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Patented June 10, 1930 

UNITED STATES 

1,762,813 

CHARLEs v. FouLDs; oF BERKELEY, CALIFORNIA, ASSIGNOR TO THE PELTON WATER st 
wHEEL. COMPANY, OF SAN FRANCISCO, CALIFORNIA, A CORPORATION OF CALI 
FORNIA. 

HYDRAULIC. CONTROL SYSTEM 

Application filed August 22, 1927. Serial No. 214,548. 
This invention relates generally, to sys 

tems for controlling hydraulic flow, and is 
especially applicable to the control of hy 
draulic turbines. . . . . . . . . . 

5. It is an object of this invention to devise 
a hydraulic turbine control system adapted 
to be initiated by movement of a single mem 
ber whereby all functions necessary for start 
ing or stopping of the turbine will be auto 

10 matically performed. . 
It is a further object of this invention to 

utilize a hydraulically actuated valve for con 
trolling admission of water to a hydraulic 
turbine, and to correllate the governor of the 

15 turbine with the valve in such a manner that 
the governor is conditioned to start and reg 
ulate the turbine after complete opening of 
the valve. . 

It is a further object of this invention to 
20 devise novel means for automatically con 

trolling a bypass about a hydraulic valve. 
It is a further object of this invention to 

devise novel means for controlling a bypass 
about a hydraulic valve, which will serve to 

25 automatically open the bypass for a substan 
tial time prior to opening of the valve, and 
which will automatically close the bypass. 
upon return of the valve to complete closed 
position. v 

3. 
devise an automatic hydraulic control Sys 
tem, comprising a valve actuated by a hy 
draulic pressure chamber, the system utiliz 
ing the varying, pressures within the pres- after theraln. Va . . . . . . . . . . . . . . . - opened. Likewise the governor is caused 85." 35 sure chamber, for controlling a bypass about 
the valve. . . . . 

It is a further object of this invention to 
devise a novel hydraulic control system. 
which will: utilize a main valve adapted to 
be actuated by hydraulic piston, move 
ment of the piston being controlled by an 
auxiliary, control; valve. . . - 

Further, objects of this invention will ap 
pear from the following description in which 
I have set forth the preferred embodiment 
of my invention. It is to be understood that 
the appended claims are to be accorded a 
range of equivalents consistent with the state 

50 of the prior art. 

tion. 

turbine. However, I have incorporated in . . 

Figure 5, may be outlined briefly as com 
mission of water from a penstock to a hy 

It is a further object of this invention to 

actuating the auxiliary controlled valve, and 

Referring to the drawings: 
Figure 1 is a side elevational view show 

ing diagrammatically the system of this in 
vention, certain parts being shown in sec 

5 5 
Fig. 2 is a cross sectional elevational view 

showing a turbine adapted to be controlled. 
by the system of this invention. 

Fig. 3 is a detail cross sectional view show: . . . 
ing the bypass valve. 60 

Figure 4 is a side elevation of a turbine 
shown in Some detail in conjunction with 
certain other mechanisms which may be em 
ployed. . . . . 

Figure 5 is a diagrammatic illustration of 
a form of hydraulic control system. . . . 
The invention constitutes a complete sys 

tem applicable for the control of a hydraulic 

65 

the system a number of separate. features 
which, as indicated by the appended claims; 
are capable of broad application. The com 
plete system, shown diagrammatically, in 

i s prising a main valve adapted to control ad 
draulic turbine. This main valve is adapted 
to be opened and closed: by a hydraulic pis 
ton, which in turn is controlled by means of 
an auxiliary control valve. The governor 
of the turbine is cooperatively associated 
with the main valve so that it is not condi 
tioned to start and regulate the turbine until 
after the main valve has been completely. 

so 

to shut down the turbine when the main 
valve is started toward closed position. The 
entire system is initiated into operation by 
for this purpose I preferably utilize electri- 93 
cal means controlled from an electrical cir 
cuit. If this circuit is opened for some rea 
son during operation of the turbine, either 
manually or automatically as when an abnor-. 
mal condition arises, the control valve is 95. 
automatically initiated to close the main 
valve and effect shutting down of the tur 
bine. For equalizing pressures upon the 
main valve, I utilize a bypass which is auto-, i. 
matically controlled according to movements 13G 
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of the main valve. Preferably the bypass is 
caused to open a substantial period prior to 
opening of the main valve so as to complete 
ly fill the outflow side of the conduit with 
water prior to opening of the main valve. 
Likewise during closing movement of the 
main valve the bypass remains open until 
the valve is completely closed. 

In that embodiment of the invention illus 
trated in the drawing there is shown a main 
valve 10 of the sliding gate type having its 
inflow side connected with a source of water 
under pressure, as for example a penstock 
pipe, and having its outflow side connected 
with a pipe 11 which leads to a hydraulic tur 
bine. The main valve is adapted to be actu 
ated by hydraulic mechanism designated gen 
erally at 12, and admission of fluid to this 
mechanism is controlled by means of an aux 
iliary valve 13. For actuating valve 13there 

- is provided a suitable mechanism 4 which 
serves to move control valve 13 into either One 
of two positions. Associated with the hy 
draulic mechanism 12 and control valve 13, 
there is a suitable turbine governor indi 
cated generally at 16 which serves to control 
a mechanism such as shown in Figs. 2 and 4. 
The main valve 10 may consist for example 

of a valve housing 18 within which is dis 
posed the sliding valve gate 19. The hy 

: draulic actuating mechanism 12 for simplic 
ity has been shown as comprising a double 
acting piston 21 operatively disposed within 
a cylinder 22, piston 21 being secured to the 
extended actuating rod 23 of valve 10. In 
that position of the cylinder 21 and valve 
shown in the drawing, pressure applied to 
the upper side of piston 2i serves to close 
valve 10, while pressure applied to the under 
side serves to open the valve. 
The auxiliary valve 13 may be similar to 

the control valve shown and described in a 
co-pending application assigned to the Same 
assignee as this application, said application 
bearing Serial No. 204,997 filed in the joint 
names of Foulds and Orton, or it may be of 
a somewhat similar construction airranged as 
shown in Fig. 1. It may be briefly described 
as including a ported sleeve 26 fixedly dis 
osed within a valve housing 27. Fitted 

within the sleeve 26, there is a cooperating 

55 

movable valve member 28. The control 
valve 13 communicates with a suitable source 
of liquid under pressure and, depending upon 
the position of valve member 28, functions to 
admit liquid under pressure to the upper side 

80 

liquid from the other side. 
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of piston 21 while exhausting liquid from the 
lower side, or in the other position of control 
valve 13, to admit liquid under pressure to 
the lower side of piston 21 while exhausting 

As a convenient source of liquid for sup 
plying to the cylinder 22, preferably pro 
vide a pipe connection 29 between control 
valve 13, and the housing 18 of the valve 10, 
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whereby pipe 29 connects to the inflow or 
pressure side of valve 10. Admission of liq 
uid into the pipe 29 is preferably capable of 
being controlled by an operator, and for this 
purpose I have shown an adjustable throttle 
waive 31. The upper side of cylinder 22 is 
connected to valve 13 by means of pipe 32, 
while the lower side of cylinder 22 is connect 
ed by means of another pipe 33. For the 
sake of completeness it may be explained that 
the control valve illustrated utilizes two sets 
of ports 36 and 37 in sleeve 26, which are in 
communication with pipe 33. Likewise two 
sets of ports 38 and 39 are in communication 
with pipe 32. The valve member 28 is hol 
low and is provided with two cooperating sets 
of ports 41 and 42. When valve member 28 
has been moved to one limit of its movement, 
as shown in the drawing, pipe 29 is in com 
munication with pipe 33 thru ports 41, and 
registering ports 42 and 36. The ends of 
sleeve 26 are in communication with a com 
mon exhaust passage 44, and with the valve 
member 28 in the above position, pipe 32 is 
placed in communication with the exhaust 
passage thru ports 39. Similarly, when 
valve member 28 is moved to its lower limit, 
pipe 33 is placed in communication with ex 
haust passage 44, and communication is estab 
lished between pipes 29 and 32. 

Valve member 28 is preferably biased to its 
lower position, or closing position for the 
main valve 10. 
shown a compression spring 46 having its one 
end bearing upon a member 47 fixed with re 
spect to the control valve housing 27, and 
having its other end pressing against a mem 
ber 48, this latter member being carried by a 
rod 49 which is extended from and secured 
to the valve member 28. For optional man 
ual operation of the control valve, the end of 
rod 49 may be provided with a threaded por 
tion to receive an internally threaded hand 
wheel 51. By screwing down this hand 
wheel the valve member 28 may be shifted to 
the upper limit of its movement. 

Instead of operating control valve 13 man 
ually, it is preferably operated by motive 
means so as to permit control from a remote 
point. The particular mechanism shown 
operates satisfactorily although a variety of 
nechanism may be substituted. As illus 
trated it comprises a collapsible linkage 
which is operated by an electrical motor to 
move valve members 28 against the pressure 
of Spring 46, and is provided with an electri 
cal Solenoid which serves to collapse the link 
age when it is desired to permit control valve 
18 to move to closing position. Thus a mov 
able actuating rod 53 has been extended from 
valve member 28, and has pivotally connected 
to it the link 54. A motor operated crank 
56 is pivotally connected to link 54 thru an 
other link 57. As a means for driving crank 
56I have shown an electrical motor 58 opera 

For this purpose I have 
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tively connected to crank 56 as by means of 
reduction, gearing, 59. 
upon the shaft of crank, 56, there is an arm: 
61, which has its upper end pivotally con 
nected to the upper end of links 57 as by 
means of another link, 62. 
tionary: with respect to the control valve 13, 
there is a solenoid, or other magnetic device: 
63, adapted to control a pivotally mounted 
trigger 64. Solenoid 63 is biased as by means: 
of spring, 66, so that: when, deemergized it. 
swings-trigger 64-into disengaging position. 
with a pin.67 secured to arm, 61. However: 
when solenoid 63 is-energized, trigger. 64 is 

15 swung into position, to engage pin 67 and 
to prevent rotation of arm 61 in a clockwise 
direction. ' ' '... . . . 

The electrical circuit for. energizing motor 
58 and solenoid-63, may include for example, 

20, the current supply lines. Li and Lie, which 
are connected to, motor 58 thru a suitable: 
limiting, switch.68: Solenoid 63 is also con 
nected across the current supply lines in series 
with any number of electrical devices adapted 

25, to open the energizing circuit. to solenoid 63 
in response to an abnormal: operating, condi 
tion. To indicate the operation of such de 
vices, I have shown a plurality of relay. 
switches 69 connected in series with current 

30. Supply line It. A manually operated Series 
switch 71 may also be provided. 

In operating, the control valve 13 so as 
to open the gate valve 10, the energizing cir 
cuit for motor. 58 is closed so as to rotate crank. 

35. 56 in a counterclockwise direction. Links 
54 and 57 are then straightened out and pin 
67 is swung. into locking, engagement with 
trigger. 64, since the solenoid-63 is also ener 
gized at this time. When crank 56 Swings 
upwardly links 54 and 57 cannot collapse be 
cause of the engagement of pin 67, so that 
they force the valve member 28 upwardly. 
When crank 56 approaches to top of its 
stroke, motor 58 is deenergized by engage 
ment of member 48 with limiting switch 68. 
The valve however will remain in this posi 
tion until opening of any one of devices 69 
in response to an abnormal condition of the 
turbine or of the generator which the turbine 

so is driving, or until the energizing circuit is 
opened by the manual switch, 71. In the 
event that the energizing circuit is deener 
gized solenoid 63 causes trigger 64 to release. 
the pin 67, thus permitting links 54 and 57. 

55 to collapse and to permit valve member 28 to 
return to original position. 
The governor which I prefer to employ in 

this system is preferably of the type which 
employs...a motive element for maintaining a 

60, fluid pressure, and which controls the ad 
mission of this pressure to a hydraulic cyl 
inder in accordance with the speed of the tur 
bine. The hydraulic cylinder in turn opens. 
or closes the nozzle valves or other water. 

65, regulating devices of the turbine. Governors 

Pivotally, mounted. 

Mounted sta 

... The valver 74s controlling: admission of 

which sleeve 81 is slidably, disposed. The 

responsive element, indicated at 95, in the: 

liquid from the governor pump to the hy 

of this kind are well known in the art and 
need not be described in detail in this appli 
cation: The; particular form: of governor 
which we have shown utilizes a small turbine 
73 as a motive element for operating a liquid pump which is incorporated, together with a 
liquid sump; , in the governor. Turbine, 73. 
is supplied with water from a suitable source: 
of pressure, under control of suitable means 
Suchi as a valve 74. As a source of pressure: is 
water may be taken from the conduit, which 
main valve-10 is controlling; as: by means of 
pipe.76 which connects: between the outflow 
sider of valve 10-and-valve 74; and valve 74; 
is connected with turbine.73 thru pipe 77. A so 
suitable throttle valve 78 may be inserted in 

water to the governor turbine 73 is controlled 
by movements of the main gate-valve. To ac 
complish this result I have shown asleeve.81. 
having adjustable collars 82 and 83 threaded 
upon its end portions. Mounted upon the 
head-of cylinders: 22, there is a rod:84 upon. 
movable-valve member of valve 74-is opera 
tively connected to an arm 86 which in turn. . . 
is connected to the sleeve 81. Secured to the 
hydraulic piston, 21 and extending thru the 
head of cylinder 22, there is a piston, rod-87 95. 
which carries an engaging member 88. When . 
piston 21 approaches the upper limit of its 
movement, member. 88 engages collar 83 and 
moves sleeve 81 upwardly to actuate valve 74: 
to-establish communication between pipe 76 loo 
and 77, thus supplying water under pressure 
to the governor turbine.73. To insure clos 
ing of valve 74 when the piston 21 is started 
downwardly, to close; the main valve, sleeve. 
81- is biased toward closing: position as by: 
means of compression spring 89. Water is: 
not supplied to the governor turbine 73 until 
the gate valve has moved to full open posi 
tion and is automatically, shut off, when the 
gate valve is moved toward, closed position. 
As has been previously explained, the gov 

ernor, turbine, 73 operates a pump, which 
builds up pressure to actuate a hydraulic pis 
ton, and cylinder mechanism. Admission of 
liquid to this hydraulic mechanism is con 
trolled by the speed of the turbine. There 

lo 

fore it is necessary: for: the governor turbine 
73 to be initiated into operation in order to: 
condition, the governor, to start the turbine. 
In Figures-1, and 4, the hydraulic system of 
the governor. has been indicated generally 
at-91 and serves to actuate a-rod 92: Pulley 
wheel. 93-of the governor, is connected to the 
turbine as by means of a belt 90so that a speed 

120 

125 
governor is actuated by the turbine in ac-- 
cordance, with its speed. The speed respon 
sive element is connected to a suitable, valve 
means. 99 for, controlling. the admission of . 
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draulic mechanism of the governor which 
controls the turbine nozzle valve, and the 
excess of liquid from the hydraulic mecha 
nism to a sump from which the pump may 
again take it up. : 
In Fig. 2 hydraulic mechanism for the 

turbine governor has been indicated dia 
grammatically as comprising a piston 94 op 
eratively disposed within a cylinder 96, Ad 
mission or exhaust of liquid, controlled by 
the speed element of the governor through a 
valve.99, from either side of piston 94 is se 
cured thru the ports 97 and 98. The piston 
rod 92 is operatively connected to a rock 
shaft. 101, movements of which cause opening 
or closing of the turbine nozzle valves. For 
the sake of illustrating a complete installa 
tion, I have shown a turbine comprising a 
bucket, wheel 102 operatively disposed with 
respect to a nozzle valve 103. The movable 
valve member or needle 104 of this nozzle is 
cooperatively connected to rock shaft 101 
thru lever 106 and link 107. The flow pas 
sage of nozzle 103 is connected directly to the 
outflow side of the main valve 10, as by means 
of flange connection 108. Compression 
spring 109 serves to normally urge the valve 
member 104 to closed position. An auxiliary 
relief nozzle 111 is also provided which is 
in communication with valve 103. This re 
lief valve permits discharge of water in mak 
ing sudden decreases in the discharge from 
nozzle 103, thus preventing water halillner in 
the penstock and connecting conduits. This 
relief valve utilizes a movable valve inember 
112 connected to the lower portion of lever 
106 thru a dash-pot coupling 113. This dash 
pot coupling need not be described in detail 
but it may be explained that it comprises a 
piston operating within a hydraulic cyl 
inder, the liquid upon both sides of the piston 
being bypassed in such a way that sudden 
movements of the piston carry with it the 

45 
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cylinder, while relative slow movements of 
the piston may occur independently of the 
cylinder. Relief nozzle 111 is normally urged 
to closed position as by means of spring 114. 
When hydraulic piston 94 is suddenly moved 
to decrease the discharge of liquid thru noz 
zle 103, coupling 113 functions to open valve 
111 for a substantial time period to permit 
a gradual reduction in the flow occurring 
from the penstock. . 
As has been explained in application to 

which reference has previously been made, it 
is desirable to equalize the pressures upon the 
gate valve 10 while it is being opened or 
closed. Otherwise excessive wear or Water 
hammer would occur and the valve would 
have a comparatively short life. For this 
purpose I provide a bypass about the valve 
10 so that the conduit between this valve and 
the turbine nozzle 103 may be filled with liq 
uid before opening of the gate valve, and may 
be kept filled until the gate valve is again 
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completely closed. 

pletely fills the pipe connection to the outflow 
side of valve 10 before this valve is opened, 
and does not again close until after the valve 
has been completely closed. 

It is obvious that automatic control of the 
bypass may be obtained a number of different 
ways, as by means of a direct mechanical con 
nection between the valve operating rod 23 
and a valve for controlling the bypass, or by 
means of an electrically operated valve con 
trolled by contacts which may be closed by 
movement of rod 23. One simple and effec 
tive way which I have devised for effecting 
this automatic control, consists of a valve 116, 
adapted to be actuated by fluid pressure. 
This valve is provided with one passage 117 
which is in communication with the inflow 
side of valve 10, and with another passage 
118 connected to pipe 119 which leads to the 
outflow side of valve 10. The movable valve 
member 121 is connected to a differential area 
piston 122, adapted to move the valve member 
121 to closed position by fluid pressure ap 
plied to chamber 123. Communication is es 
tablished between chamber 123 and the upper 
portion of hydraulic cylinder 22, as by means 
of pipe 124. 
When the upper portion of hydraulic cylin 

der 22 is being exhausted thru the control 
waive 13, as when the main valve 10 is being opened or is in open position, the pressure in 
chamber 123 will be insufficient to keep the 
waive member 121 closed against the pressure 
ipon the inflow side of the valve, so that the 
bipass will be open at such times. Likewise 
when the piston 21 is being moved downward 
ly in closing the gate valve 10, throttling of 
the fluid thru valve 31, prevents the pressure 
in the upper portion of hydraulic cylinder 22 
from increasing to a value sufficient to close 
the bypass valve 116. However when piston 
21 has reached its lower limit corresponding 
to complete closing of the gate valve, the pres 
sure in the upper part of cylinder 22 will at 
once rise to a sufficiently high value to close 
valve 116 and thus prevent further bypassing 
of liquid. - 

in order to cause the bypass to open and 
completely fill the cutflow pipe section prior 
to opening of valve 10 I may utilize any one 
of a number of expedients for retarding open 
ing of the main valve subsequent to initial 
operation of control valve 13. One way to 
accomplish this result is explained in applica 
tion No. 204,997, mentioned above, which 
utilizes the pressure upon the outflow side of 
valve 10 for noving piston 21 to open position. 
Another possible solution is to utilize pneu 
matic or mechanical time retarding devices 
for preventing movement of the main gate 
valve until the bypass has been open suffi 
ciently long to fill the outflow pipe section. 
The arrangement which I have illustrated in 

In this invention I con 
trol this bypass automatically so that it com 
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the drawing consists in throttling the pipe 29 
by means of valve 31, and providing sufficient 
entrained air below piston 21 so that an oper 
ating pressure will not build up below piston 
21 for a substantial period after moving the 
control valve 13. 

Generally it is not necessary to provide 
positive means for providing such air 
pockets, although I may provide an air 
pocket 126 upon the under side of piston 21. 
In practice an operator regulates throttle 
valve 31 so as to insure complete filling of 
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mitted to exhaust. 

the outflow pipe section before piston 21 is 
moved to crack the valve gate 19. For op 
tional manual operation of the bypass valve 
116, I have shown a hand wheel 127 having a 
threaded stem which may be screwed against 
the piston 122. The operation of the complete system is 
as follows: When it is desired to start a tur 
bine controlled by a system such as described 
above, the operator closes the electrical cir 
cuit connected to lines L and L, whereby 
motor 58 is energized to move control valve 
13 to open position. Pipes 32 and 124 are 
then permitted to exhaust thru passage 44 of 
control valve, and bypass valve 116 imme 
diately opens to permit flow of water about 
the main valve 10. After a lapse of time 
sufficient to permit complete filling of the 
pipe section between the main valve and the 
turbine, pressure below the piston 21 has 
built up sufficiently to move the main valve 
toward open position. As piston 21 ap 
proaches the upper limit of its movement, 
engagement of member 88 with collar 83 
causes opening of valve 74 and thus admits 
water under pressure to the governor tur 
bine 73. Building of hydraulic pressure in 
the governor by actuation of the pump con 
nected to the governor turbine 73 then condi 
tions the governor to start the turbine into 
If an abnormal condition should arise ne 
cessitating shutting down of the system, or 
if it is desired to shut down the system by 
manual operation, the electrical circuit con 
nected to lines L4 and L is opened, either 
by opening of relay devices 69 or manual 
switch 71, thus deenergizing solenoid 63 and 
permitting the collapse of links 54 and 5. 
Communication is then established between 
pipes 29 and 32 to admit liquid under pres 
sure above piston 21, while pipe 33 is per 

Piston 21 moves toward 
closed position at a relatively low rate be 
cause of throttling by-valve 31. Throttle 
valve 31 also permits the pressure above 
piston 21 to remain relatively low while the 
piston is in motion, so that bypass valve 116 
will remain open while the gate valve is being 
closed. When the gate valve is completely 
closed movement of piston 21 is arrested and 
pressure above it immediately builds up a 
value sufficient to actuate bypass valve 116 to 

nozzle 103 is closed prior to closing of the 
... gate valve. In this way it is, possible to have 
equalized pressure upon the gate valve not 
only during opening of the same but also dur 
ing closing movements. . 

5 

closed position. Immediately after piston 
21 is started toward, closed position, valve 
74 is actuated to interrupt supply of water to 
the governor surface 73, so that the turbine 

During normal running of the turbine the speed responsive element of the governor con 
trols the fluid supplied to the hydraulic 
mechanism so that the needle is maintained 

I claim: . - 
1. In a hydraulic turbine control system, a hydraulic turbine, means for governing said 

turbine, a main valve for admitting or inter 

valve for automatically conditioning the gov 
erning means to start the turbine. 

70 

in such position as will obtain the desired 
speed of the turbine. 380 

rupting flow of water to the turbine, and ss 
heans correlated with movements of the main 

2. in a hydraulic turbine control system, a 
turbine, a main valve for admitting or in 
terrupting flow of water to the turbine, and 
means effective only when the main valve is in full open position for automatically con 

hydraulic turbine, means for governing said is 90 

ditioning the governing means to start the 95 
turbine. 

3. in a hydraulic turbine control system, 
a hydraulic turbine adapted to be supplied 
from a source of water under a pressure head, 
a main valve for controlling admission of 100 . 
water to the turbine, means for governing 
the turbine, and means for automatically 
rendering the governing means inoperable 
except when said main valve is open. 

4. in a hydraulic turbine control system, 105 
a hydraulic turbine, means for governing said 
turbine, a main valve for admitting or in 
terrupting the flow of water to the turbine 
said main valve having an actuating member 
movable from open to closed positions, and 110 
means actuated by movement of said member to open position to condition said governing 
means to start the turbine. 5. In a hydraulic turbine control system, 
a main valve for controlling admission of 115 
water to the turbine, hydraulic means for 
actuating said valve, a control valve for con 
trolling movements of the main valve, said 
control valve being biased to a position to 
effect closing of the main valve, and an elec- 120 
tric circuit cooperably associated with the 
control valve whereby the control valve is 
retained in a position to open the gate valve 
when the circuit is closed. - 

6. In a hydraulic turbine control system, a 125 
main valve for controlling admission of water 
to the turbine, hydraulic means for actuating 
said valve, a control valve for controlling op 
eration of said hydraulic means, electrical 
means for initiating operation of said control i: 
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valve, and means responsive to an abnormal 
operating condition of the power system for 
rendering said electrical means inoperable. 

7. In a hydraulic turbine control system, 
a turbine adapted to be supplied with water 
under pressure, a main valve for controlling 
admission of water to the turbine, means for 
governing the turbine, hydraulic means for 
opening and closing the main valve, a con 
trol valve for controlling said hydraulic 
means, and means for automatically corre 
lating movements of the main valve with the 
governing means whereby the governor is 
conditioned to control the turbine only after 
the gate valve has been moved to substantially 
full open position, whereby starting of the 
turbine is initiated by operation of the con 
trol valve. 
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In testimony whereof, I have hereunto set my hand. 
CHARLES V. FOULDS. 
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