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Bendix Corporation, Teterboro, N.J., a corporation of 
Delaware 

Filed Nov. 3, 1962, Ser. No. 236,619 
13 Claims. (Cl. 318-48) 

This invention relates to ampli?ers and more partic 
ularly to a servo ampli?er having a dither generator for 
providing accurate setting of servo nulls. 
Where high accuracy of servo nulls is required, partic 

ularly as applied to torque motors positioning valves on 
hydraulic servos of a type shown in US. Patent No. 
2,938,503, granted May 31, 1960, to Howard H. Laucks, 
and assigned to The Bendix Corporation, present day 
servo ampli?ers are generally inadequate in that they 
suffer from inaccurate settings of the nulls for the hy 
draulic servo. This is due to static friction inherent in 
the hydraulic valves positioned by torque motors driven 
by the servo ampli?ers. One method for increasing ac 
curacy of such servo nulls is by applying a dither signal 
to the torque motor, enabling the motor to oscillate with 
minute amplitudes of oscillation about the null of the 
hydraulic servo. However, circuits for producing dither 
in the past have been unable to withstand shock and 
vibration, and have required large amounts of power for 
operation. These are obvious drawbacks of such circuits 
which otherwise can be especially useful in missile appli 
cations because of the accurate null settings. 
An ampli?er ‘constructed according to the present inven 

tion provides an output signal of correct amplitude and di 
rection for operating a torque motor which may operate 
port valves of a hydraulic servo. Although designed pri 
marily for such use the circuit has other applications such 
as driving a magnetic ampli?er in order to operate a large 
motor, operating a relay where a reversing DC. signal is 
required, or even operating a small motor directly. 

Therefore, one object of this invention is to provide a 
servo ampli?er with dither having low power consump 
tion and high ability to withstand large amplitudes of 
vibration or shock. 

Another object of this invention is to provide a servo 
ampli?er with dither having low heat dissipation, long 
life, small size, and light weight. 

Another object of ‘this invention is to provide an am 
pli?er producing a clean, well-phased output signal where 
in a signal from an input chain is ampli?ed by a pre 
ampli?er. 
The invention contemplates a discriminator, means 

applying a control signal to the discriminator, and a dither 
generator applying an oscillating signal to the discrimina 
tor whereby the discriminator applies an output signal of 
varying amplitude and polarity combined with a dither 
signal to the windings of a torque motor for control of 
the port valves of a hydraulic servo. 
The foregoing and other objects and advantages of the 

invention will appear more fully hereinafter from a con 
sideration of the detailed description which follows, taken 
together with the accompanying drawings wherein one 
embodiment of the invention is illustrated by way of 
example. It is to be expressly understood, however, that 
the drawings are for illustration purposes onlypand are 
not to be construed as de?ning the limits of the invention. 

In the drawing, the single ?gure is a circuit diagram 
showing the servo ampli?er with dither embodying the 
present invention. 

Referring to the ?gure, numerals 10 and 10A repre 
sent windings for controlling the direction of de?ection 
of the shaft of a torque motor 11 of conventional type 
producing a mechanical torque in one sense or in an op 
posite sense dependent upon the selective energization 
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2 
thereof to control hydraulic port valves of a hydraulic 
servo mechanism 11A of a type shown in the US. Patent 
No. 2,938,503. The windings 10 and 10A are so con 
nected as to selectively receive an output signal from a 
discriminator 12 through terminals FF’ and GG’ of a ter 
minal strip 13. A milliammeter 14 is connected in series 
with motor winding 10, and a milliammeter 15 is con 
nected in series with motor winding 10A. These milli 
ammeters for example have scale readings of 0-25 ma. 
Discriminator 12 receives a control signal from a pre 
ampli?er 16 through a coupling transformer 17. A dither 
generator 18 applies a dither signal, which consists of 
small amplitude oscillations, to the discriminator 12 
through a coupling impedance consisting of a resistor 19 
and a capacitor 20. A variable resistor 21 is used for 
adjusting dither amplitude to a value which provides ac 
curate setting of the servo nulls of the hydraulic servo 11A 
without excessive rotational overshoot of the torque mo 
tor 11. 

Preampli?er 16 receives two signals at a signal input 
22, which comprises the emitter of a transistor 23. Each 
signal is received through a different one of a pair of 
isolation resistors 24 and 25. Excitation voltages to the 
command synchro 31, follow up synchro 34 and feedback 
Schaevitz unit or condition responsive variable transform 
er 37 are applied to three input terminals 26, 27, and 28 
and suitable ground connections by excitation transform 
er 9 connected to A.C. power source 8. Terminal 26 is 
connected through a phasing resistor 29 to an adjustably 
positioned rotor winding 30‘ of a synchro 31. Angular 
position of rotor 30 may be controlled by an operator 
operative knob 7 or other suitable control means such as 
a directional or vertical gyroscope or controlling instru 
ment. The angular position of the rotor 30 corresponds 
to the desired input signal for the command synchro 31. 
A second voltage is coupled from terminal 27 through a 
phasing resistor 32 to an adjustably positioned rotor wind 
ing 33 of synchro 34. This second voltage may provide 
through the synchro 34 a follow up signal from an outer 
follow up loop of a servo system, including an outer loop 
hydraulic piston 100 controlled by a valve 110 in turn 
positioned by an inner loop piston 112 controlled by servo 
mechanism 11A, and which follow up signal depends upon 
the angular position of rotor 33 effected by outer loop pis 
ton 100. The voltages applied to terminals 26 and 27 
may, for example, be of 12 volts amplitude single phase 
A.C. The piston 100 may be operatively connected so 
as to position an aerofoil surface such as a rudder, ele 
vator or aileron 101. 
A third input voltage is applied through a phasing re 

sistor 35 to the primary 36 of a condition responsive trans 
former 37. Therefore, the third input voltage provides 
through the condition responsive variable transformer 37 
a feedback signal depending upon the sensed ‘condition, 
from a second or inner loop of the servo system in which 
an adjustable magnetic core 114 is positioned by the inner 
loop hydraulic piston 112 to provide a feedback signal 
tending to retard oscillation of the controlling system. 
The voltage applied to terminal 28 may, for example, be 
of 26 volts amplitude single phase A.C. 

Output of transformer 37 is taken from its secondary 
winding 38 and applied through terminals BB’ of termi 
nal strip 13 to the isolation resistor 25. This provides 
one input signal to the preampli?er 16. A potentiom 
eter 39 having a variable tap 40 is connected across two 
stator windings 41 and 42 of follow-up synchro 34. The 
tap 40 is connected to one side of a stator winding 43 of 
synchro 31. A stator winding 44 of synchro 31 is con 
nected through terminals AA’ of terminal strip 13 to iso 
lation resistor 24, providing the second input signal to 
preampli?er 16. Potentiometer 39 provides a convenient 
means for control of output amplitude of synchro 34. 
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By interconnecting the stator windings of synchros 31 
and 34-, the amplitude of signal applied to resistor 24 is 
the algebraic sum of the voltage cross windings 43 and 
44, plus the voltage across windings 41 and 42 reduced 
by a factor determined by the setting of potentiometer 399. 
The stator voltages of synchros 31 and 34 are depend 
ent upon the angular settings of rotors 30 and 33, re 
spectively. 
A power supply 45 is connected to a convenient source 

of A.C. power 8, of, for example, 115 volts 400 cycles, 
through terminals 46 and 47. With such input, the power 
supply may, for example, provide outputs of 12 volts single 
phase A0. at a terminal 49, and 115 volts single phase 
A.C. at a terminal 50. A third terminal, 48, is grounded. 
The 115 volt output is coupled through a step-down 
transformer 51, across a common point 52 between wind 
ings 10 and 10A of the torque motor 11 and a common 
point 53 connecting bases 54 and 55 of a pair of transis 
tors 56 and 57, respectively, utilized in discriminator 12. 
Common point 53 is connected to transformer 51 through 
terminals ll’ of terminal strip 13. The 12 volt signal 
from terminal 49 of power supply 45 is coupled to the 
emitter 59 of a transistor 66 in dither generator 18 through 
terminals HH’ of terminal strip 13 and an isolation ca 
pacitor 58 connected in series. Capacitor 58 prevents 
any DC. voltage which may appear on emitter 59 of 
transistor 66 from being shorted out through terminal 
49 of the power supply 45. 

Output of discriminator 12 is provided by a pair of 
collectors 61 and 62 of transistors 56 and 57, respectively. 
Input to the discriminator 12 is coupled from the second 
ary winding 77 of transformer 17 to emitters 63 and 64 
of transistors 56 and 57, respectively, through a pair of 
coupling resistors 65 and 66, respectively. The secondary 
winding of transformer 17 is centertapped to ground. 
Output of the dither generator 18 is applied across resis 
tor 66 from the potentiometer 21. This has the e?ect 
of putting the dither generator 18 output on the emitter 
of a single discriminator transistor, even though output 
of the preamplifier is applied to both emitters of the dis 
criminator transistors Working in a push-pull arrange 
ment. A DC. bias, of for example 22.5 volts positive, 
is applied from an emitter bias supply 67 through a milli 
ammeter 68 and terminals EE’ of terminal strip 13 to a 
common point 69 between a pair of emitter bias resistors 
70 and 71. The other sides of resistors 76 and '71 are 
connected to emitters 63 and 64 of transistors 56 and 57, 
respectively. Milliammeter 68 for example has a range of 
0-10 MA. A collector bias supply ‘72, providing for ex 
ample an output of 45 volts negative, is connected through 
a milliammeter '73, terminal DD’ of terminal strip 13, and 
a dropping resistor 75, to the collector 74 of transistor 
60. Bias supply 72 is also connected to the collector 76 
of transistor 23 in preampli?er 16 through the primary 
winding 78 of transformer 17. Milliammeter 73, for ex 
ample, has a range of 0-40 MA. A base resistor 80 is 
connected between the base 79 of transistor 23 and 
ground. 

Dither generator 18 includes a loading resistor 31 con 
nected in series with a parallel-connected combination of 
a resistor 82 and capacitor 83 between emitter 59 of tran 
sistor 60 and ground. Variation of size of resistor 82 
and capacitor 83 changes the frequency of oscillation of 
the dither generator. Loading resistor 81 controls the bias 
amplitude applied to emiter 59 of transistor 60. A resis 
tor 84 is comiected between the base 85 of transistor 66 
and ground. This resistor promotes negative resistance 
in the dither generator circuit, which is necessary for 
oscillation of the dither generator 16 as is well known in 
the art. A capacitor 86 is connected between collector 
74 of transistor 60 and ground, and has the function of 
determining oscillation frequency of the dither gener 
ator 18 in a similar manner as capacitor 83. 

In operaton, assume the windings of rotors 36 and 
33 are properly excited and transformer 37 is also prop 
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erly energized. A signal of magnitude dependent upon 
the angular positions of rotors 30 and 33 is then applied 
from the synchro stators to resistor 24, and a signal de 
pendent upon the condition sensed by transformer 37 is 
applied from the secondary of the transformer to re 
sistor 25. The amplitude of voltage applied to emitter 
Z2 is then substantially equal to the algebraic sum of 
voltage appearing across the combination of resistors 
24 and 25 multiplied by the ohmic value ratio of resistor 
25 to resistors 24 plus 25. The voltage is ampli?ed by 
preampli?er 16 and is applied across the primary 78 of 
transformer 17. The transformed voltage is then taken 
from the secondary winding 77 and applied to emitters 
63 and 64 of transistors 56 and 57, respectively, through 
resistors 65 and 66, respectively. Because the second 
ary winding 77 is centertapped to ground, the signal ap~ 
pearing at one side of the secondary winding with respect 
to ground will be of opposite polarity and 180° out of 
phase with the signal on the other side of the secondary 
winding with respect to ground. Thus the signals applied 
to emitters 63 and 64 will be 180° out of phase with 
each other, and of opposite polarities. 
The signal applied to emitter 64 of transistor 57 is 

modulated by the oscillation of dither generator 18 
which are applied across resistor 66 with amplitude con 
trollable by setting of potentiometer 21. Modulation 
takes place in resistors 21 and 66. Transistors 56 and 57, 
functioning as a pair of ampli?ers connected in push-pull 
con?guration, amplify the signal appearing on their emit 
ters 63 and 64, respectively, with respect to common point 
53. Thus the signal appearing at collector 61 of tran 
sistor 56 is applied to winding 16 of the torque motor 
11 and the signal appearing on collector 62 of transistor 
57 is applied to winding 10A of the torque motor 11. 
Thus, it is obvious that winding 16A receives the dither 
generator 18 signal in addition to the preampli?er 16 sig 
nal. This causes minute oscillation of the torque motor' 
11 which enables the motor 11 to overcome static friction 
in port valves of the hydraulic servo 11A and provides a 
more accurate null for the output shaft of the hydraulic 
servo 11A. It is also obvious that a change in the posi 
tion of command rotor 36 will produce a new signal at 
emitter 22 of transistor 23 in the preampli?er 16, thereby 
changing the signal applied to discriminator 12 and in 
turn changing the signal applied to windings 10 and 10A 
of the torque motor 11. 
The invention provides a servo ampli?er which will 

withstand great extremes of shock and vibration. The 
device consumes little power and dissipates small quanti 
ties of heat. It is compact in size, light in weight, and 
relatively long in life expectancy. The device provides 
a clean, well-phased signal of proper amplitude and po 
larity for operation of a torque motor Ill, and also pro 
vides a novel method of injecting dither into a discrimi 
nating circuit. The circuit is especially useful in missile 
applications although it can also be used to drive a mag 
netic ampli?er, operate a relay where a reversing direct 
current is required, or operate a small motor directly. 
Although but one embodiment of the invention has 

been illustrated and described in detail, it is to be ex 
pressly understood that the invention is not limited there 
to. Various changes can be made in the design and ar 
rangement of the parts without departing from the spirit 
and scope of the invention as the same will now be 
understood by those skilled in the art. 

1. A servo ampli?er comprising the combination of a 
preampli?er receiving an input signal, a discriminator 
including a pair of transistors connected in push-pull con 
?guration, each of the transistors receiving a signal from 
the preampli?er, a dither generator applying a signal of 
small amplitude oscillations to only one discriminator 
transistor, and means serially coupling each discriminator 
transistor and a source of electrical energy to a separate 
winding of a torque motor whereby motor de?ection is 
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controlled by the input signal applied to the preampli?er 
and thereby to said discriminator transistors. 

2. A servo ampli?er comprising the combination of a 
discriminator having a pair of transistors connected in 
push-pull con?guration, means applying an input control 
signal to each of the transistors, a dither generator ap 
plying a signal of small amplitude oscillations to only 
one of the transistors, and means serially coupling each 
of said transistors and a source of electrical energy to a 
separate winding of a torque motor, said coupling means 
applying the output of each of the transistors to the sepa 
rate winding of the torque motor whereby motor de?ec~ 
tion is controlled by the input to the preampli?er. 

3. A servo ampli?er comprising the combination of a 
preampli?er receiving an input signal, a discriminator 
including a pair of transistors, each of the transistors hav 
ing an emitter and a collector, means applying a signal 
from the preampli?er to each of the emitters, a dither 
generator applying a signal of small amplitude oscilla 
tions to only one of the emitters, and means including 
a source of electrical energy for operatively connecting 
each of the collectors to a separate winding of a torque 
motor whereby motor rotation is controlled by the input 
signal to the preampli?er. 

4. A servo ampli?er comprising the combination of a 
preampli?er receiving an input signal, a discriminator 
including a pair of transistors, each of the discriminator 
transistors having an emitter and a collector and connected 
in push-pull con?guration, means applying a signal from 
the preampli?er to the emitter of each of the discriminator 
transistors, an oscillator circuit including a transistor, 
means connecting the oscillator circuit to the emitter of 
one of the discriminator transistors, and electrical energy 
coupling means serially connecting each collector and 
base of the discriminator transistors to a separate winding 
of a torque motor in such a manner that energization of 
each of the separate windings may be effectively controlled 
by said discriminator transistors, whereby motor de?ec 
tion is controlled by the input signal to the preampli?er. 

5. A servo ampli?er comprising the combination of a 
preampli?er receiving an input signal, a discriminator 
including a pair of transistors connected in push-pull con 
?guration, each of the discriminator transistors having an 
emitter and a collector, means coupling the preampli?er 
to each of the emitters whereby one emitter receives a 
signal from the preampli?er 180 degrees out of phase 
with the signal received by the other emitter, a dither 
generator including a transistor applying a signal of small 
amplitude oscillations to the emitter of one of the discrimi 
nator transistors, and alternating current coupling means 
serially connecting each collector and base of the discimi 
nator transistors to a separate winding of a torque motor in 
such a manner that energization of each of the separate 
windings may be effectively controlled by said discrimi 
nator transistors, whereby de?ection of the torque motor is 
controlled by the input signal to the preampli?er. 

6. A servo ampli?er comprising the combination of a 
pair of transistors connected in push-pull con?guration, 
a source of alternating current, means for modifying said 
alternating current and applying an alternating current 
input control signal to each of the transistors, a dither 
generator applying a signal of small amplitude oscillations 
to only one of the transistors, inductive coupling means 
including an input winding operatively connected to said 
source of alternating current and an output Winding, and 
means serially comiected to said output winding for apply 
ing the output of each of the transistors together with 
the alternating current induced in said output winding 
to a separate winding of a torque motor whereby motor 
operation is controlled by the input control signal to the 
preampli?er. 

'7. A servo ampli?er comprising the combination of a 
preampli?er receiving an input signal, a discriminator 
including a pair of transistors, each of the transistors 
having an emitter and a collector and connected in push 
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6 
pull con?guration, means applying a signal from the pre 
ampli?er to the emitters of each of the discriminator 
transistors, an oscillator circuit including a transistor and 
.producing small amplitude oscillations, means coupling 
the small amplitude oscillations to the emitter of one of 
the discriminator transistors, and means including elec— 
trical energy coupling means serially connecting the col 
lector and base of each of the discriminator transistors 
to a separate winding of a torque motor in such a manner 
that energization of said separate windings may be ef 
fectively controlled at the collector and base of said 
discriminator transistors, whereby motor operation is 
controlled by the input signal to the preampli?er. 

8. The servo ampli?er of claim 7 wherein the means 
coupling the small amplitude oscillations to the emitter 
of one of the discriminator transistors includes adjustable 
means for controlling the amplitude of oscillations ap 
plied to the emitter of the one discriminator transistor. 

9. A servo ampli?er comprising the combination of a 
source of alternating current, a preampli?er receiving an 
input signal derived from said source, a discriminator in 
cluding a pair of transistors, each of the transistors hav 
ing an emitter, a collector, and a base, means coupling 
the preampli?er to each of the emitters whereby one 
emitter receives an alternating current signal from the 
preampli?er 180° out of phase with the signal received 
‘by the other emitter, a dither generator applying a signal 
of small amplitude oscillations to only one of the emitters, 
means connecting each of the collectors to a separate 
winding of a torque motor, coupling means serially con 
meeting the bases of said discriminator transistors to each 
of the separate windings of said torque motor, said serially 
connecting means coupling said source of alternating cur~ 
rent to said separate windings in such a manner that en 
ergization of said separate windings may be effectively 
controlled at the collector and base of said discriminator 
transistors, whereby motor operation is controlled by the 
input signal to the preampli?er. 

10. A servo ampli?er comprising the combination of 
a preampli?er including a transistor having a base, an 
emitter and a collector, means coupling an input signal 
across the emitter and the base of the preampli?er tran— 
sistor, a discriminator including a pair of transistors, each 
of the discriminator transistors having an emitter, a col 
lector, and a base, means coupling the collector of the 
preampli?er transistor to each emitter of the discrimin 
ator transistors, a dither generator applying a signal of 
small amplitude oscillations to the emitter of one of the 
discriminator transistors, means connecting each collector 
of the discriminator transistors to a separate Winding of 
a torque motor, and ‘other means for serially coupling a 
source of electrical energy to the bases of the discrim 
inator transistors and each of the separate windings of 
the torque motor so that energization of the separate wind 
ings by said source may be effectively controlled at the 
collector and base of the discriminator transistors, 
whereby motor operation is controlled by the input signal 
to the preampli?er. 

11. A servo ampli?er comprising the combination of a 
preampli?er receiving an input signal, a discriminator in 
cluding a pair of transistors, each of the transistors having 
an emitter, a collector, and a base, means coupling the 
preampli?er to each of the emitters, means coupling each 
of the collectors to one of a pair of windings of a torque 
motor for controlling a hydraulic servo valve, a source 
of alternating current, an induction transformer including 
a primary winding energized by said source and a second 
ary winding, means including said secondary winding for 
connecting each of the ‘bases to the pair of windings, and 
an oscillator connected to one of the emitters and produc 
ing small amplitude oscillations whereby the oscillator 
signal causes the torque motor to oscillate thereby over 
coming st-atic friction in the hydraulic servo valve. 

12. A servo ampli?er comprising the combination of a 
source of alternating current, control means for applying 
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from said source an input signal, a preampliler for receiv 
ing the input signal, a pair of ampli?ers connected in 
push~pull con?guration, means coupling the preampli?er 
to each of the ampli?ers, an oscillator applying a signal 
of small amplitude oscillations to only one of the pair of 
ampli?ers, and transformer means energized by said source 
and including output means coupling an output of each 
of the pair of ampli?ers and an output of said transformer 
means to a separate winding of a torque motor whereby 
motor operation is controlled by input to the preampli?er 
and by the signal of small amplitude oscillations applied 
by the oscillator to only one of said pair of ampli?ers. 

13. A servo ampli?er comprising the combination of a 
preampli?er for receiving an input signal and arranged to 
apply an output signal, a pair of ampli?ers connected in 
push-pull con?guration, means coupling the output signal 
from the preampli?er to a ?rst of the pair of ampli?ers, an 
oscillator arranged to apply an oscillating output signal 
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8 
of small amplitude, means coupling the oscillating output 
signal from the oscillator and an output signal from the 
preampli?er to a second of the pair of ampli?ers, and 
means serially coupling a source of electrical energy and 
the output of each of the ampli?ers to a separate winding 
of a torque motor whereby the motor is controlled by 
the input signal to the preampli?er and by the oscillating 
output signal of the oscillator. 
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