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Synchros
Description and Operation

1. This military handbook is approved for use by all Departments and
Agencies of the Department of Defense and supersedes MIL~-HDBK-225(AS) dated

A e el e 1 NSO

G VOCLOIAL 1LTO00.

2. This handbook has been prepared for use ly engineers, designers and
technicians and is intended to serve as a guide and not as a catalog of
military synchros. Other documents are available which describe each
synchro type fully ard in detail. The information contained in this
manuscript applies equally well to cammercial synchro types.

3. Beneficial comments (recommerdations, additions, deletions) and any
pertinent data which may be of use in improving this document should be
addressed to: Commanding Officer, Naval Air Exjineering Center,

Ergineering Specifications and Standards Department, Code 53, lLakehurst, NJ
08733-5100, by using the self-addressed Standardization Document '
Improvement Proposal (DD Form 1426) appearing at .the end of this document or

by letter,

..-l
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FOREWCRD

The need for synchros became apparent when work was to be done at a
location remotely situated from its control station. The original
mechanical system of shafts, gears, belts and pulleys was impractical in
these situations. The major types or classes of synchros developed to fill
these needs are: torque synchros, control synchros, induction
potentiometers (linear synchro transmitters), amd resolvers. This latter
type may be considered as a separate entity; therefere, MIL-HDBK-218 has
been prepared to cover their description and applications. It is
sufficient to say that a resolver is a precision synchro used for
coordinate transformation, resolution of vectors into components, and
conversion of rectangular to polar coordinates. Encoders have been

dmmlrrpd to oonvert an:ﬂ% functions into r'hrni':-ﬂ 1=rgn|ngn for input into

S N R o

dlg1tal canputing devices. However, S)mdiros continmue to be used wherever
analog camputers or camputations are desirable.

Applications shown are merely representations. The mounting methods and
accessories described have been developed after long periods of research.
They have passed the time-proven test of service in the field.

The text of this handbook has been prepared with no reference made to
specific synchros. The reader is directed to the Department of Defense
Index of Specifications and Standards (DODISS) for information relating to
either the General Specification covering synchros, MIL~S-20708, or its
associated specification sheets. The preferred types of synchros are
listed in the latest issue of MIL~STD-710.

The following aspects of synchros are described herein:

Basic principles underlying synchro design
Construction

Gharacteristics of the various types
Applications

Syrchro accessories

Method of mounting

Stardard connections

Zeroing techniques

Troubleshooting

Miscellaneous

u-&:hb'\n HH.D oo

'3

Each type or class of synchro will be covered in detail, but first,

properties and characteristics cammon to all types will be discussed. Some
basic principles of electricity and magnetism will also be reviewed.

p..a
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DESCRIPTION AND OPERATION

This bandbook is approved for use by all Departments and Agencies
of the Department of Defense.

=t
.

SQOPE

1.1 Purpose. This handbook is intended as a quide for use by military
personnel concerned with the use, interchangeability, maintenance amd
repair of synchros, and the design of weapons systems.

1.2 Scope. This handbook contains the physical and functianal
descriptions of synchros.

1.3 Classification. Synchros have been developed to satisfy various
needs and are classified in several broad categories acocording to their
intended function, as listed in Table I. The input, output and military
abhreviations of each type are also included in Table I. Brief definitions
of each cateqory are given in section 3. More canplete descriptions are
provided in section 4.

1.3.1 Synchros. Synchros resemble small electric motors.
Electrically, they are transformers whose primary-to-secondary ooupling can
be varied by physically rotating one winding inside the other.

1.3.1.1 Symbols. In this publication, synchros are
schematically by the symbols shown on Figures 1 and 2. The symbols on
Figurelareus-edmenit isnecessarytoshwmlytheextemal
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important to understand the physical relationships between the rotor and
stator. The small arrow an the rotor indicates the angular displacement of
the rotor.

1.3.2 Synchro systems. Syrdmrosysten‘soonsxstoftwoormore
intercaonnected synchros, plus auxiliary units such as synchro capacitors
and trouble indicators where required.

1.23.2. Twun turneos of c\rnr-hmc\re‘l-m Curatame it sy rrm{rlﬂn'l
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power mechanical output sufficient to position indicating devices, ac:tuat:e
sensitive switches, or move light loads without power amplification are
lcwnastorquesystﬂss (see Figure 3). With such a system, accuracy in
the order of one degree is attainable. On the cther hand, where large
torques or high accuracy are required, control type synchros are used. In
these systems, a voltage is transmitted for conversion to torque through an
amplifier and a servomotor, as shown on Figure 4. Control systems provide
an electrical cutput and are widely used as follow-up links and error

1



Downloaded from http://www.everyspec.com

MIL~HDBK-225A

detectors in servo, autamatic control, systems. Quite often, ane system
will perform both torque and control functions. Individual units are
deslgnedforusemelmertorqueorcontrolsystems Same torgue units
may be used as control unlts but control units cannct replace torque
units,

1.4 PBasic principles.

1.4.1 Magnetism. A brief review of the principles of magnetism is
. included here because synchros are electromagnetic devices.

1.4.1.1 Macgnet types. A magnet is a body which has the power of
attracting iron, steel, cobalt, nickel and certain other metals. One form
_ of iron oxide, called magnetite, exists as a magnet in its natural state.
This natural magnet was first known as lodestone, or leading stone, because
of its directional property. When suspended ard free to move, a magnet
will assume a nearly north-south position. Bodies made magnetic by some
process are called artificial magnets. Artificial magnets possess the same
power of attraction and directional property as natural magnets. In the
balance of these discussions, reference to a magnet is intended to mean an
artificial magnet. A permanent magnet is one which retains its magnetism
over a long period of time, while a temporary magnet quickly loses its
magnetism when the magnetizing force is removed. Swrrounding a magnet is an
area in which its attracting power exists. Theoretically, this area, called
a magnetic field, is infinite; but the field is usually apparent only in the
close v1cm1ty of the magnet. Magnets came in many shapes, but one of the
most cammon is the bar magnet (see Figure 5).

1 4 1 9 T Y mee mi- e oy b eg o o ™
1.4.1.2 Poles. The end regions of a magnet are known as 1-;.:- ine

erd pointing toward geographic north is called north—seekmg or simply
the north pole, and the cther is called the scuth-seeking or south pole. On
Figure 5 the broken lines represent the lines of force which make up the
magnetic field. These lines of force are directional, radiating from the
north pole of the magnet, passing through the surrocunding medium, and re-
entering the magnet at the south pele. Field strength is greatest near the
poles, vhere the lines of force are more concentrated.

1.4.1.13 Magnetic attraction and rermilsion. If two magnets are cl

A e g e (=18 _-_.,—

enough, their fields interact and the magnets, when free to move, chang
position. If the lines of force, and hence the fields, are in the same
direction, they tend to cambine and pull the magnets together. Figure 6
shows two bar magnets with unlike poles close together, with the resultant
attraction. Figqure 7 shows the bar magnets placed with like poles close
together. The lines of force are now in opposite directions, and the
fields repel each cother, pushing the magnets apart. The strength of
attraction or repulsion (1) increases as the pole strengths increase, (2)
decreases as the distance between the poles increases, and (3) depends on
the medium through which the lines of force pass. A magnetic field passes
more easily through some materials than cothers. Permeability is the
measurement of ease with which a substance passes a magnetic field, as

2
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canpared to its ease of passage through air or a vaamum. If the lines of
force encounter mare resistance (magnetic opposition) in passage throuxgh a
material than in passage through air, the material is referred to as
diamagnetic. Materials more magnetizable than air are called paramagnetic.
Such diamagnetic materials as tin, gold, copper, silver, zinc and lead are
actually slightly repelled by a magnet. Paramagnetic materials are
attracted slightly, except the class known as ferramagnetic (iron alloys,
nickel, and cobalt) which a magnet attracts stromaly.

1.4.1.4 Interacting magnetic fields. Twe ar mare interacting magnetic
fields produce one resultant field. Figure 8 shows three magnets with
interacting fields and the single field produced.

1.4.1.5 Molecular arrangement. In an ummagnetized body, the molecules
(actually tiny magnets themselves) are not aligned in any particular manner
with respect to each other. By stroking an umagnetized piece of iron or
steel with a magnet several times in the same direction, the molecules are
arranged so that the piece of irun or steel becaomes magnetized. Figure 9
shows the molecular arrangement before and after magnetization. A body may
be magnetized without actually being touched by a magnet. Magnetism
produced without physical contact is called "induced magnetism”.

1.4.2 Electromagnetism. In any electrical circuit, the flow of
current through a conductor produces a magnetic field around that
conductor. Figure 10 illustrates the right-hand rule for determining the
direction of the magnetic field produced. The thumb indicates the direction
of current flow and the fingers indicate the direction of the field. If
the corductor is coiled, the lines of force cambine and the coiled wire
becames a magnet. Figure 11 shows such a coil, cammonly called a solemoid.
Here the magnetic polarity is determined by grasping the coil in the right
hand so that the fingers indicate the direction of current flow. The thumb
then points to the north pole of the coil's field.

1.4.2.1 Strength of an electromagnet. With a soft iron core inserted
inside the coil, the lines of force becaome more concentrated and the

solenoid becames an electramagnet. A magnetic field exists only while
curent flows through the coil; if the current flow is reversed in
direction, the magnetic polarity also reverses. The strength of an
electramagnet depends upon the mumber of turns of wire in the coil and the
quantity of current flowing. Above a saturation point, no increase in
either the mmber of wire turns or the amrent flow will increase the
strength of an electromagnet with a given core.

1.4.3 Positioning a permanent magnet with electromagnets. First
consider a permanent bar magnet mounted on a pivot near an electramagnet,
as on Figure 12. When the electramagnet is not energized, the bar magnet
is free to turn. With a voltage applied to the electramagnet, the bar
magnet assumes a position dependent on the polarity of the electramagnet.
A given pole of the electramagnet attracts the unlike pole of the bar
magnet. The bar magnet turns on the pivot to align itself so that its

3
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sauth pole is nearest the north pole of the electramagnet. If the

electranagmt reverses polarity, the bar magnet will again pivot, placing
the north pole nearest the electromagnet.

1.4.3.1 Using two electromagnets. Figure 13 shows two electramagnets
placed at right angles to each other near the pivoted bar magnet. As the
polarity of the applied voltage changes, the bar magnet assumes the
indicated positions. On Figure 13 (A) , the side electromagnet is not
energized, arnd the top one has maximm effect on the bar magnet. On Figure

13 {BJ, both clcz"':t.l.utug'f‘ets haype @121 nF‘FnﬂFe on F“I.ﬂ‘l'n"n 11”"\ the

polarity of the voltage applied to ‘the side electrcxnagnet has changed and
the position of the bar magnet has changed accordingly. O©On Figure 13(D),
the top electromagnet is de-energized, and the left-hand electranagnet has
full effect. If the supply voltage to one of the electramagnets is made
variable, so that its strength may be increased or decreased, it is
possmle to position the bar magnet at angles other than the 45-degree

intervals shown on Figure 13. Figure 14 shows a lesser voltage applied to
the top electromagnet, allowing the side electromagnet to have more effect.
This positions the kar magnet at same intermediate arngle which, in this
case, is 300 degrees. If the strength of each electrmﬁgnet is made
independently variable as on Figure 15, the bar magnet can be made to
assume any angqular position through 360 degrees.

1.4.3.2 Using three electromagnets. For the closest approach so far
to actual syrchro operation, consider three electramagnets connected as
shown on Figure 16. If a voltage is applied between one coil and the other
two, the bar magnet assumes one of the positions shown on Figure 17. The
har “u‘-_’l._t can also e %1'0'10'\1\4:{‘1 ]"‘l\r nnh'lu'nn;:: a \m'l*l-ann hetween HT‘I\J’ fwn aof
the three coils as shown on Figure 18 If a fixed voltage is applled
between two coils, and a variable voltage to the third, as on Figure 19,
the bar magnet assumes some position between 0 and 60 degrees, depending on
the relative voltage amplitudes. Applying the proper cambination of
voltages to the three coils turns the bar magnet to any desired position.

1.4.3.3 Using AC instead of DC. In all previous examples, DC voltages
have been applied to the electramagnets. Since synchros operate on AC

rn&-her t-h.a.n T'Y", Mrsﬁfﬂnv |ﬁ-\‘a\- !\"apmﬂs lf AC 1l= :;‘pllbﬂ o an n.'lht"f_‘_ﬂ_mgmf‘_

In standard military synchros, the frequency of the AC is usually either 60
.or 400 hertz. During one cycle, the voltage amplitude goes from zero to
maximm positive, back to zero, then to maximum negative, and finally back
to zero.

1.4.3.3.1 Polarity. Since the polarity reverses twice during one
cycle, the number of times the magnetic polarity reverses each second will
be twice the excitation frequency. With an AC voltage applied to a coil,
as 1n an ele&-tr‘r_m\agnﬁtr the current does not reverse at DYA(""]\! the same
time as the voltage; however, to simplify following dlswssmns, it is
assumed that it does. Since the polarity of an electrumagnet deperds on
the direction of electron flow, the bar magnet is attracted in one
direction during one half-cycle ard in the cother direction during the next
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half~cycle. Because of its inertia, the bar magnet cannot turn.rapidly
enough to follow the changing magnetic field.

1.4.3.3.2 Usimg electromagnets. If the bar magnet is replaced with an
electramagnet, the same results are accamplished as when DC was used
previously. On Figures 20(A) and 20(B), the woltages applied to both ovils
are reversed at the same time, so that the magnetic fields {(direction
indicated by arrows) reverse at the same time; under these corditions, the
electromagnets are mutually attracted. On Figure 20(C), the connections to
the coils are reversed; the lower magnet would turn if it were free to do
so. The lower magnet is free to turn on Figure 20(D) and positions itself
so that the magnetic fields are all in the same direction.

1.4.4 Fhase relationships. In considering two or more AC quantities,
voltage or current, it is sometimes necessary to campare instantaneous
polarities. If one voltage is positive or negative in respect to a
reference voltage (usually zero), it means nothing unless the specific time
is stated when that condition exists., For purposes of this discussion, it
is necessary to campare only two AC voltages. If the voltages vary so that
both are maximum positive at the same time and both maximm negative at the
same time, they are referred to as being in phase. If one of the two
voltages is maximm positive when the other is maximum negative, they are
opposite in phase or 180 degrees out of phase. Figure 21 illustrates the
relative phases of three AC voltages. The arrows indicate relative phase.

1.4.4.1 Effective value. There are other phase relationships as well
as in phase and 180 degrees cut of phase, lut they are not discussed here
because the AC voltages in synchros are either in phase or 180 degrees out
of phase with each other. The meters shown on Figqure 21 indicate an
apparently constant voltage rather than the actual variations shown in the
graphs. Like the bar magnet, the meter cannot follow the rapid changes in
polarity. It is cammon practice to calibrate AC voltmeters to read the
effective value (the value of AC voltage which produces the same heating
effect as a same value constant DC voltage), although some meters are
calibrated to read peak values. Only effective values are treated in these
discussions.

* NOTE +

A syrnchro is not a three-phase
device. In three-phase devices, the
three voltages are equal in
amplitude, but 120 degrees apart in
phase.

1.4.5 Transformer theory. An AC source connected to a ooil causes the
magnetic field around the coil to fluctuate. A secomd coil placed in the
vicinity of the energized coil has an AC voltage induced in it. Two or
more coils so arrarged form a simple transformer as shown on Figure 22. The
energized winding is referred to as the primary, and the winding in which
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the voltage is induced is referred to as the secondary. The voltage
induced in the secondary is dependent upon the transformation ratio, the
voltage applied to the primary, and the physical orientation of the coils.

1.4.5.1 tion ratio lied voltage. The ratio of the

secondary voltage to the primary voltage is called the transformation
ratio. Figure 23 shows a transformer with a 25-turn secondary and a S0~
turn primary. In a perfect transformer, this 1-to-2 ratio would prov1de an
equal transformer ratio (0.5) and the secondary voltage would be 57.
volts. Losses inherent in all transformers require that the secorﬁary—to—-

primary turns ratio be greater than the transfarmation ratio. 1If the
transformation ratio and primary voltage are known, multiply one by the
other to obtain the secondary voltage. As an e.xanple, if a transformer
with a 115-volt primary has a transformation ratio of 0.78, the secondary

*a

volitage is apprcx.unat.e;y 90 volts.

1.4.5.2 Physical position of the coils. With the primary and
secordary coils positioned so that their axes are parallel, maximum linkage
exists, amd the induced voltage is maximum. The induced secondary voltage
will decrease if the angle between the primary and secondary axes is
changed fram zero degrees. On Figure 24, the primary is pivoted and the
secordary is stationary. As the primary is turmed, the secondary voltage
d'xang&s. On Figure 24{A), the voltage fram C to D is maximm and in phase
with the voltage from A to B. At 45 degrees (Figure 24(Bj) the voltage is
reduced. With the coils at right angles (Figure 24(C}), no voltage is
induced. As the coils pass the 90—degree relationship (Figures 24 (D) and
24(E)), the flux linkages are reversed and the voltage from C to D is 180
degrees out of phase with the woltage fram A to B. The graph (Figure
24(F)) shows how the voltage and phase relationships change as the primary
is rotated. The secondary could be turned and the same effect produced.
Regardless of which winding rotates, or if both rotate, the angle between
the windings determines the induced voltage.

1.4.5.2.1 Example of one primary coil and three secondary coils.
Consider a transformer with one primary coil and three secondary coils
connected as shown on Figure 25. When AC is applied to the primary, the
voltages induced in each secondary coil deperd upon the position of that
coil in respect to the primary. If the primary is made rotatable, it may
effectively be considered a synchro transmitter. The actual principles of
operation for all synchros are covered in subsequent paragraphs.

1.4.5.3 Operating freguency.
* CAUTION *

Transformers and synchros are designed for use
on a specific frequency and should never be
cperated on other frequencies because sericus
damage may result.
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The rate at which the field fluctuates is determined by the frequency of
the applied AC, and a different rate of change causes a change in the
induced wvoltage due to changes in losses. If two transfarmers of egual
power-handling capacity are designed to operate on different freguencies,
the one designed for the higher frequency may be made the physically
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transmitters do supply control transformers designed for 60 hz.
2. REFERENCED DOCUMENTS
2.1 Govermment doauments.

2.1.1 Specifications and standards. The following specifications and
standards form a part of this doaumment to the extent specified herein.

Unless otherwise specified, the issues of these doouments are those listed
in the issue of the Department of Defense Index of Specifications and
Standards (DODISS) and supplement thereto, specified in the solicitation.
SPECIFICATIQNS
MILITARY
MIL~S-20708 Synunros, General Specification For
MIL~S~B1746 Servtorgs, General Specification For

(See Supplement 1 of MIL~$-20708E for list of applicable specification
sheets.)

STANDARDS
MILITARY

MIL~STD-710 Synchros, 60 and 400 Hert2

M517183 Clarp Assembly (Synchro)

MS17186 washer, Drive (Synchro)

MS17187 Nut, Plain, Hexagon

MS35275 Screw, Machine-Drilled Fillister Head, Slotted,

Corrosion-Resisting Steel, Passivated, UNC-2A

MS35276 Screw, Machine-Drilled Fillister Head, Slotted,
Corrosion-Resisting Steel, Passivated, UNF-2A

MS35338 Washer, Lock-Spring, Helical, Regular (Medium} Series
MS90393 Straight Pinion Wrench
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STANDARDS
MILITTARY
MS90394 - Pinion Wrench, 90°
MS90395 _ Socket Wrench
MS90398 Zeroing Rings
M550400 Clanping Discs
MS90401 Adapter Assemblies

2.2 Order of precedence. In the event of a conflict between the text
of this starndard and the references cited herein (except for associated
detail specifications, specification sheets or MS stardards), the text of
this standard shall take precedence.

2.3 Source of docauments.

2.3.1 Govermment specifications and standards. Copies of the
referenced military specifications and standards are available from the
Standardization Documents Order Desk , Bldg. 4D,
700 Robbins Avenue, Philadelphia, PA 19111-5094. For specific aoqulsltlon
functions, these documents should be obtained fram the contracting activity
or as directed by the contracting activity.

3. DEFINITIONS

3.1 Definitions of synchros and synchro system tvpes.

3.1.1 Synchros. Synchros are basically transformers in which the
coupling between the primary and secondary windings may be varied:. This is
accomplished by designing the windings in the form of a stator and rotor,
respectively, of a motor-like device. Figure 26 is a cutaway view of
typical synchros. This definition may be expanded to state that a synchro
is an electromechanical device which provides a physical measure of shaft

pDSltlQ!‘! as the result of an electrical inpt: or conversely n)mq an
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electrical cutput which is a function of the angular position of its shaft.

3.1.1.1 Torgue transmitter. A torgue transmitter is a unit which
electrically transmits angular information according to the physical
position of its rotor with respect to its stator. The rotor position is
determined mechanically or marually by the information to be transmitted.
The erd result is the transformation of angular data into corresponding
electrical values. Torgque transmitters are normally connected to other
torque synchros (receivers, differential receivers, or differential
transmitters). Under certain corditions, they may be used as control
transmitters.
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3.1.1.2 Control transmitter. Except for being connected only to
control transformers or control differential transmitters, cantrol
transmitters perform the same function as torque transmitte.rs.

3.1.1.3 e di 3 j . A torque differential
transmitter electrically transmits anqular information equal to the
algehraic sum or difference of the electrical imput supplied to its stator
fram a torque transmitter and the angular position of its rotar with
respect to its stator. The rotor is positioned to modify or correct the
data fram the torque transmitter by same desired amount. The electrical
output of this unit will be applied to a torque receiver, ancther torque
differential transmitter, or a torgue differential receiver.

3.1.1.4 Control differential transmitter. This is functlonally the
same as the torgue differential tranemitter except that it is used in

control rather than torque systems.

3.1.1.% Torgue receiver. A unit whose rotor assumes an angular
position determined by the electrical input supplied to its stator from a
tarque transmitter or torgue differential transmitter. For proper
operation, the rotor rust be connected in parallel with the rotor of the
associated torque transmitter, and both synchircs energized from the same
power source.

3.1.1.6 Torgue differential receiver. A unit whose rotor assumes a
physical position determined by the algehraic sum or difference of the

electrical inputs supplied from twe torque transmitters, two torque
differential transmitters, or one torgue transmitter and one torque
differential transmitter.

3.1.1.7 cControl transformer. A unit which, when supplied with
electrical information from a transmitter or differential transmitter,
produces an electrical cutput proportional to the sine of the difference

between the oontrol t.ransfonrer rotor angle and the angle represented by
the electrical input.

3.1.2 Sypchro system. Asyrd'\rosyst.emmacxrcmtcontamngmmeor

more synchros that operate on angular information and convey this
infarmation over a distance (see 6.1).

3.1.2.1 Torgue synchro system. A torgque synchro system is a system in
vhich the transmitted signal does usable work.

Oontrol sypchro system. A control synchro system is a system

2.2
the transmitted signal controls a source of power which does work.

3.1.
in which
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3.2 Synchro terminology.

3.2.1 Rotor angular displacement.

3.2.1.1 Rotor position. Inspea}u:gofsyrdmrounitsarﬂsyste:rs the
rotor position is referred to as an angle of so many degrees, minutes, or
seconds. Since it is not always stated to what respect this angle is
measured, a few standard definitions are listed.

T T T ] Theld= et v ™r 3 1
3.2.1.2 Rotor argle. The rotor angle of a practical synchro is the

angular mechanical rotor displacement fram the synchro zero position,
measured in the positive direction, at which the synchro's output voltages
exactly correspond to the ocutput voltages of an ideal synchro set at any
specific rotor position.

3.2.1.3 Direction of rotation. Direction of rotation, clockwise or
counterclockwise, is determined while facing the emergent shaft end of the
synchro. See section 9 for standard connections for synchros.

3.2.1.4 aAngular displacement. Any deviation in the position of the
movable wirding (the rotor), with respect to the fixed winding (the
stator), from a reference or zero position is called angular displacement.’

3.2.1.5 Electrical zero. Electrical zero is the standard position to
which all angular displacements are referred. In section 10, electrical
zero is defined for various types of synchros.

a0 1 £ T e 3 A3 vy E et (2t ey
3.2.1.6 Increasing reading. An increasing reading is being sent to a

synchro when the mmerical value of the information transmtted increases.

3.3 Servo system. A servo (short for servamotor) is a device used in
servo systems that contains or delivers power to move a control. A servo
system is an autcmatic control system which maintains a condition at or
near a predetermined value.

3.4 Servo terminoleqy. In addition to those already mentioned, a

[, R TP S . [ iy s s % e

mumber of Spec—‘_lal ized TEIMS dre usea in ConnecCtion with servo ay.-:u::up The
more camen of these are defined here:

3.4.1 Open—cycle control. Open-cycle control of a servo system means
actuation of the servamotor solely by means of the imput data, the feedback
device being either removed or disabled. It should be clearly understood
that any mechanism must include a feedback provision in order to be
classified as a servo; but in testing certain servo characteristics, an
cpen—cycle control is often useful. Under such conditions, the elements

.

involved are frequently referred to as an open servo loop.

3.4.2 Closed-cycle control. Closed—cycle control refers to normal
actuation of the system by the difference between input and cutput data,
with the feedback device operative.

10
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3.4.3 Continuous control. Contimious control is used to describe
uwninternupted operation of the servo system on its load, regardless of the
smallness of the error. All systems considered in this book exercise
continuous control; however, there are systems which do not.

3.4.4 peviation. The deviation ar error of a servo is the difference
between input and output.

1T 4 858 DPyyroe eu-m:1 Tha orvynr cirmal o arver yonltarm ia
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corrective signal developed in the system by a difference between input ard
output.

3.4.6 ]Instnument and power serves. Instrument servos and power servos
are designations used to classify servamechanisms acoording to their power
output. An instrument servo is cane rated at less than 100 watts maximm
continuous output. A servomotor whose rating exceeds this amount is called

a power servo.
4. GENERAL SYNHCHRO OQNSTRUCTION AND CHARACTERISTICS

4.1 General. A knowledige of unit construction and characteristics
will provide a better understanding of synchro operation. As stated
previocusly, synchros are, in effect, transformers whose primary-to-
secondary coupling may be varied by physically changing the relative
orientation of the two windings. This is acoamplished by mounting one of
the windings so that it is free to rotate inside the other. The imner
movable winding is called the rotor; and the oauter, usually stationary,
winding is called the stator. The rotor consists of either one or three
coils wourd on sheet steel laminations. The stator normally oconsists of
three coils wound in internally slotted laminations. In same units, the
rotor is the primary and the stator is the secordary. In other units, the
reverse is true.

4.2 PRotor construction. The laminations of the rotor core are stacked
together and rigidly mounted on a shaft. Slip rings, mounted on and
insulated from the shaft terminate the ends of the ooil or coils. Bmsha

Py L L .Y talm Yol anl  saoveads 4 P Laal el 0- o wrt
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low-friction ball bearings permit the shaft to twrn easily. In stard.axd
synchros, the bearings must permit rotation from very low speeds to speeds
as high as 1200 rpm. The following is a description of two cammon type
rotors.

4.2.1 Salient pole rotor. This type of rotaor, shown on Figure 27, is
frequently called a "cdumbbell" or "H" rotor, because of the shape of its
core laminations. The winding consists of a single machine-wound coil
whose axis is perpendicular to the shaft. When used in transmitters and
receivers, the rotar functions as the excitation or primary winding of the
synchro. When energized, it becomes an electrumagnet with the poles
assuming opposite magnetic polarities. During one excitation cycle, the

11
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magnetic pgla_l changes as shown on Figure 28, and similar variations
will occur in subsequent cycles. The graph indicates amplitude variations

in the exciting current and the strength of the magnetic field resulting
framn that current.

4.2.2 Dnum or wound rotors. Flgurezsmowsamﬁrotor, with two
slip rings, used in most synchro control transformers, and in some torque
transmitters. When used in differentials, three coils are wound so that
their axes are displaced from each other by 120 degrees. One end of each
coil terminates at one of three slip rings, while the other ends are
connected together. Synchro wmd:.ngs of this type are called "Y-
connected."” A single coil of wire or a group of coils connected in series
may be wound to produce either a concentrated winding effect, for use in
control transformers, or the same distrilbuted winding effect as that of the
salient pole rotor, for use in torgque transmitters.

4.3 Stator construction. The stator of a synchro is a cylindrical
structure of slotted lamimations on which three Y—connected coils are wound
with their axes 120 degrees apart. Figure 30 shows a typical stator
assembly and Figure 31 shows a stator lamination. Control transformer
stators differ from those of other synchros mainly in that the control
transformer winding consists of more turns of finer wire. Stators function
as the primary windings in differentials and control transformers, and as
the secondary windings in transmitters and receivers. Normally, stators
are not connected directly to an AC source. Their excitation is supplied by
the magnetic field of a rotor.

4.3.1 Slip rings. Some synchros are so constructed that both the
stator and rotor may be turned. Connections to the stator are made via
slip rings and brushes. In same units the slip rings are secured to the
housing, and the brushes turn with the stator. In other units the brushes
are fixed, and the slip rings are mounted on a flat insulated plate secured
to the stator.

4.4 lamination stackirg. Stator and rotor laminations are stacked so
that the slots formed are either parallel to the rotor shaft centerline or
displaced so that the front end of a slot is in a straight line with the
back end of the pra“aa‘hi‘g slot. This displacement is called skew, ard
since the slot pitch is the angular distance between slot centers, the
rotor or stator is said to be skewed one slot pitch. If the slots of both
rotor and stator are parallel to the shaft centerline, the resultant flux
concentrations of rotor and stator coils tend to make the rotor "slot-lock"
in certain positions. Skewing changes the flux concentration encugh to
overcame this effect and its resultant angular errors. Either, but not
both, rotor or stator laminations may be skewed.

4.5 Unit assembly. The rotor is mounted so that it may turn within

the stator. A cylimdrical frame houses ;c—he assembled synd'xro Standard
synchros have an insulated terminal block secured to one end of the housing
at which the internal connections to the rotor and stator terminate, and to
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which external connections are made. Pre—standard and special synchro
types often have pigtail leads hrought out from inside the unit, rather
than terminals.

4.6 Transmitters. The conventional synchro transmitter, shown on
Figqure 32, uses a salient pole rotor and a stator with skewed slots. When
an AC excitation voltage is applied to the rotor, the resultant caarent
produces a magnetic field as shown an Figure 28. The lines of farce, ar
flux, vary contimually in amplitude and direction and, by transformer
action, induce voltages in the stator coils. The effective voltage induced
in any stator coil deperxds upon the angular position of that ooil's axis
with respect to the rotor axis. When the maximm coil voltage is known,
the voltage induced at any angular displacement can be determined.

Figure 33 shows the voltage induced in one stator coil as the rotor is
turned to different positions. The rotor excitation is 115 volts and the
maximm coil voltage is 52 volts.

4.6.1 Teminal-to-terminal stator voltages. Because the canmon
connection between the stator coils is not accessible, it is possible to

measure only the terminal-to-terminal voltages. When the maximum terminal-
to-terminal voltage is known, the terminal-to-terminal voltages for any
displacement can be determined. Figure 34 shows how these voltages vary as
the rotor is turned. Values are above the line when the terminal-to-
terminal voltage is in phase with the Rl to R2 voltage, and below the line
when the voltage is 180 degrees out of phase with the Rl to R2 voltage. As
an example, when the rotor is turned 50 degrees from the reference
position, the S1 to S3 voltage will be about 70 volts and in phase with the
Rl to R2 voltage; the S3 to 52 voltage will be about 16 volts also in phase
with the Rl to R2 voltage; and the S2 to S1 voltage will be about 85 volts,
180 degrees cut of phase with the Rl to R2 wvoltage. Although the caurves on
Figure 34 resemble time graphs of AC voltages, they show only the
variations in effective voltage amplitude and phase as a function of the
rotor position. In a time graph, the horizontal axis would show the time
rather than rotor position.

4.7 Receivers. Torque receivers, usually called receivers, are
electrically identical to torque transmitters of the same size. In same
sizes of standard synchros, units are designated as torque receivers, but
may be used as either transmitters or receivers. These units are called
torque receiver-transmitters.

4.7.1 Rotor movement. Normally the receiver is unrestrained except
for brush and bearing friction. when power is first applied to a system,
the transmitter position quickly changes; or if the receiver is switched
into the system, the receiver rotor turms to correspond to the position of
the transmitter rotor. This sudden motion can cause the rotor to oscillate
(swing back and forth) around the synchronous position. Also, due to the
similarity between synchros and simgle-phase induction motors, the rotor
may spin if turned fast enocugh. Same methed of preventing excessive
oscillations or spinning must be used. In small units, a retarding action
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may be produced by a shorted winding on the quadrature axis, at right
angles to the direct axis. In larger units, a mechanical device known as
an inertia darmper is more effective, Several variations of the inertia
darrperaremuse One of the more cammon types consists of a heavy brass
flywheel which is free to rotate around a bushing attached to the rotor
shaft. A tension spring on the bushing rubs against the flywheel causing
them te turn together durmg normal operation. If the rotor shaft turns or
tends to change its speed or direction of rotation suddenly, the inertia of

the damper opposes the changing condition.

4.7.2 Stator voltages required to position rotor. Fiqure 34 shows
both the voltages induced in the stator as a function of rotor position,
and the voltages which must be applied to the stator to turn the rotor to a
desired position.

4.8 Double receivers. There are certain appliications when the
readings on two indicator dials are to be campared or added. Follow-the~
pointer and angle-reader dials in a Gun Director Train Indicator System are
good exanples of such usage.

4.8.1 Follow-the~pointer dials. 1In this type, two dials are mounted
concentrically. When the indices on the inner and outer dials are aligned,
the actual gun position and the gun train order are in agreement.

4.8.2 Angle-reader train dials. These dials are also concentric. The
outer dial is driven by a receiver supplied with 1l-speed data, and is
graduated in 10-degree increments. The inner dial, driven by a receiver
supplied with 36-speed data, is graduated in both degrees and minutes. The
sum of the two dial readings is the actual gun position.

4.8.3 Type 2R double receiver. To reduce space requirements, a
housing in which two receivers are mounted has been developed--the type 2R
double receiver. The receiver used to drive the outer dial is nearest the
shaft end. The receiver nearest the terminal board end drives the inner

dial. The brush caps, mounted between the flanges, shauld not be removed

because it is impossible to reinsert them properly without disassembling the
unit.

4.9 Differential units. A mechanical differential connects three
shafts together so that the rotation of any one shaft is either the sum of,
or the difference between, the rotation of the other two. Synchro
differentials are similar in operation. The results obtained by connecting
differentials between other units of a system are covered in 6.2.2.1.
Differentials operate either as transmitters--one electrical and one
mechanical input produce one electrical ocutput, or as receivers--two
electrical inputs produce one mechanical output. In differentials, both
rotor and stator windings consist of three Y—connected coils. Figure 35 is
a cutaway view of a typical differential.
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4.9.1 pifferential transmitters. 0Differentials may be used as trans-
mitters in either torque or ocontrol apphcatz In either use, the

stator is normally the primary and receives its e'»n:itaum fram a torque ar
control transmitter, as appropriate. The voltages appearing across the
rotor terminals are determined by the magnetic field produced by the stator
aarents and the physical position of the rotor. The magnetic field
created by the stator aurents assumes an angle carresponding to that of
the magnetic field in the transmitter supplying the excitation. If the
rotor position changes, the voltage present at the rotor terminals charges.

4.9.2 pifferential receivers. As torque receivers are previously
campared to torque transmitters, so may torque differential receivers be
campared to torque differential transmitters. Both rotor and stator
receive enaergizing currents from torque transmitters. The two resultant
magnetic fields interact arnd the rotor turns. The position assumed by the
rotor depends on how the differential is connected to the two transmitters.
Paragraph 6.2.2.1 shows unit connections to obtain various indications.

4.9.3 Transformer action. It might appear that a differential's rotor
and stator leads are interchangeable, but this is not usually true. 1In
section 1, it is mentioned that the primary-to-secondary turns ratio
determines the primary-to-secordary voltage ratio. The coils in
differentials are wound so that when the axis of a rotor coil coincides
with the axis of a stator coil, the voltage induced in the rotor coil
equals the voltage across the stator coil. To provide this 1-to-1 voltage
ratio after losses, the rotor must have more turns than the stator. If
excitation is applied to the rotor of a differential transmitter, the
voltage induced in the stator is less than the applied voltage. In
differential receivers where both windings are energized, the differential
stator should be connected to the transmitter having the higher secondary
current rating. If the transmitters are identical, the stator should be
cannected to the closest transmitter to minimize the losses.

4.10 Control transformers. There is an ever-increasing tendency to
use synchros as follow-up links in automatic control systems. Synchros
alane do not possess sufficient torgque (tumning power) to rotate radar
antennas or gun twrets; however, they can control power amplifying devices
which can move these heavy loads. For such applications, a control
transfarmer is used. Figure 36 is a phantom view of a typical control
transformer (CT) with a drum rotor. The windings are effectively
concentrated in the core center. Magnetizing Qurent is supplied to the
stator windings from either a transmitter (CX or TX), or differential
transmitter (CDX or TDX). The magnetic field created by the stator
aurents corresponds in position to the position of the field in the
synchro supplying the excitation. By transformer action, a voltage is
uﬂucedmtherotororsecoxﬁarywmdmg 'meanplimdeardmaseoftm

nduced voltage depernds on the angular displacement of the T rotor in
respectmthec:l( TX, X, or TDX rotor. mentrmtworotorpomtlms
correspand, the voltage across the CT rotor is minimum. The operation of
these units is described further in 6.3.1.
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4.11 Units with rotatable stator. When the particular system design
permits, space can be saved and the loss of accuracy resulting from the use
of an additional differential can be overcome by the use of a unit having a
rotatable stator (see Figure 37). Except for the rotors used, a control
transmitter, torgue receiver, or contreol gdifferential transmitter with both
windings rotatable would be similar in construction. When a unit having a
rotatable stator is used, the rotation of the stator provides the same
modifying or correcting effect as that obtained by the insertion of a
differential.

4.12 Corparison of 60~hertz and 400-hertz units. There are many ways
in which synchros resemble transformers. If two transformers are to be
made with identical power-handling capabilities, and one is to operate on
60 Hz and the other on 400 Hz, the one for use on 400 Hz will be physically
smaller. The same can hold true for synchros. “Can" rather than “does" is
used because same 400-hertz units are identical in size to their 60-hertz
counterparts. This is dore so that units can be physically interchanged
without special mounting provisions. The reduction in physical size is due
to: (1) the reduction in core size; less core. area is required at higher
frequency; (2) the mumber of primary turns; fewer turns are reguired at
higher frequency; ard (3) the number of secondary turns; reduced in
proportion to reduction in number of primary turns.

4.13 Synchro characteristics.

4.13.1 Torgue. Torgue is simply a measure of how much load a machine
can turn. In torgue synchros, only small loads are turned; therefore, only
a small amount of torque is required. Torgue is expressed as the product
of the force and the distance from the line of action to the center of
rotation. In heavy machinery, torque may be expressed in pound-feet, lbut
in synchros, torgue measurements are in ounce-inches (oz-in). Consider the
arrangement on Figure 38, where pulleys of different sizes are attached to a
shaft. When the pulley radius is one inch, the torgue required to 1lift the
attached 6-ounce weight is 6 oz-in. When the pulley radius is two inches,
the torque required to lift the same weight is 12 oz-in. Increasing the
distance between the center of rotation and line of action increases the
torque required.

4.13.1.1 Unit torgque gradient. Unit torgue gradient is the torgue
gradient of a synchro when it is connected to and energized fram a duplicate
locked unit. The curve on Figure 39 shows the unit torgue gradient for a
particular type of symnchro. When this value is established as described
below, it provides a measure of unit performance independent of how the
synchro is used.

4.13.1.2 Plot description of Fiqure 39 curve. (1) Two torgue
receivers were connected in parallel with one rotor fixed in place ard the
other free to turn; (2) a special pulley was attached to the shaft of the
unit under test and weights were suspended from the rim of the pulley;
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(3) the weights turned the pulley and rotor shaft; (4) increasing the
weight suspended increased the amount the shaft turned; (5) the amount of
weight susperdded and the corresponding shaft displacements were recorded and
the curve was plotted. A portion of the curve is substantially linear and
the slope of this linear portion is known as the torque gradient. Within
the normal limits of displacement, up to about 10 or 20 degrees, the torque
gradient (expressed in ounce-inches per degree) provides an easy way of
determining the torque produced by the rotor shaft. For exanple, at a
10-deqgree displacement, the torgue exerted is 10 times the unit torque
gradient.

4.13.1.3 Actual torgue gradient. Actual torque gradient is the torgue

gradient of a synchro measured when that synchro is used in a system. The
ct:ual torque gradient fcr any unit depends upon the mmber and type of
l-l-ll.l-\-b L.Il o b’:lhl:’-ll.

4.13.1.4 Pull-out tormue. Pull-cut torque is the maximm torgue which
can be exerted by a synchro unit connected to and energized from a duplicate
locked unit. Fiqure 39 shows that the torque increases with the rotor
displacement and reaches a maximm at 90 degrees. The pull-out torque for
this unit is 30 oz-in.

1.5 Stator force. The torque developed in a synchro results from

.13,
endency of two magnets to alj ign themselves. since the rotor can be

rfb

the
turned and the stator usually cannot the stator must exert a force tending

to pull the rotor into a position where the primary and secondary fields
are in line. The strength of the field produced by the stator depends on
the current through the stator coils. Qurent flow in the stator ooils
deperds in turn upon the impedance of the coils. Since the current flow
determines the magnetic field strength, and the field strength determines
the torque, it follows that the unit torgque gradient of a synchro is
inversely proporticnal to the stator coil impedance.

4.13.1.6 Accuracy is affected by the torque gradient. 1In a system

consisting of a transmitter driving a receiver, friction always causes the
receiver rotor to lag slightly behind the transmitter rotor. A higher
torque gradient means that a smaller lag produces enough torgque to overcame
this frictiaon.

4.13.2 Torgue transmitter load capacgities. One transmitter may be
used to drive a mumber of receivers connected in parallel, provided that

the transmitter can supply the Qurrent necessary to operate all the
receivers. If identical receivers are equally loaded, the approximate
torque of each receiver can be determined by the formula:

2R
N +R

Tr' = Tr
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Tr' is the torque gradient of the receiver in the system

Tr is the unit torgue gradient of the receiver
. . . Tt
R is the torque gradient ratio .

Tt is the unit torque gradient of the transmitter
N is the rmumber of identical receivers

4.13.2.1 Description of plot shown on Figure 40. Using this formula, a
graph can be plotted which applies to any situation where a transmitter
drives a mmber of equally loaded receivers. Figure 40 shows such a graph.
Supposethatamnnberoftype15’IR4Areoeiversaretobedrive.nbyatype
31TX4A transmitter. First, determine the ratio between the two unit torgue
gradients:

31TX4A Unit Torgque Gradient 0.67
15TR4A Unit Torque Gradient 0.17

= 4 (approx.)

Then locate the ratio 4 along the bottam of the graph. Going up along the
vertical line, curves for various mumbers of receivers are crossed. If
four receivers are operated from the transmitter, the actual torque
gradient is equivalent to the unit torque gradient. If only two receivers
are used, the actual torgue gradient is 1.35 times the unit torque

gradient. It is apparent fram the graph that one of three conditions
exists:

a. If the torque gradient ratio equals the number of receivers,
the unit and actual torque gradients are equal.

b. If the torgue gradient ratio exceeds the mumber of receivers,
the actual torque gradient of the receivers exceeds the unit torque
gradient.

c. If the torque gradient ratio is less than the mumber of
receivers, the actual torque gradient is also less than the unit torgue
gradient.

4.13.2.2 Factors determining load city. The actual load capacity
of any unit depends on several factors which cannot be readily summarized
in tabular form. Increasing the load on a unit increases the curent
demand, resulting in a higher operating temperature. To determine
accurately the load capacity, we must know the maximm permissible
operating temperature of the driving unit, the quantity and type of driven
units, and the mechanical loads upon the driven units.
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4.13.3 Operating voltages. Standard synchros are designed for use on
either 115 volts or 26 volts. The operating voltage is stated on the

synchro nameplate.

4.11.4 Orerating temmerature. Standard mnrhrnn: are mn:irn.-‘l to

" amwr ® = g A

sustain no damage while operating or standing in an amb1ent temperature of
=55°C + 125°C. Pre—standard Navy synchros were required to operate between
=25°C + 85°C. FEarly mxiel stardard synchros were designed and huilt to
operate over the range -55°C to + 85°C. Qualified Products Lists (QPL'S)
were established to indicate the contractors who successfully met this and
other criteria. The upper limit of the temperature range was expanded to
+125°C to withstand the effects of high ambient temperatures encountered in
aerospace applications. When a unit is energized, but not lcaded, its
temperature should not rise above certain specified limits.

4.13.5 Electrical erxor/static accuracy. For every physical position
of a syrnchro rotor, there is a corresponding electrical position. Any
difference between actual physical position and electrical posxtlon is
known as electrical error. Sametimes the electrical error is called static
accuracy. For differentials, the error is measured for both rotor and
stator. This error is usually expressed as a maximm mmber of minutes.
Sixty minutes equals one degree.

4.13.6 Receiver ervor. The difference between the position
transmitted by a TX or T0X ard the position assumed by a TR or TDR is known
as receiver error. In measuring receiver errcr, the TR or TDR is cannected
to a transmitter, or transmitters, of equal size. This error is also
expressed in minutes.

4.13.7 Synchronizing time. In a torque system, the position of the
receiver rotor corresponding to that of the transmitter rotor is known as
the synchronous pomtmn The pericd of time required for a receiver or
differential receiver to assume and hold the synchronous position is called
the synchronizing time within ane degree. 'Ihe stardard method of
determining synchronizing time is to connect the unit under test, terminal-
to-terminal, to an identical unit locked on electrical zero. Measurements
arethentakenoftheturerequlredforthetastmutmtortosyn:tmuze

Ay 3________ . ma

fram displacements of 30 and 177 degrees #+ 2°.

4.13.8 Operating speed. All standard synchros must be capable of
operation at 1150 rpm continuously for 2000 hours without external axial

load. Pre-standard Navy synchros are classed either as low speed or high
speed. Low-speed units must be capable of operating contimuously for 500
hours at 300 rpm. High-speed units must be capable of rotating at 1200 rpm
cantinmuously far 1500 hours.

t.ransmtte.r is at either 0 or 180 degree:s, the 51-53 termnal voltag
theoretically will be zero (see Figure 34). This is based on the

19



Downloaded from http://www.everyspec.com

MIL~HDBK-225A

assumption that the unit is so constructed that the S1 and S3 windings are
exactly identical and have equal and opposite voltages induced in them.
Units this perfect are seldam found. Figure 34 also shows that the S1-S2
voltage is zero when the rotor is at 120 or 300 degrees, and that the S2-S3
voltage is zero when the rotor is at 60 or 240 degrees. These six null
headings are obtainable in differentials and control transformers by
shorting two stator leads together, applying 78 volts (10.2 volts for 26-
volt synchros) between the two shorted terminals and the unshorted one, and
reading the voltage across the rotor terminals. The mill position depends
on which two stator leads are shorted together. Although the rmull voltage
seldom falls to zero, it must fall below certain specified values. The
minimm voltage, as read on an electronic voltmeter, will be the sum of the
fundamental camponent and its harmonics, multiples of excitation freguency.
By using a filter, the harmonics can be eliminated and the fundamental
camponent measured. This value also must fall below a specified maximum.
The value of the null voltage is of major importance in control synchro
systems where the system cutput is used to actuate a servo.

4.13.,9.1 Null voltage of a control transformer. In a control system,
the control transformer minimum cutput, or null position, is determined by
the signal applied to its stator, and may occur at any heading. Section 5
contains additional information about the null voltage of a contreol
transformer (see 5.3.1.4d and 5.3.1.5¢.)

4.13.10 Control transformer voltage gradient. Figure 41 shows the
cutput voltage of a control transformer. The slope of this curve fram 0 to
10 degrees is called the voltage gradient and is expressed in volts-per-
degree (v/deq).

4.14 Speed of synchro units and systems. Quite often synchros are
referred to as l-speed or 2~speed synchros, and a synchro system is
referred to as a single-speed or dual-speed system. Since a 2-speed

vl 1ie ek Rl eame e a sh e =="sl o £ ]
OYirsdils 45 v Wit oAl as o udal ST S‘J.-J‘IO S}’Stc.m, 'H“é.'%% t-l?..l..llla cf

reference are defined in an effort to avoid confusion.

4.14.1 pData transmission speeds. The gyro-campass aboard most naval
vessels is located below deck near the center of gravity. Gyro-.ompass
information, showing the ship's course, must be transmitted to various
campass repeaters. In l1-speed data transmission, a synchro transmitter is
geared to the gyro—campass so that one revolution of the rotor corresponds
to one revolution of the gyro—compass. Further, in 36-speed data
transmission, the transmitter rotor is geared to turn through 36
revolutions for one revolution of the gyro—campass. Simply, the speed of
data transmission is the number of times a synchro transmitter rotor must
turn to transmit a full range of values. Units transmitting data at one
speed are frequently called 1-speed synchros. A unit transmitting data at
36-speed would be a 36~speed synchro, and so forth.
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4.14.2 System speeds, I‘; is guite mrg_nt_g_r_ nit t'_g.a___ f_'l_a_f at

course data is cxxnmonly transmitted at 1—speed and 36—smed A system where
data is transmitted at two different speeds is called a dual- or double-
speed system. Usually, a dual-speed system will be referred to by the
speeds involved; for example, "1- and 36-speed system'.

4.14.3 Summary. To sumnarize, the speed of data transmission is
referred to as 1-speed, 2-speed, 36-speed ar sane definite mmerical ratio.
To indicate the mmber of speeds at which data is transmitted, speak of a
single-speed or dual-speed transmission system.

4.14.4 Determining the speed to use. It is obvious that if data can
be transmitted at different speeds, or if the same data is transferred at

different speeds, there must be certain advantages and disadvantages to the
various methods.

4.14.4.1 Single-speed system. If the data to be transmitted covers
only a small range of values, a single-speed system is normally accurate
enough, For example, if a device moves only 6 inches and the transmitter
rotor which is geared to it turns through 360 degrees, a total error of one
degree in the transmitter and the receiver to which it is connected causes
an error of 0.01666 inch in the indicated position. For quantities without
definite reference values, such as increasing range or bearing, a single-
speed sSystem may be made as accurate as desired. Greater accauracy is also
passible by using higher speeds of data transmission, such as 36-speed.
However, in such an arramgement, the self-synchronous feature of the 1-
Speed systen is lost. Supposethatvmllethepnmarypwe.rtothesystem
is interrupted, the transmitter rotor is turned. When power is again
applied to the system, the transmitter and receiver rotor shafts are in
corresponding positions, but an indicator coupled to the receiver rotor
shaft may not show the actual position of the device geared to the
transmitter. The number of positions in which the transmitter and receiver
rotor shafts can correspond is the same as the transmission speed. Thus,
in 36-speed data transmission, we have 1 correct position and 35 incorrect
positions.

e O

S PP | -
14.4.2 Dual-speed systen. acamate t©

smission without of
self-synchronous operation, a dual-speed system 1s used 'Ihe 1-speed dial
is graduated through 360 degrees, and the 36-speed dial is graduated
through 10 degre@ If both dials are read, a more accurate bearing
indication is cobtained. A common variation of the above employs two
control transformers in place of the tarque receivers. When the error
(difference in position of transmitter and control transformer rotors),
exceeds a certain value, the l-speed synchro takes control and reduces the
errar to a small value. The 36-Speed synchro then takes control and
increases the acouracy.

-~

A
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4.15 Synchro capacitors.

4.15.1 The AC current drawn by a coil. It is stated in 1.4.3.3.1 that,
in AC circuits, thecurrenttrmaghacoildo%mtreverseatthesametin'e
as the applied voltage. The current reversal oocurs after, or lags, the
o » an amant of time determined by the coil impedance. Consider

~y IR BT

firstw\atha;pe.mmmenanACvoltageisa;pliedtoacoilofwiremﬁon
an iron core. The AC current that flows in this coil has a certain
magnitude which depends on how the coil is made (in this example, it is 1
amp) . If the instantaneous values of this current were measured with an
oscilloscope and campared with the line voltage, the graphs would be as
illustrated on Figure 42. Because such a coil is highly inductive, its
current reaches each point in the cycle almost 1/4 cycle later than the
applied voltage. In other words, the current lags the applied voltage by

almost 90°

4.15.1.1 Differential or control transformer connected to a
transmitter. When a differential or control transformer is connected to a
transmitter, the transmitter must supply the stator currents to the other

! The total current supplied is the sum of two lesser currents:

(1) the loss current, in phase with the applied voltage, which supplies the
heat loss in the windings and laminations; and (2) the magnetizing current,
lagging the applied voltage by 90 degrees, which produces the magnetic
field. Figure 43 shows the relationship of these currents and the
equivalent circuit of the coil.

4.15.1.2 Power. Because the currents are not in phase, the effective
value of the actual caurrent is less than the sum of the two values. By the
same token, the effective power of a circuit in which the voltage ard
current are out of phase is less than the volt-ampere preduct. On
Figure 44, the wattmeter indicates that the power supplied to the coil is
ane watt, while the volt-ampere product is two volt-amperes. As
illustrated, the power factor is normally expressed as a percentage; it
cannot exceed 100 percent.

4.15.2 The effect of a capacitor on coil current. The cwrrent drawn
by a coil can be reduced by connecting a capacitor across it. 1In a
capacitor, the aurrent leads the applied voltage. On Figure 45, the
capacitor used draws a current equal to the magnetizing curent of the
coil. The two out-of-phase currents cancel, and the actual current is only
the loss current.

4.15.3 The use of capacitors with a control transformer. The simplest
case in which capacitors are used is across the stator leads of a control |
transformer. Each of the three stator windings of a control transformer
can be thought of as consisting of a high resistance (which draws the loss
current) in parallel with an inductance (which draws the magnetizing
current) as shown on Figure 46. When a control transformer is connected to
a transmitter, the current in each stator lead depends on the position of

the transmitter rotor and on the construction of the control transformer.
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For exarnle, the current in the 82 lead reaches ite highest value wt
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transmitter is on 0 degrees (or 180 degrees). The axrent in the 62 1
of a typical control transformer measures about .032 amp (32 milliamps) as
shown on Figure 47. This aarent consists of about 10 milliamps loss
arrent, and about 30 milliamps magnetizing current. On Figure 48, the
mgnetizi:g axrent of each coil in the control transformer could be
cancelled by connecting across it a capacitar which drew an equal and
oppesite current. Since there is no connection to the cammon lead
available outside the synchro case, this installation would not operate

verv well.,

= A Te

4.15.3.4 Defipition of a synchro capacitor. A synchro capacitor

consists of three equal delta-connected capacitors (see Figure 49), which
are mounted in a case. Synchro capacitors are made in various sizes to
canveniently accormodate all standard differentials and control
transformers. The synchro capacitor unit is rated according to the "total
capacitance”" which is the sum of the three capacitances.

4.15.3.5 Effect of svnchro canacitar on a control transformer. When

the synchro capacitor is connected to the stator leads of a control
transformer, the magnetizing current of that unit is practically cancelled
by the capacitor aurrent, regardless of the transmitter shaft position.
For example, the current drawn by the control transformer is reduced froam
0.032 arp to 0.010 anmp when the synchro capacitor is installed as shown on
Figure 50.

.15.4 The use oﬁ capacitors with a sypchro differential. when a
svndmro differential is connected bhetween a transmitter and a receiver, the

stator currents are no longer zero when the shafts are lined up, as
explained in the paragraphs on differentials. Also, because anrent is
being drawn from the transmitter and receiver stators, their rotor anrents
are higher than normal. In a typical case, the currents have the values
shown on Figure 51.

4.15.4.1 Effect on currents by addition of a capacitor. Since the
arrent drawn by the differential is largely magnetizing amrent, it can be

creat]v rechuced }J‘\'I @_n'ectl.ng the proper glqu\m M_‘p.aﬁifﬂf across the
dlfferenual's statar leads. This decreases the curent drawn fram the
transmitter, increasing the transmitter's output voltage, thus giving a.
betterbalanoeanddeq—easmthemrrentfmntherecewer In the case
stwwnabcve the addition of a capacitor changes the aurrents as shown on

4.15.4.2 Rotor leads conpected to a control trapsformer. A situation
in which the use of synchro capacitors is even more essentjal than that
described above, is where a trangmitter feeds a differential whose rotor
leadsareoom'ectedmlytoamtrol transfarmer. In this case, the
transmitter must supply all of the losses and magnetizing aurrent for both
the other units, so the current drawn fram the transmitter stator leads is
very high. The values measured in a typical case are shown on Figure 53.
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4.15.4.3 ction of locad addition of capacitors. The load on the
transmitter is greatly reduced by connecting the correct size synchro
capacitor across the differential's stator leads and another across the
control transformer's stator as shown on Figure 54.

4.15.5 Geperal notes concerning synchro capacitors. Synchro
capacitors are specifically designed to perform a particular function. It
is recamended that substitutes, such as electrolytic and paper filter
capacitors, should not be used. Use of these types will cause an
inaccuracy in the system. The recamended type of synchro capacitor is of
paper foil construction.

4.15.6 Synchro capacitor location in synchro system.- A synchro

* capacitor should be mounted close to the differential unit or the control

transformer. The intent of the synchro capacitor is rerdered useless if
the high magnetizing current of the unit is required to flow through an
extensive length of wire before being cancelled by this capacitor (see
Figure 55).

4.15.7 Use of capacitors to reduce line current of a transmitter or
receiver. When a transmitter or receiver is connected to an AC supply, the
current drawn by the rotor is largely magnetizing current (see Figure 56).

4.15.7.1 FEffect of addition of capacitors. Wwhen capacitors are
connected across the rotor leads of each unit, the current drawn from the
AC supply can be greatly reduced as shown on Figure 57. Capacitors are not
to be commected in the stator circuit between the transmitter and receiver.
The current in this circuit is zero; therefore, the capacitor in this
location will increase the current which will cause an inaccuracy in the
system.

4.15.8 Synchro capacitor boxes. Due to the necessity of having the
synchro capacitor mounted as close as possible to the synchro unit which
requires a current correction, it is sametimes mandatory that the
capacitors must be mounted in an exposed location. Therefore, synchro
capacitors are mounted in boxes especially designed for this purpose.
Tables IT and III list synchro capacitor boxes available for this purpose.

4.15.9 Characteristics of Navy standard synchro capacitors. Table IV
provides a list of Navy standard synchro capacitors and their replacements.
Figure 58 illustrates the standard connections and current values of the

P T T R T s B ma
Capaciitors 1isoasa in Table TV.

4.16 Special synchros (servtorus). Servtorgs (special torque
receiver-type synchros, synchro relay transmitters, and synchro amplifiers)
have been developed and are available to boost the torque, change the speed
ratio, change fram 60 Hz to 400 Hz, or vice versa, for synchro systems. A
servtorg is a self-contained, remcte angular positioning amd tracking
device for converting input synchro data into an accurate shaft position.
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It performs the functions of conventional instrument servamechanisms and
synchro torque receivers. It consists of a DC motor, amplifier, power
supply, and synchro control transformer (either 60 Hz or 400 Hz), all
rounted in the same synchro frame. Details of these devices are available
in MIL~S-81746 or upon request to Commanding Officer, Naval Air Engineering
Center, Engineering Specifications and Standards Department, Code 53,
Lakehurst, NJ 08733-5100.

5. LOAD LIMITS FOR MIL~S-20708 SYNCHROS

5.1 Load limits for MII~S-20708 synchros in torgue systems.
5.1.1 Torgue system arrangements. The locad of receivers that may be

carrxedmatorquesystemdeperdsupanmearrangementofthewswn
'I'nree arrangements are discussed (as shown on Figure 59), Torgque Syste:m C

P Tt mE e €3 veeds £ — T v et e R
.l.:: n u.llu.u.ll:\..J.Ull UI. LD LAl Ok \.W al.l.wnj!:ul;il\a lw\iul; QXD\—:JID 9 mu D-

Note on Figure 59 that the torque differential transmitter units in Torgue
Systems B and € are provided with power-factor-correcting capacitars to
reduce the load current drawn fram the other synchro units.

5.1.1.1 Torgue System A. The primary factors controlling the limiting
load of receivers are:

a. The allowed maximum receiver error under static operation.

b. The allowed temperature rise in the torque transmitter produced
by circulating currents and by error currents.

In regard to receiver error, as the mumber of receivers in a system is
increased, the receivers get weaker and they require larger position errors
to overcame their restraining torque and follow the transmitter. Thus, an
excessive system loading would produce excessive receiver errors. A
practical solution is to limit the mumber of receivers to a value that
gives a system torgque gradient no less than two-thirds the value of the
unit torgue gradient of the receivers. As such, at full system load, the
receivers will give 50 percent increase in the restraining torque component
of position error as compared to that obtained by ane receiver controlled
by a duplicate size transmitter. The increase in the total position error
is actually less than 50 percent because the electrical error camponent of
position error is not dependent on the mumber of receivers in the system.
The system torque gradient of equal size receivers in this system is given
with sufficient accuracy by:

TION MO. (1)

Tg =

Tur
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e
=

= system torque gradient of each receiver

Tu unit torque gradient of the TX or TDX used as a TX

Tur unit torque gradient of each TR
= mmber of equal size TR's

For the limiting comdition that Tg = (2/3) T, the maximm mmber of equal
size TR's reduces to the following:

{(Na)max = 2r BQUATION NO. (2)

The loads obtained by using equation (2) are listed in Tables V and XV for
the different sizes of torque transmitters and receivers. In normal
practice with the receivers used only for position indication, the error
currents are small and the temperature rise of the transmitter and
receivers will not be excessive.

5.1.1.2 Torque System B. The limiting number of differential units
and receivers are based on the following:
) a. The load current required to energize the differential units is
limited to the value the torgue transmitter can carry at a safe temperature
rise and at a voltage regulation not exceeding 2 to 3 percent for 400-hertz
units or 7 percent for 60-hertz units. The hmtmg regulatlon valve is
higher for 60-hertz units than for 400-hertz TX's because 60-hertz TX's
have poorer voltage regulation per unit current than 400-hertz units.

b. The minimm system torque gradient of the receivers is set at
two~-thirds th e value of their unit torgue gradient, as was done for Torgque
Wstem A. 1In paragraph a above, it is assumed that the differential units
in the system are energized solely by the TX unit, without contribution by
the receivers. The allowable load determined in this manner will assure
safe operation of the TX and TR units, regardless of how mny receivers may
be switched off the system. All 400-hertz TX units up to amd including
size 37 can supply unity power factor load current up to 3 percent
requlation without excessive temperature rise and up to 7 percent
regulatmn for 60-hertz units. The limiting mumber of TDX units in this

b4

BQUATION NO. (3)
Iy

(NQ) max =
Impx
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where
Iy = unity power factor load awrent of the TX, or the TDX
used as a TX, for 2 to 3 percent voltage requlation for
400 hertz and 5 to 7 percent for 60 hertz
Imox = corrected energizing canxrent of a given size TDX

(Ng)max = limiting mmber of equal size TDX units

For equal size differential units and equal mmber and size of receivers on

each differential, the system torque gradient of the receivers in this
system may be specified by the following approximate farmula:

2ry, BQUATION NO. (4)
Tg & ——— Tyr
Ny + Iy
where
_ hgrp BXATION NO. (5)
Ih ¥ ——
ng +1rq
and

Ty = System torque gradient of each TR
Tyr = unit torque gradient of the TR's
n, = mumber of equal size TR's
ng = muber of equal size TDX units
~ Ty unit torgue gradient of TX, or TOX used as a TX

Ty unit torgue gradient of TR

[ 944 i i i

Ty  unit torque gradient of TX, or TDX used as a TX
Tud unit torque gradient of TR

For the limiting cordition that Tg = (2/3)Ty, the maximm mmber of
receivers in this system, as calculated fram equations (4) and (5), is
given by the following formula:

("plmax € 2rp EQUATION NO. (6)

The loads that are calculated by using equatlon (6) are listed in Tables VI

and XVI for different sizes of torque transmitters, differentials, and

r!.-r\-ﬂ'— " ‘.-I-
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5.1.1.3 Torgue System C. In this system, there are two receiver
loads, one on the primary side of the TDX units (load 1); the cother on the

secondary side {load 2). The mumber of differential units that may be used
with each TX is the same as for Torque System B. As to the number of
receivers that may be used in loads 1 and 2, these loads are dependent on
one ancther, as well as on the size of the TX and on the size and mumber of
the TDX units. In a system of this type, the loads are obtained from a
consideration of the system torgue gradient using a procedure similar to
that given for Torgue System B. A practical approach is to solve the torgue
cn.rc\.ut of the system under the followmg conditions:

a, Loads 1 and 2 each have equal sizg receivers.

b. All receivers are assumed to be at equal posn:lon error of less

c. The TDX units are of equal size and they carry equal shares of
the receiver 1

d. The minimm system torque gradient of the receivers in load 2
is set at two~thirds the value of their unit torgue gradient.

e. The load current required to energize the t‘ilffe..‘r“ ial units is
limited to the value that the transmitter can carry at a safe temperature
rise and a voltage regulation not exceeding 2 to 3 pe.rcen for 400~hertz
units or 7 percent for 60-hertz units.

The ratio of the system torque gradient of the receivers in loads 1 and 2
to their respective unit torque gradients may be expressed approximately as
follows:

~ N\ AR T
‘ql Lqe qu TION (7)
Ts1 _ N\ m
Zan\ / % e I\ [ Zqg\?

T.,n / b1 Z.-.‘;
- Zq * - — - =
ny m ng na ny

22 Zq PQUATION NO. (8)

} 2
ARV @)_(@i?
m o g N m
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Tg1 = System torgue gradient of each TR in load 1

Tgz = system torque gradient of each TR in load 2

unit torque gradient of each TR in load 1

Tyz = unit torgue gradient of each TR in locad 2

Zgq1 = quadrature axis impedance of each TR in load 1
Zq2 = quadrature axis impedance of each TR in lcad 2
Zge = quadrature axis impedance of each TDX

Zq = quadrature axis impedance of transmitter

ny = mmber of equal size TR's in load 1

ny; = mmber of equal size TR's in load 2
ng = nurber of equal size TDX's

Carparisan of equations (7) and (8) irdicates that Tga/Tyy is always less
than Tg;/Ty; for equal size receivers; therefore, load 2 1s subject to
corparatively weaker torque. EBEguation (8), for Tg2/Tya. must, therefore, be
used to determine ny and n; and it is set equal to 2/3. The approximate
expressions for ny and ny are shown below:

n, EQUATION NO. (9)
rang (2 - —
T
ny & \ T/
rg
g+ ng +m —
r
. Ty (22 ng = rg g - Ny ng) BOQUATION NO. {10)
m =
I's g +rg5 Ny
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where

Ty unit torque gradient of or TDX used as a TX
rl = =

Turl unit torgue gradient of TR in load 1

Tu unit torque gradient of TX, or TDX used as a TX
ry = =

Tur? unit torque gradient of TR in load 2

Ty
r4 = — = ratio of unit torque gradients of TX and TDX

Twd

ard ny, np, and ng are the same as above.

By setting n; equal to zerc in equatlcm (9), the following equation is
obtained:

_2r2a g
n, = EQUATION NO. (11)

g + ng

Ek;uatlons (6) and (11) are identical and yield the maximm number of
receivers for Torgue System B. Using this value as the starting point for
Torque System C, the total number of TR's in load 2 is reduced by ng, 2p43,
3nd, and so forth, until each TDX carries one TR and nj is calculated from
equation (10) for each such reduction in load 2. The results obtained by
this method are shown in Tables VII and XVII.

.1.1.

5
low

Discussion of Tables V. VI, VII, XV. XVI. and XVII. The
Wl Ao

4
may be [P o W -.4-\.-. o)
oy e louesd J.u L;UJUM.A.J..UH Wil i l.-ﬂ.U-L

é'

£
LOl

a. All differentials energized from synchro transmitters are
provided with pc-:e.r—factormzrectirg capacitors. The values of these
capacitors are tabulated in Tables VIII and XVIII. Without capacitors, the
allowable mumber of differentials would be reduced to between one-third and
one-fourth of the values shown in these tables.

b. Blocking bars are used to indicate that no satisfactory system

=3 __tar A Al ke a T mmam

can m IOl th.n].n me lfnlc-dt-m ared.
5.2 load_limits for MI1~S~20708 synchros in mixed systems.

5.2.1 General. It has been cammon practice to employ mixed synchro
systems in which control transformers and torque receivers are operated
from a cammon transmitter. . In such systems, the position error of the
control load (CT units) has comparatively negligible effect on the accuracy
of the torque load (TR units), especially when the CT outputs are fed into
high load impedances. By contrast, even the normal position error of the

30




Downloaded from http://www.everyspec.com

MIL~HDBK-225A

torque receivers produces significant bus errors to impair the accuracy of
the control load. In addition, this bus error is acoampanied by same
quadrature time phase voltage which may impair the sensitivity of the
control servos on mull positioning. For these reasons, the position
accuracyoftheoontrol loadmmncedsyrdumsystemsmmtasqoodasin
straight control systems.

5.2.2 PRequirements for safe and aoccurate performance. To assuxre
fairly accurate and safe perfarmance of mixed systems, the following
requirements should be met:

a. The transmitter must be the torque type (TX); not the control
type (CX). Both types of transmitters can supply load cxrrents to CT

units, but cnly t.he torque transmitters have comparatively low impedance
level for effective ation of torque receivers.

-I._

b. The differential transmitters intended to carry torque amnd
control loads must be the torque type (TDX), whereas those intended to carry
anly CT units may be either torque differentials (TDX) or control
differentials {(CDX).

c. The load current to the CT and differential units should be
limited to that producing not more than about 3 ar 4 percent drop on the TX
and (DX secondary veltages in 400-hertz units or 10 percent drop in 60-
hertz units, assuming no contribution by the TR units in sharing the load
current with the TX. This limiting regulation assures satisfactory
accuracy in the system without excessive temperature rise in the TX, TR or
differential transmitter, regardless of how many units may be switched off
the system. In addition, with the above voltage drop limit, the reduction
in output voltage gradient of the CT is limited to about 10 percent for
400-hertz units or about 15 to 20 percent for 60-hertz units.

d. Smmxedsyrﬂmsystenshavetoenplcytmmtype
transmitters {TX's}, the limiting loads can be determined by reference to
Torque System Tables V, VI, VII, XV, XVI and XVII. In these torque systems,
thelimitingmunberofmunits is already indicated. It remains to
determine the mmber of CT units that may be added to the torque systems,
ard the mmber of (DX-CT hranches that may replace TOX~TR branches vhere the
TR units are not needed. The following quides are suitable fordete.m:.m.rg
limiting loads in mixed systems.

5.2.2.1 w The lmtxng nunber of CT's that may be added

wvhish are TY-TR e e t.ni-'l-hﬂ-
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5.2.2.2 Mixed System B- The limiting rmumber of CT's that may be added
to each section of the torque systems of Tables VI, VII, XVI ard XVII, all
of which contain intermediate TDX's, depends upon the mmber and size of
the TR's in that section. Table X shows the limiting number of CT's that
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may be added to each TR of Tables VI and VII. Table XX shows the limiting
momber for Tables XVI and XVII. However, where the number of differentials
of Tables VI and VII is given as a range without change of the TR load per
differential, the limiting mumber of CT's in each differential hranch may
be increased if the system does not utilize the maximum number of TDX's.
The number of CT units in each differential branch may be determined by the
following formula:

2ng - 2\ EQUATION NO. (12)
n'et £ nce (3 - ——)
Ngm ~ 1
where
n'ct = new value of CT load per TR in the differential branch
Net = CT load per TR of Table VII in the differential branch
ng = actual murber of TDX's carried in the system

Ngm = maximm number of TDX units allowed in the system

As an example, consider the following system from Table Vi: 37TRX4A - (1 to
7), 18TDX4C - (1), 18TR4B or 18TRX4A per TDX. If 11CT4E units are used,
reference to Table X shows that net = 3. Assuming ng = 4, solution of
equation (12) yields n'y = 6.

Mixed System C. In this system, a branch consisting of a TDX

2.3
with ite load of TR's is remaved from a tormie svstem of Tables VI and VII

iRl Y A il T wwL et YOt a Al il Ya e

ard replaced by one or more (DX-CT branches. Tables XI and X show the
limiting number of CDX's and the limiting number of CT's per CDX that may
replace a TDX-TR branch.

5.2.2.4 Discussion of Tables IX, X, XI, XIX, XX, and XXI. Paragraphs
5.3.1.4 a, b, and ¢ regarding use of power-factor-correcting capacitors for
CDX armd CT units, grouping of CT's and mixing of CT's, respectively, are
equally applicable with regard to Tables IX, X, XI, XIX, XX, and XXI.

5.3 Load limits for MII~S~20708 synchros in control systems.

5.3.1 Control system arrangements. The quantity of synchros that may
be carried in a control system depends upon the specific arrangement of the
system. The three arrargements shown on Figure 60 are discussed in the
following paragraphs. The third arrangement is a cambination of the first
two. Note on Figure 60 that CT amd CDX units are provided with power-
factor-correcting capacitors. In this manner, the systems can carry about
three to four times as many (DX and CT units connected directly to the CX,
and CT units comnected directly to the differential. The primary factors
that limit synchro loading for the systems shown on Figure 60 are:

a. The limiting temperature rise of the CX and CDX units, produced
by their respective load currents.
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b. The allowed system regulation as a percent drop in voltage
gradient of the control transformers, contributed by the ¢X, CDX and load

impedance of the CT units.

c. 'Ihepermissible load impedance on CT units, so as to limit the
percent drop in voltage gradient and the reflection of position errors

among CT units. In determining synchro loading limits, same allowance is
m.ademﬂmevaluesofconectedenerglznqwrremofthecrarﬁmx\nnts

to account for normal variation in oael y fr.nnnaw ard for variation in

AV TaA AT A ws B

optimmn capacity among units of the same type.

5.3.1.1 Oontrol System A. 'Ihemaxmnnmmberofcr'smdetenmnedby
limiting system regulatlon, or the drop in voltage gradient of the CT, to
approximately 10 percent in 400-hertz units or 15 to 20 percent in 60-hertz
units. X voltage regulatmn is limited to approximately 4 percent in 400-
hertz units or 10 percent in 60-hertz units. The following equations are
applicable:

VRg = VR + VRt BQUATION NO. (13}
Iy = Net Ioy COSOt EQUATION NO. (24)

where

VR = voltage regulation of CX, or DX used a5 a OX, due to
unity power factor load current it delivers to all units
VR-t = voltage regulation of a CT due to a minimum load

impedance of 15,000 ohms across its secondary

Ix = total corrected energizing qurrent drawn from the X or
(DX used as a X, by its load of CT's
Nt = mmber of CT's in the system

Tt = energizing amrent required by a CT
cosB8. = power factor of a CT

Since VRg is limited to approximately 10 percent for 400 Hz, 15 to 20
percent for 60 Hz, arﬂVRctismasured VPO‘naybecalallated fram
equation (13). From aqaenmentally determmed data on woltage regulation,
Iy for the calculated value of VR is obtained. Substititing this value
of Iy and the corrected energizing current of a CT, namely, L.y COS8qy,
into equation (14), the limiting number of CT's may be calculated. The

results for Control System A are shown in Tables XII and XXII. For the
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specified loads, all units operate within their allowable temperature rise

values.

5.3.1.2 CQontrol System B. ’Il\enmmmmnnberofcr'sarﬂcn)('s is
determined by limiting system regulation, or the drop in voltage gradient
of the CT, to approximately 10 to 20 percent. Alsc, voltage regulatlon of

the CX is limited

toabu:t3t.o4percentm400-hertzor10percentm60-

hartz units, and similarly for the COX. The following equations are

applicable:

I =

= VRo, + VRoix + VRet EQUATION (15)
= Net/cdx Ict ©OS9ct BQUATION (16)
= Todx ©0SBgix BQUATION (17)
2 ngaxlIa + Ipl BOUATION (18)

system regulation or drop in voltage gradient of a CT

voltage regulation of CX, or (DX used as a CX, due to
unity power factor lcad current it delivers to all units

voltage requlation of a (DX due to unity power factor
load current it delivers to its load of CT's '

voltage regulation of a CT due to a minimm load

impedance of 15,000 chms across its secondary

total corrected energizing current drawn fram a CDX by
its load of CT's

mmber of CT's carried by a DX

energizing current required by a CT

power factor of a CT

corrected energizing current drawn by a DX

energizing current required by a (DX

cosBqy = power factor of a DX

Tex

Nodx

= total load current delivered by the X, or CDX used as

a CX, to power~-factor-carrected (DX's and CT's

= quantity of (DX's used in the system
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To simplify calculations, noj, is selected as 1 for each new (X-CDX
cambination. The munber of CT's carried by the differential is arbitrarily
selected. For this condition, egquations (16), (i7), amd (18} are solved.
Fram e:-q:ermentally determined data on voltage regulation, VR, and VRodx
corresponding to I, and I, respectively, are calculated. As VR is a
measured value, all terms on the right side of equation (15) are known.

The values of requlation for the terms in equation (15) are campared with
the limiting values specified. The mumber of CT's carried by the
differential is then decreased or increased as required, and the above
procedure repeated until a limiting loading factor is reached. The process
described above is repeated as nny, is increased progressively by one,
until the limiting mumber of differentials is reached. The results for
Control System B are shown in Tables XIII and XXIII. For the specified
leads, all units operate within the allowable temperature rise values.

5.3.1.3 Control System €. There are two CT loads in this system; CT
load 1 connected directly to the X, and CT load 2 connected directly to
the CDX. System regulation, or drop in voltage gradient of the CT, is
always poorer for load 2 because voltage regulatlon of the X affects both
CT' loads equally, lbut voltage 'ft?fji.i.ld(..lﬂn of the DX is included in the
system regulation for the CT's in load 2 only. Far this reason, Table XIV,
which lists the loads for this system, gives the limiting drop in voltage
gradient for CT's in load 2 only. The same approach and equations hold for
this system as for Control System B, except that VR arnd I, include the
loadmg due to the CT's energized directly by the OX (net for load 1).
Using the load limits of System B as the starting point, the CT's in load 2
are reduced by 1, 3 . . . units per CDX, until each (DX carries one CT.
For each such reductlon in load 2, the corresponding allowable increase in

N+ for lead 1 is calculated.
Net for

5.3.1.4 Discussion of Tables XII, XIII and XIV. The following notes

apply in connection with Tables XII, XIII and XIV.

a. All differentials energized from synchro transmitters and all
control transformers are to be used with power-factor-correcting
capacitors. The values for these capacitors are tabulated in Table VIII.
Without power-factor-correcting capacitors, the differential and CT loads
would be recuced to between one-third and ane-fourth of the valuec

Tables XII, XIII and XIV.

5?

in
-l

b. 11CT4E and 15CT4C units are considered as a group in Tables
XIT through XIV because they have approximately equal weight on the system.
Similarly, 18CT4C and 23CT4C units are considered as another group The
indicated quantity of CT's allowed for one group in Tables XII through XIV
can be made up of either ane type of CT or of both types of CT's in that

group.

c. All systems carry more units of the 18CT4C and 23CT4C group
than of the 11CT4E and 15CT4C group. These two groups of CT's may be mixed
by proportional weight. For example, the system 23CX4D CT of Table IX may
be used with the follo..rmg subdivisions of locad:

a5
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Quantity of CT's at Full Load

Transmitter 11CT4E or 1SCT4C plus 18CT4C or 23CT4C
23CX4D 0 70
23CX4D 5 60
23CX4D 10. 50
23CX4D 15, 40
23CX4D 20 30
23CX4D 25 20
23CX4D - 30 10
23CX4D 35 0

d. The indicated load on each transmitter may be increased by
approximately 100 percent when the control transmitter is replaced by a
torque transmitter of the same size. For Ccntrol System C, Table XIV, this
implies a 100 percent increase in load 1 and in the indicated number of (DX
units, without altering the indicated load 2 per CDX unit. This larger
load with the TX will not deteriorate the voltage gradient. However, the
null voltage output of the CT units will likely be larger with the torgue
transmitter.

e. Blocking bars are used in Tables XII through XIV to indicate
that no satisfactory system can be formed within the indicated area.

5.3.1.5 Discussion of Tables XXII, XXIII and XXIV. The following
notes apply in connection with Tables XXII, XXIIT and XXIV.

a. All differentials energized from synchro transmitters and all
control transformers are to be used with power-factor-correcting
capacitors. The values for these capacitors are tabulated in Table XVIII.
Without power-factor-correcting capacitors, the differential and CT loads
would be reduced to about one-third of the values shown in Tables XXII,
XAII and Xav.

b. The 15CT6D and 23CT6D units are considered as a group in
Tables XXII through XXIV because they have approximately equal weight on
the system. The indicated quantity of CT's allowed in Tables XXII through
XXIV can be made up of either one type of CT or of both types of CT's.

c. Of the three types of control transmitters and control
differential transmitters that were availakle (18CDX6D, 23CX6D and
23CDX6C), only two satisfactory control systems can be set up.
Consequently, available torgue transmitters and torgque differential
transmitters were added in the determination of control systems. The CT
null voltages of these systems may be several times higher than the CT null
voltages for systems made up of control units only, because 60-hertz torque
synchros generally have higher null voltages than control synchros.
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d. Blocking bars are used to indicate that no satisfactory systems

can be formed within the. indicated area.
6. SYNCHROS IN ACTION

6.1 Synchro systems. Syrchros are seldom used singly. They work in
teams, and when two or more synchros are interconnected to work together,
they form a synchro system. Such a system may, depending on the types and
arrangement of its camponents, be put to uses which vary from positioning a
sensitive indicator to controlling the motors which move a gun tarret
weighing many tons. If the synchro system provides a mechanical output
which does the actual positioning, as in the case of the irdicator, it is a
torgque system. If it provides an electrical output which is used anly to
control the power which does the mechanical work, it is a control system.
Cornrol synchros are usually part of a larger system called a servo, or
automatic control, system. In rany cases, the same system is called upon
to perform both torque and control furctions. .

6.2 M_Mﬂs_;t&_s The individual s.yndmros which make up a
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such a system is expected to hanrdle.

6.2.1 Transmitter and receiver. The sinplest synchro system consists
of one torgque transmitter and one torgque receiver connected in parallel as

shown on Figure 61. It should be emphasized that the chief difference
between the trangmitter and the receiver is one of function. The
transmitter is the unit whose shaft is turned; the receiver is the unit

whose shaft follows. The two are not always interchangeable. They are
electrically identical, hut the receiver usually has an inertia damper ard

certain other refinements not present in the transmitter. In the follcwmg
exarples, forces equal and opposite to those turning the receiver rotor are
present in the transmitter but do not affect its rotor position because the
rotor is not free to turn. In practice, the transmitter rotor is
mechanically connected, usually by gears, to the mechanism furnishing the
information to be transmitted. The outstanding characteristic of the
transmitter-receiver system is that, as soon as both rotors are connected
in parallel to the same AC source, the receiver rotor assumes and holds the
same electrical position as the transmitter rotor. Unless the transmitters
and receivers are energized from the same AC source, the system cannct
function properly. If the transmitter is positioned at 0 degrees, the
receiver rotor turns to and remains at 0 degrees. If the transmitter is
turned to 30 degrees, the receiver turns with it to 30 degrees.

6.2.1.1 Rotors in corresponding positions. Consider first the
conditions existing in the transmitter-receiver system shown on Figure 62.
Both transmitter and receiver rotors are at 0 degrees. In the transmitter,
a maximm voltage of 52 volts is induced in the S2 coil by the alternmating
magnetic field of the rotor coil because the coupling between these two
coils is maximm at O degrees. The S1 and S3 coils are so wourd that at
0 degrees, the induced voltage across each coil is 26 volts, in phase with
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the S2 voltage, but less than maximm because S1 and S3 are less closely
coupled to the rotor in this position. Since the receiver is electrically
identical to the transmitter and the two rotors are connected in parallel,
the voltage induced in each receiver stator coil exactly equals that of the
carresponding transmitter stator coil. Notice, however, that in each case
it also opposes the transmitter coil's voltage. The transmitter and
receiver are like two AC generators producing equal voltages but working
against each other. No carrent can flow in the transmitter through S1 and
S$2, or S3 and S$2, because in the receiver equal and opposite voltages
across S1 and S2, and across S3 ard S2, oppose the current flow. In each
camplete electrical stator circuit of the system, the sum of the voltage is
zero. No aurrent flows in the stator coils to establish a magnetic field;
therefore, no force is exerted on the rotors.

* NOTE *

The fact that the rotors in this example
are at electrical zero is not important.
Similar static conditions result from
any angular rotor position so lorg as it
is the same for both rotors.

6.2.1.2 Rotors not in correspondirg positions. Assume now that the
transmitter rotor is suddenly turned to 30 degrees. The induced voltages
across S2 and S3 immediately drop because coupling to the rotor has been
decreased. Increased coupling increases the voltage across §1. The
balance between transmitter and receiver stator voltages has been
deﬁtroyed and current flows in each stator circuit in direct proportion to

_ .L___ [, i, Qg

the voltage unbalance existing in that circuit, as shown on Figure 63.

6.2.1.2.1 Affect on the receiver rotor. Examine the magnetic
polarities established in the system at a partlcular instant, such as that
assumed on Figure 64. It can be seen that in the receiver, each stator is
acting as an electromagnet to turn the rotor in a counterclockwise
direction. Since the rotor is free to move, it rotates to 30 degrees. At
this point, it again imduces stator voltages equal to those of the
transm:Ltte.r aurrent stops flowing in the stator coils, and their magnetic

6.2.1.2.2 Affect of different rotor positions. The same general idea
works in any case where the two rotors are in different positions,
regardless of what those individual positions may be. Figure 65 shows how
the stator voltages and currents behave if the transmitter rotor is turned
to 120 degrees while the receiver rotor is held at 60 degrees. In this
exanple, cu.q:ling of the two rotors to corresponding stator coils differs
more than in the previcus case. The unbalanced voltages are, therefore,
greater, and more stator current flows. As a result, the maqnetlc pull
tending to turn the two shafts to identical poeutmns is stronge.r than
before. Figure 66 shows the magnetic polarities existing at a particular
instant for this difference in rotor positions.
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6.2.1.3 Reversing direction of receiver rotatiop. When the teeth of
two mechanical gears are meshed, the gears tarn in opposite directions. If

a third gear is added, it turns in the same direction as the first. This is
impartant here because synchro torque receivers are often camnected through
a train of mechanical gears to the device which they operate, and whether ar
not force is applied to the device in the same direction as that in which
the receiver rotor turns depends on whether the mmber of gears in the train
is odd or even. The impartant thing, of course, is to move the dial or
other device in the right direction, ard even when there are no gears
involved, this may be opposite to the direction in which the receiver rotar
ofamrmllyoonnectedwstanwouldtm'n Either of these two factors, and
sametimes a cambination of both, may make it necessary to have the
transmitter turn the receiver rotor in a direction opposite to that of its
own rotor. This is accomplished by reversing the S1 amd S3 comnections of
the transmitter-receiver system, so that S1 of the transmitter is connected
to S3 of the receiver and vice-versa.

6.2.1.3.1 PRotors at various degrees. With the rotors at 0 degrees,
corditions within the system remain the same as with normal stator
connections, since the rotor coupling to S1 ard S3 is equal. But suppose
that the transmitter rotor is turmed counterclockwise to 60 degrees as
shown on Figure 67. In the transmitter, maximm rotor coupling induces
maximmm voltage across S1, which causes maximm current to flow through S3
in the receiver. The magnetic forces produced turm the receiver rotor
clockwise into line with $3, the rotor's 300-degree position. At this peint
the rotor again induces voltages in its stator ooils which equal those of
the transmitter coils to which they are connected. Notice that only the

direction of rotation changes, not the amaunt; 300 d!;’&!:!;-? i1s the same as

minus 60 degrees.

* NOTE +

It should be emphasized here that the
S1 and S3 connections are the only cnes
ever interchanged in a standard synchro
system. Since S2 represents electrical
zero, changing the S$2 lead would
introduce 120-degree errors in heading.

6.2.1.4 Stator aurents. Whenever the rotors of two interconnected
synchros are in different positions, axrent flows in the stator windings.
The strength of the cwrrent flowing in each stator lead depends on the
difference between the voltages induced in the two coils to which the lead
comects. This voltage unbalance, in turn, depends on two things: (1) the
actual positions of the rotors, and (2) the difference between the two
positians.
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6.2.1.4.1 Effect of difference between two positions. Suppose that an
ammeter is inserted in any one of the stator leads (the S2 lead, for
example), and that the two rotors are held so that there is a constant
difference between their positicns while they are rotated together until a
point is found at which the ammeter indicates maximm stator current. If
the difference between rotor positions is then increased and the rotation
repeated, a different maximm reading is obtained. Each time the
difference between rotor positions is changed, the maximum stator current
that can be obtained by varying actual rotor positions is changed.
Figure 68 is a graph showing how the value of the maximum stator current
deperds on the difference between rotor positions in a typical case.

* NOTE *

In practical operation, the position of
the receiver's shaft would never he
more than a degree or so away from the
transmitter's, so that maximm stator
current under normal conditions would
be less than one-tenth of an ampere for
the synchros used in this example.

6.2.1.4.2 Actual rotor positions. To see how actual rotor positions,
as well as the difference between them, affect individual stator currents,
it is only necessary to compare the maximum stator current in each lead with
the strength of the current in that lead as the two rotors are turmed
through 360 degrees. The difference in rotor position with which the
maximmn stator current was established should be maintained while turning
the rotors. The graphs on Figure 69 show how the current in each of the
three stator leads deperds on the mean shaft position, the position that is
halfway between the position of the transmitter rotor and that of the
receiver.

6.2.1.5 Rotor currents. A synchro transmitter or receiver acts like a
transformer, and an increase in the stator secondary current results in a
corresponding increase in the rotor primary current. When the rotor
current of either of the units is plotted on a graph under the same
conditions as those used for maximmm stator currents, it appears as shown
on Figure 70. Although all three stator currents are zerc when the shafts
are in the same positions, the rotor current is not. As in any
transformer, the primary draws same current with no load on the secondary.
This current produces magnetization of the rotor and supplies its losses.

6.2.1.6 Why there is no torque at 180 degrees. Since the stator
current increases with the difference in rotor position, and since the
magnetic fields of the stators increase in strength with the stator current,
it appears the torgque or turning force exerted by the receiver's shaft
should be greatest when the transmitter and receiver rotors are 180 degrees
apart, but exactly the opposite is true. To understand this, first consider
the current conditions in the synchro system shown on Figure 71. Since all
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the voltages aid each other, strong currents flow in all three stator leads.
If the two units are the same size, the aunrents are the same as those which
would flow if three stator leads were shorted together. Obviously, these
strong currents produce powerful magnetic farces. To see why no tarque
results, consider the polarities existing in the system at the particular
instant assumed on Figure 72. As powerful as they are, the farces exerted
on the rotor work against each other in such a way that their effects are
equal and opposite. The resulting torque is zero. In actual situations,
the two shafts do not stay in these positions unless held there. The
shght.&st d;splacement of either ane dest.roys the balance, amd they are

e mpen e s & 2
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6.2.2 Torxue synchro systems containing differential units. The
demands on a synchro system are not always s0 simple as the positioning of
an indicating device in response to the infarmation received fram a single
source. For example, an error detector used in checking fire control
equipment employs a synchro system to determine the error in a gun turret's
position with respect to the training order supplied by'a dummy director.
To do this, the synchro system must accept two signals—one containing the
training order and the other giving the turret's actual position. The
system must then compare the two and position an indicator to show the
differerce between them, which is the error. Obvicusly, the simple synchro
transmitter-receiver systems considered up to this point could not hardle a
job of this sort. A different type of synchro is needed; ane which can
accept the position-data signals simultaneously, add or subtract the data,
and furnish an output proportional to the sum or difference which it finds.
This is where the synchro differential cames into the picture, because a
differential can perform all three of these functions.

6.2.2.1 Differential units. Synchro differential units are discussed
briefly in 4.9. The stator of a differential is similar to that of the
simple transmitters and receivers discussed in the preceding paragraphs, but
the rotor is totally different. It is wound with three coils instead of
ane. It is assumed in the schematic diagrams of synchro differentials that
the three rotor coils turn arcurd an A axis in the center of the diagram,
theelectricalpositionoftherotorheingshcwnbythearrowonthem
lead. If AC axrent is flowing in either the stator or roter coils, the
voltagesmducedmtheothergroupdeperﬂcntheposxtmnofmerotor
since this determines how closely the coils are coupled to one ancther.
all circuits are camplete, currents flow in both rotor and stator coils.
These currents generate individual magnetic fields around each coil. The
strength ard direction of the magnetic field is determined by the strength
and direction of the current flow in the coil.

P'!h

6.2.2.2 Resultant magnetic fields in a transmitter and differential
transmitter. 'Ihorax;h analysis of the interaction of a syrx:hro system's
magnetic fields is extremely camplex, but the overall effect is relatively

sj_mtr)lei When axrent flows in the stator ooils of any synchro, individual

magnetic fields are produced arourxd each coil. I.enz's law stat.es that when
current is flowing as the result of an induced voltage, the magnetic field
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which the current produces opposes the magnetic field which induced the
voltage. In a synchro transmitter, the stator voltages are induced by the
fluctuating magnetic field of the rotor. The individual magnetic fields
around the stator coils therefore oppose the field of the rotor, and the
stator coils are so wound and positioned that the individual fields ccmbine
to produce a resultant stator field which is opposite to the field of the
rotor.

6.2.2.2.1 Direction of maanetic fields. The stator leads of a TX
(torque transmitter) are connected to the corresponding stator leads of a
TDX (torque differential transmitter) on Figure 73. The resultant stator
field (shown by open arrow) produced in the TX directly opposes the TX rotor
field (shown by solid arrow), since corresponding stator coils of the two
units are in series., For example, if S2 of the TX is in series with S2 of

o~ TN -y —— - £ O Y ot 3
the TDX, the current flow produces a resultant stator field of egqual

strength in the TDX. However, currents in corresponding stator coils of the
TDX are opposite in direction. The direction of the stator field in the TDX
is, therefore, opposite to the direction of the TX stator field, but
identical to the direction of the TX rotor field. The TDX rotor coils are
angularly spaced 120 degrees apart, in the same manner as the TX stator
coils. The TDX stator field is identical to the TX rotor field, neglecting
small circuit losses. The result is that the TDX stator field acts upon
the TDX rotor just as the TX rotor field acts upon the TX stator. If the
stators of a TR (torque receiver) are connected to mrrmmndlm rotor

coils of the TDX, rotatmg the stator field of the TDX w1t.h respect to the
rotor produces the same effect in the TR as turning the rotor of a TX in
previous exanples.

6.2.2.2.,2 Position of stator field in relation to rotor is controlling
factor. Before considering such an arramgement, however, it must be made
clear that the controlling relationship in the TDX is the position of the
TDX stator field with respect to the rotor, not with respect to the TDX
.stator. Suppose that the TX rotor in the previous example is turned to 75
degrees, and the TDX rotor is turned to 30 degrees as shown on Figure 74.
The TDX stator field is now positioned at 75 degrees with respect to S2, hut
the angle at which it cuts the TDX rotor is 45 degrees, using the R2 axis as
a reference. This is the angle which determines the signal which the TDX
transmits. Notice that turning the TDX rotor 30 degrees counterclockwise
decreased the angle between the TDX stator field and R2 by that amount.

6.2.2.3 How the differential transmitter subtracts. The manner in
which the torque system containing a TDX subtracts one input from, or adds
it to, the other can be figuratively described as the positioning of the
magnetic fields. Figure 75 shows such a system connected for subtraction.
A mechanical input of 75 degrees is applied to the TX amd converted to an
electrical signal which the TX transmits to the TDX stator. The TDX
subtracts its own mechanical input fram this signal, and transmits the
result to the TR, which provides the torque system's mechanical output in
the position of its rotor.
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6€.2.2.2.1 Rotors Hhurned to 0 degreeg. To urverstand how this recult

is acocamplished, consider corditions in a TX-TDX-TR system when the and
TDX rotors are turned to 0 degrees, as illustrated on Figure 76. It has
bee.nslmnhoutorquelsdevelopedinasyrﬂmorecei to ring its rotor
into a position which corresponds to that of an associated transmitter. In
the TX~TDX-IR system now being considered, the TDX stator field has taken
the place of the TX rotor, as far as the TR is concerned, and the TDX rotor
has taken the place of the TX stator. The TR rotar, therefore, follows the
angular position of the TDX stator field with respect to R2 of the TDX.
Since this is 0 degrees, the TR rotor turns to that position, and the

system has solved the eguation: 0 degrees - 0 degrees = 0 degrees.

6.2.2.3.2 Magnetic fields. On Figure 76, the directions of the TDX
rotor field and the TR stator and rotor fields are also indicated.
Theaoretically, when the system is in perfect balance, the TDX rotor
voltages equal and oppose the TR stator voltages, so that no current flows
in these circuits. Actually, there is usually a slight unbalance in rotor
positions due to friction in the TR, even under static corditions, and weak
magnetic fields are generated. The purpose of the arrows is to indicate
the directions which the various magnetic fields assume as they swing into
position. Notice that a voltage unbalance between the TDX rotor and the TR
stator produces a TDX rotar field which opposes the TDX static field, while
the torgque produced in the TR turns that rotor field so that it lines up
with the TR stator field when the system cames into balance. This does not
contradict lenz's law, because the TR rotor is separately excited and its
field is not the result of voltages induced by the TR stator field.
Whenever two indeperdent magnetic fields are in close proximity, they
immediately align themselves if either is free to move.

|

.

6.2.2.3.3 With TDX rotor at 0 degrees and TX rotor at 75 degrees. The
illustration on Figure 77 assumes that a 75-degree input is applied to the
system by turning the TX rotor to the 75~degree position. The TDX stator
field follows, and since the TDX rotor is at 0 degrees, it also induces a
75—deqgree signal which the TDX rotor transmits to the TR. The TR rotor
accordingly turns to 75 degrees, and furnishes the system's mechanical
ocutput. This illustrates an impartant rule:

75 degrees - 0 degrees = 75 degrees.

Heimar ot ite

}
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)

£.2.2.3.4 With TOY raotor turned 4 20 deqrese,. The ac tracting
function of the TDX becames more apparent when its own rotor is turmed 30

degrees (see Figure 78). The TDX stator field remains at 75 degrees,
controlled by the position of the TX rotor; but its angular position with
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respect to R2 is decreased by 30 degrees. The signal induced in the TDX
rotor and transmitted to the TR is 45 degrees, the TDX having subtracted the
amount which its own rotor is turned fram the signal transmitted by the TX.

The equation solved now reads: 75 degrees - 30 degrees = 45 degrees.

6.2.2.3.5 Clockwise rutation of TDX. The TX-TDX-TR system treats a
clockwise rotation of the TDX rotor as a negative value. Suppose the TDX
rotar is now turned from 0 degrees clockwise to 330 degrees with the TX
rotor still at 75 degrees (see Figure 79). The rotation is, in effect,
through an angle of mirms 30 degrees, which is the amount that the TDX
subtracts fram the signal transmitted by the TX. The angle between the TDX
stator field and R2 is increased to 105 degrees, amnd this is the signal
transmitted to the TR, whose rotor turns to a corresponding position:

75 degrees + 30 degrees = 105 degrees.

6.2.2.4 How the differential transmitter adds. Freguently, it is
necessary to set up a TX-TDX-TR system for addition. This is done by
reversing the S1 and S3 leads between the TX and TDX stators and the Rl and
R3 leads between the TDX rotor and the TR. With these connections, the
system behaves as illustrated on Figure 80. The 75- and 30-degree
mechanical inputs applied respectively to the rotor of the TX and the rotor
of the TDX are added and transmitted to the TR, whose rotor provides an
ocutput equal to their sum by turning to 105 degrees.

6.2.2.4.1 Effect of individual stator fields. The reason for this
behavior lies in the effect of the individual stator fields on the
resultant stator fields of both the TX and TDX. Consider what happens when
the TX rotor is turned to 75 degrees while the TDX is set at 0 degrees (see
Figure 81). In the TX, with the rotor at 75 degrees, increased coupling
between the rotor and S1 increases the cwrrent in, and consequently the
magnetic field around, that coil while the field strengths of S2 and S3
decrease proportionately. This causes the resultant field of the TX
stators to rotate counterclockwise, remaining directly opposed to the rotor
field. The system is now connected so that the increased current in S1 of
the TX flows through S3 of the TDX, while decreased currents flow through
S1 and S2. In the TDX, therefore, the strong field around S3 has a greater
effect on the resultant stator field, which rotates 75 degrees clockwise.

6.2.2.4.2 Reversal of R1 and R3 leads. However, the R1 and R3 leads
between the TDX and the TR are also reversed. Just as in the simple TX-TR
system with S1 and S3 leads interchamged, torque is developed in the TR
which turns the rotor in a direction opposite to the rotation of the TDX
stator field. Thus, the TX-TDR-TR system connected for addition behaves in
the same way as the system connected for subtraction as long as the TDX
rotor is at O degrees. The TR rotor follows the TX rotor exactly.

6.2.2.4.3 [Effect of TDX turned to 30 degrees. When the TDX rotor is
turned to 30 degrees (Figure 82), the angle between the TDX stator field
and R2 is increased by that amount. This appears to the TR as an
additional rotation of the TDX stator field. In transmitting the TX signal
to the TR, the TDX adds the amount its own rotor turns.
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6.2.2.5 The differential receiver. As previously explained, the
differential receiver m.ainly varies from the differential transmitter in

its application. The TDX in each of the previous examples caombined its own
input with the signal frmasyzﬁmtrammtterm‘dtrarmittedttﬂmor
difference to a synchro receiver, which provided the system's mechanical
output. In the case of the differential receiver in a torque system, the
differential unit itself provides the system's mechanical output, usually
as the sum or difference of the electrical signals received fram two
synchro transmitters. Fiqure 83 illustrates this operation in a system
consisting of two TX's and a TDR (tarque differential receiver)
intercaonnected for subtraction.

6.2.2.5.1 How the differential receiver subtracts. In considering the
operation of the TOR, it is important to remember that its rotor currents
do ot flow as a direct result of the rotor voltages induced by the
fluctuating stator field, but only as the result of an unbalance between
these induced voltages and the induced stator voltages of the TX to which
the TDR rotor is connected. When the rotor of this TX is turned, its
stator voltages are changed, and current flows in both the TX stator and
TOR rotor coils. The TDR rotor field established by these currents rotates
in the same direction, with respect to R2, as the TX rotor. Unless the
rotor of the TX connected to the TODR stator is turmed by an equal amount,
the TDR rotor and stator fields are displaced with respect to each other,
and a strong magnetic torque immediately operates to bring the two fields
back into aligmment. Since the TDR rotor is free to move, it rotates
accardingly, restores the voltage balance in the TOR rotor circuits, and
reduces current flow to a low value. Figure 84 shows how this works in a
system connected for subtraction when the TDR rotor is initially at 0
degrees, and the rotors of the two TX's are rotated fram 0 degrees to 75
degrees and 30 degrees as shown. The signal from the TX connected to the
TDR stator rotates the resultant stator field 75 degrees counterclockwise.
In a similar manner, the signal from the other TX to the TDR rotor also
rotates the resultant rotor field counterclockwise 30 degrees with respect
to R2. However, since the two resultant fields are not rotated by equal
amounts, torgue is developed to bring them into aligmment. The rotor
therefore turms to 45 degrees, at which point the two fields are aligned.
To bring its resultant field into aligrment, the TDR rotor need only be
turned through an angle equal to the difference between the signals
supplied by the two TX's. This is the requirement of the system.

6.2.2.5.2 How the differential receiver adds. To set up the system
just considered for addition of the inputs to the two TX's, it is only
necessary to reverse the R1 and R3 leads between the TOR rotor and the TX to
which it is connected. With these connections reversed, the system operates
as shown on Figure 85. Fiqure 86 illustrates how resultant magnetic fields

e b § e e ieosit o-vabl mem 1Y 4 o] {mms dhnd dha TN semde -
are positionad to produce this resuilt, 8Jaln aSSUhing Wiat whie 1UR I'oLor is

initially at 0 degrees, while the two TX rotors are turned from 0 degrees to
75 degrees and 30 degrees as shown. The TOR stator field still rotates
caunterclockwise 75 degrees, but because of the reversed Rl and R3
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connections of the TOR rotor, the rotor field rotates 30 degrees clockwise.
The angular displacement of the two fields with respect to each other, then,
is the sum of the signals transmitted by the two TX's. The magnetic force
pulling the TOR rotor field into aligmment with that of the stator turns the
TDR rotor to 105 degrees.

6.2.3 Rules for connecting a differential unit. By interchanging
various connections between a differential unit and the two synchros with
which it is associated, it is possible to obtain several different
relationships between the shaft positions of the three units. All the
connections which may be used in a standard differential system are shown
on Figure 87, with the corresponding relationship between shaft positions.
The unit types are not specified in the illustration, since this varies
with the application of the system. This does not affect the relationship
of the shaft positions.

6.2.4 Factors that affect the accuracy of a to Q
The accuracy of a synchro system is probably its most important
characteristic. Torque system accuracy is determined by how closely the
ayaL.::m':a uut.yut. shaft aw“cacm—.a the p".-s.‘;.ti@"i irdicated b}’ the s,'stem"=
input or inputs. In such a system, perfect accuracy is never obtained.
Regardless of how carefully receivers are constructed, electrical error and
error due to friction and lcad, called receiver error, are always present.
A small, but measurable, amount of torque is required to overcome this
friction; and when a receiver rotor is in perfect alignment with the signal
applied to its stators, no torgue is produced. The receiver lags slightly
before producing enough torgue to overcame brush and bearing friction, and
this lag is present as an error in any torgue system.

6.2.4.1 Simple torque gystems. In a torque system consisting of one
transmitter and one receiver, two important factors must be considered to
obtain maximum accuracy:

a. "I‘-\“e fr'r-‘-' v v X o f bhe rece i v \ﬁ"" e v owh el tf\

an absolute minimum. To satisfy this reguirement, the ball bearings used
on synchro receivers are selected with extreme care and factory-lubricated
according to strict military specifications. It is interesting to note
that friction on the shaft of a transmitter does not affect the accuracy of
the system itself, kut only increases the power required to turn the
equipment to which it is geared. This does not mean that transmitter
friction is unimportant, because the drag which a synchro system places on
associated equipment is always a factor to be considered; but the
requirements concerning the mechanical tolerances and lukrication of a
transmitter are less severe.

b. The torque gradient éf the receiver must be relatively high
with respect to its combined friction and lcad, so that a very smal} lag

nroduces c:11'F'F1r-1csn+ tormie to overoome hoth, T catricfu tha coarnryd
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requirement, both the transmitter and receiver must be large encugh to meet
the needs of the system. The impedance of synchro stator windings
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6.2.4.2 Torque systems involving a mumber of receivers. In a torgue

system where either a TX or TDX drives several receivers, the accuracy with
which each receiver follows the position-data signal applied to its stators
is determined by the following factors:

a. The friction and load on the shaft of that recejver.

b. The friction and loads on the shafts of all the other
receivers. If any one of the receivers is excessively loaded, ar if it
becomes jammed, the accuracy of the whole system is affected.

c. The unit torque gradient of the transmitter as related to the
mmber and size of the receivers it is driving. If too many receivers are
connected to a particular transmitter, its output voltages are reduced and
an excessive overall lag is produced in the system. This was previously
discussed in section 4.

6.3 Oontrol synchro systems. The comparatively small mechanical
ocutput of a torque synchro system is suitable only for very light loads;
and even when it is not heavily loaded, a torgque system is never entirely
accurate. The receiver rotor requires a slight amount of torgque to
overcame its static friction, amnd this torque can only be produced by a
small error in the system. Torque systems place a drag on associated
equipment, which affects their accuracy. When larger amounts of power and
a higher degree of accuracy are required as in the training mechanism of a
heavy radar antenna, torque synchro systems give way to control synchros
used as components of servo systems. Synchros cantrol and servos provide
power.

6.3.1 Jhe control transforper. The distinguishing unit of any synchro
cantrol system is the control transfarmer (CT) described in paragraph
3.1.1.7. Rexrembe.rthatthecrlsasmdmodeslgnedtosuxply, from its
rotor terminals, an AC veoltage with magnitude and phase deperdent on its
rotor position and on the signal applied to the three stator windings. The
behavior ofthecrmasystemdlffers from that of the synchro units
previously considered in several important respects.

a. Since therotorwuﬂux; is never connected to the AC supply,
it imduces no voltages in the stator coils. As a result, the CT stator
canrents are determined only by the voltages applledtothehJ.ghmpedame
wxrﬂmgs The rotor itself is wound so that rotor position has very littls

PRI W S

effect on the stator arrents.
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b. There is never any appreciable current flowing in the rotor
because its ocutput voltage is always applied to a high impedance load of
10,000 oms or more. Therefore, the rotor does not turn to any particular
posmmn vhen voltages are applied to the stators. The rotor shaft of acr
is always turned by an external force, and produces varyiryg output voltages
fram its rotor winding.

c. Like symchro transmitters, the CT requires no inertia damper;
hut unlike either transmitters or receivers, rotor coupling to S2 is
minimumm when the CT is at electrical zero (see Figure 88).

6.3.1.1 Relationship of the stator voltages in a CT to the resultant
magnetic field. When current flows in the stator circuits of a CT, a

resultant magr.eue field is produced. This resultant field can be rotated
by 51gnal fram a synchro transmitter or synchro differential
transmitter in the same manner as the resultant stator field of the TDX
previcusly considered. When the resultant field of the CT stator is at
right angles to the magnetic axis of the rotor, the voltage induced in the
rotor is zero. When the resultant field and the rotor’s mgnetlc axis are
aligned, the induced rotor voltage is maximum. Since no opposing voltages
are induced in the stator of the CT, the effective strength of the
resultant field is constant, regardless of its position. The strengths of
the irdividual fields which make it up, however, vary with the current in
the individual stator coils and, therefore with the individual stator
voltages. This means that the phase and magnitude of the stator voltages
determine the direction of the resultant magnetic field. Since the CI's
output is expressed in volts, it is convenient to consider its cperation in
terms of stator voltages, as well as in terms of the position of the
resultant magnetic field. However, it should be remembered that it is the
angular position of this fluctuating magnetic field with respect to the
rotor axis that determines the ocutput of the CT.

6.3.1.2 Operation of the control transformer with a synchro
transmitter. Considar the conditions existing in the system shown on
Figure 88, where a CT is connected for operation with a CX (control
transmitter) and the rotors of both units are positicned at 0 degrees. The
relative phases ¢f the individual stator voltages with respect to the Rl to
R2 voltage of the transmitter are indicated by the small arrows. The
resultant stator field of the CT is shown in the same manner as for the
TDX. With both rotors in the same position, the CT stator field is at
right angles to the magnetic axis of the rotor coil. Since no voltage is
induced in a coil by an alternating magnetic field perperdicular to its
axis, the output voltage appearing across the rotor terminals of the CT is
Zero.,
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6.3.1.2.1 X . -
0 deqrees. On Figure 89, the CI"s rotor posxtlon “does not affect statar
voltages or currents. The resultant stator field of the CT remains aligned
with S2. The axis of the rotor coil is now in aligmment with the stator
field. Maximm voltage, approximately 55 volts, is induced in the ocoil and
appears acxross the rotor terminals as the output of the CT.

6.3.1.2.2 Pp@mple of CT at 9Q deqrees and CX rotor twrmed to 180
deqrees. On Figure 90, the electrical positions of the CX ard CT are 90

Pmoa s e PRS- X el eaedemis masews oy Y e debem T =
usjicecs apal ., UIE \.1 =LA L.I.Q;.'J-u arna IOLOr axXes are dllglﬂ.l, Akl W Wil o

output is maximm again, but the direction of the rotor's winding is now
reversed with respect to the direction of the stator field. The phase of
the ocutput voltage is, therefore, opposite to that of the CT in the
preceding example. This means that the phase of the CT's output voltage
irdicates the direction in which the CT rotor is displaced with respect to
the position-data signal applied to its stators.

6.3.1.2.3 Variation of CT output. It is evident that the CT's autput
can be varied by rotating either its rotor or the position-data signal

applied to its stators. It can also be seen that the magnitude and phase
of the ocutput depend on the relationship between signal and rotor rather
than on the actual position of either. The graphs on Figure 41 illustrate
the difference in the CT output when the CT rotor is first rotated through
360 degrees with the X rotor at 0 degrees, and with the CX rotor at 90
degrees.

3

6.3.1.2.4 Summary. The important points to remember about the
operation of a CT are these:

a. When the CT's rotor is in the same electrical position as the
position-data signal applied to its stator (that is, in the same position as
the resultant stator field), the electrical ocutput of the unit is at a
mill.

b. When displacement with respect to each other is less than
0 degrees, any change in the angular relationship between the rotor and
the position-data signal produces a corresponding change in the magnitude

AL . s

f the CT's output.

o

c. The direction of CT rotor displacement with respect to the
position—data signal is always indicated by the phase of the CT's output
voltage.

6.3.1.2.5 Rotor displaced 180 deqrees. As indicated on Figure 41, the
electrical output of the CT is also zero when the rotor is displaced with

respect to the position—data signal by 180 degrees. It is, therefore,

nececsary to Idnrﬂ‘1fu the CT rotor nocsition at vhich 0 vnlte imdicates

- . e Nl S . rw.‘.--l._l A AL el §
agreez:e.nt with the 51gna1 In the case of the simple CX-CT cambination,
this is done by the phases of the two rotor voltages. If the CX and CT
rotors are in the same position, the CT rotor voltage is zero. Turning the
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rotor slightly counterclockwise from the "0 volt" position produces a
voltage fram Rl to R2 an the €T that is in phase with the voltage fram Rl
to R2 on the CX. In practical applications of the CT, its rotor is
positioned for proper operation in a particular system by one of the
zeroing procedures described in section 10. Consideration of the servo
systems discussed in following paragraphs of this section also show that a
180—degree displacement of the CT rotor can usually be detected in the
behavior of the system's outpuat.

-~ |, OGRS o ..-.-L-__.n

6.3.2 Errors in oontrol synchro Systems. e
errors in control systems are (1) electrical error, ( ) errcrs inherent in
control transformers, and (3) errors resulting fram the use of torgue and
control units in the same system.

ti‘

6.3.2.1 Electrical error. As defined in 4.13.5, the difference between
the actual physical position amd the electrical position of a synchro is
known as electrical error. Consider a control system consisting of a
control transmitter and a control transformer. If the CX and CT each have
an electrical error of 12 mimutes, the total possible electrical error is
24 minutes or nearly half of one degree. Adding a control differential
transmitter having an electrical error for rotor and stator of 10 minutes
each to this system, the total error increases to a possible 44 minutes or
about three~fourths of a degree. The effect of such an error depends on the
use of the particular system. In a gun training system, a one-half or
1-degree error becames more pronounced at increased distances. The fact
that synchro transmitters, differential transmitters, and control
transformers are driven does not make them free from electrical errors.
Manufacturing irreqularities in the windings and the magnetic structure are
inherent in all synchros.

6.3.2.2 Frrors of control transformers. In a simple X-CT system, it
usually is assumed that the null position for the CT rotor always occurs
when the axes of the CX and CT rotors are at 90 degrees displacement;
however, this is seldom true. As an example, if a X and CT are =0
positioned that the CT ocutput is minimum and then the CX rotor is turned
exactly 15 degrees, the CT rotor usually must be turned slightly more or
less than 15 degrees to again obtain a mull reading.

* NOTE *

A mull or minimum reading, rather than
a zero reading, has been specified.

The voltage cutput of a CT never becomes zero, but generally, at corres-
pordence, falls as low as 50-125 millivolts for 115-volt synchros. Also,
the null voltage cbtained varies as the CX rotor position is varied. It is
usualpractlceforaservosystemtooperatemsuchamannerthatthecr
oatput is a null. It should be obvicus, therefore, that any variation in
the position at which a null is obtained is reflected as an error in the
entire system. Corrective measures also must be taken to compensate for
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phase shift in a servo. The impedance of the synchro windings causes the
CT voltage to lead the CX supply voltage.

6.3.2.2.1 Exor from use of miltiple CT's. In a system where mare
than aone oontrol transfarmer is used, if the drive to one of the control
trancformors ig 1mmr1\rp that CT mav introduce error into the system

—— e - MESF S e et

whldlmeasesastheanglehetuaenltsoormctarﬂacmalp051um
increases.

6.3.2.2.2 Speed error of CT's. When control transformers are rotated
at high speeds, an additional error may be introduced. This is known as
speed error. The null voltage position of the control transformer no
longer oocurs when the CT rotates in synchronism with the transmitter, but
occaurs when the CT rotor is at an angle to its carrect
position. The angle depends upon the speed of rotation, and usually lags
behind that obtained under static conditions. As the mmber of CT's in a
system increases, the speed error is apt to increase. Also, the speed
error for a given speed is comparatively larger for a smaller size
transmitter. Considering CT's of the same size and rotating at the same
speed, the speed error is normally less faor 400-hertz units than for 60—
hertz units. Corrective devices are used to campensate for speed error.

6-3-2-3 Exrors when torgue and control units are used in the same
syst Manysystemusebcthtoxquea:ﬁcmtrolunits however, the use

of toxque units in a control system should be avoided where accuracy is of
prime importance.

6.3.2.3.1 Receiver error. In addition to electrical error, TR's ard
TDR's are subject to receiver error, the difference between the position
assumed by the TR or TOR and the position transmitted by the TX, which
often is as great as one degree. Receiver errar affects the electrical
autput of the transmitter so that the electrical signal heading on the
synchro bus differs fram the actual transmitter position. Receiver error,
also called position error, is caused by brush ard bearing friction and the
actual receiver load. Any increase in friction or load on a TR or TUR, or
adding more TR's or TOR'S to the system, increases the resultant bus error.
Smaller receivers, sizes 11, 15 and 16, have such a low tarque gradient
value that, as lubricant deteriorates with use and bearings became dirty,
the receiver error increases. Receivers also are subject to oscillations,
and irreqular or excessive oscillations are reflected as an additional bus
error. When torque and control units are used in the same system,
excitation mist be supplied by a torque transmitter rather than a control

[ S T S,
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6.4 Servo systems using sypchros. A servo, servo system, or
servamechanism (the three terms mean the same thing) is an autamatic
control device widely used in the Navy and distinguished by several special
characteristics described here. There are many different types of servo
systems, not all of which use synchros. This handbook, however, is
primarily concerned with those which do.

s1
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6.4.1 Servo systems using control synchros. The purpese of servo
systems in which control synchros are used is to supply larger amounts of
power and a greater degree of accuracy than is possible with synchros
alone. Ancther equally important characteristic of the servo is its
ability to apply this power autamatically, at the proper time, and to the
degree regulated by the need at each particular moment. All the system
requires to perform the specific task for which it is designed is an order
defining the desired result. When such an order is received, the servo
campares the desired result with existing comditions, determines the
requirement, and applies power accordingly, autamatically correcting for
any tendency toward error which cocurs during the process. To function in
this manner, a servo system must meet five basic requirements:

a.. It must be able to accept an input order defining the desired

result and translate this order into usable form.
b. It must feed back, from its output, data concerning the
existing conditions over which it exercises control.

c. It must compare this data with the desired result expressed by
the input order and generate an error signal proportional to any difference
which this camparison shows.

correcting order to change existing conditions to those required.

d. It must, in response to such an error signal, issue the proper

e. It must adequately carry out its own correcting order.

It follows from these requirements that any servo system is made up, at
least in part, of certain fundamental components. In functional terms, the
camponents normally found in a servo system using synchros are identified
as a data input device, a data output device, an amplifier, a power control

device, a drive motor, and a feedback device.

6.4.2 Classification of servos by use. A convenient classification of
servo systems can be made in accordance with their uses, of which the two
most camon are position servos and velocity servos. The position servo is
used to control the position of its locad and is designed so that its output
moves the load to the position indicated by the input. The velocity servo
is used to move its load at a speed determined by the input to the system.

6.4.2.1 Servo systems which do not fit into either category. For
example, a third type of servo is used to contreol the acceleration rather
than the velocity of its locad. Special applications of the different types
are used for calculating purposes, the servo making a desired computation
from mechanical or electrical information and delivering the answer in the

form of mechanical motion, an electrical signal, or both.

6.4.2.2 Position servo. A position servo is one in which the input
order indicates a position in which the load is to be placed. Figure 91
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shows the basic operation of a typical p
application in Navy equipment. The load, in
The overall purpose of the system is to train

hand crank. The load is mechanically coupled through a gear train to the
rotor of a CT in such a manner that the turret's position is always
accurately represented by the position of the rotor. An order signal
expressing the desired position of the load is fed into the servo by
positianing the rotor of the CX. A carrespanding position-data signal
immediately appears across the CT stator. Wwhen this signal differs fram
the actual position of the lead, an AC error voltage is developed across
the CT rotor. The phase of the error voltage is dependent on the angular
direction in which the lcad must be moved to agree with the arder signal.

6.4.2.2.1 Positioning the load. The arplifier retains this phase
distinction, and feeds the amplified signal to the power control device
where it is converted into power with a polarity or phase relationship
which drives the motor in the direction necessary to bring the load into
the desired position. As the load moves, mechanical feedback coupling
turns the CT rotor toward agreement with the position-data signal. As the
load approaches the proper p051t1c:n therefore, less and less power is
supplied to the motor because of the decreasing error voltage developed in
the CT. The error voltage reaches zero ard power is cut off fram the motar
when the electrical position of the CT rotor agrees with the position-data

signal across the stator.

6.4.2.2.2 0Oscillation. In an actual system, the mamentum of the load
tends to carry it past the desired position, and a new error voltage is
developed to drive it back. If unchecked, this action results in hunting,
which is oscillation of the lcad arcund the desired position. In most
servos, an electronic network known as an anti-hunt system is used to
minimize this undesirable effect.

6.4.3 Servo system ratings. Servo systems are qualitatively rated in
accordance with the following characteristics:
a. Static error. The amgular lag between the input and ocutput
under static conditions. A low fiqure is desirable.

b. Static error under lcad. The angular lag produced between
input and cutput by applying a specific torgue to the ocutput. A low fiqure
is desirable.

c. Velocity fiqure of merit. This figure is obtained by dividing
the velocity of the cutput, expressed in degrees per second, by the angular
lag between output and input, expressed in degrees, when the system is
moving its load at a constant speed. It indicates how quickly the systenm
responds to a constant input. A high figure is desuable

d. Damping constant. This is related to the transient response
of a servo. An overdanmped servamotor is sluggish and usually responds to a
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change witd overshoot A slightly underdamped servomotor usually

glvesaquldcresponset.oad'nangew:. only moderate overshoot and
practically no oscillation. A greatly underdamped servomotor will usually
overshoot badly and oscillate for same time after a change in position is
called for. The slightly underdamped case is the most desirable.

._...._--..n. .L— Anl- A eolirh

e. Acceleration fiqure of merit. The ratio between a constant
acceleration of the system, expressed in degrees per second, and the
angular lag between output andmput expressed in degrees. A high fiqure
indicates system ability to follow an increasing ar decreasing input

e sa=y

accurately and rapidly.
7. MILITARY SYNCHRO TYPES

7.1 Designation codes. It is caommon practice to refer to synchros by
their official designation; namely, 15CX6C, 18TRX4A, 26V-11TX4C, 5DG, ard so
on. The numerals and letters of a designation identify a synchro by
correlation with its size and function. Two existing designation codes will
be described herein for convenience. These are the "Military Standard Type

Synchro" and the "Pre-Standard Type Synchro”.

7.1.1 Military standard type synchro designation code. This code,
currently in use, has been designed to fully identify a synchro unit by
inspection of its namenclature. Consider the three units (15CX6C, 18TRX4A,
26V~11TX4C) mentioned above. The first two digits of each unit's
designation indicate the diameter in inches and tenths of inches, according
to the following list:

0.01 to 0.10 = .1 0.51 to 0.60 = .6
0.11 to0 0.20 = .2 0.61 to 0.70 = .7
0.21 to 0.30 = .2 0.71 to 0.80 = .8
0.31 to 0.40 = .4 0.81 to 0.90 = .9
0.41 to 0.50 = .5 0.91 to 1.00 =1

Thus, a synchro whose actual diameter is 1.437 inches would be designated
size 15.

7.1.1.1 Function of the synchro. The letters of the designation
relate to the function of the unit. The first letter is either a "C" for a
Control type, or "T" for a Torque type. The second letter identifies the
following specific functions:
D T - transformer
R - receiver X - transmitter

A third letter may be used; for example, "B" for a rotatable stator or
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7.1.1.2 Suply frequency. The mumeral immediately following the
letters designat.aﬁ the ope.rati.ng frequency of the device. The two common

. T Leh e

power supplies used by the military are:

6 - 60-hertz AC supply
4 - 400-hertz AC supply

7.1.1.3 Modification. The upper case letter following the operating
frequency is the modification d&ngnatlon Therefore, the letter “A"
indicates the arlgmal or basic issue of a standard synchro type. The
first modification is indicated by the letter "B", and succeeding
medifications shall be "C", "D", and so on, except "I, "L",6 "Q" and "Q©

shall not be used.

7.1.1.4 Summary. To review, a synchro classified as 15CX6C indicates
the second medification to the original design of a 115-volt, 60-hertz
synchro control transmitter whose body diameter is greater than 1.40
inches, but not greater than 1.50 inches. Type designation 18TRX4A
uﬁlcat.es the original design of a 115-volt, 400-hertz synchro torque
receiver-transmitter having a body diameter greater than 1.70 inches, but
rnot greater than 1.80 inches. A synchre having a type designation of
26V-11TX4C indicates the second modification to the ariginal design of a
26-volt, 400-hertz synchro torgue transmitter whose body diameter is greater
than 1.00 inch, but not greater than 1.10 inches.

7.1.2 Pre-standard tvpe synchro designation oode. The pre-standard
code identifies a synchro by size (Table XXV) and function (Table XXVI).
The mumeral indicates the size arbitrarily, whereas the standard code

discussed previocusly is direct-reading.

. T G A o J———

7.2 gg""li‘@_' E"E&‘lglﬁafi_ﬁg Ana_Standards 10 Syncnros.

7.2.1 Standard synchros. Standard synchros are designed, fabricated
and tested according to the general specification, MIL~S-20708, approved by
the Departments of the Army, Navyandm.rl-brce Reqm.rementsforthe
individual synchro types are stated in specification sheets to the general
specification; for example, MIL~S-20708/1, "Synchro Control Transformer,
Type 11CT4E."

Ili

7.2.1.1 D@lmofrmegu_)_mg_nt_:_ To asaure that the services (=)
awareofthesyrchrotypespresentlymideredmneetthe rigors of use,
MIL~-STD~710, "“Synchros, 60 and 400 Hertz", has been prepared. This
standard is revised periodically to inform designers of military equipment
ofthosesyrdmome.ntlyrecamerﬂedforservmeuse syﬂ:runsfarnw
equipments are to be selected in accordance with the latest issue of
MII~STD-710. Table XXVII lists standard synchros which are aurrently

qualified for use at the date of the revisian of this handbock. The latest
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revision of each synchro's specification sheet should be used in new design.
Figure 92 shows nine actual units, arranged to show a comparison in their
size. Table XXVIII lists MIL~-S-20708 synchros which are not presently on
the Qualified Products List, but are capable of meeting the requirements.

7.2.1.2 Pre-standard synchros. Pre-standard synchros, shown on
Figqure 93 and listed in Table XXIX, have been designated as "obsolete for
new design." Thus, they may be procured as replacements for failed synchros
in equipment currently used by the services. However, when such equipments
are being reordered, the design should be modified to use equivalent
standard synchros wherever feasible.

8. HARDWARE, TOOLS, AND MOUNTING METHODS

8.1 General. To facilitate synchro mounting ard attaching gears or
dials to synchro shafts, several items of hardware have been developed.
The different mounting methods and the manner in which items of hardware
are used are described here. Special tools designed for use with the
different hardware items also are available. The mounting methods
described here are recommended, but special requirements may exist for
specific installations.

8.2 Hargdware for standard units.

8.2.1 Mounting clamp assembly. The clamp assembly illustrated on
Figure 94 consists of a captive screw, lockwasher, and clamp. Three clamp
assemblies, displaced from each other by 120 degrees, may ke used to mount
a sync'hro or they may be used in CODj\.J'ICtiOD with the adapter assembly or

Zeroing ring as described in 8.2.3 and 8.2.4.
8.2.2 Clamping disc assembly. A clanping disc assembly consists of a

clamping disc (see Figure 95), four captive screws, and four lockwashers.
Assemblies are made for use on MIL~5-20708 size 11, 15, 16, 18, and 19
synchros. The four screws fit into threaded holes on the front (shaft end)
of the synchro and, as illustrated under mounting metheds, the pressure of
the clamping disc against the panel or chassis hclds the synchro in place.

8.2.3 pdapter assemblies. An adapter assembly, Figure 96, consists of

an adapter plus four captive screws and lockwashers. These assemblle.s may
be used on size 11, 15, 16, 18, and 19 synchros. The four screws.fit into
the four tapped holes on the front (shaft end} of the synchros. When an
adapter assembly is used, the synchro is secured to the chassis or panel by
using three mounting clamp assemblies.

8.2.4 Zeroing ring. Zeroing rings, Figure 97, are made to fit eight
sizes of standard synchros. The zeroing ring is a flat spring steel ring
having one sector with 6 to 20 gear teeth. Adjacent to the geared sector
is a tongue which fits into a slot in the synchro frame and prevents the
ring from turning around the synchro. When a zeroing ring is used, the
synchro is secured to the panel or chassis by using three mounting clamp
assemblies.
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8.2.5 Shaft nuts. Gears or dials are usually mounted on the shaft of
a standard synchro, ard the shaft mit, with the drive washer described in
8.2.6, is used to hold them in place. The three sizes are illustrated on
Figure 98. The smallest size is made for shafts with size #5-44 thread and
the larger size for shafts with a 1/4 inch-28 thread.

8.2.6 Drive washers. When a dial or gear is mounted on a synchro
shaft, it is essential that there is no backlash between the shaft and the
dial or gear. Drive washers are splined to fit the shaft, and are shaped
so that when the shaft m:t is tightened, the teeth will dig into the shaft.
Two tapered drive dogs engage holes or slots in the dial or gear being
maunted. The maximm width of the drive dog exceeds the hole diameter or
slot width so that when the shaft nut is tightened, the drive dogs are
farced into the holes or slots. The cambined action of the oversize drive
dogs and the teeth digging into the shaft assures an anti-backlash
mounting. Far locking the shaft nut, tabs are provided which may be bent
arourd the nut. The four sizes of drive washer availablé are shown an
Fiqure 99. They are made for shaft extensions having 13, 15, 21, or 22
teeth. Drive washers are either black nickel-plated brass or aluminum
alloy and, normally, are provided with the synchro.

8.3 Tools for standard synchros.

8.3.1 Anqular adjustment tools. Wwhere synchros are mounted by the use
of an adapter assembly, clamping disc assembly, or zeroing ring, it is
possible to adjust them physically for electrical zero by the use of either
straight or 90-degree pinion wrenches, as shown on Figures 100 and 101.

The panel on which the synchro is mounted must be provided with a hole
located so that when the pinion wrerxh is inserted in the hole, the teeth
on the wrench engage the teeth in the adapter assembly, clamping disc, or
zeroing ring. When the clamping arrangement is loosened, it is possible to
adjust the synchro accurately for electrical zero. Use of the pinion
wrenches is illustrated under mounting metheds.

8.3.2 Socket wrench assembly. Socket wrench assemblies, illustrated
on Figure 102, are designed to hold the splined shaft ky means of an
internally splined socket, and to tighten the shaft nut with the outer or
larger socket. Wrenches are available for 13-, 21-, and 22-tooth shafts,
but not for the 15-tcoth shaft.

8.4 Methods for mounting standard synchros.

8.4.1 From shaft end using #4-40 screws. Where no angular adjustment
is required, certain sizes of synchros may be mounted as illustrated on
Figure 103. Size 11, 15, 16, 18 and 19 synchros have four equally spaced
tapped holes for #4-40 screws. When mounting, screws are inserted
the panel ar chassis and into the synchro frame. The depth of the tapped
portion on the frame is only about 0.125 inch, and it is necessary to avoid
using screws which are too long.
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8.4.

2 From terminal board end. using a clamping disc assembly. Where
no angular adjustment is required, certain sizes of synchros may be mounted
by using the clamping disc assembly as illustrated on Figure 104. The
syrdmlsmsertedmtothepanelorchassmfmthetarmmlboarde!ﬂ
Clamping discs are placed over the panel hole so that the captlve screws
can be screwed into the four holes on the synchro frame. Tightening these
screws fastens the synchro to the panel. While the four captive screws are
lcose, thesynchromayberotatedthra.mwo degrees for proper
positioning.

8.4.3 From shaft end, using an adapter assembly. When a synchro mst
be inserted into the chassis fram the shaft end, it is possible to mount a
synchro by using an adapter assembly and three mounting clamp assemblies
(Figure 105). The adapter assembly is secured to the synchro frame, the
leads are attached to the synchro, the synchro is inserted into the panel,
and the adapter assembly is fastened in place by the three mounting clamp
assemblies. While the mounting clamp assemblies are loose, a pinion wrench
may be inserted in the hole provided in the chassis and the adapter
assembly may be rotated for angular adjustment.

8.4.4 From terminal board end, using an adapter assembly. Figure 106
shows how a synchro is inserted into the chassis from the terminal board
end secured by an adapter assembly and three mounting clamp assemblies.

8.4.5 From terminal board end, using three mounting clamp assemblies.
Ancther method, which may be used when access is from terminal board end
and no angular adjustment is required, is illustrated on Figure 107. The
synchro is inserted into the hole provided in panel or chassis and secured
by three clamp assemblies spaced 120 degrees apart.

8.4.6 From terminal board end, using a zercoing ring. This is the only
method which may be used for all standard synchro sizes. The zeroing ring
is first placed on the synchro so that the tongue fits the frame and the
ring cannot be turned, as shown on Figure 108. The synchro is inserted
into the panel or chassis from the terminal board end, and is secured to
the panel or chassis by three mounting clamp assemblies spaced 120 degrees
apart.

8.5 Methods for mounting pre-standard synchreos. Pre-standard synchros
were supplied in three types of housings to permit mounting in one of the
following ways.

8.5.1 Fl_agg' e. Figure 109 illustrates the flange-mounted synchro,
which is the most common pre-standard type. The mounting hole is cut to

accammodate the flange and the synchro is then clamped in place with screws
and washers.

8.5.2 Nozzle. Figure 110 shows a type 5N synchro, cne of the few
nozzle~mounted types procured by the Navy. Figure 111 is an end view of
this unit, showing the location of mounting holes.
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8.5.3 Bearing. In a bearing-mounted type synchro, the stator can also

be rotated. Figure 112 shows one possible mounting arrangement. It is
possible to mount the supports and the synchros vertically or, by the use

of worm gears, to mount the unit so thatthetwoshaftoenterlimaret
iadht ) A A nmmmn‘- chee e to miwmd Taw o &'I- S -n— am mfmwa 1€ need
I.J.\ylb GJFJ.I.@ FYR-—RN - R0 IJCHCJIL. = 11 Ao o4l J.ﬂ.l'. [& ' All Dl 4D CGlRA

19 units.
8.6 Mounting gears and dials on synchros.

8.6.1 Stanpdard synchros. Figures 113 and 114 illustrate a gear
mounted on a standard synchro. Figqure 113 shows that the gear is first
placed on the splined shaft, the drive washer is then placed on the shaft so
that its two drive dogs engage the gear, and the shaft nut is put on behind
the drive washer. Fiqure 114 shows a cutaway view of the socket wrench
being used to tighten the shaft mut. The slotted pinion of the inner wrench
holds the shaft in position while the outer socket wrench is used to tighten
the shaft nut. After the shaft nut is tightened and the socket wrench is
removed, the tabs on the drive washer are bent to lock the shaft mit so that

it cannot work loocse as the synchro rotates. Figure 115 shows the

recammended method for mounting adjustable dials on synchros. Figure 116
shows the recammended positicning of the drive washer and shaft nuts to
insure maximm loading.

8.6.2 Pre-standard synchros. The shafts of pre—standard synchros are
made so that a dial or gear may be attached to a shaft without using
setscrews or pins through the shaft. A special wrench is used to remove,
install, or adjust dials or gears mounted in this way. Figure 117 shows how
dials and gears are mounted. On a receiver, the nut is tightened down to
hold the hub of the dial tightly between the slotted washer on top ard the
thrust washer on the bottam, whld':restsmast.epmtheshaft To adjust
the dial's position, when setting zero for example, the mut is loosened, the
wterpartofthewend'i 1she1dtokeeptheshaft fram turning, andthe

rorucwd Om o Fe sl inas] ramafarmar tdarae -t
lul 15 turmned., n a '\'.I'a}"uadtt&r or \Mlt.nvl Lma;u&.nﬂ, wher'e e gear

must drive the shaft, a pin may be used to keep the gear and slotted washer
turning together. Since the slotted washer cannot turn, the gear is locked
to the shaft.

8.6.3 Mounting dials on a double recejver. A method of maunting dials
on a double receiver is illustrated on Figure 118. The procedure is as
follows:

a. Remove the retaining ring on the outer shaft and the nut ard
washer fram the inner shaft.

b. Place the hub on the shaft as illustrated, fitting it into the
keyed position of the shaft.

c. Replace the retaining ring on the outer shaft to hold the hub
in place.
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d. Mount the spider on the hub using the spider clamp and three
#4-40 machine screws. Be sure that the screws are not more than 0.25 inch
in length; otherwise they will protrude through the back of the hub.

e. Mount the dial hub on the inner shaft and secure to the shaft
using the washer and hex nut.

f. Mount the outer dial on the spider using three #4-40 machine
screws about 0.25 inch in length.

g. Mount the inner dial on the hub using the dial clamp and three
#4-40 machine screws.

9. STANDARD OONNECTIONS FOR SYNCHROS

9.1 The need for standard connections. In systems in which a great
many synchro units are used, it is necessary to have a closely defined set
of standard connections if confusmn is to be avoided. The following
conventions are usually followed unless there is good reason for doing
otherwise.

+ NOTE *

All diagrams are shaft-end views. 1In
practice, any letter may be used in
place of those shown. "B" indicates
any single-letter bus, "BB" any double-
letter bus, and so on.

9.2 Example of an "increasing reading". An example of an inCreasing
reading would be a transmitter connected to the needle on the speedometer
of a car, as shown on Figure 119. It would send out an increasing reading
when the car went faster, and a decreasing reading when it went slower.

9.3 Standard wire designations. The five wires of a synchro system
are numbered in such a way that the shaft of a normal receiver will turn
counter—clockwise when an increasing reading is sent over these wires,
provided it is connected directly as shown on Figure 120. A direct
connection is obtained by connecting Rl to the single—letter hus, R2 to the
double~letter hus, S1 to the low-numbered hus, S2 to the middle, and S3 to
the high-mmbered bus.

9.4 Two-speed systems. In a synchro system where similar information
is transmitted at several different speeds, the mmbered wires are marked
1, 2 amd 3 for the lowest speed, 4, Sandsforthermcthlgherspeed ard
so on (see Figure 121).
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9.5 Stamdard voltages. When an increasing reading is sent over the
five wires of a synchro system, the voltages between the five wires change
as shown on Figure 122.

9.6 Standard transmitter connections. Connect a transmit to the
a ) Fi in each case if it is to tranemit an increasing

shownonhgurelzd meachcaselfztsshaftlstot:mnmtlEMCated
direction when it receives an increasing reading.

9.8 Standard connections for differential transmitters. For a
differential transmitter, the stator leads are connected to the transmitter
circuit and the rotor leads are connected to the receiver or control
transformer, as shown on Figure 125. An increasing reading will be
transmitted when a constant stator input voltage is applied and the shaft
is turmed in the direction indicated. If an increasing reading is applied
to the stator and the shaft is held staticnary, then an increasing reading
will be transmitted.

9.9 Standard connections for differential receivers. Connect a
differential receiver to the busses as shown on Figure 126 in each case if,
with constant voltages on one side, the shaft is to turn as indicated when

it receives an ircreasing reading fram the other side.

9.10 Standard connections for control transformers.
9.10.1 Stator lead connections. Comnect the stator leads of a control

transformer to the bus as shown on Figure 127 in each case if the shaft is
to turn as indicated when following an increasing reading.

9.10.2 Rotor lead connections. Connect the rotor leads of a control
transformer to the signal input terminals of the servo amplifier as shown
on Figure 128 in each case if the shaft is to turn as indicated when
following an increasing reading.

9.11 Standard conpections for synchro capacitors. Whenever a differ-
ential ar control transformer is used, mount a synchro capaciter of the
proper size as cleose to the gynchro as possible. Figure 129 shows the
capacitor connections.

9.12 Standard copnections for servo amplifiers. Wwhen a servo system
is following an increasing reading, the signal input voltage is in phase
with the AC supply voltage, and the output voltage is either positive (for
a DC output), in phase with the supply (for a straight AC amplifier),
lags the supply by 90° (when there is a 90° shift in the amplifier). In
each case the voltage is measured at the single-letter terminal on the
servo ampllfler with respect to the correspanding double-letter terminal
(see Figure 130).
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9.13 Standard connections for servomotors.
* NOTE *

On cammutator type motors with a double-ended
shaft, rotation is observed when locking at the
shaft end opposite the cammutator.

9.13.1 Shunt-field DC servomotor. When a shunt-field DC servomotor is
used, connect the motor as shown on Figure 131 in each case if the shaft is
to turn in the indicated direction when following an increasing reading.

9.13.2. Split-series-field servomotor. When a split-series-field
servamotor is used, connect the motor as shown on Figure 132 in each case
if the shaft is to turn in the indicated direction when following an

9.13.3 Two-field induction servomotor. When a two-field induction
motor is used, one field being excited fram the line and one through the
servo anmplifier, connect the motor as shown on Figure 133 in each case if
the shaft is to turn in the indicated direction when following an
increasing reading.

9.14 The standard connections that apply to a typical servomotor.
There are two possible connections for each unit in a servo system which
has a shaft. The one to use is determined by the direction in which that
shaft turns when the system is following an increasing reading. The
indicated standard connections in this section determine connections at
- each point, as shown on Figure 134.

10. ZEROING SYNCHROS

10.1 The need for electrical zero. If synchros are to work together
properly in a system, it is essential that they be correctly connected and
aligned in respect to each other, and to the other devices with which they
are used. Oonsider a synchro transmitter and receiver used in an echo-
ranging sonar equipment to provide an indication of sound projector
position. Unless the projector, indicator, and synchros are correctly
aligned in respect to each other, the operator cannot be sure the indicated
projector positien is correct. The same situation would exist in a gun
director train-indicating system used to show the position of the director
5o the guns might be trained accordingly.

10.1.1 Mechanical reference points. Electrical zero is the reference
point for aligmment of all synchro units. The mechanical reference point
for the units connected to the synchros deperds upon the particular
application of the synchro system. When a synchro system is used to repeat
ship's course data, the reference point would be true north. For radar or
sonar equipment, the reference point could be the ship's bow or zero
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degrees. In a range or azimuth data transmissian system, a specific
distance ar angle could be the reference point. whatever the type of
system, the electrical and mechanical reference points must be aligned.

10.1.2 plignment of electrical and mechanical points. There are two
ways in which this aligrmment can be accamplished. The most difficult way
is to have two people, one at the transmitter and one at the receiver ar
control transformer, adjust the synchros while talking over telephones ar
other cammunication device. The better way is to align all the synchros to
electrical zero. Units may be zeroed individually and anly one person is
required to do the wark. Another advantage of using electrical zero is
that trouble in the system always shows up in the same way. For exanple,
in a properly zerced TX-TR system, a short circuit fram S2 to S3 causes all
receiver dials to stop at 60 or 240 degrees.

10.1.3 Summary. Zeroing a synchro means adjusting it mechanically so
that it will work properly in a system in which all other synchros are
zeroed. This mechanical adjustment is normally accamplished by physically
turning the synchro rotor or stator. Section 8 describes standard mounting
hardware and gives sinple methods for physically adjusting synchros to
electrical zero.

10.2 Electrical zero conditions. For any given rotor position, there
is a definite set of stator voltages. One such rotor-position, stator-
voltage condition can be established as an arbitrary reference point for
all synchros which are electrically identical. Specific definitions for
electrical zero are given below.

10.2.1 Transmitters and receivers. A synchro transmitter, X or TX,
is zeroed if electrical zero voltages exist when the device whose position
the CX or TX transmits is set to mechanical reference position. A synchro
receiver, or TR, is zeroed if, when electrical zero voltages exist, the
device actuated by the receiver assumes its mechanical reference position.
In a receiver or other unit having a rotatable stator, the zero position is
the same, with the added provision that the unit to which the stator is
geared is set to its reference position. In the electrical zero position,
the axes of the rotor coil and the S2 coil are at zero displacement and the
voltage measured between terminals S1 and S3 will be minimm. The voltages
fram $2 to S1 and from S2 to S3 are in phase with the excitation voltage
fram R1 to R2. The actual terminal voltages shauld be as follows:

115-volt synchros 26-volt synchros

Rl to R2 - 115 volts | Rl to R6 - 26 wolts
S2 to S1 - 78 volts | S2 to S1 - 10.2 volts
S2 to S3 - 78 volts | S2 to S3 ~ 10.2 volts
S1 to S3 - O volts | Sl to S3 - O volts
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10.2.2 Differentials. A differential is zeroed if the unit can be
inserted into a system without introducing a change in the system. In the
electrical zero position, the axes of coils R2 and S2 are at zero
displacement. Terminal voltages are as follows:

115-volt synchros 26-volt synchros
Rl1toR3 - 0 wvolts | R1 to R3 - O volts
81 to 83 - 0 volts Sl to 83 - 0 volts
RItoR2 - 78 volts | R3 to R2 - 10.2 volts
53 to 52 - 78 volts S3 to 52 - 10.2 volts
R2 to R1 - 78 volts | R2 to R1 - 10.2 volts
52 to §1 - 78 volts | 52 to 51 - 10.2 voits

10.2.3 Control transformers. A synchro control transformer is zeroed
if its rotor voltage is minimm when electrical zero voltages are applied
to its stator, and turning the CT's shaft sllghtly counterclockwise
produces a voltage between Rl and R2 which is in phase with the voltage
between R1 and R2 of the CX or TX supplying excitation to the CT stator.
Electrical zero voltages, for the stator only, are the same as for

e o o e, 8 o o g 8 e
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10.3 Zerping procedures. The procedure used for zeroing depends upon
the facilities arnd tools available and how the synchros are connected in
the system. The procedures described in the following paragraphs show how
synchros may be zeroced by use of only a voltmeter, synchro testers, or
other synchros in the system. When zeroing differentials and control
transformers, it is helpful to have a source of 78.volts for 115-volt units
or 10.2 volts for 26-volt units. Figure 135 is a schematic diagram of an

autotransformer. 'This device is a q1m1e-1_._n'ndl_m variable-tapped

Rt el o o e

inductance. Many synchro systems have provisions for stowing or locking
units in their electrical zero position if the gyro compass fails. An
autotransformer, or any other transformer used for this purpose, would be a
good source of the required 78 volts. Regardless of the method used, there
are two major steps in each zeroing procedure--first, the coarse or
approximate setting; second, the fine setting. Many units are marked in
such a manner that the coarse setting may be approximated physically. On
standard units, an arrow is stamped on the frame and a line is marked on
the shaft extension, as shown on Figqure 136. Standard synchros mounted by
a clamping disc assembly, adapter assembly, or zeroing ring may be rotated
by use of a straight or 90-degree pinion wrench as described in section 8.

10.3.1 Zeroing a transmitter (CX or TX) using a voltmeter. The most
accurate results can be obtained by using an electronic or precision
voltmeter having 0- to 250-volt and 0- to 5-volt ranges. On the 0- to
5-volt range, the meter should be able to measure voltages as low as
0.1 volt. Preceed as follows:
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a. Set the unit, whose position the CX or TX transmits,
accurately in its zero ar reference position.

b. Remove all other connections from the transmitter's stator
leads, set the voltmeter to its O- to 250-volt scale, and connect as shown

A
an Figure 137(A}.

c. Turn the rotor or stator until the meter reads about 37 volts,
or 15 volts for 26-volt units. This is the approximate zero setting.

d. Connect meter as shown on Figure 137(B).
e. Adjust rotor or stator for null, minimum, reading.

10.3.2 i e it usi

tester. This methed is potentially less accurate than those previocusly
described, because it is based on the assumption that the other synchro
used is accurate, which may or may not be true. Synchro Tester, MK 2 All
Mods (described in the next section) is not sufficiently accurate to be
relied on without question, and is for use on 115-volt, 60-hertz synchros
only. A receiver should also be checked to ke sure it is at electrical
zero when its dial reads zero or the reference value.

a. Connect the receiver or syrchro tester to the transmitter as
shown on Figure 138.

b. Set the unit, whose position the TX transmits, accurately in
its zero or reference position. Turn the transmitter until the receiver or
synchro tester dial reads 0 degrees; the transmitter is now at the
approximate zero setting.

c. Momentarily short S1 to S3. If the receiver or synchro tester
dial moves when S1 is shorted to S3, the transmitter is not zeroed; shift
it slightly and try again. when the TX is accurately zerced, clamp it and
reconnect for normal use. If the receiver dial does not read zero or the
reference value, it is necessary to zero the receiver.

10.3.3 Zeroing a torgue receiver (TR) with a free rotor. To zero a
torque receiver with a free rotor, proceed as follows:

a. Disconnect stator leads and note normal connections for use
when reconnecting.

b. Set voltmeter on 0~ to 250-volt scale and connect as shown on
Figure 139(A).

¢. Temporarily connect jumper between S1 and S3 as shown by
dotted line on Figure 139(A). Rotor will turn to 0 or 180 degrees. If
meter reads about 37 volts (15 volts for 26-volt synchros), rotor is at
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0 degrees; proceed to step d. If meter reads about 190 volts (38 volts for
26-volt units), rotor .is at 180 degrees. With jumper disconnected between
51 and S3, turn rotor to approximate zero setting. Reconnect jumper; now
synchro should go to 0 degrees. If meter reads 37 volts (15 volts for

26-volt syrnchros), proceed to step d.
d. Commect meter as shown on Figure 139(B).

e. Adjust rotor or stator for minimm voltmeter reading.

10.3.4 Zeroing torgque receiver with rotor not free to turn. Wwhen a
torque receiver rotor is not free to turm, 1tlsneoessaryt02er01tma

manner similar to that used for transmitters. A check on receiver zeroing
may be made as follows:

a. Set the transmitter to the electrical zero position and
connect a temporary jumper from S1 to S3 as on Figure 138. If the
receiver's shaft moves more than a fraction of a degree when the jumper is
comnected, the transmitter is not set on 0 degrees and should he rechecked.

b. If the receiver shaft does not twn, unclamp synchro ard
rotate it until the receiver dial reads zerc. Conmnecting and disconnecting
the ju:rrper several times so that the dial moves slightly may help to set

Ll 33 a PPy . |
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c. Clamp the receiver in position when finished and remove the
Jjumper .

10.3.5 Zeroing a synchro receiver by electrical lock. If lead
connections may be easily removed, remove all stator connections and
reconnect as shown on Figure 140. The shaft will turn definitely to
0 degrees. Set the dial at its zero or reference position while the
receiver is cornected this way. If a source of 78 volts (10.2 volts for
26~volt units) is not available, 115 volts (15 volts for 26-volt units) may
be connected to R1 and R2.

* CAUTION *

Do not leave connected using 115 wolts for more
than 1 ar 2 mimtes. Operation on higher than
the rated voltage canses the synchro to

e T O Vel o Ve m (=t u e ot e Y
Gvernesal and IRy CAiSe perharasiu damage.

10.3.6 Zeroing a differential transmitter using a voltmeter. A
differential voltmeter may be most accurately zeroed by using an AC
veltmeter having 0- to 250~volt and 0= to 5-volt ranges. The procedure is
as follows:

a. Set the unit, whose position the (DX or TDX transmits,
accurately in its zero or reference position.
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b. Remove all other comnections from the differential leads, set
the voltmeter on its 0- to 250-volt scale, and connect as shown on
Figure 141(A).

]

c. Unclamm the 4i

f 1
" e L3
minimum. The differential is now on approximate e ical zero.
Recornect as shown an Figure 141(B}.

orontial a 1
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d. Set the voltmeter on the 0= to 5-volt scale, and twnn the
differential transmitter until a null reading is obtained. Clamp the
differential in this position and reconnect all leads for normal operation.

10.3.7 Mmmmg_w

torcue transmitter. The transmitter and receiver used may be pa
system in which the differential is used or separate units such as the
Synchro Tester, Mk 2 All Mods.

ID
™

a. Check to see if the differential needs to be zeroced. First
make sure the transmitter and receiver are correctly zeroed and the
transmitter is held on 0 degrees during adjustment. Connect as shown on
Fiqure 142. If the receiver shaft moves when jumper A is connected fram S1
to S3, the transmitter is not on 0 degrees and must be rechecked.

b. Set the unit, whose position the TOX transmits, aoccurately in
the zero or reference position. Unclamp the differential and turn it until
the receiver dial reads 0 degrees. The differential is now approximately
on electrical zero.

c. Connect jumper B as shown on Figure 142, momentarily between
receiver terminals 81 and S3, and differential terminals R1 and R3. If the
receiver shaft moves when jurmper B is conpected, the differential is not on
0 degrees. Rotate the differential slightly and try again. Wwhen the
differential is zeroed, clamp it in position and remove the jumpers.

10.3.8 2Zeroing a toruue differential receiver whose rotor is free to

turm. when a TOR's rotor is not free to turn, it is necessary to use ane
of the methods described previously for a torque or control differential

transmitter; but when the rotor is free to turm, the units may be connected
as shown on Figure 143. The procedure to follow then is given below.

a. Disconnect all other leads from the differential.

b. Connect as shown on Figure 143(A). The rotor will tum to
either 0 or 180 degrees when a jumper (shown by the dotted line) is
cannected. If the meter reads about 28 volts (6 volts far 26-volt
synchros), the differential is on approximate electrical zero; proceed to
step ¢. If the meter reads about 156 volts (20 volts for 26-volt units),
the syrchro is on 180 degrees; disconnect the jumper, turn the rotor to
180 degrees and reconnect the jumper for approximate zero setting.

-~y
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c. Charge the connections to agree with those shown on
Figure 143(B).

d. Rotate the synchro until the meter reading is minimum.

10.3.9 Zeroina a differential receiver using two_zerced transmitters.
When a differential receiver is installed and cannot be easily

disconnected, the following procedure may be used:

a. Be sure both transmitters are zeroed and set in their zero or
reference positions.

b. Connect temporary jumpers as shown on Figure 144.

c. With the jumpers connected, unclamp the differential and
adjust so the dial on the TDR reads zero or the reference value. After
zeroing, clamp the differential ard remove jumpers. If the differential
receiver moves when the jumpers are connected, the transmitter on that side
is not set at 0 degrees and should be rechecked.

10.3.10 Zeroing a control transformer usipg an AC voltmeter. Using a
. voltmeter with a 0- to 250-volt and 0- to 5-volt scale, control
transformers may be zerced as follows:

a. Remove connections from control transformer and reconnect as
shown on Figure 145(A}.

b, Turn rotor or stator to obtain minimm voltage reading.

c. Reconnect meter as shown on Figure 145(B) ard adjust rotor or
stator for minimm reading.

d. Clamp the control transformer in position amd reconnect all
leads for normal use. -

10.3.11 Using 115 volts instead of 78 volts for zeroing. By
exercising proper caution, it is possible to perform the preceding zeroing
procedures using 115 volts where a source of 78 volts is not available.

* CAUTTON *

If 115 wolts is applied instead of 78 volts, do
not leave the synciro comnected far more than 2
mimztes ar it will overheat and may be
permanently damaged.

For 26-volt units, 15 volts may be used instead of 10.2 volts. The same

caution regardirng the length of time should still apply in order not to
damage the unit.
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10.4 Summary.

10.4.1 Zeroing methods. The described zeroing methods apply to all
standard synchros and pre-standard Navy synchros. The same general methods
may be applied to similar units, such as the IC units described in
section 12. Connections should be changed when necessary to agree
electronically with those shown here, and voltages should be changed when
necessary to match the characteristics of the unit that is zeroed.

10.4.2 checks before zeroing. Before testing a new installation and
befare hunting trouble in an existing system, be certain all units are
zeroed. Also, be sure the device's mechanical position corresponding to
electrical zero position is known before trying to zero the synchros. The
mechanical reference position correspording to electrical zero varies from
one system to another; therefore, it is suggested that the instruction
books and other pertinent information be carefully read before attempting
to zero a particular synchro system.

P ta b le Rewral + Fraw

i. YHCGHRO TROUBLES

[T

11.1 Hapdling. Synchro units require careful handling at all times.
NEVER force a synchro into place, NEVER drill holes into its frame, NEVER
use pliers on the threaded shaft, and NEVER use force to mount a gear or
dial on the shaft.

11.2 Maintenance. Two basic rules should be applied:

a. IF IT WINS, LFAVP TT AICME.

FTrwm wmms g amanw ia

b. IF IT GOES BAD, REFLACE IT.

Synchros are not expected to operate forever without repair or overhaul,
but like other precision instruments, they require the care of a
specialist. Unless you are a trained, competent, synchro technician, NEVER
take a unit apart or try to lubricate it.

11.3 Troubleshooting synchro systems.

11.3.1 General. Shipboard synchro troubleshooting is limited to
determining whether the trouble is in the synchro, or in the system
connections. You can make repairs in the system comnections, but if
samething is wrong with the unit, replace it. Generally, there are two
major categories of trouble occuwrring in synchro systems. These are:
(1) those likely to occur in new installations, and (2) those likely to
occur after the system has been in service awhile.

11.3.2 New ins tallations. In a newly installed system, the trouble
probably is the result of improper zeroing or wrong connections. Make
certain all units are zeroed correctly; then check the wiring. Do not
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trust the 1__g3d1_r_x; of the wires; check them with an chmmeter. A major
source of trouble is improper e.xc1tatmn The entire system must be
energized fram the same phase of the same power source for proper
operation. ’

11.3.3 Existing installations. In systems which have been working,
the most camon trouble soiurces are:

a. Switches . . . . . &orté,opers,grauﬂs,corrosion,wrong
connections, '

b. Nearby equipment . water or oil leaking into the synchro fram
. other devices. If this is the trouble,
correct it before installing a new

synchro.

c. Terminal boards. . loose lugs, frayed wires, corrosion, and
wrong connections. '

d. Zeroing . . . . .. units improperly zeroed.

Wrong connections and improper zeroing in any system are usually the result
of careless work or inadequate information. Do not rely on memory when
removing or installing units. Refer to the applicable instruction book or
stardard plan. Tag umarked leads or make a record of the connections;
samneone else may need the information.

11.3.4 Trouble indicators. Most synchro systems involve units which
are in widely separated locations. If trouble occurs in such a system, it
mist be localized as quickly as possible. To save time, use overload
indicators and blown fuse indicators located on a central control board to
locate a faulty unit.

11.3.4.1 Overload indicators. The current in the stator circuit of a
torque system gives a better indication of mechanical loading than does the
axrent in the rotor circuit. On Figure 146(A), the TR load is such that
its rotor lags 30 degrees behi_nd the TX shaft. The rotor current, normally

LR e | L g% o R = s o 'I-nu-“ LTy
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increased from its normal zero value to 0.5 ampere.

11.3.4.1.1 Overlcad indicator in TX-TR system. Figure 146(B) shows an
overload indicator connected in a simple TX-TR system. Because it is
possible, regardless of overload, for the stator current in any one lead to
be zero, it is necessary to connect the overload indicator to respond to
the currents in at least two stator leads. Two transformers, each having a
primary consisting of a few turns of heavy wire and a secondary consisting
of many turns of fine wire, are connected as shown. The voltage across
each secorﬂary depends on’ t.he current in the primary. The voltage fram A
to B deperds on the S1 current, the voltage from B to C deperds on the S3
current, the voltage applied to the lamp is determined by the difference in
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these two arrents. The difference between the aurents is determined by
the difference in the TX and TR positions, not by the actual posit.im By
rmld.ugthe'mmaftarﬂumungmeﬁshaft the graph shown on

Figure 147 may be plotted. In this example, the lamp lights when the
difference between rotor positions exceeds about 18 degrees. The two
transformers are usually mounted in the same case, and provided with taps
so they may be used with different types of synchros.

11.3.4.2 Blown fuse indicator. It is common practice to protect TX,
CX, and TR units with fuses in their rotar cirauits. In the event of
. severe mechanical overload or shorted windings, these fuses blow out and
open the circuit. When this happens, the overload imdicator may not give
an imdication of trouble. As the name implies, a blown fuse irdicator
lights when a fuse blows out. The following paragraphs describe some
examples of blown fuse indicators.

a. Figure 148 shows a simple type of blown fuse indicator: neon
lamps connected in parallel with the fuses. Wwhen a fuse blows, the voltage
across it lights the corresponding lamp. A disadvantage to this
arrangement is that, if the leads to the lamp are accidentally shorted, the
synchro will be disabled.

b. Figure 149 shows another type of blown fuse indicator: a
small transformer having two identical primaries and one secondary
connected as shown., When the fuses are closed, the equal primary currents
induce ecual and opposit.e voltages in the secondary. These two voltages
cancel and the lamp remains unlit. When either fuse blows, no current
flows in primary #2; and the voltage induced in primary #1 appears across
the lamp, which lights. An added advantage is that only one lamp is
reqguired,

c. One trouble cammon to all blown fuse indicators is illustrated
on Figure 150. The TR's rotor circuit has been opened by a blown fuse,
stator caurrent flows because the voltages are no longer balanced, and about
85-90 volts are imduced in the TR rotor. With anly 15-20 volts across the
open fuse, the blown fuse indicator does not light. The stator auorents
cause the overload indicator to light; thus, a blown fuse causes an
overlocad irdication. If the switch in the TX rotor circuit is opened, the
blown fuse indicator lights and shows the actual location of the trouble.

11.3.5 Same symptoms and their probable cause. Tables XXX through
XXV summarize, for a simple TX-TR system, same symptams and their probable
causes. When two or more receivers are connected to one transmitter,
similar symptoms occcur. If all the receivers act up, the trouble is in the
transmitter or the main bus. If the trouble appears in oane receiver only,
check that unit amd its connections. 'meanglaslmndomtapplyto
systems using differentials, or to bybl..r.-m: whose units are incorrectly

zeroed. Always check the system zeroing before looking for other troubles.
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11.3.5.1 Control svstem problems. In a control system, -the_trouble
may be slightly more difficult to isolate. The existence of trouble is
readily irdicated when the system does not properly respond to the input
order. For control systems, it is easiest to locate troubles by use of the
Synchro Tester, MKk 2 All Mods, or by checking the operating voltages. '

11.3.6 Trouble from other equipment. Do not connect other equipment,
which is not related to the synchro system, to the primary excitation hus.
when unrelated equipment is connected to the primary excitation bus, the
system will show all the symptams of a shorted rotor when it 1sturnedon
Ha.rever, it will check good when it is turmed off. On Figure 151, the
rotor of the TR is connected in parallel with other equipment, and both are
fed normally fram the AC supply through switch Sw2. If this switch is
opened while switch SW1 is still closed, the equlpment connected across the
TR rotor acts as a partial short, causing overheating of both units.

11.3.7 Checking standard voltages. A good way to find the trouble in
an operating system is to use known operating voltages as references for
faulty operation. Since the proper operation of a system is indicated by
the proper variations in rotor and stator voltages, an AC voltmeter can be
used to locate troubles. When an AC voltmeter is connected between any two
stator leads, the voltage should vary from 0 to 90 volts (0 to 11.8 volts
for 26-volt systems) as the transmitter rotates. The zero and maximm

P . ol &7

voltage values ghould occur at the

11 Ty ey
cllowirg headings:

METER ZERO VOLTAGE MAXTMUM
CONNECTED HEADINGS VOLTAGE
BETWEEN HEADINGS
51 and S2 120°,300° 30°,210°
S2 and S3 60°,240° 150°,330°
S1 and S3 0°,180° 90°,270°

The rotor voltage should remain constant at all times, either 115 volts or
26 volts. In a system where the units are close enough to permt checking,
the voltage between the R1 or R2 terminal of any unit energized by the
prmaryACsmmcearﬁthecorresporﬂnglorRztenm.nalofanyotherumt
energized by the primary AC source should be zero. Where the excitation
voltage of 115 volts or 26 volts is above or below the required value

11 percent, the maximm stator voltages will also be above or below

normal.

11.3.8 Voltage balance check. To check the voltage balance of a
torque transmitter, connect a good receiver whose shaft is free to turn,
as shown on Figure 152. If the ocutput voltages are correctly balanced, the
voltmeter will not vary more than a volt or so as the shaft of the TX or
TDX is twrned through 360 degrees. Any greater variation indicates an

unbalance, possibly due to a faulty synchro capacitor or leakage between
two of the three wires.

72



Downloaded from http://www.everyspec.com

MIL~HDBK-225A

& FATYITIAY &
" WANJiIANEY T

The voltage balance check produces high
currents in the receiver. Disoonnect
the receiver as soan as the test is
campleted.

11.3.9 Use of 60-hertz Sypchro Tester, MK 33 Mod Q. The 60-hertz

Synchro Tester, Mk 33 Mod 0 (Figures 153 and 154), may be used to reduce
the time required to lecate dafectiva umits ut:'lna 115-vplt, 60-hertz

currentonly 'Ihesym:hrotesbercmsxstsofalsmmrecewermwhid\a
calibrated dial is mounted and may be used either as a TR, TX, or CX.

11.3.9.1 The synchro tester used as a TR. Wwhen used as a TR, the
synchro tester is connected in place of the TR suspected of being defective
ar connected directly to the TX or TDX to check its output. The calibrated
dial on the synchro tester should follow the rotation of the transmitter.
The synchro tester may also be used for a quick check of whether or not the
transmitter is on an approximate electrical zero.

11.3.9.2 The synchro tester used as a trancmitter. When a transmitter
or differential transmitter in the system between the transmitter and CT is

suspected of being defective, the synchro tester may be used to similate
the action of the transmitter. Used as a control transmitter, the synchro
tester drives ane of any 60-hertz type standard or pre-standard synchro
control transfamers. The synchro tester may be used as a torgue
transmitter for driving one 18TR6, 23TR6, 1F or 1HF torgue receiver.

11.3.9.3 oOther uses of the synchro tester. The synchro tester will
help locate defective units, but should not be relied on without question

for use in zeroing units. It is possible far the calilrated dial to slip
fram its proper position. Also, since the dial is graduated only every 10
degrees, it is difficult to read small angles with accuracy. The synchro
tester is often used in testing range data transmission systems. As an
exarple, a change in range data of 10,000 yards may cause the synchro
tester to turn through 90 degrees, 180 degrees, or same other definite
argle. Deperding upon the ingemuity of the user, the synchro tester should
prove to be a useful and timesaving device.

11.3.9.4 gynchro tester for 400-hertz units. Synchro Tester Mk 30 All

Mcds, shown on Figures 155 and 156, is a similar device fahricated with a
15TRX4A synchro, far use in checking 400-hertz synchros.

11.4 Oscillations and spinning in torgue systems. Oscillations (rapid
swmgmgbackandfortﬁ) andspinmrgaxefalrlycmmnmtarquesystens
Spl.nm.ng is usually caused by a defective inertia damper or shorted stator
leads. Excessive oscillations may be due to these same troubles, but the
switching oscillations described here are normal in same systems.
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11.4.1 Switching oscillations. In systems where one transmitter
drives several receivers, switching oscillations may occur when suddenly
cne receiver is switched into the system. All the receivers in the system
oscillate for a few seconds, and then the oscillations die out. Figure
157(A) shows a transmitter connected to two receivers, with a third
receiver which can be switched into the system. The transmitter and the
two connected receivers are set at 90 degrees. The third receiver is set
at zero. At the instant the switch is thrown (Figure 157(B)), a strong
torque is exerted on the shaft of TR#3, tarning it toward 90 degrees. At
the same time, the currents producing this torque produce voltage changes
across the stator coils of TRl and TRf2. These changes cause the rotors
of TR#1 and TR#2 to turn toward zero. How far they turn depernds upon the
size of the transmitter and the mmber of units in the system. When TR#3
reaches 90 degrees, the voltages balance and its stator currents are
reduced to zero. No torgue acts on its shaft, so it continues to rotate to
same position beyond 90 degrees. This pulls the other receivers slightly
out of position (see Figure 157(C)). When enocugh torque is built up to
stcp TR#3, it starts back toward and passes 90 degrees a little slower this
time. This operatlon continues for a few seconds before the system stabi-
lizes. The receiver has to pass the correct position before it can stop.
It is often impractical to correct switching oscillations after the system
has been installed, but they can be minimized by the following precautions:

a. NEVER replace a receiver with a largyer receiver. Excessive
caurrents cause switching oscillations. The smallest practical unit should
be used in any synchro receiver installation.

b. NEVER put too much load on a receiver.

c. NEVER replace a uarmitﬁer with a smaller unit.

d. AWID long runs of small~diameter wire in connections.
12, SIMILAR DEVICES

12.1 Clarification. Quite often, cther electramagnetic data-transfer
devices are Jmprope.rly referred to as synchros The dev10es mentioned in
this section are described solely to avoid such confusion. Nothing in this
section should be taken as a suggestion that the units described here be

used in place of synchros.

12.2 Interior commnication (IC) units. The Engine Order Telegraph,
Steering Telegraph, Rudder Indicator and similar position-indicating
systems used on naval vessels are usually simple synchro systems. However,
many ships use IC transmitters and IC receivers for the transfer of such
information. IC units operate on the same general principles, but enough

A\«F‘Famm av-u:-{- 'I-n [o-e:110%)
enees warrant a 'Hv-l'__'f r:tl\'re H1cr-ncc1nn

12.2.1 Construction. Because of their constructicn, IC units are
sametimes called reversed synchros. The primary winding, consisting of two
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secordary, consisting of three Y-oconnected coils, is mmtad physically an
the rotar. Figure 158 shows this arrangement sdmanatically

12.2.2 Operatiop. IC units operate on the same principles of
interacting magnetic fields as synchros, but differ in direction of shaft
rotation and amount of torgue obtainable. When an IC transmitter and IC
receiver are connected in parallel (Figure 159(A)), the shaft of the IC
receiver follows the rotation of the IC transmitter shaft. On Figqure

Y P e ] v ey v | P R ey ¥ Sy T T
159(B}, the IC transmitter is replaced by a synchuo transmitter. The IC

receiver shaft now turns in a direction opposite to that of the synchro
transmitter. Voltages which cause counterclockwise rotation of a synchro
shall cause clockwise rotation of an IC unit shaft. An IC receiver can be
oonnecbedtoanICtramnittersothattheshaftsmtateincpposite
directions (see Figure 159(C)). There is one exception to this: the
internal connections of the Bendix type N unit, CAL~4400-I, are arranged so
that when it 1susedw1thatypehorBICtransmtter $1-53 must be
crossed for the same rotation and connected directly far opposite rotation.
The torque obtainable fram either an IC unit or synchro is determined by
the magnetizing power, and the magnetlzmg power which can be applied is
limited by the allowable temperature rise. Wnhen the stator is energized,
as in IC units, the magnetizing power can be increased with a re;ultnr;
larger torque. The reason for this is that the losses are dissipated in
the form of heat around the cuter shell of the IC transmitter or receiver.
In synchros, this heat loss is dissipated through the rotar, the air gap,
azﬂthenthemtershelltothesu.trwrdlmalr

12.2.2.1 Disadvantage ic. 'i“neﬁu‘fi
in posslble inaccuracy with erratic operation at small error on‘rents The
output currents are taken fram the rotor and must pass through slip rings
and hrushes, which often became dirty and offer a high resistance to these
amall anxrents.

12.2.2.2 ]C characteristics. Tables XXXVI through XXXVIII list the
important characteristics of various IC units. For purposes of canparison,
equivalent synchros are also llst.ed The primary supply for all units
listed in the tables is 115 volts, 60 hertz.

12.2.3 Zexoing IC units. To zero an IC unit, apply the general theory
used for synchros. The position where rotor coil #2 lines up with the’
stator coils is defined as electrical zero.

£

|...
U'I

a. To zero an IC receiver:

(1) Mount the receiver in its normal position and disconnect

(2) Connect as shown on Figure 160. The shaft will turn to
the electrical zero position.
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* CAITTON *
Do not leave the receiver connected in

this manner any longer than necessary,
as it will overheat.

(3) Locsen the shaft coupling or the clamps on the stator amd
rotate either one until the indicator points to the zero reading.

(4) Tighten in this position and reconnect for normal use.
b. To zero an IC transmitter:

(1) Mount the transmtte.r in its normal p051t10n and set the
unit whose position it transmits in the zero or reference position.

(2) If the transmitter shaft coupling can be loosened:

(a) Disconnect all external leads and connect the
transmitter as shown on Figure 160,

(b} With the shaft held in the zero position, tighten
the shaft coupling and reconnect for normal operation.

(3) If the IC transmitter shaft coupling cannot be loosened:

(a) Zero one receiver in the system, as described

previously.

(b) Adjust the position of the transmitter's stators, or
the linkage connecting its shaft to the associated equipment, until the
zeroed receiver indicates zero.

(c) Tighten the unit in this position.

The myslcal reference position of an IC unit corresponding to electrical
zero varies as indicated here, depending on its use. Instruction books

should still be referred to since there may be same exceptions to these
rules.

PHYSICAL POSITION
APPLICATION FOR
ELBECTRICAL, ZERD
Engine Order Telegraph Center of Stop Order
Steering Telegraph Zero
Rudder Indlcator Zero
Propeller Revolution Telegraph Zero
Underwater Log Zero
Wind Direction and Intensity Zero
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12.2.4 IC unit troubles . The troubleshooting tables far synchros in
section 11 may be applied to IC units if the following changes are made:

substitute rotor for stator, stator for rotor, Rl for Si, R2 for S2, S1 for
R3, S2 for R2, and S3 for Rl.

a. Same typical troubles of IC units are summarized here. If the
receivar follows, ut reads wrong: )

(1) Make certain all units are carrectly zeroed.

(2) Check interconnections to be certain they are correct.

(3) If the reading is sometimes correct and sometimes
180 degrees out, suspect an open in the receiver or transmitter stator
circuit.

(4) If the indicator follows correctly for certain
transmitter positions, but is sloppy and oscillates in other positions,
suspect an open in the rotor circuits.

(5) If fuses are blown and the indicator reads 90 degrees
off, suspect a shorted stator.

(6) If one receiver of a multiple system is damaged, the rest
will read wrong.

b. If the receiver does not follow when the tranemitter is
turned: .

(1) Turn the receiver by hand to be sure it isn't jammed;
other receivers in the same system will read wrong if it is.

(2) Check the AC supply to stators.
(3) Check for two open rotor connections.

(4) There may be a short between two rotar leads. In this
case, all indicators in the system are held on same miltiple of 60 degrees.

¢. If the receiver swings violently back and forth or spins,

although sametimes caused by sudden changes in position or switching
operations, this may indicate trouble:

(1) Stop it by hand.
(2) If it follows correctly and reads correctly until it gets

a sudden shock which starts it spinning or oscillating again, the danper
mounted on its shaft is not operating properly.
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{3) it locks in at a certain ition
regardless of t.he tram:mtter position, two rotor leads are shorted
together and the damper may alsc be bad.

(4) If it shows no tendency to lock in or to follow, but just
spins, all three rotor leads are probably shorted together.

12.2.5 IC unit maintenance. Unlike synchros, necessary maintenance on
IC units can be performed by quahfled shipboard technicians. Rotor
assemblies may be taken apart for maimtenance, provided extreme care is
exercised. Disassembly instructions should be read carefully before
attempting to disassemble any unit. Soame assemblies are carried in spares
if needed. Where qualified perscnnel are not available, no attempt should
be made to repair units.

12.2.5.1 Unit repair. If trouble develops in the rotor circuits,
remove the cover over the brushes, the nameplate on Henschel units, and
inspect the brushes amd slip rings. If they are corroded or dirty, remove
the brushes and clean the brushes and slip rings. Use a clean, lint-free
cloth or chamois. In cases of severe corrosion or pitting, very fine
sandpaper may be used on the slip rings.

12.2.5.1.1 Disassembling the unit. If it is necessary to replace the
rotor, or if the unit needs oiling, the unit must be taken apart. Remove
the brushes and the screws which hold the unit together; pull it apart
carefully and remove the rotor. Inspect the ball bearings to be sure they
are in good condition, and replace them froam spares if necessary. Before
-installing new bearings, clean off the thick vaseline used to prevent rust.
When replacing a bearing in the front end frame, do not disturb the shims.
Four shims are usually needed, allowing an end play of 0.01 to 0.015 inch.
If oil is needed on the bearing, apply one drop at the top of each ball, or
less if the balls are oily. Use a high-grade light oil as recommended by
the manufacturer. Standard 0il of New Jersey, Univis No. 48, or watch oil
may be used as a substitute. Clean the oscillation damper thoroughly,
covering the rubbing surfaces with a light film of vaseline, before
reassembling the unit.

12.2.6 Interchangeakhility of IC units and synchiog. Tables XXXVI
through XXXVIII indicate that BuShips IC units of any given type are
interchangeable for most applications as camplete units, both mechanically
and electrically. This holds true regardless of manufacturer or date of
manufacture with the following exceptions:

a. Henschel and Bendix Type N units are electrically
interchangeable, but considerably different as to mounting dimensions.

b. Type A and type M units have been supplied with both 0.3125-
inch diameter amd 0.25-inch diameter shafts. When adapting the 0.3125-inch
type units to instruments formerly eguipped with 0.25-inch units, the
fellowing should be noted:
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(1) If a 0.25-~inch diameter shaft was used in canjunction
with a shaft extension or coupling with a thin cross section, make a new
extension or coupling to fit the 0.3125-inch diameter shaft.

(2) If a 0.25-inch diameter shaft was used in connection with
gears, hubs, clamping ruts, shaft extensions, couplings, pointer mubs, or
throw collars having an adequate cross section, ream a larger hole to fit
the larger 0.3125-inch shaft. It is not recamernded that the 0.3125~inch
diameter shaft be ground down to 0.25 inch.

c. Some applications of Henschel 15-001 units require a 4-48
screw through the end of the shaft. Henschel 15-021 units have a 6-40
screw. This applies partimlarly to the type A unit used in Pitometer Log

J Ty

Corporation type B shaft revolution transmitters.

d. Type A and type M outside shell diameter variation, as listed
in the tables, is not serious and does not affect interchangeability for
most applications.

e. Under normal corditions, synchros should never be used to
replace IC units. Adequate spares are normally provided for all IC units
installed on naval vessels. However, in an amge.my IC units may be

3 rrd- Aaerdn el - Tave b L= I - oY £ e emmde
interchanged to the extent indicatad in the table. The following notes

will be helpful in emergency replacement of IC units with corresponding
synchros:

(1) Mounting dimensions are essentially the same except for
Henschel type N units.

(2) Same form of adapter must be used in practically all
' shaft diameters and methods of shaft coupling differ

N
—-J

ﬁ

.

9

considerahl

(3) Shaft rotation is opposite for IC units and synchros. Ic
units are electrically interchangeable with correspanding synchros provided
terminals R1, R2, S1, S2, S3 of synchros, respectively, are connected where
terminals S1, §2, R3, R2, Rl of Ic units were comected. The primary is an
the stator of IC units and on the rotor of synchros.

(4) Synchros have higher accuracy than correspording IC

units.

(5) All IC units are equipped with terminal blocks, but all
synchros are not. However, this does not affect interchangeability.

More camplete instructions concerning the details of synchro adaptation are
contained in Buships standard drawings, available to interested activities.
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12.3 Commutator transmitter. Ancther device is the AC cammutator
transmitter, shown on Figure 161 whose construction is similar to a
transformer. A single-layer secondary is wourd on the flat side of an iron
core. Three trushes, mounted on a cammon shaft and spaced 120 degrees
apart, are rotated around an uninsulated circular path in contirmuous
contact with the windings. AC excitation is applied to the primary winding
and the output taken from the three brushes. Commitator transmitters,
while not extensively used, have certain advantages over synchro
transmitters, especially in the larger sizes. These advantages are: (1)
greater accuracy, and (2) a higher coupling coefficient between primary and
secandary. For a higher degree of accuracy, it is necessary that the pitch
of the secon:lary wirdings be uniform and the wire size be suff1c1ently fine
to avoid graininess.

12.4 Stepping motor system. The synchros and similar devices thus far
discussed are used with alternating currents. At times, remote indicating
systems which operate on direct current are required. One of these is the
stepping motor system illustrated on Figure 162. Although many variations
are employed, the system shown is typical. The stepping motor system is
often used to drive compass repeaters on naval vessels ard merchant ships
having DC power. The system operates directly fram a DC supply and
requires no AC excitation.

12.4.1 Operation. The principles of operation of the stepping motor
are very mach the same as those discussed in section 1. Six electromagnets
are mounted around a soft iron armature and connected as shown on
Figure 163. Each pair of ooils is wowd opposite to the adjacent pair. If
a DC voltage is applied across the number 1 ooils, the armature tums to
the position shown on Figure 164(A). Since the armature is soft iron,
either end may turn up, deperding upon the position of the rotor when
voltage is applied. If the same voltage is also applied to the number 2
coils, the armature turns to a position midway between the number 1 ard
nmmber 2 coils (Figure 164(B)). If the number 1 coils are now
disconnected, the armature turns until it lines up with the mumber 2 coils
(Figure 164(C)). Figure 164(D) shows the number 3 coils connected and the

armature rotated one step further. If this process is contirmued, Figures
164(E) and 164(F), the armature can be rotated through 360 degrees.

12.4.1.1 Operation by rotary switch. In actual operation, the -
stepping motor is driven by a rotary switch shown in Figure 165. As the
switch rotates, it applies voltage first to coil 1, then to 1 ard 2
together, then to coil 2, then to coils 2 and 3 together, then to coil 3
and so on until the coplete revolution is made. As a result, the armature
turns in 30~degree steps following the rotation of the rotary switch. The
rotating arm of the switch is geared to the gyro campass so that l-degree
rotation of the gyro causes the rotary arm to rotate through 360 degrees.
The stepping motor is geared to its compass card so that the card moves one
degree for each six steps of the motor. There are two stepping motor
~ systems in use, the only difference being the voltage supplied to the motor
coils. The older system operates on 20 volts, the newer one on 70 volts.
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Typical diagrams of these systems are shown on Figure 165.

12.4.2 Repeaters. A hand reset knob is provided on stepping motor
repeaters, so that the motor can be tarmed by hand to agree with the
reading an the master compass each time the power supply is reconnected.
Thereasonfarﬂusxsthattherearebmpositimsonthemmruhereﬂn
armature can lock in, giving an erroneocus reading on the campass repeater.

12.4.3 Conversion of steppina motor to sypchro receiver. There are
times when synchro receivers must be used on a vessel which has a stepping
motor system, and in these cases, a canverter a necessary. Fiqure 166(A)
shows a simple stepping motor to synchro canverter. A coupling comnects
the shafts of the synchro transmitter and stepping motor. The converter
receives stepping motor transmission from the gyro campass system amd
transmits synchro signals to systems requiring compass infarmation. The
wiring diagram of the canverter is shown on Figure 166(B).

12.4.4 Zeroing a stepping motor to sypchro copverter. To zero a
stepping motor to synchro converter, proceed as follows:

a. Make certain all the associated synchro receivers are properly
zeroed.

b. Remove excitation from the stepping motor.

c. Set the synchro transmitter on electrical zero and adjust the
attached scale to read zero.

d. Set the shaft of the stepping motor by hand so that the scale
reading agrees with the reading of the master campass, and reconnect the
stepping motor to the system.

12.5 DC position indicator. Ancther device operating on DC anrrent is
the position indicator shown on Figure 167. In construction, the
transmitter is a potentiometer with 360 degrees of continuous rotation.

The winding is tapped every 120 degrees and the DC excitation is applied to
tml:mshesspaced 180degreesapart If voltages AB, BC, amd CA are

PRy SRy aay St B [P G, S

plottad cn:’a.ul:.:u the shaft culgu:, a set of arves sinmilar to those of a

synchro is cbtained. The receiver is similarly wound with the wirdings
tapped every 120 degrees. Imertedwithmthereoelve.rwuﬂingsisa
cylindrical or salient pole parmanent magnet which is free to rotate and
turn a shaft. Since altermating currents are not present in this system, a
stationary copper damping ring or cup is usually mounted in the air qap
between the rotor and pole pieces. .
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TABLE I. Synchro functional classifications.
FUNCTTIONAL |MITITARY
CLASSIFI- |ABBREVI- INPUT OUTPUT
CATION ATIONS
Torque TX Rotor positiconed mechan-|Electrical output from
Transmitter ically or mamually by stator identifying rotor
' information to be position supplied to torque
transmitted receiver, torque differen-
tial transmitter, or torgue
differential receiver.
Control (04 Same as TX Electrical output same as
Transmitter TX but supplied only to
control transformer or
control differential
transmitter
Torgue TDX TX output applied to Electric ocutput fram rotor
Differential stator; rotor positicned|(representing angle equal
Transmitter according to amount datalto algebraic sum or differ-
fram TX must be modifiedjence of rotor position
anqle arnd anqular data
fram TX) S‘uw.l;&'i to torgue
receivers, ancther TDX,
or a torgque diffe.re_ntial
receiver
Control X Same as TDX but data Same as TDX but supplied
Differential usually supplied by CX |only to control transformer
Transmitter or another CDX
Torgque TR Electrical angular posi-{Rotor assumes position
Receiver tion data from TX or TDX|determined by electrical
supplied to stator input supplied
Torgue TDR Electrical data supplied|Rotor assumes position
Differential fram two TDX's, two TX's|equal to algebraic sum or
Receiver or ocne TX and one TDX difference of two angular
(one connected to rotor |inputs
and cne to stator)
Control CcT Electrical data fram Electrical output fram
Transformer CX or CDX applied to rotor (proportional to sine
stator. Rotor posi- of the difference between
tioned mechanically or |rotor angular position and
marnually electrical input angle)
Torgue TRX Depending on applica- Deperding on application,
Receiver tion, same as TX same as TX or TR
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TABLE II. Standard capacitor boxes.

MARK MOD CAPACTTOR TYPE QUANTTTY
1 0 1C, MK 12 2
2 0 2C, MX 13 2
3 0 3c, MK 1 2
4 0 9C, MK 3 2
5 0 15C, MK 4 2
2 1 4C, MK 14 2

TABLE III. of ca es
" 'Sll.

MARK MOD CAPACTTOR TYPE QUANTTTY
14 0 9C, MK 3 4
15 0 3¢, MK 1 1
16 0 ac, MK 1 2
18 0 3c, MK 1 3
19 0 3c, MK 1 1

9C, MK 3 1

c, MK 1 2
24 0 9C, MK 3 3
25 0 9C, MK 3 2
26 0 9C, MK 3 4
27 0 3C, MK 1 1
28 0 9C, MK 3 1
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TABLE IV. Characteristics of standard synchro capacitors.
CAPACITY
TOTAL |CAP. PER|BETWEEN CURRENT AMPS| WT.

TYPE | MARK FOR USE WITH CAP. LEG TERINALS | (see above) LRS
1CT MOD 3A
1CT MOD 2
1CT MK 5 §TD.

1C 12 5CT MK 3 STD. 1.8 .6 .9 .Q35 1

SHCT MK & §1D

2C 13 | scrmk 1 MoD 3] 4.2 ) 1.4 2.1 .082 2
3C 1 | 5D, 5DG 30.0 | 10.0 15.0 .59 6
ac 14 | ID6 MK 1MD 1l 9.0 3.0 4.5 . .176

9C 3 60G 0.0 | 30.0 45.0 1.76 16

15C 4 706G 150.0 | 50.0 75.0 2.94 25

THE FOLLOWING TYPES OF CAPACTTORS SHOULD BE USHD ONLY AS REPLACEMENTS

CAPACTTY

SUPERSEDED TOTAL CAP. PER | BEIWEEN WT.

TYPE | MARK BY TYPE CAP. LEG TERMINALS { LBS
3CE 5 3C 30 10 15 7
6CE 6 6C 60 20 30 14
9CE 7 5C 90 30 45 21
15CE 8 15C 150 50 75 33
30C 9 - — - - -—
9CxX 10 - 90 30 45 19

2.25¢x | 11 - - — — 6.25

6C 2 - 60 20 30 11

84




Downloaded from http://www.everyspec.com

MIL~HDBK-225A
TABLE V. Limiting loads for MTI~S-20708 synchros
400~ ) ipire .
LIMITING NUMBER OF TR (OR TRX} UNITS
18TR4B or 23TR4B ar J1TR4D
TRANSMITTER 18TRX4A or  23TRX4A or 31TRX4A
18TRX4A 2 e— ——
23TRX4A 5 2 a—
J1TRX4A 13 5 2
J7TTRX4A 18 7 3
78V-18TDX4C 1 — —
78V-23TDX4C 3 1 —
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TABLE VI. Limiting loads for MIL~S-20708 synchros

DIFFERENTIALS LIMITING NUMBER OF TR's OR TRX's
PER TDX (np/ng)

QUANTTTY 18TR4B  or 23TR4B  or 31TR4D
TRANSMITTER (ng) TYPE 18TRX4A 23TRX4A 31TRX4A
23TRX4A 1to 2 |18TDX4C 1 —— ——
23TRX4A 1 23TDX4C 2 —— ——
23TRX4A 2 23TDX4C 1 — ——
31TRX4A 1to 5 |18TDX4AC 1 —— ——
31TRX4A 1 23TDX4C 3 1, —
31TRX4A 2 23TDX4C 2 1 —
31TRX4A 3 23TDX4C 2 —— —
31TRX4A 4 to 6 |23TDX4C 1 m— —
37TRX4A 1to 7 (18TDX4C 1 — —
37TRX4A 1 to 2 |23TDXAC 3 1 —
37TRX4A 3 23TDX4C 2 1 —
37TRX4A 4 to 5 |23TDX4C 2 —— a—
37TRX4A 6 to 8 |23TDX4C 1 —— —
78V-23TDX4C 1 18TDXAC 1 m— —
78V-23TDX4C 1 23TDXAC 2 — e
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TABLE VII. Limiting loads for MIT~S-20708 synchros

LOAD 1 LOAD OF 1CAD 2
LIMITING NUMBER COF TR's| DIFFERENTIALS |LIMITING NWMBER OF TR's
(OR TRX's) (R TRX's)
i1 2 2 33 1 1 2 2 33

8 8 ar3 3 or1ll 8 8 or3 3 ar1ll

T T T T TT T T T T TT

R R R R R R R R R R RR

4 X 4 X 4 X |QUANTITY 4 X 4 X 4 X
TRANS- [ B 4 C 4 D 4 (ng) TYPE | B 4 B 4 D4
MITTER A A A A : A A
23TRXGA| pumpen | s | wemmm | 1 to 2 [18TDX4C) 1 o |
23TRX4AL 1 onmn | esmes 1 |23TOX4Cl 2 | pumes | cosem
23TRX4A s | — 1 |23TDX4C) 1 s | -
23TRX4A s | = 2 |23TDX4Cl 1 mans | e
23TRX4A| 1 s | cases 2 [23TOX4C| 1 - | ———
31TRX4A e | mmes | 1 to 5 [18TDXICI 1 | ——
JITRX4A 1 — | s 1 18TDX4C 1l o | e—
31TRX4A| 5 2 | 1 |23TDX4C| 1 —
NTRAA| 1 | am | e 2 |23moxac| 2 p——
31TRX4A| 5 2 — 2 |2amxac| 1 —
31TRX4A ey | smmes 3 [23TDX4c| 2 | e—
31TRX4A mmmm | ¢ to 5 |23TDXaC| 1 N —
31TRX4A| 3 1 o | 4 to 5 [23T0XC] 1 | enmes | -
J1TRX4A onms | s 6 23TDX4C| 1 soes | maee
JITRX4Al 2 | — 6 23TOX4C| 1 s | -
ITTRX4A mmes | emssm | 1 to 7 |18TDX4C| 1 o || ——
ITTRGA| 1 | s | ommmm | 2 to 3 [18TDXC] 1 | posmm | emmem
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TABLE VII. imiti cads for MI1~S-20708
in_400-hertz Torgue C (Fiqure 59) - Continued.
LOAD 1 1LOAD OF LOAD 2
LIMITING NUWMBER OF TR's| DIFFERENTIALS |LIMITING NUMBER OF TR'S
(OR TRX'S) (OR TRX's)
1 1 2 2 33 1 1 2 2 33
B 8or3 3 or 11 B 8or3 3 or 11
T T T T TT T T T T TT
R R R R R R R R R R RR
. 4 X 4 X 4 X |QUANTITY 4 X 4 X 4 X
TRANS- B 4 C 4 D4 (ng) TYPE | B 4 B 4 D4
MITTER A A A a A A
37TRX4A o | mmem | 1 |23TDXac] 3 —
3I7TTX4A 3 1 | e | 2 23TDX4C| 2 —
37TRX4A | 8 3 1 1 |23TDX4c| 1 —
37TRX4A s | mmmm | 1 |23TDX4C 1 | —
3TTRX4A | —— 2 |23TDX4C ——
I7TRXAA | 2 | e | o 2 ° |23TDX4C —
37TRX4A | 7 3 1 2 |23moxac| 1 —
37TRX4A S 2 |23TDX4C T [
ITTRAAA | 1 | mm | oo 3 |23TDXac| 2 —
37TRX4A | 6 2 1 3 {23TDX4C| 1 —
3I7TRX4A o | — 3 |23TDX4C 1| s
I7TRX4AA e | - 4  [23TDX4Ci 2 s | .
37TRX4A | — 5  |23TDX4C| 2 | e—
ITTRX4A o | 6 t0 7 [23TDX4C| 1| e | o
ITTRX4A | 4 2 | o | 6 t0 7 [23TOX4C| 1| pemmm | -
37TRX4A — 8 [23m0%4C| 1 | s | o
37TRX4A | 3 s QR [pu— 8 |23m%4C| 1 | e | e
78V-
23TOXAC | mmn | So—— | e— 1 |isTDX4C) 1 | ———
78V-
23TDX4C —— | e— 1 |23TDX4C) 2 mm | ==
78V-
23TDXAC 1 —— | e 1 |23TDX4C| 1 snee | S
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DELTA CONNECTED CAPACTTORS FOR POWER FACTOR CORRECTION
NOMINAL + 10% (MICROFARADS)

TOTAL | CAP. PER | CAP. BETWEEN
TYPE CAP. LEG TERMINALS REMARKS
11CT4E 0.108 0.036%+ 0.054 Matched to within 1 percent
15CT4C 0.066 0.022 0.033 Matched to within 1 percent
18CT4C 0.042 0.014 0.021 Matched to within 1 percent
23CT4C 0.042 0.014 0.021 Matched to within 1 percent
11C0X4B 0.33 O.11%* 0.165
15CDX4C 0.63 0.21 0.315 Matched to within 1 percent
18C0X4C 0.84 0.28 0.42 Matched to within 1 percent
23CDX4C 1.98 0.66%* 0.99 Matched to within 1 percent
18TDX4C 3.00 1.0 1.50 Matched to within 1 percent
23TDX4C 6.30 2.1 3.15 Matched to within 1 percent

**represents average value for previous models and present ones; that is,
for 11CT4E or 11CT4E, use
for 15COX4-XN or 15CDX4D,

for 23CDX4-XN or 23CDX4C,

0.036 microfarad per leg
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TABLE IX. Limiting CT loads, additional to torgue loads of Table V,
for MI1~S-20708 synchros in 400-hertz Mixed System A.
LIMITING NUMBER OF CT UNITS
ADDITIONAL TO TORQUE LOADS OF TABLE V

TX IN TCORQUE SYSTEM A, 11CT4E or 18CT4C

TABLE V 15CT4C 23CT4C
18TRX4A 20 40
23TRX4A 50 100
31TRX4A 150 300
I7TTRX4A 250 500
78V-18TDX4C ' i5 30
78V=-23TDXAC 30 60

TABLE X. [Limiting CT loads, additional to torque loads of

Tables VI and VII, for MIL~§-20708 synchros in
400-hertz Mixed System B.

LIMITING NUMBER OF CT's PER TR OR TRX (ng¢)
ADDITIONAL TO TORQUE I1OADS
OF TABLES VI AND VII
TDX CR TX IN

TORQUE SYSTEMS B AND C, 11CT4E or . 18CT4C
TABLES VI AND VI 18CT4C 23CTAC

18TRX4A ) 3 6 -

23TRX4A 7 14

31TRX4A 19 38

S0
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TDX-TR BRANCH IN TORQUE

NUMBER AND TYPE OF
CDX UNITS REPLACING

CT UNITS PER (DX

SYSTEMS B AND C, GNE TDX-TR HRANCH 11CT4C 18CT4B
TABLES VI AND VII or
NUMBER TYPE 15CT4B 23CT4B
18TDX4C with its TR load] 1 to 4 11CDX4B 1 2
18TDX4C l1to?2 15CDX4C 2 4
18TDX4C 1l 18CDX4C 6 12
18TDX4C 2 18COX4C 2 4
18TDX4C 1 23CDX4C 2 4
23TDX4C with its TR lead| 1 to 7 11CDX4B 1 2
23TDX4C l1to4 15DX4C 2 4
23TDX4C l1to2 18CDX4C 6 12
23TOX4C 3 18CDX4C 3 6
23TDX4C 4 18CDX4C 1 2
23TDX4C 1 23CDX4C 14 28
23TOX4C 2 23CDX4C 2 4
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TABLE XII. Limiti loads for MII~S-20708 in 400-hertz
Contro A (Figure 60).

LIMITING NUMBER OF CT UNITS
DROP IN VOLTAGE
11CT4E  OR 18CT4C GRADIENT OF CT
TRANSMITTER 15CT4C 23CT4C : (%)
11CX4E 2 4 11
15CX4D 7 14 10
18CX4D 17 34 10
23CX4D 35 70 10
78V-11CDX4B 2 4 11
78V-15CDX4D 3 6 | 10
78V-18CDX4C 10 20 10
78V-23CDX4C 25 50 10
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LIMITING NUMBER OF CT's PER (DX| DROP IN
DIFFERENTIAL (Net/Nedx) VOLTAGE
GALLENL
11CT4D QR 1BCT4C CF CT
TRANSMITTER [QUANTITY| TYPE 15CT4C 23CT4C (%)
15CX4D 1 11CDX4B 1 2 11
15CX4D 1 |1scoxap —— 1 11
18CX4D 1 11CDX4B 1 3 10
18CX4D 2 11CDX4B 1 2 11
18CX4D 3 |11c0x%4B — 1 10
18CX4D 4 |1100%4B — 1 11
18CX4D 1 15CDX4D 2 4 10
18CX4D 2 [15CDX4D — 1 10
184D i 18CDX4C 4 8 10
18CX4D 2 18Q0X4C 1 2 10
23CX4D 1 11C0X4B 1l 3 10
234D 2 11CDX4B 1 3 10
23CX4D 3 11CDX4B 1 2 10
23CX4D ] 11COX4B 1 2 10
23CX4D 5 11CDX4B 1 2 11
23CX4D 6 |11cox4B a— 1 9
23CX4D 7 |11CDX4B —— 1 10
23CX4D 1 15CDX4D 3 6 10
23C4D 2 15CDX4D 2 4 10
234D 3 15CDX4D 1 3 10
23CX4D 4 [1500X4D —— 1 9
23CX4D 5  |15cDX4D — 1 10
23CX4D 1 18C0X4C 7 14 10
23CH4D 2 18CDX4C 4 8 10
23CX4D 3 18CDX4C 2 4 10
23CX4D 4 18CDX4C 1 2 10
234D 1 23CDX4C 9 18 10
234D 2 23CDX4C 2 4 10
78V-18CDX4C 1 11CDX4B 1l 2 10
78V-1BCDX4C 1 15CDX4D 1 2 10
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TABLE XIII. iti oads for S-20708 in_400-hertz
Contro B (Fi 60) - Contirmued.
LIMITING NUMBER OF CT's
DIFFERENTIAL PER ODX (Nt /Nodx)
DROP IN VOLTAGE
11CP4D OR 18CT4C GRADIENT OF CT
TRANSMITTER | QUANTTTY | TYPE 15CT4C 23CT4C (%)
78V=-23CDX4C 1 18CDXAC 1 3 10
78V-23CDX4AC 1 11CDX4B 1 3 10
78V-23CDX4C 2 11CDX4B 1l 2 10
78V-23C0DX4C 3 11CDX4B 1 2 11
78V-23CDX4C 4  |11DX4B| e 1 10
78V-23CDX4C 5 |11CDX4B| Eemees 1 10
78V=-23CDX4C 1 15CDX4D 2 5 10
78V=-23CDX4C 2 15CDX4D 1 2 10
78V-23CDX4C 3 [150%X4D|  gu— 1 10
78V-23CDX4C 1l 18CDX4C 5 10 10
78V=23CDX4AC 2 18CDX4AC 2 4 10
78V-23CDX4C 3 |18CDX4C|  ememms 1 10
78V-23CDX4C 1 23CDX4C 5 10 10
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LOAD 1 LOAD OF LOAD 2
LIMITING NUMBER| DIFFERENTIALS |LIMITING NUMBER | DROP IN
OF CT UNITS OF CT's PER CDX | VOLTAGE
FOR CT's
11CT4E ar 1BCT4C 11CT4E ar 18CT4C] IN lLoaD 2
TRANSMITTER | 15CT4C 23CT4C|QUANTITY| TYPE |15CT4C  23CT4C (¥)
15CX4D 1 11CDX4B 1 2 11
15CX4D 2 4 1 11CDX4B 1 11
150 | e | oomemm 1 15CDX4D| g 1 11
18CX4D 1 11CDX4B 1 3 10
18CX4D 7 14 1 11CDX4B 1 .2 11
18CX4D 13 26 1 11CDX4B 1 11
18CX4D 2 11CDX4B 1 2 11
18CX4D 10 20 2 11CDX4B 1 11
18CX4D 3 11CDX4B| 1 10
18CX4D 5 10 3 11CDX4B|  p 1 11
18CX4D R Q—— 4 11CDX4B | 1 11
18CX4D 1 15C0X4D 2 4 10
18CX4D 6 12 1 15CDX4D 1 2 10
18CX4D 10 20 1 15CDX4D 1 10
18CX4D 1 18CDX4C 4 8 10
18CX4D 3 6 1 18CDX4C 3 6 10
18CX4D 6 12 1 18COX4C 2 4 10
18CX4D 8 16 1 18CDX4C 1 2 10
18CX4D 10 20 1 18CDX4C 1 10
18CX4D 2 18CDX4C 1 2 10
18CX4D 1 2 2 18CDX4C 1 10
23C%X4D 1 11CDX4B 1 3 10
23CX4D 15 30 1 11CDX4B 1 2 10
23CX4D 30 30 1 11CDX4B 1 10
23CX4D 2 11CDX4B 1 3 10
23CX4D 9 18 2 11CDX4B 1 2 10
23CX4D 20 40 2 11CDX4B 1 10
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loads for MII~S-20708

in 400-hertz Control System C (Figqure 60) - Continued.
1OoAD 1 LOAD OF Loap 2
LIMITING NUMBER| DIFFERENTIALS LIMITING NUMBER DROP IN
OF CT UNITS OF CT's PER DX VOLTAGE

(Net/Nedy) GRADIENT

FOR CT's

11CT4E or 18CT4C 11CT4E or 18CT4C| IN LOAD 2
TRANSMITTER | 15CT4C 23CTAC | QUANTTTY| TYPE 15CT4C 23CT4C (%)
23CX4D 3 11CDX4B 1 2 10
23CX4D 15 30 3 11CDX4B 1 10
23CX4D 4 11CDX4B 1 2 10
23CX4D 11 22 4 11CDX4B 1 10
23CX4D S 11CDX4B 1 2 11
23CX4D 7 14 5  |11CDX4B| 1 10
23CX4D 6 [11CDX4B| g 1 9
23CX4D 3 6 6 |11CDX4B| gy 1 10
23CX4D I — 7 [11CDX4B| 1 10
23Cx4AD 1 15CDX4aD 3 6 10
23CX4D 10 20 1l 15CDX4D 2 4 10
23CX4D 20 40 1l 15CDX4D} . 1 2 10
23CH4D 25 S0 1 15CDX4D 1 10
23CX4D 2l 15CDX4D 2 4 10
23C¥4D 14 28 2 15CDX4D 1 2 10
23CK4D 20 40 2 15CDX4D 1 10
23C%4D 3 15COX4D 1 3 10
23C¥4D S 10 3 15CDX4D 1 2 10
23CH4D 10 20 3 15CDX4D 1 10
23CX4D 4  |150DX4D| pumms 1 9
23CX4D 4 8 4 |150DX4D| s 1 10
23CX4D | s | — 5  |15DX4D| g 1 10
234D 1 18CDXAC 7 14 10
234D 8 15 1 18CDXAC 5 10 10
234D 16 32 1 18CDX4C 3 6 10
23CX4D 24 48 1 13CDX4C 1 2 10
234D 30 &0 1 13CDX4C 1l 10
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in 400-hertz Control System (Fiqure 60) - Continued.
10aD 1 LOAD OF LOAD 2

LIMITING NUMBER| DIFFERENTIALS |LIMITING NUMBER | DROP IN

OF CT UNTTS OF CT's PER (DX | VOLTAGE

(Net/Nedx) GRADIENT

FOR CT's

11CT4E or 18CT4C 11CT4E ar 18CT4C| IN LOAD 2
TRANSMITTER|15CT4C  23CT4C|QUANTTTY| TYPE [15CT4C  23CT4C (%)
23CX4D 2 18CDX4C 4 8 10
23CX4D 10 20 2 18CDX4C 2 4 10
23CX4D 15 30 2 18CDX4C 1 2 10
23CX4D 20 40 2 1BCDX4C 1 10
23CX4D 3 18CDX4C 2 4 10
23CX4D 6 12 3 18CDX4C 1 2 10
23CX4D 10 20 3 18CDX4C 1 10
23CX4D 4 18CDX4C 1 2 10
23CX4D 2 4 4 18CDX4C 1 10
23CX4D 1 23COX4C 9 18 10
23CX4D 7 14 1 23CDX4C 6 12 10
23CX4D 14 28 1 23CDX4C 3 6 10
23CX4D 18 36 1 23CDX4C 1 2 10
23CX4D 20 40 1 23CDX4C 1 10
23CX4D 2 23CDX4C 2 4 10
23CX4D 3 6 2 23CDX4C 1 2 10
23CX4D 5 10 2 23CDR4C 1 10
78V-18CDX4C 1 11CDX4B 1 2 10
78V-18CDX4C 4 8 1 11CDX4B 1 10
78V-1BCDX4C 1 15CDX4D 1 2 10
78V=-18CDX4C 2 4 1 15CDX4D 1 10
78V-18CDX4C 1 18CDX4C 1 3 10
78V-18CDX4C 1 2 1 18CDX4C 1 2 10
78V-18CDX4C 2 4 1 18C0X4C 1 10
78V-23CDX4C 1 11CDX4B 1 3 10
78V-23CDX4C 6 12 1 11CDX4B 1 2 10
78V-23CDX4C| 14 28 1 11CDX4B 1 10
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TABLE XIV. Limiting loads for MIL~S-20708 synchros
in 400~hertz Control System C (Figure 60) - Contirnued.
1oAD 1 LoaD OF IQAD 2
LIMITING NUMBER| DIFFERENTTIALS |[LIMITING NUMBER | DROP IN
OF CI' UNITS OF CT's PER (DX | VOLTAGE
(Nt /Nay) GRADIENT
FOR CT's
11CT4E or 18CT4AC 11CT4E or 18CT4C| IN 1LOAD 2
TRANSMTTTER| 15CT4C 23CT4C|QUANTITY | TYPE 15CT4C 23Cr4C (%)
78V=-23CDX4C 2 11CDX4B 1l 2 10
78V-23CDX4C 10 - 20 2 11CDX4B 1 10
78V-230DX4C 3 11CDX4B 1 2 11
78V-23CDX4C 5 10 3 11CDX4B 1 10
78V-23CDX%4C! mmems | s 4 11CDX4B|  ummn 1 10
78V-230DX4C| . 1 15CDX4D 2 5 10
78V-23CDX4C 2 4 1 15CDX4D 2 4 10
78V=-23CDX4C 10 20 1 15CDX4D 1 2 10
78V=-23CDX4C 14 28 1 15CDX4D 1 10
78V-23CDX4C 15CDX4D 1 P 10
T8V-23CDX4C 7 14 2 15CDX4D 1 10
78V=-23C0DX4C 1 18CDX4C 5 10 10
TBV-23CDX4C 7 14 i 18CDX4C 3 6 io
78V-23CDX4C 13 26 1 18CDX4C 1 2 10
78V=-23CDX4C 15 30 1 18CDX4C 1l 10
78V-23CDX4C 2 18CDX4AC 2 4 10
78V=-23CDX4AC 5 10 2 18CDX4C 1 2 10
78V=23CDXAC B8 16 2 18CDX4C 1 10
78V-23CDX4C 1 23CDX4C 5 10 10
78V=-23CDX4C 3 6 1 23CQDX4C 3 6 10
78V=-23CDX4C 7 14 1 23CDX4C 1 2 10
78V=-23CDX4C 8 16 1 23CDX4C 1l 10
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Torgue System A.
LIMITING NUMBER OF TR (OR TRX) UNITS

TRANSMITTER 18TRX6B or 23TRX6B or 31TRX6A or 37TRXGA
18TRX6B 2 —— — —
23TRX6B 5 2 S— ——
31TRX6A 15 6 2 —
I7TTRX6A 35 13 5 2
78V-23TDX6C 1 — — —
78V-31TDX6C 11 4 1 e—

TABLE XVI. Limiti cads 1 ~S-2070.
in 60-hertz Torque System B.

DIFFERENTIALS LIMITING NUMBER OF TR'S CR TRX's
PER TDX (np/ng)
QUANTTTY
TRANSMITTER| (ng) | TYPE 18TRX6B 23TRX6B  31TRX6A  37TRX6A
31TRX6A 1 to 3 |23TDX6C 1 p— p— —
37TRX6A 1 to 8 |23TOXEC 1 p— — m—
37TRX6A 1 [317DXec 9 3 1 —
37TRX6A 2 |31TDX6EC 7 2 — J—
78V-31TDX6C| 1 or 2 [23TDX6C 1 — — —
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TABLE XVII. Limiting loads for MTI~S-20708 synchros
in 60-hertz Torque System C.
10AD 1 LOoAD OF LOAD 2
LIMITING NUMBER OF TR's| DIFFERENTIALS |LIMITING NUMBER OF TR's
(OR TRX's) (OR TRX's) PER TDX

1 2 3 3 -1 2 3 3

g8or 3 orl or?7 8or 3or 1 or 7

T T T T T T T T

R R R R R R R R

X X X X X X X X

TRANS- 6 6 6 6 QUANTITY| TYPE 6 6 6 6

MITTER B B A A B B A A

3ITRXGA| pup | wunm | omem | wmm | 1 t0 3 |23TDX6C) 1 ) mum | nuw | wemm

37TRX6A o | | mem | 1108 [23TDX6C| 1 | | | wm

I7TRAEA| 1 | m | mmms | sems | 1 tO 3 [23TDX6C| 1 | mum | mmm | wem

I7TRX6A| pum | mmm | wmem | owm 1 |31TDX6C| 9 =

37TRX6A| 1 | gusm | mem | wm 1 |3110%6C| 8 —

3I7TTRX6A| 5 2 | pam | wem 1 [311DX6C| 6 - | s

37TRXGA| 11 | 4 |1 | sem 1 |31Toxec| 4 | |

3ITTRX6A| 20 7 2 1 1 [31TOX6C| 2 | umm | wmm | am

I7TRXGA|[ 25 | 9 3 1 1 |21T0%6C) 1 | puew | e | nemm

37TRX6A| 15 6 2 — 1 |31TDX6C 1 | o | e

37TRXEA o 1 |311DX6C 1 |

37TRXEA | pun | m | m | o 2 [31TDX6CH 7 - e

3TTRXGA[ 5 2 | oum | 2 |31TDX6C| 5 N P

37TTRX6A| 13 5 I — 2 |31rDX6C| 3 gl —

37TRYX6A| 25 9 3 1 2 [31TDX6C| 1 | pmm | wmm | o

37TRX6EA o | 2 |31TDX6C 2 | pmm | wmm

ITTRXGA| 3 1 | o | o 2 |311DX6C 2 | o |

ITTRXGA| 13 5 1 2 |31TDXsC 1 | o |
78V-

31TOX6C| pam | oumm | omm | ommam | 1 Or 2 [23TDX6CI 1 | sy | mum | wam
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TABLE XVIII. ues o ci S5-20708

60~ co and di tia

units.

DELTA CONNECTED CAPACITORS FOR POWER QURRECTION
NOMINAL +10% (MICROFARADS)
TOTAL CAP. PER | CAP. BEIWEEN
TYPE CAP. LEG TERMINALS REMARKS
15CTeD 1.02 0.34 .51 Matched to within 1 percent
23CTeD 1.02 0.34 .51 Matched to within 1 percent
18CDX6D 2.40 0.80 1.20 Matched to within 1 percent
23CDX6C 3.60 1.20 1.80 Matched to within 1 percent
23TDX6C | 10.40 3.40 5.10 Matched to within 1 percent
31TDX6C 30.00 10.00 15.00 Matched to within 1 percent
TABLE XIX. Limiting CT loads, addi 1 to torque 1

tioma torque loads of
Tables XV, for MI1L~S$-20708 sypchros in 60-hertz
Mixed System A.

LIMITING NUMBER OF CT UNITS

ADDITIOGNAL TO TORQUE LOADS OF

TX IN TORQUE SYSTEM A, TABLE XV
TABLE XV
15CT6D or 23CT6D
18TRX6B 2
23TRX6B 3
31TRX6A 10
37TRX6A 25
78V-23TDX6C 2
78V-31TDX6C 10
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TABLE XX. Limiting CT loads, additional to torgue loads of
Tables XVI and XVII, for MIT~5-20708 synchros

in 60-hertz Mixed B.
LIMITING NUMBER OF CT's PER TR (ngt)
ADDITIONAL TO TORQUE LOADS OF
TR OR TRY IN TORQUE SYSTEMS TABLES XVI AND XVII
B AND C, TABLES XVI AND XVII
15CT6D or 23CTéeD

For n 18TRX6B, Nt = 1 or 6 n' (larger of the two)

For n 23TRX6B, Nt = 2 or 1.8 n {larger of the two)

For n 31TRX6A, not = Sn

For n 37TRX6A, N~ = 10n

TABLE XXI. Limiting CDX-CT loads that replace a TDX-TR branch of Tables XVI
and XVII for MIL~S-20708 synchros in 60-hertz Mixed System C.

NUMBER AND TYPE QF
TDX~TR BERANCH IN TORQUE | CDX UNITS REPLACING
SYSTEMS B AND C, ONE TDX-TR BRANCH CT UNITS PER CDX
TABLES XVI AND XVII

NUMBER TYPE 15CT6eD or 23CT6D
23TDX6C with its TR load 1 23CDXeC . 1
31TDX6C with its TR load| 1 to 5 23CDX6C 1l
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LIMITING NUMBER OF CT' DROP IN VOLTAGE
TRANSMITTER 15CT6éD or 23CT6D GRADIENT OF CT (%)
18TRX6B 3 18
23CX6D 3 18
23TRX6B 4 15
J1TRX6A 18 15
37TRX6A 45 13
78V-23CDX6C 2 20
78V-23TOX6C 3 15
78V-31TDX6C 20 15
TABLE XXIII. it ds 7
Control System B.
DIFFERENTIAL |LIMITING NUMBER OF CT's PER CDX| DROP IN
VOLTAGE
GRADIENT
TRANSMITTER|QUANTITY| TYPE 15CT6D ar 23CT6D OF CT (%)
23TRX6B 1 23CDX6C 1 20
31TRX6A 1 23CDX6C 1 16
31TRX6A 2 23CDX6C 1 17
I1TRX6A 1 23TDX6C 2 16
31TRX6A 2 23TDX6C 1 16
37TRX6A 1 23CDX6C 1 15
37TRX6A 1 23TDX6C 3 16
37TRX6A 2 23TDX6C 2 15
37TRX6A 3 23TDX6C 2 15
37TRX6A 4 23TDX6C 1 14
I7TRX6A 5 23TDX6C 1 14
37TRX6A 6 23TDX6C 1 15
37TRX6A 7 23TOX6C 1 15
I7TRXEA 1 31TDX6C 10 15
I7TRX6A 2 31TDX6C 4 15
78V-31TDX6C 1 |23CDX6C 1 16
78V-31TDX6C 2 23CDX6C 1 17
78V-31TDX6C 3 23CD%6C 1 18
78V-31TDX6C 1 23CDX6C 3 18
78V-31TDX6C 2 23TOX6C 2 18
78V-31TDX6C 3 23TDX6C 1 18
78V-31TDX6C 1 31TDX6C 2 18
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TABLE XXIV. I..imitg\_g' loads for MIL-S-20708 synchros
in 60-hertz Control System C.
. DROP IN

IOAD 1 LoAD OF ILOAD 2 VOLTAGE

LIMITING NUMBER| DIFFERENTIALS LIMITING NUMBER GRADIENT

OF CT UNITS OF CT's PER QDX FOR CT's

IN 10AD 2
TRANSMITTER| 15CT6D or 23CT6D|QUANTITY| TYPE 15CT6D or 23CTeD (%)
23TRX6B — 1 |23cDX6C 1 20
31TRX6A 1 23CDXeC 1 16
31TRX6A 3 1 23CDXeC 1 17
31TRX6A p— 2 [23CDX6C 1 17
J1TRXEA 1 23TDX6C 2 16
J1TRX6A 7 1 23TDX6C .1 16
31TRX6A f— 2 |23TDX6C 1 16
37TRY6A 1l 23CDX6C 1 15
37TIRX6A - 10 1 23CD%6eC 1 16
I7TRX6A 1 23TDXeC 3 16
37TRX6A 10 1 23TDXeC 2 15
JTIRX6A 35 1 23TDX6C 1 15
37TTRXGA 2 23TOXeC 2 15
37TRY6A 30 2 23TDXeC 1 15

ITIRXEA 3 23TDX6eC 2

37TRX6A 25 3 23TDXseC 1 15
JTTRY6A 4 23TDX6eC 1 14
J7TTRX6A 15 4 23TDXeC 1 15
I7TRX6A 5 23TDXe6eC 1 14
J7TIRX6GA 9 5 23TDX6C 1l 15
I7TTRXGA 6 23TDXeC 1 15
ITTRXGA 3 6 23TDXeC 1l 15
37TRXEA — 7 |23TDX6EC 1 15
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"TABLE XXTV.. Limiting loads for MI1~S$-20708 synchros
in 60-hertz Control System C - Continued.
CROP IN
LOAD 1 LOAD OF LOAD 2 VOLTAGE

LIMITING NUMBER! DIFFERENTIALS |LIMITING NUMBER | GRADIENT

OF CT UNITS OF CT's PER (D)X | FOR CT's

IN LOAD 2
TRANSMITTER| 15CT6D or 23CTéD|QUANTITY| TYPE [1SCT6D ar 23CTéD (%)
3I7TRX6A 1 31TDX6C 10 15
JI7TRX6A 12 1l 31TDXeC 8 15
J7TRYBA 25 1 J1TOX6C 5 15
37TRX6A 35 1 |3171DX6C 3 15
37TRX6A 45 1 |311DX6C 1 15
37TRX6A 2 31TDX6C 4 15
37TRX6A 6 2 31TOX6C 3 15
ITIRXGA 12 2 31TDX6C 2 15
J7TRX6A 18 2 31TOX6C 1 15
78V=-31TDX6C 23CDX6C 1 16
78V=-31TOX6C 7 b 23CDX68C b} 18
78V~31TDX6C 2 |23cDXxec 1 17
78V-31TDX6C 3 2 23CDX6C 1 18
78V-31TDX6C p— 3 23CDX6C 1 18
78V-31TDX6C 1 23TOX6C 3 18
78V-31TDX6C 8 1 23TDX6C 2 18
78V-31TDX6C 15 1 23TDX6C 1 18
78V-31TDX6C 2 23TDX6C 2 18
78V-31TDX6C 9 2 23TDX6C 1 18
78V-31TOX6C 3 23TOX6C 1 18
78V=-31TOX6C 2 3 23T06C 1 18
78V-31TDX6C 1 [31TDXeC 2 18
78V-31TOX6C 3 1 31TDX6C 1 i8
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Size of pre-standard type synchros.

SIZE

APPROXIMATE
DIAMETER
(inches)

APPROXIMATE
WEIGHT

(pourds})

APPROXTMATE EQUIVALENT
DIAMETER OF STANDARD
SYNCHRO (SIZE)

2.25
3.1

3.37 to 3.62

4.5

5.75

2

3

5

8

18

23
31

37

TABLE XXVI. Function of pre-standard type synchros.

FUNCTION

w x 3 8 o o

4

n

F*

Transmitter
Differential Receiver
Differential Transmitter
Control Transformer
High-Speed Unit
Bearing-Mounted Unit
Nozzle-Mounted Unit
Special Unit

Flange-Mounted Receiver

*This letter is normally camitted if letters cther than H or S occur in the
type designation.
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TABLE XXVII. MII~S-20708 OPL synchros.
20708/79 2070877 20708/1
TYPE DESIGATICN & TOLERANCE 26V-08CT4C| 26V-11CT4D 11CT4E
Primary voltage (V), t+ 1% 10.2 10.2 78
Primary current (mA), maximm 23.0 86.0 18.0
Primary power (watts), maximm 0.053 0.18 0.24
Impedance (ahms), min-max
Zro
Zss
Zso 444-570 118-150 4350-5700
irs 830~940 130~-170 585-700
Impedance angle (degrees), min-max
Zro
Zss
Zso 76.0-81.0 78.0-84.0 77.3-83.5
irs 16.0-20.0 | 23.0-35.0 | 22.0-32.0
Transformation ratio, * 2% 2.203 2.203 0.735
Phase shift, lead (degrees),varies|8.0 $1.5 4.5 %1.5 5.0 1.0
Electrical error (minutes), max 7.0 7.0 7.0
Receiver error {minutes), max — —— —
Null voltage (mV), max
Total 30.0 18.0 60.0
Fundamental 25.0 15.0 32.0
Friction torgque (oz-in), max 0.04 0.07 0.07
Torqgue gradient (oz-in), min — _— —_—
Temperature rise (degrees C), max [10.0 10.0 10.0
Synchronizing time (seconds), max
30° t 2° -— — —
177° * 2° — —_ —
Variation of voltage (+ 10%) and |—-o _— —_—
Frecuency (+5%), (watts), max
Radial Play (inches), max 0.0004 0.0006 0.0006
Bd Play (inches), varies 0.0007 max| 0.0010 0.0010
10.0005 10.0005
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TABLE XXVII. MIL-S5-20708 QOPL synchros - Continued.
20708/15 20708/21 20708/29

TYPE DESIGNATION & TOLERANCE 15CT4C 15CT6eD 18CT4C
Primary voltage (V), * 1% 78 26 78
Primary current (mA), maximm 10.0 13.0 7.0
Primary power (watts), maximm 0.17 0.25 0.06
Impedance (ohms), min-max

Zro

Zss

Zso 7800-8512 6000-7500| 12000-14800

irs 1050-1300 1300-1650) 980-1190
Inpedance argle (degrees), min-maxi

iro

Zss :

Zso 77.8-84.5 78.0-82.0| 82.0-84.5

irs 26.0-33.0 13.0-18.0] 42.0-52.0
Transformation ratio, * 2% 0.735 0.735 0.735
Phase shift, lead (degrees),varies| 5.5 $1.5 9.0 #2.0 | 2.0 $2.0
Electrical error (minutes), max 6.0 6.0 6.0
Receiver error (minutes), max —— —— —_—
Hull voltage (mV), max

Total 60.0 65.0 30.0

Fundamental 32.0 45.0 20.0
Friction torque (oz-in), max 0.05 0.05 0.10
Torque gradient (oz-in), min — -— _—
Temperature rise (degrees C), max | 10.0 10.0 20.0
Synchronizing time (seconds), max

30° + 2¢ — — —_—

177° % 2° —= — —
Variation of voltage (+ 10%) and — _ _—

Fregquency (-5%), (watts), max
Radial Play (inches), max 0.0006 0.0006 0.0006
End Play (inches), varies 0.0010 0.0010 0.0015

+0.0005 +0.0005 +0.0010
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TABLE XXVII. MIL~$-20708 OPL sypchres - Continued.
20708/34 20708/46 20708/53

TYPE DESIGNATION & TOLERANCE 18CT6D 23CT4C 23CT6D
Primary voltage (V), % 1% 78 78 78
Primary caurent (mA}, maximm 17.0 5.7 18.5
Primary power (watts), maximum 0.43 0.06 0.48
Impedance (chms), min-max

Zro

Zss

Zso0 4600-5800| 13400-16700) 4200~5100

irs 1600-2050] 1040-1260 1350-1650
Impedance angle (degrees), min-max

Zro

Zss

Zs0 70.0-76.0| 81.0-84.5 70.0-76.0

irs 14.5-18.0] 46.0-56.0 14.0-20.0
Transformation ratio, * 2% 0.735 0.735 0.735
Dhaen chift 1lan {Acervoanct variocl 16 O 4+ nl 2. % +2 0 1A.0 42 5
R T i B e B \-' il Tnrr Yurl \“‘-’Lwﬂ’ fl A~ Y L~ CS AN - & W o - W E e B -—tfr § w
Electrical error (mirutes), max 6.0 6.0 6.0
Receiver error (mirutes), max — —— —
Null voltage (mV}, max |

Total 45.0 45.0 45.0

Fundamental 25.0 20.0 30.0
Friction torque (oz-in), max 0.10 0.20 0.20
Torque gradient (oz-in), min — _— —
Termperature rise (degrees C), max | 10.0 20.0 10.0
Synchronizing time (secords), max

309 +.20 —_— — -

177° % 2¢° _— — —
Variation of voltage (+ 10%) and _ —_— —_—

Frequency (15%), (watts), max
Radial Play (inches), max 0.0008 0.0010 0.0010
Erd Play (inches), varies 0.0015 0.0025 0.0025

10.0010 0. 0020 +0.0020
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TARIE XXVII. MIL-S-20708 QPL synchros - Continued.
20708/78 20708/8 20708/2
TYPE DESIGNATION & TOLERANCE 26V=-08CH4C| 26V-11CX4C 11CX4E
Primary voltage (V), * 1% 26 26 115
Primary current (mA), maximum 153.0 130.0 31.0
Pfimaxy power (watts), maximum 0.84 0.41 0.59
Impedance (ohms), min-max
Zro 170-215 200-300 3720-4700
Zss 11.0-15.0 6.0-12.0 410-500
Zs0
2rs
Impedance angle (degrees), min-max
~ Zro 77.5-80.5 | 80.5-84.0 80.0-84.0
Zss 9,0-15.0 18.0-30.0 17.0-26.0
Zso
irs
Transformation ratio, + 2% 0.454 0.454 0.783
Phase shift, lead (degrees),varies|8.5 1.5 4.0 1.5 4.5 #1.5
Electrical error (minutes), max 7.0 7.0 7.0
Receiver error (minutes), max — —— ——
Null voltage (mV), max
Total 30.0 18.0 75.0
Fundamental 20.0 12.0 45.0
Friction torque (oz-in), max 0.04 0.07 0.07
Torque gradient (oz-in), min —— -—— ——
Temperature rise (degrees C), max [20.0 20.0 20.0
Synchronizing time (secords), max
30° + 2° — — -—
177° % 2° _— —_— ——
Variation of voltage (+ 10%) and |—- — -——
Frequency (-5%), (watts), max
Radial Play (inches), max 0.0004 0.0006 0.0006
Erd Play (inches), varies 0.0007 max| 0.0010 0.0010
+0.0005 +0.0005
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TABLE XXVII. MIL~5-20708 OFl, synchros ~ Continued.
20708/14 20708/28 20708/33

TYPE DESIGNATION & TOLERANCE 15CX4D 18CX4D 18CX6C
Primary wvoltage (V), t+ 1% 115 115 115
Primary cuorrent (mA), maximm 85.0 110.0 40.0
Primary power (watts), maximm 1.2 1.1 1.1
Impedance (chms), min-max

Zro 1402-1643] 1045-1400 | 2875-3375

Zss 123-138 40.0~57.0 660~-810

Zso

rs
Impedance angle (degrees), min-max

iro Bl1.4-84.6( 84.0-87.5 76.0-80.0

2ss 26.5-31.5| 34.0-48.0 | 9.0-13.0

250

Zrs
Transformation ratio, + 2% 0.783 0.783 0.783
Phase shift, lead (degrees),varies| 4.0 #1.5 | 1.5 $1.5 11.0 *1.5
Electrical error {minutes), max 6.0 6.0 8.0
Receiver error {minutes), max — — —_—
Null voltage (mV), max

Total 60.0 60.0 85.0

Fundamental 32.0 40.0 30.0
Friction torque (0z-in), max 0.05 0.10 0.10
Tarque gradient (oz-in), min — — —
Temperature rise (degrees C), max | 20.0 20.0 25.0
Synchronizing time (seconds), max

30° t 2° — — —

177¢ + 2° — — —
variation of voltage (i 10%) and — — —

Frequency (15%), (watts), max
Radial Play (inches), max 0.0006 0.0006 0.0006
End Play (inches), varies 0.0010 0.0015 0.0015

10.0005 10.0010 20.0010
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-

TABLE XXVII. MIL~S-20708 QPL synchros -~ Continued.
. 20708745 20708/52 20708/80

TYPE DESIGNATION & TOLERANCE 234D 23CXeD 26V-08CDX4C
Primary voltage (V), * 1% 115 115 10.2
Primary current (mA), maximum 245.0 80.0 108.0
Primary power (watts), maximm 2.1 1.7 0.29
Impedance (chms), min-max

Zro 470-580 1450-1700

Zss 21.6-26.0 155-310

Zs0 95.0-120.0

Zrs 35.0-48.0
Impedance angle (degrees), min-max

Zro 84.0~87.5 79.0-83.0

iss 42.0~47.0 10.0-15.0

iZso 74.0-79.0
Transformation ratio, * 2% 0.783 0.783 1.154
Phase shift, lead (degrees),varies| 1.0 #1.0 6.5 1.5 ]9.5 +1.5
Electrical error (minutes), max 6.0 6.0 7.0
Recejver error (minutes), max —— ——— ——
Mull voltage (mV), max

Total 48.0 60.0 30.0

Pundamental 32.0 30.0 20.0
Friction torgue (oz-in), max 0.20 0.20 0.04
Torque gradient (oz-in), min ~—— — ——
Temperature rise (degrees C), max | 20.0 20.0 20.0
Synchronizing time (seconds), max

30° + 2° — — —_—

177° % 2° — — —_—
variation of voltage (: 10%) and — —— ——

Frequency (-5%), (watts), max
Radial Play (inches), max 0.0010 0.0010 0.0004
End Play (inches), varies 0.0025 0.0025 0.0007 max

+0.0020 +0.0020
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TABLE XXVII. MIL~S-20708 OPL, sypchros - Contimued.
20708/9 20708/81 | 20708/16
TYPE DESIGNATION & TOLERANCE 26V-11CDX4C| 11CDX4B 15CDX4D
Primary voltage (V), % 1% 10.2 78 78
Primary current (mA), maxirnm 150.0 4.0 90.0
Primary power (watts), maximum 0.30 0.64 1.1
Inpedance (ohms), min-max
Zro
iss
Zs0 68.0-85.0 1590-2050| 870-1150
irs 20.0-26.0 470-570 195-290
Impedance angle (degrees), min-max
Zro
Zss
Zs0 77.0-82.0 79.0-85.0| 79.0-85.0
irs 22.0-30.0 23.0-33.0|] 27.0-37.0
Transformation ratio, + 2% 1,154 1.154 1.154
Phase shift, lead (degrees),varies| 6.0 12.0 4.0 2.0 | 5.5 2.0
Electrical error (minutes), max 7.0 7.0 6.0
Receiver error (minutes), max — —_— _—
Null voltage (mV), max
Total 26.0 90.0 60.0
Fundarental 17.0 60.0 32.0
Friction torque (oz-in), max 0.07 0.07 0.07
Torque gradient (oz-in), min —— ——— —
Auap_rat-‘\lre rls& (d&',’r% ] oy ﬂ"& 10-0 20-0 20-0
Synchronizing time (seconds), max
ic® % 2° —— —_— ——
177° t 2° —_ —_— —
Variation of voltage (* 10%) and — ——— —
Frequency (#5%), (watts), max
Radial Play (inches), max 0.0006 0.0006 0.0006
Erd Play (inches), varies 0.0010 0.0010 0.0010
+0.0005 $0.0005 +0.0005
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TARLE XXVII. MIL~S-20708 QPI, synchros - Contimnued.
) 20708/30 20708/36 20708/47
TYPE DESIGATION & TOLERANCE 18CDX4C iB8CDX6D 2300X4C
| Primary voltage (V), * 1% 78 78 78
Primary current (mA), maximm 128.0 52.0 285.0
Primary power (watts), maximm 1.1 1.3 2.6
Impedance (chms), min-max
Zro
Zss
Zs0 610-785 1500-1875 275-340
irs 76=110 915-1225 37.0-50.0
Impedance angle (degrees), min-max
Zro
2ss
2s0 B3.0-B6.5 69,0-75.0 82.5-85.5
irs 40.0-55.0 12.0-18.0 45,0-50.0
Transformation ratio, * 2% 1.154 1.154 1.154
Phase shift, lead (degrees),varies| 2.0 #2.0 15.5 +2.0 | 2.0 *1.5
Electrical error (minutes), max 6.0 7.0 7.0
Receiver error (minutes), max —_— _— —_—
Mull voltage (mV), max
Total 75.0 100.0 60.0
Pundamental 40.0 60.0 30.0
Friction torque (oz-in), max 0.10 0.10 0.20
Torque gradient (oz-in), min -— m— ——
Temperature rise (degrees C), max | 20.0 20.0 30.0
Synchronizing time (secords), max
30° * 2° -— _— _—
177° + 2¢ — — —
Variation of voltage (% 10%) and —— -— —
Frequency (#5%), (watts), max
Radial Play (inches), max 0.0006 0.0006 0.0010
End Play (inches), varies 0.0015 0.0015 0.0025
+0.0010 +0.0010 | 20.0020
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TABLE XXVII. MIL-S-20708 OPL synchros - Continued.
20708/54 20708/6 20708/32
TYPE DESIGNATICN & TOLERANCE 23CDX6C 26V-11TX4C 1BTRX4A
Primary voltage (V), * 1% 78 26 115
Primary arent (mA), maximum 90.0 280.0 400.0
Primary power (watts), maximm 1.7 1.0 4.0
Impedance {(ohms), min-max
Zro -— -—_
Zss 3.3-4.2 16.0-21.0
250 867-1100
Zrs 448-550
Inpedance angle {degrees), min-max
Zro —_ -—
2ss 17.0-24.0 | 38.0-45.0
Zs0 75.0-79.0
irs 14.5-23.0
Transformation ratio, + 2% 1.154 0.454 0.783
Phase shift, lead (degrees),varies| 11.0 2.5 | 4.0 *1.0 4.0 max
Electrical error (minutes), max 8.0 7.0 8.0
Receiver error (minutes), max — — 45.0
Null voltage (mV}, max
Total 65.0 -— 100.0
Furdamental 40.0 —— 50.0
Friction torque (oz-in), max 0.20 0.07 ——
Torque gradient {(oz-in), min — 0.0080 0.10
Temperature rise (degrees C), max | 20.0 20.0 35.0
Synchronizing time (secords), max
300 £ 2¢° ——— —_— 1.0
177 % 2° — — 2.0
Variation of voltage (+ 10%) and | — 1.4 5.6
Frequency (15%), (watts), max
Radial Play (inches), max 0.0010 0.0006 0.0006
Erd Play (inches), varies 0.0025 0.0010 0.0020
+0.0020 20.0005 +0.0015
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TABLE XXVII. MIL~S-20708 QPL synchros - Continued.
20708735 | 20708/50 | 20708/56

TYPE DESIGNATTION & TOLERANCE 1BTRX6EB 23TRX4A 23TRX6B
Primary voltage (V), ¥ 1% 115 115 115
Primary current (mA), maximm 100.0 720.0 210.0
Primary power (watts), maximm 4.0 4.6 5.6
Impadance (chms), min-max

2ro — o —

255 350-430 6.5-8.1 110-145

2s0

Zrs
Impedance angle (degrees), min-max

Zro -—— - -—

Zss 10.0~15.0 44.0-55.0 10.0-17.0

Zso

Zirs
Transformation ratio, t 2% 0.783 0.783 0.783
Phase shift, lead (degrees),varies{ 16.0 ma 2.0 ma 11.0 ma
Electrical error (minutes), max 6.0 - 6.0 45.0
Receiver error (minutes), max 45.0 45.0 8.0
Null voltage (mV), max

Total 300.0 150.0 160.0

Fundamental 50.0 306.0 60.0
Friction torgue (oz-in), max —_— —— ——
Torque gradient (oz-in), min 0.050 0.25 0.12
Temperature rise (degrees C), max ( 40.0 30.0 35.0
Synchronizing time (seconds), max

30° £ 2° 1.0 1.0 1.0

177° + 2° 2.0 2.0 2.0
Variation of voltage (+ 10%) ard 5.6 6.5 8.1

Frequency (I5%), (watts), max
Radial Play (inches), max 0.0006 0.0010 0.0010
Erd Play (inches), varies 0.0020 0.0025 0.0025

+0.0015 10.0020 +0.0020
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TABLE XXVII. MIL~-S-20708 OPL synchros -~ Continued.
20708/62 20708/66 20708/74

TYPE DESIGATION & TOLERANCE J1TRY4A J1TRXGA JITTRAGA
Primary voltage (V), t 1% 115 115 115
Primary current {mA), maximum 1650.0 440.0 830.0
Primary power (watts), maximum 14.4 6.6 9.25
Imedance {(chms), min-max

Zro — o -

Zss 2.5-5.5 24.0-33.0 7.0-10.0

250

ars
Impedance angle {(degrees), min-max

zro -— — —

58 60.0-75.0 16.0-24.0 30.0-40.0

Zs0

Zirs
Transformation ratio, + 2% 0.783 0.783 0.783
Phase shift, lead (degrees),varies| 2.0 max 6.5 max 3.5 max
Electrical error (minutes), max 8.0 10.0 10.0
Receiver error {minutes), max 36.0 36.0 36.0
Null voltage (mV), max

Total 170.0 170.0 170.0

Fundamental 35.0 35.0 35.0
Friction torque (oz-in), max — — —
Torque gradient (oz-in), min 0.67 0.40 0.90
Temperature rise {(degrees C), max | 60.0 35.0 35.0
Synchronizing time (seconds), max

30° % 2° 1.0 1.0 1.0

177° + 2° 2.0 2.0 2.0
Variation of wvoltage (* 10%) and 27.0 9.4 i8.0

Frecuency (#5%), (watts), max
Radial Play (inches), max 0.0008 0.0008 0.0008
End Play (inches), varies 0.0030 0.0030 0.0030

+0.0020 +0.0020 +0.0020
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MI1~S-20708 QPL synchros - Continued.

TABLE XXVII.
20708/48 20708/55 | 20708/68
TYPE DESIGNATION & TOLERANCE 23TDX4C 23TDX6C 31TDX6C
Primary voltage (V), % 1% 78 78 90 nom
Primary current (mA), maximm 866.0 215.0 725.0
Primary power (watts), maximum 7.0 4.8 7.7
Impedance (chms), min-max

Zro

Zss

Zs0 90-112 370-460 —_—

2rs 11.0-15.0 175-220 44.0 max
Impedance angle (degrees), min-max

iro

2ss : :

Zso 84.0-88.0 74.0-78.0 -——

Zrs 47.0-53.0 15.0-20.0 27.0 min
Transformation ratio, * 2% 1.154 1.154 1.154
Phase shift, lead (degrees),varies| 2.0 *1.0 11.5 #2.0 6.5 max
Electrical error (minutes}, max 8.0 6.0 10.0
Receiver error (minutes), max — _— —_—
Null voltage (mV}, max

Total — —— —

Furdamental _— ———— —
Friction torque (oz-in), max 0.20 0.20 0.50
Torque gradient (oz-in), min 0.16 0.03 0.30
Temperature rise (degrees C), max | 25.0 25.0 18.0
Synchronizing time (seconds), max

30° + 2¢ —— —_— _—

177° + 2° — —— —_—
Variation of voltage (+ 10%) and 7.84 6.72 —

Frequency (15%), (watts), max
Radial Play (inches), max 0.0010 0.0010 0.0008
End Play (inches), varies 0.0025 0.0025 0.0030

+£0.0020 +0.0020 +0.0020
DC resistance (chms), reference
Rotor —— —— 24
Stator s —— 19
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TABLE XXVIII. MI1~S-20708 pon-QOPL sypchros.
207087136 207087142 20708/504
TYPE DESIGNATION 26V-05CT4A |26V~23CT4A 15CT6B
Primary voltage (V), t1% 11.8 20.4 $1.2 90 nom
Primary arrent (mA), maximum 20.0 1.2 nam 20-25 min-
max
Primary power (watts), maximum 0.045 nam 0.002 nam 0.7
Impedance (ohms), varies RE20%+7)ct20% | Rt15%+9xt10%
Zro 735+37475
Zss
Zs0 175+9615 1400+317500 [3611 nom
Zrs 855+3240 660+j460 1423 nom
Impedance arngle (degrees), varies
2ro — —_
2ss —
Zs0 —_— 70.1 nom
7rs _— 15.9 nom
Transformation ratio, varies 1.765 13% 0.635 $0.02 (0.735 2%
Phase shift, lead (degrees),varies(16.0 max 2.0 +0.5 20.0 #2.0
Electrical error (mirutes), max 10.0 20.0 6.0
Receiver error {(minutes), max ——— _— —
Null voltage (mV), max
Total 60.0 7.0 90.0
Pundamental 40.0 5.0 60.0
Friction torque (oz~-in), max 0.04 0.2 0.05
@ -55°C _—— 0.4 ——
Torque gradient (oz-in), min —— _— ——
Temperature rise (degrees ¢}, max }10.0 20.0 10.0
Synchronizing time (seconds), max
30° * 2¢ —_ —_ —_
177° % 2° —— — —
Variation of voltage (+ 10%) and |[— -_— -—
Frequency (#5%), (watts), max
Radial Play (inches), max 0.0008 0.0010 0.0004
End Play (inches), varies 0.0001 min [0.0020 max |0.0015 max
0.0010 max
DC resistance, (ohms), + 15%
Rotor 400 — -_—
Statar 620 —— —
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TABLE XXVITII. MIL~S-20708 non-QPL synchros - Continued.
) 20708/25 20708739 20708/42
TYPE DESIGNATION 16CTB4B 19CTB4B 19CTB6B

Primary voltage (V), * 1% 78 78 78
Primary current (mA), maximm 24.0 7.0 20.0
Primary power (watts., maximum 0.35 0.25 0.35
Impedance (chms), min-max

Zro

Zss

Zso —— — —_—

Zrs — -— —
Impedance angle {degrees), min-max

Zro

iss

Zs0 —— ———- ———

2rs — —_— —
Transformation ratio, + 2% 0.735 0.735 0.735
Phase shift, lead (degrees),varies|8.0 max 3.0 max 20.0 max
Electrical error (minutes), max 10.0 8.0 6.0
Receiver error (minutes), max — — ———
Null voltage (mV), max

Total 60.0 65.0 60.0

Fundamental 40.0 35.0 30.0
Friction torque (oz-in), max 0.05 0.10 0.15
Torque gradient (oz-in), min — —— —
Temperature rise (degrees C), max |-——- ——— —
Synchronizing t1.me (seconds), max )

3G6° % 2° — — ——

177° % 2° —_— — —
variation of voltage (t 10%) and [—=— _— ==

Frequency (+5%), (watts), max
Radial Play (inches), max 0.0006 0.0006 0.0006
End Play (inches), varies 0.0015 max |0.0030 max |0.0030 max

DC resistarnce (ohms), refererce
Rotor
Stator

]
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TABLE XXVIII. MIL~S-20708 non-OPL synchros - Continued.
20708/135 207087131 | 20708720
TYPE DESIGNATION 26V=-05CX4A 1504 F 15CX6C
Primary voltage (V), % 1% 26 115 115
Primary current (mA), maximm 60.0 100.0 22.0
Primary power (watts), maximm 0.35 nonm 1.40 0.43
Impedance (chms), min-max R:20%+jx+20%
Zro 150+j520 1800 5335-6265
Zss 56+3j8.6 1.5 675-825
Zs0
Zrs
Impedance angle (degrees), varies
Zro —_— 84.5 80.0-83.0
Zss — 25.0 11.0-16.0
Zso
Zrs
Transformation ratio, varies 0.454 3% 0.1026 *2%| 0.783 12%
Phase shift, lead (degrees),varies|16.0 max 2.5 %1.5 7.0 $1.5
Electrical error (minutes), max 10.0 6.0 6.0
Receiver error (minutes), max — — —
Null voltage (mV), max
Total 40.0 25.0 S0.0
Pundamental 30.0 12.0 45.0
Friction torque (0z-in), max 0.04 0.05 0.05
Torque gradient (oz-in), min —— —_— —
Temperature rise (degrees C), max [10.0 20.0 20.0
Synchronizing time (seconds), max
30° + 20 ——— — —_—
177° £ 20 — —_— —
Variation of voltage (% 10%}) am@ |—— — _—
Frequency (15%), (watts), max
Radial Play (inches), max 0.0008 0.0006 0.0006
End Play (inches), varies 0.0001 nin 0.0010 0.0010
0.0010 max 10.0005 +0.0005
DC resistance (chms), reference
Rotor —_ —_ —_
Stator — — —
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TABLE XXVIII. MIL~S-20708 non-OPL, synchros - Continued.
. 207087137 | 20708722 | 20708/138
TYPE DESIGNATTION 26V-05(DX4A 15CDX6C J10{4A
Primary voltage (V), %t 1% 11.8 78 115
Primary current (mA)}, maximum 44.0 38.0 950.0
Primary power (watts), maximm 0.115 nam 0.6 8.3 nam
Impedance (ahms), min-max R20%+)xt20%
2ro 121-166
Zss 3.4-5.9
Zso 95+§290 2050-2600
rs 175+345 900~1200
Impedance angle (degrees), min-max
Zro B2-87
iss : 51-72
Zs0o — 77.0-83.0
ars —_— 11.0-17.0
Transformation ratio, varies 1.154 +3% 1.154 +3% | 0.783 #3%
Phase shift, lead (degrees),varies|18.0 max 9.0 £2.0 1.5 max
Electrical error (minutes), max 10.0 7.0 8.0
Recejver error (minutes), max —_—— _— —_—
Null voltage (mV), max
Total 40.0 100.0 100.0
Fundamental 30.0 60.0 35.0
Friction torque (oz-in}, max 0.04 0.07 0.5
Torque gradient (oz-in), min — -—— -——
Temperature rise (degrees C), max {10.0 20.0 20.0
Synchronizing time (seconds), max
30°  2° —_— —_— —
177° % 2° — — —
variation of voltage (* 10%) and |—-- — —_—
Frequency (*5%), (watts), max
Radial Play (inches), max 0.0008 0.0006 0.0008
Ind Play (inches), varies 0.0001 nin 0.0010 0.0030
0.0010 max +0.0005 $0.0020
DC resistance (ohms), varies
Rotor 53.6 max 37 ref -
Stator 52  nom 12 ref -——
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TABLE XXVIII. MIL~S-20708 non-OPL synchros - Continued.
20708/139 | 207087144 20708/500
TYPE DESIGNATION J1CA6A 26V-08TR4A | 26V-10TR4

Primary voltage (V), % 1% 115 26 26
Primary auxrent (mA), maximm 0.191 110.0 142.0
Primary power (watts), maximm 2.26 nom  |0.54 nonm 0.62 nom
Impedance (chms), min-max Rt15%+jx+10%

Zro 693 $15% [S52+j258

2ss 63 nam 15+j3 ref 11 nom

Zs0 12+344

Zrs
Impedance angle (degrees), min-max

Zro B83.2 12° -—

Zss 20.0 nory | — 15 nam

Zso

irs
Transformation ratio, + 2% 0.783 0.454 0.454
Phase shift, lead (degrees),varies| 4.4 $0.5 |[8.5 #1.5 7.5 max
Electrical error (mimutes), max 8.0 — —
Receiver error (minutes), max — 1.20 60.0
Null voltage (mV), max

Total 100.0 _—— —

Fundamental 30.0 — —
Friction torgue (oz-in) @ 25°¢C,max| 0.5 0.005 _—

@ -55°C and 125°C — 0.010 —
Torque gradient (oz-in), min — 0.002 min  |0.003 min
Temperature rise (degrees C), max | 10.0 20.0 20.0
Synchronizing time (seconds), max

30° t 2° —— 2.0 2.0
177° £ 2° — 3.0 4.0
Variation of voltage (+ 10%) amd — —_— 1.4
Frequency (i5%), (watts), max
Radial Play (inches), max 0.0008 0.0010 0.0010
End Play (inches,, varies 0.0030 0.0020 min |0.0020 min
+0.0020 0.0050 max ]0.0050 max
DC resistance (chms), reference
Rotor — 38.0 —
Stator — 12.0 —
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TABLE XXVIII. S5-20708 - Contired.
. 20708/3 207087145 20708/4
TYPE DESIGNATION 11TR4AC 26V-08TX4A 11TX4C
Primary voltage (V), % 1% 115 26 115
Primary caurrent (mA), maximm 60.0 110.0 60.0
Primary power (watts), maximm 1.0 0.54 ncm 1.0
Impedance (chms), min-max R15%+3xt10%
Zro 52+3258
Zss 180-250 15433 ref 180=-250
Zso 12+j44
Zrs
Impedance angle (degrees), min-max
Zrc —
Zss 22.0-28.0 [———~ 22.0-2B.0
Zs0 —_—
Zrs
Transformation ratio, * 2% 0.783 0.454 0.783
Phase shift, lead (degrees),varies| 6.0 max 8.5 %1.5 6.0 max
Electrical error (minutes), max ——— 7.0 7.0
Receiver error (minutes), max 60.0 —_— —
Rull voltage (mV), max
Total —_— 30.0 —-—
Fundamental -— 20.0 —_—
Friction torque (oz-in) € 25°C,max| —=— 0.04 0.07
g ~55°C and 125°C —_— 0.12 —_—
Torque gradient (oz-in), min 0.0080 0.0020 0.0080
Temperature rise (degrees Cj, max | 25.0 20.0 25.0
Synchronizing time (seconds), max
30° % 2° 1.0 — —
177° + 2° 2.0 -_— —
variation of voltage (+ 10%) and 1.45 -_ 1.45
Frequency (-5%), (watts), max
Radial Play (inches), max 0.0006 0.0004 0.0006
End Play (inches), varies 0.0025 0.0003 min 0.0010
+0.0020 0.0008 max +0.0005
DC resistance (ohms), reference
Rotor —_— 16 ——
Stator — 24 —_—
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TABLE XXVIII. MIL~S-20708 non-OPI, sypchros -~ Contirued.
20708/49 20708/67 20708/143
TYPE DESTGNATION 23TDR4B J1TORGB 26V=-08TDX4A
Primary voltage (V), * 1% 78 78 11.8
Primary current (mA), maximm 950.0 748.0 91.0
Primary power (watts), maximm 5.2 7.8 0.21 nom
Impedance (chms), min-max Rt15%+jx+10%

Zro 35+3125

2ss —_—

2s0 —_— 28+3116

ars —_ 474313 ref
Impedance angle (degrees), min-max

Zro —

iss —

Zso —_ —

Zrs —_— —
Transformation ratio, *+ 2% 1.154 1.154 1.154
Phase shift, lead (degrees),varies!4.0 max 6.5 max 9.0 $1.5
Electrical error (mirnutes), max 6.0 10.0 7.0
Receiver error (minutes), max 45.0 48.0 —

Null voltage (mV), max

Total — —_— 30.0

Fundamental — — 20.0
Friction torque (oz-in) @ 25°C,max|-——- — 0.04

@ -55°C and 125°C —— 0.12
Torque gradient (oz-in), min 0.16 0.30 -—
Temperature rise (degrees C), max [25.0 18.0 20.0
Synchronizing time (seconds), max

30° £ 20 1.0 1.0 ——

177 1 2¢ 2.0 2.0 —_—
Variation of voltage (+ 10%) and |==- _— -_—

Frequency (15%), (watts), max
Radial Play (inches), max 0.0010 0.0008 0.0004
Ed Play (inches), varies 0.0050 max | 0.0030 0.0003 min

DC resistance (ohms), reference
Rotaor
Stator
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TABLE XXVIII. S=20708 non - Contimed.
20708/17 20708731 20708/76
TYPE DESIGNATION 15TDX4AC 18TDX4C 3TTDX6A

Primary voltage (V), + 1% 78 78 78
Primary caurrent (ma), maximm 215.0 450.0 2050.0
Primary power (watts), maximm 3.5 4.5 15.6
Impedance (ohms), min-max

Zro

2ss

Zs0 375-525 178-266 _—

ars 113-138 26.0-38.0 —_—
Impedance angle (degrees), min-max

Zro

Zss .

Zs0 80.0-84.0 83.0-87.0 ——

7rs 27.0-33.0 | 47.0-56.0 { —-
Transformation ratio, * 2% 1.154 1.154 1.154
Phase shift, lead (degrees),varies) 5.0 max 3.0 #1.0 3.0 max
Electrical error (mir.utes), max 8.0 8.0 10.0
Receiver error (mirutes), max -— —_— —
Null veltage (mV), max

Total —— —— ———

Fundamental — -_— —--
Friction torque (cz-in), max 0n.05% 0.10 0.50
Torgue gradient (oz-in), min 0.011 0.06 1.10
Temperature rise (degrees C), max | 20.0 20.0 -_—
Synchronizing time (seconds), max

30° £ 2° —— — ——

177° + 2° ~——- — -——-
Variation of voltage (£ 10%) and | 4.9 7.0 —_—

Frequency (15%), (watts), max
Radial Play (inches), max 0.0006 0.0006 ©.0008
End Play (inches), varies 0.0010 0.0015 0.0030

+0.0005 +0.0010 +0.0020

DC resistance (chms), reference
Rotor
Stator

126

- S



Downloaded from http://www.everyspec.com

MIT~HDEK-225A
TABLE XXVIII. MIL~S=20708 non-QOPl, synchros - Contimued.
20708719 20708/23 20708770
TYPE DESTGATION & TOLERANCE 15TRX4A 15TRX6A J7TTRX4A
Primary voltage (V), % 1% 115 115 1s
Primary curent (mA)}, maximm 156.0C 835.0 1885.0
Primary power (watts), maximm 2.9 2.8 20.0
Impedance (ohms), min-max
Zro
Zss 50.0-82.0 920 max 3.014.0
2s0
irs
Impedance angle (degrees), min-max
Zro
2ss 33.0-46.0 | 18.0 max- | 66.0-70.0
Zso
Zrs
Transformation ratio, # 2% 0.783 0.783 0.783
Phase shift, lead (degrees),varies| 5.0 max 20.0 max 1.0 max
Electrical error (minutes), max 6.0 8.0 8.0
Receiver error (minutes), max 45.0 45.0 36.0
Null voltage {(mV), max
Total 100.0 500.0 170.0
Fundamental 50.0 50.0 35.0
Friction torque (oz-in), max — — —
Torque gradient (oz-in), min 0.030 0.030 0.9
Temperature rise (degrees C), max | 35.0 5.0 60.0
Synchronizing time (seconds), max
30° * 2¢ 1.0 1.0 1.0
177® % 2° 2.0 2.0 2.0
Variation of voltage (+ 10%} and 4.1 5.5 32.5
Frequency (:5%), (watts), max
Radial Play (inches), max 0.0006 0.0006 0.0008
End Play (inches), varies 0.0020 0.0020 ©.0030
+0.,0010 +0.0010 $0.0020

IC resistance (chms), reference
Rotaor
Stator
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TARIE XXIX. Pre-s of MII~-S5-2335.
1F 3F 5F 2R
TYPE DESIGNATION 1HF 3HF SHF 5N |SSB |58N 3I7TR-
3B 5B I7TREA
Primary voltage (nominal) 115 115 115 115] 115| 115 115
Energizing Current (mA) (max) 300 400 600| 600]|1000]1000 400
Energizing Power (watts) (max) 4.8 5.5 7.0 7.0 10| 10 6.5
Secondary Peak (min) - 88.2 88.2 88.2]88.2|88.2(88.2 88.2
Veltage 11m1ts {max) 91.8 91.8 91.8]91.8)91.8|91.8 91.8
No Load Temp. Rise (°C) (max) 50 50 50} 50| 50| 50 50
Electrical Error (minutes) (max) [90(1F)|36(3F,|36(3F,
Static Accuracy 150 3B) syl . 361 36| 36 90
(1HF) 60 45
(3HF) | (SHF)
Torque Gradient (oz-in/deg) (min) 0.06| 0.25| 0.40(0.40( 1.1 1.1 0.15
Rotor DC Resistance (ohms) 93 30 13} 13§ - -- -=
{approx)
Stator DC Resistance (chms) 150 40 241 24y - -- -
(approx)
Secorndary Load Current (mh) 40 200 350 —| - -- 200
(max)
Synchronizing Time (sec) 1 1 1 1 1 1 1
34° (approx)
Synchronizing Time (sec) 2 2 2 2 2 2 4
179° (approx)
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TABLE XXIX. Pre-standard sypchros of MII~5-2335 ~ Continued.
1D | 1DG |3DB 5DB sSDG 6DG 7DG
TYPE DESIGNATION 1HD |1HDG 3D |3HDG| SD | SHDG | 6HDG 7HDG
Primary voltage (ncminal) 90| 90 90| 90| 90 90 20 90
Ernergizing Qurrent {mA) 3007 300 | 700} 700|1000] 1000 2000 3500
(max)
Energizing Power (watts) 8 8 13| 13| 15 15 23 30
(max)
Secondary Peak (min) 88.2|88.2 (88.2|88.2|88.2 88.2 88.2 88.2
Voltage Limits (max) 91.8(91.8 [91.8|91.8{91.8] 91.8| 91.8{ 91.8
No Load Temp. Rise (°C) 50 50 50 50 50 50 50 50
(max}
Electrical Error (minutes) 180| 18 81 18| 54 18 18 18
(max)
Torque Gradient (oz-in/deg}|0.035!0.035(0.15(0.15| 0.3 0.3 1.4 4
(min)
Rotor DC Resistance (chms) 130| 157 42 44 18 18 4 1.6
(approx)
Stator DC Resistance (chms) 78 89 32 30 16 15 4 1.3
(approx)
Drives with Narwmal Accuracy --lone —| -] —|two Six twelve
1F 5F's, |5F's, 6F's,
five |[twelve |twenty-
1F's |1F's, four
twelve|twenty-|1F's,
CT's |four forty
or 5CT's |eight-
1CT's |or CT's
1ICT's |ar
41CT's
Secm'dary Load Current (mA) 20| 20 | 180| 1Bo{ 250 250 800 2000
(max)
Synchronizing Time (sec) 1] - 1f =-- 1 — — -
34° {approx)
Synchronizing Time (sec) 2t — 2l — 2 -— - -
179° (approx)

[
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TABLE XXTX. Pre-standard synchros of MIT~5-2335 - Continued.
1CT icT SCT
TYPE DESIGNATION 1KCT acTB 5CTB 58CT | 6CT
: SHCT
Primary voltage (naminal) 115 115 115! 15| 115
Energizing Qurrent (mA) (max) 35 kL] 35 34 35
Energizing Power (watts) (max) 0.7 0.7 0.7 0.8 0.7
Secondary Peak (min) 54 54 54 54 54
Voltage limits (max) 60 60 60 60 60
No Load Temp. Rise (°C) (max) 50 50 50 50 50
Electrical Error (minutes) (max) 18 18 18 18 18
Friction Torque (oz-in/deg) (min) 0.2 0.2 0.2 0.6 0.4
Rotor DC Resistance (ohms) (approx) 380 160 105 30
Stator DC Resistance (ohms) (approx) 820 360 234 1.0 1.0
Voltage Gradient (volts/degree) 1.0 1.0 1.0 1.0
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NOTE: Be sure TR is not jammed physically.
direction and observe TR.

Turn TX slowly in ane

SYMPTCOMS

Overhead Irdicator lights

Units hum at all TX settings

One unit overheats

TR follows smoothly, but reads wrang

Rotor circuit open ar shorted
See Table X0

Overhead Indicator lights

Units hum at all except two opposite
TX settings

Both units overheat

TR stays on one reading half the time, then
swings abruptly to the opposite one. TR
may oscillate or spin.

Statar circuit sharted

See Table X011

overhead Indicator lights

Units hum on twn oonogite T sottinas
Units hum on two opposite TX settings
Both units get warm

TR turns smoothly in ane direction, then

reverses

Stator circuit open

N e A

TR reads wrong or tamms backwards, follows
TX smoothly

Unit interconnections wrong
Unit not zeroed
See Tables X0V and XXV

]
L
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TABIE XXXI. Open or shorted rotor.
NOTE: Set TX to 0° and turn rotor smoothly counterclockwise.

SYMPTOMS TROUBLE

TR turns counterclockwise fram 0° to 180° in a jerky TX rotar open
or erratic marmmer, arnd gets hot

TR turns counterclockwise fram 0° or 180° in a jerky TR rotor open
or erratic manner, and TX gets hot

TR tuons counterclockwise from $0° or 270°, torque is | TX rotor shorted
about normal, motor gets hot, and TX fuses blow

TR turns counterclockwise fram 90° or 270°, torgque is | TR rotor shorted
about normal, TX gets hot, and TR fuses blow ’
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TABLE XXXII. ghorted stator.
SYMPTQMS TROUBLE
when TX is on 120° or 300° Overload Indicator goes cut |[Stator circuit
but and TR reads correctly shorted fram
When TX is between 340° and Overload Indicator lights, S1 to 82

80°, or between 160° and 260°

units get hot and ham, and
TR stays on 120° ar 300¢,
ormayswingsuddetuyfrm
one point to the other

When TX is an 60° or 240°
but
When TX is between 280° ard
20°, or between 100° anxl 200°

Overload Indicator goes out
and TR reads correctly

Overload Indicator lights,
units get hot ard hum, and
TR stays an 60° ar 240° or
may swing suddenly fram
one point to the other

Stator circuit
shorted fram
52 to S3

When TX is on 0° ar 180°
hut
When TX is between 40° ard
140° ar between 220° and 320°

Overload Indicator goes out

Stator circuit

or spins

and TR reads correctly shaorted from
Overload Indicator lights, Sl to S3
units get hot and hum, and
TR stays on 0° ar 180°, or
may swing suddenly from
one point to the cother
Overload Indicator on All three
contimucusly, both units stator leads
get very hot and hum, and shorted
TR does not follow at all together
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TABLE X0OII. Open stator.

SYMPTCMS TROUBLE
when TX is on 150° or 330°(TR reverses or stalls and S1 stator circuit
and load Indicator lights cpen

When TX is held an 0° TR moves between 300° and
: 0° in a jerky or erratic
manner
When TX is on 90° or 270° |IR reverses or stalls amd S2 stator circuit
armd Overload Indicator lights cpen
wWhen TX is held an 0° TR moves to 0° or 180°,
with fairly normal torgue
when TX is on 30° or 210° |TR reverses or stalls and  |S3 stator circuit
and Overload Indicater lights open
wWhen TX is held on 0° TR moves between 0° and 60°

in a jerky or erratic
manner

When TX is set at 0°, ard
then moved smoothly
counterclockwise

TR does not follow, no
Overload Irdication, no
hum or overheating

Two or three stator
leads open with
both rotor
circuits open
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SETTING OR CONDITIONS INDICATION TROUBLE
TX set to 0° and TR indication is wrong, turms| S1 and S2 stator
rotor turned clockwise frem 240° camections are
smoothly counter- reversed
clockwise
TR imdication is wrang, tirns| 52 and S3 stator
clockwise from 120¢ connections are
reversed

TR indication is wrong, turns
clockwise from 0°

TR irdication is wrong, turns
counterclockwise fram 120°

TR indication is wrong, tums
counterclockwise from 240°
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TABLE YXXXV. Wrong stator and/or reversed rotor connections.

SETTING OR CONDITIONS

INDICATION

TROUBLE

TY set to 0° amd
rotor turned
smoothly counter-
clockwise

TR indication is wrong, turns
counterclockwise fram 180°

Stator connections
are carrect, hut
rotor cannections
are reversed

TR indication is wrong, tums
clockwise fram 60°

Stator connections
S1 and 52 are
reversed, and
rotor connections
are reversed

TR imdication is wrong, tums

5
clockwise from 300°

Stator connections
S2 and S3 are
reversed, and
rotor connections
are reversed

TR indication is wrong, turns
clockwise from 180°

Stator connections
51 ard 53 are-
reversed, ard
rotor connections
are reversed

TR indication is wrong, turns
counterclockwise from 300°

S1 is connectad to
82, S2 is connected
to S1, S3 is con-
nected to S1, and
rotor connections

are reversed

TR indication is wrong, turns
counterclockwise from 60°

S1 is corinected to
S3, S2 is connected

s [=%] [ =L T ~y
o SL, a9 15 Con~

nected to S2, amd
rotor connections
are reversed
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TABLE XXXVI. Size 5 units.

MENTS OF HENSCHEL
CHARACTERISTICS BUSHIPS | BENDIX BENDIX 15-001 |HENSCHEL| BUORD
(Dimensiens are SPECIFI-|CAL~3075|CAL~3075~1]| 15-002 | 15-021*| TYPES
in inches) CATIONS [CAL~3076|CAL~-3075~2| 15-014 SF
TYPES A CAL~3076-1| 15-015 AND

AND M CAL~3076-2{ 15-030* 56

Diameter of mounting

Face—shaft end - | 1.500 1.500 1.875 1.875] 1.630
Outside flange dia. 3.625 | 3.625 3.625 3.625 3.625| 3.625
Outside shell dia. 3.390 | 3.375 3.375 3.390 3.230; 3.390

Shaft diameter ard 0.250 | 0.250 0.3125 |0.25 No.[0.3125 0.25,
description 4-48 tap|No. 6-40|threaded

through |tap on erd

1/4" through §(1/4"

from 174" - =28,
ernd from end|]0.247
and key-| dia.)
way 3/8
X 1/16
X 1/32
Overall length to
erd of shaft 6.050 6.040 6.040 6.050 6.050 6.050
End of shaft to
first flarge 2.020 | 2.030 2.030 2.020 2.020) 2,020 -
Width of flange 0.250 0.250 0.250 0.250 0.250 0.250
Distance between
flanges, center 2.0680 2.060 2.060 2.060 2.060 2.070
to center
Secondary voltage Nane 90 90 20 S0 90

Rotation for 1-2-3
cannectian, shaft '
end None oW W W o ] oW

*The 15-030 is labeled type A SR (Transmitter) or type M SR (Receiver). (The
"SR" stands for "Special Replacement".) It is essentially a type 15-021
unit with a small shaft and a shim fitted between flanges to make it a
suitable replacement for the older type Henschel units (15-001, 15-002,
15014, and 15-015).

Henschel 15-011 units are found on many vessels and are samewhat shorter
than the 15-030 units, distances between mounting flanges being 1.750 inches
and 2.060 inches; however, a camplete 15-030 unit can always be used to
replace a canplete 15-011 unit. Spare part items for special replacement
umt.swlllbethesamasforcurrenttype}\andtypenumtsardmllmtbe

interchangeable with spare parts originally furnished.
137




Downloaded from http://www.everyspec.com

MIT~HDBK~225A

TARLE XXXVII. Size 1 transmitters.
CHARACTERISTICS REQUIREMENTS
(Dimensions are OF BUSHIPS
in inches) SPECIFICATIONS| BENDIX HENSCHEL BUORD TYPE
TYPE N CAL~4400-1% 15-023 1F*
Diameter of mountirg: 1.0625 1.0625
Faoce-shaft erd 1.250 1.000 1.250
outside flange dia. 2.375 2.250 2.375 2.250
Outside shell dia. 2.188 1.950 2.1B8, 2.268 1.950
two sec. of
shell
shaft diameter and 0.125 0.156 0.1251 0.182 shaft
description tapered
threaded
on end
No. 2-64
NF3 0.086
diameter
Overall length to end
of shaft 3.969 3.938 3.969 3.900
End of shaft to first
flange 1.063 2,192 1.063 2.140
Width of flamge 0.250 0.250 0.250 0.250
Distance between Only cne Only one
flanges, center to 1,196 flarnge 1.196 flange
center
- | Secondary voltage None 20 90 90
Rotation for- 1-2-3
connection shaft end None oo W oW

*The Bendix CAI~4400-1 is identical, except for shaft size, with a type 1F
synchro. When used with a type A or B transmitter, S1 and S3 must be
reversed for normal rotation.
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TABLE XOO(VITII. Size 6 transmitters.

CHARACTERISTICS REQUIREMENTS
(Dimensicns are OF BUSHIPS BENDIX HENSCHEL BUCRD TYPE
in inches) SPECIFICATIONS| CAL~3482 15-022+# G
Diameter of mounting:
Face-shaft end 1.625 2.000 1.625
Outside flange dia. 4.500 4.500 4.500 4.500
Outside shell dia. 4.000 Approx. 4, 4.000 4.080
4.250 to
step on
flange
Shaft diameter and 0.350 0.350 0.350 0.350 shaft
description _ tapered
threaded on
end 1/4"-28
NF3 keyway
5/16 x 0.0937
x 3/32
Overall length to erd
of shaft 7.220 7.167 7.094 7.220
End of shaft to first
flange 2.220 2.220 2.220 2.220
width of flange 0.250 0.250 0.250 0.250
Distance between
flarges, center to 2.500 2.500 2.500 2.500
center
Secondary voltages None 90 S0 90
Rotation for 1-2-3 .
connection shaft end None W oW oW

*Will handle up to 18 Type M 1C Receivers without overlead.

[
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FIGURE 1.
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FIGURE 9. Molecular arrangement.

FIGURE 10. Magpetic field around conductor.
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FIGURE 11. Magnetic field around coil.
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FIGURE 29. pDmnum or wound rotor.
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FIGURE 30. Typical stator.
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FIGURE 31. Stator_lamination.
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FIGURE 32. tom view of transmitter or receiver.
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FIGURE 33,
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FIGURE 34. Terminal-to-terminal voltages.

154

P g



Downloaded from http://www.everyspec.com

MI1~HDBK-225A

BALL BLARINGS STATOR LAMINATIONS

DRUM ROTOR WITH
SXEWED LAMINATIONS

S IP RINGS

FIGURE 35. Quta view o i i ial.
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FIGURE 37. Control transformer with rotatable stator.
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FIGURE 38. Calculated torque.
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FIGURE 41. Control transformer output voltage.
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FIGURE 51. TX-TDX-TR system without capacitor
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FIGURE 52. TX-TDX-TR system with o_capacitor.
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FIGURE 53. TX~TDX-CT system without synchro capacitor.

162




Downloaded from http://www.everyspec.com

MIL~HDBK-225A
CAPACITOR MOUNTED CAPACITOR MOUNTED
CLOSL 10 TDOX CLosE 10 C1
065 ampP O
015 | | 062 0.03
Aup AMP AMP
i —O- o Oz ouTPYT
/1. </
et T —— L~

CAPACITORS REDUCE LOAD ON TRANSMITIER

f‘——' LONG RUN —o—i

AC suFPLY N T N
() e e (C e (O
[ O ——
LOW CURRENT IN
nE ; CAPACITOR HIGH CURRENT IN
Int LONG WRES e \ SHORT CONNECTIONS
NEAR TDX DOLS NO HARM
i-— LONG Rul: *.-i
\ A= - 7& _———
e SR @Z - Tt —\ '"——< @ OuTPUT
CARACITOR
voum[% HiG~ CURRENT IN LONG WIRES
NEAR Ix REDUCES ACCURACY, INCRLASES
LOAD ON TRANSMITIER
FIGURE 55. ion o .
0 AMP
EACH uUNIT
SUPPLIES A
= LOSS AND
MAGNETIZATION
52 CURRENTY

R1 R2

6 amp & AMP o

&

AC SuPPLY
FIGURE 586. wi

163



Downloaded from http://www.everyspec.com

MIL~HDBK-225A

ROTOR
CURRENT & AMP

Cz:13.6 MFD
- {DRAWS .59 AMP
FROM NS5V 60 ~ LINE)

CAPACITOR
CURRENT .59 AMP .

LINE
CURRENT .06 AMP

AC SUPPLY

FIGURE 57. TX-TR system with synchro capacitor across rotor leads.

CURRENT VALUES GIVEN IN
TABLE MEASURED AS SHOWN

52 —d A

Fa)
oo -

90 ¥V MAX

BETWEEN TV

TERMINALS 60~
TOS) T0 Si AC

FIGURE 58. Connections and current values of capacitors in Table TV.

STANDARD
CONNECTION

- e T
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TORQUE Tx
SYSTEW J \" )
‘ T v
8¢
TORQUE X l Po l "
SYSTEM 3 >
o \/ C l m]
o0
l T (D
Tox
N \ "N
TORGUE u\ , "
SvsTEM: ” (Loap 2)
" (LoD ) u
FIGURE 59, desi ti rstems.
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) ac
CONTROL SYSTEM A cx | e
. Pey
ac ac
cox h 1 { c1
CONTROL SYSTEM B cx Neds ner
ac 1Y :
¢ox cT
ac ac
cDx l d cv

CONTROL SYSTEM C o n
cdx et for
ac ac LOAD 2
= ' @ C

w

Bet tor LOAD )

FIGURE 60. System designation key for control systems.

AC
EXCITATION
SOURCE

FIGURE 61. FExternal connections of a transmitter-receiver system.
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NO CURRENT

~
2V 226V
NO CURRENT

FIGURE 63. 1 conditions j i
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It

FIGURE 65. ternal conditions in TX-TR with TX rotor at 120°
and TR rotor at 60°,

15V Y

RI L1
O TX AT
S S L1
83 — '
FIGURE 66. tic polarities at a icular instant with TX rotor

at 120° and TR rotor at 60°.
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FIGURE 67. ect of o] TX and
30 —
//
2.0
[ 7]
x
& Rl
s L/ ) S usv
a / ~[3 31_J[. R2
1.0 . 52 52 -~
/ 53 3
o
0 30° 80° 90° 120° 150° t80°
DIFFERENCE BETWEEN TX AND TR SHAFT POSITIONS
FIGIRE 68. ect © i i sta
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100
\ MEAN|SHAFT ]
POS[TION /

gf-
b33
T Ll ) 2707 W
3
gv \ /

100

100 MEAN|SHAFT

POS[TION
. g N

§ y
mg i .
z o KT Eed 1 270 360
EB
E!‘,
o \

100 .
3 / \
32 o o0 it 270 _
x> o 3%
3
B }
3

100 el 1

-
WILES'CUR RENTS ARE RMS
cu'ﬁ RENTS SHOWN_AB ovs TrE o LINE ARE IN PHASE
wnn su CURRENT A
S SHOWN 8 "ELM THE O LINE ADF 180* OUT
OF PHASE WiTH St CURRENT AT O°
FIGURE 69. Effect of actual rotor position on individual stator current.
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FIGURE 70. ect of roto iti di t.
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wvy
[ s2
-—
AT
Rl 3
R2
A N
3 — >
L

FIGURE 72. Magnetic polarities at a particular instant when TX and TR

rotors are_180° a .

82 e —— 52

il
-

.

FIGURE 73. Position of TDX sta r field wh

rt

n"o
LA

1
ROTOR FIELD- SOLID ARROW

|
/_‘: ' smoa FIELDS OPEN ARROW

FIGURE 74. ti DX stator field the TX rotor.
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N

P_‘ INPUT 30° I OUTP%

FIGURE 75. Subtraction with TDX.

<> STATOR FIELD L 3 <
< ROTOR FIELD <9 e
82 s s
RI
R
$3
FIGURE 76.
TX ROTOR

TURNED 757
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TOX ROTOR
T ROTOR : AT 3¢ | TR ROTOR TURNS |
W, ‘w o
)
] [
—; ;sa

~n ~

Rl
Jal
S ( sy 1]
FIGURE 78. fect of tarni TDX r i ~TDX~TR conhected
for subtraction.
TORNSE 10
TX ROTQR | TOX ROTOR| AL
AT 75* AT 330 105

/ 52 - —s2 ' v 052

) O |
53 51 3 5:;\%[ "—’i‘ifﬁ i ;\j
[

FIGURE 79. Fffect of turning TDX rotor clockwise in a TX-TDX-TR system
connected for subtraction.
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™ ROTOR
TURNED 75 !

™ ROTOR
oo | oo | TR ROTOR TURNS |
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Oy,
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FIGURE 82. FEffect o i tor i
for addition. Lem co ed
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TX ROTOR ‘TOR ROTOR X ROTOR
ON 7S | TURNS TO 45° | ON 3 |

FIGURE 84. Effect of turning both TX rotors in TX~TDR-TX system connected
for subtraction.

INPUT 75° OLITPUT 105 IKPUT 20
a——1
| I \ 1
1 | A |
\
e i m 1
| i |
o o o
.- F %

n _ /M_

s - el

FIGURE 85. Addition with TDR.

FIGURE 86. Effect of turning both TX rotors in TX-TDR-TX system connected
for addition.
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CONNECTIONS

OPLRATION

nsvy §

FIGURE 88. Conditio i wi
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Size 18 Size 16 Size 15 Size 11 Size 08
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Size S Size 3 Size 1

FIGURE 93. Pre-standard synchro sizes; approximately one-half
actual size.
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CAPTIVE SCREW
LOCKWASHER

FIGURE 94. ti c - 7

1l).
FOR SI2E 1% FO& SI1ZE 18 FOR SIZE FOR S12£ 1% FOR SIZE 18
:?'1'5‘!'27[5 AND 16 UMITS A-‘“-O7UN!TS 11 UNITS AND 16 UNITS AND 19 UNITS
1 ? 1 + [ 3 1 b4 1 [} ] ]
hobobhebehibhoebolndsul
FIGURE 95. (Clamping discs - MS90400. FIGURE 96. pAdapter assemblies - MS90401.
IERDING RINGS SMOWN ARL (FROM
CENTESR FOR SITES 11, 1% anND
16, 18 AND 1§, 23, 31, AND 37 UNITS
FOR SHAFTS FOR SHAFTS FOR SHAFTS WITH
WITH 15.44 WITH ¢ ",
L T 41032 K~.28 THREAD

( DN
¢ A

,r‘““""'".[ T TS
l!!l lllllll H!IHI lllllll ll!llll lllllll :-—-I——i—J-—LI ; J I | lJ.—.-!--L.!.
FIGURE 97. Zeroinq rings - MS90398. FIGURE 98. Shaft muts - MS17187.
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INTERNAL TABS WHICH ARE TAPERED
SPUINE BENT 7O HOLD SHAFY DRV DOGS

: éé

‘__L_I_LLLJ | lJ_LI_L\_L l_Ll

FIGRE 99. ive washers - MS17186.

o
e
a2

g ! {mln l :Imlml L | ‘ | l_LLLLUJJ
ech b easiage
“!Irill,lli'}tfl IHLLLL UJUJ.LLLL‘_LL‘.U.I
FIGURE 100. Straight pinion wrench - FIGURE 101. 90-deqree pinion wrench -
MSS0393, 90394 .

R o

SOCKET
WRENCH
FOR SHAFT
NUT

INTERNALL\'
SPLINED

SOCKET
1 H 4

Illllll lllJJIl llL'Jll [!IIUE Illj_l_ll H.ILJ

FIGURE 102. Socket wrench assemblies - MS90395.
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VT PANELL OR CHASSIS

‘&u.m MACHINE SCREWS AND
LOCKWASHER

FIGURE 103. Mounting a synchro using a

ADAPTER
ASSEMBLY

MOUNTING CLAMP ASSEMBLY (3 REQD)

FIGURE 10S.

shaft epd).

183



Downloaded from http://www.everyspec.com

MI1~HDBK-225A

TE: MOLE FOR PINION HOLES TAPPED FOR
NOTE: WRENCH NOT SHN 8448 SCREWS

MOUNTING CLAMP
- ASSEMBLY (3 REQD)

\ w \ ADAPTER ASSEMBLY w
PANEL OR
' CHASSIS

HOLES TAPPED

PANEL OR

CHASSES FOR si-48 SCREWS
FIGURE 106. Mounting a synchro using an FIGURE 107. Mounti a o usi
adapter assembly (from the three mounting clamp
terminal board end). assemblies.

SYNCHRO 1S SECURED YO
PANEL OR CHASSIS BY USE
OF THREL MOUNTING CLAMP

ASSEMBLIES (NOT SHOWN)

TEROING RING
FITS INTO SLOT AND
PREVENTS RING FROM

TURNING
- / I TOOTHED SECTOR ENGAGED
0 - i, T ) BY PINION WRENCH
~ Vi TONGUE (HIDDEN) PREVENTS
- -\_ RING FROM RNING
STRAIGHT PINION WRENCH TEROING
DEGREE WRENCH USED RING
WHERE SPACE PROMIBITS
USE OF STRAIGHT WRENCH)
FIGURE 108. Mounti a o _usi a zeroi ring.
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HOLE IN PANEL CUT
TO ACCOMMODATE FLAN

FIGURE 109. e-mounted

SPIDER OR DIAL INDER

MOUNTING MOLES ON rmi
, l SHOULDER (SEE FIGURE 111)
.z L —

*'.

HOLES IN THIS SHOULDEP
ﬂ MAY BE USED FOR MOUNTING

PIGTAR LEADS

FIGURE 110. i pozz ted. FIGURE 111. view o
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PR e
BEARING
e SaToR
STATDR
/ AT
- j
[E‘ - fa| [

SUPPORTS

FIGURE 112. Bearing-mounted 0.

INSERT DRIVE DOGS IN MOLES

DRIVE wASHER

SHAST NUT

FIGURE 113. Mounting a gear on a standard synchro (explcoded view) .
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INTERNALLY SPLINED
SOCKET HOLDI

NG SHAFT
FIGURE 114. ti

L!NGTHOFHUBSH LD BE.
N ok AL
s | AT | g FOR SIZLS 2, 31, 37-0.1%0

RN

# || B2

) Ay &:

DiaL

HOLE SIZE AND LOCATION DATA ALSD APPLIES TO GEARS

FIGURE 115. ting a dj
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"._—'—'—n—._,_.__
TURN HANDLE TO TIGHTEN
OR LOOSEN SHAFT NUT WRENCH

WRENCH

HOLD HAN DLE VO
KEEP SHAFT FROM TURNING
GEAP PINNEG 10
OTIED D WASHER 10
PREVENT TURNING

INNER PART OF
WRENCH ms
OVER N

i TMAUST
FreM WASHER
LUGS ON OUTER MOUNTING A GF.AR
MOUNTING A DIAL tnmm: su.owm
DIAL WwWRENCH (5CT) MK % -.-.._ l.N WASHER
1 9%9- -a01562-1
r-nmm runnmc
FIGURE 117. Mount i ears or dials on re-standard synchros.
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‘U ¢ 8440 MACHINE SCREWS

DIAL CLAMP <. 'y )

INNER DIAL
U440 MACHINE SCREWS ————ntpo o v
OUTER DIAL

o e

HEX NUT (SUPPLIED : K
WITH UNIT) \O
]

WASHER (SUPPLIED
WITH UNIT)

:ﬁs ¢ , M40 MACHINE STREWS

SPIOER CLAMmP

1
(]
[}
t
1
1}
1]
1)
)

HUB FOR DIAL : @
: v
1 1
'

]
1
[]
]
[}
]

SPIDER

RETAINING RING (SUPPLIED
WITH SYNCHRO)

TYPE 2P DOUBLL
RECEWER

FIGURE 118, ing di 2] i .
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SPEEDOMETER AC SUPPLY
P

X TR

WHEN CAR GOES FASTER,TRANSMITTER TRANSMITS
AN INCREASING READING TQ RECEIVER

FIGURE 119. le © i reading.
SINGLE LETTER B
DOUBLE LETTER 88
LOW NUMBER Bi
MIDDLE NUMBER B2
HIGH NUMBER CH
AFT VIEW
sY |52 1S3 SH
TANDARD 515
SUMBERED SO SYNCHRO rt /o~ SHAF T TURNS
RECEIVER wiLL TURN COUNTER-CLOCKWISE
LIKE THIS WHEN Re FOR AN INCREASING
CONNECTED AS SHOWN READING

FIGURE 120. Standard wire designations.

COMMON { 8
ROTOR LINE | —g v BB
y— X
ONE SPEED
STATOR LINE { -+ B2
B3
36 SPEED as
STATOR LINE 1
86
st & s3 si |s2 |s»
L~
Ri RI THIS SHAFT
() - (2 TURNS 36
R2 Q ne{ ( REVOLUTIONS
FOR EACH
REVOLUTION
ONE-SPEED 36-SPEED OF THE OTHER
RECEIVER RECEIVER

FIGURE 121. Connections on a ical .
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O :

vOLYAGE FROM B8 TO BB 1S

81 o CONSTANT AT 113 VOLTS
B2 © ee
B3 o
B o Bi 90 -
w
> w
BB © = €8 g, f
L]
B2 . o= ; INCREASING —
READING >
8 © B2 9 0 Do : A
“ELECT POSITION” SENT OVER WIRES
8 O B2 90 -
W
es © 2Hn
537 8l
&' o w3 82 ° 50° 180° | /| 270° || 360°
e L
83 83 90 e
. “ELECT POSITION” SENT OVER WIRES
B o 83 ¢ 90 — —~
Wt
W
°8 o 5‘3“‘ B I
-1} O 0 r
W, B3 T 80 270 600
w -—
B} B 90

“ELECT POSITION” SENT OVER WIRES

NOTE: &LL VOLTAGES ARE 60 CYCLES AC EFFECTIVE VALUE
2 INDICATES THAT VOLTAGE 1S IN PHASE WITH B-8B
4 INDICATES THAT VOLTAGE 15 i80° OUT WITH 8-B8

FIGURE 122. Standaxd voltages.

The actual mmbe.rsandlettarsusedmapartimlarsygtenmymtagree
with those used here. In any case, B represents the simgle-lettered bus,
BB the double-lettered bus, Bl the low-mumbered hus, amd so an.
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. AC j’ : °8
SUPPLY
RI

—o BB

WITH THESE CONNECTIONS R2
TURNING SHAFT COUNTER-CLOCKWISE e S| . o 81

IN A -
TRANSMITS AN INCREASING READING \ Y sz - o
©
53 —o83
AcC o
SUPPLY BB
r2| |m
WITH THESE CONNECTIONS s .
TURNING SHAFT CLOCKWISE
TRANSMITS AN INCREASING READING n\ B2
N ) ss o /N __oas
TX

FIGURE 123._ Standard transmitter connections.

8 o
68 o
R2 R WITH THESE CONNECTIONS
Bl o o S SHAFT TURNS COUNTER-CLOCKWISE
s2f WHEN RECEIVING AN INCREASING READING
B2 © —0— n
83 o —o—53

WITH THESE CONNECTIONS
SHAFT TURNS CLOCKWISE
WHEN RECEIVING AN iINCREASING READING

FIGURE 124. Standard receiver connections.
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8 )
:N:] 8n
—
FROM 51 R Tﬁ-
T 8 g 7 an TR
82 —o3 — Az 812
a: o33 RY 813
hl N’ @
TOxX
8 3
BB ap
———
Feov St TN Rl o TR

T a1 T o
52 7 R2

B2 o B2
53 R

83 —/\——o-%/ 3o an

B )
8g — - 1.
81 <3 / Ll B
02 oS2 X R2 81z
—g= g3 453 L By
INCREASING INCREASING
AEADING o TOR n READING
FROM HERE FROM MERE
g — —
pe 8e
. oS! N RI, .
82 $2 @ R2 X 812
B3 } ﬂl: 81y —
INCREASING TOR INCREASING
READING READING
FROM MERE , FROM MERE
FIGURE 126. o i ia ivers.
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[.]:]
S1
B -0 R
R
 s2 {n oUTPUT
B2 \ [rR2 ____ VOLTAGE
<3 N
B3
cT
[
8e
S
8l L1 I
<2 . . ouTPUT
B2 — { O RZ - VOLTAGE
53
B3
[ |

FIGURE 127. standard connections for control transformers.

RI A \ . A1 & J
SERVO
RVO
T A:FE’UFIER ( T AMPLIFIER

R2 AA ’ . Rz AA
cT

T T}
g !
8 88 a 8B

AC SUPPLY : AC SUPPLY

FIGURE 128. Standard connections for control transformers to servo amplifier.
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si s
" o RI
Al s2 s2
SUPPLY ! '°"_—:<
R? 53 S3 R2
-
CAPACITOR
FOR CT
ry s &
SUPPLY
il Imz il Rz
5 e 51 i \ Rt .f.lj ?‘ﬁJ
' 52 | o 52 o R2 52 I
$3 3 oR / R3 s3 \ Tx
N—— L N’ N
CAPACITOR
FOR DIFF
51 ™ 51 Rt 51
RI O =0~ RI
ac \ 52 szJ Y R2 . 52
SUPPLY © ox } ° \
A2 53 o~ 53 R} o 53 R2
CAPACITOR CAPACITOR
FOR DIFF FORCT
FIGURE 129. Standard connections for synchro capacitors.
CUTPUT TERMINALS {TO SERVO MOTOR)
8c Ac
a c (4
. - SERVO 0 ——0 IF PHASE - SHIF TING
05';;;&7 AMPLIFIER . AMPLIFIER IS USED,
":um"us (CONDITIONS FOR OR  VOLTAGE FROM C TO
{FROM €T ) AN INCREASING - €C LAGS VOL TAGE
o— READING) —0 —" FROM B TO BB BY 50°
Ab cC cC
[, ]
8 & dee

aAC SUPPLY TERMINALS

FIGURE 130. Standard connections for servo amplifiers.
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—
SERVO SERVO
AMPL AMPL
{ [

SERVD SERVO

MOTOR MOTOR
FIGURE 131. Standard connections for shunt field DC servomotor.

e 7o \Ndi: FLY P NYF2
SERVOD SERVD (:)
SYSTEM SYSTEM
__\_h/ .
P— ——

1it series field commutator

FIGURE 132. Standard connections for
AC or DC servamotor.
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TWO FIELD INDUCTION TYPE AC SERVO MOTOR WITH CAPACITOR

————————

SERVD ?
AMPYL

CC Fa

cC F}

AC SUPPLY

7oV

———————————

SERVO
AMPL

AC SUPPLY

i Y 1 ,,B

T _

(2]
»
h’)

88 4

TWO FIELD INDUCTION TYPE AC SERVO MOTOR WITH 90° PHASE SHIFT IN SERVO AMPLIFIER

e e ————
¢ £y c }3_/\
SERVO m erovn \ {A\\\
ampL O AMPL "o
CC Fa
AC SUPPLY AC SUPPLY cc ¥4
l Fi F2 I Fi F2
E— 4 ) I o |
CL —- CT:) J
FIGURE 133. [ee) jons two—fi i

warl CONNECTIONS ACCORDING 1D

PMM 910 paRA 912

f

%6 rﬂnm g8 AND 99—|

QuTPYT
!

1NN
TwNOIS

o-—u
e
R2 LL

R2 M2 BI2 S2
AL SupPLY | NN

Od M 1]
EI $3 P2 B3 52 R) M3 813 PARA 913
—o ; P nd

! J

Be

ix BUS 1D BUS 1 SERVO SCRVD-
ar usED: AMPLIFIER MOTOR

FIGURE 134.
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-
/ VARIABLE TAP
AC 'NPUT |
- i
AC OUTPUT
FIGURE 135. tic dia of autotransformer.

——— MARK ON SHAFT
EXTENSION

N

FIGURE 136. Cparse electrical zero markings on synchro units.

0-250 VOLT RANGE

gt
N

- D-5 VOLT
" S RANGE
RI TN !
N —_— 52

sl
—o— 52 ™
115 V (OR 26 V) A2 115V (OR 26 V) m2 | e v
83 —© 53
. {B) FINE SETTING

(A) COARSE SETTING

FIGURE 137. Zeroing a TX or CX using a voltmeter.
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15V (0R 26 V) i
[an /\—c o~ 0 — o ®i

—o— 52 ' 52 —o—1
"2 ™ T TR "2
53 ! s3 o

FIGURE 138. Zeroing a TX using a TR.

_@zw VOLY RANGE
| 5t JUMPER st
& w ri 08 vout
AC SUPPLY g i ™ o- ) A SUPRLY 4, |/h & (v
s 3 — £3
{B) FINE SETTING
. (A) COARSE SETTING
FIGURE 139. i wi .
: "
(]
82
TRV (OR 10.2 V) n2 ™
7 3
FIGURE 140. i 5]
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(M
7

0-250 VOLT RANGE

T8v

51 TN Ll
(OR 10.2v} |

‘ 2-55:0L1
AN
L s;( @ n:
R 53 ’ R3
N

{B) FINE SETTING

r---l
e

{A) COARSE SETTING

FIGURE 141. Zeroj a differential transmitter usi

a voltmeter.

{— 115 OR 26V

5 - 51 o Rl
i \ s2_ | 52_/ R2
)’_ v \ T0x
!"/z 53 3 53 N\ Ry
- \-._./
AIMPER A
FIGURE 142. Zeroing a DX using a TX and TR.
I )
= (ORTlBt\; 2v) : Rl 0-3 YOI

0-250 VOLT RANGE : ‘ AANGE
T (g
7av l 53 ' R

{OR 10.2V)

' {B) FINE SCTTING

(a) COARSE SETTING

FIGURE 143. Zerojing a TDR with free rotor.
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3 3 i )
=~ $2. v 92 ToR "2 52 ~

53 ! g3 Ay ! g3

[ e
n R2 AMPERS Py ”
.15V (OR 26 v} f

FIGURE 144. i i g,

0290 VLT RANGE {B) NNL STTING
‘V'
Y
(A) COARSE SETTING
FIGURE 145. i usi a_voltme .
ON 75

115 vag . u:. VAL

(8) OVERLOAD INDICATOR ADOED

FIGURE 146. indi 1
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T T T
NEON LAMP LIGHTS ABOVE | P -~

YOLTAGE ~ i

M——— p————— £ p— — ) — ——

LAMP

3 5§ 8 8B

s

-

. VOLTAGE ACROSS

o

b* b g 15 o 25" xr
DIFFERENCE IN SHAFT POSITION

FIGURE 147. ining when load indicator wil ight.

N P

4@ .~ NEON taM
, FUSE TN o
i/é +— s2

115 vAC

53

FIGURE 148. Simple blown fuse indicator.

FIGURE 149. Blown fuse indicator iri only one 1
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s
y I
LL}] 2
fo & 43
= !
]
= .t t
—-¥-J4
BLOWN
INDICATOR
SWITCH
AC SUPPLY }
FIGURE 150. Bl use ts d
SYNCMROS ACT LIKE TRANSFORMERS [~ ')

TRYING TO FEED OTHER EQUIPMENT
=

ac L o
suPRLY sw1 X TR -
[ o
m""l

FIGURE 151. Other equipment in parallel with sypchros.

L.

$1
O=C=—"

FIGURE 152. Vo e
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Calilrated Type 15TRX6A
Receiver-Transmitter

Dial

FIGURE 153. 60-hertz Synchro Tester Mk 33 Mod 0.

Calibrated
Dial
Button
Knob for
Setting Dial
FIGURE 154. Close-up view of dial and index on €0-hertz o Tester

I&s 33 MCIiO. h
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