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MIL-R-50781
25 QOctober 1972

MILITARY SPECIFICATION

RESOLVERS, ELECTRICAL, LINEAR:
GENERAI, SPECIFICATION FOR

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

1! SCOPE

1.1 Scope.-: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 same nomenclature
shall be mechanically and electrically interchangeable for all military
applications., 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:

26V- 11 L 14 © 50 4 A

1.2.1.1- 1.2,1.2 1.2.1.3 1.2.1.4 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,

e
two digits shall designate the maximum diameter in tenths of an 1nch If
the diameter is not exactly a whole number of tenths, the next higher tenth
shall be used.

1.2,1.2 Size.~ After the applicable voltage identification, the ne

1.2.1,3 Function.~ The letter "L" designates linear resolver.

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

the 1ﬂmedanc9 is not exactlvy a ubn'ln numher of ‘hur{dreds the next hlguer

P i R = . WSy LS

hundred shall be used,

1.2.1.5 Effective electrical travel.-:The,linear output function that
is accomplished within the maximum effective electrical travel limits, by
pocsitive and negative angular rotor shaft displdcament from linear resolver’
zero, shall be identified by a plus and minus value 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:

M 50781/2-001

Military specification ™Dash
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-250/4 Aluminum Alloy, Plate and Sheet, 2024
QQ-B-637 Brass, Naval: Rod, Wire, Shapes, Forgings,
and Flat Products with Finisghed 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-5-12134 Synchros, Resolvers, and Servo Motors; Packaging of
MIL-W-16878/4 Wire, Electrical, Type E, 200°C and 260°C, 600

Volts (Insulated, High Temperature)

-
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STANDARDS
Military
MIL-STD-105 Sampling Procedures and Tables for Inspection
by Attributes
MIL-STD-130 Identification Marking of U.S. Military Property
MIL-STD-202 Test Methods for Electronic and Electrical
Component Parts
MIL-STD-454 =  Standard General Requirements for Electronic
Equipment ,
MIL-STD-461 Electromagnetic Interference Characteristics
- Requirements for Equipment
T MIL-STD-462 Electromagnetic Interference Characteristics,

Measurement of
(See Supplement 1 for list of applicable specification sheets,)

(Coples of specifications, standards, drawings, and publications required
by suppliers in connection with specific procurement functions should be
obtained from the procuring activity or as directed by the contracting
officer.)

2.2 Other publications.- The following documents form 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 BUREAU 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 specifications and standards
are generally available for reference from libraries, They are also
distributed among technical groups and using Federal agencies.)

3.  REQUIREMENTS

3.1 Specification sheets.- The individual- item requirements shall be
t.. specified herein and in accordance with the applicable specification
sheets,
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3,2 Qualification.- Linear resolvers furnished under this specifica-
tion shall be products which are qualified for listing on the applicable
qualified products-1list at the time set for opening of bids (see 4.4 and
6.5).

3.3 First article.- When required by the procuring activity, linear
resolvers shall conform to the requirements 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,- Whenever- possible; parts
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 material shall not be construed
as a guarantee of the acceptance of the finished product.

3,4.2 Housing and rotor shaft.- Housing and rotor shaft material
shall be corrosion resisting steel conforming to QQ-5-764, Type 416, The
rotor shaft material shall have a hardness equivalent to Rockwell C20 to
c32,

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

3.4.4 Ball bearings.- Ball bearings of the radial thrust type and
conforming to AFBMA.Standard, Grade ABEC-5 or better shall be used..
Double shielding shall be employed. Balls, races, retainers, and shields
shall be made of corrosion resisting steel.

3.4.5 Lubricants,- Lubricants used in linear resolvers shall 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,.- Flammable or 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, plastic materials employing paper, cottom,
linen or wood flours as a filler, materialls composed of phenolic mercury.
or mercuric compounds shall not be used.

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

3.4.8 Plastics.- Plastics shall be in accordance with Requirement 11
of MIL-STD-454,

. |
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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 electro-
lytic corrosion, When it is necessary for amy combination of dissimilar
metals to be assembled a material compatible with each shall be interposed
between them, For classification purposes metals are grouped ashfbllows:.

Group 1 - Group 2 Group 3 Group 4
Aluminum Zinc Copper and iis alloys
Most anodic metals Aluminum alloys Cadmium Nickel and its alloys
Zine Steel . Chromium
Cadmium Lead Corrosion-resistant
Tin Tin steel
Corrosion- Corrosion- Gold

resistant steel resistant steel 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 zine, tin and cadmium as 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.

.¢. The above grouping shall not be construed  ag’ waiving requirements
. rg}_&tipg to the corrosion registance treatment of parts and aggsembliies.
Care shall be exercised in using aluminum alloys against each other or
against differing materials.,

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

a TF anv nns—vne"nn 4o ntininatad hnf‘uﬁnn Add fforant matale Iin contast.
- ol ol J e d de W A AR il WF Gl.la!-&\p t'uh; ''''' ‘--..\-‘l-‘—iu- BRSNS e i e Sl - W G Sl ter e )

even though they are similar, the metals shall be assembled in such a
manner that the smaller part is cathodic and protected and the larger
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 chassis without additional protection from corrosion.
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3.4.10 Electrolytic corrosion protection.- Where it is unavoidable
that combinations of dissimilar metals be in contact the f0110w1ng methods
] -

g ehall ha amnloavad un
or combinations of methods shall be employed un

tion preclude their use:

aca
o

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

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

¢. Corrosion inhibitors shall be applied to the faces of each of the

dissimilar metals, such as nickel-plated brass screws in contact with aluminum

shall be coated with zinc chromate paste.

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

e, The requirements of 3.4.9e shall a

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

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

3.4,11 Threaded parts.~- All screw threads used in the construction
of linear resolvers shall be in accordance with the National Bureau of
Standards Handbook H-28 - "Screw-Thread Standards for Federal Sarvices.”
The number of threads and general dimensions shall be those specified for
the American National Coarse-Thread series or the American National Fine-
Thread series, Threads of the coarse-thread series are preferred, except
where definite improvements in design or operating characteristics 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 conform to MIL-W~583, class
130 or higher.

@

-
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3.5 Design conventions.

3.5.1 Electrical angle.- The electrical angle is the angle 8. which
satisfies the magnitude and polarity relatiomnship 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 Electrical angle, rotor energized,- Rl
8
E(S52S = NE R
(5254) = NE(RIRD) 5 2, s
e
Where: 1. -b < 8 < b ‘
. YR3

2. b is the positive angle denoting the maximum
effective electrical position as defined in 6.4.2.

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

3.5.1,2 Electrical angle, stator energized,- 52

s T - |
E(R1R3) = NE(S5Z54) =
( ) ( ) 5 r1 R3
Where: 1. -b < 8 < b
sS4

2., b is the positive angle denoting the maximum
effective electrical position as defined in 6.4,2.

3. N is the transformation ratio as 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 is 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 maximum value 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 direction (clockwlse) 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 .
»indings RIR3 and S2S4 are at minimum coupling and is determined in
accordance with Figure 1. -




Downloaded from http://www.everyspec.com

MIL-R- 50781

p _ i

Test Voltage e s
% Frequency - M e 1
(See 4.2,4) - || Phase Phase | Se B:ti
| Suifter | Beference |+ SCDSIUITS -
| 3

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 when
windings $284 and RIR3 are at minimum coupling and is determined in
accordance with Figure 2,

(See 4.2.4)

52
Test Voltage
& Frequency g ey

—_———— T
Hr Phase -! EE?E._.A- I z,.h_a?.?a..l

I
1 I nelerence ou.a.u.l.w.ve L
I_L Siifter | ventass \ :
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Figure 2, Linear resolver zero, stator energized.

3,7 Design and construction,

3.7.1 Terminal strength security.

0o
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3.7.1.1 Wire lead terminals.- Each wire lead terminal shall.be 18
inches long minimum or as specified in the applicable specification sheet,
Wire leads shall confcrm to MIL-W-16878/4., Each wire lead shall be capable,
once only, of withstanding a minimum pulling force of 2 pounds 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

withstanding a gradual minimum torque of 4.5 pound-inches and maintained for

a period of 5 to 10 seconds without evidence of movement or damage to the
terminal or surrounding materials. The torque shall be applied clockwise
and then counterclockwise 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 seconds without evidence of movement or damage to the
terminal or surrounding materials, The force shall be applied in the
direction of the terminal axes.

3.7.2 Termination identification.- Termination identification markings
shall be mclded 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 fixed when terminal screws are removed.

Table I - Termination Identification
Winding lTerminai Screw & Solder-Pin Wire Lead Color-Code
STATOR s2 Yellow
8284 . 54 Blue
ROTOR R1 Red, White Tracer
R1R3 R3 Black, White Tracer

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

3.8 Performance.
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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. The allowable change in brush
contact resistance between collector rings and brushes (between terminals
R1R3) shall be not more than 1.0 ohm 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 leakage current limit shall not
include the current drawn by the test equipment capacitance. Immediately
after meeting this requirement, the linear resolver shall be subjected to
‘the insulation resistance requirement of 3.8.4. q

Table II. Dielectric Withstanding Voitages and Application Points

Initial Acceptance Test | Subsequent Test Voltages,
Voltages, (50 or 60 Hz) (50 or 60 Hz)

Maximum Rated Each Winding to Housing | Each Winding to Housing &

Voltage, rms & Primary to Secondary Primary to Secondary
_ Windings Windings
Up to 50 242 to 250 184 to 200
51 to 100 485 to 500 388 to 400
| 101 to 200 870 to_900 720 to 740

3.8.4 1Insulation resistance.- The linear resolver shall be measured
for insulation resistance between those applications points specified in
accordance with Table II, 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 de (300 volts de
during altitude requirement of 3,9,4) shall be applied to applicatioen
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.
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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 in the applicable specification sheet when measured at linear
resolver zero and the secondary winding open-circuited.

3.8.8 Voltage gradient (6.4.5).- The voltage gradient shall be within
the limitas as 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 specified 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 plus 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 maximum 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 resclver 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 RE02 of Equipment Class 11B 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 III 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 less over the frequency range of 10 to 2000 Hz
in each of three mutually perpendicular planes, one of which shall be that
of the linear resolver's shaft axis for a period of four hours in each
plane. The vibration ecycle 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 III 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 IIIL
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 1bs, 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 sub1ected 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 sea 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

subjected to a reduced chamber pressure of 8.27 Torr (approximately equiva-
lent to an altitude of 100,000 anr\ while in an ambient temperature

Ea =284 = (=YY A e b e S BN St - g W N Eala v RA g - s e w— ==
environment of -55 + 2°C. While still in this specified enviromment, the
linear resolver shall be subjected to and satisfactorily meet the require-
ments of Table 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
i

[ 11 | ehu £ oo A -
linear resolver shall be subjected to and satisfactorily meet the .require-

ments of Table III as listed therein.

*  3.9.5 Endurance.- The energiéed linear resolver shall be subjected

‘to a minimum of 2000 hours of continuous shaft rotatiom at a.continuous

travel equivalent to the cyclic rate of 60 + 3 rpm through the maximum
effective electrical travel limits passing through zero,

3,9.6 Moisture resistance,- The linear resolver shall be capable of
operation or storage in an atmosphere of high relative humidity consisting
of ten continuous 24 hour high humidity and temperature combinagion cycles
as well as low temperature and vibration subcycles. After completion of
the final 24 hour recovery period, the linear resolver shall be subjected

to and satlsfactorily meet the requirements of Table III as listed therein.

3.10 Identification marking.- Linear resolvers shall as a minimum be
identified by marking conforming to Figure 3 and MIL-STD-130, Markings
shall be applied by acid or electric etching, by permanent marking ink or
by engraving. Irrespective of the method used, the marking shail be applied
directly to the linear resolver housing, i.e. the use of a separate name-
plate attached to the housing is not permitted., The markings shall be
such as to withstand and to remain legible following the envirormental
requirements specified herein,

13
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3.11 Workmanghip.- The linear resolver including all parts and .
accessories shall be manufactured and finished in a thoroughly workmanlike

manner, Particular attention shall be paid to neatness and thoroughness
of soldering, wiring, marking, and plating. All dimensions and tolerances

not specified shall be comsistent with the best engineering practice. f
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 may adversely affect the
strength, endurance, or wear of the part, Any material hammered, filed,
or treated in any other manner to conceal defects therein shall be subject
to immediate rejection,

4, QUALITY ASSURANCE PROVISIONS

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 specified herein, unless disapproved by the Govermment. The
Government reserves the right to perform any of the inspections set forth
in the specification where auch inspections are deemed necessary to assure
supplies and services conform to prescribed requirements.

4,1,1 Test equipment and inspection facilities.- Test 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, A

4,2 Test conditions.

4,2,1 Standard test conditions.~ Unless otherwise specified herein, i
all measurements and tests shall be made in accordance with the general
requirements section of MIL-STD-202, :

4,2,2 Temperature, 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 resistance of that winding, measured at fifteen
minute intervals, changes by less than one half percent from the preceding
measurement,

14 -




MIL-R-50781

mcﬁxumz.coﬂumuﬂMﬂusmvH *¢ 2In31y4

*3139Yys uofleoj3foads ayj uy parzioads

Downloaded from http://www.everyspec.com

gw 9q [Ieye Aouanbazxy pue aBejfoa ‘xaqunu jaed LIPITTIH ‘IanieIdouswoN 4
-£11e073313A pur A]TBIUOZTIOY ‘pajedo] AT[RIIUed 2q TiPys gGNIOTT '€
‘g37aes Inoyim sieljded ad£y vaning 2o STYI0H - INIWALIAT °¢
*63Ydouf Ul ‘wunuyuI - SNOISNEWIA °1
N LSHALON
ze/e 8/1 rANA h/€ £ ST ‘11
91/1 8/1 91/1 8/s 2/1-2 80
You/T | "s/i | ot/i | 8/ /11 S0
R T ) q v 4ZIS YIATOSEY WVANIT
_ (XINO FONFWAITH)
3THNN 19vd AHVLIITIH AdOTIANT ONILIWIT
mwm:bz LOVIINOD ANV EHEANN
*INJGL maoo ‘IWYN S HIUNLOVANNYH i AN0LS Aﬁ&mQMhUN
ST T |.1.:M-a|r.|| Y A
W . ——
™ol X - -
[ | ——
Iy - .&r
! | ! s rl:n
I
' -
Y - T _
P! t y N /.-.

T T v
(A11®T3Uanbag) | SITOA
YAGANN 1VINAS X1ddns
S, IMINLIVANNYH TINIDVANNYH J0 3IVd —

TINIVIONTHON

15




Downloaded from http://www.everyspec.com

MIL-R-50781

4,2,3 Temperature, stabilized, operating.- The stabilized operating
temperature is the temperature condition of an energized linear resolver
mounted 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, measured 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

cest vou:ages shall be within -r 1 perceﬁu. of the rated or apéCifiEu valu:.
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,

P N il

4.3 (Classification of imspections.- The imspection requirements
specified herein are classified as foll s

a. Qualification inspection,
b. First article inspection.
¢. Quality conformance inspection.

4,4 Qualification inspection.- Qualification inspection shall be
performed at a laboratory approved by the US Army Munitions Command (see

~ =N

et}

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 productionm,

4,4.2 Qualification inspection routine.- The sample will be subjected
to the inspection in Table III in the order shown and the sample number
identity.

4.4,3 Qualification sample failure.- Failure of any linear resolver
in any test shall be cause for refusal to grant qualification approval,

4.4.4 Disposition of qualification sample.- Linear resolvers subjected
to qualification inspection shall not be delivered on any contract.

cation approval,
qualification iunspection shall be performed every 24 month

directed by the qualifying activity.

4.4.5 Rggpalification.- In order to retain quallfi
L

or as

[
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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
1ot of ecach contract shall be s bJ ected to the prgviiglgns,gevernlng qualj_-

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 tests
comprising quality conformance inspection are classified as specified in
Table III and the applicable specification sheet,

4,6.1 Qualicy conformance inspection sampling.- Statistical sampling
and inspection shall be in accordance with MIL-STD-1053, 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 Govermment inspector shall be the applicable
tests of Table III and the dimensional and visual requirements as indicated
on the outline drawing in the applicable specification sheet.

- =T i

4.6.3 Quality conformance sample failure.- In case of failure, the
entire lot shall be rejected., The supplier shall withdraw the lot, correct
the deficiencies or screen out the defective units by retest, as applicable_

and resubmit for inspection.

4.7 Test methods and examinatioms.

4.7.1 Variation of brush contact resistance test method,- The wvariation
of brush contact resistance test method shall be measured by means of the
basic bridge circuit of Figure 4 to meet the requirements of 3.8.1. Unless
the applicable specification sheet specifies a lower current value, a maxi-
mum of 10 milliamps through the rotor winding shall be used, The bridge
shall be balanced by R2 and R3 resistors with a suitable ampliification
factor set on the dc amplifier and the center scale dc meter. The sensitivity
of both instruments shall be increased as the bridge is being balanced in
order to produce a null, If drifting occurs, the rotor current shall be
reduced until a steady null is achieved. The sensitivity of the recorder
and amplifier should now be set 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 marks have been established
on the tape, the rotor shaft 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 passing through zero with the
recorder chart feed set at 5mm per second. An .instrument with a respomse
iime of 25 milliseconds or better shall be employed to obtain the variation
of brush contact resistance,

=
w0
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. Rl ‘yé\r R2 [-
R1 o ' '
dc RECORDER
/@- .| dc source AMPLIFIER L '
MOTOR R3 l—'xtx, %
LVER Rk R3

CENTER SCALE

LINEAR BESO de METER
UNDER TEST :
M - Motor, 1 rev/m

R; - Resistor, decade, 1K
R2, R3 - Resistors, decade, 10K
R, - Resistor, decade, 10 ohm

NOTE: A current limiting resistor (1K), if required, would be
connected in series with the de¢ source.

Figure 4. Variation of Brush Contact Resistance Test Circuit

4,7.2 Visual and mechanical examination.- The linear resolver shall
be examined to verify that the materials, design, construction, physical
dimensions, marking, and workmanship are in accordance with the applicable
requirements of 3.1, 3.4 thru 3.4.13, 3.7.2, 3.10 and 3.11.

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 positicn to measure rotor shaft movement perpeandicu-
lar to the rotor shaft axis in a horizontal plame. 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
di@ference between 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-28
c 3 HOLES EQUALLY
SPACED. AS SHOWN
+010
e w187 -.000
SLiP FIT
y £ IN BASE -
1
I/-PLATE
i
{
750
: b
38t0 &
e 5,001.02 -ow
BASE
- TABLE OF LETTERED DIMENSIONS
SIZE A B _REF ONLY c
05 .376 725 2,214
08 .501 1,020 2.439
11 .626 1.375 3,200
15 .875 1.688 4,300 |
NOTES:

l., Dimensions are in inches. Tolerance on lettered
dimengions. 4+ _010D. =_000.

SR LVIIT L RE S ) ewww e

2. Material: Plate - aluminum alloy, QQ-A-250/4,
Base - thermally insulating.

3. Finish: Plate - anodize per MIL-A-8625, type
II, class 2 dyed black.

Figure 5. Standard Test Fixture 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 shaft movement along the axis
of the shaft. A load or force of the value specified 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- dlfference between the two readings shall not.exceed the allowable end
accordance: with 3,.8.2

F=<) : a k=¥ L8 W el e a

4,7.4 Friction torque test method,~ 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 test, the
stator housing shall be rotated through a minimum-of three revolutions in.
each direction equivalent to the cyclic rate between 4 and 6 rpm through the
maximum effective electrical travel limits passing through zero, The linear
resolver shall fail the test if the dial turns an equivalent of one

tion in accordance with the requirements of 3.8.9.

revolu-

4,7.5 Dielectric withstanding voltage test 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 rms 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.-*immediately after passing
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., OCurrent 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 primary winding shall be measured 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

Luetdl Ltiille ulil L I T LR SULLp 28 YL allIRS Adnit AvalGwa

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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L
.040 '
, . >
ey -
: | | | ///’ﬁ'“‘\ J
/ \ b D K
H ",
N° 0-80 UNF-2D N® 0-80 UNF-2A
4
’ [DIMENSIONS OF MOUNTED|
DEVELOPED DIAL WEIGHTS WEIGHT MOUNTING
TORQUE H K L + 3% RADIUS
"= oz=-in g.cm in. in, in. oz in,

.02 1.44 062 1,262 | .078 .033 .600
.03 2.16 .062 | .325 |} .078 .050 .600
.04 2.88 157 | .242 | 171 .067 .600
.05 3.60 L150 | .267 | .17 .083 .600
.06 4,32 -125 .324 | L141 . 100 .600
.07 5.04 125 346 | L141 117 .600
.08 5.76 .125 373 | 141 .133 .600
.09 6.48 .230 .288 +250 .150 .600
« 10 7.2 .236 1 .300 | .250 .166 .600
NOTES:

1. Tolerance on dimensions is + .005 inches.
7, Material: Brass, QQ-B-637, composition &,

3. The table.contains examples of torque developed, other
values may be obtained as required.

Figure 6. Weights for Friction Torque Test

23

N




Downloaded from http://www.everyspec.com

MIL-R-50781

NO. 0-8B0 FILLISTER HD SCREW
45"~ LO5L6 ONN"BC ,
4 EQUALLY SPACED PART NO.I
< ' AS SHOWN /
I - O3R
A .
oA e ;; P

A
: C D_— — -
BDIA | - DIA.* SR

.

I

25 -
. . PART NO.2
Z | + 002 ‘

016 L 00| —edie -
062 DIA. THRU L
2 HOLES 048 £ 00! —= fa--
.11 DIA. THRU & HOLES
EQUALLY SPACED ON -G o
"M" DIA,
DIAL DIMENSIONS
A B . ¢ | b E F G M N
Frame - +.002 - +.0004 | +,0050 +.001 - +,005 - -
Size : -.0000 igf.OOOO =-,000 . -, 000
;‘
05, 08 |1, 50 1.20 ©.5625 j .1250 . 250 .8125 « 300 375 +687
11, 15 {1.50 1,20 ; .5625 i ,1875 .250 8125 | .300 .375 | .687
: - 4

*For mounting with standard drive wééher

NOTES:

1. Dimensions are in inches. Unless otherwise specified, tolerances
are + ,005 on decimals and + 1° on angles,

2. Material: Aluminum alloy, QQ-A-250/4.

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

Figure 7. Dial for Friction Torque Test
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4,7.10 Effective electrical travel test method.- The linear resolver
shall be mounted im an angular test stand capable of positioning the rotor
to any angular position within + 15 seconds of are, 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 shall be turned in a counterclockwise direction to the maximum positive
effective electrical position and the inphase output voltage as well as the
rotor angle at that point shall be recorded. The rotor shall then be set
to the applicable linear resolver zero position of 3.6 after which the
rotor shall be turned in a clockwise direction to the maximum negative
effective electrical position and the out of phase output wvoltage as well
as the rotor angle at that point shall be recorded., The effective electrical
travel shall be in accordance with the requirements of 3.8,12,

4,7,11 Voltage gradient 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 positiom of 3.6. Using the test circuit of Figure 8,
the linear resolver's inphase output voltage shall be measured over the
entire effective electrical travel (see 3.8.12). The veoltage at the voltage
data measurement points shall be taken at maximum effective electrical
travel limits and at intervals not greater than 5 degrees inm both ccw and
ew direction from the applicable linear resolver zero positicn of 3.6.

The linear resolver's inphase output voltage shall be compared with the
calibrated inphase voltage of the voltage divider of Figure 8 for each
measurement, The difference between the recorded inphase output voltage

of the linear resolver as compared to the calibrated inphase voltage settings
of the voltage divider shall be in accordance with the requirements of

3.8,8. The difference in readings is based on the applicable equation of
3.5.1 and the rotor shaft position.

PHASE SHIFTER

R1 52
ot -
TEST VOLTAGE &
FREQUENCY 10K
(See 4,2.4) VOLTAGE DIVIDER
100K
o3 Sk . LOAD

PHASE SENSITIVE
NULLMETER

Figure 8, Voltage gradient and linearity test circuit.
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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 cew and cw direction from the
applicable linear resolver zero position of 3.6, The 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 ifi 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 + G.10 uég‘ft‘:es with an instrument having an input 1mpedance
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,

d

4.7. 14 Residual (nulllqgglpagﬁ 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 gero 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 imstruments used shall
indicate the value in terms of the rms 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 Freguency sensitive voltmeter method.,~ The frequency sensi-
tive voltmeter to be used shall have a filter characteristic such that the

output changes by not greater‘than + 0.5 percent for a 1% change in fre-
quency from the cefter -frequency of the filter and by -97% {-30dB) for a
one octave change from the center frequency of the filter. The linear

resolver shall be calibrated to allow for the center frequency insertion
- loss of the filter., The rotor shall be turned to give a minimum reading
on the frequency sensitive voltmeter, This 4is the fundamental component
of the null voltage. The voltage -read by 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.

4,7.15 Impedance test 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
ghall 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 2RO, 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 ZSO, 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 2Rrs, 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 ZRO measurement,

4.7.15.4 ZSS, 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 230 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 opnriating frequency shall be first decreased by 10 percent and
then increasadé 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 ’
(5ee 4.2.4) | : TR
BR1 BR2
— 0C O——-I
l BRID
TR 1:1 TRANSFORMER RATED AT 250 VA,

R 250 ohms, 100 WATTS VARIABLE RESISTOR
1, €2, €3, 400 mfd, 115 V.A.C. CAPACITORS

WINDING
. UNDER
TEST

T T
Y
|

m

S——

v
—

LI

THE APPLIED AC TO THE CIRCUIT SHOULD EE ADJUSTED SO THAT THE FULL ENERGIZING
VOLTAGE IS APPLIED TO THE WINDING. THE TRANSFORMER TR HAS ITS SECONDARY AND
PRIMARY WINDINGS CONNECTED SO THAT THE AC VOLTAGE ACRCSS THE BRIDGE IS LOW,
(LESS THAN 1.5 VOLTS). SUITABLE ADJUSTMENTS CAN BE MADE WITH THE VARIABLE
RESISTOR "R'". THE BRIDGE IS THEN USED TO MEASURE THE KNOWN RESISTANCE OF THE

TRANCETARMER TR CEANANDARY PIIIC TUAT AP TUE LITANMTANN INNNMED TRAT
A AWM A WA LYAY A AN DA APATASL AL L AL WAL LAY wivas

AVLRAL WA AL E =T W v )

FIGURE 9. CIRCUIT DIAGRAM FOR TEMPERATURE RISE TEST
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4,7.17 Temperature rise test method.- The linear 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 again be 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, °C = Rh-Re (234,5+te)
Re .
Resistance of measured winding at stabilized operating
temperature condition
Rc = Resistance of measured winding at stabilized non-
operating temperature condition
Initial ambient temperature of test enclosure
Constant for non-alloy copper

Where: Rh

te
234.5

Any method may be used for measuring the d¢ resistance of the designated
winding however it shall not entail disconnection of that winding from
the energizing supply while the measurements are taken, Figure 9 shows
a suitable circuit for this purpose.

4.7.18 Electromagnetic interference test method.- The linear resolver
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
1s 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 Ieads-test method.

4.7.19.1 Wire lead terminals.- Each wire lead shall be tested by
having a 2 pound weight attached to the extreme end, The weight shall be
applied pulling straight away from 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 w1th 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
tested 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,
ti.e linear 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.~ 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 3,9.2 and as
listed in Table III, '

4.7.21 Shock. . : N - 8

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, 1In 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 test 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.

4,7.21.,2 BHigh impact shock,
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~ e 0.187

Same as linear resolver shaft diameter

R
!

Frame. Size A ~B C

05, 08 1" 10,250 0,250

11, 15 2" 10,250 10.250

1. Dimensions are in inches, Tolerances on lettered
dimensions, *+ .010.

2. Material: Aluminum alloy, QQ-A-250/4

Figure 10. Standard disc for loading linear
resolver shaft .

31




Downloaded from http://www.everyspec.com

MIL-R-50781

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, 1In 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.

4.7.21.2.2 Mounting and loading.- Utilizing its normal mounting sur-
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 resclver 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
120°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.

4.7.22,1 Ambient low temperature.- The linear resolver shall be
placed in a test chamber and mounted on a test fixture. The chamber
temperature. “shall be lowered to and maintained at -62° + 2°C for a minimum . SRR
" of 24 hours., The-test chamber temperature shall then-be raised to and .. e L
controlled at -55° + 29C. - The linear resolver shall be energized in accord-
ance with 4.2.4 and having attained the stabilized operating temperature
condition of 4.2.3, shall then meet the requirements as specified in 3.9.1l.1
and as listed in Table III,

4,7.22,2 Ambient high temperature.- The linear resolver shall be
placed in a test 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°C. 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 III. '

4.7.23 Moisture resistance.

|
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 Energization.- 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,

4,7.23.3 Post 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 Table IIIL.

4$.7.246 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 stabilized non-operating tempera-
ture condition of 4.2.2. The linear resolver shall then be energized so
as to attain the stabllized operating temperature condition of 4.2,3. The
pressure in the test 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 subjected 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 + 29C and the linear
resolver shall be allowed to attaln the stabilized 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 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 subjected to and shall
meet the requirements as specified in 3.9.4.,2 and as 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 shaill
be mounted on an appropriate test fixture capable of mechanically driving
its rotor shaft g minimum of 2000 hours at a continuous travel equivalent
to the cyclir rate of 60 + 3 rpm through the maximum effective electrical
travel limite passing through zero, The rotor shaft shall be turned’
mechanically in any manner which does not apply.an axial lecad 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, 1In the case of a stator emergized 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

‘Time (Hours) Min. |- Temperdture (°Cy | Shaft Position
64 - -25+5- ’ horizontal:
2% | +12545 up
26 +125%5 459 up
24 +125+5 _ 459 down
26 - ¥125¢5 ' dowa
1840% + 2345 : hotrizontal

* 50% of the rotation to be CW; 50% of the rotation to be CCW

5, PREPARATION FOR DELIVERY

5.1 Preparation for delivery shall conform to MIL-S-12134, Minimum
nackacing 4 narkine ehall bhe ar leagr leval O unloee arthorwica onand fiad
pFewsanalin n.-n-\- o i mas I =] HA-“-- N “b e o e o e Ve W e e F T b A e Y b AT A e b A VY e T N UPUULLLCU
(seé 6,2).

6. NOTES

6.1 Intended use.- Linear resolvers covered by this specification are
intended for use in military systems for fire control, radar, navigation,
"missiles, and instrumentation requiring the accurate transmission and

reception of electromechanical signals concerning the angular position of
one or more rotor shafts, .

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

a, Title, number, and date of this specification,

b, Title, number, and date of the applicable specification
sheet, the complete nomenclature, and the military part
number (see 1. 2 1, 1.2.2, and 3,1).

c. Whether first article insPection 1s required (see 3.3).

d. Levels of packaging and packing.

6.3 First article inspection.- Information pertaining to first 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:

6.4,1 Direction of rotation.- The standard (positive) direction of
rotation of the shaft is counterclockwise when the linear resolver is viewed
from the shaft extension end.
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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 angle movement throughout the specified maximum effective

[
..-A

6.4.3 Linearity error.- Linearity error is the nonconfofmity of the
function characteristic of the secondary voltage of fundamental frequency
(established by 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 nonconformance of the secondary voltage.

6.4.4 Voltage 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 resclver. It is
used to determine the voltage gradient (volts/degree) through the maximum

effective electrical travel limits passing through zero.

11

s mla . 1+ i
- The vo awadd ent i utpu o

B.4.5 ¥V l:ag_e grd.u:.ei‘ Vo1t ag gradient 1s 1 g
expressed as a function of shaft angle (volts/degree) accomplished through
the maximum effective electrical travel limits passing through zero.

ha
LII;

<

6.,4.6 Transformation ratio (N).- The transformation ratio (N) is the

ratio of the fundamental frequency component of the open circuit secondary
voltage, in relation to the angle © in 3.5.1, to the primary energizing

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 inclusiom 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-
facturers 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 Frankford Arsenal, Philadelphia, Pa, 19137, ATTN: SMUFA-
J4000 and information pertaining to qualification of products may be

obtained from that activity.

Custodians: Preparing activity:
Army - MU Army - MU '
Navy - Ab
Air Fores =~ 80 Project No, 5990-0288

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

User activities:
Army - WC, AT
Navy - MC, 0S8
Air Force - 19

Lo
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INSTRUCTIONS: In a continuing effort to make our standardization documents better, the DoD provides this form for use in
submitting comments and suggestions for improvements. All users of military standardization documents are invited to provide
tions. This form may be detached, folded along the lines indicated, taped along the loose edge {DO NOT STAPLE), and
‘. In block 5, be as specific as possible about perticular problem areas such as wording which required interpretation, was
too rigid, restrictive, loose, ambiguous, or was incompatible, and give proposed wording changes which would alleviaie the
problems. Enter in block & any remarks not related to a specific paragraph of the document. If block 7 is filled out, an
acknowledgement will be mgiled to you within 30 days to let you know that your commenis were received and are being

considered.

NOTE: This form may not be used to request copies of documents, nor to request waivers, deviations, or clarification of
specification requirements on current contracts. Comments submiited on this form do not constitute or imply authorization
to waive any portion of the referenced document(s} or to amend contractual requirements.

{Foid along this iine)

(Fold along this line)

NECESSARY
IF MAILED
IN THE
UNITED STATES

DEPARTMENT OF THE ARMY
I " " ~orosTAGE

renacry ronranare usesoe | BUSINESS REPLY MAIL

'FIRST CLASS  PERMIT NG. 12062  WASHINGTON D. C.
POSTAGE WiLl BE PAID BY THE DEPARTMENT OF THE ARMY

Commanding Officer

Frankford Arsenal
. Attn: SMUFA-J4000

Phila PA 13137
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{See Instructions — Reverse Side)
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