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1 Claim. (CI. 60-97) 
(Granted under the act of March 3, 1883, as 

amended April 30, 1928; 370. O. G. 757) 

The invention described herein may be manu 
factured and used by or for the Government for 
governmental purposes, without the payment to 
me of any royalty thereon. 

This invention is a division of my copending 
application Serial No. 518,419 filed January 15, 
1944, which has issued as Patent No. 2,381,934, 
August i4, 1945, and relates to a multiple unit 
Speed control and is especially useful for synchro 
nizing the Speeds of Several mechanically discon 
nected power units, as for instance, by individual 
regulation of the several rheostats or other con 
trols of a series of electric motors, or by individual 
throttling of the several carburetors of a series of 
internal combustion power units, or by individ 
ually changing the pitch of the several propellers 
of a multi-engined aircraft. 

Broadly, the object of the invention is to pro 
vide a device of this character which is more sin 
ple in construction and therefore less costly and 
more reliable than devices of a similar nature noW 
in use. 
More specifically, an object of the invention is 

to provide each power unit of the series with a 
fluid pump connected thereto for rotation there 
With, all of the pumps being of the same output 
capacity when rotating at the same speed, and 
connecting the pumps in a closed series circuit, 
whereby the pressure difference between adja 
cent pumps in the circuit is a function of the speed : 
difference between the power units driving those 
pumps, then providing the control means of each 
power unit With a pressure Sensitive device, and 
employing the said pressure difference to actuate 
the pressure sensitive device of the control means 
of the off-speed power unit to bring it back to 
Speed. 
The invention may advantageously be applied 

to a system wherein all of the power units are Syn 
chronized to a master unit which maintains a 
constant Speed. 
In the drawing, the single figure is a Schematic 

illustration of a system in which a small electric 
motor, which may be either a synchronous or a 
centrifugally governed or other form of constant 
speed notor, is employed as a master, the appa 
ratus being so constructed that all of the power 
units are brought to the speed of the master. 

Like numerals refer to like parts throughout 
the drawing. 

In the drawing, which shows one form in Which 
the invention may be practiced, four internal 
combustion engines 2, 4, 6, and 8 are provided 
with carburetors 20, 22, 24 and 26, gear pumps 28, 
30, 32, and 34, bypass valves 36, 38, 40, and 42, 
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diaphragm casings 44, 46, 48, and 50, and dia 
phragms 52,54, 56, and 58. 
A master pump 60 is driven by a motor 62. 

Motor 62 may preferably have some manual con 
trol means 64 to bring the motor to a desired 
Speed and Some automatic governing means to 
maintain the Speed at which the control means of 
the motor is set. 

Short lengths of pipe 66, 68, 70, and 72 connect 
the Outlet of one pump to the inlet of the next, 
While a longer pipe 74 connects the outlet of the 
last pump in the series back to the inlet of the 
first, thus joining all of the pumps in a series cir 
cuit. Direction of flow may be assumed, for illus 
trative purposes, to be according to the arrow 76. 
Vertical pipes 18, 8.0, 82, and 84 connect the dia 
phragm casings 44, 46, 48, and 50 respectively to 
the Series circuit. Rods 86, 88, 90, and 92 provide 
Operative connection between the diaphragms 52, 
54, 56, and 58 respectively and the operating arms 
of the carburetors 20, 22, 24, and 26. 
Valves 36,38, 40, and 42 are loaded with springs 

94, 96, 98, and 93 respectively, the springs being 
provided with adjusting nuts 02, 04, 06, and 
08. A supply tank i? is provided and kept filled 
With the operating fluid 2. A partition 4 
extends across the tank and contains one check 
valve 6 biased for flow up through the partition, 
and another check valve 8 biased for flow down 
Ward through the partition. A short section of 
piping 2 connects the tank 0 to the pipe 68 
and another short section 22 connects the tank 
to the pipe 79. A stop cock 24 is provided in the 
pipe 22 and is normally closed. The operation 
of the apparatus is as follows: 
By means of the adjustment 64, the motor 62 

is set at the desired speed. The automatic motor 
control (not shown) will then maintain that 
speed. The carburetors 20, 22, 24 and 26 may be 
So adjusted that the power units will all have a 
normal Speed equal to that of the master motor 
62. As long as the several power units all main 
tain the speed of the master motor 62, pressure 
Will be uniform throughout the pumping circuit. 
Assume now that unit 2 overspeeds, the pressure 
at the suction side of the pump, that is, in pipe 74 
will drop. This will also lower the pressure in 
pipe 18 and casing 44 thus operating on the dia 
phragm 52 to momentarily influence the carbu 
retor adjustment and bring the power unit back 
down to the Speed of the naster motor. 
ASSune, on the other hand, that unit 2 under 

Speeds. The pump 34 of the unit 8 Will increase 
the pressure at the suction side of the pump 28 
and, through the pipe 78, casing 44, and dia 
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phragm 52, influence the carburetor so as to bring 
the unit 2 back up to speed. All of the power 
units are kept at the speed of the master motor. 62 
in the same manner. 

It will of course be understood that by varying 
the capacity of the Several pumps and appropri 
ately adjusting the Several carburetors, a differ 
ent normal speed may be selected and maintained: 
in each power unit, all differing from each other 
and from the master motor. 
The bypass valve springs 94, 96, 98 and f OO are: 

sufficiently tensioned to keep; the bypass valves 
closed during normal Operation: If, however, 
anyone of the power units: ceases: rotation or is 
otherwise incapacitated, flow caused by the re 
Inaining pumps will continue through the bypass. 
of the stalled unit. 

Expansion of the fluid in the closed circuit due 
to heating will be relieved through the valve f l 6, 
and contraction due to cooling through the valve 

8. The system may be rendered completely in 
operative by opening the stop cock. 24: Walve 6 
allows. fluid to go...into reserve, upon reduction of 
power, and 8 provides; the extra supply of fluid 
from reserve needed, when power is increased. 

Having described my invention,.I. claim: 
In a. Synchronizing System, which includes a 

plurality of power units, a reference unit, a pump 
drivably connected to each unit, and a mechani 
cally operable:Speed, control device on each unit, 
the- improvement, which comprises a series of 
hydraulic-fluid containers; each, adapted for hy 
draulic connection, to the intake side of a powei' 

s 

O 

20 

2 5 

30, 

4 
unit pump, a flexible diaphragm for each con 
tainer forming a closure for one side thereof, me 
chanical linkage: means: adapted for connecting 
the diaphragms each to a speed control device for 
operating the speed control device, a gravity tank 
for holding reserve fluid for said pumps, said tank 
being. hydraulically. connected to both the intake 
and the discharge-side of the reference unit pump, 
a partition intermediate the top and bottom of 
said tank, two check valves in said partition, One 
biased for downflow and the other biased for up 
flow, through said partition, Spring means for nor 
mally holding said valves closed, and a manually 
operable valve in the conduit connecting the tank 

... to the discharge side of the refernce unit pump. 
JOHN A. SPANOGLE. 
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