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2,874,352 
ELECTRO-MECHANICAL PHASE SHIFTER 

Edward Durbin, Valley Stream, N.Y., assignor to Sperry 
Rand Corporation, a corporation of Delaware 

Application November 26, 1954, Serial No. 471,171 
13 Claims. (CI, 324-83) 

The present invention relates to phase shifting circuits, 
and in particular to improvements in electro-mechanical 
phase shifters employing synchros. - 

It is well known that a synchro may be used as a 
phase shifter by applying a single-phase sinusoidal alter 
nating voltage to the primary or single winding of the 
Synchro and combining the alternating output voltages. 
from the crossed-field secondary windings in a reactive 
phase-shift network. Patent 2,627,598, assigned to the 
same assignee as the present invention, describes and 
claims an electro-mechanical phase shifter of this type. 
A similar phase shifter is described on page 498 of the 
book "Waveforms' published by the McGraw-Hill Book 
Company, 1949. 

While electro-mechanical phase shifters of this type 
possess good linearity of phase shift as a function of 
angular rotation of the rotor winding, they have been 
found to possess undesired variations of phase shift with 
changes in temperature. This variation of phase shift 
restricts the use of the synchro phase shifter, especially 
in equipments designed for military service. It has been 
found that these variations in phase shift with temperature 
are unpredictable and are different with synchros of the 
same type and manufacture. . . - . . . . 
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Referring to Fig. 1, a precision oscillator 11 having a 
fine frequency control knob 12 supplies an alternating 
voltage to the primary winding 13 of a synchro 14. The 
synchro includes crossed-field secondary windings 15 and 
16 mutually coupled to the primary winding 13. The 
mutual inductive coupling between the primary and sec 
ondary windings is controlled by shaft 17 coupled to 
the rotatable secondary windings. In certain synchros, 
the primary winding instead of the secondary windings 
is designed as the rotor. The word synchro is a uni 
versal term applied to devices such as the selsyn, con 
trol transformer, resolver, and other similar variable mag 
netic coupled devices. 

. The alternating voltage applied to the primary winding 
13 induces alternating voltages in the secondary windings 
15 and 16 whose magnitude depends upon the amount 
of mutual coupling between the primary and secondary 
windings, and whose phase is fixed relative to the ap 
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Accordingly, the principal object of the present inven 
tion is to provide an electro-mechanical phase shifting 
system having improved accuracy and phase stability. 

Another object is to provide an electro-mechanical 
phase shifter whose phase shift characteristic is sub 
stantially independent of changes in temperature. 

In accordance with the present invention there is in 
troduced an improved electro-mechanical phase shifter 
employing a synchro having an auxiliary winding with 
fixed mutual coupling with the primary winding of the 
synchro. The alternating voltage applied to the primary 
winding induces a voltage in the auxiliary winding, and 
this induced voltage is employed as the reference voltage 
instead of the voltage applied to the primary winding. 
The phase difference between the phase shifted output 
voltage from the synchro phase shifter and the induced 
reference output voltage from the auxiliary winding is 
Substantially independent of changes in temperature. 
The above objects of and the brief introduction to 

the present invention will be more fully understood 
and further objects and advantages will become apparent 
from a study of the following detailed description in 
connection with the drawings, wherein, 

Fig. 1 is a combination block and schematic diagram 
of the improved electro-mechanical phase shifter of the 
present invention as employed to measure the phase dif 
ference between applied first and second recurrent pulses. 

Fig. 2 illustrates the phase shift versus angular posi 
tion of the rotor winding of the improved electro-mechani 
cal phase shifter of the invention for different values of 
temperature. - .. 

Fig. 3 is a representation of the pulse waveforms ap 
pearing on the face of the cathode-ray tube phase indi 
cator of Fig. 1. 
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plied alternating voltage. The voltages induced in the 
secondary windings are combined in a reactive phase 
shift network comprising resistor 18 and condenser 19 
to form an electro-mechanical phase shifter as taught in 
the aforesaid Patent 2,627,598, or on page 498 of the 
aforementioned book "Waveforms.' The resistor 18 and 
condenser 19 are coupled in series between one terminal 
of secondary winding 15 and one terminal of secondary 
winding 16. The other two terminals of the secondary 
windings 15 and 16 are coupled to a common ground 
terminal. The single alternating output voltage between 
the junction of resistor 18 and condenser 19 and the 
common ground terminal varies in phase with respect to 
the applied voltage across the primary winding linearly 
according to the angular position 6 of shaft 17, as shown 
in Fig. 2. The angular position of shaft 17 in degrees 
may be indicated on the calibrated dial 20. The angular 
position of the shaft is controlled by knob 21. 
The phase of the alternating voltage at the output of 

the phase shifter with respect to the applied alternating 
voltage across the primary winding 13, while varying sub 
stantially linearly with respect to the angular position of 
shaft 17, is not independent of changes in temperature. 
At low temperatures the phase shift characteristic is as 
shown by the broken line a of Fig. 2, while for high 
temperatures the phase shift characteristic is as shown 
by the broken line b. Accordingly, the absolute cali 
bration of the phase shifter, according to the calibrated 
dial 20, is subject to error if the temperature of the elec 
tro-mechanical phase shifter is susceptible to wide 
variations. 
The temperature variation of the phase of the alternating 

voltage at the output of the phase shifter with respect 
to the alternating voltage applied to the primary winding 
13 is largely due to the variation of primary resistance 
with temperature. The phase of the primary current 
relative to the applied primary voltage depends on the 
primary resistance and leakage reactance, so that this 
phase will change as temperature changes. The mag 
netic flux linking the secondary windings 15, 16 de 
pends, in turn, on the primary current. Consequently, 
voltage induced in the secondary windings due to this 
magnetic flux will bear a phase relative to the applied 
primary voltage that changes with temperature. 
A paramount improvement in the phase stability of 

the electro-mechanical phase shifter as a function of tem 
perature can be achieved by providing the synchro 14 
with an axuiliary winding 22 having fixed mutual in 
ductive coupling with the primary winding 13. This 
auxiliarly winding 22 may be wound together with pri 
mary winding 13 as a bifilar coil, each winding 13 and 
22 having the same number of turns and being insulated 
one from the other. Voltage is induced in auxiliary 
winding 22 by magnetic flux produced by the current of 
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primary winding 13. Consequently, the phase between 
the voltage induced in the secondary windings 15, 16 
and that induced in auxiliary winding 22 is dependent 
only on the relative phase between the respective mag 
netic fluxes linking these windings and is independent of 
the value of the primary resistance. When the voltage in 
duced in the auxiliary winding 22 is employed as the 
reference voltage instead of the voltage existing across 
the primary winding 13, the phase stability of the phase 
shifter as a function of angular position of shaft 17 is 
Substantially independent of changes in temperature as 
illustrated by the solid line c in Fig. 2. One such elec 
tro-mechanical phase shifter having an auxiliary winding 
in accordance with the present invention was found to 
possess a change in phase shift of less than 0.1 degree at 
1000 cycles per second for a temperature change from 
-40 C. to -- 100° C. 
The improved electro-mechanical phase shifter of the 

present invention may be used in most of the applica 
tions where conventional electro-mechanical phase 
shifters are employed. One such application is illustrated 
in Fig. 1 where the phase shifter is employed to meas 
ure the phase difference or time interval between first 
and second applied recurrent pulses. The reference al 
ternating voltage induced in the auxiliary winding 22 is 
applied to a pulse generator 23 for producing recurrent 
negative reference output pulses. The alternating out 
put voltage from the reactive phase-shift network is ap 
plied to pulse generator 24 for producing negative out 
put pulses whose phase or relative time position with re 
spect to the negative reference output pulses is controlled 
by the angular position of shaft 17. The negative ref 
erence output pulses from generator 23 are supplied to 
the sawtooth generator 25 which produces a sawtooth 
Sweep voltage having the same frequency as the nega 
tive reference output pulses. The sawtooth sweep volt 
-age is applied to the horizontal deflection plates of a 
-cathode-ray oscilloscope 26. The negative reference 
output pulses from pulse generator 23 and the variable 
phase negative output pulses from pulse generator 24 
are combined in the combining circuit 27 and supplied 
to the vertical deflection plates of the cathode-ray oscillo 
scope 26. These combined negative pulses appear on the 
face of the cathode-ray oscilloscope as shown in Fig. 3. 
The negative reference output pulses appear as the nega 
tive pulse waveform 28 and the variable phase negative 
output pulses appear as the negative pulse waveform 29. 
The relative phase or time difference between the nega 
tive reference pulses of waveform 28 and the variable 
phase negative pulses of waveform 29 is indicated on the 
calibrated dial 20. 
The first and second pulses whose time difference is 

to be measured are obtained from the source 30, and 
these pulses are supplied to the combining circuit 27 and 
then to the vertical deflection plates of the cathode-ray 
oscilloscope 26. These pulses appear on the face of the 
cathode-ray tube as positive pulses 31 and 32, as shown 
in Fig. 3. The pulse repetition frequency of the applied 
pulses is substantially equal to the frequency of the nega 
tive reference and variable phase pulses obtained from 
the pulse generators 23 and 24, respectively, and any dif 
ference in pulse repetition frequency is eliminated by 
adjusting the frequency of the precision oscillator 11 by 
means of a frequency control knob 12. The frequency 
control knob i2 varies the frequency of the negative ref 
erence and variable phase pulses until the time position 
of the first pulses of waveform 3 are brought into 
coincidence with the negative reference pulses of wave 
form 28. Thereafter, the shaft 17 of the phase shifter 
is adjusted to vary the time position of the variable phase 
pulses of waveform 29 until they are brought into coin 
cidence with the second positive pulses of waveform 32 
on the face of the cathode-ray tube. The phase dif 
ference between the applied first and second positive 
pulses: may be read directly, from the calibrated dial 20. 
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4. 
The time difference interval between the applied first and 
second positive pulses is equal to the ratio of the 
measured phase difference to 360 multiplied by the period 
of the applied first and second recurrent pulses. 
The improved phase shifter of the present invention is 

not restricted to the application illustrated in Fig. 1, but 
may be used where it is desired to produce a reference 
output voltage and a variable phase output voltage whose 
phase difference is accurately known. 

Since many changes could be made in the above con 
struction and many apparently widely different embodi 
ments of this invention could be made without departing 
from the scope thereof, it is intended that all matter con 
tained in the above description, or shown in the accom 
panying drawings shall be interpreted as illustrative and 
not in a limiting sense. 
What is claimed is: 
1. An electro-mechanical phase shifter providing a 

phase shift substantially independent of temperature com 
prising in combination, a synchro having a primary wind 
ing adapted to be excited by an applied alternating volt 
age, a pair of secondary windings in space quadrature 
mutually coupled to said primary winding, means coupled 
to one of said windings for varying the mutual coupling 
between said primary and secondary windings, means for 
combining the alternating voltages induced in said pair 
of secondary windings, said combining means including 
a resistor and a condenser coupled in series between one 
terminal of one secondary winding and one terminal of 
the other secondary winding, the opposite terminals of 
said pair of secondary windings being coupled to a com 
mon output terminal, means coupled between the junc 
tion of said resistor and condenser and said common 
output terminal for receiving a first alternating output 
voltage, said synchro further including an auxiliary wind 
ing arranged for substantially optimum mutual coupling 
with said primary winding and providing a second in 
duced output voltage, and means coupled to said auxiliary 
winding for receiving said second alternating output volt 
age, the phase difference between said first alternating 
output voltage and said second alternating output volt 
age varying according to the mutual coupling between 
said primary and spaced secondary windings. 

2. In combination, a phase shifter comprising a syn 
; chro having a bifilar winding consisting of first and sec 
ond mutually coupled coils insulated from each other, 
one of said coils being adapted to be excited by an ap 
plied alternating voltage, the other of said coils providing 
an induced alternating output voltage, a pair of secondary 
windings in space quadrature mutually coupled to said 
bifilar winding, shaft means coupled to one of said wind 
ings for varying the mutual coupling between said bifilar 
and said pair of secondary windings, means for combin 
ing the alternating voltages induced in said pair of sec 
ondary windings including a condenser and a resistor 
coupled in series between one terminal of one of said 
secondary windings and one terminal of the other sec 
ondary winding, the opposite terminals of said pair of 
secondary windings being coupled to the common output 
terminal, and means coupled between the junction of 
said resistor and condenser and said common output 
terminal for receiving the combined alternating output 
voltage, said means being further coupled to said other 
coil of said bifilar winding for receiving said induced 
alternating output voltage, the phase difference between 
said combined alternating output voltage and the induced 
alternating output voltage from said other coil varying 
linearly according to the angular position of said shaft 
means, said phase difference being substantially inde 
pendent of changes in temperature. 

3. In combination, a phase shifter comprising a synchro 
having a bifilar winding consisting of first and second 
mutually coupled coils insulated from each other, one 
of said coils being adapted to be excited by an applied 
alternating voltage, the other of said coils providing an 



2,874,852 
5 

.induced alternating output voltage, a plurality, of sec 
ondary windings mutually coupled to said bifilar wind 
ing, means coupled to one of said windings for varying 
the mutual coupling between said bifilar winding and 
said plurality of secondary windings, means for combining 
the alternating voltages.induced in said plurality of sec 
ondary windings including a reactive phase-shift network 
coupled to said plurality of secondary windings, said 
phase-shift network producing a single alternating output 
voltage, means coupled to the output of said phase-shift 
network for receiving said single alternating output volt 
age, said means being further coupled to said other coil 
of said bifilar winding for receiving said induced alternat 
ing output voltage, the phase difference between said 
single alternating output voltage from said phase-shift 
network and the induced alternating output voltage from 
said other coil varying according to the angular position 
of said means coupled to one of said windings, said 
phase difference being substantially independent of 
changes in temperature...:----. . . . . . . . 

4. A phase shift system for producing a first alternating 
output voltage and a second-alternating output voltage, 
said second alternating ... output voltage having a con 
trollable phase difference relative to said first alternating 
output voltage substantially independent of changes in 
temperature, comprising in combination, a synchro hav 
ing a primary winding adapted to be excited by an ap 
plied alternating voltage, an auxiliary winding having 
fixed mutual coupling with said primary winding, said 
auxiliary winding: producing said first, alternating out 
put voltage, a plurality of secondary windings mutually 
coupled to said primary winding, the magnitude of the 
voltages induced in said secondary windings being deter 
mined by the amount of mutual coupling between said 
primary and secondary windings, means coupled to one 
of said windings for varying the mutual coupling between 
said primary and said plurality of secondary windings, 
the mutual coupling between said plurality of secondary 
windings remaining substantially constant, means for 
combining the alternating voltages induced in said plural 
ity of secondary, windings including a reactive phase 
shift network coupled to said plurality of secondary 
windings, said phase-shift network producing, said second 
output voltage, and means coupled to said auxiliary 
winding and to said phase-shift network for indicating the 
phase difference between said first and second alternating 
output voltages. . . . . . . . . . . . . . 

5. An electro-mechanical phase shifter providing an 
output voltage whose phase is adjustable with respect to 
a reference voltage, the phase difference between said 
reference and output voltages being substantially, in 
dependent of changes in temperature, comprising in com 
bination, a synchro. having crossed-field windings and 
first and second single windings mutually coupled to said 
crossed-field windings, means for intercoupling said 
crossed-field windings, said means including a reactive 
phase-shift network, a first pair of terminals coupled to 
said first single winding, a second pair of terminals cou 
pled to said phase-shift network, one of said first or sec 
'ond pairs of terminals being adapted for receiving an ap 
plied alternating voltage, the other of said first or second 
pairs of terminals being adapted for supplying said out 
put voltage, a third pair of terminals coupled to said 
second single winding, said second single winding pro 
vinding said reference voltage across said third pair of 
terminals, the first or second pair of terminals supplying 
said output voltage and said third pair of terminals being 
coupled to phase indicating means, means coupled to 
one of the windings of said synchro for varying the mutual 
coupling between said crossed-field windings and said 
first single winding, said mutual coupling varying means 
varying the phase difference between said output voltage 
and said reference voltage. 

6. A phase shift system for measuring the difference 
in phase between a first voltage wave and a second volt 
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6 
age:wave delayed in phase with respect to said first voltage 
wave, the phase difference measurement being substan 
tially independent of changes in temperature, compris 
ing in combination, a synchro having a first winding 
adapted to be excited by an applied alternating voltage, 
a second winding having fixed mutual coupling with 
said first winding, said second winding providing an in 
duced reference alternating output voltage, a plurality of 
windings mutually coupled to said first and second wind 
ings, means for combining the alternating voltages induced 
in said plurality of windings, said combining means in 
cluding a reactive phase-shift network coupled to said 
plurality of windings, said phase-shift network producing 
a single alternating output voltage, phase indicating means 
coupled to said second winding and to said phase-shift 
network for indicating the phase difference between said 
single output voltage and said reference output voltage, 
means adapted for coupling said first voltage wave and 
said delayed second voltage wave to said phase indicating 
means, said phase indicating means indicating the phase 
difference between said first and second voltage waves, 
means including a shaft means coupled to one of the 
windings of said synchro for varying the phase difference 
between said single output voltage and said reference out 
put voltage, and means for adjusting the angular position 
of said shaft means for providing the same phase differ 
ence between said single output voltage and said refer 
ence output voltage as exists between said first and second 
voltage waves, the angular position of said shaft means 
denoting the phase difference between said first and second 
voltage waves. - . . . . . . . . . . . . . . s 

7. A phase shift system for measuring the difference 
in phase between a first voltage wave and a second volt 
age wave delayed in phase with respect to said first volt 
age wave, the phase difference measurement being sub 
stantially independent of changes in temperature, com 
prising in combination, a synchro having a primary wind 
ing, means including an oscillator means coupled to said 
primary winding for supplying an alternating voltage 
thereto, an auxiliary winding having fixed mutual cou 
pling with the primary winding of said synchro, said 
auxiliary winding providing an induced reference output 
voltage, a plurality of secondary windings mutually cou 
pled to said primary and auxiliary windings, means for 
combining the alternating voltages induced in said plu 
rality of secondary windings, said combining means in 
cluding a reactive phase-shift network coupled to said 
plurality of secondary windings, said phase-shift network 
providing a single alternating output voltage, phase indi 
cating means coupled to said auxiliary winding and to 
said phase-shift network for indicating the phase differ 
ence between said single output voltage and said refer 
ence output voltage, means adapted for coupling said first 
voltage wave and said delayed second voltage wave whose 
phase difference is to be measured to said phase indicat 
ing means, said phase indicating means indicating the 
phase difference between said first and second voltage 
waves, means coupled to said oscillator means for main 
taining the frequency of said single output voltage and 
said reference output voltage substantially, equal to the 
frequency of said first and second voltage waves, means 
including a shaft means coupled to one of the windings 
of said synchro for varying the phase difference between 
said single output voltage and said reference output volt 
age, the phase difference between said single output volt 
age and said reference output voltage varying according 
to the angular position of said shaft means, and means 
for adjusting the angular position of said shaft means for 
providing the same phase difference between said single 
output voltage and said reference output voltage as exists 
between said first and second voltage waves, the angular 
position of said shaft means denoting the phase difference 
between said first and second voltage waves. 

8. The phase-shift system as defined in claim 7 where 
in said phase indicating means coupled to said auxiliary 
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winding and to said phase-shift network is a cathode-ray 
oscilloscope. 

9. A system for measuring the time difference inter 
val between an applied first voltage wave and an ap 
plied second voltage wave delayed in time with respect 
to said first voltage wave, the time difference measure 
ment being substantially independent of changes in tem 
perature, comprising in combination, a synchro having 
crossed-field windings and first and second single wind 
ings mutually coupled to said crossed-field windings, 
means for intercoupling said crossed-field windings, said 
means including a reactive phase-shift network, a first 
pair of terminals coupled to said first singie Winding, a 
second pair of terminals coupled to said phase-shift net 
work, one of said first or second pairs of terminals be 
ing adapted for receiving an applied alternating voltage, 
the other of said first or second pairs of terminals being 
adapted for supplying a variable phase output voltage, 
a third pair of terminals coupled to said second single 
winding, said second single winding providing a refer 
ence output voltage, time difference indicating means 
coupled to said third pair of terminals for receiving 
said reference output voltage, said time difference indi 
cating means being further coupled to the other of Said 
first or second pairs of terminals for receiving Said 
variable phase output voltage, said time difference indi 
cating means indicating thc time difference between said 
variable phase output voltage and said reference output 
voltage, means adapted for coupling said first voltage 
wave and said delayed second voltage wave whose time 
difference interval is to be measured to said time dif 
ference indicating means, said time difference indicating 
means indicating the time difference between said first 
and second voltage waves, shaft means coupled to one 
of the windings of said synchro for varying the mutual 
coupling between said crossed-field windings and Said 
first single winding, said mutual coupling varying means 
varying the time difference between said variable phase 
output voltage and said reference voltage, and means 
for adjusting the angular position of said shaft means 
for providing the same time difference interval between 
said variable phase output voltage and said reference 
output voltage as exists between said first and second 
voltage waves, the angular position of said shaft means 
denoting the time differerence between said first and Sec 
ond voltage waves. 

10. A phase shift system for producing a first alter 
nating output voltage and a second alternating output 
voltage, said second alternating output voltage having a 
controllable phase difference relative to said first atter 
nating output voltage substantially independent of 
changes in temperature, comprising in combination, a 
Synchro having a primary winding adapted to be ex 
cited by an applied alternating voltage, an auxiliary 
winding having fixed mutual coupling with said primary 
winding, said auxiliary winding producing said first al 
ternating output voltage, a plurality of secondary wind 
ings mutually coupled to said primary winding, the 
magnitude of the voltages induced in said secondary 
windings being determined by the amount of mutual 
coupling between said primary and secondary windings, 
said mutual coupling being controllable, means for com 
bining the alternating voltages induced in said plurality 
of secondary windings including a reactive phase-shift 
network coupled to said plurality of secondary windings, 
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said phase-shift network producing said second output 
voltage, and means coupled to said auxiliary Winding 
and to said phase-shift network for indicating the phase 
difference between said first and second alternating out 
put voltages. 

11. An electro-mechanical phase shifter providing an 
output voltage whose phase is adjustable with respect to 
a reference voltage, the phase difference between Said 
reference and output voltages being substantially inde 
pendent of changes in temperature, comprising in combi 
nation, a synchro having a single winding and a plurality 
of windings mutually coupled to said single winding, said 
mutual coupling being controllable, a reactive phase-shift 
network connected to said plurality of windings, an auxil 
iary winding fixed with respect to one of said windings, 
a first pair of terminals connected to said reactive phase 
shift network, a second pair of terminals connected to 
said single winding, and phase difference indicating means 
coupled to said auxiliary winding and to one of said 
first and second pair of terminals. 

12. A phase shifting system substantially independent 
of changes in temperature, comprising in combination, 
a synchro having a primary winding adapted to be ex 
cited by an applied alternating voltage, an auxiliary 
winding having fixed mutual coupling with said primary 
winding, said auxiliary winding producing a first alternat 
ing output voltage, a plurality of secondary windings 
mutually coupled to said primary winding, the magnitude 
of the voltages induced in said secondary windings being 
determined by the amount of mutual coupling between 
said primary and secondary windings, said mutual cou 
pling being controllable, means for combining the alter 
nating voltages induced in said plurality of secondary 
windings including a reactive phase-shift network coupled 
to said plurality of secondary windings, said phase-shift 
network producing a second output voltage, an electrical 
network coupled to said reactive phase-shift network and 
responsive to said second output voltage for producing a 
third output voltage, and means coupled to said auxiliary 
winding and to said network for indicating the phase dif 
ference between said third output voltage and said first 
alternating voltage. 

13. Electro-mechanical phase shifting apparatus sub 
stantially independent of changes in temperature compris 
ing a synchro having a single winding and a plurality of 
windings mutually coupled to said single winding, said 
mutual coupling being controllable, a reactive phase-shift 
network connected to said plurality of windings, an auxil 
iary winding fixed with respect to one of said windings, 
a first pair of terminals connected to said reactive phase 
shift network, a second pair of terminals connected to 
said single winding, an electrical network coupled to 
one of said first and second pairs of terminals, and phase 
difference indicating means coupled to said auxiliary 
winding and to said network. 
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