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CHAPTER 13

Up to now, the manual has analyzed a great
variety of circuits employed in radar in general,
and in a number of radar sets in particular. The
purpose of this chapter is to acquaint you with
devices which transmit position between these
circuits and remotely located gages, dials, and
controls. The chapter discusses the basic theory
of two of these devices-the selsyn, a machine
which converts mechanical position into elec-
trical position, or electrical position into mechan-
ical position; and the servomechanism, a system
which amplifies and transmits mechanical posi-
tion from one position to another by electrical
means.

USES
There are many operations in radar where it is

desirable for two shafts to rotate in synchroniza-
tion. But because the distance between the two
shafts is too great, or because one shaft cannot
develop enough torque to rotate the other one,
it is not always feasible for the shafts to be con-
nected together mechanically. Therefore, shafts
which are designed to rotate in synchronization
are most generally connected electrically.

Systems employing electricity for rotating
two shafts in synchronization are called remote
indication or remote control systems. Where it is
necessary that the torque of the shaft which
controls the operation (the control shaft) be
amplified before it is applied to the shaft which
is connected to the load (the load shaft), the
system then is called a servomechanism or servo
system.

As you can see by the name, a remote indica-
tion system is designed to produce either an
indication at one position of an operation at
another position, or to transfer information
from one position to another. Sometimes this

system is called a data transmission system. Many
radar antennas, for example, are designed to
rotate 3600 but are located in places where it is
not possible for the operator to see them. There-
fore a data transmission system is employed to
give the operator the direction in which the
antenna is pointed. A pointer attached to a
shaft rotates in synchronization with a shaft
connected to the antenna, and registers the
position of the antenna on a dial at the operator's
position. The devices through which the position
of the antenna is transmitted to the dial are
called selsyns. They resemble small electric
motors. The selsyn at the antenna is called a
selsyn generator or transmitter; the one at the
operator's position is called the selsyn motor or
receuer.

The word selsyn, as you can see, is a contrac-
tion of the words, self synchronous. It is a trade
name which has been so widely used that it is
applied to all remote indication devices regard-
less of who manufactures them. Other names
frequently used for these devices are synchro,
autosyn, and synchrotie.

In the remote indication system described, it is
possible for the operator to rotate the antenna
itself from his position. However, this requires
more torque than can be transmitted efficiently
through the system. To provide the necessary
torque a servo system must be used. In the servo
system, the operator turns a hand wheel (or some
other control). This moves the shaft connected
to the hand wheel out of step with the shaft con-
nected to the antenna. The out-of-step condition
produces a voltage which is called the error volt-
age. This voltage is amplified by the torque
amplifier and is applied to a motor which in turn
rotates the antenna. The motor rotates in a
direction which counterbalances the error pro-
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duced by the out of step relationship between the
hand shaft and the antenna shaft, and thus
causes the antenna to take the same position as
established by the hand control.

POSITIONING A SHAFT WITH DC VOLTAGES
Although the selsyn is an AC device, DC volt-

ages are sometimes used for positioning shafts.
Since an understanding of shaft positioning with
DC will help you to analyze the operation of the
selsyn, it is well to take it up first.

There are a number of ways for positioning a
shaft with DC voltages. One is to mount a bar
magnet on the shaft and to locate it near a sole-
noid (coil).When a voltage is applied to the coil,
the shaft will rotate to either of the two positions
shown in the illustration directly below. When
you reverse the polarity of the DC voltage,
the magnet will likewise reverse its position.
The position of the magnet shown is arbitrarily
designed the 0° position for facilitating descrip-
tion of this position. Furthermore, the positive
angles represent rotation in the counterclock-
wise direction. In examining this arrangement
closely, you can see that only two positions
of rotation are possible. Therefore it would not
be very satisfactory as a remote indicating sys-
tem.
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Using One Coil to Position a Magnet

Another system, capable of rotating a shaft to
more positions than a system using one coil,
employs two coils which are placed at right
angles' about the magnet. When a single coil is
placed'as shown at the upper right in diagram A,
the magnet will rotate to the 90° position, and
when the polarity of the coil is reversed, the
magnet will rotate to the opposite or 270°
position. If, however, you connect two iden-
tical coils at right angles into the circuit (B),
the magnet will rotate to the 45° position.
If you reverse the polarity of both coils, then
the magnet will reverse its position and come
to rest at the 225° position. Reversing the
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Using Two Coils Placed at Right Angles

polarity of the coil in the horizontal position
causes the magnet to assume the 315° position
shown at (C). If the polarity of both coils at (C)
is reversed, the magnet will take a 1350 position.
Thus, you can see that by applying the same
voltage to one or both of two coils which are
placed at right angles, and by reversing the
polarity of the coils, the magnet will take any
one of eight positions.

A further method of positioning a shaft with
DC as shown belowinvolves using a potentiome-
ter for controlling the polarity and magnitude
of the voltage applied to each coil. Since the
potentiometer makes it possible to vary the
magnitude of the voltage, the magnet will take
any position around the circle. While this ar-
rangement produces accurate results, it is not
satisfactory as a practical remote indicating
device since it requires independently controlled
potentiometers for each coil.

Two Coils at Right Angles and Potentiometers to. Vary
Polority and Magnitude of DC Voltage
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Potentiometer and Magnet Remote Indicator

POTENTIOMETER AND MAGNET REMOTE
INDICA TING SYSTEM

A practical DC remote indicating system
which uses the principles described in positioning
shafts with DC is the Potentiometer and Magnet
Indicating System as shown in the illustration
directly above. Sometimes this system is called
a DC selsyn.

The potentiometer in this remote indicating
system is circular. DC voltage is applied to it
through contacts which slide along the inner side
of the potentiometer. These contacts are insu-
lated from each other to prevent the DC voltage
from being shorted out. In the three-coil perma-
nent magnet arrangement at the right of the
diagram, the coils may be connected either in
delta or in wye. In either connection, there is
little difference in operation of the system.

The potentiometer is step-wound to compen-
sate for the shunting effect between the poten-
tiometer coils. This type of winding, however,
causes the voltages at points A, B, and C to
vary as the potentiometer rotates in a counter-
clockwise direction, as shown to the right in
the graph of the voltages at different positions
of the potentiometer contacts. All are with re-
spect to the negative (ground) side of the DC
voltage supply.

As previously mentioned, there is little differ-
ence in the operation of a wye- and a delta-con-
nected system. Thus, if you follow through the
theory of operation of the wye-connected type
of three-coil-permanent magnet assembly, you
will be able to understand the delta connected
type also.

During operation of the wye-connected sys-
tem when the contacts are at the 0° position (+
to A-and - to D), the voltages at A, B, and C
respectively are 27v, 9v, and 9v. One end of coil

1 is connected to point A; one end of coil 2 is
connected to B; and one end of coil 3 to C. The
other ends of each coil are connected together.
Current flowsfrom B to A through coils 2 and 1,
and from C to A through coils 3 and 1. Since B
and C are at the same potential, there is no cur-
rent flowbetween them. Coils 1,.2, and 3 become
magnetized, with their poles as shown in the dia-
gram-above. Coil 1 carries more current flow and
therefore exerts a strong attraction for the north
pole of the magnet. Coils 2 and 3 carry equal cur-
rents and attract the south pole of the magnet
with equal force. The magnet will therefore as-
sume the position shown (the 0° position).

When the potentiometer contacts move to the
60° position, then E is at 27v, and B at Ov. As
you can see in the graph below,A is at 18v, and C
at 18v. This causes current to flow from B to A
through coils 2 and 1 and from B to C through
coils 2 and 3. No current flows from A to C. In
this condition, coil 2 now carries more current
than the other coils and strongly attracts the
south pole. The current in coil 3 is reversed. Its
polarity is also reversed. Thus, coils 1 and 3
attract the north pole with equal force, and the
magnet assumes the 60° position corresponding
to the potentiometer contacts.
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POSITION OF POTENTIOMETER CONTACTS~------------ ----------------~
Graph of Voltage vs Position of Contacts
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The Stator of a Selsyn

As the potentiometer contacts move from the
0° position to the 60° position, the voltages vary
uniformly as follows: A from 27 to 18v; B from 9
to Ov; and C from 9 to 18v. Hence the current
through coil 1 decreases, that through coil 2 in-
creases, and that through coil 3 decreases to zero
at 30° and then increases in the opposite direc-
tion. The rotation of the magnet is uniform and
follows the rotation of the contacts.

Since the smooth variation of voltages is upset
if the coils draw much current, this system is
limited to applications where the current in the
coils is not appreciable when compared with the
current in the potentiometer. Since the poten-
tiOlneter current is not useful except for main-
taining the voltages, the system wastes consider-
able power. Its principal use is as an indicating
device, which tells the operator the angle of
elevation of the antenna. It may be used to
indicate the azimuth to the operator, but he
usually gets this information from the C.R.T.

PHYSICAL CHARACTERISTICS OF SELSYNS

Before going into the operation of the selsyn
generator and motor, it is well to consider first
the construction of each. Both resemble small
electric motors and are identical except for
several details. Each unit contains a fixed ele-
ment called the stator and a movable element
called the rotor. The stator consists of a number of
coilswhich are placed in slots around the inside of
a laminated iron field structure, very much like
an ordinary ACmotor. These coils are divided in-
to three groups, spaced 120° apart around the in-
side of the field. Actually the groups overlap
somewhat so that the attractive force tending to
pull the rotor into position is the same for all
positions of the rotor. The 1200 spacing of wind-

ings sometimes leads a person to believe that
three-phase voltages and currents are used, but
such is not the case. Only single phase voltage and
current are present.

In a typical selsyn generator, the rotor con-
sists of a single coil of wire wound on a soft iron
core and mounted on a shaft in a way that the
axis of the coil is perpendicular to the shaft. The
ends of the core are curved so that the air gap
between them and the stator is small and uni-
form. To make friction low, the shaft is mounted
on ball bearing mounts. The rotor turns inside
the stator and is electrically connected to the
rotor through two slip rings on the shaft.

ROTOR COilS

The Rotor of a Selsyn

Because a selsyn motor is similar to an ordi-
nary AC motor, it tends either to oscillate
violently or to spin continuously under some
conditions. This is particularly likely to happen
when the shaft is turned suddenly, as for example,
when power is first applied to the system. To
prevent this undesirable oscillation, there is a
heavy metal flywheel, called an inertia damper,
mounted on one end of the shaft. This flywheel
is mounted so that it turns freely on the shaft
for 45° or so, and then runs into a keyed bushing.



This bushing which is fastened to the shaft
through a friction disc also turns on the shaft but
with a great deal of friction. For slow changes in
position of the shaft, the flywheel follows along
without much oscillatory effect. But if the shaft
tries to turn suddenly, the flywheel tends to stand
still, and the friction disc acts as a brake to slow
down the motion of the shaft. This keeps the
shaft from reaching a speed fast enough to start
oscillating or spinning. If oscillation or spinning
does occur, you usually can be certain that there
is something wrong with the damper.

In the selsyn, the leads to the rotor and stator
are brought out through two insulating strips at
the back of the motor or generator. The stator
connections are marked SI, S2, and S3; and the
rotor connections Rl and R2 as shown in the sta-
tor illustration. This system of marking connec-
tions is standard among the various manu-
facturers.

OPERATION OF SELSYN SYSTEM
Positioning a Shaft with AC Voltages

When a 60 cps voltage is applied to a solenoid
located close to a permanent magnet that is
mounted so that it can rotate on an axis as
shown below, the torque exerted on the magnet
will reverse direction 120 times per second,
first in one direction; then in the opposite di-
rection. Since the magnet cannot reverse di-
rection this rapidly, it will respond only to
the average torque and since the average
torque is zero, the magnet will assume some
position independent of action by the coil.
Thus since the magnet is not affected by the coil,
it is obvious that it cannot be used with an AC
coil as it can be with a DC coil.
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KEYED BUSHING TURNS HARD ON SHAFT
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Typical Inertia Damper

But when you substitute another AC coil for
the permanent magnet, connected as in the
illustration at the top of the next page, the cur-
rent in both solenoids reverses at the same in-
stant.. This causes the same end of the rotating
solenoid to be attracted to the nearest pole of
the fixed solenoid throughout the entire cycle.
As shown, the C-end of the rotating solenoid is
attracted to the B-end of the fixed solenoid at
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Effect of AC Solenoid on Magnet
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Effect oJ One AC Coil on Another

all times. Reversing the connections on either,
but not both coils, reverses the rotating coil and
causes B to attract D. This reversal of connec-
tions is equivalent to a reversal of phase in that
coil.

Symbols for Selsyn Diagrams

It is not very practical to show selsyn circuits
in the form of photographs or drawings of the
actual apparatus, since they merely show the
outer appearance and leave the inside obscure.
Therefore, to make it easier to describe the
operation of a selsyn motor (or generator),
standard diagrams which are referred to as
selsyn diagrams are used. In forming these dia-
grams, first, there is a standard way for describ-
ing the shaft position. This is necessary to insure
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A Selsyn Diagram

that if the rotor shaft is properly connected
mechanically in the system, it will turn to the
correct position when it is connected electrically
to a selsyn generator.

In the diagram below, the position which the
rotor takes when it lines up with the stator coil
which is connected to 82 is called the electrical
zero position. Other positions are measured in
degrees, assuming that you are looking at the
shaft end of the unit and that the shaft turns
counterclockwise for an increasing number of
degrees.

In studying the selsyn diagram, think of the
rotor as turning around an axis in the center of
the diagram and that the arrow on the R1 end of
the rotor points at the number which indicates
the electrical position of the rotor.

Another point to consider is that the rotor coil
in the diagram is assumed to be wound in the
same direction, going from R1 to R2, and each of
the stator coils is wound from the outside to
inside.

The open-headed arrows are important in that
they indicate the followingrelative phase polarity:
If two alTOWS point in the same direction, the
voltages are in phase; if the arrows point in
opposite directions, they are 1800 out of phase.

All voltages are either in phase or 1800 out of
phase with each other. The diagram indicates
that the voltages from R2 to R1, from common
to 82, from 81 to common, and from 83 to com-
mon are in phase, while from 82 to common they
are 1800 out of phase with either 81 to common
or 83 to common.
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Voltages Required to Position a Selsyn Motor

In order for a standard selsyn motor to turn
to the electrical zero position, 115v AC (R.M.8.
value) must be applied to the rotor leads, zero
voltage between 81 and 83, 78v between 82 and
81-83 in such a way that the voltage from R1 to
R2 is as shown in the preceding illustration. In
this condition, the coils connected to 81 and
83 exert equal attractive forces on the R2 end
of the rotor. The coil connected to 82 attracts
the R1 end of the rotor with greater force,
for it carries the current of both the other
coils. Therefore this causes the rotor to assume
the 0° position.

Reversing the leads to the 78v supply causes
the voltages across the stator coils to reverse in
phase and the rotor coil to reverse in position,
causing it to point to the 180° position below.
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The 180° Position

Connecting together the other pairs of stator
leads and applying the 78v to the third lead
either in phase or out of phase with R1 and R2
voltage will cause the rotor to turn to the four
positions-60°, 120°, 240°, 300°-as shown di-
rectly below.
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When no voltage is applied to 83 and 90v is
applied between the terminals, 81 and 82 (90v
are required to produce the same attraction as
before), the rotor will come to rest in the 30°
position, since the Rl end of the rotor is attracted
to the coil connected to 82, and the R2 end to the
81 coil with equal force, as you can see in the
illustration directJy below. Reversing the phase
polarity of the 90v causes the rotor to turn
to the 210° position. This leaves 81 or 82 open.
Applying the 90v to the remaining two ter-
minals either in phase or 1800 out of phase pro-
duces four other positions shown on the next
page.
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The 30° Position

80 far, only the means of obtaining 12 posi-
tions, spaced 30° apart, has been described. Next
consider methods for obtaining position at inter-
mediate points between these positions.

The illustration at the top of page 13-8 shows
a set-up which gives positioning at any point
from 0° to 60°. In it, fixed AC voltages are
applied to 81 and 82, and the voltage at 83
is variable from the voltage at 81 to the voltage
at 82 by means of a variable auto transformer.
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Four Positions Possible with Two Leads Connected
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Using Variable Tap to Obtain Positions from 0 to 120

If the voltage at 83 is the same as at 82, the rotor
will turn to the 60° position as shown in the illus-
tration at the bottom of page 13-7. If the voltage
at 83 is equal to the voltage at 81, the rotor turns
to the 0° position as indicated in the diagram
on page 13-6. These two conditions occur when
the variable tap is at Nand P respectively.
When the tap is at M, midway between N
and P, 83 is at zero potential with respect to
the common connection of the coils and exerts
no attraction or repulsion. Hence the rotor
turns to the 30° position just as it did when
83 was disconnected. At intermediate points
between M and N, the phase of the voltage
in coil 83 will be as indicated by the dotted
phase arrow and the rotor will assume a position
between 30° and 60°, depending upon the mag-
nitude of the voltage at 83. Between Nand P the
rotor turns to some point between 30° and 0°
which depends on the magnitude of the voltage
at 83, the phase polarity of which is opposite to
that indicated by the arrow.

By using stator voltages intermediate to the
voltages for the 12 basic positions, it is possible
for the rotor to assume any position around the
circle. The voltages necessary to produce any
angular position may be plotted as in the graph
below. The three curves show the voltages be-

DEGRc:S ROiATION fRON, ElECTRICAL ZERO

Voltage vs Rotor Positions
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tween pairs of stator leads. The voltages above
the zero axis are in phase with the voltage from
R1 to R2, and those below the axis are opposite
in phase. Keep in mind that the curve of the 82
to 81 voltages will be 180°out of phase with the
curve shown for the 81 to 82 voltage.

Next suppose you check these voltages against
the voltages in some of the cases previously dis-
cussed. Notice that when the rotor turns to the
0° position, the voltage from 83 to 81 is Ov,and
the other two are 78v. This is the same situa-
tion shown in the 0° position illustrated on
page 13-6. When the voltage between 81 and
82 is increased to 90v and each of the others is
changed to 45v the shaft turns to the 30°
position as you can see in the illustration of the
300 position on page 13-7. Note that 83 being
open is at a common potential, that is, half way
between 81 and 82; hence 83 to 81 and 82 to 83
fall to 45 volts. When 83 to 81 and 81 to 82
go to 78v, the shaft turns to 60°; and so on. At
each position of the rotor, there is a certain
definite value and phase condition for each of the
three voltages.

Due to the method of arranging the rotor and
stator windings on a standard selsyn, the curves
shown in the graph are in the shape of sine
curves. In other words, the curves look like time
graphs of sinusoidal voltages. They show some-
thing entirely different, however, for time is not
involved in any way in the preceding graph.
Another thing to remember is that while they
have the appearance of the voltages in three
phase, they are really single phase. What is
actually shown in the. curves is the effective
values of the three AC voltages plotted against
position of the rotor and whether the voltages
are in phase with or 180° out of phase with the
rotor voltage.

Transformer Action of Selsyn
Another important factor in selsyn operation

is transformer action. This deals with the volt-
ages induced in the stator windings when an AC
voltage is applied at various positions of the
rotor. In studying this action, assume that the
stator leads are open at first and then refer to the
illustration above showing one stator coil with
the rotor in three positions. At (A), the axis ofthe
rotor and stator are aligned and the flux pro-
duced in the rotor due to the 115v applied to it
induces a voltage in the stator coil. Due to the
turns ratio this induced voltage in a standard
selsyn is 52 volts. This voltage is in phase with
the rotor voltage as indicated by the open headed
arrows.

In (B), the rotor is in the 90° position. In this
position, the flux set up in the rotor is not effec-
tive in inducing a voltage in the stator because
the flux that passes through the coil is at right
angles to its axis and induces equal and opposite
voltages on the opposite sides of each turn.
Thus at this position, the net voltage is zero.

In (C), the rotor is in the 180° position. Here
the flux at any instant is 180° out of phase with
what it would be in the 0° position. Thus the
voltage induced in the stator coil is 180° out of
phase with the rotor voltage. The magnitude is
the same as for the 0° position, 52 volts.

At intermediate points, the magnitude and
relative phase polarity depends upon the flux
threading the coil. If you resolve the flux c/> into
the components c/>h and c/>V,as shown in the next
illustration, you can determine the relation
between the flux and the induced voltage.
The horizontal component is ineffective, while
the vertical component of flux induces a voltage
in the coil. But c/>v/ c/> is the cosine of angle
a between the axis of the stator and rotor.



RADAR CIRCUIT ANALYSIS 13-10

Components of Flux ¢

Thus you see that for any angle of rotation the
voltage induced in the stator coil 82 is 52 cos a
volts. (Below is the graph of these voltages vs
shaft position.) Due to the 120° spacing of the
stator coils,maximum voltage is induced in 83 at
the 120° position and in 81 at the 2400 position.
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Induced Voltoge vs Shaft Position

Since the connections are made to the points 81,
82 and 83, the voltages appearing between those
points are of special interest. These voltages are
the sums or differences between the voltages
induced in the individual stator coils, depending
on whether the voltages are in phase or 180°out
of phase. For example, the voltage from 81 to 82
is the sum of the 81 to cornmon voltage and the
common to 82 voltage. Below is shown the
magnitude of the voltages between stator con-
nections for any position of the rotor. In com-

ROTOR POSITION

Induced Voltage vs Rotor Position

paring the voltage shown in this illustration
and those shown at the bottom of page 13-8,
note that the voltages induced in the stator coils
are the same as the voltages required to position
the rotor to the same angle.

How a Selsyn Motor Follows a Generator

The selsyn system in its simplest form consists
of one motor connected to one generator as
shown below. With this connection, whenever
the shaft of the generator turns, the shaft of
the motor turns such that its electrical position
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GENERATOR MOTOR

Selsyn System Connections

is the same as that of the shaft of the gener-
ator. Thus, for example, when the generator
shaft. turns to electrical zero, the motor shaft
turns to 0°, or when the generator shaft turns
to· 30°, the motor shaft turns to 30°, and so
on. In order to see how the motor shaft follows
the generator shaft, first examine the inter-
nal conditions of each selsyn. To do this, con-
sider both shafts at the same position and
both shafts at different positions.
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Generator and Motor Both at 0° Position

BOTHSHAFTSATTHESAl'tfEPOSITION.Above
both shafts are turned to the 0° position. In this
position there will be voltages induced in the
stator windings of both generator and motor,
with the phase polarity and magnitude indicated.



Note that the voltages of the motor are equal to
those of the generator, but because of the
method of connection, the voltages in one oppose
the voltages in the other. This causes no current
to flow in the stator coils. Hence, there is no
magnetic field set up by them and thus there is no
attraction or repulsion to cause either rotor to
turn. The rotors will remain in the 00 position
indefinitely if no change in outside conditions
occurs. The same situation exists if the two rotors
are at any other position, except that the magni-
tudes of the induced voltages vary in accordance
with the curves shown in the induced voltage
versus rotor position graph on page 13-10.
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Shafts in Different Positions

SHAFTSATDIFFERENTPOSITIONS.When the
two shafts occupy different positions, the volt-
ages induced in the stator windings are not
balanced as they are when the shafts occupy the
same position. Suppose, for example, that the
generator rotor is at the 300 position and that the
motor rotor is at the 00 position. By referring to
the illustration on page 13-10showing rotor posi-
tion and the illustration just above showing the
shaft at different positions, you can determine
the value ofthe induced voltages. Note that there
is no balance among the voltages and that cur-
rents flow in all three stator leads and all stator
coils of both generator and motor. The currents--
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are greatest in the circuits where the voltage
unbalance is greatest, that is, in the circuit com-
posed of S3 coils and common. The effect of these
currents is to produce magnetic fields which tend
to turn the motor shaft to the same position as
the generator shaft. Thus if the motor shaft is
free to turn, it will take the 30° position. As the
motor shaft turns, the misalignment decreases
and in turn the unbalance of voltages decreases
and the currents produced by them decrease.
When the shaft reaches the 30°position, the same
conditions that prevailed when both shafts oc-
cupied the same position now prevail.

A torque also is set up in the generator tending
to turn it in the clockwise direction, resulting in
both rotors tending to align themselves. In the
usual system the generator shaft is attached to
some device so that it is not free to rotate.

To see more clearly the magnetic effects pro-
ducing the torques, influencing motor operation,
note below the diagram of the conditions in
the circuit at a given instant. Keep in mind the
same conditions do not hold except for that
particular instant. Examination of the diagram
shows the following action: (1) that the lower
end of the S2 coil of the generator attracts the R1
end of the rotor, (2) that the S end of the S1 coil
repels the R2 end of the rotor and (3) that the
N end of the S3 coil attracts the R2 end of the
rotor. All these forces tend to cause rotation in
the clockwise direction. In the motor the mag-
netic poles of the stator coils are the reverse of
those of the generator. Consequently, the forces
of attraction and repulsion are reversed and the
torque is counterclockwise. At one-half cycle (of
the input voltage) later, the polarities of the
magnets and the directions of current flow will
reverse. The forces of attraction and repulsion
do not change, however, since the polarities of
the stator and rotor magnets reverse at the same
instant.

115V AC- -
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Instantaneous Picture of Forces Set Up when Shafts are in Different Positions
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DIFFERENCE IN SHAFT POSITIONS

Stator Current vs Difference in Shaft Positions

How the Currents Flowing in a Selsyn System
Depend upon Shaft Positions

ABwas shown, current flows in the stator cir-
cuits whenever the two shafts occupy different
positions. In any stator lead the amount of this
current flow depends on the difference between
the voltage induced in the two coils to which
that lead connects. Suppose that the current
in anyone stator lead (S2 for example) isrneas-
ured and that the actual shaft positions are
adjusted so that this current is maximum for
each difference of the shaft positions. From the
above graph showing this maximum possible
current versus the difference in shaft positions,
you see that currents as high as 3 amperes are
possible if the shafts are held in positions differ-
ing by 1800

• However, in practical operation the'
shafts are seldom more than a degree apart, since
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DIFFERENCE IN SHAFT POSITIONS

Rotor Current vs Difference in Shaft Positions

the motor shaft starts turning immediately when
the generator shaft starts to rotate. Hence the
current in any lead seldom becomes more than
one-tenth of an ampere. The current in one
stator lead depends not only on the difference of
shaft positions, but also on the positions them-
selves. The curves on this page showing the per-
cent of maximum current in each lead for the
various mean shaft positions (average positions
between the two shaft positions) completes the
representation.

To illustrate how these two diagrams may be
used in conjunction, take the case where the
generator shaft is at 600 and the motor shaft is at
1200

, a difference of 600
• By referring to the

difference in shaft position diagram, you can see
that the maximum possible current in anyone
lead is 1.25 amperes. Since the mean shaft posi-
tion is 900

, by referring to the mean shaft posi-
tion chart you see what percentage of this maxi-
mum current flows in each lead. The S2 lead car-
ries 100% or 1.25 amperes, and the Sl and S3
leads carry 50% or 0.625 amperes. The fact that
81 and S3 carry current below the zero axis shows
that the phase is opposite from that flowing in
the S2 lead. Remember that currents are usually
not high since small angular differences are the
usual or normal condition .

Since the selsyn generator or'motor acts like a
transformer, an increase in stator current causes a
corresponding increase in rotor current. (See the
above diagram of rotor current versus differ-
ence in shaft position). Although all three stator
currents are zero when the shafts are aligned, the
rotor current is still approximately 0.5 ampere.



As in any transformer the primary draws some
current with no load on the secondary. This
current produces magnetization of the rotor and
supplies its losses.

The following statements summarize the
factors concerning the relative shaft positions:

1. Reversing the rotor leads on either motor
or generator causes a 180° difference in shaft
positions.

2. Interchanging the 81 and 83 leads on
either the generator or motor causes rotation of
the motor shaft in the opposite direction to that
of the generator.

3. Shifting the stator leads so that 81, 82, 83
of the generator connect to 82, 83, 81 of the
motor produces a fixed difference of the 120° in
shaft positions.

Since both the selsyn motor and the load
attached to it have some friction and inertia,
some torque is required both during motion and
during acceleration. Since no torque is developed
when the two rotor positions coincide, perfect
accuracy is impossible. Some angular displace-
ment is necessary to overcome friction and
inertia. This lag is not appreciable, in most
cases being of the order of a fraction of one
degree. To minimize the inaccuracy, the friction
of the motor must be as low as possible and the
torque gradient (torque per degree displacement)
must be as high as practicable. The torque
gradient depends upon the internal impedance of
its stator coils. Hence both the motor and gener-
ator must be large enough, for if either is too
small, the higher impedance of the windings will
reduce the current for small unbalances of volt-
ages and the torque will accordingly be less. Note
in the above graph of the torque versus an-
gular displacement relations for a typical sel-
syn that for small angles the graph is practically
a straight line. The term torque gradient is
simply the slope of the curve in that region.
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Torque vs Displacement

Maximum torque is developed at approximately
100°. The graph shows zero torque at 180° dis-
placement. This is true because the powerful
forces that are exerted are in a state of balance.
This is, therefore, an unstable condition and any
small change in either rotor position results in a
return to the zero displacement condition.

One generator is sometimes used to transmit
data to several motors at various locations, for
example, the generator connected to the gyro-
compass aboard a plane is used for driving mo-
tors at several of the compass repeater stations. If
there are more than two motors, a larger gener-
ator must be used to maintain accuracy. If any
motor becomes jammed, it affects the accuracy
of the entire system since it acts as a generator
competing with the real generator. As shown just
below all the corresponding stator and rotor
coils are connected in parallel.
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