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FOREWORD

This handbook is intended to help implement the Department of Defense
standardization program as it affects precision electrical resolvers. BRe-
golvers, their designations and terminclogies, are defined in accordance
with military specifications. With eventual compliance by manufacturers to
the proposed specifications, this handbook should serve as a guide to the
standardization of resolver applications and practices; to this end, the
fundamentals and theory of resoclvers are briefly reviewed, providing engi-
neers and designers with a convenient reference to the multiple capabilities
of the resolver,
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SECTION 1
DESCRIPTTION
1.1 Scope of Handbook. This handbook contains reference date concern-
i‘ﬁg the application of precision electrical resolvers and is imtended for

use by engineers and designers. The physical and electrical character-
isties of resolvers are briefly described, and resclver fundamentals are
discussed. Performance specifications are defined, but not restricted to
particular values. Preferred resolver configurations are discussed with
reference to their application in varicus equipments or systems. A brief
deseription of installation methods is included, based on standard hard-
ware and synchro installation practices.

.2 Definition of a Resolver. An electrical resolver is a variable

£ d4+a T T4 -~
nsformer vhose outvut is a trigonometric function of its input. It

tains a pair of stationary (stator) windings electrically displaced 90
degrees, and a pair of rotating {rotor) windings, also displaced G0 degrees
and free to rotate within the stationary windings. Either stator or rotor
may be excited, to serve as the primary. While all four windings are nob
necessarily employed in a particular application, they give the resolver
multiple capabilities, in handling various types of input voltage, frequency,
and vaveform. The secondary or output volteges are trigonometric functions
of the primary voltages with a particular transformation ratioc determined

by the angulsr displacement of the rotor with respect to the stator.

o)+ IO
AL

1.3 Construction of a Resolver.

1.3.1 General. Physically, electrical resolvers are similar to synchros.
They are classified according to size {diameter} in the same fashion, and
they may be mounted with most standard synchro mounting hardware. Figure 1
shows an assembled electrical resolver, and Figure 2 shows its major
components.

1l.3.2 Housing. A cylindrical frame with a standardized mounting flange
(Figure 1) houses the assembled resolver. External connections can be made
to an insulasted terminal board on the rear of the housing. Internal con-
nections of the rotor and stator are terminated at the terminal board (Figure
2). Miniature resolvers often have unterminated lesd wires brought out

through the rear of the resolver, eliminating the need for a terminal block.

A reference line is scribed on the face of the housing, for alignment with a

gimilar line on the end of the rotor shaft, to determine coarse electrical
Zarq.

1.3.3 Stator. The stator of the resolver, shown in Figure 2, is a
ceylindrical structure of slotted laminations on which two coils are wound.
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Figure 1. Electrical Resolver, Assembled

These laminations {Figure 3) are stacked so that the slots which are formed
are either parallel to the rotor shaft or displaced in such a way that the
front end of one slot may be in a straight line with the back end of the
preceding slot. The displacement of the slots is called skew, and since the
slot pitch is the angular distance between slot centers, the winding is said
to be skewed one slot pitch,

1.3.4 Rotor. The rotor of the resolver, shown in Figure 2, is composed
of a shaft, laminations, two windings, and slip rings. The laminations of
the rotor core (Figure 3) are stacked so that the slot formation dlffers
from that of the stator. If the slots of the stator laminations are skewed
one slot pitch, the slots of the rotor laminations are usually parallel to
the rotor shaft; conversely, if the stator slots are parallel to the rotor
shaft, the rotor slots are usually skewed., The stacked laminations are

heated and cemented under pressure and are rigidly mounted on the shaft.

-1 .
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Figure 2. Major Compcnents of an Electrical Resolver

STATOR ROTOR

Figure 3. Stator and Rotor Laminatlons
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S1lip rings are mounted on the rear of the shaft opposite the mounting flange;
insulated from the shaft, they are used to terminate the ends of the coils.
Brushes riding on the slip rings (Figure 2) provide electrical continuity
during rotation. The other end of the shaft is splined and threaded for
connection to dials or gears. An Index line is scribed on the exposed end
of the shaft for alignment with a similar line on the housing, to determine
coarse electrical zero,

1.3.4.1 Ball Bearings. In an assembled resolver, the rotor shaft is
mounted on ball bearings located on both ends of the rotor core. Low-
friction ball bearings of the radjal type are preferred. The balls, re-
tainers, races, and shields preferably are made of corrosion-resistant steel.
The ball bearing at the rear of the core is mounted in a bell housing (Figure
2), and the ball bearing at the front of the core is mounted in the main
housing which encloses the resolver. C-rings are generally used to secure
the ball bearings in the housings. ‘

1.3.4.2 ILubricants. Grease lubricants must conform to Specification MIL~
G-3278; oil lubricants must conform to Specification MIL-L-6085.

1.3.5 Distribution of Windings. Stator and rotor laminations are stacked
so that the slots formed are elther parallel to the rotor shaft or skewed cne
slot pitch. If the slots of both rotor end stator are skewed or both parallel
to the rotor shaft, the resultant flux concentrations of the rotor and stator
coils tend to make the rotor slot-lock in certain positions, causing angular
errors. Efficlency increases as the number of slots increases.

1.3.6 Compensator Components. - Compensator components, which improve the
angular accuracy of resolvers, may consist of resistors or additional wind-
ings in the stator and rotor winding circuits. Compensator windings are
located inside the stator. Compensating resistors may be mounted either in-
.8ide or outside the resclver housing.
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SECTICN 2
FUNDAMENTALS
2.1 General. An electrical resolver is similar to a synchro in that it
has rotor and stator windings and behaves like a varisble transformer., Un-
like a synchro, a resolver may employ one stator winding and one rotor wind-

ing, one stator winding and two rotor windings, or two stator windings and
two rotor windings. Figure 4 shows the schematic diagram for a standardized
four-winding resolver. The relationship between the input and output voltages

s2 54

O RI
]|

O R3

~ e

R2 R4

Figure 4. Standardized Four-Winding Resolver, Schematic
Diagram

is best described by vector diagrams, as shown in Figure 5. These show the

stator and rotor in the resolver zero position (see paragraph 2.3). Angle

represents the displacement of the rotor when rotated in the positive or

counterclockwise direction (when facing the shaft extension end). Note in the

operating equations in Figure 5 that the term for voltage across a winding

indicates the two terminals and the polarity or direction. Thus, E(S1-3) is

the term for voltage across the stator winding between terminals S1 and S3;

the direction of the voltage vector is always written low (S1) to high (S3);

if the vector direction is reversed because of rotor displacement, the sign

of the term is negative in the equation. I
B

2.2 Resolver Employment.. Electrical resclvers operate with one or two
electrical inputs and one or two electrical outputs, depending upon whether
all windings are used, and whether the stator or rotor windings are connected

=5
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v
83
Egi.3 ¢ K(Egp _5COS 8-, , SING)

Egp.q = K(Ep, o COSE+EL , SING)

(A) ROTOR -EXCITED

]
82 — —» 54
\
s3
Bri.a = K(Eg _ 5C088 +E., , 5ING)

m
1

Rz2-4 = KUEgp 40088 - Eg 5 sIN @)

{B) STATOR - EXCITED

Figure 5. Vector Diegrams for Standardized Resolvers
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together in series. There is &lso a mechanical input (or feedback adjustment ),
through which the rotor is positioned relative to the stator, varying the
electromagnetic coupling and the resultant vector magnitudes. By rotating the
resolver rctor, a variety of trigonometric functions may be obtained for
different vector sums and differences on the output windings. Such an elec-
trical arrengement i1s ldeal for solution of right-triangle relationships, such
as sine, cosine, and tangent functions. With perpendicular inputs and out-
puts, the analogy to Cartesian coordinates is obvious. By applying propor-
tional Certesian coordinete vollages to the stetor windings, the output volt-
age from one rotor winding in conjunction with the angular displacement of the
rotor provides polar coordinate information. Conversely, by applying pro-
portional polar coordinate voltages to the rotor windings and rotating the
shaft of the rotor to the proper angular displacement, the output voltages
from the stator windings provide Cartesian coordinate inform=tion.

2.3 Resolver Zero. The magnitude of the cutput of a resolver depends
upon the orientation of the rotor windings with respect to the stator wind-
ings. To express this function as an angular displacement in the positive
direction of rotation, resolver zerc is required as a reference point. Re-
solver zero is the condition in which the coupling between one stator winding
(S1-3) and one rotor winding (R1-3) meximum, and the coupling between that
stator winding (S1-3) and the other rotor winding (R2-4) is minimum.

2.3.1 Rotor-Excited Resolvers., The basic equations for voltage vectors
in a rotor-excited resolver are as follows:

ESl_3 =K (ERJ-"3 coB 8 - EREHLI- sin 8 )

Ego.k = K {Egp.y cos 8 + Bpi.3 #in ¢ )

vhere

K
0

trensformation ratio (defined in paragraph 6.9), and

angle of counterclockwise displacement from resolver zero.

Electrical zero for the resolver is so established that, when # is zero,
with rotor winding R1-3 excited and rotor winding R2-4 open, ESl—3 will
be at a maximum and Ego.) will be zero. If winding R2-L is excited and
R1-3 is open, the outputs will be reversed.

2.3.2 Stator-Excited Resolvers. The basic equations for voltage vectors
in a stator-excited resolver are as follows:

ER1-3 = K (Eg1-3 cos @ + Ego.l sin 4§ )
ERo-4 = K (Egp-} cos § - Egy.3 sin ¢ )

afw
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with K and # as defined in 2. 3.1. When 8 is zerc, with stator winding 51-3
excited and stator winding S2-4 open, ER1-3 will be at a maximum and ERz-k
will be zero. If winding S2-4 is excited and S1-3 is open, the outputs will
be reversed.

2.k Basic Operation.

2.4.1 Two-Winding Resolver. An electrical resolver employing one stator
winding and one rotor winding 1s shown in Figure 6. The windings of the
resclver are arranged in the stator and rotor slots in such & manner that the
voltage induced in rotor winding R1-R3 is proportional to the cosine of the

angle of rotation and the voltage applied to stator winding S1-33. The re-

lationship between input voltage (E51 3), output voltage (ER1-3), and shaft
angle (@8 ) is

ERl"3 = E'.Sl_3 cos @

S|C>-————]
3
v

O R

Egi-

$3

90° 180° 270° 360°

RI -3

Figure 6. Two-Winding Resolver, Schematic Diagram
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that shown in Figure T, employing two rotor windings in space quadrature.
The voltage induced in rotor winding R1-R3 is proportional to the cosine of
the angle of rotation and the voltage applied to stator winding S1-S3. The
voltage induced in rotor winding R2-Rhk is proportional 4o the sine of the
angle of rotation and the voltage applied to stator winding S1-83. The re-
lationship between input voltage (Egi. 3), output voltages (ER1-3 and Ega-k),
and shaft angle (g ) i

’1
=3
)
s
(03
U
n
D
wd
-I
D
=3
w
—
da
-
=)
T
-
.l
o]
3
(o]
3
3
urd
b
d

ER1-3 = Egl-3 cos @

Epo.ly = BEgi-3 sin @

] RI
O— —0
Eri-3°Eg30088
Esi-3
—
R2
' l
?3——-— R2 —_— J)R‘l
Erz-4%-8g .3 SING
Figure 7. Three-Winding Resolver, Schematic Diagram
2.4.3 Four-Winding Resolver. The most commonly used resolver is that

shown in Figure 8; it employs two rotor windings in space quadrature and two
stator windings at right angles to each other. This permits complex com-
putations of both sine and cosine functions, provided that two inputs are
used. TFor a stator-excited operation, the following relationship exists

q
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between the input voltages (ESl-3 and Egp_)), output voltages (ER1_3 and
Ego.y), and angle of rotation (g ):

ER1-3 = K (Bg1.3 cos § + Bgp.y sin g )
Eppl = K (Bgp.l cos § - Egy1-3 sin § )

]| ' RI
. -0

Eqi.3= K(Eg, 3COSH

E
$1-3
+Egp_,SING)

e

——0O
4&%4 RS,
S3 R2 . - K(E cosg
R2-4° s2-4 COS
' -Eg .3 SING)

Figure 8. Four-Winding Resolver, Schematic Diagram

-10-
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SECTION 3
THEORY OF QOFERATION
3.1 General.. The output of a resolver is determined by the input volt-

ages applied to the primary windings and the position of the rotor with re-
spect to the stator. Currents flowing in the primary windings set up mag-
netic fields that are perpendicular to each other. The resultant magnetic
field produced by the combined primary currents is the vector sum of the
sgparate magnetic fields. This resultant field may be designated by a
vector having a magnitude proportional to the instantaneous magnitudes of
the primary currents and a direction determined from the arc tangent of the
ratio of the two primary currents. The voltage induced in each secondary
winding is proportional to the component of the resultant vector that lies
in a plane perpendicular to the plane of the secondsry winding.

3.2 Resolver Equivalent Circuit. Figure 9 shows the eguivalent cir-
cuit for a resolver using only one stator winding (S1-83) and one rotor
winding (Rl-R3). It is similar to a transformer in that it has low core
losses and high leakage inductance. Resistors Rl and R2 represent the d-c
resistance of the stator and rotor windings respectively. When an alter-
nating voltage is applied to the input (stator) winding, a magnetic flux is
generated in the core. The greater part of this flux is present in the
stator and is represented by L1. L2 represents the leakage inductance of
the rotor. L3 represents the inductance caused by the magnetic flux that
links the stator with the rotor. Eddy currents and magnetic hysteresis
account for the energy lost in malntaining flux in the core. This loss is
represented by an equivalent shunt resistance, R3. Cl represents an approxi-
mation of the distributed capacitance in the stator.

Rl LI

R2 L2
Sl<>__/\JAVf\r_J“V“r\r\ /\/\JAV,_J“rwrwﬂx___()R,

R3 L3

S3 00— —O R3
[DEAL
TRANSFORMER

Figure 9. Standard Resolver Equivalent Circuit

-11- .
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3.3 Principal Types of Inputs.

3.3.1 Resolver Used for Data Transmission. The principal type of input

applied to the primary winding {stator or rotor)} of a data transmission
resolver is a sinusoidal input at either 60 cps or 40O cps. The use of a
single operating frequency makes the frequency response relatively unim-
portant and permits fairly accurate temperature and load compensation.

3.3.2 Regclver Used as a Computing Device. The principal types of in-
puts applied to the primary windings (stator or rotor) of a computing re-
golver are as follows: sine-wave voltages in phase, sine-wave voltages
shifted 90 degrees apart, sawtooth voltages, and square-wave voltages.
Although other types of inputs can be used, the above inputs are the most
common .

3.3.2.1 Sine-Wave Voltages in Phase. When two sine-wave voltages of the
same electrical phase are applied to the input windings of a resolver, the
cutput voltages remain fixed in electrical phase shift and their magni-
tudes vary in accordance with the equaticns given in 2.3.1 and 2.3.2.

3.3.2.2 Sine-Wave Voltages Shifted 90 Degrees. When two sine-wave voltages,
shifted 30 degrees apart, are applied to the input windings of a resolver,
the amplitude of the output voltages remains constant, but the phase of the
voltages varies continuously with changes in the angular position of the
rotor. The phase shift between the two output voltages remains fixed at 90
degrees. ’

3.3.2.3 Square-Wave Voltages. When two square-wave voltages that are either
in phase or shifted 90 degrees apart are applied to-the input windings of a
resolver, the output voltages can be determined in the same manner as the
sine-wave voltages discussed in 3.3.2.1 and 3.3.2.2.

3.3.2.4 Sawtooth Voltages. When two sawtooth voltages are applied to the
input windings of a resolver, the output voltages vary in magnitude as sine
and cosine functions of the rotor angle position and the input voltage
magnitudes. These outputs are especially suitable in radar sweep applications.

3.4 Stator and Rotor Resistance. The d-c resistances of the stator
and rotor differ from the a-c values depending upon the amplitude and fre-
quency of the currents. These resistances vary appreciably with tempera-
ture. For example, if the d-c resistance of one of the windings, either
stator or rotor, is 125 ohms at room temperature (25° C), the resistance at
100° C is 170 ohms. This change is due to the change in the resistance of
the copper wire with temperature and is approximately 0.4 percent per
degree centlgrade.

=-12-
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3.5 Regclver Error.

3.5.1 Function Error. When the resolver stator winding is excited, the
rotor output voltapge varies sinusoidally with the angular position of the
rotor. Any deviation from this sinusoidal relationship constitutes the
function error of the resoler. The major internal source of this error are
the imperfections inherent in the resolver mechanical parts which case small
distortions of the magnetic fields. This error is expressed as a percentage
of the maximum ocutput amplitude, and may be ctated mathematically as follows:

om

Error = L& . sin g
E(6 =90°)
where Ef = RS value of the fundamental component of output voltage

at rotor angle § , and

E(8 = 90°) = BMS value of the fundamental component of output
at 8 = 90°. '

The difference, when multiplied by 100, expresses function error in per-
centage of the output at § = 90°. For example, a resolver having a func-
tional error.of #0.03 percent and a maximmum output voltage of 20 volts
develops an output voltage that deviates no more than +0.006 volt from any

point on an jdeal sine or cosine curve. A typical funection error curve is
shown in Figure 10.

ANGULAR 0
: ERROR 0

IN ’
PERCENT .OI

T ) T | B ¥ L | L ol )

90 180 270 360

Figure 10. Typical Angular Error in Resolver Shaft Rotation
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2.5.2 Intera
rotor winding develops a null at exactly 90 mechanical degrees of shaft
rotation from the position where the other winding develops g null. In actual
practice this 1s not the caese because the perpendlcularlty of the windings is
nct perfect and a small error exists. The interaxis error is inserted in the

ideal operating équations to indicate the effect of this error as follows:

wig Brror. ¢hnnwn+iﬂq11v in & four-windin

rany one
LA GALe Lina Al . LdaTAd WALy s & i Uil

Ero-y = K (Egpy, 8in (6 + 4 6)
-ES]_~3COS(9+A9)

Therefore, the interaxis error shifts the output of Epp_i 90 degrees plus
Ad ERl-S and ER1-3 remgsins unchanged.

3.5.3 Proportional Volbage Error. A proportional voltage error is en-
countered in a resolver that is used for data transmission rather than as a
computing device. This error is the deviation of the mechanical shaft angle
from an ideal angular position required to generate an ideal sine and cosine
Tunction. For data transmission, one input winding i1s generally excited and
the error is measured in minutes of arc. A comparison between a resolver
uwsed for data transnmission and a synchro used for data transmission indicates
that the resolver operates with greater accuracy. For example, the most
accurate synchro transmitters have errors in the order of 6 to 8 minutes of
arc while data transmitter resclvers have errors of less than one minute.

3.6 Rotor Flectrical Balance. In some resolver applications, the ocut-
put voltages of both rotor windings must be nearly equal. This balance is
usually achieved in the preoduction of a resolver if the manufacturer main-
tains the rigid standards that result in uniform winding resistances, mag-
netic characteristics and mechanical parts. Any deviations in these char-

acteristics result in unegual transformation ratios between the rotor and
atator windings

i RN A AARAna s

3.7 Winding Compensation. A technlgue commonly used to improve the
accuracy of resolvers is the addition of an auxiliary or compensating winding
within the stator slots. This winding is inserted in such a manner that close
coupling is obtained between stator and compensating winding. With close
coupnling the frequency response between stator and compensating windings is
broader than that tetween stator and rotor windings. The voltage induced in
the compensating winding is approximately equal tc the back emf of the stator
winding. This back emf equals the input voltage minus all the series losses.
Thus the compensating winding can be used effectively to compensate for the
series losses, resistance and inductance, in the stator windings.

3.7.1 Schematic Circuit. Figure 11 illustrates a resolver with a com-
pensated winding connected to an amplifier. The compensating winding voltage
is employed as a negative feedback for the amplifier through a summing network.
The resistors in the summing network are adjusted to provide unity gain from

-1k
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R3

Figure 11. Resolver with Winding-Compensated Stator, Schematic Diagram

the amplifier input to the resolver rotor output. Wwhen an input voltage is
applied, the amplifier output drives the stator winding until the compen-
sating veltage 1s equal to the input voltage. As a result, the back emf of
the stator is equal to the input voltage regardless of the influences tending
to degrade the resclver's accuracy. The rotor output voltage is therefore
equal in magnitude and phase to the input voltage.

3.7.2 BEgquivelent Circuit. An equivalent circuit for a compensated re-
solver, having a stator winding, a compensating winding, and a rotor winding,
is shown in FPigure 12. It should be noted that this equivalent circuit con-
tains all the characteristics of the circuit for a noncompensated resolver
and also includes the compensating inductance L3, resistance R4, and com-
pensating transformer. Capacitor Cl signifies the distributed capacitance of
the compensating winding. Resistor R4 represents the d-c resistance of the

compensating winding. Inductor L3 represents the leakege inductance of the
compensating winding.

3.7.3 Phase Relations. The leakage inductance of the rotor is smaller
than that of the compensating winding. This difference in inductance intro-
duces a slight phase shift between the two windings. This phase shift can be
neglected in some applications; however, in critical resolver operation, it
can be compensated for by use of a resistor-capacitor network.

-15-
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3.8 Considerations of Resolver Loading. Waen considering the provper
loading for a resolver, reference should be made to the equivalent circuit.
In this way, the loading may be calculated through a few basic computations ©
the circuit parameters. For most calculations, the shunt inductance and the
iron loss may be neglected. The output impedance of the resolver depends
mainly on the leakage reactance and the stator and rotor copper losses. Con-
sideration must also be given to the variations of copper losses due to tem~
perature and the variations of leakage reactance with rotor position. In
cases where both stalor windings are excited, source impedance mast be con-
sidsred. If only one stator is used, the sther stator sheould be shoried.

3.8.1 Resistive and Capacitive Loading. When only resistive loading is
used, the output voltage drops and the phase lags. When only capsciitive
loadlng is used, the voltage increases and the phase leads. In both cases,
howvever, the variations in output voltages and phase may be easily calculated

3.9 Effect of Temperature. Temperature variations affect the operating
characterisiics of a resolver whereas the other environmental characteristics
affect the life and durability of the unit. Temperature variations cause a
change in the value of winding resistance and inductance. These parameter
changes cause variations in the transformation ratio and phase shift which
can be calculated from the parameter values shown in the egquivalent circuit.
In an unleoaded resolver, the temperature variations are due mainly to the
copper losses in the stator windings.

3.10 Windings Without Compensation.

3.10.1 Phase Shift Due to Temperature Variation. In a noncompensated re-
solver, temperature changes affect the phase shift between input and cutput
more directly than the amplitude. Assuming a no-load condition, this phase
shift results primarily from the copper losses in the stator windings. Therc-
fore, the phase shift will have the same ccefficient as the temperature co-
efficient of the copper losses, which is aporoximately O0.h percent per degree
centigrade. For example, when a resclver has a net phase shift of l.6°, a
change in temperature of 30°C will produce an additional phase shift of
approximately 0.2°; that is,

1.6 x 30 x 0.00k = 0.192°.

3.10.2 Transformation Ratio Due to Temperature Variation. The trans-
formatlion ratio is also varied by temperature changes in a noncompensated
regsolver. This variation is due to the copper losses of the stator windings
and 1s approximately proporticnal to the cosine of the phase shift. In the
example of the phase shift discussed in 3.10.1, the phase shift was given as
0.192°. Therefore, the amplitude variation due to this phase variation be-
tween inpot and output is equal to the c031ne of 0. 192 s or, the cosine of

1 6 minus +
at, Lv>
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3.11 Transformation Ratio. The transformation ratio of a resolver is the
ratio of the output voltage to the input voltage at maximum coupling between
the rotor and the stator. This ratic can be determined by a direct measure-
ment of the input and output voltages, but a more accurate determination can
be made by placing the resolver in a test circuit (Figure 13) and computing
the ratio of certain known impedance values in the output circuit (refer to

paregraph 3.17.2).

71
(R4)
R (10K)
(Re
TEST - .l
INPUT =
/ | VTVM
/ . L
DIVIDING FILTER = NuLL
HEAD DETECTOR

Figure 13. Test Circuit for Measuring Transformation Ratio,
Funetion Error, Hull Voltege, and Phase Shift

3.12 Temperature Compensation.

3.12.1 Current Feedback. 'To decrease the effects of temperature vari-
ations, a current feedback loop is used in the amplifier drive stage of a
resolver circuit. In this loop, a resistor gevelops the necessary feed-
back current. If temperature compensation is to be obtained, the re-
sistor should have a temperature coefficient equivalent to that of the
copper wire used in the stator winding. Effectively, this feedback current
produces & negetive oubput resistance which counteracts the resistive
variations of the resclver that occur during temperature changes.
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3.12.2 Effect of Loading. When a resolver is loaded with a finite re-
sistance, i.e., from 100,000 chms to 1 megohm, the effect of this loading
mist be considered on the temperature characteristics of the unit. Referring
to the equivalent circuit for a noncompensated resolver shown in Figure 9,
the copper resistance and the load resistance act as a voltage divider net-
work. Since the copper resistance is a function of temperature variations,
the loss in the divider varies with the temperature coefficient of copper.
This loss can be readily calculated from the values of the resistances and
the temperature coefficient of copper which is 0.4 percent per degree
centigrade.

3.13 Frequency Response. Resolvers operate on carrier freguencies such
as 60 and L0O0 cycles per second when used for data transmission. When re-
solvers are used as computing devices the operating fregquencies are con-
siderably higher (10 kilocycles or greater). Therefore, computing resoclvers
should have a frequency response flat up to 10 kilocycles or greater,
depending on the intended application.

3.13.1 Stator~to-Rotor Response. The freguency response curve for a
typical resolver is shown in Figure 14. This response curve is similar to
that for a transformer vwhich has a high leakage reactance. At low-excitation
frequencies, the resolver output amplitude decreases because of the d-c
resistance of the stator winding and the magnetizing inductance caused by the

magnetic flux linking the stator and rotor windings. At this point the
response is 3 decibels down. As the excitation frequencies increase, the
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output voltage amplitude increases to a constant value for a wide frequency
range. At some higher frequency, the distributed capacitance resonates with
the stator leakage inductance to give a peak in the response. This oceurs at
about 30 kilocycles in the curve and may result in a response rise of as rmuch
as 10 to 15 decibels. When the resolver 1s used with inputs consisting of
irregular waves, the peaking of the resgponse results in ringing. To com-
pensate for this condition, a damping resistor is generally used across the
rotor to increase the resonating freguency.

3.13.2 Stator-to-Compensator Response. In the compensating type of re-
solver, the response for the stator-to-compensator windings is similar to
that described in 3.13.1, except at very high frequencies. The leakage
inductance of the compensator winding is lower than that of the rotor, re-
sulting in a much higher frequency response. In some resclver units, it is
desirable to have a flat response between stator and compensator windings to
well over 100 kilocycles. ‘To obtain this response in resolvers with a 1:1
ratio between stator and compensator windings, corresponding terminals of
these windings should be operated at equal a-¢ potentials. This method of
operation minimizes the capacity effects between windings and results in a
peaking effect beyond 100 kilocycles.

3.13.3 Carrier Operations with Winding Compensation. Normally, the phase
and amplitude response of resolvers with compensator windings is virtually
independent of frequency, provided the fregquency variation does not exceed
approximately 10 percent. In cases where the frequency variation does ex-
ceed $10 percent, the phase variation 1s approximately il to +2 minutes, and
the amplitude variation is only about 0.0l percent. These slight changes in

+lhm Poann
amplitude and phase result primarily from the similarity between the fre-

quency responses of the rotor and compensator W1nd1ngs.

3.13.4 Carrier Operations Without Winding Compensation. For carrier
frequency operation at 60 or K00 cycles per second, the performance of re-
solvers without compensator windings can be determined from the equivalent
schematic diagram. The phase varies approximately inversely with frequency.
For example, 1f the frequency varles 1O percent above the carrier frequency,
the phase also varies 10 percent, but in the opposite direction. The ampli-
tude variations are proportional to the cosine of the resolver phase shift.
Therefore, it follows that resolver units that are characterized by ex-

tremely low rhase shift have negligible amplitude variations.

“3.1h4 Null Voltage. When the position of the rotor of a resolver is
fixed so that minimum coupling is obtained between rotor and stator windings,
a residual voltage exists at the resolver output. This output is proportional
to the input and is caused by the eddy currents and core saturations in the
stator and rotor windings. To ensure that this residual or null voltage is
kept at a minimum, the laminations are insulated before they are stacked.
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3.15 Harmonic Distortion. Even under ideal operating conditions, re-
solvers generate some harmonics because of the nonlinear characteristies of
magnetic materials. In most resolvers, this distortion of the input waveform
is about 0.l percent or less of the input voltage. This distortion is usually
in the order of the third harmonic of the carrier frequency. Only when d-c
inputs are used in the windings is there second harmonic distortion.

3.16 Effects of Direct Current. Direct current has a negligible effect
on the coperating characteristics of resolvers, provided the current does

not exceed the peak stator current of the unit. As mentioned previocusly,
the use of direct current results in the introduction of second harmonic
distortion; however, this distortion usually does not exceed 0.1 percent

of the innut voltage.

3.47 Testing Procedures.

3.17.1 General. Since a resolver is a precision instrument, extreme care
must be exercised in testing these units. In order to perform the measure-

- ments in these tests, it is necessary to have test equipment of a greater

accuracy than the unit under test. The usual measurements include function
error, null voltage, transformation ratio, phase shift, and freguency
response. :

3.17.1.1 Mechanical Positioning of Rotor. Before attempting to perform the
various resolver tests, a mechanical means must be devised for rotating the
rotor. A precision dividing head is usually used for this purpose. This
head, which is eguipped with a fixture for supporting the case of the re-
solver, positions the rotor with an accuracy of as great as 2 seconds,
although +30 seconds is a more typical case. Also the coupling between the
divider head and the shaft of the resolver does not substantially load the
bearings.

3.17.1.2 Test Circuit. Pigure 13 shows a test circuit for the measurement
of such resolver parameters as transformation ratio, phase shift and function
error. A precision dividing head is coupled to the shaft of the rotor.
Standard test voltages are applied to one stator winding, and output voltages
are measured on one rotor winding. The filter in the output circuit is
designed to pass only the frequency of the test or input voltage, eliminating
harmonics. The variable capacitor and the voltage-dividing resistor may be
decade-box units, for quick determination of impedance values.

3.17.2  Transformation Ratio. The test circuit in Figure 13 is suitable
for measuring transformation ratio vhen it is less than 1:1. With the

scale of the dividing head aligned with the electrical zero position of

the rotor, rotate the dividing head 90°, for maximum coupling of the stator
and rotor windings. Adjust the voltage divider for maximum output {on the
VIVH). AdJust C for minimum null, so that the voltage across the divider

is in phase with the resolver ocutput. The transformation ratio (TR) can then
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be obtained directly by comparing the output reading (on the VIVM) with th
bv
by ¢

known input voltage. A more accurate figure can be gbtained
ratio of impedances in the divider network. Thus,
TR-:-;RQ_

Z.

For & resolver with a transformation ratioc equal to or greater than 1:1, a
measuring device vhich indicates or compares the rms voltage of the funda-
mental frequency, and which does not alter the open circuit secondary volt-
age by more than 0.1 percent, must be used.

3.17.3 Function Error. Function error is the deviation of the resolver
output voltage from true sinusoldal correspondence with the theoretical
value of output voltage. It can be determined in terms of transformation
ratio by measuring the ratio, as in paragraph 3.17.2, for various increments
of rotation (usually s minimum of every five degrees over an 180-degree arc).
Thus, with TR; the known transformation ratio at maximum coupling, and TR,

the ratio at the angle ( # ) where error is being measured, the function error,

in percent, may be computed as follows:

Error - 8in8TR) - TRn)  x 100%
TRy

3.17.4 Null Voltage. Both fundamental and total null voltages may be
measured directly, using the test circuit shown in Figure 13. With the
specified test voltage applied to the input, adjust C and Ry until a minimm
indication is obtained on the null detector. This is the fundamental com-
ponent of the null voltage. At this same position, read the total null
voltage with the VIVM connected to the input side of the filter.

3.17.5 Phase Shift, Phase shift can be computed as a function of the im-~
pedance values in the test circuit shown in Figure 13, With the rotor po-
sitioned for maximum coupling, set the voltage-dividing resistors and adjust
C for a minimum null (in-phase voltage). The angle of phase shift, 8 , is
then as follows:

newr RasrnAanca Tn r\-an-r +

o i e Faan PP A
SUUSIILCy IS HUIRGT . LiE Yiug i wl L

> bsd 1€ 1Tequericy respolise O
a resclver, the rotor windings should be unloaded. The response should be
measured from the electrical null of one rotor winding while the other rotor
is at a maximum coupling position with the stator. A voltmeter must he used
with an appropriate filter so that it responds only to voltages of the
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fundamental frequency of the input. An oscilloscope should be used to measure
the large amplitude and phase shift variatiocns as the frequency is varied.

The complete frequency response can be derived from the Lissajous figure on
the oscilloscope.
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SECTION 4

APPLICATIONS

L.l General. Resolvers are used extensively in automatic control sys-
tems, analog computers, angle data transmission systems, and plan position
indicating radar systems. They are employed as phese shifters and data
transmission devices, and can also be used Yo rescolve problems in trigonometry.

4.2 Typical Systems.

h.2.1 Automatic Control Systems. The simplest application of resolvers
is found in automatic control systems. These systems use the resolver to
perform sine and cosine computations, as well ag vector additions.

4.2.1.1 Sine Computation. A voltage representing the hypotenuse of a right
triangle 1s applied to one stator winding, and the rotor is positioned to the
angle @ as shown in Figure 15. The outputs of the rotor windings represent
the coordinates of a right triangle. This method of operation is used to

convert polar coordinates to rectangular coordinates. .
-
Sl R!
O
X
RADIUS OUTPRUT
VECTOR ‘{ - T
‘ 8
v
' K

¥ CL R3
s3 R2 QUTPUT ’ R4

ESl-—3 2 RADIUS VECTOR, A POLAR COORDINATE.

FOR RADIUS ANGLE §, Eg,_, AND Eg, 4 ,AS

QIMF AND CoOsINE l.'umf"nog\‘js QF £ , ARE

THE EQUIVALENT RECTANGULAR CgoR%I'NATES.

Figure 15. Right-Triangle Computations with a Three-Winding Resolver
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4.2.1.2 Conversion of Polar Coordinates. Assume that voltage Eg1-3 repre~

sents one polar coordinate, the radius vector, and is applied to the stator
winding of the resolver shown in Figure 15; the rotor is positioned to angle

g , which represents the other volar coordinate. Output voliages Egps.l and
ERl_g represent the legs of a right triangle, of which the radius wvector is
the hypotenuse. Thus, the polar coordinates of a point, P, can be converted
to the rectangular coordinates.

4.2.1.3 Vector Addition. A resolver is capasble of adding values vector-
ially. If the two stator windings are excited with voltages corresponding
to the coordinates of a right triangle, an output may be produced repre-
senting the radius vector and the vector angle. This method of operation
is used to convert rectangular coordinates to polar coordinates.

4.2.1.4 Conversion of Rectangular Coordinates. Assume that Eg1-3 and

Eqo.ly represent rectangular coordinates and are applied to the stator wind-
ings of the resolver shown in Figure 16. The servo loop connected to one
rotor winding positions the rofor to an angle g

2

8 = tan~t F51-3
Eso-h
such that one output, Ego_k, is zero. That is,
ERE—“ = ESE-’-I- ces § - ESl-3 sin 6 = Q.
The other output, EBl-3! being 90 degrees away, will be at a maximum.
Expressed vectorially, the cutput
ER]_-3 = E‘Sl-3 cos §  + Ego.l sin @

beconmes

ERy.3 = M/(ESl—3)2 + (Esg-h)?

which is theé radius vector, or equivalent polar ccordinate. # , of course,
is the radius angle, or vector angle.

h.2.2 Anglog Computers. Resolvers are used in computer systems for
reciprocal operations and for the rotation of rectangular coordinates.
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L.2.2.1 Reciprocal Operation. In the reciprocal operation shown in Figure
17, one output voltage, ERj-3, is fed back through the high-gain amplifier.
The angle of the rotor (@ % %s limited to produce the negstive Teedback volt-
age (ER1-3 = =E1). The gain of the feedback loop is designed to vary as the
cosine of @ . Therefore, the gain of the closed loop varies as the secant of

g » which is the reciprocal of the cosine of ¢ . The other rotor output be-
comes equal to the tangent of @ (Egégggi%—). This method of division obviates
the need for a servo loop. OSpecial consideration must be given to the ampli-
fier, since it must be capable of remaining stable over g wide range of
loop-gain values. '

FEEDBACK
——
VOLTAGE
INPUT E
(o3 AMPL » E = _1
() S1-3 7 cos 6
—y
WR.II — ER|-3= ‘-El
St
83

Figure 17. Reciprocal Functions with a Three-Winding Resolver
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4.2.2,2 Rotation of Rectangular Coordinates. A four-winding resolver may
ve used for the rotation of rectangular coordinates. As shown in Figure
18(A), with input voltages on the stator windings corresponding to X and Y
coordinates of a point, P, the output voltages from the rotor windings will
correspond to X' and Y' coordinates, where the coordinate axes have been

rotated through an angle # . This relationship can be seen in Figure 18(B).

Y
sz 0 INPUT > Q54

Sl

— T ——

s3 R2

' - X . X' = OR + RM
y\(/ '___-"' \ \v(' * oR M
"' \ -
N \ ' (S =cose )(XH=5n8)
/\, Y X' = Xcos @ + yvysING
\ R M I
N2 l
5 = .« Y = st - oT
e ST oT
T\' (3 =cos8)(%=sng)
X —— ¥ ' = vycoséd - xsINEG
(8)
Figure 18. Rotation of Rectangular Coordinates
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With angle # representing the displacement of the rotor from resolver zero,
the resulting equations of rotation are the same.as those for a standard four-
winding resoclver (paragraph 2.4.3). Actually, the input voltages on the stator
windings form a resultant flux vector whose position, determined by the arc-
tangent of Y/X, is independent of the angular position of the rotor. And the
rotor windings will at &ll times develop voltages which are proportional to the
sine or cosine of the angle the rotor makes with the flux vector.

L.2.3 Dats Transmission. In data trensmission applications, more than one
resolver must be used, as shown in Figure 19. One of the primary windings

sz S4

.

FIxepnS!
INPUT

&
_ouUTPUT

| | AMFL_>— MoToR [T sHaFT
RI R4 l
S
LI !

Figure 19. Data Transmission
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of the first resolver is supplied with a fixed excitation voltage; the other
vwinding is not excited. The shaft may be at any angle. The outputs appear- ‘
ing across both secondery windings are rectangular coordinates. These out.
puts are supplied to the secondary windings of the second resolver for con- l
version to the original polar coordinates. The servo-driven shaft of the
second resolver repeats the rotor angle of the first resolver.

.24 Phase Shiftera. Figure 20 illustrates one of the many possible
arrangements of phase shifter circuits. When the primary windings are
excited by two voltages of equal amplitude but 90 degrees apart, the output
voltages remain constant in amplitude but vary in phase, depending upon

the angular position of the rotor. The output voltages, like the input volt-
ages, are 90 gegiées apart. Isclation amplifiers or resistive loading in
the “output aré“éﬁten.hecessary to ensure the desired degree of precision in
phase shifting: <

O R2 ‘II'

E; /8 + 90°

O R4

RIOQ J)RB
€1 /&

Egi-a = Ego_q = B¢

Eri-3 = Brz_q = Bt

Figure 20. Phase Shifting with a Four-Winding Eesolve
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4.2.5 Radar Sweep Regolution. Wideband resolvers are used to resolve

radar range sweeps in plan position indicators. Additional information can be

presented on a plan position indicator through multiplexing techniques with

regsolvers used in place of field coils. The response of a typical wideband

resolver is shown in Figure 21. The usable high frequency extends to approxi-

mately 100 kilocycles. By using the compensating winding, the usable low

! z frequency is limited only by the maxirum current rating of the resclver and

’ external circuit parameters. Figure 22 shows a typical application of a wide-
band resclver for radar sweep resolution. The rotor of the resolver is con-

. nected, through gears, to the radar antemna and a sawtooth voltage, Eg1-3,

is applied to the stator. When the antenna i1s positioned at O degree, the
rotor is at resclver zero and the output sawtooth voltages, Emy-3 and Epo.y,

i applied to the horizontal and vertical deflection plates of the display in-.

b dicator, are maximum and minimum respectively. As the antenna rotates in a

' counterclockwise direction, ER1-3 decreases in amplitude while Egp.l, in-
creases. This causes the radar sweep to move accordingly. When the rotor

P angle (@) equals L5 degrees with respect to resolver zero, the output saw-

- tooth voltages are equal in amplitude and the sweep on the indicator has

. rotated 45 degrees from its original position. When @ equals 90 degrees with

L respect to resolver zero, ER1.3 is minimum and Ere.) is maximum. The radar

‘ sweep now indicates 90 degrees with respect to its original position.

Following this procedure, the amplitude of the ocutput voltages will vary as

r the sine and cosine function of the rotor angle causing the sweep %0 rotate
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Figure 21. Frequency Response for a Wideband Resolver
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Figure 22. Radar Range Sweep Resolution with a Four-Winding Resolver .
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SECTION 5
TYPICAL BLECTRICAL RESOLVERS
5.1 General. This gection describes the function of some typical

electrical resolvers in relation to the systems in which they are employed.
The following resolver connections are discussed in subsequent paragraphs:

a resolver with two excited stator windings connected in series and two rotor
windings connected in series; a resolver with two excited rotor windings con-
nected in series and two stator windings; a resolver with one excited stator
'w'lnmua, one shorted stator ‘w—.i.nu_‘.ng, a compensating I'E.‘SZLSCOI‘, and two rotor
windings; a resolver with two excited stator windings, two compensating wind-
ings, and two rotor windings; a resolver with two excited stator windings,
two compensating resistors, and two rotor windings; and a resolver with two
excited stator windings and two rotor windings.

5.2 Resolver with Two Excited Stator Windings Connected in Series and
Two Rotor Windings Connected in Series. The wiring connection for this type
of resclver is shown in Figure 23.

5.2.1 Function. The function of the resolver connection illustrated in
Figure 23 is to provide a variable amount of time-phase shift. The output
voltage of the resolver is a direct function of the shaft position. There-
fore, the output may be shifted with respect to the input by simply rotating
the resolver shaft.

5.2.2 Systems in Which Employed. Representative systems in which this
type of resolver is used include short range navigation (SHORAN) and raday
ranging equipments. In the SHORAN system a crystal-controlled oscillator
generates a standard frequency of 186 kllocycles, from which three timing
signals are derived. The periods of these signals correspond to SHORAN dis-
tances of 1 mile (93 kilocycles), 10 miles (9.3 kilocycles), and 100 miles
(0.93 kilocycles). The timing signals are generated by three resolvers
functioning as phase shifters. These three resolvers comprise a get and
are linked together in 10-to-1 ratios. Each output from the resolvers is
variable in phase corresponding to the angular shift of the resolver rotor
shaft. In the radar ranging system, the resolver is used to vary the phase
of a fixed-phase input as a function of range. The fixed-phase input is
applied to the stator windings. The rotor is mechanically connected to a

range driver unit which rotates the rotor shaft at a speed corresponding to
a particular rasnge. The output taken across the rotor 1is nhase-ghifted in

=Gl LG5 aa SR MRl e s T Wil AW YWL W PO T odald VLWL L

accordance with the angular position of the rotor. The phase shift between
input and cutput, therefore, is a function of range.

5.3 Resolver with Two Excited Rotor Windings Connected in Series and
Two Stator Windings. The wiring connection for this type resolver is
shown in Figure 2k,
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Figure 23. Resolver with Two Excited Stator Windings Connected in
Serles and Two Rotor Windings Connected in Series
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Figure 24. Besolver with Two Excited Rotor Windings Connected in
Series and Two Stator Windings
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5.3.1 Function. The function of the resclver connection illustrated in
Figure 24 is to convert rectangular coordinates to polar coordinates. Also,
by short circuiting one of the rotor windings, the resolver may be used to
convert polar coordinates to rectangular coordinates.

5.3.2 Systems in Which Employed. Many sircraft, space vehicles, and
naval vessels requlre informetion generated in one coordinate system to

be transformed into another coordinate system. A representative system
employing this resolver is the control system used in precision bombing. A
polar axis bombsight is mounted in an aircraft so that the polar axis is
vertical when the plane is in level flight. The sight acquires a point in
space by means -of an azimuth rotation, A (Figure 25), about the polar axis
and then by an elevation rotation, E, about an axis perpendicular to the
polar axis. The elevation axis is carried around by the polar axis. The
problem is to maintain the sighting line on a target when the aircraft yaws,
pitches, or rolls. It is assumed that yaw is always measured about an axis
parallel to the bombsight polar axis, and any yaw indication is fed directly
into the azimuth servo. A pitch and roll gyro measures the roll angle, R,
about the aircraft's longitudinal axis and the pitch angle, P, about a
horizontal transverse axis. This is equivalent to stating that the pitch
and roll gyro is oriented so that roll is measured about the pitch line.

-The known position of the target in a vertical space frame as measured

from the aircraft position is specified by coordinates X, ¥, and Z. With
pitch angle P and roll angle R known, the problem is to find sighting angles
A and E of the sight. Figure 25 illustrates the instrumentation. The known
vertical space frame coordinates X, Y, and Z are fed into the resolvers P

and R. This transforms the data to coordinates of the target as measured in
the alrcraft coordinate system. This new set of data is available as the out-
put of the P and R resolver chain. If this new data is fed to the sighting-
angle resolver chain (A and E), it is then possible to position these re-
solvers, as shown in Figure 25, so that the line of sight points to the
target. Note that the slant range is one of the outputs.

FROM P,R GYRO LINE OF SIGHT
/ ,/' / f
/ / / // SLANT RANGE
wvzl TE (8
1 | AE
| \
! |
J i
| |
|
COORDINATES COORDINATES | A i
IN IN L-- SERVOL--J4 SERVO
VERTICAL AIRCRAFT SYSTEM

SPACE FRAME

Figure 25. Representative Control System for Precision Bombing
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5.4 Resolver with One Excited Stator Winding, One Shorted Stator
Winding, a Compensgatiug Resistor, and Two Rotor Windings. The wiring con-
nection for this type of resolver is shown in figure 26.

s2 54
-_
boond

S':::::g R’
53 R3
R2 R4
2 o—A\A/N—0 4

Figure 26. Resolver with One Excited Stator Winding, One
Shorted Stator Winding, a Compensating Resistor,
and Two Rotor Windings

5.4.1 Function. The resolver illustrated in Figure 26 can be used in
the following spplications: angle computation, sine and cosine computation,
reciprocal operations, and radar sweep resolution.

5.k.2 Systems in Which Employed. This resolver is used in computing
equipment resolving right triangular solutions and in radar systems for

the resolution of radar sweep voltages. It is especially suitable in pro-
viding a rotating radial trace on a plan position indicator. In thig
application, the rotor shaft is mechanically connected to the radar antenna.
A range sweep voltage is applied to the stator. The output from the rotor
winding is applied to the deflection plates of the PPI cathode-ray tube,
producing a radial trace synchronized with the antenna. The compensating
resistor in this application ensures linearity of the radar sweeps.

5.5 Resolver with Two Excited Stetor Windings and Two Rotor Windings.
The wiring connection for this type of resolver is shown in Figure 27.

5.5.1 Function. The resolver illustrated in Figure 27 can be uged in
the transmission of angular data and in vector addition and subtraction.

It can also be used to provide a radial sweep on a plan position indicatar,
synchronized with a rotating antenna.

-36-




Downloaded from http://www.everyspec.com

MIL-HDBK -218
1 June 1962

s2 sS4

s! ' R1

§3 R3

R2 R4

Figure 27. Resolver with Two Excited Stator Windings and Two
Rotor Windings

5.5.2 Systems in Which Employed. This type of resolver is used exclusive-
ly in antiaircraft fire control systems for producing azimuth marks and a
radial sweep on the radar plan-position indicators. Resolvers also are used
to add and subtract angles electrically and transmit angular information be-
tween remote points. The operation of resolvers used to produce a radial
sweep on the plan-position indicator is similar to the operations of the
basic resolver system discussed in paragraph 5.4.2, When resolvers are used
for data transmission, one primary winding of one resolver is excited. The
two outputs from this resolver are used to excite the primaries and drive
the shaft of the second resolver (with a servo) so that it repeats the shaft
angle of the first.

5.6 Resolver with Two Excited Stator Winding, Two Compensating Windings,
and Two Rotor Windings. The wiring. connection for this type of resolver is

shown in figure 28. -

5.6.1 Function. The functions of this type of resolver are similar to
those of the resolver with two excited stator windings and two rotor wind-
ings. The two compensating windings make this type of resolver especially
suitable in applications where resolver performance is susceptible to en-
vironmental variations snd load and source impedance varistions.

5.6.2 Systems in Which Employed. Refer to paragraph-5.5.2 for a dis-
cussion of s representative system in which this type of resolver is used.
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Figure 28, Resolver with Two Excited Stator Windings, Two
: Compensating Windings, and Two Rotor Windings
5.7 Resolver with Two Excited Stator Windings, Two Compensating

Resistors, and Two Rotor Windings.
resolver is shown in Figure 29.

5.7-1 Function., The functions of this type resolver are similar to the
functions of the resolver with two excited stator windings and two rotor wind-
ings. The two compensating resistors make this a temperature-compensated
regolver. The effects of wide temperature varlations are minimized because
the coefficient of the resistors is equivalent to the coefficient of the
copper used in the rotor and stator windings.

5.7T.2 Systems in Which Employed. A representative system in which this
type of resolver is used is discussed in paragraph 5.5.2.

The wiring connection for this type of

852 O O Ra

I I Qo
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SR

Figure 29. Resolver with Two Excited Stator Windinga, Two
Compensating Resistors, and Two Rotor Windings
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SECTION 6
PERFORMANCE SPECIFICATIONS
6.1 General. General specifications cover performance requirements

common to all types of resolvers. Detall specifications invoke the general
specification and complete the definition of individual. resolver types bty
stating parameter magnitudes, special requirements and exceptions to the
general specification. The performance specifications defined in this
section are applicable to all types of resclvers.

6.2 Classification. BResolvers are classified according to size,
input impedance, type of compensation, and excitation frequency. A typical

-reference designation is resolver, type 23R32NLa. These digits and letters

classify the resolver as follows.

6.2.1 Size. The first two digits (23) glve the maximum dismeter of the
housing, in tenths of an inch.

6.2.2 Function. All resolvers take the designation “R"

6.2.3 Input Impedance. The next two digits (32) designate the nominal
impedance of the input coil, in hundreds of ohms.

6.2.% Type of Compensation. The letter (N) designates a resolver with
no compensation. Other code letters used are "R" for resistor compensated,
"W" for winding compensated, and "B" for both resistor and winding compensated.

6.2.5 Excitation Frequency. The next digit (h; gives the frequency .of

the excltation voltage, 400 cycles per second (cps). Other standard fre-
uency designations are 6 (60 cps), 8 (800 cpe), 10 (1000 cps), 100

?io 000 cps), and 200 (20,000 cps).

6.2.6 Modification. The final, lower-case letter (a) indicates that the
resolver is the unmodified original issue. The first modification of this
type will take the designation “b," the second "c," etc.

6.2.7 Other Designation. If the resolver has & fixed rated input voltage
other than 115 volts, the reference designation will be prefixed. by the
applicable voltage rating.

6.3 Mode of Excitation. The mode of excitation indicates whether the
stator or rotor winding is energlzed. The energized winding is always
consldered the primary winding of the resolver.
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6.4 Direction of Rotabtion. The positive direction of rotation in
standard resolvers is counterclockwise (facing the shaft extension end of
the resolver).

6.5 Input Voltage. A resolver must operate satisfactorily over the
range of input voltages required by the applicable detail specification.
This range of inputs inecludes the maximm, minimim; and test voltages.

The test voltage is the input voltage at which a rescolver must meet all of
the test requirements of the applicable detailed specification.

6.6 Input Current. The input current of a resolver is the current
drawn by the primary windings when the specified test voltage is applied
to the primary windings with the secondary windings open-cireulted. The
input current value is specified by the applicable detail specification and
mist be measured with s milliammeter having en accuracy of at least one
percent.

6.7 Input Power. The input power of a resolver is the power consumed
in the primary windings when the specified test voltage is applied to the
primary windings with the secondary windings cpen-circuited. The input
pover value is specified by the applicable detail specification.

6.8 D-C Resistance. The d-c resistance of the input and output wind- .
ings and the compensating resistors and windings of a resolver must
correspond $o the values specified by the applicable detail specification.

6.9 Transformation Ratio. The transformation ratio, designated as K,
is the ratio of the fundamental component of the no-load output voltage, at
maximum coupling, to the input voltage. The nominal value of the trans.
formation ratio is obtained at the test voltage and is specified by the
applicable detail specification. '

6.9.1 Equality of the Transformation Ratio. Equality of the trans-
formation ratio refers to the variation of the transformation ratio for all
the possible combinations of stator and rotor windings. These variations
must not exceed the value specified by the applicable detail specification.

6.10 - Nominal Phase Shift, Nominal phase ghift is the time-phase angle

WA T [ At N

by which the secondary (output) voltage aiffers from the primary (excitation)
voltage. The nominal phase shift value 1s specified by the applicable detail
gpeclificaticn.

6.10.1 Phase Shift Variation Caused by Rotation or Voltage Variation.
Variations of phase shift may occur as a function of the rotor angle or
input voltage variations. Such variations must not exceed the value
specified by the applicable detail specification.

@
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6.11 Interaxis Error. Interaxis error is the angular deviation of the
null positions from space quadrature of all rotor,, stator, and rotor-stator
winding combinetions. When tested as descrived herein, the interaxis error
mist not exceed the value specified by the applicable detail specification.
To test the resolver, it is mounted in an angular accuracy test stand, which

can position the rotor within 15 seconds of arc. The resolver is energized

writh +ha arandfiad +taat vraltace and 4dn +ha camianna InAdnatad 4n Tahla T
WL Udd Ul‘n‘-’ DHG\D dd LW WO w LAY U%\‘ il J-I.J. il OB&MG&J\-‘- AL L CL WSL L LchW LG

At each position in Table I, fine angular adjustment is made to obtain
minimum output. The algebraic difference of these angles at positions 1 and
3, 2and 4, 5 and 7, and 6 and 8 is the interaxis error of the rotor. The
algebraic difference of these angles at positions 1 &nd 7, 2 and 8§, 3 and 6,
and 4 and 5 is the interaxis error of the stators. The algebraic difference
of these angles at positions 1 and 5, 3 and 7, 2 and 6, and 4 and 8 is the
interexis error of the resolver,

Table I. Interaxis Error Test

Null Null Excitation Shorted Qutput
Position Angle Winding Winding Winding
1 o] 51-53 82-84 R1-R3
2 180 81-53 S2-84 R1-R3
3 90 81-83 82-3k R2-Rh4
Y4 270 S1-83 s2-5k R2-RL4
p) 0 S2-sh 81-53 R2-R&
6 180 82-sh 51-83 R2-R4
7 90 §2-8L 81-53 R1-R3
o 270 S2-Sh 81-83 R1-R3
6.12 Fundamental Null Voltage. The fundamental null voltage is the

minlmum secondary voltage of the excitation frequency, without harmonics,
obbained for the null angles indlcated in Table I. The fundamental null
voltage 18 specified by the applicable detail specification.

6.13 Total Null Voltage. The total null voltage is the minimum secondary
voltage, including harmonics, cbtained for the null angles listed in 6.11

Mha +tal 1M1 vAaldacs 48 anantfiad he +haea annldanakhla Aadad]l seand ification
AAdt UL, LiMed, VUL WML LD DMWWAL L LTU WY Ullc GapLlLwQilliS UCuddd RppCLLliLLGLLULL

6.14 Function Error. Funection error refers to the deviation of the
actual output voltage from the theoretical sinusoidal output voltage expressed
as a percentage of the maximum output. The error is normally tested at
5-degree intervals, between O and 180 degrees.

6-15 Voltage Zero Shift Null Spacing. After zeroing the resolver, the
input voltage must be varied from maximum to test to one-half test to
minimum. Variation of the angular deviation from resolver zeroc is specified
by the applicable detail gpecification.
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6.16 Frequency Zero Shift of Null Spascing. After zeroilng the resolver,
the frequency must be varled from 5 percent above to 5 percent below the rated
value. Variation of the angular deviation from resolver zerc is specified by
the applicable detail specification.

6.17 Friction Torque. Friction torque, measured in ounce-inches, refers
to the amount of rotational force required to overcome friction. Friction
torque is determined by measuring the rotational force required to rotate the
stator housing about the rotor (with the resolver in a horizontal position)}
at ~55°C, 22°C, 75°C, and 85°C. The stator must be rotated at least two
times in both a clockwise and counterclockwise direction at a rate of four

To six revolutions per minute. The friction torque vaiue is specified by
the applicable detail specification.

6.18 Brush Contact Repistance. The resistance developed between the
brushes and collector rings of the rotor shaft. To measure this resistance,

a Wheatstone bridge, or another suitable measuring device, is connected

across rotor terminals R1l-3 and R2-4. The shaft is then rotated through a
complete revelution at the rate required by the applicable detail specification
and the change in resistance noted. This resistance change should not exceed
that allowed by the specification.

6.19 Temperature Rise. Temperature rise is the increase of the internal
temperature of a resolver above the ambient temperature due to dissipation of
the energizing power. The rate of temperature rise is specified by the
applicable detail specification.

6.20 Endurange. Resolvers are subjected to 1200 hours of rotation
(1150 + 50 rpmf in various attitudes and at wvarious temperatures as a test
of endurance. During this test, they mmst operate satisfactorily, with the
specified test voltage applied, as follows:

Temperature Tine ‘ Attitude
-25°C (-15°F) 62 to 6l hours | Shaft horizontal
85°C (185°F) 23 to 25 hours Shaft end up, 90°
' 23 to 25 hours Shaft end up, 45°
23 to 25 hours _ Shaft end down, 45°
23 to 25 hours : Shaft end down, 90°
Ambient 1036 to 1044 hours Shaft horizontal.
6.21 Weight. Weight represents the overall weight of the resolver

and is expressed in ounces.

h2a
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6.22 Insulation Resistance. The insulation resistance is determined
| using a megohm bridge with 40O volts d-c applied betwéen the windings and
k the case. A minimum of 10 megohms is required between any winding and the

case.
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SECTION 7
INSTALLATION
7.1 General. Installation of electrical resolvers involves three dis-
crete per*tionu =« mounting the resolver in a chassis or on a pt:l.HEJ., ma.m.ng

mechanical connection to the rotor shaft, and making electrical connection to
the stator and rotor windings. Mounting by clamp assemblies 1s possible;
however, in many cases, various types of adapters must be used. The type of
installation depends upon the particular need for zero sdjusiment and upon
accessibility, that is, whether it iz more convenient to fasten the resclver
from the shaft end or the terminsl end. Electrical connections are readily
accomplished, whether the resolver uses screw-type terminals, connector pins,
or lead wires.

7.2 Precgutions. Resolvers are designed to withstand shock, vibra-
tion, and a wide range of atmospherlc conditions without loss of accuracy.
However, errors may be lntroduced as a result of faulty installation. Estab-
lished mounting practices, when followed, help to provide high standards of
resolver performance. Special care miat be exerclged when Installing the
smaller resolvers, such as size 8 or 11. Accuracy of performance tends to
decrease with size. This ia because the larger resolvers, with greater
mechanical rigidity and closer relative tolerances, will be less sensitive
to variations in opersting conditions.

T.3 Direct Mounting From Terminal Board End. Figure 3¢ showa & re-
solver mounted dlrectly on a panel from the terminal board end. It is
fastened to the panel with three clamp assemblies (see Figure 36) spaced 120
degrees apart about the resolver housing. (This method is used when no
angular adjustment is required.)} The shaft end of the resolver is first
inserted in the hole in the panel, so that it 1s flush at point B. One

end of each mounting clamp 1s placed against the rim of the housing, at
polnt A. Each clamp assenbly 1s then secured to the panel with a captive
screw, which 1s inserted in a pretapped hole in the panel.

7.4 Mounting From Shaft End, Using Adapter Assembly. Figure 31 shows
a resolver mounted on a panel from the shaft end, using an adapter assembly
(Figure 3B) and three clamp assemblies. The shaft end of the resolver is
passed through the hole in the panel. The adapter assembly is aligned with
the four tapped holes in the shaft end and secured with four mounting screws.
The resolver 1s then withdrawn until the adapter is flush with the panel.
One end of each mounting clamp is placed against the flange of the adapter
assembly. Each clamp assembly is then attached to the panel with a captive
screw, which is inserted in a pretapped hole in the panel. Before the
screws are tightened, a straight pinion wrench may be used to rotate the
adapter assembly for angular adjustment. When the resolver is aligned, the

three gerews in the rl'lnmp assenhlies are ti u-htened, seeurirlg the resolver ab
this angular position.

e
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Figure 30. Resolver Mounted Directly from Terminal Board End
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Figure 31. Resolver Mounted with Adapter Assembly €
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T.5 Mounting From Terminal Board End, Using Adapter Assembly. Figure

32 shows a resolver mounted on & panel from the terminal board end, using an
adapter assembly (Figure 38) and three clamp ‘assemblies. The adapter assembly
is aligned with the four tapped holes in the shaft end of the resolver and
secured with four mounting screws. The adapter assembly is then inserted into
the hole in the panel until its flange is flush with the panel. One end of
each mounting clamp is placed against the rim of the adapter’assembly. Each
clemp assembly is then attached to the panel with a captive screw, which is
inserted in a pretapped hole in the panel, but not tightened. A straight
pinion wrench may be used for angular adjustment of the resolver. When the
resolver is aligned, the. three screws in the clamp assemblies are tightened,

nnnnnn T o B P I T ]

securing the resolver at this angular position.
CLAMP ASSEMBLY
ADAPTER ASSEMBLY \

f

PINION WRENCH

Figure 32. Resolver Mounted with Adapter Assembly from
Termingl Board End

—

7.6 Mounting From Shaft End, Using Adjustable Clamping Disk Assembly.
Figure 33 shows a resolver mounted on a panel from the shaft end, using an
adjustable clamping disk assembly (Figure 37). The shaft end of the re-
solver is passed through the hole in the panel until the flange of the
housing is flush with the panel. The clamping disk assembly is aligned
with the four tapped holes in the shaft end. Four mounting screws are in-
serted through the holes, but not tightened, so that the assembly is flush
with the shaft end of the resolver and the panel. A straight pinion wrench
is then used for angular adjustment of the resolver. When the resolver is

aligned, the four mounting screws are tightened, securing the resolver at
this anrular nosition
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Figure 33. Resolver Mounted with Clamping Disk from Shaft End

7.7 Mounting From Terminal Board End, Using Zeroing Ring. Figure 3
shows a resolver mounted on a panel from the terminal beoard end, using =
zeroing ring (Figure 39) and three clamp assemblies. The zercing ring is
slipped over the shaft end of the resclver so that the tongue of the ring fits
into the slot of the resolver flange. The shaft end of the resolver is then
inserted in the hole In the panel until the ring is flush with the panel. One
end of each mounting clamp is then placed against the flange of the resolver
housing. Each clamp assembly is attached to the panel with a captive screw,
which is inserted in a pretapped hole in the panel, but not tightened. A

A0-degree pinion wrench ig used for angular adjustment of the resolver,

it e e A alatera W W4 Walld Laoa

(Note that straight and 90-degree wrenches are actually interchangeable, de-

pending upon accessibility; the 90-degree wrench is used here for illustration

only.) When the resolver is aligned, the three screws in the clamp assemblies
are tightened, securing the resoclver at this angular position.

7.8 Mounting a Gear on a Resolver Shaft. Figure 35 shows how a gear
is mounted on a resolver shaft by means of & drive washer and drive nut,
placed on the resolver shaft. The drive wagher is next pleced on the shaft
so that its drive nut is screwed tightly against the drive washer, which is
deformed into the spline shaft, eliminating backlash. Figure 41 illustrates
the use of the socket wrench to prevent the resolver shaft from turning
during assenbly. After the nut is tight, tabs on the washer are bent over
the nut to secure i1t. This same procedure is followed when mounting an
adjustable dial.
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CLAMP ASSEMBLY—,

j - ZEROING R!NG~\
' \

- .90-DEGREE
PINION WRENCH

Figure 3%. Resolver Mounted with Zeroing Ring from Terminal Board End A

QQC;?

"

— DISASSEMBLED —

J_#:g |
Ek \ GEAR

|

SHAFT NUT
Figure 35. Mounting of a Gear on Resolver Shaft with Adapter aa—
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7.9 Electrical Connection. Provision is made for external electrical
connections at the end opposite the shaft extension. Internal stator and
rotor windings are brought out elither to screw-type terminals or connector
pins, or as unterminated lead wires. When lead wires are employed, they are
color coded in accordance with the listing in Table II. Interconnection
with screw-type terminals is direct. For resolvers with connector pins,

the leads from the chassis terminal board are first atitached to a resolver
connector, and then the connector 1s attached directly to the terminal

pins of the resolver.

Table IT. Lead Wire Color Code
Rotor Stator Compengator
Terminal Color Termingl Color | Terminal T Color
R1 Red-white 51 Red CL Red~green
tracer tracer
R2 Yellow-white 82 Yellow c2 Yellow=-green
tracer tracer
R3 Black-white 53 Black c3 Black-green
tracer iracer
R4 Blue-white sk Blue CL Blue-green
tracer tracer
Note: When sleeving is used, & red sleeve is used for rotor leads, and a
black sleeve is used for stator leads.

e
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SECTION 8
PREFERRED OR STANDARD HARDWARE
8.1 General. Several items of hardware have been developed to facilitate

resolver mounting and the attaching of gears or disls to resolver shafts.
These hardware ltems are described in this sectlion. Some of the items are
stock material, and others are standard items that are not carried in stock.

8.2 Clamping Aesemb;z The clamping assembly (Figure 36) consists of
a captive screw, lockwasher, and clamp. Three clampling assemblies, dis-
placed from each other 120 degrees about the housing, may be used to mount
a resolver directly, or they may be used in conjunction with the adapter

assembly or zeroing ring.

d -
e

—— LOCKWASHER
CLAMP

Figure 36. Clamp Assemblles

8.3 Clamping Disk Assembly. The clamping disk assembly (Figure 37)
consists of a clamping disk, four captive screws, and four lockwashers.
This assembly secures the resolver against the chassis and is made for use

on all standard resolvers. The four screws fit into threaded holes on the
shaft end of the reaolver.

8.4 Geared~Tooth Adapter. The geared-tooth adapter assembly (Figure
38)‘consists of an adapter plus fourcaptive screws and lockweshers. This
assembly is used on resolvers of all sizes. The four screws fit into the
four tapped holes on the shaft end of the resolver. When a geared-tocth

adapter assembly 1s used, the resclver 1s secured to the chasais by three
clamping assemblies.
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\__ .—’/
rCAPTlVE SCREW
LOCKWASHER
| I |
Figure 37. Adjustable Disk Assembly
8.5 Zeroing Ring. The zeroing ring (Figure 39) is a flat-spring steel

ring having one sector with 6 to 20 gear teeth. Adjacent to the gear sector
is a tongue which fits into a slot in the resolver housing and prevents the
ring from turning around the resolver. When a zeroing ring is used, the re-
solver 1s secured to the chassis by three clamping assemblles. Zeroing
rings are made to fit resolvers of all sizes.

8.6 Pinion Wrenches. When resolvers are mounted using an adapter
assembly, clamping disk assembly, or zeroing ring, it is possible to adjust
the resolver physically for electrical zero with elther a straight or a
90-degree pinion wrench. These wrenches are shown in Figure Lo, The

chassis on which the resolver is mounted must be provided with a hole located
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~CAPTIVE SCREW ///—

t Fra |

LOCKWASHER

Figure 38. Geared-Tooth Adapter

80 that when the pinion wrench is inserted in the hole, the teeth on the
wrench engage the teeth in the assembly attached to the resolver. When the
clamping arrangement is loosened, the resolver may be accurately adjusted

for electrical zero.

8.7 Socket Wrench. The socket wrench shown in Figure 41 holds the
splined shaft by means of an internslly splined socket while the shaft nut
is tightened with the outer socket. Socket wrenches are not available for
all shafts.

8.8 Shaft Nut. Gears or dials are usually mounted on the shaft of a
resclver, and the shaft nut and the drive washer (see 8.9) are used to hold
them in place. These items are shown in Figure 42. Shaft nuts are made
for resolver shafts of all sizes.

8.9 Drive Washer. When e dial or a gear is mounted on & resclver
shaft, there must be no backlash between the shaft and the disl or gear.
Drive washers are splined to fit the shaft, and are shaped so that when the
shaft nut is tightened, the teeth will dig into the shaft. Two tapered
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drive dogs, shown in Figure 42, engage holes or slots in the dial or gear
being mounted. The maximum width of the drive dog exceeds the hole diameter
or slot width; when the shaft nut is tightened, the tapered drive dogs are
wedged tightly infto the holes or slots. The oversize drive dogs and splined
| center assure antibacklash mounting. For locking the shaft nut, tabs are
- provided which may be bhent around the nut.

o | —/

! TONGUE

. Figure 39. Zeroing Ring
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| STRAIGHT WRENCH

90-DEGREE WRENCH

Figure 40. Pinion Wrenches
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Y,
SR

Figure 41. Socket Wrench

INTERNAL SPLINE
TAB

TAPERED DRIVE DOG

Figure 42. Shaft Hardware

SHAFT NUT
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CARRIER FRAQUENCY

COMPENSATOR WINDING

DIRECTZON oF ROMATIOCH

FUNCTION ZRROR

IHEQUALITY of TRANS-
FCORMATTON RATIOS

MAXIMUH COUPLING FOSITION
MINIMUM COUPLING POSTTICH

MODE OF ZACITATION

WULL ANCLE

PEAK STATOR CURREHT
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GLOBBARY

The frequency of the excitation voltage
applied to the primary winding.

An additional winding inserted within the
stator slots of the resclver., This wind-
ing is stationary with respect tc the re-
solver case and is used Lo correct the
transformation ratio for various error

oc ‘rLJl* during rssolv=r operation.
Clouckwise or counterclockw1ue rotation,
cetermined when facmT the chaft extension
end of the resolver.

The deviation of the oubtoub volhages of a
resolver from the delining equations,
designated as a percentage of the maxinmau
value of the ideal sinusoidal function.

The variation of transformation ratios of
the two rotor windings with respect to
the same stabor winding.

The position of 90 mechanical degrees
Jrom a position of minimum counling
betueen rotor and stator windings.

The pesition of the rotor winding where
minimam voltage is induced between stator
and rotor windings,

The method of energizing the resclver,
i.e., cither the stator or rotor winding
is energized.

That angular position of the rotor at
which the fundamental frequency com-
ponent cof each secundary cutout voltage
in a minilmun vhen one primary winding is

PR Y - | SRS S L TR

excited and Lnlﬁ. cther is shorted.

The maximum current rating of a resolver
stator winding.
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PEAKTNG FREQUEN

PHASE SHIFT
PRIMARY WINDING

ROTOR ANGLE

ROTOR WINDING

. STATOR WINDING

TEST VOLTAGE

TRANSFORMATION RATIO

WINDING DESIGNATIONS
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That frequency at which the rotor response
peaks because the distributed capacitance
in the rotor resonates with the leakage
inductance.

The fundamental component of the second-
ary voltage at the Tirst position of
maximim coupling, wvhen the resolver rotor
iz turned in a positive direction from

resolver zero.

The electrical angle by which the output
voltage differs from the input voltage.

The winding that receives the energizing
pover.

The angular displacement of the resolver
rotor about the rotor's axis from the re-
solver zero position, measured as an
inecreasing positive angle in the
counterclockwise direction.

The winding that rotates with respect to
the resolver case.

M~ =
LI W

i
voltage is taken.

The winding that is stationary with
respect to the resolver case.

The input voltage at which the resolver
will meet all the test requirements.

The ratic of the magnitude of the cutput
voltage, at 90 degrees from resolver
zero, to the magnitude of the input
voltage.

The terminal designation (S, R, or C, for
stator, rotor, or compensator) followed
by an even or odd number, that is,

51 - 53 for one stator winding

§2 - sS4 for the opposite stator winding
Rl - R3 for one rotor winding

R2 - Rh for the opposite rotor winding
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