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My invention relates to a valve-operating 
mechanism for actuating a series of valves, 
and it has for its object to provide a valve 
Operating mechanism which will operate said 
valves successively. w 
More specifically, my object is to provide 

a valve-operating mechanism for a steam 
chest embodying a plurality of valves under 
control of a governor, whereby said valves 
are opened and closed in succession, and 
whereby a definite valve opening may be ob 
tained for a given position of said governor. 

In accordance with my invention, I pro 
vide a fluid-pressure motor for each valve, 
and connect the motors in series in such man 
ner that the fluid pressure, under control of 
the pilot valve, must pass through the motors 
in the Order in which they are to be moved 
and must complete actuation of each motor 
before it can pass to the next motor. A fol 
low-up mechanism connected to each motor 
is provided for returning the pilot valve to 
closing position when a valve opening corre 
sponding to the control of the governor is 
obtained. This mechanism includes a lever 
connected to a motor at each end and to the 
pilot valve intermediate the ends. If more 
than two valves are to be operated, a plural 
ity of such levers are provided. 
Apparatus exemplifying my invention is 

illustrated in the accompanying drawing, in 
which: 
The single figure is a diagrammatic view, 

with parts in section, of one embodiment of 
my invention. 
A steam chest 10 contains a plurality of 

valves designated 11, 12, 13 and 14, respec 
tively. These valves are controlled by mo 
tors 15, 16, 17 and 18, respectively, each mo 
tor consisting of a cylinder 21 and a piston 
22. Each cylinder 21 is provided with a port 
23 disposed at or near the lower end thereof, 
through which fluid pressure for operating 
the piston upwardly is admitted. 
The cylinders of motors 15, 16 and 17, are 

each provided with a port 24, communicating 
with the port 23 of the adjacent cylinder 
shown to the right thereof, through a con 
duit 25. Each cylinder 21 is provided with 
a port 26 at or near the upper end thereof 
for admitting fluid pressure to move the pis 
ton 22 downwardly. Each cylinder 21 of the 
motors 16, 17 and 18 is provided with a port 
27 communicating with the port 26 of the 
adjacent cylinder shown to the left thereof, 

a 

through a conduit 28. Each port 24 is so dis 
posed that it will be immediately below the 
pistOn 22 when said piston is in its upper 
most position, and each port 27 is so disposed 
that it will be just above the piston 22 when 
said piston is in its lowermost position. The 
ports 24 and 27 are both covered by the pis 
ton 21 in all intermediate positions thereof. 
The admission of fluid pressure to this se 

ries of motors is controlled by a pilot valve 
31, Operating in a valve casing 32. The cas 
ing 32 is provided with ports 33 and 34, the 
port 33 communicating with the port 23 of 
notor 15, through a conduit 20, and the port 
84 communicating with the port 26 of the 
motor 18 through a conduit 30. The casing 
is further provided with a port 35 communi 
cating with a source of fluid pressure as 
through a conduit 36, and with ports 37 and 
38 communicating with discharge conduits 
39 and 41, respectively. 
The pilot valve 31 is provided with piston 

portions 42 and 43, which normally cover the 
ports 33 and 34, respectively. The pilot 
valve 31 is also provided with piston portions 
44 and 45 at opposite ends thereof. The 
pilot valve 31 is formed with a hollow inte 
rior, the upper end thereof being open and 
the lower end being closed as indicated at 46. 
A follow-up mechanism is provided to re 

turn the pilot valve 31 to closed position, or 
the position in which the piston portions 
cover the ports 33 and 34, when the valves 
have assumed the desired opening. Each 
piston 22 is provided with a rod 51 extend 
ing through the upper end of the cylinder 21. 
The ends of rods 51 of the motors 15 and 16 
are pivotally connected to the opposite ends 
of a lever 52 and the rods 51 of the motors 1 
and 18 are pivotally connected to the oppo 
site ends of a lever 53. The levers 52 and 53 
are connected at points intermediate their 
ends to the opposite ends of the lever 54, 
preferably by links 55 and 56, respectively. 
A lever 57 is fulcrumed intermediate its ends 
at the upper end of the link 58, the lower 
end of the link being pivoted to a stationary 
member such as bracket 59 carried by the mo 
tor 18. The lever 54 is connected intermedi 
ate its ends to one end of the lever 58, as by 
a link 59. The other end of the lever 57 is 
pivoted to the outer end of a rod 61 which 
xtends through the upper end of the valve 
casing 32. 
The rod 61 is provided with a spring-hold 
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ing member 62, and a second spring-holding 
member 63, disposed within the hollow in 
terior of the pilot valve, is secured to the 
closed end 46 of the pilot valve. The opposite 
ends of a tension spring 64 are secured to the 
spring-holding members 62 and 63, respec 
tively. 
The prime mover to which the steam chest 

10 is applied, has a rotor shaft 71 carrying 
an impeller 72 rotating within a casing 73. 
The casing 73 is provided with a discharge 
opening 74, communicating With the upper 
end of the valve casing 32 through a con 
duit 75. 
The closed end 46 of the pilot valve 41 is 

provided with a restricted opening 76though 
which a small quantity of fluid may pass from 
the upper side of the pilot valve to the lower 
side thereof. The lower end of the valve cas 
ing 32 is closed and communicates with a 
conduit 77 returning to a fluid reservoir, and 
interposed within the conduit it is a relief 
valve 78 which may be adjusted to provide 
any desired back-pressure on the fluid in the 
lower end of the valve casing. 
The operation of the above described ap 

paratus is as follows: Assume the prime 
mover which is being governed, to be carry 
ing an intermediate load. The valves 11 and 
12 are fully open and supply the necessary 
amount of motive fluid to carry the load. The 
impeller 72 rotating with the shaft 71 de 
velops a fluid pressure which is a function of 
the speed of the prime mover. This pressure, 
which is communicated to the upper end of 
the valve casing, is applied to the pilot valve 
31, and acts thereon in a downward direction. 
A portion of this fluid under pressure passes 
through the restricted opening 76 and passes 
through the conduit 77. The fluid below the 
pilot valve 31, however, has a back pressure 
imposed thereon by the relief valve 78. The 
pilot valve 31 is therefore urged downwardly 
by the resultant of the fluid pressures acting 
thereon, and the spring 64 is deflected until 
its force balances the resultant fluid pressure. 
Assume now that the load imposed upon the 

prime mover is increased, resulting in a re 
dueed speed thereof. The pressure developed 
by the impeller 72 is reduced, and the spring 
64 moves the pilot valve 31 upwardly a dis 
tance corresponding to the decrease in speed: 
in other words, until the decreased deflection 
provides a decreased pressure balancing the 
decrease in fluid pressure. The port 33 is 
now placed in communication with the fluid 
pressure port 35 and fluid pressure flows 
through the conduit 20 to the port 23 of motor 
15. It flows from the lower end of motor 
15 through ports 24 and 23 to the lower end 
of motor 16, and from there through the next 
ports 24 and 23, to the lower end of motor 17, 
and moves the piston 22 therein upwardly. 
The port 24 of the motor 17 is covered by the 
piston 22 during its upward movement, and 
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therefore no fluid pressure is communicated 
to the motor 18. Upon completion of the 
upward movement of the piston 22, the port 
24 is uncovered and the fluid pressure then 
flows through the next conduit 25 to the port 
23 of the motor 18, and moves the piston 22 
therein upwardly in the same manner. 
During the above-mentioned upward 

movement of the piston in the motor 17, the 
fluid above the piston is discharged through 
port 26, and flows through conduit 28 to the 
upper end of motor 18 and thence through 
conduit 30 to the pilot valve. 

iDuring the upward movement of the piston 
22 in moto1' 7, the corresponding end of the 
lever 53 is moved upwardly. The lever 53, 
in turn, moves one end of the lever 54 up 
Wardly through the link 56, and the lever 54 
isioves the connected end of the lever 57 up 
wardly through the link 59. The rod 61 is 
thei'eby moved downwardly, permitting the 
pilot valve 31 to move downwardly until the 
piston portions 42 and 43 cover the ports 33 
and 34, respectively, when movement of the 
valve motors ceases. The valves have now 
been moved to provide a definite opening cor 
responding to the speed of the prime mover. 
and, as will be clear, according to a definite 
deflection of the spring 64. 
Assume now that the valves are again in 

the position shown on the drawing, and that 
the load on the prime mover is reduced, re 
Sulting in an increased speed. The pressure 
developed by the impeller 72 and imposed on 
the pilot valve 31, is increased corresponding 
ly. The spring 64 is deflected until the force 
thereof again balances the difference in pres 
sure above and below the pilot valve, result 
ing in downward movement of the pilot valve. 
The port 34 is now in communication with 

the fluid pressure port 35, and the port 33 is 
in communication with the discharge port 
37. The fluid pressure passes from port 34 
through conduit 30 to the port. 26 of the motor 
18. It flows, through the upper end of motor 
18, through the conduit 28 to the upper end 
of motor 17, and thence through the next 
conduit 28 to the port 26 of motor 16. The 

id pressure acts on the piston 22 of motor 
16 to move the same downwardly. When 
the piston 22 has moved downwardly the full 
length of its travel, the port 27 is uncovered 
and fluid pressure flows through the conduit 
28 to the upper end of motor 15 and acts on the 
piston 22 therein. 
As each piston 22 moves downwardly, the 

fluid therebeneath flows out through port 
23, and the remaining conduits 25 and cylin 
ders, to the conduit 20 and the port 33 of the 
pilot valve. It is then discharged through 
port 37 to conduit 39. 

Downward movement of the pistons 22 in 
Succession proceeds until the follow-up 
mechanisn returns the pilot valve 31 to clos 
ing position, when the ports 33 and 34 are 
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covered. ... The valves now again provide a 
total valve opening corresponding to the 
deflection of the spring 64. , 
In order to prevent leakage of fluid from 

one end of the cylinder 21 to the opposite end, 
I provide an annular groove.81 in each cylin 
der intermediate the ports 24 and 27. In 
this position the groove is at all times 
covered by the piston 22. Any fluid which 

i) leaks between the piston and the cylinder is 
collected in this groove and flows by gravity 
to one of the drain conduits 82. This leak 
off drain is important for the reason that if 
it were not provided the fluid would slowly 
leak from the high pressure end of the cylin 
der to the opposite end and interfere with 
the operation of the piston. For example, 
the fiuid beneath the piston 22 in motor 15 
would slowly leak by the piston to the top 
thereof, and permit the piston 22 to slowly 
drop by force of gravity. Upon sufficient 
downward movement, the piston 22 would 
cover the port 24 and interfere with the 
proper operation of the mechanism. 
From the above description, it will be seen 

that I have provided a valve operating mech 
anism for a plurality of valves each having a 
fluid pressure motor, wherein fluid pressure 
is applied to the motors one at a time and 
wherein a total valve opening corresponding 
to the deflection of the spring 24, or to the 
Speed of the prime mover, is obtained. 
While I have shown my invention in but 

One form, it will be obvious to those skilled 
in the art that it is not so limited, but is sus 
ceptible of various changes and modifica 
tions without departing from the spirit 
thereof, and I desire, therefore, that only 
Such limitations shall be placed thereupon as 
are imposed by the prior art or as are specif 
ically set forth in the appended claims. 
What I claim is: ? 
1. The combination with a plurality of 

valves to be opened and closed successively, 
of a fluid-pressure motor connected to each 
valve, a pilot valve controlling the admission 
of fluid pressure to said motors, means for 
Successively placing said motors in communi 
cation with said fluid pressure when admitted 
by said pilot valve, and means for returning 
said pilot valve to closing position upon 
movement of a motor or motors. 

2. The combination with a plurality of 
parts to be moved successively, of a fluid 
pressure motor connected to each part, a pilot 
valve controlling the admission of fluid pres 
Sure to said motors, means for successively 
placing said motors in communication with 
said fluid pressure when admitted by said 
pilot valve, and means for returning said 
pilot Valve to closing position upon move 
ment of a motor or motors. 

3. The combination with a plurality of 
valves to be opened and closed successively, 

of a fluid-pressure motor connected to each 
valve, a pilot valve controlling the admission 
of fluid pressure to said motors, speed-re 

3. 
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Sponsive means, for controlling said pilot 
valve, means for successively placing said 
motors in communication with said fluid 
pressure when admitted by said pilot valve, 
and means for returning said pilot valve to 
closing position upon movement of a motor 
Or motors. 

4. The combination with a steam chest for 
a prime mover comprising a plurality of 
Valves, of a fluid-pressure motor connected 

70 
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to each valve, a pilot valve for controlling 
the admission of fluid pressure to said motors, 
means for successfully placing said motors 
in communication with said fluid pressure 
When admitted by said pilot valve, and means 
controlling said pilot valve whereby said 
Valves will provide a total admission opening 
corresponding to the speed of the prime 
OWE. 

5. The combination with a plurality of 
valves to be operated in a predetermined or 
der, of a fluid-pressure motor connected to 
each valve, a pilot valve controlling the ad 
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mission of fluid pressure to said motors, 
means for successively placing said motors 
in communication with said fluid pressure 
when admitted by said pilot valve, and means 
for returning said pilot valve to closing posi 
tion upon movement of a motor or motors. 

6. The combination with a plurality of 
parts to be moved successively, a piston con 
nected to each part, a cylinder for each pis 
ton, a pilot valve, means providing communi 
cation between the pilot valve and one end of 
One cylinder, a conduit providing communi 
cation between said cylinder and one end of 
a second cylinder, the flow of fluid through 
Said conduit being controlled by the piston in 
said first cylinder, a second conduit provid 
ing communication between the other end of 
the first cylinder and the second cylinder, 
the flow of fluid through said second conduit 
being controlled by the piston in said second 
cylinder, means providing communication 
between the other end of said second cylin 
der and the pilot valve, and means for re 
turning the pilot valve to closing position 
upon movement of a piston or pistons. 

7. The combination with a plurality of 
valves to be opened and closed successively, 
of a fluid-pressure motor connected to each 
valve, a pilot valve controlling the admission 
of fluid pressure to said motors, means for 
Successively placing said motors in communi 
cation with said fluid pressure when admit 
ted by Said pilot valve, and means providing 
connection between each motor and the pilot 
valve whereby movement of the motor in re 
sponse to fluid pressure moves the pilot valve 
in a direction to closed position. 

8. The combination with a plurality of 
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valves to be opened and closed successively, 

0 

20 

of a fluid-pressure motor connected to each 
valve, a pilot valve controlling the admission 
of fluid pressure to said motors, means for 
successively placing said motors in communi 
cation with said fluid pressure when admit 
ted by said pilot valve, and a lever connected 
at one end to one motor, at the other end to 
another motor, and between its ends to the 
pilot valve. 

9. The combination with a plurality of 
valves to be opened and closed successively, 
of a fluid-pressure motor for each valve, a 
pilot valve controlling the admission of fluid 
pressure to said motors, means providing 
communication between said pilot valve and 
one motor, means responsive to movement of 
said one motor for placing another motor in 
communication with said pilot valve, and 
means for returning said pilot valve to clos 

ing position upon movement of a motor or 
motors. 

10. The combination with a plurality of 
admission valves for a prime mover, of a 
fluid-pressure motor for each valve, a pilot 
valve controlling the admission of fluid pres 
Sure to said motors, means providing com 
munication between said pilot valve and one 
motor, means responsive to movement of said 
one motor for placing another motor in com 
munication with said pilot valve, means con 
trolling said pilot valve in response to speed 
of the prime mover, and means returning 
said pilot valve to closing position upon 
move of a motor or motors. 
In testimony whereof, I have hereunto sub 

????d my name this eleventh day of April, 
1927. 

JUSTIN G. SMEBY. 

25 

30 


