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MILITARY SPECIFICATION

SOLENOID, ELECTRICAL
GENERAL SPECIFICATION FOR

This specification is approved for use by all Departments and
Agencies of the Department of Defense.

1. SCOPE

1.1 Scope. This specification covers the general requirements for electrical solenoids used to actuate
various devices through the conversion of electrical signals into mechanical motion. These solenoids sre of
the axial stroke type and the rotary stroke type.

1.2 Classification. Solencids are classified as follows.

Sywbol Iype Duty Botetion

1 Pull Continuous N/A

11 Puti Intermittent N/A

111 Push Cont inuous N/A

v Push Intermittent N/A

v Rotary Cont inuous Clockwise

Vi Rotary Intermittent Clockwise

Vil Rotary Continuous Counterclockuise
Vil Rotary intermittent Counterclockuise

2. APPLICABLE DOCUMENTS
2.1 Goverrment documents.

2.1.1 specifications, standerds, snd handoooks. The following specificstions, standards, snd handbooks
form & part of this document to the extent specified herein. Unless otherwise specified, the issues of
thess documents are those Listed in the issue of the Department of Defense Index of Specifications end
Stendards (DOD1SS) and supplement therseto.

SPECIFICATIONS
FEDERAL
Q-C-320 - Chromium Plating (Electrodeposited).
QQ-N-290 - Mckel Plating (Electrodeposited).
QQ-$-365 - Sfilver Plating, Electrodeposited, Genersl Requirements for.
STANDARDS
RILITARY
MIL-STD-202 - Test Methods for Electronic and Electrical Component Parts.
MIL-STD-1285 - Marking of Electrical snd Electronic Parts.

Beneficisl comments (recommendations, additions, deletions) snd sny pertinent data which may be of
use in fmproving this document should be addressed to: 88 LOG/LGME, Gentile Station,

1080 Namilton Street, Dayton, ON 45444-5400 by using the Standardization Document Improvement
1 _Proposel (DD Form 1426) appeesring et the end of this document or by letter,

AMSC N/A FSC 5945
DISTRIBUTION STATEMENT A. Approved for public release; distribution 1s unlimited.
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(Untess otherwise indicated, copies of federal and military specifications, standsrds, and handbooks sre

available from the Dafense Printing Service Detachment Office, Building 4D (Customer Service), 700 Robbine
Averus, Philadetphia, PA 19111-5094.)

2.2 Non-Government publications. The following document forms a part of this document to the extent

specified herein. 1f the document is DaD adapted, the issue ts that Listed In the 1ssue of the DODISS cited
in the solicitation.

AMERICAN NATIONAL STANDARDS INSTITUTE (ANS!)
ANSI/ZNCSL 2540-1 - Calibration Laboratories and Neasuring snd Test Equipment - General Requirements.

(Application for copies should be addressed to American Nationsl Standards Institute (ANS!), 11 West 42nd
Street, New York, NY 10036.

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)
ASTM B33 -  2inc on Iron and Steel, Electrodeposited Coatings of.

(Application for copies should be addressed to Americen Society for Testing snd Materials (ASTM), 1916
Rece Street, Philadelphia, PA 19103.)

INTERNATIONAL ORGANIZATION FOR STANDARDS (1S0)

180 10012-1 - Quality Assurance Requirements for Messuring Equipment - Part 1: Metrological
Confirmation System for Measuring Equipment.

(Application for copies should be addressed to American National Standards Institute (ANSI), 11 West 42nd
Street, New York, NY 10036.

(Mon-Goverrment standards and other publications are normally avaitiable from the organizations that

prepare or distribute the documents. These documents also may be available in or through (ibrarjes or other
informational services.)

2.3 QOcder of precedence. In the event of a conflict between the text of this document and the references
cited herein, the text of this document takes precedence. Nothing in this document, however, supersedes
applicable taws and regulations uniess a specific exemption has been obtained.

3. REQUIREMENTS

3.1 eroguct specificetions or engineering drawings. The individust item requirements shall be as
specified herein and in sccordance with the applicable product specification or engineering drawing. 1In the
event of a conflict betueen the requirements of this specification and the product specification or
engineering drewing, the latter shall govern.

3.2 First article jnspection. Uhen specified, samples shall be subjected to first article inspection
(see 6.2) in accordance with 4.5.

3.3 Materisls. The materials shall be as specified herein. When a definite material s not specified, o
suitable materisl shall be used which will enable the solenoids to meet the performance requirements of this
specification. Acceptance or approval of any constituent materisl shall not be construed ss a guaranty of
acceptance of the finished product.

3.3.1 Fungus resistant meterisis. Normetallic parts of the solenoid shall be inherently nonfungus
nutrient or treated to resist fungus growth.

3.3.2 Metols. Metals shall be of a corrosion resistent type, or shall be plated or treated to resist
corrosion.

3.3.2.1 pissimilar metals. vhen dissimitar metals are used in intimate contact with each other,
protection againet electrolysis and corrosion shall be provided. The use of dissimilsr metals in contact,
which tend toward active electrolytic corrosion (particularly brass, copper, or steel used in contact with
aluminum or aluminum alloy), is not acceptable. However, metal plating or metal spraying of dissimilar base
metals to provide suitable abutting surfaces is permitted. A List of meterials 18 included in 6.3.
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3.3.3 plastic. Plastic meterial shall be of a type that will ensble the solencid to meet all the
performence requirements of this specification.

3.3.4 jire.

3.3.4.1 pagnet yire gond tead wire. Magnet end lead wmire shell be of a type that will enable the solenoid
to meet sll the performance requirements of this specification.

3.4 Design and construction. Solenoids shall be of the design, construction, snd physics! dimensions
specified in 3.1.

3.4.1 Cofjls. Coils shall be evenly wound and insulated to meet the performence requirements specified
herein. Cofils shall be completely insulated from the frame and other grounded parts, and the coil leads
shall not be internally grounded. Coils shatl be suitable taped and impregnated as required to prevent
damage under prolonged exposure to humidity and salt-fog envirormental conditions. Coils shall be securely

anchored to the frame or other stationary parts in s manner that will prevent coil movement or strain on the
coil leads.

3.4.2 Jerminals. Terminals, including connectors, solder-type, pig-tail, or lesd-in wires shall be as
specified in 3.1. Terminals shall be constructed or corrosion-resistant msterial or shall be suitably
plated to resist corrosion during service.

3.4.2.7 plug-in terpinels. Plug-in terminals shall conform to the arrangements of dimsnsions necessary
for proper mating with the applicable connectors or sockets. The mounting arrangement of the solenoid shall
be s0 designed that the weight of the solenoid will be supported and the stability of {ts mounting will be
provided by mounting means other than the electrical terminals of the socket. Solenoids with plug-in
terminals shall have the electrical and environmentsl tests, specified in section 4, performed with the
appropriate or specified socket or connector assembled to the solenoid.

3.4.2.2 Jerminal marking. When specified (see 3.1), terminals shall be permanently and legibly marked.

3.4.3 Case. Unless otherwise specified (see 3.1), the coil housing shall be enclosed and shall be
electrically isolated from any electrical circuit snd shall be magnetically shielded.

3.4.4 Nounting. The mounting means shall be an integral part of the solenoid housing or shaltl be

securely attached thereto in a manner which will prevent any movement between the solenoid and the mounting
wsans in service use.

3.4.5 Armature or plunger travel. The armature or plunger shall be provided with sufficient travel to
completely activate the load equipment as required. Unless otherwise specified (see 3.1), positive stops
shatl be provided st both extremes of travel and shall be sufficiently spring loaded to force the armature

and load to the normal or deensrgized position with the coil deenergized and under maximm load conditions
and tesperature extremes.

3.4.6 ]Jostatiation provisions. Clearances shall be provided for instaliation of power cables and
mounting hardwere. Unless otherwise specified (see 3.1), special installation tools shall not be required
by virtue of the solenoid design.

3.4.7 Solid state components. Diodes and other solid state devices shall be of sufficient ratings to
withstand peek reverse voltage transients of the utilizing electrical power system. The minimm snd maximm
pesk inverse volts (PIV) shall be as specified in 3.1.

3.4.8 Yelght (when specified, see 3,1). Solencids shall not exceed the specified weight.

3.4.9 Jolerances. Uniess otherwise specified, atll electrical, envirormental, snd mechesnical psrameters
contained in this specification shall have a tolerance of £10X,

3.5 Electrical requirements.

3.5.1 Electrical characteristics.
3.5.1.1 Qperating force (torgue) (see 4.7,2.1). The operating force (torque) shall be as specified in

3.1. The term “force" is applicable to solenoids having linear output motion. The term “torque" is
applicable to solenocids having rotary output motion.
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3.5.1.2 Compensated actusting voltage (see 4,7.2.2). The solenoid shall be in the energized position,

3.5.1.3 pegctuating voltage (or current) (shen specified, see 3.1 and 4,7,2.3). The solenoid shall be In
the energized position with more than meximum desctuating voltage (or current) spplied, and shall be in the
deenergized position with less than ainimum desctuating voltage (or current) applied.

3.5.1.4 Operate and relesse time (when specified, see 3.1 and 4,7.2.4). The time required for the
solenoid to complete the energized function or to revert to the deenergized position shall not exceed the
values specified.

3.5.1.5 ¢Cojl gurrent (pee 6.7,2.5). The coil current shall not exceed the specified requirements (aee
3.0,

3.5.1.6 0C coil resistence (see &,7,2,6). The dc coil resistance shall be as specified (see 3.1).

3.5.2 ]nsyletion resistance (see 4.7.3). The insulation resistance (unless otherwise specified, see
3.1), shall be 1,000 megohms, minimm, except that the insulation resistance between coil and case at the
maximum specified ambient temperature shall be 500 megohms, minimum.

3.5.3 Dislectric withstanding voltage (see 4.7,4). There shall be no evidence of damage, arcing,
breskdoun, or lLeskage current in excess of 0.5 milliampere.

3.5.4 Mounting stud and terminel strength (see 4.7.5). The mounting studs snd terminals shall not
(ocsen, nor shall there be sny other damege when subjected to the static values of tension and torgue
specified in table 1. Wire lead terminals shall meet the specified pull requirements.

TASLE 1. Tension end torgue leads for solenoid sire leeds, solder lug
or hook, stud or screw, end mounting studs.

—Nire terminels _Jhreaded terminals or mounting studs
Diameter Pull size | ___ Pyll tension (lbs) Jorgue (inch-pounds)
(inches) tension
(ibo) Terminsls | Mounting studs | Terminals | Wounting studs
.035 to 047 4.5 4 5 7 ') H
6 30 F3 10.0 12
Less than 035 | 2.0 20.2 ) 35 35 20.0 20
10 40 S0 32.0 40
.250 50 60 75.0 80
313 I 80 100.0 160
2375 100 115 150.0 r1e 30
3.5.5 static soring return force (when specified: see 3.1 and 4,7,6). The static spring return force
shall fall uithin the specified Limits.
3.5.6 Maonetic effect (when specified: see 4,7,.7). The intensity of the magnetic fisld surrounding the

solenoid shall not exceed the value specified (see 3.1).
3.6 Environmental requirements.

3.6.1 Thermel shock (gee 4.7,8). There shall be no mechanicsl, electrical, or operationsl failure, and
no cracking, peeling, or flaking of the finish. During this test, operating force (torque) and deactuating
voltage shall be as specified in 3.5.1.1 and 3.5.1.3, respectively. Following the test, the compensated
actuating voltage shall be as specified in 3.5.1.2.
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3.6.2 golderability (see 4,7.9). The criticel exemination sres of solid wire lead and pin terminals
shall be at Least 95 percent covered with a continuous new solder costing in accordence with method 208 of
RIL-8TD-202. For solder-lug terminals greater than .04S inch (1.14 wm) in diameter, 95 percent of the total
tength of fillet, which is between the standard wrep wire and the terminal, shall be tangent to ths surface
of the terminel being teated and shall be free of pinholes, voids, etc. A ragged or interrupted Line at the
point of tangency between the fillet snd the terminel under test shall be considered a failure.

3.6.3 Yyibretion (see £.7,10). There shall be no evidence of Loosening of parts or mechanical demage to
the solencid. Following this test, the operating force (torque), compsnsated actuating voltage, and
deactuating voltape (or current) shall be as specified tn 3.5.1.1, 3.5.1.2, and 3.5.1.3, respectively.

3.6.4 Shock (gee 4,7,11). There shall be no evidence of mechenical or electrical demege, nor shall the
test impair the normal operation of the solencid. Following this test, the operating force (torque),
compensated actusting voltage, and deactuating voltage (or current) shall be as specified In 3.5.1.1,
3.5.1.2, and 3.5.1.3, respectively.

3.6.5 Accelerstion (when specified: see 3.1) ond 4,7,12. The solenoids shall meet the specified
requirements. During this test, the compensated actusted voltage and desctuating voltage (or current) shall
be as specified in 3.5.1.2 and 3.5.1.3.

3.6.6 Moisture resistence. Unless otherwise specified (see 3.1), solencids shall be tested {n accordance
with 4.7.13. There shall be no evidence of breeking, cracking, or spsiling of the solencids. Ismediately
after step 6 of the final cycle, the insulation resistance shall be st leasst | megohm, and the compensated
actuated voltage shall be ss specified in 3.5.1.2. After the 24 hour drying period, the insulation
resistance shall be at least 50 megohms. The operating force (torque), compensated actuating voltage, and
desctusting voltage (or current) shall be as specified in 3.5.1.1, 3.5.1.2, end 3.5.1.3, respectively.

3.6.7 Altitude (when specified: see 3.1 and 4,7.14). Following this test the insulstion resistance,
operating force (torque), compensated actuating voltage, and deactuating voltage (or current) shall be as
specified in 3.5.2, 3.5.1.1, 3.5.1.2, snd 3.5.1.3, respectively.

3.6.8 Nigh tempersture (see 4.7.15). The solencids shall meet the operating force (torque) requirements
specified in 3.5.1.1.

3.6.9 Low temperature (see 4.7,.16). The solencids shall meet the operating force (torque) requfirsments
specified in 3.5.1.1.

3.6.10 Salt spray (gee 4.7.17). There shall be no evidence of corrosion, or peeling, chipping, or
blistering of the finish, nor exposure of the base metal when inspected by the unaided eye. Following this
test, the insulation resistence, operating force (torque), compensated actuating voltage, and deactusting
voltage (or current) shall be as specified in 3.5.2, 3.5.1.1, 3.5.1.2, and 3.5.1.3, respectively. For
ssaled or encapsulated solencids, dislectric withstanding voltage (at sea level) (see 3.5.3) shall be
appl icable.

3.6.11  send end gust (when specified, see 3,1 and 4,7.18). Following this test, the operating force
(torgue), compensated actuating voltage, and deactuating voltage (or current) shall be as specified in
3.5.1.1, 3.5.1.2, end 3.5.1.3, respectively.

3.6.12 Explosion (when specified, see 3.1 and 4.7,19). Solancids shall not ignite an smbient explosive
stmosphers.

3.7 Life (see 4.7.20). The solenoid shall remafn mechenically and electrically operative. There shall
be no indication of mechanical resonance due to the frequency of the energizing voltage. Following this
test, the coil resfistance shall be within 22 percent of the prelife value, and the insulation resistance and
dielectric withstending voltage (at ses level), shall be as specified in 3.5.2 and 3.5.3, respectively.

3.7.1 cofl life (gee 4.7,21). The cofl current (see 4.7.2.5) and DC coil resistance (see 4.7.2.6) shall
be within five percent of the prelife value. Following the test, insulation resistence and dielectric
uithstanding voltage shall be as specified in 3.5.2 and 3.5.3, respectively.
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3.8 Marking. Unless otherwise specified (see 3.1), solencids shall be permenently and legibly marked
uith either the manufacturer’s name, trademark, symbol, or CAGE code snd the date code, ss shown in the
following example; and, wherever space permits, the appilicable PIN, the rated voltage (or current), and the
opsrating frequency. Paper labels shall not be used. Other merkings which in any way interfere with,
obscure, or confuss those specified herein, are prohibited. Markings shall remsin legible atter sll tests.

Example: 12345 - Nanufacturer’s CAGE code
6824 - Date code
3.8.1 Date code and marwfecturer’s source code. The dete code and menufacturer’s CAGE code shall be in

accordance with NIL-STD-1285.

3.9 uorkmenship. Solenoids shall be processed so that they sre uniform in quality and shall be free from
cracked or deformed parts, sharp edges, burrs or other defects which could affect their life,
servicesbility, or appearance.

4. QUALITY ASSURANCE PROVISIONS

4.1 Resporsibility for ingpection. Unless otherwise specified in the contract or purchase order, the
contractor is responsible for the performance of all inspection requirements (inspections and tests) as
specified herein. Except ss otherwise specified in the contract or purchase order, the contractor mey use
his oun or any other facilities suitable for the performence of the inspection requirements specified
herein, unless disapproved by the Goverrment. The Goverrment reserves the right to perform any of the
inspections set forth in this specification where such inspections are deemed necessary to ensure supplies
and services conform to prescribed requirements.

4.1.1 Responpibility for complisnce. All items shall meet all requirements of sections 3 and 5. The
inspection set forth in this specification shall become a part of the contractor’s overall inspection system
or quality program. The absence of eny inspection requirements in the specification shall not relieve the
contractor of the responsibility of ensuring that all products or supplies submitted to the Goverrment for
scceptance comply with all requirements of the contract. Sampling inspection, as part of menufecturing
operations, is sn scceptable practice to ascertain conformance to requirements, however, this does not
suthorize submission of known defective meterial, either indicated or actual, nor does it commit the
Goverrment to accept defective material.

4.1.2 TYest equipment and inspection facilities. The supplier shall establish and maintain a calibration
system in accordance with ANSI/NCSL 2540-1, IS0 10012-1, or equivalent.

4.2 Classification of ingpections. The inspection requirements specified herein are classified as
follows.

a. Materials inspection (see 4.3).
b. First srticle inspection (see 4.5).
c. Ouality Conformence inspection (see 4.6).

4.3 Materisls inspection. Materials inspection shall consist of certification that the materials used
are of a type that will ensure that the solencid meets all the requirements of this spectification.

4.4 Inspection conditiong. Unless otherwise specified herein, all inspections shall be performed in
accordance with the test conditions specified in the General Requirements section of MIL-$TD-202.

4.5 Ficst article inspection. First article inspection shatl be performed at s (sboratory acceptable to
the Goverrment on semple units produced with equipment and procedures normelly used in production.

4.5.1 Sample size. Twelve solencids shall be subjected to the first article inspection.
6.5.2 ]nspection routine. The sampte shall be subjected to the inspections specified in table 11, in the

order shown, except that groups Il and 111 may be conducted concurrently. All sample units shail be
subjected to the inspection of group |.
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TASLE 1. FEirat article inspection.

Inapection Requirement Method Number of sample | Number of
paragraph paragraph units to be failures
jnspected 1 ellowed
Grow |
Visust and mechanical inspection 3.1, 3.4, 35 4.7.1
3.8, and 3.9
Electrical characteristics 3.5.1 4.7.2 — 12 — 0
Insulation resistance 3.5.2 4.7.3
Dielectric withstanding voltage 3.5.3 §£.7.4,1
(at sea level)
Srowp 11
Mounting stud and terminsl strength 3.5.4 4.7.5
Static spring return force 3.5.5 L.7.6
(when specified)
Thermal shock 3.6.1 4.7.8
Solderability 3.6.2 4.7.9 b— 6 — 0
Vibration 3.6.3 4.7.10
shock 3.6.4 &.7.1¢
Acceleration (when specified) 3.65 4.7.12
Moisture resistance 3.6.6 4.7.13
Life 3.7 4.7.20
Growo 111
Static spring return force 3.5.5 4.7.6
(vhen specified)
Magnetic effect (when specified) 3.5.6 &.7.7
Altitude (when specified) 3.6.7 4.7.14
High tempersture 3.6.8 4.7.15 — 6 — 0
Low temperature 3.6.9 4.7.16
salt spray 3.6.10 &.7.17
Send and dust (when specified) 3.6.M 4.7.18
Explosion (when specified) 3.6.12 4.7.19
Coil Lijfe 3.7 £,7.21

4.5.3 Failyres. One or more failures shall be cause for refusal to grant first article approval.
4.6 guality Conformence inspection.

4.6.1 ]lnspection lot. An inspection Lot shall consist of one week’s production of solenoids of the same
design, materials, end production processes, produced under essentially the same conditions and offered for
inspection at one time. Uhere production is less than 200 solencids per week, s Lot shall consist of twe
consecutive weeks production. The date code shall indicate that the solencids were produced during the
first week.
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4.6.2 Growo A inspection. The group A inepection shall consist of the inapections specified in table
111, in the order shown,

VABLE 111. Group A inspection.

Inspection Requirement Nethod
pacagraph | paragraph
Subgrowp
Dielectric withstanding voltage 3.5.3 4.7.4
Subgrop 2
pC cof!l resistance 3.5.1.6 4.7.2.6
Coil current 3.5.1.5 4.7.2.%
Compenaated actusting voltage 3.5.1.2 4.7.2.2
Insulation resistance 3.5.2 4£.7.3
Visusl and mechenical exasination 3.1,3.4, 3.5,] 4.7.1
3.8, and 3.9
Deactuating voltage (when specified) 3.5.1.3 4.7.2.3
Operate and release time (when 3.5.1.4 4.7.2.4

—specified)

4.6.2.1 sempling plen.

4.6.2.1.1 Subgroyp 1. ALl solenoids offered for inspection shall be subjected to the dielectric
withstanding voltage test. Lots having more than five percent total rejects shall not be furnished on the
contrect. Solenoids out of specification Limits shall not be shipped with the lot.

4.6.2.1.2 Sibgroup 2. A sample of parts shsll be rendomly selected in accordence with table IV. 1f one
or more defects are found, the lot shall be rescreened and the defective parts removed. A new sample of
parts shall then be randomly selected in accordance with table IV. If one or more defects are found in the
second sample, the Lot shall be rejected and shall not be supplied to this specification.

TASLE 1v. » .
/ TR I
Lot size | Electrical characteristics | _Visual and wechenics! inspection
(rwmber of sample units) )/
Maior _Minoc
2- 8 atl 100 percent 3
9-15 oll 13 3
% -25 20 13 3
26 - 50 20 13 -
51 - 90 20 13 ]

1/ Electrical characteristics shall inctude cofl resistance, coll current,
snd compensating sctuating voltage.

4.7 Methods of jnapection.
4.7.1 Yisusl snd mechanical inspection. Solencids shall be inspected to verify that the msterials,

design, construction, physical dimensions, marking, and workmenship are in accordance with the specified
requirements (see 3.1, 3.4, 3.5, 3.8, and 3.9).
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4.7.2 Elsctricsl chacacteristics.

4.7.2.1 Qperating force (torgue) (see 3.5.1,1). Unless otherwise specifiad (see 3.1), the operating
force (torque) of the solenoide shall be tested in sccordance with the following detafls.

4.7.2.1.1 for tirgt srticle inspection.

Points of measurement:

(1) At the begimning of the solenoid’'s stroke (0 percent to 5 percent).

(2) Full stroke force or torque (95 percent to 100 percent of stroke (when specified, see 3.1).
(3) MNolding force (when specified, see 3.1).

Magnitude of test voltage and temperature: This test shall be conducted at the values of the upper
and {ower, and lower and upper limits of the voltage and temperature ranges, respectively.

Nature of potentisl: With specified load applied to the solenoid (see 3.1).

v
Duration of applied voltage: The duty cycle of intermittent duty solenoids shall not be exceeded.
Attitude(s) during testing: See 3.1.

Applied load: A static load equal to the specified force (torque) (see 3.1) shall be applied to the
armsture or plunger.

Force (torque) measurement: With the solenoid mounted in the specified attitude(s) and at ambient
temperature, and with a load in accordence uwith 4.7.2.1.1f, the output force (torque) shall be equal
to or exceed the static output force (torque) with the specified voltage applied to the coil.

4.7.2.2 Compensated sctusting voltage (see 3,5,1,2). Unless otherwise specified (see 3.1), the
compensated actuating voltage of the solencids shall be tested in accordence with the following details.

f.

Hagnitude of test voltage and temperature: This test shall be conducted st the voltage equivalent
to minimum voltage at maximm temperature.

Mature of potential: See 3.1.

Duration of applied voltage: The duty cycle of the intermittent duty solencids shall not be
exceeded (see 3.1).

Mounting the solenoid for test: The solenoid shall be mounted by its normal mounting means and in
its normal mounting attitude.

Temperature and {oad: With the sotenoid at s stabilized temperature of 25°C 22°C, it shall generate
sufficient mechanical force (torgque) at the specified compensated actusting voltage (or current)
(see 3.1) to cause full plunger (or armature) travel in the energized position egainst the specified
value (see 3.1) or load (force or torque).

Observe the position of the armature.

4.7.2.3 Desctusting voltage (or current) (see 3.5.1.3). With rated mechanical load attached to the
armature or plunger as specified (see 3.1), the solencid shall be energized with rated load spplied.
Observe the position of the armature. Further reduce the voltape (or current) to & value equal to the
minimm deactuating voltage specified (see 3.1). Observe the position of the armature. For qualification
inspection, unless otherwise specified (see 3.1), the deactusting voltage (or current) shall fall within the
required {imits when the solenoid is mounted fn each of three mutually perpendicular planes, one of which
shall be that where the plunger gravity force opposes the return spring force.
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4.7.2.4 Qperate and release time (pee 3.5.1.4). WNominal rated voltage (or current) (see 3.1), shall be
spplied to the solencid. The test shall be performed with the soiencid at a stabilized ambient temperature
of 25°C 22°C and at the reted high and Low tempsratures. The time {nterval between the application of
voltage (or current) end the full travel of the solenoid; and time interval between the removal of voltage
(or current) end the full return travel of the plunger or armsture to the deenergized position shall be
measured.

4.7.2.5 Coll current (see 3.5.1,5). Cofl current shall be messured with the coil at a stabilized smbient
temperature of 25°C £2°C and rated voltage and with the coil st a stabilized low temperature rating and
maximum rated vottage (see 3.1). The current shall be measured within 10 secorxis of spplication of coil
voltage.

4.7.2.6 DC cofl resistence (see 3.5.1.6). Solencids shall be tested in sccordance with method 303 of
MiL-STD-202.

4.7.3 lnsylation resistence (see 3.5.2). Solencids shall be tested in accordance with method 302 of
MIL-STD-202. The following details shall apply:

a. Test condition letter: A, for solenoids having a voltage rating of less than 60; 8, for solencids
having a voltage rating of 60 or greater.

b. Point of measurement: Between the coil and the case.

4.7.4 Dijelectric withstanding voltege (see 3.5.3 end table V).

4.7.4.1 At ses level. Solenoids shall be tested in sccordance with method 301 of MIL-STD-202. The
following details shall apply:

a. Magnitude of test voltage: The magnitude of the test potential shall be besed on the coil voltage
rating (see table V).

b. Nature of potential: Alternating current (ac).
c. Duration of test voltage: Five to 15 seconds for the quality conformence inspection.
d. Point of spplication of test voltage: Between the coil and the case.
After the test, solenoids shatl be inspected for any evidence of damage, arcing, and breskdown. Leakage

current shall be measured.

TABLE V. Dielectric withstending voltage (st sea level) potential.

{— VYoltage rating |  RNS test voltage

Less than 60 1,000
60 to 250, inclusive 1,500 + rated voltage
Qver 250 to 500, inclusive | 2 X voltege rating + 1,000

4.7.4.2 At reduced barometric pressure C(high sltitude). Solenoids shali be tested in accordance with
method 105 of MIL-$TD-202. The following details shall epply:

a. Test condition tetter: See 3.1.

b. Wagnitude of test volitage: The megnitude of the test potential shall be 350 volts £10 volts.
c. Nature of potential: Alternating current (ac).

d. Duration of test voltage: Five to 15 seconds for quality conformance inspection.

e. Point of application of test voltage: Between the coil terminals and the case.
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After the test, solencids shall be inspected tor any evidence of damape, arcing, and breakdoun. Leskage
current shall be messured.

4.7.5 Mounting stud and terminal strength (see 3.5.6). The solencid studs, as sppliceble, shall be
subjected to the tensile end torque loads specified in 3.6.4 snd applied parallel to the axis of the studs
for a period of 1 minute. There shall be no mechonical failure resulting from these tests. Leed wire
terminals No. 22 AWG or Larger shall be subjected to 4.5 pounds pull for a minimm of 30 seconds. There
shall be no mechanical or slectrical impairment resuiting from the test. Lead wires smaller than No. 22 AWG
shall be tested as specified (see 3.1).

4.7.6 $tatic spring return force (see 3.5.5). The static spring return force (torqus) shall be measured
in pounds or inch-pounds at the following percentages of plunger travel (with coil deenergized): (0-5) and
(95-100). The attitude of the solenoid during the test shall be such that the plunger gravity force does
not oppose the spring force (torque).

4.7.7 Magnetic effect (see 3.5.6). The solencid shatl not produce s magnetic field greater than the
field produced by a straight bus ber carrying a direct current of 15 times the coil current of the solenoid.
The coit current shall be that produced when the temperature of the coils is 25°C £2°C and maximum operating
voltage is impressed thereon. The field shall be measured by a suitsble flumeter with the search coil
adjacent to the coil housing or bus ber in the position causing the greatest deflection of the meter.

4.7.8 Thermel shock (see 3.6,1). Solenoids shall be tested in accordance with method 107 of KIL-STD-202.
The following details shall apply:

a. Test condition: See 3.1. Exposure time shall be one hour at each temperature extreme.

b. Heasursment during cycling: During the last 10 minutes of the fifth temperature cycle at both high
and low temperstures, the solenoid shall meet the requirements of operating force (torque) (see
3.5.1.1) and deactusting voltage (or current) (see 3.5.1.3) and shall return to room temperature.

c. Neasurement after cycling: Compensated actuating volitage shall be tested as specified in 4.7.2.2.
The solenoids shall then be inspected for cracking, peeling, end flaking of the case and finish.

4.7.9 Soldergbility (see 3,6,2). Solenoids having solderable terminals shali be tested in accordance
with method 208 of MIL-$TD-202, except that the dipping device need not be used.

a. Number of terminations of each part to be tested: Two.
b. Solder dip: Not applicable.

\/
c. Inspection of terminations: Fillet ares. » 'I('??rﬁ;‘
TR ]
4.7.10 Yipration (see 3.6.3). The solenoids shall be tested in accordance uith method 204 of
MIL-$TD-202. The following details shall apply:

a. Mounting: Solenoids shall be rigidly mounted by a normal mounting means in a suitable test jig.
The vibration shall be monitored on top of the test jig as near as practicable to the support points
of the solencids.

b. Electrical load conditions: The solenoids shall be energized with rated coil voltage (or current)
for half the required test time and deenergized for half the required test time in each of the three
wmutusily perpendicutar directions.

c. Test condition letter: See 3.1.

d. Tests snd measurements after vibration: After vibration, operating force (torque), compensated
actuating voltege, and deactusting voltage (or current) shall be tested as specified in 4.7.2.1,
4.7.2.2, and 4.7.2.3, respectively. Solencids shall be inspected externally for evidence of damage
such as cracks or Loosening of perts.

4.7.11 Shock (see 3.6.4). Solenoids shall be tested in accordance with 4.7.11.1, 4.7.11.2, or 4.7.11.3,
as spplicable (see 3.1).

¢ 1
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4.7.11.1 shock 1. Solenoids shall be tested in accordsnce with method 205 of MIL-$TD-202. The following
details shall apply:

a. Test condition letter: C.

b. Electrical operating conditions: 1In esch direction of shock, the coil shall be deenergized during
two shocks and energized with rated voltage (or current) during one shock.

c. HMessurements after shock: Following this test, the opersting force (torque), compensated actuating
voltage, and desctuating voltage (current) shall be tested as specified in 4.7.2.1, 4.7.2.2, and
4.7.2.3, respectively.

4.7.11.2 sShock 2. Solenoids shall be tested in accordsnce with method 213 of MIL-$TD-202. The following
details shall apply:

a. Mounting method and accessories: Normal mounting means.

b. Test condition letter: A.

c. Electrical operating conditions: As specified in 4.7.11.1b.
d. Measurements after shock: As specified in &4.7.11.1c.

Following the shock test, there shall be no evidence of mechanical or electrical damage, nor shall the test
impair the normal operation of the solenoid.

4.7.11.3 ghock 3. Solenoids shall be tested in sccordence with method 207 of MIL-SYD-202. The following
details shall apply:

a. Mounting fixtures: Normal.
b. Height of hasmer drop: See 3.1.
c. Electrical operating conditions: As specified in 4.7.11.1b.

d. MNeasurements after shock: Following this test, the operating force (torque), compensated actuating
voltage, and desctusting voltage shall be tested as specified in 4.7.2.1, 4.7.2.2, and 4.7.2.3,
respectively. There shall be no evidence of mechanical or electrical damage or impairment of the
operation of the solenoid.

4.7.12 Accelerstion (see 3.6.5). The solencids shall be rigidly mounted on the centrifuge and then
subjected to an acceleration force of 10 g’s in both directions in three mutually perpendicular axes, one of
which is peralliel to the longitudinel axis of the solenoid coil. During the test, the solenoids shall
deliver the specified actuating force within the specified voltage limits (see 3.1).

4.7.13 Moisture resigtonce (see 3.6,6). Solenoids shall be tested in sccordance with method 106 of
NIL-STD-202. The following details shall apply:

a. Mounting: On a corrosion-resistant metal panel using normal mounting means.
b. Initisl measurement: Insulation resistance as specified in 4.7.3.

c. Polarization: During steps 1 to 6 inclusive, 100 V dc shall be applied between the coil (positive)
ond the mounting frame (negetive) of ane-half of the solenoids. Within 5 minutes after the end of
the conditioning, the operating force (torque) shall be tested as specified in 4.7.2.1.

d. Final messurements: After e 24 hour drying period at a relstive humidity of 50 percent &5 percent,
solenoids shall be inspected for evidence of breaking, crecking, spelling, and loosening of the
terminals. The insulation resistance, operating force (torque), compensated actueting voltage, and
deactuating voltage (or current) shall then be tested as specified in 4.7.3, 4.7.2.1, 4.7.2.2, snd
4.7.2.3, respectively.
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&.7.16 Algitude (see 3.6.7). Solenoids shall be tested in accordance with method 105 of MIL-$TD-202.
The following details shall apply:

a. MNounting: Solencids shall be rigidly mounted by their normal mounting means.
b. TYest condition letter: See 3.1.

c. Tests during subjection to reduced pressure: Uith the complete solenoid at stabilized ambient
temperature of 25°C $2°C, measure the cofl resistance with 20.5 percent accuracy. Then, uith
pressurs reduced to the specified altitude and the ambient temperature specified for altitude
conditions (see 3.1), the solenoid, with the coil energized with maximm rated voltage, shall be
subjected to the specified conditions for a minimum of two hours. The duty cycle of intermittent
duty solenoids shall be as specified in 3.1. Within the last 5 minutes to 10 minutes of the
exposure to reduced pressure, the coil resistence shall be measured in order to enable calculation
of the coil temperature. The calculated coil temperature shall be within the temperature limits of
the coll magnet wire. lemmdiately following the coil resistance sessurement, the compensated
actuating voltage shall be tested as specified in 4.7.2.2 uith the solenoid in its normal attitude.
immedistely follouing the compensated actusting voltage test, the dielectric withstanding voltage
shatl be tested as specified in 4.7.4.2 at maximum rated sltitude. After return to room tempsrature
and ses level pressure, the insulation resistence, operating force (torque), compensated actusting
voltege, and deactusting voltage (or current) shall be tested as specified in 4.7.3, 4.7.2.1,
4.7.2.2, and 4.7.2.3, respectively.

4.7.15 High temperature (see 3.6.8). The solenoid shall be energized with rated voltage and 98 percent
to 102 percent of rated load, and shall be subjected to maximum rated asbient temperature and maximum rated
altitude for a period of two hours. lsmediately at the end of the conditioning, and while in the specified
ambient temperature, the operating force test specifisd in 4.7.2.1 shall be performed.

4,.7.16 Low temperatyre (see 3.6.9). The deenergized solenoid shall be subjected to the specified minimm
temperature condition (see 3.1) for at least four hours. At the end of the conditioning, and while still
subjected to the low temperature, with minimum rated voltage applied, the operating force test specified in
4.7.2.1 shatl be perforwed.

4.7.17 Salt sprey (see 3.6,10). Solenoids shall be tested in accordance with method 101 of NIL-$TD-202.
The following details shall apply:

a. Applicable salt solution: Five percent.

b. Test condition letter: 8.

c. Measursments after exposure: After exposure, solenoids shall be washed, shaken, and air blasted,
ordd then permitted to dry for 24 hours st room temperature. They shall then be inspected for
evidence of corrosion, peeling, chipping, blistering of the finish, and exposure of base metal. The
insulation resistance, dislectric withstanding voltage (sea level), operating force (torgue),

ted actuating voltege, and deactuating voltege (or current) shall then be tested as
specified in 4.7.3, 4.7.4, 4.7.2.1, 4.7.2.2, and 4.7.2.3 respectively. .

4.7.18 Sond snd cust (see 3.6.11). Solenoids shall be tested in accordance with method 110 of MIL-STD-
202. The following details shall apply:

a. Test condition Letter: A.

b. Measursment: At the end of the test period, the operating force (torque), compensated actuating
voltage, and desctusting voltage (or current) shall be tested as specified in 4.7.2.1, 4.7.2.2, and
4.7.2.3, respectively.

4.7.19 Explosjon (see 3.6,12). Solencids shall be tested in accordance with method 109 of MIL-S$TD-202.
The follouwing details shall apply:

8. Mechanical and electrical load: Rated voltage and no mechanical load.

b. Chamber temperature condition: See 3.1,
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4.7.20 Life (see 3.7). Messure the coil resistance. Solencids shall then be tested for Life cycle with
specified Load (see 3.1). Each solenoid shall bs connected to a load in the range of 95 percent to 100
percent of that specified for the maximum operating force. Continuous duty rating solenoids shall be
subjected to en ambient tempersture of 25°C 22°C for @ period of 168 hours with the coil energized with
rated voltege (or current). Intermittent duty solencids shall be energized for 168 hours at 25°C s2°C
ambient temperaturs and with & continuous voltage (or current) such that the watts input shall be equal to
the product of reted input watts times duty cycle. The solencoid shall then be operated for s minimm of
25,000 operstions: 12,500 at the saximum rated temperature and 12,500 at the minimm rated tesperature.
The rate of cycling shall be 10 cycles per minute minimm with coil energized approximately 66 percent of
the cycle and desnergized approximately 33 percent of the cycle. For intermittent duty solencids, the duty
cycle shall be as specified (see 3.1). Follouing the test, the coil resistance shall be measured, and the
insulation resistence and dielectric withstanding voltage (at sea level) shall be tested as specified in
4.7.3 ond 4.7.4.1, respectively.

4.7.21 gofl Life (see 3,7.1).

4.7.21.1 Continuous duty golencids. Unless otherwise specified (see 3.1), continuous duty solenoids
shall be subjected to 90 percent of maximum rated tesperature with rated voltage applied to the coil for s
period of 280 hours. The solenoid shall be suspended by tuine or other poor hest conducting material.
WUhere the solenoid is e pert of an sssembly snd mounted thereon, the maximm rated temperature and rated
voltage shall be applied. At the end of the high temperature conditioning and while meintaining high
temperature, the solenoids shall be cycled, unless otherwise specified (see 3.1), at a rate of 2 seconds
"o and 2 seconds “off® for 5,000 cycles of operation.

4.7.21.2 Intermittent dyty solenoids. Intermittent duty solenoids shatl be cycled at the specified duty
cycle temperature rating and duration as specified (see 3.1). Following coil Life and cycling, coil
current, DC coil resistance, insulstion resistence, and dielectric withstanding voltage (sea level) shall be
mossured as specified in 4.7.2.5, 4.7.2.6, 4.7.3, and 4.7.4.1, respectively.

5. PACKAGING

S.1 Packpaing. For acquisition purposes, packaging requirements shall be as specified in the contract or
purchase order (see 6.1.1).

6. WOTES

(This section contains information of a general or explanatory nature that may be helpful, but is not
mendatory.)

6.1 ]ntended use. Solencids conforming to this specification are intended for use in direct or
alterneting current (single or multiphase) electrical systems. Their principle aress of apptication sre

afrcraft, missiles, spacecraft, and ground support equipment. This does not preciude the use of these
solencide in other military applications.

6.1.1 pAcouisition requirements. The contract or purchase order should specify the following, as o
winimum;

a. Title, rumber, and dete of this specification.
b. Title, number, end date of the applicable product specification or engineering drawing.

c. Issue of DODISS to be cited in the solicitation, end, if required, the specific issue of individual
documents referenced (see 2.1).

d. Levels of preservation, psckaging, packing, and marking (see 5.1).

6.2 first grticle inspection. When first article inspection is required (see 3.2), the contrascting
officer should provide specific guidance to offerors on whether the item(s) should be a preproduction
sample, a first article sample, a first production item, a samwple selected from the first 13 production
items, or a standard production {tem from the contractor’s current inventory. The rmumber of items to be
tested should be as specified in 4.5. The contrecting officer should also include specific instructions in
scquisition documents reparding arrangements for inspections, approval of first srticle test results, and
disposition of first articles. Invitations for bids should specify that the Government reserves the right
to waive the requirement for samples for first article inspection to those bidders offering @ product which
has been previously acquired or tested by the Government, end that bidders offering such products, who wish
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to rely on such production or testing, must furnish evidence with the bid that prior Government approval is
appropriate for the pending contract. Sidders should not submit alternate bide unless specifically
requested to do 80 in the solicitation.

6.3 groping of metals. The grouping specified below is intended to serve as » guide in selecting
materiatls to be used in electronic equipment, and should not be construed to waive requirements herein or in
the applicable specification sheet to corrosion resistance of components and assembiies.

Srow 1
Nagnesium alloys (most anodic)

Group 11

Aluminua

Alumim slioys

2inc

Tin

Corrosion resistant steel

Srow 111

Linc

Steel .
Lead

Tin

Corrosion resistant steel

Srowo 1V

Copper and copper alloys
fiickel and nicket alloys
Chromium

Corrosion resistant steel
Gold

Silver (most cathodic)

6.3.1 Application. Unless specifically approved by the Goverrment, al! metals not listed in 6.3 should
be considered dissimilar with respect to one another and with respect to sny of the materials listed.
Except for zinc, codmium, and tin (as listed in group 11 and group 111), and for corrosion resistant steel
(as Listed in growp I, group I11, snd group 1V), contact between s member of one group and a member of any
other group should be considered dissimilar. Such contect should not be made unless necessery, in which
case it should be demonstrated that the contact {s not detrimental. \hen reference is made to a metal in a
particular group, the reference applies to the mstal on the surface of the part; that is zinc meens zinc
coating as well es zinc electroplate, zinc hot dip, or zinc metel spray. Different mstals in contact, even
though similar, should be employed in assemblies in such a manner that the smeller part is cathodic (or
protected) and the Larger part is snodic (or corroded), if any corrosion takes place. Care should be
exercised in using different alumirum alloys against each other or against differing material.

6.4 Definitions.

6.4.1 Degctuating voltage. The coil voltape at which the coil releases the plunger or srmature to its
deenergized position with rated mechanical load.

6.4.2 Maximm goerating voltege. The maximm anticipated voltage at which a solenoid is required te
operste.

6.4.3 Minimm operating voltage. The minimm anticipated voltage at which a solenoid is required to
operate.

6.4.4 Rated gtroke. The linear or angular (as applicable) travel of the armature from the deenergized
position to the energized position.

6.4.5 Compensated actuating voltage. The voltage that will provide at 25°C 22°C stabilized solenoid
temperature a force equivalent to that produced at maximum rated temperature and minimum rated voltage.
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6.4.6 Rated force. The force in pounds a solenoid will produce st the rated stroke and minimm voltage
over a specified temperature range in accordance with the characteristic curve submitted by the
manufacturee.

6.4.7 Rated torgue. The torque in pound-inches a solencid will produce at s rated stroke and minimm

voltage over a specified tempersture range in accordance with the characteristic curve submitted by the
manufacturer,

6.4.8 Return force. The spring force in pounds available to move the solenoid armature and load to their
deenergized position.

6.4.9 Retyrn torgue. The torque in pound-inches available to return the armature from its energized
position.

6.4.10 Net starting torgue. The static torque produced by the solenoid within O percent to 5 percent of
rated stroke when rated voltage is applied.

6.4.11 Duty cycle. The duty cycle is the ratio of the “on* time to the total time.

Example:
Time on X 100 x
Duty cycle =
Time on + time off
6.4.12 Continuous duty solenoid. A soienoid that 1s capable of continuous operation without damage,

overheating, or malfunction when operated, with rated voltage applied, for one hour or more at a specifiea
ambient temperature.

6.4.13 Intermittent duty solencid. A solenoid that is capable of operating at the gpecified duty cycle
without demage or malfunction with energized periods less than one-half hour.

6.4.14 Direction of rotation (rotary golenoids). Rotation is defined as clockwise when, facing the
armature or power take-off end of a solenoid, the srmature moves in a clockwise direction when the solenoid

is energized. When a solenoid is energized and the armature moves in a counterclockwise direction, the
rotation is defined as counterclockwise.

6.5 $ubject term (key word) listing.
Axial stroke type

Putl type
Push type
Rotary stroke type
6.6 Part or |dentifying Number (PIN) requirements. All specification sheets previously associated with

this besic specification have been cancelled; therefore, military PIN informmtion is no Longer applicsble.

6.7 Chennes from previous igsue. Marginal notations are not used in this revision to identity changes
with respect to the previous issue due to the extersiveness of the chenges.

CONCLUDING MATERIAL

Custodians: Preparing activity:
Army - ER Air Force - 85
Navy - EC
Alr force - 85 Agent:

DLA - ES

Review activities:

Army - AR, AT, AV, GL, M! (Project 5945-0935)
Navy - AS, NC

Alr Force - 99

DLA - ES
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