, the servocomponent shall meet the requirements of the
applicable general specification: ,

3.7.4 Endurance. The servocomponent shall be energized and either “
electrically or mechanically loaded or both and either driven or non-driven as -
specified in the applicable general specification and shall operate or be
operated under the applicable conditions specified in 4.10.4 (unless otherwise
specified in the applicable general specification). Imnedlately.after meeting

I this requirement, the servocomponent shall meet the requirements specified in
the applicable general specification.

3.7.5 Ambient temperature.

3.7.5.1 Ambient low temperature. The servocomponent shall operate at
-55°C and shall meet the requirements specified in the applicable general
specification.

10
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3.7.5.2 Ambient hlqh temperature. The servocomponentshall operate at the .
high ambient temperature speclfled in the applicable general specification and
shall meet the requirements speclfled here\n.

3.7.6 1401stureresistance. The servocmponent shall operate or In storage
withstand ten continuous 24 hour high humidity and temperature combination
cycles as well as low temperaturevibration subcycles. After comp~et~on of
the final 24 hour recovery period the servocomponentshall meet the
requirementsas specified in the applicable general specification.

3.7.7 Audible noise, structureborne. Hhen requiredby the applicable,
I general specification,the srructurebornenoise generated In the frequency

range of 20 Hz to 9,600 Hz, expressed In term of acceleration cIBabove a
reference acceleration of 0.001 cnt/second2(9.82 xlO-Sg) shall not exceed
the limiting value or values speclfled !n the applicable specification sheet.

I 3.7.8 Explosion. Mhen requlre?dby the applicable general specification,
servocomponentsshall operate in the presence of an explos!ve-gaseousmixture ‘

1-” with air without caustng an explosion.

3.7.9 Salt atmosphere. #lhenrequired by the applicable general
specification,servocomponentsshall wtthstand atmosphere saturated with
salt-laddenmoisture. On completion of the salt atmosphere test, there shall
be no visual evidence of corrosive buildup anywhere wtthin the servocomponent

I nor evidence of destructive deterioration.
(

3.7.10 Identificationmarking. Servocomponentsshall as a minimum be
identified by marking conforming to Figure 2 and MIL-STD-130. Markings shall~ be applied by acid or electric etching, by permanent marking Ink or by
engraving and snail be read from the terminal end. Irrespect~veof the method
used, the marking shall be applied directly to the servocomponenthous~ng,

the use of a separate nameplate attached to the hous~ng is not
~e%tted. The markings shall be such as to ulthstand and to remain leglble
following the environmental requirements specified herein.

3.8 Workmanship. The servocomponent includlng all parts and accessories
shall be manufactured and finished in a thoroughly workmanlike manner.
Particular attention shall be paid to neatness and thoroughnessof soldering.

I Miring, mar~ing and plating...All dimensions and tolerances not specified
shall be consistent wtth best engineering practlck. Mhere dimens~on$ and
tolerances affect interchangeablefty, operation, or performanceof the
servocomponent,they shall be held or.ltmfted accordingly. All materials
shall be sound, of uniform qual~ty and condttion, and free from seams, cracks,
and other defects which may adversely affect the stren@h, endurance, or wear
of the part. Any materfal hamered, filed, or treated In any other manner to
conceal defects therein shall be subject to imnedlate rejection.

4. Q4JALITYASSURANCE PROVISIONS -.

4.1 Responsibility for tnsDectlon. Unless otherwise specified in the
contract or purchase order, the contractor is responsible for the performance

, of all inspection requirements as specified herein. Except as otherwise
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speclfled in the contract or purchase order, the contractor may use his own or
any other facllltles suitable for the performance of the tnspectfon
requirements specified heretn, unless disapproved by the Government. The
Government reserves the right toperform anyof the Inspections set forth In

...

the specification where such inspections are deemed necessary to assure
supplies and services conform to prescribed requirements.

4.1.1 Test equipment and inspection facilities. Test equipment and
lnsDection facilities shall be of sufficient accuracy toperm~t adequate
measuring equipment performance appropriate to the tolerances specified for
requirements herein and the applicable specification sheet.

4.1.2 Alternate test methods. The use of unspecified alternate test
methods is permitted only when one of the followlng Is supported by
documentation:

a. The accuracy shall be de~nstrated

b. The accuracy shall be demonstrated
percent of the units under test to
of test data.

4.2 Test condit~ons.

by analysls and calibration.

by subjecting at least five
both methods with correlation

4.2.1 Standard test conditions. Unless otherwise specified herein, all
measurements and tests shall be in accordance with the general requirements
section MIL-STD-202.

4.2.2 Temperature conditions of servocomponents under test. LJnless
otherwise specified in the applicable general specification, all servo- -
components shall be tested under one or other of the following temperature
conditions. The condition which will apply to each test will be specified in
the applicable general specification.

4.2.2.1 Temperature, stabilized non-operatlnq. This Is the temperature
condition of a servocomponent after it has remained unenergfzecfin an
environment of any specified amb.fenttemperature while shielded from stray alr
currents for a period sufficient for the servocomponent to have attained a
stable temperature. This shall be determined by the periodic measurement of
the dc resistance of the particular w!nding specified in the applicable
general specification and shall be deemed to have been attained when the
resistance of that winding, measured at five-minute intervals, changes by less
than one-half percent from the preceding measurement. .“

4.2.2.2 Temperature, stablllzecioperating. This is a temperature
condition of a servocomponent, mounted on a standard test fixture, In an
environment ofany spec~fled ambient temperature after the specified test
voltages have been applied to the terminals required by the applicable general
specification for a period sufficient for the servocomponent to have attained
a stable temperature. This shall be determined by the perfodic measurement of
the dc resistance of the particular winding specified in the applicable

12
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general spectffcat!onand shall be deemed to have been attained hen the
resistance of that wlndlng, measured at five-minute Intervals, changes by less
than one-half percent from the pncedlng measurement. The stikbillzed
operating condition may be assumed to be attained after energizatlon as
speclf!ed for a period of one hour.

4.2.3 Test power supplles. etc. The follovlng requirements for each type
of servommponent shall be speclfled In the applicable general spec~fication
sheet:

a. Standard test voltage, frequency, waveform and harmonic
content.

b. Phase relationshipof the test ifoltages,where aPProPr~ate.

c. Special test equlpmmt.

4.3 !kxritlngfixtures. Unless otiterwlsespeclfted, each test shall be
conducted with the servocomponentmounted on a standard test fixture, see
F\gures 3and4 as applicable.

4.4 Electrical test load condltlon. The servocomponentunder test shall
not be electrically loaded unless specified herein or In the appl~cable
general speclf~catlon.

4.5 Classification of InspectIon. The inspection requirements specified
herein are classified as follows:

a. Qual!flcation inspection- the entire process by uhich
products of manufacturers are examined and tested for “
the purpose of listing on a Qualified Products L!st
(QPL).

b. First artfcle inspection - tests performed on
pre-production samples for the purpose of verifying
conformance to the operational, functional, and
environmental requirementsof the specification.

c. Quality conformance inspection- tests performed on
production lots for the purpose of verifying
conformance to specificationsand acceptance of the
product.

4.6 ouallftcatlon InspectIon. Quallffcation InspectIon shall be oerformed
in accordance with the applicable general specificationat a laboratory
approved by the qualifying activity.

4.6.1 Qualification sample. A sample shall consist of six servocomponents
of the sautetype for which approval Is requested. The sample or samPles
submitted for qualification approval shall be representat~veof normal
production. Four servocomponentsshall be selected for the qualification
approval sample and two shall be held in reserve against need as dtrected by
the qualifying activity.

13
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4.6.2 Quallficatlon inspection routine. The sample shall be subjected to
the inspection in Table I by the sample number shown for individual units
within the sample. Quallflcation inspection shall include those tests peculiar ‘
to that type servocomponent and shall be performed in the sequence ltsted ..
under the Quallflcation and Quality Conformance Inspection Table as speclfled
In the applicable general specification.

4:6.3 Assessment of quallf!catlon approval test re$uIts.

4.6.3.J @alif~cation sample failure. A servocomponent shall be regarded
as having failed a particular test either If catastrophic physical damage
occurs”or if the performance of the servocomponent Is outside the limits
specified in the applicable general specification. The failure of artyone
servocomponent of the qualification approval sample shall be sufficient cause
for withholding qualification.

4.6.3.2 (jluallflcationsample isolated faflure. If it is determined by the
.:.:.-

qualifying activity that a catastrophic failure is considered to be truly
isolated in nature, one substituted new servocomponent may be permitted per
test sample. This substituted unit must pass all,tests to the point of
original failure as well as succeeding tests required by the applicable
general specification. A second failure shall be cause for rejection of the
sample.

4.6.3.3 Degradation of performance. The environmental tests to which
servocomponents are subjected impose upon them conditions representing the
extremes of those likely to be encountered in service. Therefore, under
qualification inspection, some small degradations of performance may occur
which would be unlikely to arise in service and would not impair the
performance of the equipment. Allowable minor degradations following”
environmental tests are as specified in the applicable general specification.

4.6.3.4 Major failures during or following environmental tests. On the
occurrence of failures beyond those permitted by the applicable general
specification, the qualifying authority may, at its discretion, either reject
the qualification application or require the substitution of two additional
servocomponents if one servocomponent of the qualification sample fails. The
two servocomponents shall be submitted to all applicable tests prior to and
including the failed test(s). One of the two units shall then be selected to
undergo the remaining tests in place of the unit which originally failed. . “ ““
Failure of a second unit (from either the original four or from the two
reserve units) shall, in all cases, be cause for formal rejection of the . .
qualification sample.

4.6.3.5 Qualification approval by analogy. When a manufacturer seeks
approval at any one time for two or iioretypes of any one class of ..,,

servocomponent of the same frame size, he may apply for.qualification approval
on the basis of group submission subject to approval by the qualifying
activity. All four units of each type shall be subjected to the full range of
quality conformance tests. The types shall then be grouped in the manner
specified in the applicable general specification and a full test sample of
four units shall be selected from each group. This tests sample shall be
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subjected to the remaining qualiflcat!onapproval tests (I.e., one sample of
four units shall be fully tested as representingeach group). Failure of a
test sample shall be cause for withholding approval of the groupwhich it
represents. Sample,substitution shall not be permftted.

4.6.4 Disposition of qualification sample. Servocomponentssubjected to
qualification Inspection shall not be dellvered on any contract or order.

4.6.5 Requalification. In order to retain qualificationapproval,
qualification Inspection shall be performed every 24monttts or as directed by
the qualifying actlvlty.

4.7 First article sample inspection. bihenrequ
activity, sample servocomponentsshall be subjected
governing qualification inspectlonof 4.6, 4.6.1, 4

4
test

4
qual
appl~

4.

red by the procuring
to the provisions
6.2, and 4.6.4.

7.1 First article sample failure. Failure of any servocomponent In any
shall be cause for refusal to grant first artfcle sample approval.

8 Qua?lty conformance inspection. The examination and tests cornpr~sing
ty conformance inspection are classified as specified tn Table I and the
cable general specification.

8.1 Qualityconformance inspection sampling. Statistical sampling and
inspection shall be in accordance with MIL-STD-105, Table 1, general
ins~ection level 11 and Table II-A, single sampling plans for-normal
inspection, The acceptable quality level (AQL) shall be one percent defective
for all tests combined.

4,8.2 Quality conformance inspection routine. The minlmumof inspection
to be vertfied by the government inspector shall be the applicable tests of
Table 1 and the dimensional and visual requirementsas indicatedon the
outline drawing in the applicable specification sheet.

4.8.3 CJualitvccnforfnancesample failure. In case of failure, the entire
lot sha?? be rQjf?C~6@. The supplier shall withdraw the lot, correct the
deficienciesor screen out the defective units by retest. as applicable and
resubmit for inspection.

4.9 Test methods and exam$natlons.

4.9.1 Visual and mechanical examination. The servocomponentshall be
examined to verify that the matertals, design, construction,physical
dimensions. marking, and workmanship are In accordance with the applicable
requirements of 3.1, 3.4 through 3.4.13, 3.S.1, 3.5.3, 3.7.10 and3.8.

4.9.2 Shaft radial and end ~lay.

4.9.2.1 Shaft radial play. The servocomponentshall be mounted rigidly
with the shaft horizontal. A dial gauge shall be applied to the shaft as
close to the bearing face as possible. A load of the value spectfied In the
applicable specification sheet shall be applied perpendicular to the shaft
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within 1/4 Inch of the end of the shaft, and In a horizontal plane, first In
one direction and then in the opposite one. The difference between the two
dial gauge readings shall be taken as the shaft radial play. The shaft radial
play shall not exceed the allowable shaft rad~al play specified In accordance
uith 3.6.1.

4.9.2.2 Shaft end play. The servocomponent shall be mounted rigidly with
the shaft horizontal. A dial gauge shall be applied to the end of the shaft.
A load of the value specified in the applicable specification sheet shall be
applied axially to the shaft, first In one direction and then in the opposite
one. The difference between the two dial gauge readings shall be taken as the
shaft end play. The shaft end play shall not exceed the allowable shaft end
play specified In accordance with 3.6.1.

4.9.3 Rotor moment of Inertia. The rotor mcment of inertia shall be
measured by one of the following methods and shall not exceed the value
specified in the applicable specification sheet.

4.9.3.1 Moment of inertia by tor’iionaloscillations. The rotor of the
servocomponent shall be fixed to an adaptor of the lowest possible inertia
(which shall be measured or calculated) and the adaptor and rotor shall be
suspended from a steel wire at least 10 feet long, so that the axis of the
rotor coincides with that of the suspension wire. The suspended mass shall be

I
protected from air currents and extraneous vibrations which may cause It to

I sway. The adaptor-rotor assembly shall be twisted so that oscillation occurs
about the axis of suspension. The period, t,, of the oscillation shall be
determined. With the same procedure and adaptor being used, the period, tb,

.

of a body of known inertia shall then be determined. The moment of inertia of
the rotor may then be determined from the expression:

— —

J, = (Jb + Ja~) X (ta)2/(tb)2 -J,~

— -

where:

J. = moment of inertia of rotor in gram-centimetersz

Jb = moment of’’inertiaof known body In gram-centlmeters2

J,d - calculated momentof inertia.of adaptor in
gram-centimetersz

t, = period of oscillation of rotor plus adaptor, In seconds

tb = pertodof oscillation of bodyof known inertia plus
adaptor, in seconds

I

I
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4.9.3.2 Moment of lnert~a by tr!fllar suspension. The rotor of the
servocomponentshall be placed in a plate {ctrcular disc or equilateral
trtangle} so that the axis of rotation of the rotor Is perpendicular to the “
plate and in the exact center of the plate. The ueightof the plate shall be
approximatelyequal to the weight of the rotor. Three threads of equal length
shall be connected to a flat, ?evel mmmtlng surface and the plate shall be
attached to the threads. The threads shall be equidistant aridparallel to the
axts of rotation. The dtstance between the mounting surfaceand the plate
shall be greater than twtce the radius from the axis of rotation to the
threads (see Figure 5). The plate shall be protected froma!r currents and
extraneous vlbratlons, rotated and the the period measured as the plate
oscillates through a small angle about the axis of rotat!on with and ulthout
the rotor In the plate. The rotor mmentof Inertia can then be calculated
using the follouing formula:

14here:

I * rotor

.
Ur-%a +MJ (tz -tb a,

1=~ 4L

moment of tnertia in gramcentlmeters 2

M = wetght of rotor In grams

H,= weight of plate In grams

t = ttme perloclof osctllat!on of the plate with rotor In seconds

t,= time perlodof oscillation of plate without rotor In seconds

L ~ distance from the plate to the mounting surface In
centimeters

r * radius from the axis of rotation to the threads In centlcneters

4.9.4 Breakaway torque.

4.9.4.1 Mechanical breakaway torque. 14iththe applicable weight of Figure
6 attached to the dfal of Ftgure 7 {correspondingto the developed torque
specified in the applicable specificationsheet) and with the d~al mounted
rigidly on the shaft and hanging free at the start of the test, the housing of ‘
the servocomponentshall be rotated through at least three revolutions In each
direction at a constant rate between 4 and 6rev./mfn. In accordance with
3.6.3.1. The servocomponent shall fail the test If the d~al turns one
revolution.

4.9.4.2 Electrical breakaway toruue. The servocomponentshall be brought
to the stabilizedoperating temperature condftion (as spectfied In the
applicable generai specification). Hith the shaft in any Initial angular -
position, voltage applied to the control u$ndinq shall be increased slowly
from zero. The voltage at which the shaft starts to rotate continuously shall

17
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be noted. The test shall be performed three times for each dtrectlon of
rotation (a total of SIX measurements). The highest voltage observed shall be
recorded as the electrical breakaway torque, and shalI meet the requirements
of 3.6.3.2.

4.9.5 Dlelectrlc withstanding voltage. The cilelectrlcwithstanding
voltage test shall be performed in accordance with Method 301 of MIL-STD-202
and the requirements of 3.6.4. The applicable test potentials shall be
appl{ed between those points des~gnated. Any dielectric withstand~ng voltage
test that is repeated on the same servocomponent shall be performed with the
test potential reduced to 80 percent of the spectfled value of the inittal
test. The test potential shall be raised slowly (minimum time 3 seconds) from
zero to the specified value. The peak value of the test potential throughout
this test shall not exceed 1.5 times the specified rms test potential. The
test equipment employed shall be such as to differentiate between winding
leakage current and surge discharge current. Following this test, the
insulation resistance test shall be performed in accordance with 4.9.6.

4.9.6 Insulation resistance. The insulation resistance shall be measured
in accordance with hlethod302 of MIL-STO-202 to determine conformance with
3.6.5.

4.9.7 Current. The servocomponent shall be brought to the stabilized
operating condition of 4.2.2.2 in the standard test conditions of 4.2.1. The
current drawn by each winding shall be measured and shall be in accordance
with 3.6.6.

4.9.8 Power. The servocomponent shall be brought to the stabilized
operating stion of 4.2.2.2 in the standard test conditions of 4.2.1. The
power consumed by each winding shall be measured and shall be in accordance
with 3.6,7.

4.9.9. Impedance. The servocomponent shall be brought to the stabilized
operating condition of 4.2.2.2 in the standard test conditions of 4.2.1 and
while energized at the applicable standard test voltage and frequency
specified in the applicable general specification, the Impedance of each
winding shall be determined and shall be in accordance with 3.6.8.

4.9.9.1 Gene~al. Impedance methods of measurements described hereunder
are applicable within specified limitations to all types of servocomponents.
However, because of the high accuracy attainable with methods described
hereunder, measurements lend themselves more to synchros, resolvers,
transolvers, and linear resolvers rather than servomotors, where Ingeneral,
less sophisticated methods are acceptable.

4.9.9.1.1 The Mien-modified Maxwell bridge. Figure 8 shows the circuit
diagramof the bridge, together with the appropriate equations necessary for
calculating the servocomponent impedances. The following practical points
should be noted.
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a. The screen connectionson the bridge elements should be arranged
as shown In Figure 8 so that the capacitance currents to ground
are drawn directly from the supply and are not permitted to shunt
the elements.

b. The use of a double screen transformer is essentfal In order to
eliminate the effect of stray capacitanceand the ground leakage
path from the power supply generator or transformer to the ground
terminal of the null detector.

c. The resistance of arm ~3 should be kept as small as possible tn
order to minlmlze frequency variation errors. .

d. Magnetic coupllng between the power supply transformer and the
null detector transformer(s)may cause additional errors. The
power supply transformer should be so positioned that,with the
bridge in its balanced condition, rotation about its axis causes
no significant alteration of null indication.

e. Careful attent!on sttouldbe paid to accuracy in setting up the
voltage and frequency of the supply.

f. If a synchro, resolver, or transoiver Is under test, It should
preferably be set to zero within ~ 3 minutes of arc.

9. The accuracyof the bridge components should be uithtn O.l%of
the nominal values.

4.9.9.I.2 The Marshall potentiometer. Figure 9 shows the circutt diagram
of the potentiometer while Figure 10 shows the current balancing network,
together with the formula for determining servocornponentcurrent. It Is
evidentfrom the figures that the potentiometer depends for its action on the
provision of a current which is in phase-opposit~onto, and is an intergral
multiple of, the servocomponentcurrent. Under balanced conditions, the
servocomponent current is given by the ammeter reading dlvlded by the current
division ratio, while the applied voltage is given by the voltmeter reading
multiplied by a ratio dependent on the taps of transformer TI from which the
voltmeter and servocomponentare supplied. The servocomponent impedancemay
then be calculated from wattmeter, voltmeter and ammeter readings.

a. The method has the advantages that the meter losses do not have
to be taken Into account and servocomponentcurrent is not a
Iimiting factor, since the current divider should be designed to -
be of very low resistance so that power dissipation is small. A .
suitable value for the first tap (divide by one) ~s 0.5 ohm, as
shown in Figure 10.

b. Transformer T1 should be designed so that the maximum possible
load does not significantly affect the voltage ratio between the
taDs, and in use, the tapping points should be chosen to give’
large deflections on the voltmeter and wattmeter.

19

I

Downloaded from http://www.everyspec.com



NIL-S-81963A

4.9.9.1.3 Incremental induction bridge. Figure 11 shows the circuit
diagram and the appropriate equations for calculating servocomponent Impedance
using the incremental induction bridge. The bridge consists of the unknown
(winding under test) and resistors R,, R~, and R=. The value of Rb
shall be small compared to the unknown. The current through the unknown
causes a voltage drop across Rb. R, is in the circuit to compensate for
the voltage drop across Rb. The setting of the inductance (L) balance
control causes the L isolationamplifier to create a current, in phase with
the generator, to flow in the standard capacitator (c). The resistance (R)
balance control, along with the R. R. voltage divider and the Isolation
amplifiers, cause a current to flow in the standard resistor (G), that ~s
proportional but opposite in phase to the generator voltage. The combination
of the L current and the R current is adjusted to create a null on the
detector. The resistance and inductance can then be read directly from the
dials on the balance control and used to calculate the Impedance as shown in
Figure 11.

4.9.10 Temperature rise. The servocomponent, mounted on the appropriate
standard test fixture, shall be placed In a chamber, the volume of which shall
allow between three and five cubic feet of free air space per servocomponent.
Servomotors and motor-generators shall have the shaft locked In such a manner
that it cannot rotate. The internal ambient temperature of the chamber shall
be adjusted to a value within the range 23 ~2°C. This value shall be
recorded and shall be maintained throughout the test. The dc resistance of
that winding designated In the applicable general specification shall be
measured and recorded when the servocomponent has attained the stabilized
non-operating condition of 4.2.2.1. All windings specified in the applicable
general specification shall then be energized at the standard ratedvoltage
and frequency as specified in the applicable general specification and the dc
resistance of the designated winding shall be measured when the servocomponent
has attained the stabilized operating condition of 4.2.2.2. The methods used
for measuring the dc resistance of the designated winding shall not entail
disconnection of that winding from the energizing supply while the
measurements are taken. (Figure 12 shows a suitable circuit for this
purpose.) The temperature rise calculated from the expression which follows
shall be in accordance with 3.6.9.

-Temperature rise, (“C) = R,-R. X (234.2 + tc)
. R.

where:

R, = resistance of the designated winding at the final
stabilized temperature

R= = resistance of the designated winding at the starting
temperature

L-

t= = starting temperature
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234.2- 1/0.00427 (0.00427 ts the temp~raturecoeffictentof
resistance of 100 percent conductivitylACS -
InternationalAnnealedCopper Standard- copper at O“C).

4.9.11 Varlatlon of brush contact resistance: The servocomponent shall be
enerqfzed from a source of constant current not to exceed 10 mllllamper~s and
the ~rush contact resistance variation between collector rings and brushes as
exhibited by a change ~n voltage between each set of rotor Ufnd~ng terudnals
shall be measured. The rotor shall be turned at 1 revhn aridafter the thtrd
revolution. the measurement shall be performed through a complete revolution.
The variation of brush contact resistance shall be in accordance wlti’t3.6.10.
For quallf~catton approval, the var~atlon of brush contact resistance shall be
determined by the method described in 4.9.11.1.

4.9.11.1 Iiethodof measurement for varlatlon of brush contact resistance.
Ftgure 13 is a basic bridge clrcult. Example shown ts for synchro
transmitters, receivers, and control transformers. R, resistor ts adjusted
to approxtmatelytwlce the valueof the dc rotor resistance. R. reststor ~s
set to 0.5 ohms and will be used for sett!ng the llmlts on the recorder. Ra
and Rs resistors are used to balance the bridge. A maximum of 10mA through
the rotor wlnd!ng Is reccxmnendedunless the applicable speclftcatlon sheet
speciffes a lower current value. Balancing the bridge IS accomplished by
using R2 and R, resistors with a suitable amplification factor set on the
dc ampllfier and the center scale dc meter. The sensitlv~tyof both
instruments Is increased as the bridge ts being balanced In order to produce a
good null. If excessive drifting occurs, the rotor current should be reduced
until a steady null is achieved. The sensitlvityof the recorder and
ampllfier are now set at a level that will give a good reference on the tape
when the resistance of % ts decreased and Increased from the 0.5 ohm
setting (0.0 to 1.0). After the reference marks have been establishedon the
tape, the rotor Is turned by the one revim motor uith the recorder chart feed
set at 5 nnnper second.

4.9.12 Electromagnetic Interference. Hhen required by the applicable
general speclficatlon, the servocomponent shall be tested for conducted and
radiated electromagnetic Interference In accordance with MIL-STO-462 while
energized at the standard test voltage on those~indings spec!fled in the
applicable general speclftcationand under the conditions or electr~cal or
mechanical load also speclfled therein. The conducted and racilated
electromagnetic interference shall not exceed the lim~ts as specffled in
3.6.11.

4.9.13 Terminal or wire leads strength.

4.9.13.1 Hire leads. The force shall be applled at the extreme end of the
lead and in a downward direction while the servocomponent~s held with ~ts
shaft vertically upward in the case of servocomponentshaving leads emerglnq
from the
with Its
from the

back end of the servocomponent,or wh!le the servocomponent is held
shaft horizontal In the case of servocomponentshaving leads emerging
housing periphery. In the latter case the servocomponent shall be so
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held that the lead exit is on the under side. For end-emergent leads the
servoccmonent shall then be turned through an angle of 90 degrees so that the
shaft ax’is~s horizontal and while in this positi& the housing shall’be
rotated once in each direction, clockwise and counter-clockwise, about the
shaft axis through an angle of 360 degrees. For side-emergent leads the.
servocomponent shallthen be turned through an angle of 90 degrees so that ‘
shaft Is vertically upward and while in this position, the housing shall be
turned once In each directfon, clockwise and counter-clockwise about the ax
of emergence of theleads (I.e.. end over end), through an angle of 360
degrees. The method of applying the force shall be such that the latter is
borne by both the conductor strands and the insulation. Mire lead strength
shall be in accordance with 3.5.2.1 (see Figure 14).

he

s

4.9.13.2 Screw-thread terminals. Each screw-thread terminal shall be
tested using 4.5 pound-inch torque In accordance with MIL-STD-202, Method 211,
Test Condition E. Screw-thread terminal strength shall be in accordance with
3.5.2.2.

I
I 4.9.13.3 Solder-pin terminals. Each solder-pin terminal shall be tested

usina a aradual two Dc)undwllina force In accordance with MIL-STI)-202,Method
I 211,-Tes~ Condition A.

with 3.5.2.3.
Soider-pin terminal strength shall be in accordance

4.10 Environmental

4.10.1 Vibration. Servocomponents shall be tested in accordance with
MIL-STD-202, Method 204. Servocomponents larger than size 23 shall be tested
in accordance with requirements of Test Condition A, and servocomponents size

.

23 and smaller shall be tested in accordance with the requirements of Test
Condition B. Throughout the test, the servocomponent shall be rigidly mounted

..

on a test fixture, utilizing standard mounting surfaces, shall be energized
and its shaft mechanically loaded and free to rotate as specified In the
applicable general specification. Servocomponents shall have an aluminum disc
conforming to Figure 1 securely mounted on the shaft utilizing standard
hardware. After completion of this test, the servocomponent shall meet the
requirements of 3.7.i.

4.10;2 Shock

4.10.2.1 Shock, specified pulse, Servocomponents shall
accordance with MIL-STD-202, Method 213, Test Condition A.
shall be securelv clamDed to a riaid test fixture utilizing
surfaces which .sha
the servocomponent
the servocomponent
specification and <
applicable general
servocomponent sha

1 be riaidly &unted on the test device:

be-tested In
The servocomponent .
normal mounting
During the test,

shall h~ve ~he disc of Figure 1 mounted on its ~haft, with
energized as specified in the appl~cable general”
he rotor mechanically free to rotateas specified in the
specification. After completion of this test, the
1 meet the requirements specified in 3.7.2.1.

4.10.2.2 Shock, high impact. Servocomponents shall be tested in accordance
with MIL-STD-202, Method 207 and shall be rigidly mounted to the equipment of

22

Downloaded from http://www.everyspec.com



1. -- . .

c

.
I

I (

MIL-S-81963A

F~gure 207-4A therein. utlllzlng normal mounting surfaces. The servocomponent -
shall have the appropriate dtal-(see Figure 7) tiuntedon the shaft and shall
be energized. After completion of th~s test, the servoccxuponentshall meet
the requirements spectfled In 3.7.2.2.

4.10.3 A?tltude.

4.?0.3.1 Altitude low temperature. The unenergtzed servocomponent shall
be placed !na test chamber, the internal ambient temperatureof which shall
be reduced to and controlled at -SS~2*C and the servocomponentshall be
allowed to attain the stab~ltzed non-operat!ng temperaturecondltlon of .“-
4.2.2.1. The servocomponent shall then be energized seas to attain the
stabilized operating temperature condition of 4.2.2.2. The pressure in the
test chamber shail then be reduced to 8.27 Torr (approximatelyequivalent to
an altitude of 100,000 feet). Hhile still In this specified envlromnent, the
servocomponent shall be subjected to and shall meet the requirements as
speclffed In 3.7.3.1.

4.10.3.2 Alt!tude high temperature. The unenerglzed servocomponent shall
be placed in a test chamber, the Internal ambtent temperatureof which shall .
be raised to and controlled uithln ~2°Cof the high ambient temperature
specified In the applicable general speclflcatfonand the servocomponent shall
be allowed to attain the stabilized non-operating temperaturecondition of
4.2.2.1. The servocomponent shall then be energfzed seas to attain the
stabilized operating temperature condition of 4.2.2.2. The pressure In the
test chamber shall then be reduced to 8.27 Torr (approximatelyequivalent to
an altitude of 100,000 feet). Mhlle still !n this specifiedenvironment, the .
servocomponent shall be subjected to and shall meet the requirements as
spectfled in 3.?.3.2.

4.10.4 Endurance. The servocomponent shall be energized and either
electrically or mechanically loaded or both and either driven or non-driven as
specified in the applicable general speclficattonand shall operate or be
operated under the applicable condition shown in Table 11 unless otherwtse
spectfied in the applicable general specification.On completion of the
endurance test the servocomponent shall be subjected to and shall meet the
requirements speclfted 16?3.7.4.

4.10.5 Ambient temperatu~e.

4.10.S.1 Ambient low temperature. The unenergized servocomponent shall be
placed in a test chamber and mounted on a test ftxture. The chamber
temperature shall be lowered to and maintained at -62° ~2”C. The
servocomponentshall be allowed to attain the stabilizednon-operating
temperature condltionof 4.2.2.1 while in this @nvlronment. The test chamber
temperature shall then be raised to and controlled at -5S” ~2°C for a period
of one hour. At the endof this period and title tn thts environment, the
servoccnponent shall be energized In accordance with 4.2.3 and having attatned
the stabilized operating temperature condttlon of 4.2.2.2, shall then meet-the
requirements as specified In 3.7.5.1.
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Ambient high temperature. The unenergized servocomponet?tshall
a test chamber and mounted on a test fixture. The chamber

I temperature shall be raised to and maintained within ~2eCof the high ambient
temperature speclfled In the applicable general specification. The

1
servocomponent shall then be allowed to attain the stabilized non-operating

.

temperature condition of 4.2.2.1. The servocomponent shall be energized ’in
accordance with 4.2.3 and having attained the stabilized operating temperature

I condition of 4.2.2.2, shall then meet the requirements as specified in 3.7.5.2.

4.10.6 Moisture resistance. The servocomponent shalIbe tested in
accordance with MIL-STD-202, Method 106 and the requirements of 3.7.6. The
servocomponent shall be placed in the test chamber with its rotor shaft In a
horizontal position. During the test, half of the qualification sample (one
servocomponent) shall be energized in accordance with 4.2.3 and the other half
shall be unenerglzed. After completion of the final.cycle; the entire sample
(two servocomponents) shall be maintained energized at standard test
conditions (see 4.2.1) for 24 ~ 4 hours. Immediately after the final
energization period, the servocomponent shall be subjected to and meet the
requirements as specified in 3.7.6.

4.10.7 Audible noise, structureborne. Hhen specified in the applicable
specification sheet the servocomponent shall be mounted on the noise test
fixture shown in Figure 15 by means of the appropriate standard mounting
clamps. A calibrated transducer shall be fitted to the mounting plate
successively in each of the positions shown in Figure 16. The surfaces of the
transducer and its attachment area shall be coated lightly with a suitable
grease. The transducer shall be attached to the mounting-plate with a
.190-32UNF-2A stud or bolt whose threads shall be coated with a suitable
grease engaged at least 114 inch deep in the tapped hole in the plate. -
torque used in the method of attaching the transducer to the plate shall
+ o, -2.5 in. lb. force. The fixture, complete with servocomponent,sha
suspended as shown in Figure 16 in such a manner that the shaft axis and
top edge of the mounting plate are horizontal to within 5 degrees. With

he
be 25
?be’
the
the 1

servocomponent unenergized, the prevailing ambient noise level for the board,
one-third octave and narrow bands shall be at least 14 dB below the specified
maximum noise limit for the servocomponent in that band or at that frequency.
Those windings designated in the applicable general specification shall then
be energized as specified therein and”the vibration level of the servo-
component shall be determined and be recorded for each”frequency band. unless
otherwise specified, the one-third octave and narrow band measurements shall
be conducted in that axis of the servocomponent for which the maximum
broadband vibration level is recorded. The structureborne noise generated in
the frequency range of 20 Hz to 9,600 Hz, expressed in terms of acceleration
dB above a reference acceleration of 0.001 cm/secondZ (9.8 x 10-sg) shall
not exceed the limiting value or values-specified in the applicable
specification sheet. Broadband structureborne noise, expressed in terms of
acceleration dB, shall be measured by means of a calibrated transducer and
vibration-level meter which, including cables and accessories, have a -
frequency response known to within + 2 dB over the frequency range of 20 Hz to
9,600 Hz. The equipment used shall-possess a low response to magnetic,
electrical and acoustic fields. No correction for extraneous response shall
be permitted in determining the structureborne noise “levelof a
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I

servocomponent. The response of the equipment to extraneous fields shall be
at least 14 d~ below the maximum noise l!adts specffied for the servocanponent
In the applicable speclflcat{on sheet. One-third octave band structureborne
noise shall be measuredwfth the same equipment that Is used for the broadband
no!se measurement but ulth the addltlon of one-third octave band filters
covering the range 20 Hz to 8,000 Hz. The filters shall have re~ectlon
character\stlcsbeyondthe band edges at least as good as those requtred by
MIL-STO-740(SW and ANSI-Sl .11-1971(R1966) for octave band filters. The
complete system, including cables and accessories, shall have a response knovn
toulthln 22 dB at all band centerswlthtn the range. The scanning rate used
for the test shall be not less than S seconds per band. Narrow-band
structureborne notse shall be measured ~lth the same equipment as fs used for
the broadband noise measurementbut with the addftlon of a vlbratlon-level
recorder and a narrow-band analyzer capable of being turned continuouslyor of
being swept through bandcenter frequenc~es from 20iiz to9,600 Hz. The
complete system, Includfn’gcables and accessories, shall have a response known
toulthin~ 2 dB at all band-center frequencies !n the range. The scanning or
sweeping rate used for the test shallnot exceed(1/2 x filterddth In ifz)2 .
or 200 Hz per second. The servocomportent shall meet the requirements as
specified in 3.7.7.

4.10.8 Exploslon resistance. For certain specialized requirements
servocom~onentsmay be called upon to operate lrIflatmnableatmospheres. In
viewof thefr )lght formof construction the servocomponentscannot be made
Intrlnsictllyexploslon-proof, nor can It be ensured, unless stze and weight
penalties be accepted, that even a servocomponentdevoid of moving electrical
contacts will be intrinsically safe stnce its operating surface temperature
may well exceed the Ignltlon temperature of the flammable atmosphere. Testing
for e~ther 2000r 2,000 hours, dependent uporithe degree of acceptable risk .
and on the nature of the atmosphere, IS needed to ascertatn the exploslon
characteristicsof a servocomponent. Accordingly, and In vlewof the probable
low Incidenceof requirements for exploston-proof servocomponents no test for
such characteristics Is specified in this document. Should a requirement
arise ft will be the responsibilityof the qualifying actlvttyconcerned to
specify the explosion tests to be performed on a servocomponent to satisfy Its
requirements. It is recommended, however, that If such a test is !nvoked, it
should be applied to servocomponentsuhtch have completed all qualification
approval tests other than salt atmosphere, If appropriate, so that the
condltlon of the test servocomponentswfll approxl.mateto that which is
typical after a considerable perlodof service. The servocomponent shall meet “
the requirements specified In 3.7.8.

4.10.9 Salt atmosphere. Servocomponents shall be tested \n accordance
with MIL-STO-202, Method 101, Test Condition 8, with a 5 percent salt
Soluttoll. The servocomponentshall be placed In the test chamber with Its
shaft horizontal and supported In a manner that provides llne contact on
material Impervious to the effects of salt moisture and permit maximum
circulation of the atmosphere about the servocomponent. After complet~on of
the test, the servocomponent shall meet the requirements specified in 3.7.9.

.

4.11 Inspection of packaglnq. Sample packages and packs shall be selected
and ~nspected In accordance with NIL-S-12134.

2s

I

—
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5. PACKAGING

5.1 Packaging and packing. Packag~ng shall conform to MIL-S-12134.
Mlnimumpacklng shall be level Cunless otherulse specified (see 6.2e).

6. NOTES

6.1 Intended use. Servocomponents covered by this specification are
Intended for use tn military systems for fire control, radar, navlgatlon,
guided missiles, and other precision applications.

6.2 Ordering data. Acquisition documents should spectfy the following:

a. Title, number, and da-te of thts specification.

b. Title, number, and date of the applicable general specification.

Title, number, and date of the applicable specification sheet,
the comp;ete nomenclature, and the military part number.

d. Whether first article inspection is requtred (see 3.3).

e. Levels of packaging and packing (see 5.1).

6.3 First article inspection. Information pertaining to first article
inspection of products covered by this specification should be obtained from
the contracting activity for the specific contracts involved.

6.4 Definitions. Definitions are defined in the applicable general
specification.

6.5 Relationship with servocomponent class specifications. This
specification consolidates requirements and tests common to etght (8) existing
analog and digital and analog/digital precision instrument rotating
servocomponent specifications and has been issued for two express purposes:

a. Elimination of multiple revisions or amendments to effect the same
changes in individual servocomponent class specifications for the primary
purpose of updating those requirements and tests necessary to align them with
other servocomponent class specifications.

b. Provide more meaningful Government and industry participation by
highlighting specific design, test, and environmental criteria of latest
engineering development that are common to the following specifications:

MIL-S-20708 Synchros, General Specification For
MIL-S-22432 Servomotor, General Specification For
MIL-S-22820 Servomoter-Tachometer-Generator AC, General

Specification For
MIL-T-22821 Tachometer-Generator AC, General Specification r,r
MIL-R-23417 Resolver, Electrical, General $pecificatlon Fo~

26
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MIL-R-50781 Resolvers, Electrical, Ltnear: General Spectflcatton
For

MIL-E-81512 Encoder, Shaft Position to Dfgital, Contact Type. .-
Altftude Reportfng, General Speciffcatlon for

MSL-T-83727 ~ Transolver, General Specff~cat\on for .

6.6 Internationalstandardlzat!onagreements. Certain provtslonsof th!s
speclflcatlonare the subject of Internationalstandardizationagreement
reached by the NATO Study Group on Analogue and Digital Servocomponents
(Ac/3ol(sG/I)(sTG/1)). Uhen amendment, revlston, or cancellationof this
specification ts proposed whfch affects or v!olates the International
agreement concerned,the prepar$ng act!vlty wfll take appropriate
reconciliationaction through tnternat~onalstanciardizatfonchannels Including
departmentalstandardizationoffices, If required.

6.7 Quallflcatlon. i41threspect to products requlrlng qualtflcatlon,
. awards Mill be made only for products which are at the time set for opening OF

bids, qualffled for ~ncluslon in the applicable QuallfleciProducts List
whether or not such products have actually been so llsted by that date. The
attention of the suppliers ts called to this requirement, and manufacturers
are urged to arrange to have the products that they propose to offer to the
Federal Government tested for quallficatton in order that theymay be eltglble
to be awarded contracts or orders for the products covered by this
specification. The act%v$ty responsible for the Qualffted Products List and
informationpertatnlng to qualfflcatton of products are ltsted tn the
applicablegeneral Spectflcation.

I Custodians:
I Army - AR

Navy - AS
Air Force - 85

Review activities:
Army - ER, MI, AV
Navy - OS, SM. EC
Afr Force - }1, 79, 99
OSA - ES

User activities:
Army - HE, AT
Navy - MC. CG
Air Force - 14, 19

Preparing Activity:
Navy - AS

Project No. 5990-0328

I

. .

I
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TABLE II. ENDURANCE TEST, TIME SCHEDULE

MIL-S-20708
MIL-S-22432 MIL-R-23417
MIL-S-22820 MIL-R-50781
MI L-T-22821 MIL-T-83727 Shaft

Position
Time ~1 Temperature Time ~/ Temperature
(Hours) ‘c (Hours) ‘c

6422 -552 5 64 ~2” -2525° Horizontal

2422 H 2422 H Vertically Upward

2422 H 2412 H 45° Upward

2422 H 24~2 H 45°’Oownward

2422 H 2422 H Vertically Downward

740:4 15° to 30” 1840 ~ 4 15 to 30° Horizontal
(see 4.2.1) (see 4.2.1)

loot 3 ~/ loo~s” Horizontal
I

H ~S

,spec’
the ambient temperature specified in the applicable general
ficatlon.

For MIL-S-22432 and MIL-S-22820, the 100hrs at 100°Cportlon of the
test shall be performed at maximum power output, as specified In
MIL-S-22432 and MIL-S-22820.

50%of rotation to be CH and 50%of rotation to be CCW.

30
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.1250sEPONOtA. MRC.D.

IxbiEN810NB
SERVO-

CXwPONENT A B I c ,“ D 1 M*
I

SIZE INCH INm nfcH INCH

11,1s,18 .187S .86 .18?6 ● 375

29 ;:: .s26 .W .Z410 ● UT

31,37 2.7, 3.3 ● 9126 .$0 ● 2U0 .4S~

~For nmntlng withstandarddrivewmdmr.

A.lXscfor8iMll, 15, 18,

/’ \S HOLES TAPPEO Jt&40U~-29
COUALLY $MCED

8?LIT ORASS WSHINfd, $.0. .0903 s$~
0.0. .Ieo To M TIWT
PUSH W IN O18C DORE

MATERIAL: ALUMINUM ALLOY, oo”--o/4.
ALL OIMENWONSA~g IN INCHES UNLE88 OTM~ml$~
WECIFICO. TOLERAUCZ9 OU 0WCMUOM8 Afft .4*.

for siza 05 & 08 SG~mlw-

FIGURE 1. Standard disc for Ioadirigservocomponentshaft.
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MANUFACTURER’S -
.SERIAL NUMBER
(SE0UEN71ALLY FOR

-NOMENCLATURE

L MILITARY PART L LIMITINQ ENVELOPE
CONTRACT NUMBER

NUM8ER
(SEE NOTE 41

(REFERCNCC ONLY)
,,

T

SERVO COMPONEliT&XZE A B c D E

in. i- *- *- a-

0!5 1-1/2 .(
1.

m. I I u. I

5/8 j l~i6 ] 1/8 17i6

08”. . 2-114 518 1116 118 1116
11, 15 “’ 3 3/4 3/32 118 3132

18, 23, 91, 37 3-518 1 I 3132 1/4 3132
4

NOTES:
1.
2.

s.

48

DIMENSIONS - BfMIW?M SIZE ISSHOWN

LETTERING - GOTEiIC OR FUTURA TYPE CAPITALS WITHOUT
SERIFS .

LEGEND SHALL BE CENTRALLY LOCATED, HORIZONTALLY AND
VERTICALLY

NOMENCLATURE+ MIUI’ARY PART NUMBER, VOLTAGE AND
FREQUENCY SHALL BE AS SPECIFIED IN THE APPLICABLE
GENEW SPECIHCATION.

FIGURE 2. Standard marking.
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UTERILL llLMNnum
mm. WXI122W3N2A-A+=.mxx.

21Ass2fs.m

‘ .7s r-
l—--”‘“ 1 ~“*7I

Rm

// J [

. .w

-1
[ml]

–p ‘-

&m

b

TAM wwnuEuD-m
-1

SIZE t B:010

0s .s1 2.21~

m .s 1.m

II I.m I 3.2M
is 1.s10 q.3oo
la 1.s66 I sm

#ti ---------

/’-”

WE

xlmm nEsKuLTSmLmN6

..

L
t.

2.

3.

v.

“s

ULO~I(NSM IN2NDES

TmmKEs’ 2Fuacmus:. @
3Wsf Emus :.00s

ULESS01MW191SPECIF2E0.

SLOlINMS WU. X UfM PQWSFITBITHRATE

FIGURE3. Standard test fixture for servocomponentsup to size 18.

33
-.

Downloaded from http://www.everyspec.com



MIL-S-81963A ‘-

.W

7 r-,
,22.r.13s-3amc-2sx .xSEE?

219Z.ES

—-—
OATIM2 L

—~—
1.——
..

08.ISSEEP

LSEENOTE3

(
s!) 4 \

.

EASE

A
——

7-

am
~IAk AUMNHAU.OY
~IN19tANOO12EF%RML-A-SS’57YPEII. W 2 W

? -1
— -- —. -

e

“’2 ~.k::= -

iu- ‘- -.25 TYP

L--w (MM L ~ k_HIW
.138-321Nt-2BX-.38OEEP
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. IQ O CLEARMKEWE TNRUS@PORT

13XNTERSIIKm m48I4PucEs)

BASEANDSW?ORT
MATERIALTHERMALLYIN9J.AT2NG

t
TABI OFLETTEREOOIKNSIIMS

u’s A B I c o E F 6 H J“

23 2.00s 2.2s5 5.m 4.15 w.875 S.832 9.m .75 .25

31 2.15s 3.115 e.25 w,15 w 87s s.WI’ 9.W .75 .25

37 3 al 3MM In12 9.75 10.2s0 14.*5 20.m 2.m .50

KITES

1. ALLOIKNSIENSAREIN2?KMS.

2. TWERANIXS2 RAE LECIUUS:.02
3 PLACEEECIMALSf.00S

US.ESSOTNERSISESPECIF2E0.

3, THREETHREMEOHIX.ESEWALLYSPACEO~ A 01MF3ERAWRW’RIATEFORM !XXNTINGNARCHAREU=

W. lUXdTINGNARMARESINILARIDNS17183.02MNSILM0FORlNEPARTIO1.ARSER~

FIGURE 4. Standard test fixture for servocomponents size 23 and larger.
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FIGURE 5. .~mentof inertia by trifilar suspension with rotor in place.
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L .060-SOIIHF-2B

1

“4-
.040

1/16

L
-1 ---

T

>=

uH
,.,

~...
.06040UNF-2A

OF MOUNTED
-n w-a I WEIGHT I MOUNTING IDEVELOPED

DIMENSIONAL

TORQUE
DIAL Wblum n h3ql

H I K I L

Oz-in in. in. in. oz. in.
P

,02 .062 .262 .078 ● 033 .600

● 03 .062 .325 .078 .050 .600 A

● 04 ● 1s7 .242 .ln .067 .600

● 05 I .150 .267 .ln .083 .600
,

.06 ● 125 ● 324 .141 .1 .600

● 07 .
.08 .125 .373 .141 ● 133 ,600

.03 .236 .288 ● 250 ● 150 .600

.10 .236 .300 .250 .166 .600

.20 “ ● 351, ● 350 .250 .333 .600 *

.50 .180 .597 ● 203 .500 1.000
J

NCYI’E:UNLESS CYI’HERWISESPECMIED DIMENSIONS ARE IN XNCHES
TOLE-CES ON FRACTIONS ● 1/64INCHES
DECMALS A .006INCHES
ANGLES ● 1“

MATERIAL: BRASS, QQ-B-6S7, ‘ALIK)Y NO. 4@

N~E: THIS TABLE CONTAXNS EXAMPLES OF TORQUE DEVELOPEIX -
~HER VALUES MAYBE OBTAINED AS REQUIRED,

FIGURE 6. Weights for mechanical breakaway torque tests.
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.. . .
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FIGURE 9. Marshall potentiometer.
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FIGURE 10. Current division circuit of Marshall potentiometer.
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FIGURE 11. Elementary schematic diaqram for an incremental induction bridqe.
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FIGURE 12. Circuit diagram for temperature rise test. “
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FIGURE 13. Brush contact resistance variation test circuit.
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FIGURE 16. Test fixture application for structure-bornenoise test.
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