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Electrical computing resolvers are important elements in analogue
computation and coordinate transformation. It is the purpose of this doc-
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, SCOPE

1,1 This document covers resolvers which are used
to perform coordinate transformations as well as sine and
cosfne computations, It includes both the categories of
compensated and uncompensated resolvers which perform
these functions., Linear resolvers are also included be~
cause of thelr simflarity to resolvers,

1,2 Definitions

1.2.1 Electrical Computing Resolver = An electro=
magnetic device having primary and secondary windings
so 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
of the voltages applied to the primaries. The device s
wed for the computation of sine and cogine functions
and for coordinate transformations,

1.2,1.1 Resistor Compensated Resolver - A resolver
which contains one or more resistors having external ter-
mination intended for connection to an ampliffer to bring
the transformation ratio or phase shift of the resolver am~
plifier combination within close limits, or internal cle~
ments which compensate for changes in resolver character~
fstics with varfation in temperatute or other conditions,

1.2,1.2 Winding Compensated Resolver = A re~
solver which contains one or more windings magnetically
coupled to the primary, with external terminations for
providing a feedback voltage to a booster amplifier which
energizes the primary, This design usually provides close
control on transformation ratio and phase shift, and re-
duces effects of changes in temperature, frequency, ap-
plied voltage, or impedance loading to very low levels,

1,2, 2 Linear Resolver = A linear resolver converts
a mechanical {nput, rotor position, into an electrical
output which is a linear function of rotor position over a
specified angular travel, For purposes of this document
the linear resolver will be considered as a special resolver,

1,2.3 Definitions of Terms

1.2.8.1 Rotor Angle - The rotor angle of a re-
solver {s the angular displacement of the rotor from the
electrical zero position, Rotation in a counter~-clockwise
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,

1.2.8.2 Windings

1,2,8.2,1 Primary Windings - A primary winding
i3 one which receives energizing power,

1.2,38.2,2 Secondary Winding - A secondary wind=~
ing is one from which an output is taken,

1.2,8,2,3 Compensator Winding = A compensator
winding 1s an additional winding which provides a feed~
back voltage to adjust transformation ratio, phase shift,
or loading effects,
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1,2,8,3 Terminal or Lead Wire Identification -~ The
following terminal designations shall be used:

Connection

Stator Windings Rotor Windings
Terminal Color Terminal Color
S1 Red R1 Red*
S3 Bk R3 Blk*
S2 Yel R2 Yel*
S4 Blu . R4 Blu*
Compensator Windings
Terminal Color Compensating Resistor
C1 Red?®* 1
C3 Blk*# 3
Cc2 Yel*® 2
C4 Blu®* 4

*White Tracer 2*Green Tracer

Terminal designations or colors are such 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 time phase of the
voltage at the computing resolver secondary with respect
to the energizing voltage is the phase shift, The phase
shift is measured in degrees and minutes with the rotor at
maximum coupling,

1,2,8,4,2 Phase Shift Variation - The change in
numerical value of phase shift relative to ambient tem-
perature, input voltage level, excitation frequency, or
shaft position should be expressed as a percentage relative
to the value of phase shift at maximum coupling under
specified excitation voltage, specified excitation fre~
quency, and specified temperature,

1.2,83,5 Voltage Identification

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

1.2,8,5.2 Quadrature Voltage - A quadrature
voltage differs by 90 deg time phase from the resolver
output of fundamental frequency at maximum coupling.

1,2,3.5.3 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 S8.

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.ljdwpn ents
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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,

1,2.3.17 Null Voltage

1.2,8.7.1 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..

1.2.3.7.2 Total Null - When the fundamental in-
phase output voltage obtained at the minimum voltage
positions is zero, the residual voltage measured with a
vacuum tube voltmeter 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 Electrical Zero

1.2,.8.8.1 Rotor Excited Resolvers - That mini-
mum voltage position of the secondary circuit S2~84
from which a small counter-clockwise deflection of the
rotor will induce a voltage E (524) approximately in
phase with E (R13), when the unit is excited with rated
voltage between terminals R1 and R3, and terminals R2
and R4 are shorted.

R1 s1

S2 S4

¥ R3 ¥ s3
ROTOR EXCITED - STANDARD POLARITY
AND ELECTRICAL ZERO POSITION

1,2,8,8.2 Stator Excited Resolvers - That mini-
mum voltage position of the secondary circuit R2-R4 from
which a small counter clockwise deflection of the rotor
will induce a voltage E (R24) approximately 180 deg out
of phase with E (S13), when the unit is excited with rated
voltage between terminals S1 and S3, and terminals $2
and S4 are shorted,

Cl
| R1L
sl
|
32 C4
2 L ——r R4
| . R B
52 ) “s4
|
ca¥ ' ¢
S3 R3

STATOR EXCITED - STANDARD POLARITY
AND ELECTRICAL ZERO POSITION
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1.2.3.8.83 Linear Resolver - That position of the
rotor for which thmgs 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 (S13) = N [E (R13) cos a -E (Rg4) sin a]
E (Sg94) = N [E (Rg4) cos a +E (R13) sin a]

Where: N is the ratio between 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 (R1 and R3 or R2 and R4).

1.2.3,9.2 Resolver, Stator Excited ~ The electri-
cal angle is the angle ""a'' displaced in a positive direc-
tion from electrical zero which satisfies the relative
magnitude and polarities of the secondary voltages in
accordance with the following equations:

E (R13) = N [E (513) cos a +E (Sgq) sin 2]
E (Rgq) = N [E (Sgq) cos a -E (Sq3) sin a]

Where: N is the ratio between the maximum rms,
voltage between two secondary terminals (R1 and R3 or
R2 and R4), with the other two terminals open, and the
primary voltage applied between two primary terminals
(S1 and S3 or S2 and $4).

1.2.8.9.8 Linear Resolver - The electrical angle
*a’* is the rotor position which satisfies the relative mag-
nitude and polarities of the secondary voltages of a
linear resolver in accordance with the following equation:

E(5254) = KaE(RIR3)

Lead Wire 1dentification

Rotor Stator
Terminal Color Terminal Color
R1 Red, White tracer S2 Yel
R3 Blk, White tracer sS4 Blu

1.2.8,10 Transformation Ratio

1.2.3.10.1 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
maximum difference in the numerical value of transfor-
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mation ratio of each output winding as each input winding
{3 excited. This maximum difference expressed as a per~
centage of the nominal transformation ratio will be used
to express transformatfon ratio unbalance,

1,2.3,10,8 Transformation Ratio Variation - The
change in a numerical value of any particular transfor-
mation ratio relative to ambient temperature, input vol-
tage level, or excitation frequency, should be expressed
as a transformation ratio difference relative to the value
of transformation ratio under nominal excitation voltage,
nominal excitation frequency, and a specified tempera~
ture,

1.2.83.10.4 Voltage Gradient « The output voltage
expressed as a function of fnput angle over the specified
lnear range - for example, volts per degree.

1,2.3.11 Errors

1.2.8.11,1 Null Spacing Errors - Null spacing error
is the deviation expressed in angular units from 180 deg
between the two minimum voltage positions of an output
winding.

1.2,3,11,2 Interaxis Error - Interaxis error in a
resolver 13 the angular deviation of the null positions for

all rotor stator winding combinations from space quadrature.

1.2.8,11.8 Resolver Function Error - Function error
{s the difference between the actual fundamental in-phase
output voltage and the theoretical voltage at any rotor
displacement expressed as a percentage of the actual fun-~
damental voltage at +90 deg 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
posftion.

1.2.8.11.4 Linear Resolver Functional Error - The
functional error of a Iinear resolver at any rotor position
within the specified limits, is the difference between the
in-phase component of the output of the secondary wind-
ing and the theoretical output voltage, It is expressed as
percent lHnearity. The theoretical output voltage is a
gtraight line passing through zero having a slope equal to
the voltage gradient.

1.2.8.11.4.1 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 of rated output voltage,

Ex - g Ecal
¢ lnearity = ..6.._.3%!@“, % 100

max .
o cal “cal
By = inphase output voltage at any angle 0y

1.2.8.11,4.2 Calibration Angle - A preselected
shaft position in 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

Full document details: SAE ARP826A

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.

1,2.8.12 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 Celsius,

2,  GHARACTERISTICS

2.1 Physical
2,1.T Envelope dimensions (See Figs. 2, 3 and 4)
2.1, 2 Leadwire identification (See par. 1,2,3,3 and
1,2,3.9.3)
92, 1.3 Terminal identification (See par, 1,2,3,3 and
1,2,3,9.3)
2.2 Electrical
2.2.1 Standard Test Conditions - Whenever the
atmosphere and power conditions for a particular test are
not definitely specified, it is understood that the test is
to be made at the following standard conditions:

Temperature: 25+5C
Pressure: 30 in Hg nominal
Humidity: 15% max

Source Voltage: Nominal £ 1%
Source Frequency: Nominal + 1%

Source Sinusoidal Waveform: Less than 1% total
harmonic content

2.2.2 Electrical Zero ~ Measurements of all an-
gular displacements of the rotors of units 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 resolver shall be deter~
mined by connecting the primary and secondary as shown
in Fig. 5A, The resolver shaft shall be rotated to a
position that produces the smallest reading in the VIVM,
The electrical zero position shall then be accurately de-
termined as follows: Without rotating resolver shaft,
connect the resolver as shown in Fig, 5B, 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.

2.2.2,2 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 nuil meter. That position
is the electrical zero position,

2.2.2.3 Linear Resolvers = The approximate elec-
trical zero of a rotor excited linear resolyer should be

ocuments
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determined by connecting the primary and secondary as
shown in Fig. 5A except that S9S4 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
S2S4 as shown in Fig, 5B. Rotate the linear 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. On stator excited linear
resolvers, energize 5954 and use the same procedure
measuring the null on RiRg.

2.2.8 Nulls - Refer to Fig. 5B and Table Al for
rotor excited resolvers 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 position where the fundamental in-
phase component of the output voltage is zero. Read
the fundamental null and total null at this position.

2.2.4 Null Spacing - Refer to Table Al for rotor
excited resolvers or Table A2 for stator excited resolvers.
The null spacing for each stator-rotor pair is the devia-
tion from 180 deg of 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. 5B.

2.2, 6 Perpendicularity

2.2. 6.1 Rotor Perpendicularity - Refer to Table B1
for rotor excited resolvers or Table B2 for 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 Stator Perpendicularity - Refer to Table C1
for rotor excited resolvers or Table C2 for stator excited
resolvers. The stator perpendicularity is the deviation
from 90 deg of the difference between the two null posi-
tions occurring with one rotor winding and the two stator
windings.

2.2,7 Transformation Ratio

2.2,7.1 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,
2.2,1,2 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 null is obtained on the null detector.

The transformation ratio is the voltage divider reading
corrected for any change in voltage through the phase
shifter,
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2.2.1.2:2 Compensator to Stator - Ec/Es - Refer
to Table D3 and Fig. 7C. 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 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:

Er13 _ Er13/Esis

Ec13 Ec13/Esis
Eoq _ Eroa/Esos
Ec2a Ecpa/Egoq

2.2.1.3 Linear Resolver - Transformation ratio as
previously defined is not measured for linear resolvers.
Instead, the output voltage is measured at the calibration
angle with the rated load on the secondary. This meas-
urement is expressed in volts per degree and is the volt-
age gradient. The ideal voltage gradient occurs when
the output voltage at the calibration angle equals the
ideal output voltage.

2.2.17.4 Transformation Ratio and Phase Shift -
Transformation ratio and shift measurements should be
made with the resolver 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 measurement should be made
at the first position of maximum coupling as the rotor is
turned in a counterclockwise direction from electrical
zero.

2.2.7.4.1 The ratio and phase measuring circuit
may be of the type shown in Fig. 7A, 7B, and 7C.

a) The null detector should be of the type de-

scribed in paragraph 4.2.1,
b) The resistive and capacitive elements should
have an accuracy of at least 0. 1%.

2,2,7.5 Equality of Transformation Ratio

2.2.17.5.1 Rotor Excited Resolvers

2.2.7.5.1.1 Rotor to Stator - Refer to Table E1.
The transformation ratio balance is the difference be-
tween the two transformation ratios associated with one
rotor winding and two stator windings.

2.2.17.5.2 Stator Excited Resolvers

2.2.17.5.2.1 Stator to Rotor - Refer to Table E2.
The transformation ratio balance 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. '

2.2.7.5.3 Primary Balance

2.2.7.5.8.1 Rotor Excitad '}asolmments
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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 Stator 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 Phagse 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 i3 obtained on the null detector as in
paragraph 2,2.7.1.1. The phase shift is obtained from
the indication of the calibrated phase 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 obtained 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 Gompensator 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 calibrated phase shifter.

2.2.8.2.3 Rotor to Compensator - Refer to Table
D4. The two phase shifts are computed as followss

The phase shift between Ey1g and Eg13 = ¢3 ~ d9.
The phage shift between Erg4 and Eqgq = 63 « ¢4.

2.2.9 Function Error

2.2.9.1 Rotor Excited ~ Refer to Fig. 8A and
Table G1. [Fstablish the electrical zero position as
indicated in paragraph 2.2.2.1. Rotate the resolver
shaft to the mechanical 90 deg position. Adjust the phase
ghifter and ratio divider until a null is attained on the
mull detector. For ease of computing function error, an
external normalizing circuit may be used to calibrate the
ratfo divider to unity at this 90 deg position. At any
position through the range as indicated on Table G1, the
ratio divider is adjusted for a null. Function error is then
computed as follovs;

100 [ratio divider reading at angle ¢~Sin ¢ (ratio divider
reading at ¢=900 deg)]

Punction 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-
just the phase shifter, ratlo divider, and if applicable,
the normalizing circuit until a null is attained on the null
detector. Praceed to determine function error for this
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second set of windings as indicated in Table G1 using the
following relationship:

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

Function Error (%)
¢ =270 deg

2.2,9,2 stator Excited - Refer to Fig. 8A and
Table G2. FEstablish 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
normalizing circuit may be used to calibrate 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 is then computed
as follows:

ratio divider reading at angle

100 [ratio divider reading at angle ¢-Sin ¢ (ratio divider
reading at ¢ = 90 deg)]

Function Error (%)
¢ = 90 deg

ratio divider reading at angle

When the second set of windings is switched as indi~
cated in Table G2 a new null position should be established
at approximately 0 degrees. Rotate the resolver shaft to the
mechanical 270 deg position from this null, 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 ¢-Sin ¢ (ratio divider
reading at ¢ = 270 deg)]

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

2.2.9.3 Functional Error Measurements - Func~-
tional error 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 pover source as described under standard conditions.
The measurements 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,

2.2.9.8,1.1 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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