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1. 
This invention relates to an engine speed con 

trol, and Synchronizing system, and more par 
ticularly to an engine control and synchronizing 
System for aircraft engines wherein signal volt 
ages control the engine, speed. . 
An object of the present invention is to pro 

vide a speed control and synchronizing system 
for a plurality of engines whereby the speed of 
the engines may be controlled at will from a re 
mote point, and the speeds of the engines syn 
chronized with that of one of the engines, des 
ignated as the master engine without the use 
of complicated lever, pulley or flexible shafting 
assemblies. 
Another object of our invention is to provide 

a Speed control and Synchronizing system for a 
plurality of engines in which signal voltages are 
developed for controlling the speeds of the en 
gines, and in which signal voltages are developed 
responsive to engine speeds to control the syn 
chronization of the engines. 

8 Claims. (C.I. 60-97) 
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A further object of the invention is to provide 
a Speed control and Synchronizing system for 
engines of the character indicated in which 
signal voltages responsive to the difference in 
the speeds of the engines vary the controlling 
signal voltages for the slave engines to syn 
chronize the Speeds thereof with that of the 
master engine. 

Still another object of this invention is to pro 
vide a speed control and synchronizing system 
for engines of the character described which is 
independent of the fluctuations in the ampli 
tude, or in the frequency of the source of volt 
age, and which is independent of the variations 
or characteristics of the engines controlled, or 
their speed controlling devices. 

Fig. 1 is a schematic wiring diagram illustrat 
ing our system as used in varying the bias of a 
speeder spring of a propeller pitch governor unit, 
while - - - - - - - - - - - - - 

Fig.2 is a schematic wiring diagram similar to 
Fig.1 illustrating another embodiment of our 
invention. . . . . . . . . 

Referring now in detail to Fig. 1 of the draw 
ings, the numeral. i0 designates a circuit inter 
connecting a control lever with the propeller 
governors 2 and 3 controlling the pitch of pro 
pellers 4 and 5 of the aircraft engines 6 and 
47, respectively. The engine 6 will be herein 
after referred to as the master engine, while 
engine will be referred to as the slave engine, 
the speed of which is to be synchronized with 
...that of engine 6. 

The circuit O comprises a synchronous gen 
erator or transmitter 8, having a rotor winding 
9 and a stator winding 20. The rotor winding 

: 9 is connected across a suitable source of po 
tential 2F and is adapted to be angularly dis 
placed by movement of the control lever 
through suitable gearing indicated by the dashed 

30. 

Yet another object of our invention is to pro 
vide a Speed control and Synchronizing system 
for engines of the character described which 
shall be simple to operate with respect to the 
control of engine speed and automatic with re 
Spect to engine Synchronization, relatively inex 
pensive to manufacture, which shall have a large 
variety of applications, and yet be practical and 
efficient to a high degree in use. 
Other objects of the present invention will in 

part be obvious and in part hereinafter pointed 
out. 

In the accompanying drawings forming a part st 
of this specification in which two of the vari 
ous possible illustrative embodiments of this in 
vention are shown, and wherein similar refer 
ence characters designate corresponding parts 
throughout the several views, 

40 

is line 22. The three phase stator winding 20 is 
connected by leads 23 to the three phase stator 
winding 24 of a synchro or receiver 25. The re 
ceiver 25 also comprises a single phase rotor 
Winding 26 adapted to be rotated by a two phase 
induction motor. 27 as by gearing 28. The trans 
mitter 8, the receiver 25 and the two phase 
motor 27 control the speed of the master en 
gine S. 

Control of the slave engine is accomplished by 
similar units in the circuit fo, and comprising a 
second synchronous generator or transmitter 29 
similar to transmitter 8, having a rotor 30 con 
nected across the source of potential 2? and 
adapted to be rotated through gearing 3 by the 
lever i? and a receiver 35. The transmitter 29 is 
provided with a three phase stator winding 32 
connected as by leads 33, to the three phase 
stator winding 34 of the receiver 35. The re 
ceiver 35 is provided with a single phase rotor 
36 adapted to be rotated by a two phase induc 
tion motor 37, as by gearing 38. As will herein 
after appear the stator winding 32 of the trans 
mitter 29 is adapted to be angularly displaced 
by the operation of a gear train, or other cou 
pling devices, shown on the drawings by the 
dashed line 39. 
The receiver rotors 26 and 36 are connected by 

suitable leads 40 to the input side of amplifiers 
4?; the output of said amplifiers being connected 
to the variable phases 42 and 43 of the two phase 
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induction motors 27 and 37, respectively. The 
fixed phases 44 and 45 of the motors are con 
nected across the power Supply 2. 
The movement of the control handle 

through the gearing 22 and 3 will angularly dis 
place the rotors 9 and 30 of the transmitters 
8 and 29, respectively. The position of the 
rotors will induce a corresponding voltage in the 
three phase windings of the transmitters which 
will appear in the stator windings 24 and 34 of 
the receivers 25 and 35, respectively. The volt 
age appearing in the Stator Windings of the re 
ceivers will in turn induce a voltage. in their as 
Sociated rotor windings 26 and 36 Which, when 
amplified, is applied to the Variable phases of 
the two phase motors 27 and 37. The voltage 
appearing in the variable phases 42 and 43 will 
cause the respective induction motors to operate 
to position the receiver rotors 26 and 36 to a null 
position at which no voltage is induced in the 
rotor windings. With no voltage being applied to 
the amplifiers , the two induction motors 27 
and 37 will be brought to a standstill, 
The electrical circuit 0 is provided with means 

for varying the speed setting of the propeller 
governors 2 and 3. To this end, there is pro 
vided for each of the tWO phase induction notors 
27 and 37 a gear train, herein indicated by the 
dashed line 46 and 4, terminating in pinions 
48 and 49, respectively. The pinion 48 is adapted : 
to mesh with a rack 50 of the propeller governor 
2, which pinion 49 meshes with a rack 5 of the 

propeller governor 3. 
The propeller governors 2 and 3 are of the 

type Well known in the art, and comprise a 
speeder Spring 52 fixed at its upper end to the 
OWer end of rack 5) (or 5) aid at...its lower end 
to a disc 5'7" fixed to the upper end of a rod 53. 
The rod 53 is journalled in a sleeve 54 adapted 
to be rotated by the aircraft engine 6 (or 7). 
The enlarged portion 55 of the sleeve 54 has 
pivoted thereto weighted bellcrank members 56 
adapted to coact with the disc 57 on the upper 
end of the rod 53. 
In response to the Speed of the engine the 

weighted bellcrank members 56 will fly outwardly, 
tending to lift the disc 5T and the rod 53 against 
the bias of the Spring 52. Movement of the rod 
53 by the weighted members will vary the pro 
peller pitch in the manner well known in the art. : 
Upon operation of the two phase motors 2 

and 3 to position the transmitter rotors 26 and 
36 to a new null position as demanded by the 
angular displacement of the rotors of their re 
spective transmitters, the speeder spring bias of 
the propeller governors. 2 and 3 will be varied 
by the rotation of the pinions 48 and 49 moving 
the racks. 59 and 5f. The movement of the racks 
will either increase. Or decrease the bias of the 
Speeder SpringS, thus affecting the response of 
the weighted.members to the engine speeds. The 
pitch of the propellers. 4 and 5 are thus varied 
in accordance with the position of the control 
lever . 
Means is now provided to match the speed of 

the engine With that of the master engine 6. 
To this end there are provided Synchronous 

transmitters or generators 69 and 6? having sin 
gle phase rotors 62 and 63, respectively, con 
nected across the Source of potential 2 and 
adapted to be rotated by the engine shafts as 
indicated by the dashed lines 64 and 65, respec 
tively. The three phase stator winding 66 of 
the transmitter 60 is connected by suitable leads 
67 to a three phase stator winding 68 of a differ 

5 

O 

40 

45 

60 

4. 
ential motor 69, while the three phase winding 
70 of the transmitter 6 is connected by leads 
7 to the three phase rotor winding 72 of the 
differential motor 69. The differential rotor 72 
is coupled by the gear train 39 hereinbefore de 
scribed, to the stator Winding 32 of the trans 
mitter 29. 

Rotation of the rotors 62 and 63 by their re 
spective engines Will induce in the respective 
Stator windings 66 and 70 a voltage which gives 
rise to a rotating magnetic field in the Stator 
and rotor Windings of the differential motor 69 
to which said transmitter Stators are Connected. 
When the speeds of the engines 6 and 7 are 
the same the two rotating magnetic fields in the 
differential motor 69 will rotate at the same 
speed. No rotation of the rotor winding 72 will 
take place under this condition. 
When a difference in engine speed exists be 

tween the engines 6 and 7, the speed of the 
rotating field in the rotor 68 will be different than 
that of the rotating field in the rotor winding 
72. The reaction of the two rotating magnetic 
fields will cause the rotor 72 to be angularly dis 
placed in accordance with the difference in en 
gine speeds. The angular displacement of the 
rotor 72 will cause an angular displacement of 
the stator winding 32 of the transmitter 29. A 
change in the relative positions, of the rotor 30 
and stator 32 will change the signal voltage in 
duced in the stator. The change in signal volt 
age is impressed on the rotor 36, amplified and 
applied to the variable phase of the two phase 
notor 3. The motor 3 Will thus rotate to dis 
place the rotor 36 to a new null position and to 
reposition the rack 5 in the manner herein 
before described. The bias of the speeder spring 
52 is thus altered, changing the pitch of propeller 
15 to bring the speed of the engine 7 in syn 
chronism with that of engine 6, 

Referring now to Fig. 2 of the drawings, in 
which a second embodiment of our invention 
is illustrated, the control circuit for the slave 
engine 1 includes therein a source of variable 
voltage responsive to the speed difference be 
tween the slave and master engines. 
The control circuit for the slave engine f7 

Comprises Synchronous motor 83 having a three 
phase Stator Winding 8 and a single phase rotor 
Winding 82, i? he rotor 82 is adapted to be an 
gularly displaced with respect to the stator coil 
3f by means of the control lever through a 
gearing, Ol' other coupling indicated by the 
dashed line 83. The motor 80 is connected by 
Suitable leads 84 to a synchro transmitter 85 
having a three phase stator winding 86 and a 
Single phase rotor winding 87; the three phase 
Stator Winding 8f being connected to the three 
phase Stator winding 86. The single phase 
Winding 87 is connected across the source of 
potential 2? and is adapted to be rotated by 
the induction motor 37 through suitable gearing 
88. 
The single phase winding 82 is connected by 

teads 89 to the input of the amplifier 4f con 
trolling the variable phase 43 of the induction 
motor 31. When the rotors 82 and 87 are in 
positional agreement, no voltage will be induced 
in the rotor Winding 82. The variable phase 
43 of the induction motor will be de-energized 
and no angular displacement of the rotor wind 
ing 87 will take place, 
When the control handle is noved, the 

magnetic balance heretofore had will be dis 
turbed, causing a voltage to be induced in the 
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rotor winding 82. The voltage due to the posi 
tional disagreement will be amplified by the 
amplifier 4f and applied to the variable phase 
43. The induction motor 37 is thus operated 
to displace the rotor 87 into positional agree 
ment with that of the rotor 82. Rotation of 
the motor 37 will vary the bias of the speeder 
spring 52 of the propeller governor 3 through 
the gear train 47 and pinion 49 in the manner 
hereinbefore described. 
The circuit for the control of the speeder 

spring 52 for the master engine 6 is the same 
as that described in connection with Fig. 1. 
Means is now provided to induce in series 

with the positional signal voltage of the rotor 
82 a signal voltage in proportion to the Speed 
difference of the two engines. 
To this end, a rotary transformer 9) is pro 

vided having a rotor coil 9 connected across 
the source of potential 2? and movable with 
respect to a stator winding 92. The stator wind 
ing 92 is connected in Series by the leads 89 
to the rotor winding 82 and the amplifier 4f. 
The rotor 92 is adapted to be rotated by the 
rotor 72 of the differential motor .69 through a 
suitable coupling or gearing 93. 
When the two engines S and 7 are in 

agreement as to their respective speeds, the ro 
tating magnetic fields in the stator and rotor 
windings of the differential motor 69 impressed 
thereon by the generators 6 and 60, respectively, 
cancel one another and no rotation of the rotor 
72 will take place. A difference in speeds of 
the two magnetic fields will, due to the mag 
netic reaction of the two fields, cause an an 
gular displacement of , the rotor 72. Through 
the gearing 93, the rotor 72 will angularly dis 
place the rotor 9 of the rotary transformer 99 
to induce a voltage in the stator winding 92. 
This change in the induced voltage will be in pro 
portion to the difference in speed of the two en 
gines and is added in Series with the signal volt 
age of that . Of the rotor 82. The induction 
motor 37 is operated to displace the rotor 87 for 
rebalancing the circuit described. The rotation 
Of the notor 3. Will also Way the bias of the 
Speeder Spring 52 of the propeller governor 3 
to wary the pitch of propeller S to bring into 
synchronism the Speed of the engine f l with 
that of the master engine 6..., 

... It will be appreciated that the speed control 
and Synchronizing systems hereinabove described 
are independent of fluctuations either in the 
amplitude or in the frequency of the voltage 
Source 2. Since the System depends upon its op 
eration on magnetically balanced circuits. Since 
all of the induction devices are connected to 
the. Same Source of Supply any changes taking 
place therein, take place equally throughout the 
entire System. Wariations in the calibration of 
the speeder Springs 52 and/or in the character 
istics of the fly ball members 56 are automati 
cally compensated for in Synchronizing the en 
gine Speeds in that the speed of the engines 
govern the magnetic balance of the circuits. 
The circuitS will bias the speeder Springs more 
Or leSS as needed for any particular required en 
gine Speed. 

It Will thus be seen that there is provided a 
control and Synchronizing System in which the 
Several objects of this invention are achieved 
and Which is Well adapted to meet the condi 
tions of practical Se. 
AS Various possible embodiments may be inade 

Of the invention above Set forth, and as various 
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6 
changes might be made in the two embodiments 
set forth above, it is to be understood that all 
matter herein described, or illustrated in the 
accompanying dra WingS, is to be interpreted 
aS illustrative and not in a limiting Sense. 

Having thus described our invention, we claim 
as new and desire to secure by Letters Patent: 

1. In speed control and synchronizing systems 
for engines, One of said engines acting as a maS 
ter or reference engine, the combination with 
Speed regulating means for each engine, of mo 
tive means for actuating Said Speed regulating 
means, a displaceable control lever, inductive 
means coupled to said control lever adapted to 
develop signal voltages responsive to the dis 
placement of said lever, means responsive to said 
signal voltages to operate said motive means; 
and differential lineans for varying the initial 
signal voltages in response to the differences in 
the engine Speeds to Wairy the actuation of the 
speed regulating means associated with each 
engine except that of the reference engine, to 
Synchronize the engine speeds to that of the 
reference engine. 

2. In speed control and synchronizing systems 
for engines, one of Said engines acting as a mas 
tet or reference engine, the combination. With 
Speed regulating means for each engine, of mo 
tive means for actuating said speed regulating 
means, a displaceable control lever, inductive 
means coupled to said lever and adapted to 
develop signal voltages responsive to the dis 
placement thereof, means responsive to said sig 
inal Voltages to Operate said motive means, means 
for developing a signal responsive to the speed 
of each engine; and differential means for vary 
sing the initial signal voltages except that of the 
reference engine in response to differences in 
the Speed signals to vary the operation of the 
motive means to Synchronize the engine speeds 
to that of the reference engine. , 

3. In speed control and synchronizing systems 
for engines, One of said engines acting as mas 
ter or reference engine, the combination with 
Speed regulating means for each engine, of mo 
tive means for actuating said speed regulating 
means, a displaceable control lever, a circuit for 
controlling said motive means including an in 
ductive device for each engine coupled to said 
lever and adapted to develop signal voltages re 
Sponsive to the displacement thereof for op 
erating Said motive means, inductive devices cou 
pled to Said notive means for cancelling said 
Signal Voltages. When the engine Speed is in agree 
ment With lever displacement; and means for 
varying the Signal Voltages of said inductive de 
vices, except that for the reference engine, in 
response to the differences in engine speeds to 
Synchronize the Speeds with that of the reference 
engine. 

4. A Speed control and Synchronizing System 
for engines, One of said engines acting as the 
master Ol' reference engine, comprising a propel 
ler governor for each of said engines including 
a Speeder Spring and fly ball members, a servo 
notor for each governor adapted to vary the bias 
Of Said Speeder Spring to affect the response of 
Said fly ball members to engine speed, a control 
lever, an inductive device for each servomotor 
coupled to said lever and adapted to develop sig 
nal Voltages in response to the movement thereof 
for Operating Said servomotor, inductive devices 
connected to each of said first devices and 
driven by said servomotors for nullifying the sig 
nal Voltages of Said first devices when the speeds 
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of said engines are in agreement with the posi 
tion of said lever, means driven by each engine 
for developing a signal in response to the Speed 
thereof, induction means connected to Said 
driven means and responsive to the speed signals 
and modifying the initial signal Voltages, except 
that of the reference engine, to Synchronize the 

- engine Speeds With that of the reference engine. 
5. A Speed control and Synchronizing System. 

for two engines, one of said engines acting aS 
the master engine, comprising a propeller gov 
ernor for each of said engines including a Speeder 
spring and fly ball members, a servomotor for 
each governor adapted to Vary the bias of Said 
Speeder Spring to affect the response of said fly 
ball members to engine Speed, a control lever, an 
inductive device for each Servonotor coupled to 
said lever and adapted to develop signal voltages 
in response to the movement thereof for operat 
ing said ServOmotor, inductive devices connected 
to each of Said first devices and driven by Said 
Servomotors for nullifying the signal voltages of 
Said first devices When the Speed of said engines 
are in agreement with the position of said lever, 
means driven by each engine developing a signal 
in response to the Speed thereof, a differential 
motor having a stator and a rotor each con 
nected to one of Said signal means, a rotary 
transformer having a stator and a rotor, Said 
rotor being driven by said differential rotor, the 
transformer stator being connected in Series With 
the induction device of the slave engine, the 
changes in voltage induced in the transformer 
stator modifying the initial signal voltage to 
bring the slave engine into Synchronism with the 
master engine. 

6. A Speed control and Synchronizing sys 
tem for two engines, One of Said engines acting 
as the master engine, comprising a propeller 
governor for each of Said engines including a 
speeder Spring and fly ball members, a servo 
motor for each governor adapted to vary the 
bias of Said Speeder Spring to affect the re 
Sponse of Said fly ball members to engine speed, 
a control lever, an inductive device for each 
servomotor coupled to said lever and adapted 
to develop signal voltages in response to the 
movement thereof for operating said servo 
motor, inductive devices connected to each of 
said first devices and driven by Said servo 
motors for nullifying the Signal voltages of Said 
first devices when the Speed of Said engines are 
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8 
in agreement with the position of Said lever, 
means driven by each engine developing a signal 
in response to the Speed thereof, a differential 
motor having a stator and a rotor each connect 
ed to one of Said engine driven signal means, 
and means coupling Said differential rotor to 
the slave engine induction device to alter the 
signal voltages developed thereby for Synchro 
nizing the Speeds of the slave engine to that 
of the master engine. 

7. A Speed control and Synchronizing System 
for a plurality of engines having Speed regulat 
ing means, one of Said engines Serving as a 
master engine; comprising means for develop 
ing a signal voltage in accordance with a de 
Sired engine Speed, motive means actuating each 
of the Speed regulating means responsive to said 
Signal voltages, means driven by the engines to 
develop signals responsive to engine speeds, 
and differential means responsive to the speed 
Signals and operative upon differences in the 
Speeds of Said engines to vary the initial signal 
Voltages controlling the slave motive means for 
Synchronizing the Speeds of the engines. 

8. A control System for two engines comprising 
a differential motor having a stator and a rotor, 
an induction device for each engine and driven 
thereby, connected to Said differential rotor and 
Stator respectively and developing a rotating 
magnetic field therein, a difference in the speeds 
of the rotating fields displacing said differen 
tial rotor; induction means for developing a 
Signal voltage in accordance with desired engine 
Speed, Speed regulating means for each engine 
responsive to Said signal voltages, and means 
Operable upon displacement of Said differential 
rotor to vary the signal voltages to one of said 
Speed regulating means to Synchronize engine 
Speeds. 

PAUL. F. BECHBERGER. 
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