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g%‘g; Electrical computing resolvers are important elements in analogue

£ .%:’ﬁg computation and coordinate transformation, It is the purpose of this doc-

Ejg E‘ £ ument to define and detail those computing resolver properties which the

designer needs to know for proper system application and which the in-
spection group needs to measure to assure quality,
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1,2,8,3 Terminal or Lead Wire Identification = The
following terminal designations shall be used:

1,1 This document covers resolvers which are used Connection
to perform coordinate transformations as well as sine and Stator Windings Rotor Windings
cosfne computations, It includes both the categories of Terminal  Colorx Terminal  Color
compensated and uncompensated resolvers which perform
these functions, Linear resolvers are also included be- S1 Red R1 Red*
cause of thefr similarity to resolvers. S3 Bk R3 Blk*
1.2 Definitions 52 Yel R2 Yel*
1.2,1 Electrical Computing Resolver - An electro~ 4 Blu ) R4 Blu*

magnetic device having primary and secondary windings
g0 orfented that the voltages on the secondaries are sine
and cosine functions of the angular position of the rotor

with respect to the stator, multiplied by linear functions

Compensator Windings
Terminal Color Compensating Resistor

of the voltages applied to the primaries. The device s
wed for the computatipn of sine and cosine functions
and for coordinate trarfsformations,

1.2.1.1 Resistof Gompensated Resolver ~ A resolver
which containg one or fore resistors having external ter~
mination intended for ponnection to an ampliffer to bring
the transformation ratip or phase shift of the resolver am~
plifier combfnation within close limits, or internal ele~
ments which compensate for changes in resolver character~
{stics with varfation in[temperature or other conditions,

1.2,1.2 Windinfi Compensated Resolver - A re-
solver which contains ¢ne or more windings magnetically
coupled to the primary, with external terminations for
providing a feedbackraoltage to a booster amplifier which
energizes the primary.| This design usually provides close
control on transformatfon ratlo and phase shift, and re=
duces effects of changgs in temperature, frequency, ap-
plied voltage, or impedance loading to very low levels,

1.2.2 Linear Regolver - A linear resolver converts
a mechanical input, rqtor position, into an-electrical
output which is a lineaf function of rotor position over a
specified angular travel, For purposes-of this document
the Hnear resolver willl be considered as a special resolver,

1,2.8 Definitiors of Terms

1.2,8.1 Rotor Apgle-=“The rotor angle of a re-
solver {s the angular dipplagement of the rotor from the

C1 Red®? 1
C3 Blle# = 3
G2 Yel*® 2
C4 Blu¥? 4

*White Tracer **Green Tracgr
Terminal designations or colors are guch that stator and
compensator winding terminals with|like numbers have
like polarity.

1,2,3.4 Phase Shift

1,2.3.4.1 Phase Shift -~ The {ime phase of the
voltage at the computing resolver sepondary with respect
tothe energizing voltage is the phasp shift, The phase
shift is measured in degrees and minptes with the rotor at
maximum coupling,

1,2,8.4,2 Phase Shift Variatipn - The change in
numerical value of phase shift relatiye to ambient tem~
perature, input voltage level, excittion frequency, or
shaft position should be expressed as(a percentage relative
to the value of phase shift at maximpun coupling under
specified excitation voltage, specifipd excitation fre~
quency, and specified temperature,

1.2.8,5 Voltage Identificatiop

1,2,3.5.1 In-Phase Voltage 4 An in-phase voltage
is of the same time phase as the resglver output of funda~
mental frequency at maximum coupling,

electrical zero position, Rotation in a counter~cloCcRkwise
direction facing the shaft extension end is to be con«~
sidered a positive angular increase, When two shaft
extensions exist, the one opposite the lead or terminal
end will be used for this definftion,

1.2.3.2 Windings

1.2.3.2,1 Primary Windings -« A primary winding
i3 one which receives energizing power.

1.2.8,2,2 Secondary Winding - A secondary wind-
ing is one from which an output is taken,

1.2,8,2,8 Compensator Winding = A compensator
winding is an additional winding which provides a feed-
back voltage to adjust transformation ratio, phase shift,
or loading effects,

1.2.3,5.2 Quadrature Voltage - A quadrature
voltage differs by 90 deg time phase from the resolver
output of fundamental frequency at maximum coupling,

1,2,83.5.3 E (Ryg) is the fundamental in-phase
voltage between rotor terminals R1 and R3,

E (S13) is the fundamental in-phase voltage be-
tween stator terminals S1 and §8.

Other voltages are similarly defined,

1,2,8.5.4 The sequence of the terms within the
parenthesis indicate the sense of the voltage vector,

1.2.3.6 Voltage Position

1,2,8.6.1 Minimum Voltage (Null) Position ~ A
position of the rotor at which the secondary voltage of
fundamental frequency, that is in time phase with the
secondary voltage at maximum coupling, is zero (0).
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1.2,8.6.2 Maximum Coupling Position - A posi-
tion of the rotor at which the secondary voltage of funda-
mental frequency that is in time phase with the secondary
voltage is a maximum,

1,2.3.7 Null Voltage

1.2.3.7.1 Fundamental Null - Fundamental null,
obtained at the minimum voltage positions, is the funda-
mental component of the residual voltage when the in-
phase voltage is zero. This residual voltage consists
entirely of quadrature voltage..

1.2.8.7.2 Total Null - When the fundamental in-
phase output voltage obtained at the minimum voltage
positions is zero, the residual voltage measured with a

ARP 826

1.2,3.8.3 Linear Resolver - That position of the
rotor for which the output windings experience minimum
coupling.

1.2.8.9 Electrical Angle

1,.2.3.9.1 Resolver, Rotor Excited - The electrical
angle is the angle ''a'" displaced in a positive direction
from electrical zero which satisfies the relative magni-
tudes and polarities of the secondary voltages in accord-
ance with the following equations:

E (513) = N [E (R13) cos a -E (Rg4) sin a]
E (S94) = N [E (Rgg) cos a +E (R13) sin a]

vacuum tube voltmheter indicating the average value of
the voltage wave In terms of the rms value of an equi-
valent sine wave, |is termed the total null. It includes
harmonics and fundamental quadrature voltages.

1.2.8.8 Elgctrical Zero

1.2.8.8.1 Rotor Excited Resolvers - That mini-
muim voltage posifion of the secondary circuit $2-84
from which a sma]l counter~clockwise deflection of the
rotor will induce 4 voltage E (524) approximately in
phase with E (R13), when the unit is excited with rated
voltage between tgrminals R1 and R3, and terminals R2
and R4 are shorted,

Rl s1

82 S4

¥ R3 ¥s3
ROTOR EX[CITED - STANDARD POLARITY
AND ELEC[I'RICAL ZERO POSITION

1.2.83.8.2 $tator Excited Resolvers - That mini-
mum voltage posifion ‘of the secondary circuit R2-R4 from
which a small coupteDclockwise deflection of the rotor

Where: N is the ratio Betyeen the maximum funda-
mental rms, voltage between/two secondary terminals
(S1 and S3 or S2 and S4); with the other two terminals
open, and the primary(voltage applied between two
primary terminals (Rl and R3 or [R2 and R4).

1.2.8.9.2 Resolver, Statgr Excited - The electri-
cal angle igthe angle '"a’* displaced in a positive direc-
tion from electrical zero which patisfies the relative
magnitide and polarities of the pecondary voltages in
accordance with the following equations:

E (R13) = N [E (S13) cos a[+E (Sgg4) sin a]
E (Rg4) = N [E (Sg4) cos al -E (S13) sin a]

Where: N is the ratio betjveen the maximum rms,
voltage between two secondary ferminals (R1 and R3 or
R2 and R4), with the other two terminals open, and the
primary voltage applied betweep two primary terminals
(S1 and S3 or S2 and S4).

1.2,3,9.8 Linear Resolvef - The electrical angle
**a*! is the rotor position which gatisfies the relative mag-
nitude and polarities of the secopdary voltages of a
linear resolver in accordance with the following equation:

E(5254) = KaE(RIR3)

will induce a voltage E (Ro4) approximately 180 deg out
of phase with E (S13), when the unit is excited with rated
voltage between terminals S1 and §3, and terminals §2
and S4 are shorted.

| e RL
|

2 | c4
" o

C3.+ ¢83 iR3

STATOR EXCITED - STANDARD POLARITY
AND ELECTRICAL ZERO POSITION

73 4
v

Lead Wire Identification

Rotor Stator
Terminal Color Terminal Color
R1 Red, White tracer s2 Yel
R3 Blk, White tracer S4 Blu

1,2.3,10 Transformation Ratio

1.2.8.10.1 Transformation Ratio - The ratio of
the no-load maximum fundamental secondary voltage to
the fundamental supply voltage applied to the primary.

1.2.3.10.2 Transformation Ratio Unbalance -
Transformation ratio unbalance is found by noting the
mraximum difference in the numerical value of transfor-
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mation ratio of each output winding as each input winding
{3 excited. This maxfmum difference expressed as a per
centage of the nominal transformation ratio will be used
to express transformation ratio unbalance,

1,2.3,10.8 Transformation Ratio Varlation ~ The
change in a numerfcal value of any particular transfor~
mation ratio relative to ambient temperature, input vol-
tage level, or excitation ftequency, should be expressed
as a transformation ratfo difference relative to the value
of transformatfon ratfo under nominal excitation voltage,
nominal excftation frequency, and a specified tempera~
ture.

expressed as a funetion of

-l -

negative rated excursion angles, represents the ideal output
voltage of the linear resolver, Because of the tolerance on
transformation ratio, each linear resolver will not neces~
sarily have zero error at the calibration angle,

1,2,3,12 Units - Unless otherwise specified the units
for angles are degrees, minutes, and seconds, Potential is
volts rms, Impedance is ohms., Current is amperes rms.
Temperature is degrees Celstus,

2. GHARACTERISTICS

2.1 Physical _
2.1,1 Envelope dimensions (See Figs. 2, 8 and 4)
2.1.2 Leadwire identification (See par, 1,2.3,3 and

1.2.8.10,4 Voltage Gradient - The output voltage 1,2,3.9.3)
nput angle over the specified 2, 1.3 Terminal identification (See par, 1,2,3,3 and
1,2,3.9.3)

linear range = for exampla, volts per degree.,
1,2.3.11 Erron
1.2.8.11,1 Null Sppeing Errors - Null spacing error
is the deviation expressed }n angular units from 180 deg
between the two minimum voltage positions of an output
winding.
1.2,8.11,2 Interaxfs Error - Interaxis error in a
resolvet 3 the angular devjation of the null positions for
all rator stator winding combinations from space quadrature.
1.2.8,11,8 Resolvet Function Error - Function etror
{s the difference between the actual fundamental in-phase
output veltage and the thepretical voltage at any rotor
displacement expressed as E percentage of the actual fun-
damental voltage at +90 dgg from the minimum voltage
posltion of the winding under test, The theoretical volt~
age shall coincide with the actual voltage at both the
minimum voltage position|and at +30 deg from that
poaltion.
1.2.3.11,4 Linear esolver Functional Erfor~ The
functional error of a linear resolver at any rqtor-position
within the specified limits| is the difference between the
fn-phase component of the output of the)secondary wind-
ing and the theoretical output voltage.) It 1s expressed as
percent lnearity. The thqoreticalioutput voltage is a
gtraight lne passing through zero‘having a slope equal to
the voltage gradient.

2,2 Electrical

2.2.1 Standard Test Conditions - Whenever the
atmosphere and power conditions' for a particular test are
not definitely specified, itds‘understood|that the test is
to be made at the following standard conditions:

Temperature: 25§5C
Pressure: 30 jn Hg nominal
Humidity: 75% max

Nominal £ 1%
Noipinal £ 1%
Les$ than 1% total
harfnonic content
2.2.2 Electrical Zero ~ Measuremnjents of all an~
gular displacements of the rotors of unitg should be re-
ferred to a standard position which will Be designated as
zero as defined in paragraph 1.2.3.8.
2.2,2.1 Rotor Excited Resolvers -|The approximate
electrical zero of a rotor excited resolvef shall be deter-
mined by connecting the primary and segondary as shown
in Fig. 5A, The resolver shaft shall be fotated to a
position that produces the smallest reading in the VI'VM,
The electrical zero position shall then bg accurately de-
termined as follows: Without rotating repolver shaft,
connect the resolver as shown in Fig. 5B{ Rotate resolver
shaft through the smaller angle that will|provide a zero

SourceVoltage:
Source Frequency:
Source Sinusoidal Waveform:

1.2.3.11.4.1 Linearity - The Ideal In~phase output
voltage will be zero at linear resolver zero (EZ) by defini~
tion. The term linearity as used in this document will be
zero based linearity (See Fig. 1), The tolerance on lin-
earfty is expressed in percent %f rated output voltage,
s S
Bx = -goqy Ceal
g max .
o cal —cal
By = inphase output voltage at any angle 0y

1.2.8.11,4.2 Calibration Angle = A preselected
shaft position {n the positive quadrant (between 0 and 90
deg shaft rotation, counter-clockwise facing the shaft ex~
tensfon end), A straight line drawn through the calibration
angle and electrical zero, terminating at the positive and

% Hnearity = x 100

In-phase reading on the null meter, THat position is the
electrical zero position.

2.2.2,2 Stator Excited Resolvers ~ The approxi-
mate electrical zero of a stator excited resolver should
be determined by connecting the primary and secondary
as shown in Fig. 6A. The resolver shaft should be rotated
to the position that produces the smallest reading in the
VTVM. The electrical zero position should then be ac~
curately determined as follows: Without rotating resolver
shaft, connect the resolver as shown in Fig. 6B. Rotate
resolver shaft through the smaller angle that will provide
a zero in~phase reading on the null meter, That position
is the electrical zero position,

2.2.2,3 Linear Resolvers - The approximate elec~
trical zero of a rotor excited linear resolver should be

PROBLEM HARD

COpPY
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determined by connecting the primary and secondary as
shown in Fig. 5A except that SgS4 should be at maximum
coupling, The linear resolver shaft should be rotated to

a position that produces the smallest reading in the VTVM.
The electrical zero position should then be accurately
determined as follows. Rotate the linear resolver shaft

90 deg in the positive direction (counter-clockwise facing
the shaft extension end). Connect the null meter across
S9S4 as shown in Fig. 5B. Rotate the linear resolver shaft
through the smaller angle that will provide a zero in-

electrical zero position.

ARP 826

2.2.7.2.2 Compensator to Stator ~ Ec/Es - Refer

to Table D3 and Fig. 7C. The
shifter are adjusted until a null
-detector,

ratio divider and phase
is obtained on the null

The transformation ratio is the ratio divider

reading coirected for any change in voltage through the

phase shifter,

2.2.7.2.3 Rotor to Compensator - Er/Ec - Refer

to Table D4. The two transformation ratios are com-

puted as follows:

measuring the nul

phase reading on the null meter. That position is the Er13 _ Er13/Esis
On stator excited linear Ec13  Ec13/Es13

resolvers, energize 5954 and use the same procedure Eos _ Ero4 /Egon
Oll RTK3. EC24 E‘c2 /E524

2.2.3 Nulls|- Refer to Fig. 5B and Table Al for
rotor excited resolyers or Fig. 6B and Table A2 for stator
excited resolvers. | With the unit at electrical zero as
defined in paragraph 2.2, 2 above, the resolver shaft is
rotated to the successive null positions. Each null posi-
tion should be the jposition where the fundamental in-
phase component ¢f the output voltage is zero. Read
the fundamental npil and total null at this position,

2.2.4 Null ppacing - Refer to Table Al for rotor
excited resolvers dr Table A2 for stator excited resolvers.
The null spacing fpr each stator-rotor pair is the devia-
tion from 180 deg jof the difference between each of the
two positions for that particular stator-rotor pair.

2.2,5 Linear Resolver Null - Total and fundamental
nulls are measured at electrical zero using the circuit of
Fig. &B.

2.2, 6 Perpendicularity

2.2. 6.1 Rotlor Perpendicularity - Refer to Table Bl
for rotor excited rgsolvers or Table B2 fob stator excited
resolvers, The rotor perpendicularity is the deviation
from 90 deg of the difference between the two null posi-
tions occurring with one stator and the two rotor windings.

2.2.6.2 Stagor Perpendicularity - Refer to Table C1
for rotor excited r¢solvers-or Table C2 for stator excited
resolvers. The stator perpendicularity is the deviation
from 90 deg of thel di W the tw 1 posi-

2.2.17.8 Linear Resolver

Transformation ratio as

previously defined is notumeasufed for linear resolvers,

Instead, the outputiyoltage is
angle with the rated load on thg
urement is expressed in volts pe
age gradient, ¥ The ideal voltag
the output.voltage at the calibr,
ideal outpur voltage.

2.2.7.4 Transformation

easured at the calibration
secondary. This meas-
r degree and is the volt-
e gradient occurs when
ption angle equals the

Ratio and Phase Shift -

Transformation ratio and shift 1
made with the resolver mounteq
stand (paragraph 4.2.3) and exq
and frequency from a power sou
standard conditions. The meas
at the first position of maximun
turned in a counterclockwise dij
zero.

2.2.7.4.1 The ratio and
may be of the type shown in Fig

a) The null detector shot

heasurements should be
in the angular index
ited with rated voltage
rce as described under
hrement should be made
1 coupling as the rotor is
ection from electrical

phase measuring circuit
. TA, 1B, and 7C.
1d be of the type de-

scribed in paragraph 4. 2.1,

b) The resistive and capj

citive elements should

have an accuracy of 1 least 0. 1%,

2.2.7.5 Equality of Tra

formation Ratio

2.2.7.5.1 Rotor Excited Resolvers

tions occurring with one rotor winding and the two stator
windings,

2.2,7 Transformation Ratio

2.2.17.1 Rotor Excited Resolvers

2.2,7.1.1 Stator to Rotor - Es/Er ~ Refer to Table
D1 and Fig, 7A, The ratio divider and phase shifter are
adjusted until a null is obtained on the null detector.
The transformation ratio is the ratio divider reading cor-
rected for any change in voltage through the phase shifter,

2.2.17.2 Stator Excited Resolvers

2,2.7.2.1 Rotor to Stator - Er/Es - Refer to Table
D2 and Fig, 7B. The ratio divider and phase shifter are
adjusted until a nuill is obtained on the null detector.
The transformation ratio is the voltage divider reading
corrected for any change in voltage through the phase

shifter.

2.2.7.5.1.1 Rotor to Sta

The transformation ratio balanc

tor - Refer to Table E1.
e is the difference be-

tween the two transformation ratios associated with one
rotor winding and two stator windings.

2.2.7.5.2 Stator Excited

Resolvers

2.2.7.5.2.1 Stator to Rotor - Refer to Table E2.

The transformation ratio balanc

e is the difference be-

tween the two transformation ratios associated with one

stator winding and the two rotor

windings,

2.2.7.5.2.2 Stator to Compensator - Refer to

Table D3. The transformation

ratio balance is the dif-

ference between the transformation ratios associated with
the two stator windings and their corresponding compen-

sator windings.

2.2.7.5.83 Primary Balance
. 2.2.7.5.3.1 Rotor Excited Resolvers - Refer to
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Table F1. The primary balance {s the difference between
the two transformation ratios associated with the two
rotor windings and one stator winding.

2.2.1.5.8.2 §tator Excited Resolvers = Refer to
Table F2. The primary balance is the difference be-~
tween the two transformation ratios associated with the
two stator windings and one rotor winding.

2.2.8 Phase Shift

2.2,8.1 Rotor Excited Resolvers

2.2.8.1.1 Stator to Rotor - Refer to Table D1 and
Fig. 7A. The ratio divider and phase shifter are ad-
justed until a null is obtained on the null detector as in
paragraph 2.2, 7.1.1. The phase shift is obtained from

SAE ARPx82L 70 BN 8357340 0029300 9 m
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second set of windings as indicated in Table G1 using the
following relationship:

100 fratio divider reading at angle ¢-Sin ¢ (ratio divider
reading at @ = 270 deg)]

Function Error (%) ratio divider reading at angle
¢ =270 deg

2.2,9, 2 Stator Excited - Refer to Fig. 84 and
Table G2. Establish the electric zero position as indi-
cated in paragraph 2,2.2,2, Rotate the resolver shaft to
the mechanical 90 deg position, Adjust the phase shifter
and ratio divider until a null is attained on the null de-
tector, For ease of computing function error, an external

the indication of the calibl:a.mLphaw shifter

2.2.8.2 Stator Excited Resolvers

2.2.8.2.1 Rotor to [Stator ~ Refer to Table D2 and
Fig. 7B. The ratio divider and phase shifter are ad-
justed until a null is obtaified on the null detector as in
paragraph 2,2.7.2.1. The phase shift is obtained from
the indication of the calibrated phase shifter.

2.2.8.2.2 Gompengator to Stator - Refer to Table
D3 and Fig. 7C. The ratio divider and phase shifter are
adjusted until a null is obtained on the null detector as
in paragraph 2.2.7.2.2, [The phase shift is obtained
from the indicator of this ealibrated phase shifter.

2.2.8.2.3 Rotor to Compensator ~ Refer to Table
D4. The two phase shifts hre computed as followss

The phase shift between Er13 and Eq13 = ¢1 - dg.
The phase shift betv{een Fro4 and Eqgq = 03 ~ ¢,

2.2.9 Function Err

2.2.9.1 Rotor Exciged - Refer to Fig. 8A-and
Table G1. [Istablish the glectrical zero poSition as
indicated in paragraph 2.4.2.1, Rotate the resolver
shaft to the mechanical 9¢ deg position)-Adjust the phase
ghifter and ratio divider uptil a null is attained on the
nuil detector. For ease ofl computing function error, an
external normalizing circyit may-be used to calibrate the
ratfo divider to unity at this-90'deg position, At any

normalizing circuit may be used to ealibrate the ratio
divider to unity at the 90 deg position.| At any position
through the range indicated in Table G2, the ratio divider
is adjusted for a null. Function error i§ then computed

as follows:

100 rratio divider reading at angle ¢-§in ¢ (ratio divider
reading at ¢ = 904deg))]

Function Error(%s) ratio divider reading at angle
¢ = 90 deg

When the second set of windings fs switched as indi-
cated;in Table G2 a new null position ghould be established
at-approximately 0degrees. Rotate the [resolver shaft to the
mechanical 270 deg position from this pull, Adjust the
phase shifter, ratio divider, and if applicable, the nor=-
malizing circuit until a null is attained on the null de~
tector. Proceed to determine function [error for this
second set of windings as indicated in Table G2 using the
following relationship:

100 [ratio divider reading at angle ¢-§in ¢ (ratio divider
reading at ¢ = 270 deg)]

Function Error (95) ratio divider reading at angle
& = 270 deg

2.2.9,8 Functional Error Measurements - Func-

pasition through the range as indicated on Table G1, the
ratio divider is adjusted for a null. Function error is then
computed as folloviss

100 [ratio divider reading at angle ¢~S$in ¢ (ratio divider
reading at ¢=90 deg)]

Function Error (35) ratio divider reading at ¢ = 90 deg

When the windings are switched as indicated in
Table G1, a new null position shall be at approximately
0 degrees. Rotate the resolver shaft to the mechanical
270 deg position established from this null position. Ad=
juat the phase shifter, ratlo divider, and if applicable,
the normalizing circuit until a null is attained on the null
detector. Proceed to determine function error for this

tional efror measurements should be made with the re-
solver mounted in the angular index stand (paragraph
4.2.3) and excited with rated voltage and frequency from
a power source as described under standard conditions.
The medsurements shall be made in § deg increments
from 0 to 180 degrees.

2.2.9.3.1 The error test may be accomplished by
using the circuit as shown in Fig, 8A,

2.2.9.3.1.1 The "readout’’ transformer should
have an accuracy of at least 10 times that of the unit
error under test,

2.2,9.3.1.2 The null meter should be of the type
described in paragraph 4.2. 1.

2.2.9.4 Linear Resolver Linearity Tests - Refer to
Fig. 8B. The setting of the voltage divider is a direct
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function of the output voltage across the load. Establish
the voltage divider setting for the calibration angle posi-
tion, then divide that setting by the number of test points
to be measured. Five deg test increments are recom-
mended. Set the unit at electrical zero. Rotate the unit
to the first test point. Set the voltage divider to the first
position. If a null does not appear on the null detector,
the voltage divider is adjusted and the difference between
the ideal setting and the actual setting is recorded. This

ARP 826

2.2,12 D-C Resistance Test - The d-c resistance
test should be measured at 25 G, Detail requirements
should be called out by the individual requirements.

2.2.13 Frequency Response

2.2,18.1 The resolver should be tested for fre-
quency response over a sufficiently wide frequency range
by exciting the input winding at test voltage from a vari-
able frequency source. The variable frequency source
should have a waveform with a distortion less than 1%.

is the linearity error, This process is repeated for each

test position.

2.2.10 Impedance - Impedance measurements
should be made under standard conditions with the resolvers

2.2.13.2 With the output

voltage set at maximum

coupling for a given pair of windings and with the re~
solver housing grounded, measure the db change in the

output voltage over the specifie

set at electrical zg
2.2.11 Hi P

ro as described in Fig. 9,
bt and Insulation

2.2,11.1 High Potential Test - Test winding should

be at ambient temlterature (25 £+ 5 C).

be tested for elect
rated test voltage g

the amplitude and
for the duration spe

Each unit should
cal breakdown of insulation and at

f 60 hertz, Test voltage should have
bhould be applied at the location and
cified below, The minimum source

impedance of the Hi Pot voltage supply should be 100,000

ohms, A voltmete
to indicate the volf
2.2,11.1,1
2.2,11,1,1,
rms or less.,
2.2,11.1.1,
60 v rms.
2.2,11.1.1,
windings,

2,2,11,1.2 |
2.2,11,1.2,
tween winding.
2.2.11,1.38
2.2.11,.1.3.
maximum rms valy
second,
2,2,11,1.3.

I should be connected across the location
age applied,

Amplitude

L 500 v rms if windings are rated 60 v

P 1000 v rms if winding is rated above

B 500 v between insulated halves of

l.ocation
I From windings to frame and be-

Duration
L Increase.tgst voltage gradually to

e at rdte\not exceeding 75 v per

P "Hold test voltage at maximum rms

The test voltage and frequency:

ence point for all measurements.

2.2.18.3 The low corner|
quency at which the dutput volt

frequency spectrum.
will be used as the refer-

frequency is that fre-
hge is down 3 dB from the

reference value andyat a phase ghift of 45 deg with

respect to the input voltage.
2.2, 18,4 The mid-range|
quency range over which the oy
by more than +0. 5 db from the
2.2.13,5 Peak or resonarn
quency at which the output volt
value.
2.3 Environmental Condi

frequency is that fre-
Eput voltage does not vary
reference value.

t frequency is that fre-
hge reaches a maximum

tions - The intent of this

section is to assure that the reso

Ivers covered by this

document will function during and after being subjected

to various specified test environ
The units should not susta

ments.
in any type of destructive

deterioration as a result of envijonmental testing. Any

resolver covered under this docy
successfully undergoing all of th
the Endurance Test which applig
exposed to environmental testin
2.3.1 Temperature
2.8.1.1 Low Temperatur,
mounted in a test fixture suitab]

ment shall be capable of
e following tests, except
s to units not previously
.

e - The resolver shall be
e for measuring func-

tional accuracy in a temperatur

e controlled chamber.

value for 60 + 5 seconds.
2.2.11,1,38.38 Decrease test voltage gradually to
zero amplitude at rate not exceeding 75 v per second.

2.2.11,1.4

Failure - A leakage current in excess

of 1 milli -ampere should be considered a failure except
for special windings which must be individually evaluated.
Initial High Potential Tests by qualifying agency

should be performe

d at voltage indicated. Subsequent

High Potential Tests should be performed at voltages not
in excess of 80% of these values.
2.2.11, 2 Insulation Resistance Test - Test wind-

ings should be at ambient temperature (25 + § C). The
resistance measured at 500 v max, d-c between sepa-
rate windings and from windings to frame should not be

less than 100 megohms. The test should be performed

after the high potential test.

e resolver snall be positioned

at electrical zero at

standard conditions and then de-energized.

The unit should be maintained at -65°C + 5°C for
a 12 hr period. At the end of this period the chamber
temperature should be increased to -54°C + 5°C. With
the unit energized with the rated test voltage and fre-
quency, the chamber temperature should be maintained
for a 3 hr period. At the end of this period and while
maintaining the chamber temperature, the functional
error of the resolver should be checked. The error should
not exceed the specified maximum value. The re-
solver should then be set at its new electrical zero and
the nulls and zero shift should be no greater than the
specified maximum values. After the completion of
this test, the unit should meet the performance require-
ments of section 2.2 at standard conditions.
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2.3.1.2 High Temperature = The resolver should be
mouited in a test fixture suitable for measuring func~
tional accuracy in a temperature controlled chamber,
The resolver should be pozitioned at electrical zero at
standard conditions and then de-energized. The chamber
temperature should be raised to and maintained at 135
% § C for a 3 hr period. At the end of this period the
chamber temperature should be reduced to 85 + 5 C.
With unit energized with rated test voltage and fre~
quency, the chamber temperature should be maintained
for a period of 3 hr. At the end of this period and while
maintaining the chamber temperature, the functional
error of the resolver should be no greater than the Spe(u-
fied maximum value. Thetasq hen-be
at its new electrical zeroland the null voltage and elec-
trical zero shift should bel no greater than the specified
maximum values, After pompletion of this test, the
unit should meet the performance requirements of
Section 2. 2 at standard conditions.

2.8,1.3 Thermal Shock = The resolver should be

placed unenergized withig a test chamber whose internal
temperature is maintained at -65 x 5 C. After 3 hr of
exposure in and within onp minute of removal from this
chamber, the unit should |be transferred to a chamber
whose temperature is being maintained at 185 + § C,
Final unit exposure jat 135 G should be 3 hr and
will constitute the end of jone cycle. The complete
cycle should be repeated fliree more times for a total of
four cycles,
At the completion ¢f this test the unit should meet
the performance requirenl;nts of Section 2.2 at standard
conditions,
2.8.2 Temperature = Altitude ~ The resolver
should function between sga level and 100, 000 ft altitude
and throughout an ambient temperature range of =54 G to
48§ C.
2.3.2.1 Altltude =|Low Temperature - The re-
solver should be placed ina temperature chamber at at-
mospheric pressure and the chamber temperature reduced
to -54 £ § C. With the raolver energized, at its rated

-8"

At the end of this period, and while maintaining
temperature, the internal pressure of the chamber should
be reduced to simulate an altitude of 100, 000 ft and
held for an additional hr, There should be no evidence
of interruption of the output voltage throughout the test.

After the completion of this test, the unit should
meet the dielectric, and insulation tests as specified for
standard conditions,

2.3.8 Humidity

2.8.3.1 The resolver to be tested should be placed
unenergized in a test chamber and the temperature raised
at a uniform rate from room temperature (20 C to 38 G)
t071£5C durmg a2 hr penod. The temperature of

penod Durmg the followmg 16 hr pe iod, the tempera~
ture in this chamber must drop at)a niform rate to room
temperature (20 G to 38 C). This will|constitute one
cycle. Throughout the cycle(the relatfve humidity should
be maintained at 95% £ 5% The cycl¢ should be re-
peated ten times (240%r), Distilled ¢r demineralized
water having a ph«alue of between 6. § and 7.5 at 25 C
should be used to obtain the desired hugnidity, The con-
densate from the walls of the chamber $hould not be
permitted to’drip directly on resolver upder test. The air
velocity in the test chamber should not|exceed 150 ft per
minute,” After this exposure the resolv¢r under test
should be dried for a period of 24 hr at fambient tempera~
ture (20 C to 38 C). At the conclusion|of this period the
unit should function and meet the requitements of
paragraph 2,2,

2.8.4 Vibration

2,8.4.1 The resolver should be nigidly mounted
using the normal mounting surfaces. Al d-c current, not
to exceed . 010 amperes, should be applied to the two
rotor circuits connected in series, Onelside of the circuit
should be grounded to the case. (The resolver current
should be monitored using an oscilloscope or any other
suitable device, There should be no indication of open-
ing or shorting of the rotor circuit during vibration),

2.3,4,2 Resonant vibration frequency sweep sur~

voltage and frequency, the conditions should be main-
tained for a period of at least 8 hr, At the end of this
period, and while maintaining temperature, the internal
pressure of the chamber should be reduced to simulate an
altitude of 100, 000 ft and held for an additional hr, There
should be no evidence of interruption of the output voltage
throughout the test. After the completion of this test, the
unit should meet dielectric and insulation tests, as speci-
fied for standard conditions,

2.8.2,2 Altitude - High Temperature - The re-

solver should be placed in a temperature chamber at
atmaspheric pressure and the chamber temperature raised
to 85 + 5 C, With the unit energized at its rated voltage
and frequency, the condition should be maintained for a
period of at least 3 hr.,

vey should be conducted along each of the three mutually
perpendicular axes throughout a range of 10 to 2600 Hz
in 15 minute cycles, The survey should be at either a
maximum acceleration of 15 g + 10% or a double ampli-
tude of . 06 in, & 10%, whichever is the lower value. All
measurements should be made at the resolver.

(Critical resonant frequency is defined as that fre-
quency at which any poiut on the resolver is observed to
have a maximum amplitude of twice that of the support
point, )

2.8.4.2,1 The resolver shall be vibrated at any
indicated resonant frequency determined in the preceding
test, for a period of 60 minutes. If more than one reso-~
nant point is found along any of the three mutual perpen-
dicular axes, the test may be conducted at the most
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severe resonant point, or the period may be divided
among all the resonant points. The choice should be
determined by the selection of the method which is
considered most likely to produce unit failure. In no
instance should the resolver be vibrated at any reso-
nant mode for a period of less than 30 minutes.

2.83.4.2,2 When critical resonant frequencies are
not apparent within the specified frequency range, the
resolver under test should be vibrated at a frequency be-
tween 400 and 500 Hz along the three mutually perpen-
dicular axes for a period of 60 minutes for each axis.

2.3.4.3 Upon the completion of vibration testing
the unit should m, i i :
and there should be no loosening or breakage of parts.
The end play and| radial play of the shaft should bg as
specified.

2.3.5 Shogk

2.3.5.1 The resolver should be connected to the
test equipment by its normal means of mounting. The
resolver should bd subjected to four blows, applied along
each of the three|major axes of the resolver, two in each
direction for a tofal of 12 blows. Each blow should be a
half a sine pulse having an amplitude of 50 g + 10% and
a duration of 11 milliseconds + 10%.

2.3.5.2 Upon the completion of this test, the
resolver should function and meet the performance re-
quirements of Seqtion 2.2. There should be no loosen -
ing or breakage of parts. The end play and radial|play
of the resolver shaft should be as specified.

2.8.6 Endyrance

2.3. 6.1 The resolvers covered by this’document
should, after being subjected to the following tests, sus-
tain no damage which could in any(manner prevent the
unit from meeting all the electrical and mechanical
requirements as specified.

2.3.6.2 The resolver,_at ambient temperature,
should be given an endurance test of 1200 + 10 hr at
1150 + 50 rpm while ‘€nergized with its rated voltage and

ARP 826

3. QUALITY ASSURANCE

3.1 Classification of Tests Symbol
(a) Performance T
(b) Qualification
1. Design Assurance (9)
2. Environmental
a. Nomn-Destructive (E)
b, Destructive (D)

3.1.1 Performance Tests - Tests performed on
each unit, using production test equipment, to determine
whether expected normal manufacturing variations are
exceeded.

3.1.2 Qualification Test} - Measurements which
provide type approval for the e¢mponent in terms of its
conformance to intended-Fequirements (design assurance)
and/or in terms of its,¢apability to meet and survive
various environmental conditiogs.

3.1.2,1/Design Assurancp Tests - Qualification
tests which measure, using labgratory methods and equip-
ment, all characteristics other fhan environmental
capabilities.,

3.1.2,2 Environmental Tests - Qualification tests
which measure the unit's reactipn to temperature, pres-
sure, vibration, shock, etc.

3.1.2.2.1 Non-Destructive Tests - Those tests
which cause no damage or detefioration which could
shorten life or permanently impair performance.

8.1.2.2.2 Destructive Tgsts - Qualification tests
which could cause damage or dgterioration that would
shorten life or permanently impair performance. After
having been subjected to these fests, a unit could not
reasonably be expected to have|the same life as a unit
not so subjected.

3.1.3 Index of Tests Reqgpired

3.1.38.1 Qualification Tgsts for Qualification
Approval

does not apply an axial load to the rotor.

frequency. The §200 hr should be divided as specified TEST PARAGRAPH CLASSIFICATION
below. The clockwise and counterclockwise time may
be divided in segments of convenience. The rotor shaft Physical 2,1 C
should be mechanically rotated in any manner which Nulls 2.2.3 C
Null Spacing 2.2.4 C
1. Shaft vertical, upward - 50 hr Linear Resolver Nulls
2, Shaft inclined 45°, upward - 50 hr Only 2.2.5 C
3. Shaft inclined 45°, downward - 50 hr Perpendicularity 2.2.6 C
4, Shaft vertical, downward - 50 hr T. R. 2.2.1 C
* 5, Shaft horizontal - 1, 000 hr Phase Shift 2.2.8 C
*50% of time to be CW: 50% of time to be CCW, Function Error 2.2.9 C
At the conclusion of this test, the resolver should Impedance 2.2.10 C
fulfill all specified requirements of this document with Hi Pot & Insul. Rest, 2.2.11 C
the exception of friction torque, The allowable friction Low Temperature 2.3.1.1 E
torque should be increased 50% at the conclusion of High Temperature 2.3,1.2 E
Thermal Shock 2,.3,1.8 D

this test.
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Alt, Low Temperature 2.8.2
Alt, High Temperature  2.8.2
Humidity 2.8.8
Vibration 2.8.4
Shack 2.8.5
Endurance 2.8.6

coogogm=

3.1.8.2 Performance Tests for Production
Acceptance -

TEST PARAGRAPH

——

Physical

 SAE ARPx&2h 70 WM 8357340 0029304 & WM
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ance not less than that of a 500, 000 ohm resistance
shunted by a capacity of 30 pF, The phase~sensitive
null meter shall be capable of discrimination against a
value of quadrature of 0.2% of the maximum output
voltage of the resolver under test and against a value of
total harmonic content of 1% of the maximum output
voltage of the resolver under test, such that the com-
bined quadrature and harmonic voltages produce a meter
indication less than that produced by a 0.2 minute of arc
displacement of the rotor from null position.

4,2,2 Voltmeter

4,2.2,1 Voltage Readings or Total Null Measure~
ments ~ The voltage measuring devices should indicate

Hi Potential
Insulation Resistdnce
Functional Error
Nulls

Null Spacing
Nulls = Linear R¢solver
Perpendicularity
Transformation Ratio
Phase Shift

T

-

NDONNDNNDNDNN
NN NN NN
W~ DO DWW R

4.  APPENDIX

4.1 This appendix describes the recommended test
equipment which is requited to perform the tests as listed
in Section 2,2, Electr]cal Characteristics,

4,2 Equipment

4.2,1 Phase-Sepsitive Null Meter ~ The PSNM
should be a phase-sensfitive null meter capable of indi~
cating 0.2 minute of grc displacement of the resolver
under test from the nujl position and having an imped~

The average value of e volrage wave in terms of the

rms value of an equivalent sine waye, and should have

an fnput impedance of at least)600/ 000 ohms shunted by
a capacity of 30 pF, Fundamentpl and total null volt-
ages should be measuted-at specified test voltage,

4.2.2.2 Fundamental Null Nleasurement - A fre-
quency-sensitive\voltmeter should pe used which has a
fundamental\frequency filter with 4 change of output
voltage not 1o exceed # 0, 5% for change of 1% in
excitatfon frequency. The output yoltage shall also be
at léast minus 30 dB at half and tw]ce rated frequency.
Thie meter shall be properly compensated for the inser~
tion loss of the filter. Turn the regolver rotor until a
minimum voltage is obtained on tl:]e frequency-sensitive
voltmeter,

4,2,3 Angular Index Djviden - The mechanical
index divider for positioning the rejolver to the requited
angles shall have an accuracy of ay least 15 seconds of
arCI

PREPARED BY
SUBCOMMITTEE A-2S, ELECTRICAL SYNCHROS & COMPUTING RESOLVERS OF
COMMITTEE A-2, AEROSPACE ELECTRICAL & ELECTRONIC EQUIPMENT
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-—)1 l— 040 *.005
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45° CHAMFER

SLOT OPTIONAL
— [<— .062 +.005

Fa—, 057 MIN.
\ \
d -
g " Yal <O x
omg 289 ! \ i > g
@ \ g.co! 8.8.8 - - E—g_- =
+1Q 1 S r_' & o 3
t~ ] ~
; ) ol =
— | g8 1 .
) ’ U - - -
(@] L,
8 .692 MAX,
g &
= ! +1/32 (=~1,416 MAX—»

>15/i16 \|[<
t———— [.658 MAX:—>

— Y
£-7].0008]}

1. RUNOQUT MEASURED (/8" FROM END OF SHAFT WILL NOT
EXCEED .001" FULK INDICATOR READING.

2. SURFACES "X".AND "Y" PERPENDICULAR TO CENTER OF
ROTATION OF SHAFT WITHIN .001 IN./IN. OF DIA, MEASUREL
1716"| FROM\OUTSIDE EDGE OF SURFACE.

3. SURHFACE"Y" IS RECOMMENDED MTG. SURFACE.

4. RADIAL PLAY OF SHAFT MEASURED WITH 4 OZ. GAUGE LOAD
I/8" FROM FRONT OF HOUSING .00I" MAX,

§. END PLAY WITH 4 0Z. GAUGE LOAD .0002" MIN. TO .0015" MAX.

6. FRICTION 3 GM CM AT ROOM TEMPERATURE AND 5X AT
EXTREME TEMPERATURES.

FIGURE 2 - SIZE 8 ENVELOPE
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TAP 4 (4-40) HOLES EQUALLY
+.005
SPACED ON A .812 +.003 DIA. o6zt
TAP DEPTH WILL PROVIDE MIN. —v=
SCREW ENGAGEMENT OF 3 FULL £~} 001}
THREADS. MAX. SAFE SCREW —»H |<«— 082 +.005
ENGAGEMENT .125 IN.
RECOMMENDED SCREW b < .093 +.005
ENGAGEMENT 7/64 IN. s::; g';ﬁ:‘g’;i’f_
(OPTIONAL) 7 Lat-| (<—.050 +.008
T 4 i _4— _-1|
1 | f
: < q' H | I b3
< Y oD < =
e 2 880 N zx, =
3 8°8 %?8 E Ol Iy
o +'83 © i ml o
-~ = 89 = =
N o |
1 - 'L -
3 980 MAX.
- o
6 [} -
g Q + /32| t=—1.828 MAX ——>
3 2% {5716 He—
© e 2.080 MAX:
_x—
. 7] .001 |

1. RUNOUT MEASURED. 178" FROM END OF SHAFT WILL NOT| EXCEED
.00!" FULL INDICATOR READING.

2. SIURFACES "X AND "Y" PERPENDICULAR TO CENTER OF [ROTATION
dF SHAFT<WHTHIN .00l IN./IN. OF DIA. MEASURED 1/16|" FROM
OQUTSIDE.-EDGE OF SURFACE.

3. SURFACE "Y" IS RECOMMENDED MTG. SURFACE.

4. RADIAL PLAY OF SHAFT MEASURED WITH 4 OZ. GAUGE LOAD 1I/8"
FROM FRONT OF HOUSING .0010" MAX.

5. END PLAY WITH 4 0Z. GAUGE LOAD .0002" MIN. TO .00I5" MAX.

6. FRICTION 5 GM CM AT ROOM TEMPERATURE AND 5 X AT
EXTREME TEMPERATURES.

FIGURE 3 - SIZE 11 ENVELOPE
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— BT
TAP 4 (4-40) HOLES EQUALLY 08
SPACED ON A 1100 -.003 DIA. 040
TAP DEPTH WILL PROVIDE MIN, ==
SCREW ENGAGEMENT OF 3 FULL yor WEIOE)|
THREADS. MAX, SAFE SCREW il [ 132 +.008
ENGAGEMENT 125 IN.
RECOMMENDED SCREW ase cHaMpER M [ 093 £008
ENGAGEMENT 7764 IN, ot SHAMPER
(OPTIONAL) -T < .078 MIN.

¥

1
—d

-

+.0000
~-.0005
1.3120 DiA,
+.0000
—.0005
TERM

|
|

8750 DIA [T
F'A'.
1
ANAL
BOARD
1
< 1.447 MAX.—>

<— 1437 DIA,

-

oy

— -
LI.317 MAX.

+.0000.
.1873 - oooz_,'
I

+ 1/32|f<—1.828 MAX.—>
— | /20—

[te————— 2.080 MAX:
- Y
7| .00i5}

A[.OO1
lal.oot

Y

1. RUNOUT| MEASURED 1/8" FROM END OF SHAFT WILL NOT EXCEED
.001" FULL INDICATOR READING.

2. SURFACES "X" AND 'Y'“PERPENDICULAR TO CENTER OF ROTATION
OF SHAFT WITHIN.JOOI (N./IN. OF DIA. MEASURED (/16" FRDM
OUTSIDE EDGE -OF SURFACE.

3. SURFACE "Y”'IS$ RECOMMENDED MTG. SURFACE.

4. RADIAL |PLAY OF SHAFT MEASURED WITH 4 0Z. GAUGE LOAD (/8"
FROM FRONT OF HOUSING .0005" MAX.

END PLAY WITH 4 0Z. GAUGE LOAD .0002"MIN. TO .00I15" MAX,

6. FRICTION 5 GM CM AT ROOM TEMPERATURE AND 5X AT
EXTREME TEMPERATURES.

FIGURE 4 - SIZE 15 ENVELOPE
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