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This invention relates generally to speed gov 
erning mechanism for prime movers and more 
particularly to an improved self-contained gov 
ernor and servo-motor unit arranged to provide 
a relatively simple fluid pressure control of the 
Servo-motor by a governor-actuated pilot valve. 
A great many speed governor controls have 

heretofore been proposed, but they are relative 
ly expensive especially when applied to hydraulic 
impulse wheels of small capacity as then the 
cost of the governor constitutes a very large pro 
portion of the total cost. 

It is one object of our invention to provide an 
improved combination in a governing unit having 
a differential servo-motor piston continuously 
Supplied with fluid pressure to its opposite sides 
and governor actuated valve means for control 
ling the discharge of said pressure from only one 
side of said piston. 
A further object is to provide improved and 

simplified means for effecting a restoring action 
on the valve mechanism automatically in accord 
ance with movement of the servo-motor piston, 
this restoring action being effected more specifi 
cally by the provision of an extension element 
projecting rearwardly from the differential servo 
motor piston and having a cam surface directly 
engaging and moving a portion of the valve 
mechanism. 
A still further object is to provide an improved 

valve arrangement in combination with the re 
storing mechanism whereby the valve in its con 
stant speed position permits a continuous restrict 
ed discharge of actuating fluid from that end 
of the servo-motor cylinder containing the larger 
differential piston area thereby to balance the 
total pressure force acting on the smaller piston 
area. On the opposite side. 
As a result of the foregoing and other objects, 

We are able to provide an extremely simple and 
economical unit that is thoroughly reliable in op 
eration and is particularly adapted to control any 
usual or well-known form of jet deflector for hy 
draulic impulse wheels to control the speed there 
of, although it will be apparent from the dis 
closure herein that the invention is applicable 
to other types of turbine or prime mover con 
trol valves. 
The figure disclosed in the drawing is a ver 

tical Sectional view of our improved governing 
unit with parts broken away to show details of 
construction. 

In the particular embodiment of the inven 
tion which is disclosed herein merely for the pur 
pose of illustrating one specific form among pos 

(Cl. 121-42) 
sible others that the invention might take, we 
have shown a conventional type of centrifugal 
governor head generally indicated at mounted 
on a standard 2 for rotation by a turbine (not 
shown) through any suitable driving means from 5 
the turbine shaft. One such driving means may 
include a belt-driven pulley 3 actuating a pair 
of bevel gears 4. As the speed of the turbine or 
other prime mover varies, an upper head 5 moves 
either up or down to similarly actuate a shaft 6 10 
which extends downwardly through staridard 2 
and is connected to a reciprocable pilot valve gen 
erally indicated at 7. This pilot valve is recipro 
cable within what might be termed a restoring 
sleeve 8 forming in effect a part of the valve lij 
mechanism for controlling the servo-motor. This 
sleeve is disposed in a suitable bore formed axially 
of a casting or valve housing 9 in which the vari 
ous fluid control passages are disposed. This 
housing is preferably, but not necessarily, formed 20 
integral with the servo-motor cylinder So as to 
be supported thereby at substantially right angles 
thereto. The sleeve 8 is normally biased down 
Wardly by a spring interposed between the up 
per end of the sleeve and the bottom of standard 25 
2, this standard being bolted to the top of valve 
housing member 9. The lower end of restoring 
valve sleeve 8 projects inwardly of a servo-motor 
cylinder 2. 
The servo-motor includes a differential piston 30 

3 having a relatively large piston rod 4 extend 
ing through one end of the cylinder for connec 
tion to usual jet deflecting linkage mechanisms. 
Projecting rearwardly from the other side of pis 
ton 3 is an extension element 5 of any suitable 35 
cross-sectional shape but preferably cylindrical so 
as to be slidably supported in a bore of a head 6. 
A threaded adjustable shaft 7 is adapted to en 
gage the end of extension member 5 to limit 
the outward movement of piston f3. The exten- 40 
Sion 5 is provided with a restoring can surface 
8 engaged by the end if of valve sleeve 8. The 

slope or curvature of surface 8 is determined by 
the necessary restoring characteristics of the gov 
ernor or prime mover to be controlled. 45 

Operation.-Assuming the prime mover to be 
operating at a desired constant Speed, then pilot 
valve 7 and restoring sleeve 8 are in the positions 
shown in the drawing. Fluid pressure, prefer 
ably water supplied from the turbine penstock, 50 
is supplied by pipe 20 through an unrestricted 
inlet 2 leading to the right end of cylinder 2 
while a passage 22 controlled by an adjustable 
needle valve 23 allows restricted flow of fluid to the left end of cylinder f2. This communica- 55 
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tion with opposite ends of the cylinder is con 
tinuous at all times. A passage 24 communicates 
through ports 25 with an annular space between 
two spools 26 and 27 of pilot valve, fluid therein 
discharging through a port 28 in the valve sleeve 
8 and draining through passage 29. The port 28 
is slightly opened for a constant speed position, 
this port opening being of just Sufficient extent 
to reduce the pressure in the left end of cylinder 
2 so that the total pressure force acting on the 

left side of differential piston 3 will just balance 
the total pressure force acting on the right side 
of said piston, thereby maintaining the same in 
a fixed position. If the prime mover speed varies 
so as to change the speed of the centrifugal head 
and thus raise pilot valve 7, then fluid can dis 
charge through passage 29 from the left end of 
cylinder 2 at a greater rate than it flows into 
the same through restricted passage 22. Hence 
the constantly supplied fluid pressure to the right 
end of cylinder 2 will cause movement of piston 
f3 in a left direction. As the piston thus moves, 
the restoring cam 8 will raise restoring sleeve 8 
and thus gradually tend to restrict fluid discharge 
through port 28 until the inflow of fluid through 
restricted passage 22 is sufficient to build up pres 
sure in the left end of cylinder 2 and thus stop 
movement of piston 3. In the event that the 
prime mover speed varies so that pilot valve 7 
moves downwardly, then the restricted discharge 
through port 28 would be further restricted or 
prevented, thereby allowing fluid pressure to . 
build up within the left end of cylinder 2 and 
due to the differential piston cause movement 
thereof toward the right. As the piston moves to 
the right, the restoring surface f8 would lower 
the restoring sleeve 8 and thus gradually open 
port 28 to allow restricted discharge of fluid from 
the left end of cylinder 2 and accordingly equal 
ize the pressure forces on opposite sides of piston 
3 to stop movement thereof. Pilot valve E is 

'maintained in an axially balanced condition due 
to the lower end thereof being in constant com 
munication with drain passage 29. 
From the foregoing disclosure it is seen that 

We have provided an extremely simple and eco 
nomical arrangenhent whereby supply of fluid 
pressure in constant communication with a dif 
ferential piston may be adequately controlled 
merely by varying the discharge of fidi from One 

2,01897? 
side of the piston. As a result of this improved 
arrangement a relatively simple passage and 
valve arrangement is permitted, and at the same 
time a very effective arrangement of the restor 
ing mechanism is obtained without undue con- 5 
plications in the structure or mode of operation. 

It will of course be understood by those skilled 
in the art that various changes may be made in 
the details of construction and arrangement of 
parts without departing from the spirit of the 
invention as set forth in the appended claims. 
y We cairn: r 

1. A self-contained speed governing unit cOne 
prising, in combination, a servo-motor having an 
operating piston and cylinder, means for Supply 
ing fluid pressure to at least one end of said cyl 
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inder, a speed responsive element, a valve mecha 
nism actuated by said element to control fluid 
pressure for said cylinder, a restoring mecha 
nism for said valve mechanism including a rod 20 
having a cam surface disposed within said cylin 
der so as to be exposed to the Operating fluid 
pressure therein, and means interposed between 
said cam surface, and said valve mechanism SO 
as to effect a restoring action thereon upon move- 25 
ment of Said piston. 

2. A self-contained speed governing and SerWor 
motor unit comprising, in combination, a servo 
motor. cylinder, a differential piston therein have 
ing a piston rod projecting through one end of 3 
said cylinder, a restoring cam extension disposed 
within said cylinder so as to be exposed to liquid 
therein and projecting from said pistOS oppos 
sitely to said rod, means for continuously Sup 
plying unrestricted pressure fluid to the end of 85 
said cylinder containing the Smaller piston area, 
means for continuously supplying restricted press 
sure fluid to the opposite end of said cylinder, a. 
valve housing supported by said cylinder at Said 
restricted end and at substantially right angles 40 
thereto, a reciprocable valve mechanism disposed 
in said housing axially thereof for controlling 
discharge of fluid from said restricted end, said 
valve projecting into said cylinder for engage 
ment with said restoring can extension, and a 45 
centrifugal speed responsive head supported on 
said housing to control Said valve recas... 
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