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REVERSIBLE SERVO APPARATUS 

Earl McCartney, Rockville Centre, and Gordon J. 
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(C. 318-24) 10 Claims. 

1. 
This invention relates to servomechanism ap 

paratus and more particularly to reversible drives 
for such apparatus. 

In the operation of search radar Systems and 
other detection systems, it is frequently desirable 
to rotate an antenna, about a reference axis. For 
instance, in conventional search radar, the an 
tenna rotates about a vertical axis and receives 
Signals from all azimuthal directions Successively. 
Such an antenna may be arranged to rotate con 
tinuously by rotating it with an electric motor in 
a conventional manner. The angular direction 
of received signals are conveyed to the radar 
indicator by means of synchroS or Selsyns, also 
in a, conventional manner. 

Frequently, it is desirable to pay particular 
attention to a certain direction, rather than the 
entire 360°, and in such cases, it is desirable to 
drive the antenna, so it will scan back and forth 
through a certain sector rather than completely 
around. It is also desirable to be able to posi 
tion the average direction of this Sector Scan 
ning and vary the width of the Sector. 
Accordingly, a principal object of the inven 

tion is to provide new and improved sector Scan 
ing apparatus for servo mechanisms. 
Another object of the invention is to provide 

new and improved sector scanning apparatus 
wherein the scanning direction is adjustable. 
Another object of the present invention is to 

provide new and improved Sector scan apparatus, 
Wherein the Sector width is adjustable. 
Another object is to provide new and improved 

apparatus for affording a Snooth reversing drive 
for angular rotation apparatus. 
Another object of the present invention is to 

provide a new and improved reversible drive. 
These and other objectS Will be apparent from 

the following Specification and the drawing, 
which is a schematic diagram of an embodiment 
of the invention. 

Referring to the drawing, the rotatable mem 
ber is adapted to be rotated about its vertical 
axis by means of the gear 2 and drive shaft 3. 
he rotatable member may be a radar antenna, 

or other device having directivity, such as a 
searchlight. However, the invention is not lim 
ited to antenna, driving Systems, but it may be 
used wherever it is desired to obtain a back and 
forth angular motion. 
The rotatable member is driven by the motor 

4, which is energized by servo amplifier 5, which, 
in turn, is energized by the error signal derived 
from the Synchro control transformer 6. The 
servo loop comprising control transformer 6, am 
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plifier 5 and motor 4 is entirely conventional and 
need not be discussed in detail in order to under 
stand the operation of the present invention. 
It inay be mentioned at this time that all the 
rotatable transformers, generally known as Syn 
chro or sellsyn elements, mentioned in this dis 
CuSSion are conventional and commercially avail 
able. SynchroS are Well known and are theoreti 
cally treated as salient pole, bipolar, alternating 
Current excited, Synchronous machines. The 
standard Synchro has a two-pole single phase 
rotor field and a Y-connected single phase vari 
able voltage stator. If the rotor is mechanically 
driven, the device is generally called a synchro 
generator, and if a mechanical output is taken 
from the rotor, the device is generally referred 
to as a synchromotor. 
The Synchro control transformer 6 has a Y 

connected input, which is connected to a Y-con 
nected output from synchro diferential 7. Dif 
ferential has a Y-connected input, which is 
connected to Synchro generator 8 through the 
reversible contacts of relay . The relay Q is 
Connected to reverse the connections of two of the 
leads connecting differential 7 and generator 8. 
The effect of this reversal will be to reverse the 
direction of rotation of the rotatable member . 
The discussion thus far describes entirely con 

ventional apparatus. The present invention re 
sides primarily in the means for providing the 
Smooth reversal, Sector scan control signals to the 
above mentioned conventional apparatus. It has 
been noted that the action of the relay a will 
CaluSe a reversal in direction of rotation of the 
rotatable member . The relay coil is adapted 
to be energized by the thyratron switch tube 2, 
and in Order to provide smooth reversal of the 
rotation, it is desirable that the connections be 
reversed by relay 0 when there is zero voltage 
existing between the leads S2 and S3 of synchro 
generator 8, otherwise the result will be erratic 
and jerking notion of member . This point 
Will be discussed more fully in connection with 
the further operation of the circuit. 
The plate of thyratron 2 is adapted to be ener 

gized by an alternating voltage through trans 
former 5. This voltage is also connected 
through Secondary coil 6 to the rotor 8 of the 
Synchro generator 8. The rotor 8 is mechani 
cally connected to a constant speed motor 20. 
In order to understand the operation of the 

invention, it may be advisable at this point to say 
a few Words about the voltages appearing in syn 
chros. Due to the way the rotor and stator 
Windings are arranged on a standard Synchro, 
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these curves have the shape of a sine-curve. In 
other words, they would look like time-graphs of 
sinusoidal voltages. They show something en 
tirely different, however, and should not be con 
fused with tine-graphs. In thinking about a 
synchro system, remember that all of the Voltages 
in the system are alternating, varying positive 
and negative X times per second, that they are 
either in phase, or 180° out of phase with each 
other. Their effective values vary, for various 
positions of the rotor, fronn zero to positive (in 
phase) maxinum, to Zero, to negative (Out of 
phase) minimum and back to Zero, in Sint Soidal 
fa,Shion. 
The switch 2 connects the output from the 

secondary of transforgher 5 through the relay 
coil it to the plate of the thyratron 2. Wheir 
the switch 2 is open, the thyratron will not 
operate and the rotatable device Will rotate 
continuously in one direction Synchronously With 
the constant speed notor 20. This operation is 
completely conventionai and may be briefly de 
scribed as follows. As the constant Speed motor 
29 rotates, the rotor 8 applies continuously vary 
ing voltages to the Y-gonnected Stator of gener 
ator 8. These voltages are connected through 
differential " to coiatrol transfor aler 6. The rotor 
of control transformer 6 is mechanically con 
nected to the rotata ble member . The ser WO 
arrangement is designed SO that if there is any 
non-correspondence between the ordered direc 
tion and the actual direction of Irotatable mem 
ber , then there will be an error Signal gener" 
ated in control transformer 3, Which is applied 
to the notor is through the amplier 5, so as to 
drive the rotatable member into angular col'- 
respondence with the direction ordered by Syri 
chro generator 8. Since the input of synchro 
generator 8 rotates at constant Speed by means 
of motor 28, the rotatable member will be driven 
at constant speed. 

the sector Scan feature of the present inven 
tion is provided by the thyratron switch tube 2 
and is initiated by closing the switch 2 . There 
is an alternating voltage applied to the plate of 
thyratron 2 and to the rotor 8 of generator 8, 
and the voltage between leads S2 and S3 of gen 
erator 8 are applied to the grid of thyratron i2. 
The voltage applied to the grid of the thyratroin 
2 is either in ghase or 180° out of phase, with 

the Voltage applied to the plate degending upon. 
the position Cf the rotor 8. 
ASSuming that the rotor position is Such that 

the grid voltage is out of phase wtih the plate 
voltage, the thyratron is cut off. Ehe constant 
speed motor 23 wiii gradually turn the rotor 8 
to a position where the out of phase voltage be 
tween ieads S2 and S3 is Zero. At this point, 
the voltage between leads S2 and S3 changes 180° 
in phase and is now in phase With the voltage 
applied to the plate of the thyratron, and the 
thyratron Wiili now conduct. This will energize 
relay í0, which will reverse the connections of 
the leads fro: SR and S3 of generator 8. This 
action Will i'everse the rotation of the rotatable 
(hember . The thyratron Will conduct until its 
plate' voltage drops to the extinction voltage, at 
which time the relay will be de-energized, and 
the connections will be reversed to their original 
Ositions, again reversing the rotation of the ro 

tatable member , to provide a sector scan motion. 
The datum direction about which the sector 

Scan movement takes place, that is the average 
direction of the sector, may be chosen by rotat 
ing the knob 22, which is mechanically con 
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4 
nected to the Y-connected output of Synchro dif 
ferential 7. The rotation of the knob. 22 causes 
a relative motion between the input and output 
inenbers of the differential 7 thereby changing 
the aingular reference direction. 
The width of the sector scan may be varied 

by changing the variable speed drive 25, by means 
of knob. 25. The variable speed drive may be a 
ball and disc device, a transmission System hav 
ing variable gear ratios or other conventional 
variable speed arrangements. The effect of this 
adjustment is that a complete cycle of the con 
Stant speed motor may provide an adjustabie 
angular rotation of the rotatable member . For 
instance, if there is a 36 to 1 ratio in the variable 
speed drive 25, then a half revolution of the con 
Stant speed motor 20 Will only rotate the rotat - 
able member through a sector of 5°. The variable 
Speed drive is preferably connected as shown 
before the ServOmotor as this arrangement only 
puts a light load. On the variable drive. The vari 
able Speed drive could be connected to the output 
Of the servonotor if desired. 
An inaportant advantage of the invention is 

that the reversal of connections takes place at 
Zero voltage between them. Therefore, it is a 
Sinooth change and there is no jumping or jerk, 
ing of the rotatable member . It comes to a. 
Srlooth stop and starts again Snoothly in the 
opposite direction. 
Other equivalent means may be substituted for 

Vai'ious components of the invention. For in 
stance, other types of control means may be 
Substituted for the thyratron i2 or other types 
of electronic tubes might be utilized in a similar 
circuit. Also different servo mechanism arrange 
inents may be used. 
The invention is not limited to rotating an 

&ntenna, but may be used as a general power 
control circuit. It will be advantageous, for in 
stance, in a steel rolling mill, a textile rolling 
or pressing machine, a gun control system or 
wherever a smooth reversal of a power drive is 
desired. 
What is claimed is: 
1. Means to effect smooth reversals of a servo 

System of the type utilizing rotary transformers 
With Y-connected stators for the transmission of 
angular information, comprising switching means 
Connecting two of said rotary transformers and 
adapted to reverse two of the leads froi said 
Y-connected Stators, and control means con. 
nected and adapted to energize said switching 
inleans When the voltage between said two leads 

, is Substantially Zero. 
2. Means to effect Smooth reversals of a servo 

Syster of the type utilizing rotary transform; (3's 
With Y-connected stators for the transmission 
of angular information, comprising switching 
means connecting two of said rotary transformers 
and adapted to reverse two of the leads from said 
Y"Connected Stators, and control means con 
nected and adapted to energize said switching 
Ileans When the Voltage between said two loads 
is substantially Zero, comprising a multi-element 
electron discharge tube having its output con 
nected to said Switching means and having its 
input connected across said two leads. 

3. Sector Scan apparatus comprising a load 
in ember adapted to rotate about an axis, servo 
Shotor in eans connected and adapted to rotate 
Said load member, means connected to apply a 
Sector Scan control signal to said servo motor 
cor prising a control transformer having a Y 
connected input and having its output connected 
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to said servo motor, and circuit contro means 
connected and adapted to reverse two leads of 
said Y-connected input at the moment when the 
voltage between them is substantially Zero, to 
thereby provide a Smooth reversible drive to Said 
load member. 

4. Apparatus as in claim 3 wherein said circuit 
control means comprises a relay switch connected 
to reverse said two leads, a switch tube connected 
and adapted to energize said relay and triggering 
means connected to trip said switch tube when 
the voltage between said leads is substantially 
Zet?. 

5. Apparatus as in claim 4 wherein Said trig 
gering means comprises a synchro generator hav 
ing a Y-connected output, two leads of which are 
connected to said relay switch, a constant Speed 
motor connected to and adapted to rotate the 
rotor of said synchro generator, said tWO leads 
being connected to the input of Said SWitch tube 
whereby the switch tube is tripped when the volt 
age between Said two leads is substantially Zero. 

6. Means to effect Smooth reversals of a servo 
system of the type utilizing rotary transformers 
with Y-connected Stators for the transmission of 
angular information, comprising switching means 
connecting two of said rotary transformers to 
gether and adapted to reverse two of the leads 
from said Y-connected Stators, control means 
connected and adapted to energize said Switching 
means when the voltage between said two leads 
is substantially zero, comprising a multi-element 
thyratron type tube connected to said switching 
means, means to apply an alternating Voltage to 
the plate of said thyratron tube, and means to 
apply to the grid of said tube a version of said 
alternating voltage that is periodically in phase 
and 180° out of phase. 

7. Alternating Voltage switching means adapt 
ed to be energized when said alternating Voltage 
is substantially Zero comprising a rotary trans 
former having at least two output leads, relay 
means connected to Said output leads and 
adapted to reverse them, a control tube having a 
cathode, grid, and plate and adapted to energize 
said relay means, means to energize the plate of 
said control tube and said rotary transformer 
with an alternating voltage, means to rotate the 
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rotor of said rotary transformer, and means con 
necting said two output leads between said grid 
and plate whereby said tube is energized When 
the Voltage across said two leads is substantially 
Zero. 

8. A reversible drive for a servo system of the 
type utilizing rotary transformers with Y-con 
nected Stators for the transmission of angular in 
formation, comprising Switching means connect 
ing two of said rotary transformers together and 
adapted to reverse two of the Y-connected leads 
from said rotary transformers, control means 
connected and adapted to energize said switch 
ing means When the voltage between said two 
leads is substantially zero. 

9. A reversible drive for a servo system of the 
type utilizing rotary transformers with Y-con 
nected stators for the transmission of angular in 
formation, comprising switching means con 
necting two of said rotary transformers together 
and adapted to reverse two of the Y-connected 
leads from Said rotary transformers, control 
means connected and adapted to energize said 
SWitching means when the voltage between said 
two leads is substantially zero, comprising a 
multi-element electron discharge tube having its 
Output connected to Said. Switching means and 
having its input connected across said two leads. 

10. An oscillatory power drive for a system of 
the type utilizing rotary transformers with Y 
connected Stators for the transmission of angular 
information; comprising. Switching means con 
necting two of said rotary transformers together 
and adapted to reverse two of the leads from 
said Y-connected rotary transformers, control 
means connected and adapted to energize said 
SWitching means when the voltage between said 
two leads is substantially zero, comprising a thy 
ratron type tube, means to apply an alternating 
voltage to the plate of said thyratron tube, and 
means to apply to the grid of said tube a version 
of Said alternating voltage that is periodically in 
phase and 180° out of phase. 
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