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MILITARY SPECIFICATION

RESOLVERS,
GENESAi,

This specification is mandatory
of the Department of.Defense.

1i SCOPE

ELECTRICAL, LINEAR:
SPECIFICATION FOR

for use by all Departments and Agencies

1.1 a.- This.specification covers general requirements for
electrical linear resolvers. These,inductive devices convert a mechanical.
input :(rotor position) into an electrical.signal output which is a linear
function of rotor position over a specified angular travel.

1.2 Classification.

1.2.1 Nomenclature.- All linear resolvers having the ssme nomenclature
shall be mechanically and electrically interchangeable for all military
application. The nomenclature shall consist of the item name, i.e.
Resolver, Electrical, Linear, followed by a type designation indicated by
a combination of digits and letters. Illustrated below is the complete
type designation for a linear resolver type 26V-11L14504A:

o

-—.-d.

26V- 11 L 50 4 A—— —— —— __
1.2.1.1’ 1.2.1.2 1.2.1.3 1.2:;.4 1.2.1.5 1.2.1.6 1.2.1.7

1.2.1.”1’Voltage.- Linear resolvers designed to operate from a.115
volt supply, this space shall-be left blank. Linear resolvers operating from
a 26 volt supply shall be identified by “26v” preceding the type designation.

,-

1.2.1.2 Size.- After the applicable voltage identification.,the next
two digits sha~esignate the maximum diameter in tentha of an inch. If
the dismeter is not exactly’a whole number of tentha, the next higher tenth
shall be used.

1.2.1.3 Function.- The letter “L” designates linear resolver.

1.2.1.4 Impedance of primary winding.- The impedance of the primary
f winding shall be the nominal primary impedance in hundreds of ohms. If

the impedance is not exactly a whole number of hundreds, the “nexthigher
hundred shall be used.

1.2.1.5 Effective electrical travel.-.Ihe,linear output furictionthat
i& accomplished within the maximum effective electrical travel limits, by
pc.sitiveand negative angular rotor shaft diapl~cement from linear resolver’
zero, shall be identified by a plus and minus ~alue representing this angular

.

●
displacement.
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1.2.1.6 Energization frequency.- The energization frequency shall be
identified as follows:

Energization frequency (Hz) Code

400 4

1.2.1.7 Modification.- The upper case letter “A” following the
frequency code shall indicate the original or basic design of a linear
resolver. The first modification that affects the external mechanical
dimensions or the electrical characteristics of the basic type shall be
indicated by the upper case “B”. Succeeding modifications are indicated
by “C”, “D”, and so forth.

1.2.2 Military part number.- The military part number shall consist
of the letter “M”, the specification sheet number, and an assigned dash
number (see 3.1) as illustrated:

1+50781/2-001

Mi,itary/~-a~Da,h

designator sheet number number

2. APPLICABLE DOCUMENTS

2.1 The following documents of the issue in effect on the date of
invitation for bids or request for proposal, form a part of this specifica-
tion to the extent specified herein.

SPECIFICATIONS

Federal

QQ-A-25014 Aluminum Alloy, Plate and Sheet, 2024
QQ-B-637 Brass, Naval: Rod, Wire, Shapes, Forgings,

and Flat Products with Finished Edges (Bar,
Flat Wire, and Strip)

QQ-S-764 Steel Bar, Corrosion Resisting, Free Machining

Military

MIL-W-583 Wire, Magnet, Electrical
MIL-A-8625 Anodic Coatings for Aluminum and Aluminum Alloys
MIL-S-12134 Synchros, Resolvers, and Servo Motors; Packaging of
FfIL-W-16878/4 Wire, Electrical, Type E, 200°C and 260°C, 600 ‘.

Volts (Insulated, High Temperature)

●
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STAWDARDS

Military

MIL-STD-105

MIL-STD-130
MIL-STD-202

MIL-STD-454

MIL-STD-461

‘—MIL-ST.D.-462

(See Supplement 1 for

(Copies of specifications,
bv sumliers in connection

Sampling Procedures and Tables for Inspection
by Attributes
Identification Marking of U.S..Mili.taryProperty
Test Methods for Electronic and Electrical
Component Parts
Standard General .Requirementsfor Electronic
Equipment
Electromagnetic Interference Characteristics
Requirements for Equipment

Electromagnetic Interference Character.is.ticsP, ,
Measurement of

list of applicable specification sheets.)

standards, drawings, and publications required
with specific procurement functions should be. .

obtained from the procuring activity or as directed by the contracting
officer.)

2.2 Other publications.- The following documeritsform a part of this
specification to the extent specified herein. Unless otherwise indicated,
the issue in effect on date of invitation for bids or request for proposal
shall apply.

NATIONAL B~U OF STANDARDS

Handbook H28 Screw-Thread Standards for Federal Services

(Application for copies should be addressed to the Superintendent of
Documents, Government Printing Office, Washington, D. C. 20402.)

AFBMA Standard ABEC-5

(Application for copies should be addressed to the Anti-Friction Bearing
Manufacturers Association, Inc., 60 East 42nd Street, New York, N.Y. 10017.)

(Technical society and technical association specification and standards
are generally available for reference from libraries. They are also
distributed among technical groups and using Federal agencies.)

3. RSQUIREMSNTS

3.1 Specification sheets.- The individual.item requirements shall be
+..-specified herein and in accordance with the applicable specification
sheets.

3

,
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3.2 @alification. - Linear resolvers furnished under this specifica-
tion shall be products which are qualified for listing on the applicable
qualified products list at the time set for opening of bida (ace 4.4 and
6.5).

3,3 First article.- When required by the procuring activity, linear

resolvers shall cori~m to the requiramenta specified herein and shall
have met the first article inspection specified in 4.5 prior to regular
production on a contract (see 6.3).

3.4 Parts, materials, and processes.’

3.4.1 Selection of parts and materials.- menever-poasibl<j -pi=ta
and materials shall be selected from those specified herein. If a suitable
material is not listed, a material shall be used which will permit the
linear resolver to meet all the requirements of this specification.
Acceptance or approval of any constituent materisl shall not be construed
aa a guarantee of the acceptance of the finished product.

3.4.2 Housing and rotor shaft.- Housing and rotor ahaft material
shall be corrosion resisting steel conforming to QQ-S-764, Type 416. The
rotor shaft
C32.

3.4.3

3.4.4

material shall ~ave a hardness equivalent to Rockwell C20 to

Collector rings.- Collector rings shall be of gold alloy material.

Ball bearings.- Ball bearings of the radial thrust type and ●
conformin~ to AFBMA.Standard. Grade ABEC-5 or better shall be used..

)

Double ah~elding shall be em~loyed. Balls, races, retainers, and shields
shall be made of corrosion resisting steel.

3.4.5 Lubricants.- Lubricants used in linear reatilverashall be
consistent with the requirements herein in regard to fungus and moisture
resistance, corrosion, emission of toxic fumes while enabling the linear
resolver to meet all the performance and environmental requirements of
this specification.

3.4.6 Restricted material.- Flanunableor explosive material,
magnesium or magnesium alloys, material which can produce toxic or
suffocating fumes, cotton, linen, cellulose nitrate, regenerated cellulose,
wood (untreated); jute, leather, cork, organic fiberboard, paper and card-
board, hair or wool felts, plaatic materials employing paper, cotton,
linen or wood flours as a filler, materia~a composed of phenolic 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.”

3.4.8 Plastics.- Plaatics shall be in accordance with Requirement 11
of MIL-STD-454. o I

4
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3.4.9 Dissimilar metals .- Dissimilar metals shall not be used in ‘+

●
intimate contact with each other unless suitably protected against electr.o-
lytic corrosion. When it is necessary for any combination of dissimilar
metals to be assembled a material compatible with each shall be interposed
between them. For classification purposes metals are grouped as follows:

Group 1 Grow 2

Aluminum
Most anodic metals Aluminum alloys

Zinc
Cadmium
Tin
CorroaiOn-
re9istant steel

NOTES:

Group 3

Zinc
Cadmium
Steel
Lead
Tin
CorrOsion-
reeist.antsteel

Group 4

Copper.and its alloys
Nickel and its alloya
Chromium
Corro.si.on:re:istant

ateel ..
Gold
Silver (Cathodic) :
Most Cathodic metals .

a. Contact between a member of any one group and another member of
the same group shall be considered as being similar. Contact between a
member of one group and a member of any other group shall be considered as
being dissimilar except for zinc, tin and cadmium aa listed in Groups 2 and
3, and corrosion-resistant steel as listed in Groups 2, 3, and 4.

b. All metals not listed in the above grouping shall be considered

● as being dissimilar not only to each other but also to any member of any , .
group.

,c. The above grouping shall not be conit”ned’as-waiving require%e&i ‘
) ...,

‘”relating to the corrosion resistance treatment of parts and assemblies.
Care shall be ex&cised. in using aluminum alloys’against each other or”
against differing materials. *

d. Where referericeis made In the above grouping to a certain member ““”
in a particular group the reference applies to the me,talon the surface of
the part such ae zinc means zinc casting, zinc electro-plate, zinc hot dip
or zinc metal apray.

.

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

f. Certain qualified standard or approved nonstandard parts and
attaching hardware have tin or nickel-plate finish. These parts may be
mounted on a chaesis without additional ‘protectionfrom corrosion.

●
�✍ 5
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3.4.10 Electrolytic corrosion protection. - Where it is unavoidable

that combinations of dissimilar metals be in contact the following methods ‘o
or combinations of methods shall be employed unless electrical considera-
tion preclude their use:

a. A material shall be interposed between the metals ao as to reduce [

electrolytic potential differences, such as steel in contact with aluminum
should be cadmium plated.

b. An inert material shall be interposed
act as an insulating barrier.

c. Corrosion inhibitors shall be applied
dissimilar metals, such as nickel-plated braaa
shall be coated with zinc chromate paste.

between diaaimilar metals to

to the faces of each of the
screws in contact with aluminum

d. The contact areaa of each of the dissimilar metals shall be coated
with an inorganic coating such aa aluminum and steel aurfacea in contact
should be painted.

e. The requirements of 3.4.9e shall apply.

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

g. Any other systems of protection tiich are designed to alleviate
electrolytic corrosion shall be subject to the approval of the procuring
activity.

3.4.11 Threaded parta. - All screw threada used in the construction
of linear resolvers shall be in accordance with the National Bureau of
Standards Handbook H-28 - “Screw-Thread Standarda for Federal Services.!’
The number of threada and general dimensions shall be those specified for
the American National Coarae-Thread aeriea or the American National Fine-
Thread series. Threads of the coarse-thread series are preferred, except
where definite improvements in design or operating characteristic would
be affected by use of fine-thread series.

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

3.4.13 Magnet wire.- Magnet wire shall ‘conformto MIL-W-583, class
130 or higher.

0’
)
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3.5 Design conventions.

3.5.1 Electrical angle.- The electrical angle is the angle.g whi,ch .
satisfies the ms.gnitudeand polarity relationship of the.secondary voltage
of an.ideal linear resolver in the following equations. The:instantaneous .
polarity and sense of rotation may be obtained from the arrow conventions
indicating zero angular degrees in 3.5.1.1 and 3.5.1.2.

3.5.1.1

Nhere:

3.5.1.2

Nhere:

●

Electrical angle, rotor energized.-

E(s2s4) = NE(R1R3) ~

1. -b<e<b——

R1

S2-~ ‘4

IR3
2. b ia the positive angle denoting the msximum

effective electrical position as defined in 6.4.2.

3. N is the transformation ratio as defined in 6.4.6.

Electrical angle, stator energized.-

E(R1R3) = NE(s2S4) ~

1. -b<e~b—

2. b is the positive angle denoting t!
effective electrical position as d,

S2

R1 ~ R3

S4
e maximum
fined in 6.4.2.

3. N is the transformation ratio aa defined in 6.4.6.
,; .,.

3.6 Linear resolver zero. - Linear resolver zero is the position of .
the rotor shaft for which the electrical angle is zero. The electrical ;
angle ia zero when the position of the rotor with respect to the stator
satisfies the applicable secondary voltage polarity relationship of 3.5.1 .
and minimum voltage is induced in the secondary winding. At this rotor
position where minimum voltage occurs, the fundamental frequency component
which is in time phase with the maximum value of secondary voltage is zero.
The pertinent nwxirmnnvalue of inphase secondary voltage is obtained at
the maximum positive effective electrical travel position when the rotor
is turned in the positive direction (counterclockwise) from linear resolver
zero. The pertinent maximum value of out of phase secondary voltage is
obtained at the maximum negative effective electrical travel position when
the rotor is turned in the negative diraction (clockwise) from linear
resolver zero.

3.6.1 Linear resolver zero. rotor energized.- Linear resolver zero,
as defined in 3.5.1.1, occurs for rotor energized linear resolvers when
.flndingsR1R3 and S2S4
accordance with Figure

o
are at minimum coupli;g and is determined in
1.

7
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“o

Figure 1. Linear resolver zero, rotor energized.

3.6.2 Linear resolver zero, stator energized. - Linear resolver zero,

as defined in 3.5.1.2, Occurs fOr statOr.energized linear resOlvers *en
windings S2S4 and RIR3 are at minimm cOupling and is dete~ined ‘n
accordance with Figure 2.

..
Figure 2. Linear resolver zero, stator energized.

3.7 Desire and construction.

3.7.1 Terminal strength security.

8
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3.7.1.1 Wire lead terminals.- Each wire lead terminal shall.be 18

●.
inches long minimum or aa specified in the applicable specification sheet.
Wire leads shall confcrm to MIL-W-1687814. Each wire lead shall be capable,—
once only, of withstanding a minimum pulling force of 2 pounda applied”in
a manner that both the conductor strands and insulation will be subjected
to the force. Each wire lead shall not separate from the housing nor show

,’
evidence of insulation or conductor strand damage.

, ,.
3.7.1.2 Screw-thread terminal.- Each screw-thread terminal as speci- ,

fied in the applicable specification sheet shall be capable, once only, of
.,tithstandinga gradual minimum torque of 4.5 pound-inches and maintained for
a periOd of 5 tO 10 seconds without evidence of movement or d~ge to the
terminal or surrounding materials. The torque shall be applied clockwise
and then counterclockwise to the centerline’of the terminal assembly.

3.7.1.3- Solder-pin terminal .- Each solder-pin terminal as specified
in the applicable specification sheet shall be capable, once only, of with-
standing a gradual 2 pound minimum pulling force and maintained for a
period of 5 to 10 aeconda without evidence of movement or damage to the
terminal or surrounding materials. The force shall be applied in the
direction of the terminal axes.

3.7.2 Termination identification.- Termination identification markings
shall be molded permanently into the end cap. When screw-thread terminals
are specified, the design of the end cap shall be such that the terminal

●
block-shall remain fixe~ when terminal ~crews are removed.

—

Table I - Termination Identification
.. . . .. . ... ,.4 .,, . *

Winding Terminal Screw & Solder-Pin Wire Lead Color-Code
1“ I

STATOR S2

1’

Yellow
S2S4 S4 Blue I

ROTOR R1 Red, White Tracer
R1R3 R3 Black, White Tracer

3.7.3 Linear resolver zero marking.- The linear resolver housing
shal1 be permanently marked with an index line or arrow adjscent to the
rotor shaft to coincide with a permanent mark on the rotor shaft within
10° of exact linear resolver zero.

p

3.8 Performance.

9
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3.8.1 Variation of brush contact resistance.- After having been
rotated a maximum of three times in any direction, the rotor shaft shall ●
be turned at a continuous travel equivalent to the cyclic rate of 1
rpm through the maximum effective electrical travel limits passing through
zero. The brush contact”resistance change (measured in terms of correspond-
ing voltage) shall be permanently recorded.

i
The allowable change in brush

contact resistance between collector rings and brushes (between terminals
R1R3) shall be not more than 1..0ohm for linear resolvers whose measured”
rotor resistance is 200 ohms or less and 0.5 percent of measured rotor
resistance is greater than 200 ohms. The linear resolver shall be energized
from a source of constant current not to exceed 10 ma. Resistance variations
of less than 25 milliseconds in duration shall be disregarded.

3.8.2 Radial and end play.- With a mechanical load on the rotor shaft
as prescribed in the applicable specification sheet, the linear resolver
shall meet the radial and end play specified limits therein.

3.8.3 Dielectric withstanding voltage.- The linear resolver shall be
subjected to the test potentials between application points specified in
accordance with Table II. The linear resolver shall display no evidence
of insulation breakdown or of internal arcing nor shall winding leakage
current exceed 1 milliampere peak. The leskage current limit shall not
include the current drawn by the test equipment capacitance. Immediately
after meeting this requirement, the linear resolver shall be subiected to
the insulati& resistance requirement of 3.8.4.

EMaximum Rated
Voltage, ~S

up to 50
51 to 100
101 to 200

ictricWithstanding Vo’ltag

Initial Acceptance Test
Voltages, (50 or 60 Hz)

Each Winding to Housing
& Primary to Secondary
Windings

242 to 250
485 to 500
870 to 900

:sand Application Points

Subsequent Test Voltages,
(50 or 60 Hz)

Each Winding to Housing &
Primary to Secondary
Windings

194 to 200
388 to 400
720 to 740

3.8.4 Insulation resistance.- The linear resolver shall be measured
for insulation resistance between those applications points specified in
accordance with Table 11. When tested at -55°C and at the standard test
condition, the insulation resistance shall be at least 50 megohms, and at
least 10 megohms when tested at 125°C. For linear resolvers with a maximum
operating voltage greater than 50 volts rms 500 volts dc (300 volts dc
during altitude requirement of 3.9.4) shall be applied to application
points of Table II. For linear resolvers with a maximum operating.
voltage 50 volts rms or less, 100 volts dc shall be applied to application
points of Table II.

I

9,
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3.8.5 Input voltage and frequency.- The linear resolver shall be
designed to operate at the input voltage and frequency specified in the
applicable specification sheet.

3.8.6 Current.- The primary current value shall be within the limits
as specified in the applicable specification sheet when measured at linear
resolver zero and the secondary winding open-circuited.

3.8.7 Power.- The primary power value shall be within the limits as
specified inapplicable specification sheet when measured at linear
resolver zero’and the secondary vinding open-circuited.

3.8.8 Voltage gradient (6.4.51.- The voltage gradient shall be within
the limits aa specified in the applicable specification sheet through the
maximum effective electrical travel limits.

3.8.9 Friction torque.- The torque required to turn the rotor shall
not exceed the values apecified in the applicable specification sheet.

3.8.10 Phase shift.- The phase shift shall not exceed the value
specified in the applicable specification sheet through the maximum
effective electrical travel limits with the exception of PIUS Or minus 5
degrees within the linear resolver zero position of 3.6.

3.8.11 Linearity error (6.4.3 ~. - The output voltage shall be linear
as expressed in varying degrees of percentage of linearity error as required
for specified linearity error tolerance zones within the m=imum effective
electrical travel limits as specified in the applicable specification sheet.

3.8.12 Effective electrical travel (6.4.2~.- The linear output
function shall be accomplished within the maximum effective electrical
travel limits as specified in the applicable specification sheet.

3.8.13 Residual (Null) voltage.- The fundamental and total residual
(null) voltage shall not exceed the values as specified in the applicable
specification sheet while being measured at the linear resolver zero
position.

3.8.14 Impedance.- Rotor and stator winding impedances shall be with-
in the limits as specified in the applicable specification sheet while
being measured at the positive maximum effective electrical travel position.

3.8.15 Shift of linear resolver zero with frequency variation.- The
change of position of linear resolver zero specified in’3.6 with frequency
variation of plus and minus 10 percent shall be within the limits specified
in the applicable specification sheet.

11
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3.8.16 Electromagnetic interference.- The linear resolver shall not
exceed the conducted and radiated limits of MIL-STD-461, requirements CE03
and KE02 of Equipment Class llB while the primary winding is energized and
the secondary winding is electrically loaded as applicable and the rotor
shaft is rotated at a continuous travel equivalent to the cyclic rate of
60 ~ 3 rpm through the maximum effective electrical travel limits passing
through zero.

3.8.17 Temperature rise.- The temperature rise of the linear resolver
shall not exceed the value specified in the applicable specification sheet.

3.9 Environmental.

3.9.1 Ambient temperature.- The linear resolver shall be capable of
storage in ambient temperatures ranging from -62 to 100°C for a minimum of
24 hours.

3.9.1.1 Ambient low temperature.- The linear resolver shall be
capable of operation in an ambient temperature of -55°C during which the
linear resolver shall meet the requirements of Table III as listed therein.

3.9.1.2 Ambient high temperature.- The linear resolver shall be
capable of operation in an ambient temperature of 125°C during which the
linear resolver shall meet the requirements of Table 111 as listed therein.

3.9.2 Vibration.- The linear resolver shall be capable of withstanding
harmonic vibrations of 0.06 inch double amplitude (maximum total excursion)
or 15g (pK), whichever is leas over the frequency range of 10 to ‘2000Hz
in each of three mutually perpendicular planes, one of which shall be that

\

‘

of the linear resolver’s ahaft axis for a period of four hours in each
plane. The vibration cycle of 10 to 2000 Hz and return to 10 Hz, shall be
traversed in 20 minutes. During the test, the linear resolver shall be
energized and its shaft mechanically loaded and free to rotate. At the
conclusion of testing, the linear resolver shall show no evidence of loose
or damaged parts and shall then be subjected to and satisfactorily meet
the requirements of Table 111 as listed therein.

3.9.3 Shock.

3.9.3.1 Low impact shock.- The linear resolver shall be capable of
withstanding 30 impacts at an acceleration of 50g (pK) of 11 ~ 1 millisecond
time duration. The linear resolver shall be subjected to five blows in
each direction along three mutually perpendicular axes, one of which shall

‘‘be that of the linear resolver’s shaft axis for a total of 30 blows while
being energized and the shaft mechanically loaded and free to rotate. The
shock may be produced by any method capable of generating a pulse of half
sine wave form having an amplitude distortion at any point of less than 10
percent of the pulse peak amplitude. At the conclusion of testing, the’
linear resolver shall show no evidence of loose or damaged parts and shall
then be subjected to and satisfactorily meet the requirements of Table 111
as listed therein. ●

12 /
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3.9.3.2 High impact shock.- The linear resolver shall be capable of
withstanding three shock blows from a weight of 400 lbs, falling vertically
from heights of 1, 3, 5 feet respectively and three end (back) blows from
a weight of 400 lbs. swinging on a radius of 5 feet and falling from a
vertical height of 1, 3, 5 feet respectively while being energized and the
shaft mechanically loaded and free to rotate. At the conclusion of testing,

the linear resolver shall show no evidence of loose or damaged parts and
shall then be subjected to and satisfactorily meet the requirements of
Table III as listed therein.

3.9.4 Altitude.- The linear resolver shall be capable of operation
from aea level to 100,000 feet in combination with any temperature from
-55 to 125°C.

3.9.4.1 Altitude low temperature.- The linear resolver shall be
subjetted to a reduced chamber pressure of 8.27 Torr (approximately equiva-
lent to an altitude of 100,000 feet) while in en ambient temperature
environment of -55 ~ 2°C. While still in this specified environment, the
linear resolver shall be subjected to and satisfactorily meet the require-
ments of TabIe III as listed therein.

3.9.4.2 Altitude high temperature .-The linear resOlver shall be
subjected to a reduced chamber pressure of 8.27 Torr (approximately equiva-
lent to an altitude of 100,000 feet) while in an ambient temperature
environment of 125 ~ 2°C.

●
While still in this specified environment, the

linear resolver shall be subjected to and satisfactorily meet the .require-
menta of Table 111 aa listed therein.

●✎

., 3.9.5 Endurance.- The energized linear reeolver shall be subjected
to a minimum of 2000 houra of”continuous ahaft rotation at a.continuous
travel equivalent to the cyclic rate of 60 ~.3 rpm through the maximum
effective electrical travel limits paeaing through zero.

‘3.9.6 Moisture resistance.- The linear resolver ehall be capable of
operation or storage in an atmosphere of high relative humidity consisting
of ten continuous 24 hour high humidity and temperature combina&ion cycles
as well as Iow temperatu~e and vibration subcycles. After completion of
the final 24 hour recovery period, the linear resolver shall be subjected
to and satisfactorily meet the requirements of Table 111 as listed therein.

3.10 Identification marking.- Linear resolvers shall as a minimum be
identified by marking conform~ng to Figure 3 and MIL-STD-130. Markings
shall be applied by acid or electric etching, by pe~,ent marking ink or
by engraving. Irrespective of the method used, the marking shall be applied
directly to the linear resolver housing, i.e. the use of a separate name-
plate attached to the housing ia not permitted. The markings ehall be
:]uchas to withetand and to remain legible following the envirO~nta~
requirements specified herein.

13
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3.11 Workmanship.- The linear resolver including all parts and
accessories shall be manufactured and finished in a thoroughly workmanlike
manner. Particular attention ahall be paid to neatness and thoroughness
of soldering, wiring, marking, and plating. All dimensions and tolerances
not specified shall be consistent with the best engineering practice.
Where dimensions and tolerances affect the interchangeability, operation,
or performance of the linear resolver they shall be held or limited accord-
ingly. All material shall be sound, of uniform quality and condition, and
free from seams. cracks. and other defects which mav adverselv affect the
strength, endurance, or wear of the part.
or treated in any other manner to conceal
to immediate rejection.

4. QUALITY ASSURANCE PROVISIONS

Any mate~ial hamme~ed, filed,
defects therein shall be subject

4.1 Responsibility for inspection.- Unless otherwise specified in
the contract or purchase order, the supplier is responsible for the per-
formance of all inspection requirements as specified herein. Except as
otherwise specified, the supplier may utilize his own facilities or any
other facilities suitable for the performance of the inspection require-
ments apecified herein, unless disapproved by the Ooverrunent. The
Government rese?wes the right to perform any of 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.- Teat equipment and
inspection facilities shall be of sufficient accuracy to permit adequate
measuring equipment performance appropriate to the tolerances specified
for requirements herein and the applicable specification sheet.

4.2 Test conditions,

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

4.2.2 Teinperature,stabilized, non-operating.- The stabilized non-
operating temperature is the temperature condition of an unenergized linear
resolver while in an environment of any ambient temperature while shielded
from stray air currents. This shall be determined by the periodic measure-
ment of the dc resistance of the secondary winding and shall be deemed to
have been attained when the reaiatance of that winding, measured at fifteen
minute intervals, “changesby less than one half percent from the preceding
measurement.

14
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4.2.3 Temperature, stabilized, Operatin~. - The stabilized operating
temperature is the temperature condition of an energized linear’ resolver
mou;ted on the standard test fixture after it has been energized in accord-
ance with 4.2.4 for a period sufficient for the Linear resolver to have
attained a stable temperature. This shall be determined by the periodic
measurement of dc resistance of the secondary winding and shall be deemed
to have been attained when the resistance of that winding, meaaured at
fifteen minute intervals changes by less than one half percent from the
preceding measurement.

4.2.4 Test voltages and frequencies’.- The amplitude and frequency of
test voltages shall be within ~ 1 percent of the rated or specified value.
The total harmonic content of test voltages shall not exceed 1 percent of
the amplitude of the voltage of fundamental frequency. In addition, at
all corresponding ordinates, the divergence of the waveform of the test
voltage from that of a pure sine wave of the same rms value shall not
exceed 1 percent of the instantaneous value of the sine wave. The test
voltage and frequency shall be as specified in the applicable specifica-
tion sheet.

4.3 Classification of inspections.- The inspection requirements
specified herein are classified as follows:

a. Qualification inspection.
b. First article”inspection.
c. Quality conformance inspection.

4.4 Qualification inspection.- Qualification inspection shall be
perforqed at a laboratory approved by the US Army Munitions Command (see
6.5).

4.4.1 Qualification sample.- A sample shall consist of four linear
resolvers of the same type for which approval is requested as directed by
the qualifying activity. The sample or samples submitted for qualifica-
tion approval shall be representative of normal production.

4.4.2 Qualification inspection routine.- The sample will be subjected
to the inspection in Table III in the order shown and the ample number
identity.

4.4.3 Qualification sample failure.- Failure of any linear resolver
in any test shall be cauae for refusal to grant qualification approval.

4.4.4 DiSDOSitiOn of qualification sample.- Linear resolvers subjetted
.

to qualification inspection shall not be delivered on any contract.

4.4.5 Requalification..- In order to retain qualification approval,
qualification inspection shall be performed every 24 mentha or as
directed by the qualifying activity.

16 ..1
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4.5 First article sample inspection.- When required by the procuring

activity (see 6.2), sample linear resolvers taken from the first production
lot of each contract shall be subjected to the provisions governing quali-
fication inspection of 4.4, 4.4.1, 4.4.2, and 4.4.4.

4.5.1 First article sample failure.- Failure of any linear resolver
in any test shall be cause for refusal to grant first”article sample approval.

4.6 Quality conformance inspection.- The examinations and teata
comprising quality conformance inspection are classified as specified in”
Table III and the applicable specification sheet.

4.6.1 Quality conformance inspection aamplin~.- Statistical sampling
and inspection shall be in accordance with MIL-STD-105, Table II-A, Single
sampling plans for normal inspection. The acceptable quality level (AQL)
shall be one percent defective for all tests combined.

4.6.2 Quality conformance inspection routine.- The minimum of inspec-
tion to be verified by the Government inspector shall be the applicable
tests of Table 111 and the dimensional and visual requirements as indicated
on the outline drawing in the applicable specification sheet.

4.6.3 Quality conformance sample failure.- In caae of failure, the
entire lot shall be rejected. The supplier shall withdraw the lot, correct

Q“

the deficiencies or screen out the defective unita by retest, as applicable
and resubmit for inspection.

4.7 Test methods and examination.

4.7.1 Variati& of brush contact resistance teat method.- The variation
of brush contact resistance test method shall be meaaured by means of the
basic bridge circuit of Figure 4 to meet the requirements of 3.8.1. Unleaa
the applicable specification sheet specifies a lower current value, a maxi-
mum of 10 milliamps through the rotor winding shall be used. ‘ihebridge
shall be balticed by R2 and R3 reaiators with a suitable amplification
factor aet on the dc amplifier and the center scale dc meter. The sensitivity
of both instruments shall be increased aa the bridge is being balanced in
order to produce a null. If drifting occurs, the rotor current shall be
reduced until a steady null ia achieved. The aenaitivity of the recorder
and amplifier should now be aet at a level that will give a reference on
the tape when the resistance of R4 is decreased and increased from the 0.5
ohm setting (0.0 to 1.0). After the reference marka have been established
on the tape, the rotor ahaft shall be driven by the one rpm motor at a
continuous travel equivalent to the cyclic rate of one rpm through the
maximum effective electrical travel limits pasaing through zero with the
recorder chart feed aet at 5nLmper second. An, instrument with a response
lime of 25 milliseconds or better shall be employed to obtain the variation
of brush contact reaiatance.

●
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M- do SOURCE

MOTOR R3 1
CENTRR SCALE

LINsM. EESO
UNDER TEST

M - Motor, 1 revjm
RI - Resistor, decade, lK
R2, R3 - Resistors, decade, 10K
R4 - Resistor, decade, 10 ohm

NOTR: A current limiting resistor (lK), if required, would be

Figure

4.7.2
be examined
dimensions,
requirements of 3.i~ 3.4 thru 3.4.13, 3.7.2, 3.10 and 3.11. ‘-

connected in series with the dc source.

4. Variation of Brush Contact Resistance Test Circuit

Visual and mechanical examination.- The linear resolver shall
to verify that the materials, design, construction, physical
marking, and workmanship are in accordance with the armlicable

./

4.7.3 Radial and end play test methods.

4.7.3.1 Radial play test method.- The linear resolver stator housing
shall be rigidly mounted with the shaft horizontal. A dial indicator shall
be rigidly mounted in a position to measure rotor shaft movement perpendicu-
lar to the rotor shaft axis j.na horizontal plane. The measurement shall
be made such that the activating button will contact the shaft within 1/8
inch of bearing face. A horizontal force or load as specified in the
applicable specification sheet shall be applied within 1/4 inch of the end
of the shaft and perpendicular to its axis. After noting the dial reading,
the applied force shall be reversed and the new dial reading noted. The
di6?ferencebetween the two readings shall not exceed the allowable radial
play specified in accordance with 3.8.2.

.$
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NO.4-48 UNF-2B
3 HOLES EQUALLY
SPACED. AS SHOWN

c .I.l

LBASE

TABLE OF LS’ITEREDDllfSNSIONS

SIZE A B SEF ONLY c

05 .376 .725 2.214
08 .501 1.020 2.439
11 .6B6 1.375 3.200
15 .875 1.688 4.300

NOTSS:

1. Dimensions are in inches. Tolerance on lettered
df.mensiona,+ .010, -.000.

2. Material: Plate -
Baae -

3. Finish: Plate -

aluminum alloy, QQ-A-250/4.
thermally insulating.

anodize per MIL-A-8625, type
II, class 2 dyed black.

Figure 5. Standard Test Fixeure for Linear Resolvers
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4.7.3.2 End play test method.- The linear resolver stator housing shall
be rigidly mounted.with the shaft horizontal. A dial indicator shall be
rigidly mounted in a position to measure rotor ahaft movement along the axis
of the shaft. A load or force of the value apecified in the applicable
specification sheet shall be applied axially to the shaft. The dial reading
shall be noted, the applied force reversed and the new dial reading.noted.
The difference between the two readings shall not.exceed ehe allowable end
play specified in accordance with 3.,8.2.

4.7.4 Friction torque test utethod.- With the applicable weight of
Figure 6 attached to the dial of Figure 7 (corresponding to the developed’
torque specified in the applicable specification.sheet) and.with the dial
mounted rigidly on,the.shaft.and hanging free at the start of.the teat, the
atator housing shall be rotated through a minimum of ehree revolutions in.
each direction equivalent.to the.cyclic rate between 4 and 6 rpm through the
maximum effective electrical travel limits pasaing through zero. The linear
resolver shall fail the test if the dial turns an equivalent of one revolu-
tion in accordance with the requirements of 3.8.9.

4.7.5 Dielectric withstanding voltage teet method.- The test shall be
performed in accordance with method 301 of MIL-STD-202 and the requirements
of 3.8.3. The applicable test potential of Table II shall be applied
between those points designated therein. The test potential shall be raised
slowly (minimum time 3 seconds) from zero to the specified value in Table II.
The peak value of the test potential throughout this test shall not exceed
1.5 times the specified rma test potential. The test equipment employed
shall be such as to differentiate between winding leakage current and surge
discharge current.

.,. 4.7.6 Insulation resistance test method.- ‘Iqnnediatelyafter paasing
the dielectric withstanding voltage test, insulation resistance shall be
measured in accordance with method 302 of MIL-STD-202 to determine con-
formance with the requirements of 3.8.4.

4.7.7 Current test method.- The linear resolver shall be brought to
the stabilized operating temperature condition of 4.2.3 and the current
drawn by the primary winding shall be measured at linear resolver zero
with the secondary winding open-circuited. Current consumption shall be
in accordance with the requirements of 3.8.6.

4.7.8 Power test method.- The linear resolver shall be brought to the
stabilized operating temperature condition of 4.2.3 and the power consumed
by the primazy winding shall be meaaured at linear resolver zero with the
secondary winding open-circuited. Power consumption shall be in accordance
with the requirements of 3.8.7.

4.7.9 Linear resolver zero marking test method.- The linear resolver
shall be appropriately connected as shown in either Figure 1 or 2 and the
rotor turned until a minimum meter reading is obtained. The relative
position of the linear resolver zero index marked on the housing and the
index marked on the shaft shall be in accordance with the requirements of
3.7.3.

“\
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- N“ 0-80 UNF-2B
L N“ 0-80 UNF-2A

DIMENSIONSOF
DEVSLOPED DIAL W81G
TORQUE H K

oz-in g.cm in. in.

.02 1.44 .062 .262

.03 2.16 .062 .325

.04 2.88 .157 .Zhz

.05 3.60 .150 .267

.06 4.32 .125 .324

.07 5.04 .125 .346

.08 5.76 .125 .373

.09 6.48 .236 .288

.10 7.2 .236 .300

Noms :

in.

.078

.078

.171

.171

.141

.141

.141

.250

.250

1. Toleranceon dimensionsis ~ .005inches.

?. . Material: Brass,QQ-B-637,composition4.

3. The table.containsexamplesof torquedeveloped,other
valuesmay be obtainedas required.

Figure6. Wei8htsforFrictionTorqueTest
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WEIGST MOUNTING
~ 3% SADIUS

Oz in.

.033 .600

.050 .600

.067 .600

.083 .600

.100 .600

.117 .600

.133 .600

.150 .600

.166 .600
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No, 0-80 FILIJSTE,Q HO SCREW

.05LG ON%” BC

4 EOUALLY spAcEo

I {

PART NO. I
AS SHOWN

— -.
/- .03 R

.-. .

DIAL DIllXNSIONS

A BCj D E F G
Frame -- ~.ooz ~ +.0004

M* N
j +.0050

Size
+.001 -- +.005 -- ..

-.0000 / -.0000 , -.000 -.000

(

;;* ;3 ;.;5 j 1.20 ‘ .5625 i .1250 .250 .8125
.

i
1.20 .5625

.300 ..375 .687
~ .1875 .250 .8125
I

.300 .375 .687

NOTES:

1.

2.

3.

! .?*For mounting with standarddrive washer
,.,$

Dimensionsare in inches. Unless otherwisespecified,tolerances
are ~ .005 on decimalsand ~ 1° on angles.

Material: Aluminum alloy,QQ-A-25014.

Finish: Anodize per MIL-A-8625,type 111, class 2, dyed black.

Figure 7. Dial for FrictionTorque Test
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● ’ 4.7.10 Effectiveelectricaltraveltestmethod.- The linear resolver
shall be mounted in an angular test stand capable of positioning the rotor
to any angular position within ~ 15 seconds of arc. The linear resolver
shall then be brought to the stabilized operating temperature condition of
4.2.3 and energized in accordance with 4.2.4. The rotor shall then be set
to the applicable linear resolver zero position of 3.6 after which the
rotor shallbe turnedin a counterclockwisedirectionto the maximumpositive
effectiveelectricalpositionand the inphaseoutputvoltageas well as the
rotor angle at that point shallbe recorded. The rotorshallthenbe set
to the applicablelinearresolverzero positionof 3.6 afterwhich the
rotor shallbe turnedin a clockwisedirectionto the maximumnegative
effectiveelectricalpc.sitionand the out of phase outputvoltageas well
as the rotor angle at that point shallbe recorded. The effectiveelectrical
travelshallbe in accordancewith the requirementsof 3.8.12. 1

4.7.11 Voltagegradienttestmethod.- The linearresolvershallbe
mountedin an angulartest standcapableof positioningthe rotor to any
angularpositionwithin~ 15 secondsof arc. The linearresolvershallbe
broughtto the stabilizedoperatingtemperatureconditionof 4.2.3and
energizedin accordancewith 4.2.4. The rotor shallbe set to the applicable
linearresolverzero positionof 3.6. Using the test circuitof Figure8,
the linearresolver’sinphaseoutputvoltageshallbe measuredover the
entireeffectiveelectricaltravel (see 3.8.12). The voltageat the voltage
data measurementpoints shallbe takenat maximumeffectiveelectrical
travellimitsand at intervalsnot greaterthan 5 degreesin both ccw and
cw directionfrom the applicablelinearresolverzero positionof 3.6.
The linearresolver’sinphaseoutputvoltageshallbe comparedwith the
calibratedinphasevoltageof the voltagedividerof Figure8 for each
measurement. The differencebetweenthe recordedInphaseoutputvoltage
of the linearresolveras comparedto the calibratedinphasevoltagesettings
.ofthe voltagedividershallbe in accordancewith the requirementsof
3.8.8. The differencein readingsis based on the applicableequationof
3.5.1 and the rotor shaftposition.

S2
TEST VOLTAGE&
FREQUENCY
(See4.2.4) VOLTAGEDIVIDER

i.~

—

2RAsE SENSI.TIVS
NULLWTER

=-

Figure 8. Voltagegradientand linearitytest circuit.

25

Downloaded from http://www.everyspec.com



MIL-R-50781

4.7;12 Linearity error test method.- The linear resolver shall be
mounted in an angular test stand capable of positioning the rotor to any
angular position within ~ 15 seconds of arc. The linear resolver shall be
brought to the stabilized operating temperature condition of 4.2.3 and
energized.in accordance with 4.2.4. The rotor shall be set to the applicable
linear resolver zero position of 3.6. Using the same test procedure of
4.7.11”,the linear resolver’s inphase output voltage shall be recorded from
measurements obtained over the entire effective electrical travel (see
3.8.12). Measurements shall be taken at maximum limit points and at:’
intervals not greater than 5 degrees in both ccw and cw direction from the
applicable linear resolver zero position of 3.6. ‘he resultant recorded
inphase output voltage through zero shall be linear in accordance with
varying degrees of specified percentage of linearity within required linearity
tolerance zones as specified iU accordance with the requirements of 3.8.11.

4.7.13 Phase shift’test method.- The linear resolver shall be mounted
in an angular test stand capable of positioning the rotor to any angular
position within ~ 15 seconds of arc. The linear resolver shall be brought
to the stabilized operating temperature condition of 4.2.3 and energized
in accordance with 4.2.4. The rotor shall be set to the applicable linear
resolver zero position of 3.6 then turned to the maximum positive effective,
electrical travel position where the phase shift shall be measured. The
rotor shall then be turned to the applicable linear resolver zero position
of 3.6 and then to the maximum negative effective electrical travel position
where the phase shift shall be measured. The phase shift shall be measured
to an accuracy of ~ 0.10 degrees with an instrument having an input impedance
of not less than 500,000 ohms resistance shunted by a 30PF capacitance.
The phase shift shall be in accordance with the requirements of 3.8.10.

.
,. 4.7.14 Residual (null) voltage test method.- The’linear resolver shall

be brought to the stabilized operating temperature condition of 4.2.3 and
energized in accordance with 4.2.4. The rotor shall then be set to the
applicable linear resolver aero position of 3.6 and the linear resolver
shall be measured for total and fundamental residual null voltage in accord-
ance with either 4.7.14.1 or 4.7.14.2 to determine conformance with the
requirements of 3.8.13. The voltage measuring instruments used shall
indicate the value in terms of the mm value of an.equivalent sine wave
and shall have an input impedance not less than 500,000 ohms shunted by
30pF.

4.7.14.1 Frequency sensitive voltmeter method.- The frequency sensi-
tive voltmeter to be used shal,lhave a filter ch=cteristic such that the
output changes by not greater than ~ 0.5 percent for a 1% change in fre-
quency from the cehter frequency of the filter and by -97% (-30dB) fora
one octave change from the center frequency of the filter. The linear
resolver shall be calibrated to allow for the center frequency insertion
IOSS of the filter. The rotor shall be turned to give.a tinimum reading
on the frequency sensitive voltmeter. This .isthe fundamental component
of the null voltage. The voltage .readby a non-frequency-sensitive volt-
meter at the same (undisturbed) rotor position is the total null voltage.

., ,

●

●
✎✎
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4.7.14.2 Phase sensitive vOltmeter method.- The rOtor shall be turned
until the inphase component of the null voltage as indicated on the phase
sensitive voltmeter is zero. The quadrature reading is the fundamental
component of the null voltage. The voltage read by a non-phase-sensitive
voltmeter is the total null voltage.

I .-,
●

4.7.15 Impedance teat method.- The linear resolver shall be mounted
in the applicable test fixture of Figure 5 and shall be brought to the
stabilized operating temperature condition of 4.2.3. The linear resolver
shall then be energized in accordance with 4.2.4. The impedance measure-
ment shall be determined at the positive maximum effective electrical
travel position in accordance with the requirements of 3.8.14. Measurement
shall be made by the wattmeter, ammeter, voltmeter method using instruments
of sufficient accuracy, sensitivity and resolution, or by a method directly
correlated and calibrated by this method.

4.7.15.1 ‘RO, rotor winding, open-circuit impedance .- The open

circuit impedance of the rotor winding shall be determined with the remain-
ing stator winding open-circuited.

4.7.15.2 ‘SO, stator winding, open-circuit impedance .- The open
circuit impedance of the stator winding shall be determined with the
remaining rotor winding open-circuited.

●’”’
4.7.15.3 ‘RS, rotor winding short-circuit impedance.- The rotor short—

circuit impedance shall be determined with the stator short-circuited.
The energization voltage shall be of a magnitude necessary to induce a
current within ~ 3 percent of that obtained in the ‘RO measurement.

4.7.15.4 ‘SS, stator winding short-circuit impedance.- The stator
short-circuit impedance shall be determined with the rotor short-circuited.
The energization voltage shall be of a magnitude necessary to induce a
current within ~ 3 percent of that obtained in the ‘SO measurement.

4.7.16 Shift of linear resolver zero with variation of frequency test
method.- The linear resolver shall be mounted in the applicable test fixture
of Figure 5, brought to the stabilized operating temperature condition of
4.2.3 and energized in accordance with 4.2.4. The linear resolver shall
then be set to the applicable linear resolver zero position of 3.6 and the
specified oporlting frequency shall be first decreased by 10 percent and
then increased by 10 percent. The shift in linear resolver zero shall be
in accordance with the requirements of 3.8.15.
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+-

TEST
VOLTAGE

(See 6.2.4)

II LI

.~R 1:1 TRANSFORMER RATED AT 250 VA.
R 250 ohms, 100;WATTS VARIABLE RRSISTOR

cl, C2, C3, 400 mfd, - 115 V.A.C. CAPACITORS..

THE APPLIED AC TO THE CIRCUIT SHOULD BE
VOLTAGE IS APPLIED TO THS WINDING. THE

. .

WINDING
UNDER
TEST

ADJUSTED SO THAT THE FULL ENERGIZING
TRANSFORMER TR HAS ITS SECOND~Y AND

PRINARY WINDINGS CONNECTED SO THAT THE AC VOLTAGE ACROSS TRE BRIDGE IS LOW,
(1.J2SSTHAN 1.5 VOLTS). SUITARLE ADJUSTMENTS CAN BE MADE WI’l%THE VARIABLS
RESISTOR “R”. THE BRIDGE IS THEN USED TO MEASURE THE KNOWN RESISTANCE OF THE
TRANSFORMER TR SECONDARY PLUS THAT OF ‘THi?WINDING UNDER TEST.

. . . . .

FIGUFII9. CIRCUIT DIAGRAN FOR TENPEIUITUM RISE TEST
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4.7.17 Temperature rise test method.- l’helinear resolver shall be
mounted in the applicable test fixture of Figure 5 and placed in a suitable
enclosure of at least 3 cubic feet content per linear resolver and allowed
to attain the ambient test temperature of 4.2.1. This shall be recorded as
the initial ambient temperature of test enclosure. After the linear resolver
has attained the stabilized nonoperating temperature condition of 4.2.2,
the dc resistance of the secondary winding shall be measured and recorded.
The primary winding shall be energized in accordance with 4.2.4 with the
secondary winding unloaded. The dc resistance of the secondary winding
shall a“gainbe measured and recorded when the linear resolver has attained
the stabilized operating temperature condition of 4.2.3. The temperature
rise shall be calculated from the following equation and shall be in accord-
ance with the requirements of 3.8.17.

Temperature rise, oc . Rh-Rc— (234.5+tc)

Where: I/h=

Rc =

tc =
234.5 =

AnY method may be

Rc
Resistance of measured winding at stabilized operating
temperature condition

Resistance of measured winding at stabilized non-
operating temperature condition
Initial ambient temperature of test enclosure
Constant for non-alloy copper

used for measuring the dc resistance of the designated
winding however it shall not entail disconnection of that winding from
the energizing supply while the measurement are taken. Figure 9 shows
a suitable circuit for this purpose.

4.7.18 Electromagnetic interference test method.- The linear resoIver
shall be energized in accordance with 4.2.4. An electrical load equivalent
to four times the secondary winding open-circuit impedance value specified
in accordance with 3.8.14 shall be applied across the secondary winding.
Measurements for conducted and radiated emission requirements as specified
in 3.8.16 shall be in accordance with MIL-STD-462 while the rotor shaft
is rotated at a continuous travel equivalent to the cyclic rate of 60 ~ 3
rpm through the maximum effective electrical travel limits passing through
zero.

4.7.19 Security of terminals or wire leads test method.

4.7.19.1 Wire lead .terminals. - Each wire lead shall be tested by
having a 2 po,md weight attached to the extreme end. The weight shaII be

applied Pul~fi.lgstraight away fr~ the linear resolver, then the lead bent
90 degrees at the point of exit from the housing and while in this attitude
the linear resolver rotated 360 degrees clockwise and 360 degrees counter-
clockwise, once in each direction to determine conformance with the require-
ments of 3.7.1.1.

●
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4.7.19.2 Screw thread terminals .- Each screw thread terminal shall be
test ed using 4.5 pound-inch torque in accordance with MIL-sTD-202, method
211, test condition E and the requirements of 3.7.1.2.

4.7.19.3 Solder-pin terminals.- Each solder-pin terminal shall be
tested using a gradual 2 pound minimum pulling force in accordance with
MIL-STD-202, method 211, test condition A and the requirements of 3.7.1.3.

4.7.20 Vibration.

4.7.20.1 General and energization.- The linear resolver shall be
tested in accordance with MIL-STD-202, method 204, test condition B and
the requirements of 3.9.2 while the rotor is energized in accordance with
4.2.4. In the case of a stator energized linear resolver the energizing
voltage of the rotor shall be determined accordingly by the voltage
gradient as specified in 3.8.8.

4.7.20.2 Mounting and loading.- Utilizing its normal mounting ,surface,
tl.elinear resolver shall be secured to a test fixture by means of appropriate
clamps and then the test fixture shall be rigidly mounted on the vibration
equipment. The rotor shaft shall be free to rotate while mechanically
loaded with a standard loading disc as depicted in Figure 10.

4.7.20.3 Post vibration. - Lnmediately after the test, the linear
resolver shall be examined for loose or damaged parts and shall then be
subjetted to and shall meet the requirements as specified in 3.9.2 and as
listed in Table III.

, 4.7..21 Shock. $
.,. , .....

4.7.21.1 Low impact shock.

4.7.21.1.1 General and energization.- The linear resolver shall be
tested in accordance with the requirements of 3.9.3.1 while the rotor is
energized in accordance with 4.2.-4. In the case of a stator energized
linear resolver, the energizing voltage of the rotor shall be determined
accordingly by the voltage gradient as specified in 3.8.8.

4.7.21.1.2 Mounting and loading.- Utilizing its normal mounting
surfaces, the linear resolver shall be secured to a test fixture by means
of appropriate clamps and then the teat fixture shall be rigidly mounted
to the elevator table. The rotor shaft shall be free to rotate while
mechanically loaded with a standard loading disc as.depicted in Figure 10.

4.7.21 .1.3 Post low impact shock.- Immediately after the test, the
linear resolver shall be examined for loose or damaged parts and shall
then be subjected to and shall meet the requirements as specified in
3.9.3.1 and as listed in Table III.

.

● ✍

9./
,.

4.7.21.2 High impact shock.
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10
....

I

B

~ Same as linear resolver shaft diameter

_3-4---T
A

---

T

1

1

1-

1-

0.187,

c

PEEEEzl
NOTES:

1. Dimensions are in inches. Tolerances On lettered
dimensions, ~ .010.

2. Material: Aluminum alloy, c&A-25014

Figure 10. Standard disc for loading linear
resolver shaft .
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4.7.21.2.1 General and energization.- The linear resolver shall be
tested in accordance with MIL-STD-202, Method 207, Figure 207-4 and the
requirements of 3.9.3.2 while the rotor is ,energized in accordance with
4.2.4. In the case of a stator energized linear resolver, the energizing
voltage of the rotor shall be determined accordingly by the voltage gradient
.asspecified in 3.8.8.

4.7.21.2.2 Mounting and loading.- Utilizing its normal mounting s.ur-
faces, the linear resolver shall be secured to the standard mounting fixture
depicted in Figure 207-4A. The rotor shaft shall be free to rotate while
mechanically loaded with the appropriate dial as depicted in Figure 7.

4.7.21 .2.3 Post high impact shock.- Immediately after the test, the
linear resolver shall be examined for loose or damaged parts and shall then
be subjected to and shall meet the requirements as specified in 3.9.3.2
and as listed in Table III.

4.7.22 Ambient temperature.- The temperature extremes of -62°C and
lJO°C as specified in 3.9.1, 4.7.22.1, and 4.7.22.2 are required to be
accomplished but once per linear resolver. The linear resolver may be
conditioned at the operational temperatures as often as necessary to per-
form the required tests. Upon completion of the ambient temperature tests,
the linear resolver shall be removed from the test chamber and allowed to
remain at the standard test conditions of 4.2.1 for a minimum of 4 hours
before undergoing further testing.

\

●
✎✌

I

4.7.22.1 Ambient low temperature.- The linear resolver shall be
placed in a ,testchamber and mounted on a test fixture. The chamber P

temperature.:shall ‘be lotieredto and niainta”inedat -62° ~.2°C for a minimum
of’24 hours.’ The-test chamber temperature shal~ then-be raised’’~t~’,’and~~,.. ....,.,...... .
controlled at -550 + 20C. The linear resolver shall be energized in accord-

ance with 4.2.4 and-having attained the stabilized operating tarsperature
condition of 4.2.3, shall then meet the requirements as specified in 3.9..1.1
and as listed in Table III.

4.7.22.2 Ambient high temperature.- The linear resolver shall be
placed in a teat chamber and mounted on a test fixture. The chamber
temperature shall be raised to and maintained at 100° ~ 2°C for a minimum
of 24 hours. The test chamber temperature shall then be raised to 125° ~
2’3C. The linear resolver shall be energized in accordance with 4.2.4 and
having attained the stabilized operating temperature condition of 4.2.3
shall then meet the requirements as specified in 3.9.1.2 and as listed in
Table 111.

4.7.23 Moisture resistance.
I

4.7.23.1 General. - The linear resolver shall be tested in accordance

with MIL-STD-202, Method 106 and the requirements of 3.9.6. The linear
resolver shall be placed in the test chamber with its rotor shaft in a
horizontal position.

●
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●
4.7.23.2 ~nergization. - During the test, half of the qualification

sample (one linear resolver) shall be energized in accordance with 4.2.4
and the other half shall be. unenergized. After completion of the final

cycle, the entire sample (two linear resolvers) shall be maintained
energized at standard test conditions (see 4. 2.1) for 24 ~ 4 hours.

I
4.7.23.3 Peat moisture resistance .- Immediately after the final

energization period, the linear resolver shall be subjected to.and shall
meet the requirements as specified in 3.9.6 and as listed in TabIe 111.

4.7.24 Altitude.

4.7.24.1 Altitude low temperature .- The unenergized linear resolver

shall be placed in a test chamber, the internal ambient temperature of
which shall be reduced to and controlled at -55 ~ 2°C and the linear
resolver shall be allowed to attain the stabiliz~d non-operating tempera-
ture condition of 4.2.2. The linear resolver shall then be energized so
as to attain the stabilized operating temperature condition of 4.2.3. The
pressure in the teat chamber shall then be reduced to 8.27 Torr (approximately
equivalent to an altitude of 100,000 feet). While still in this specified
environment, the linear resolver shall be subjetted to and shall meet the
requirements as specified in 3.9.4.1 and as listed in Table III.

! 4.7.24.2 Altitude high temperature. - The unenergized linear resolver
shall be placed in a test chamber, the internal ambient temperature of

● ’””’

which shall be raised to and controlled at 125 + 2°C and the linear
resolver shall be allowed to attain the stabilized non-operating tempera-‘,,
ture condition of 4.2.2. The linear resolver shall then be energized so aa
to attain the stabilized operating temperature condition of 4.2.3. The
pressure in the test chamber shall then be reduced to 8.27 Torr (approxi-
mately equivalent to an altitude of 100,000 feet). While still in this
specified environment, the linear resolver shall be subjetted to and shall
meet the requirements as specified in 3.9.4.2 and aa listed in Table III.

4.7.25 Endurance.

4.7.25.1 General and mounting.- The linear resolver shall be tested
in accordance with the requirements of 3.9.5. The linear resolver shall
be mnunted on an appropriate test fixture capable of mechanically driving’
its rotor shaft a minimum of 2000 hours at a continuous travel equivalent
to the cycltc rate of 60 ~ 3 rpm through the maximum effective electrical
travel limits passing through zero. The rotor shaft shall be turned’
mechanically in any manner which doea not apply .an axial load to the rotor.
The 2000 hour time schedule shall be in accordance with Table IV.

4.7.25.2 Energization.- During the test, the rotor shall be energized ,
in accordance with 4.2.4. In the case of a stator energized linear resolver,
the energizing voltage of the rotor shall be determined accordingly by the
voltage gradient as specified in 3.8.8.
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4.7.25.3 Post endurance.- Immediately after the test the linear
resolver shall be subjected to and shall meet the requirements as specified
in 3.9.5 and as listed in Table III.

TABLE IV . Endurance Test,.Time Schedule ..

T-ime(Hours) Min. Temperature (°C> Shaft Position

64
24
24

24
24

184*

-25+5
+12-N5
+12~j5
+12~5
+i2~5
+ 225

tiorizontal

& up
45? down
doti

horizontal

* 5&~ of the rotation to be’C“W;507,of the rotation to be CCW

5. PKSPARAT”IONFOR DELIVERY

5.1 Preparation for delivery shall conform to MIL-S-12134. Minimum
packaging and packing shall be at leaat level C unless otherwise specified
(see 6.2).

6. NOTES

6.1 ~ntended use.- Linear resolvers covered by this specification are
intended for use in military systems for fire cnntrol, radar, navigation,
missiles, and instrumentationrequiring the accurate transmission and
reception of electromechanica~‘signalsconcerning,the angular position of
one or more rotor shafts.

6.2 Ordering data.- Procurement documents should specify tha following:

a. Title, number, and date of this specification.
b. Title, number, and date of the appl~cable specification

sheet, tha complete nomenclature, and the military part
number (see 1.2.1, 1.2.2, and 3.1),.

c. Whether first &ticle inspection is requirad (see 3.3).
d. Levels of packaging and packing.

6.3 Firat article inspection.- Information pertaining to firat article
inspection of products covered by this specification should be obtained
from the procuring activity for the specific contracts involved.

6.4 DefInitions.- For the purpose of this specification, the following
definitions apply:

I

6.4.1 Direction of rotation .- The standard (positive) direction of
rotation of the shaft ia counterclockwisewhen the linear resolver is viewad
from the shaft extension end.

34
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●
6.4.2 Effective electrical travel.- The effective electrical travel

is the linear output function of the linear resolver that is accomplished
by means of shaft angl”emovement throughout the specified maximum effective
electrical travel limits.

6.4.3 Linearity error.- Linearity error is the nonconformity of the

~
function characteristic of the secondary voltage of fundamental frequency
(establishedby means of the voltage gradient) at any angular rotor displace-
ment, within the effective electrical travel limits. Linearity error is
expressed as a percentage Of nOncOnfO~ance Of the secOndary vOltage.

6.4.4 ~oltage data measurement point. - A voltage data measurement
point is a point of reference, fixing the relationship between a specified
shaft angle position and the output voltage of the linear resolver. It is
used to determine the voltage gradient (voles/degree)through the maximum
effective electrical travel limits passing through zero.

6.4.5 Voltage gradient.- The voltage gradient is the output voltage

1

expressed as a functiOn of shaft angle (vOlcs/degree)accomplished thrOugh
the maximum effective electrical travel limits passing through zero.

I 6.4.6 Transformation ratio (N).- The Cransfozmationratio (N) is the
ratio of the fundamental frequency componenc of the open circuit secondary
voltage, in relation to the angle e in 3.5.1, to the p“rimaryenergizing
voltage.

●

6.5 Qualification.- With respect to products requiring qualification,
awards will be made only for products which are at the time set for opening
of bids, qualified for inclusion in the applicable Qualified Products List
whether or not such products have actually been so listed by that date.
The attention of the suppliers is called to this requirement, and manu-
facturer are urged to arrange to have the products that they propose to
offer to the Federal Government tested for qualification in order that
they may be eligible to be awarded contracts or orders for the products
covered by this specification. The activity responsible for the Qualified
Products List is .FrankfordArsenal, Philadelphia, Pa. 19137, ATTN: SMUFA-
J4000 and information pertaining to qualification of products may be
obtained from that activity.

Custodians: Preparing activity:
Army - MO Army - MU
Navy - AL
Air Fore,:- 80 Project No. 5990-0288

Review activities:
Army - AV, MS, EL, SL
Navy - EC, SH
Air Force - 17, 11

User activities:
Army - WC, AT
Navy - MC, OS
Air Force - 19
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INSTRUCTIONS: In a continuing efforttomake our standardization documenk bettsr, the LSoD provides this form for use in

submitting commentd and suggestions for improvements. All us- of military standardization documenk are invited to provide

*

tions. This formmsy bedetached,foldedalongthelinesindicated,tapedalongthelooseedge(DO NOT STAPLE), and
Inblock 5, be as spscificw pmsibleaboutptiicu]~PzOblemme- such= wOrdingwhichmquimd~@Wetst@ WM

toorigid, restrictive, loose, ambiguous, or w- incompatible. ~d siv@ prO-d wOrding ch~= filch wO~d fJ1e~a@ the

problinx+ Enter in block 8 any remsrks not related to a specific wrtwspb of the document. [f block 7 is fried out, sn

acknowledgement will bs mailed to YOU within 30 days to let YOU know that your comments wem ~eived ad me bsint?

considered,

NOTE! This form may not be ussd to request copies of documents, nor to request wsivers, deviations, or clarification of

spscifimtion requirements on cumsnt contracts. Comments submitted on this form do not constitum or imply authorization

to waive any portion of the referenced document(s) or to amend contractual requirsmenk.

(Fold dons thli he)

(Fold dow thhlime)

DEPARTMENT OF THE ARMY

Ill

III I NO POSTAGE I

. ..111 I NECE5S41W
IF MAILEO

IN THE It
I UNITEO STATES ‘<

OFFICIAL BUSINES$ BUSINESS REPLY MAIL
..~ -!’

PENALTY FOR PRIVATE uSE $3W ~’

FIRST CLASS pER,+t,T No, 12062 WASHINGTON D. C.

POST,4GE WILL BE PAID BY THE DEPARTMENT OF THE ARMY
~;

Ccmmandi.ngOfficer
Prsnk.fordArsenal
Atcn: SMUPA-J4000
Phi3a PA 19137
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