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UNITED STATES PATENT OFFICE 
2,364,665 

GOVERNOR APPARATUS 
Anthony F. Schwendner, Ridley Park, and John 

S. Newton, Drexel Hill, Pa., assignors to West 
inghouse Electric & Manufacturing Company, 
East Pittsburgh, Pa., a corporation of Pennsyl 
warnia, 

Application April 23, 1943, Serial No. 484,196 
5 Claims. (C. 290-1) 

The invention relates to a marine propulsion 
arrangement of the general type disclosed and 
claimed in application of Anthony F. Schwend 
ner, Serial No. 470,555, filed December 30, 1942, 
and it has for an object to improve apparatus of 
this character so that torque may be limited and 
Speed control of the turbine be effected from a 
remote point. 
A further object of the invention is to effect 

limitation of torque in an arrangement of ap 
paratus of the above character by means respon 
sive to turbine speed. 
A further object of the invention is to provide 

a turbine, for transmitting power to a propeller 
by means of an electric drive, wherein speed is 
controlled by varying the steam flow in response 
to Speed-changing adjustment of a governor and 
Wherein the torque is limited for each speed ad 
justment by means responsive to turbine speed. 
These and other objects are effected by the in 

Vention as Will be apparent from the following 
description and claims taken in connection with 
the accompanying drawing, forming a part of 
this application, in which: 

Fig. 1 is a diagrammatic view of a propulsion 
system utilizing the improvement; and, 

Fig. 2 is a Schematic view showing essential 
parts of the controlling system. 
As shown in the drawing, the elastic fluid tur 

bine () is provided with the usual governor or 
admission valve . . Also, at the right of Fig. 2, 
there is diagrammatically illustrated a conven 
tional throttle valve 9 and emergency governor 
mechanism, at 8, effective, in the event of over 
Speeding of the turbine to a predetermined ex 
tent, to trip the throttle valve to cut off the sup 
ply of motive fluid to the turbine. 
As shown in Fig. 1, the turbine O drives the 

generator 2 which is connected electrically to 
the motor 3 for driving the propeller 4. The 
generator and motor excitations are so arranged 
and controlled and the construction of the gen 
erator and motor are such that, to start, the 
motor is operated as an induction motor to ac 
celerate it to reduce the slip sufficiently so that 
Connections may be established for synchronous 
Operation. These operations to bring the appa 
ratus to "running' position take place at the low 
Speed setting of the turbine, for example, twenty 
per cent of full Speed, and, with the Synchronous 
relation established, increase in propulsion speed 
is effected by Speed-changing adjustment of a 
governor controlling the admission valve . 
However, in increasing the speed, the rate at 
which the turbine torque is increased by increase 
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in steam flow may be in excess of that at which 
the motor is capable of accelerating the ship with 
the result that the motor may be pulled out and 
the synchronous relation interrupted. The pres 
ent invention relates to means responsive to tur 
bine speed to restrict steam flow under these Con 
ditions in order to limit turbine torque and which 
means is also effective in a rough sea to avoid 
wider fluctuating steam requirements and the 
consequent effect thereof on boiler Operation and 
particularly the combustion apparatus for the 
latter. 
As shown, there is provided a control device, at 

6, telemetrically connected in a suitable man 
ner, not illustrated, to device or devices at remote 
point or points, such as on the bridge. The con 
trol device, at f6, includes an element 7 mov 
able from a low-speed position “O'” in directions 
'A' or 'S' for ahead or astern operation. As 
suming that the synchronous relation is estab 
lished. When the element f is in low-speed posi 
tion “O,' then, if such element is moved toward 
'A' or “S,' the movement results in speed-chang 
ing adjustment of the governor, at 9, to increase 
the steam flow by opening the valve wider to 
increase the propulsion speed. Also the appara 
tus, at 20, (Fig. 2) serves to limit the turbine 
torque, as elsewhere herein described. 
Movement of the hand wheel 7 is transmitted 

by any suitable means, such as the linkage 35, to 
move the lever 37 fulcrumed at an intermediate 
point 38 and having its other end 39 bearing on 
the load Spring 40 of the governor, at 9. 
While any governor suitable for the purposes 

of the present invention may be employed, we 
prefer to use one of the general type disclosed in 
the application aforesaid and in the patent to 
Gottlieb No. 2,239,602, dated April 22, 1941. The 
governor comprises a spindle 4 having centrifu 
gal flyweights 42 carried by a diametrally-ex 
tending leaf Spring 43 whose ends are supported 
by the spindle. Centrifugal force of the fly 
Weights applied to the leaf spring is opposed by 
the load Spring 40 whose lower end is in thrust 
transmitting relation with respect to the central 
portion 44 of the leaf spring. The central or U 
shaped portion 44 of the leaf spring also has 
thrust-transmitting engagement with respect to 
the lower end of the cup valve member 46 whose 
upper end has a cup valve 47 cooperating with 
the seat 48 to define an escape orifice for the 
escape port 49 of the transformed fluid pressure 
Space 50, the latter being supplied by means of 
an orifice 5 from a suitable pressure source, 
shown, at 9a, and comprising, for example, a 



2 
motor-operated pump supplying a system of pas 
sages from a reservoir. 
The cup valve 47 provides a pressure area ex 

posed to transformed fluid pressure in the space 
50. Therefore, the cup valve occupies an equi 
librium position where the upwardly-acting cen 
trifugal force of the flyweights is balanced by the 
downwardly-acting force of the load spring - 40 
and the downwardly-acting force of transformed 
fluid pressure applied thereto. 

Fluid under transformed pressure is supplied 
from the space 50 to the pressure chamber 52 
to which the lower end of the relay 53 is exposed, 
the relay being held in position between upper 
and lower springs 54 and 55. The relay controls 
Communication of the pressure and drain ports 
56 and 57 with the admission and exhaust ports 
58 communicating with opposite ends of the cyl 
inder 59 for the operating piston 60, which has a 
stem 6 pivotally connected at 62 to one end of 
the lever 63 fulcrumed at an intermediate point 
64 and having its other end pivotally connected 
at 65 to the valve ff. The stem 6 is also piv 
otally connected to one end of a follow-up lever 
66 which is fulcrumed at an intermediate point 
67 and has its other end arranged in thrust 
transmitting engagement with respect to the up 
per end of the spring 54 by means of a stem 68. 
With upward movement of the relay 53 in re 

Sponse to increase in transformed fuid pressure 
the operating piston 60 moves upwardly to move 
the valve f l in a closing direction and vice versa, 
movement of the operating piston being in the 
direction for restoring the relay 53 to neutral cut 
off position. 
As a governor of the type more fully described 

in the aforesaid patent to Gottlieb is used to move 
the admission valve in response to controlling 
movement of the handwheel 7, such a governor 
will now be briefly described in relation to marine 
propulsion. 
In marine propulsion, assuming the propeller 

submergence is kept the same, change in turbine 
load is produced only by change in propulsion 
Speed and there does not occur the condition of 
Operating from no load to full load at any set 
speed changer spring position. When the hand 
wheel 7 is moved in a speed-increasing direc 
tion, the governor, at 9, is thereby operated to 
move the admission valve in an opening direc 
tion. As movement of the admission valve in 
this way takes place immediately and independ 
ently of any speed-responsive effect, it will be 
apparent that the valve can be operated at a rate 
in excess of that at which the propulsion Speed 
may be increased with the result that the turbine 
torque may be increased to the pull-out point of 
the synchronous connection and it is the purpose 
of the limit device or apparatus, at 20, to inter 
rupt movement of the admission valve before the 
pull-out point is reached, the limit device being 
effective until the gain in propulsion speed is 
sufficient to restore control of the valve to the 
governor, it being remembered, of course, that, 
with a given admission valve opening, the torque 
is reduced as the turbine gains in speed. The 
speed-responsive function of the governor is uti 
lized to protect the turbine against overspeeding 
due to interruption of the electrical connection 
or breakage of the propeller shaft, in which event 
the amount of increase in speed required to close 
the admission valve depends upon the Speed reg 
ulation of the governor at the particular setting 
of the speed changer spring and which is, in all 
cases, only a small part of the speed range at 
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tainable by the use of the speed changer spring. 
The governor so far described operates with 

speed change due to load change; however, with 
the present type of application, it is desirable to 
provide for speed correction or compensation on 
this account. The purpose of speed correction or 
compensation in the marine propulsion and simi 
lar applications of the invention is to provide reg 
ulation which is reasonably stable at the high 
Speed point while preserving a low speed change 
between the idling and the synchronizing load 
condition of the low speed point. Therefore, as 
described in the aforesaid Gottlieb patent, the 
cup valve member 46 has a downwardly-facing 
piston area 70 exposed to pressure existing in the 
chamber 7, pressure to the latter chamber being 
Supplied from the pressure space by means of a 
passage 72 having the adjustable orifice 73. An 
accumulator or air bell 4 communicates with 
the passage between the orifice and the pressure 
chamber 7. Preferably, the piston area 7 O is 
equal and opposite to that provided by the cup 
valve 47 with the result that, if the pressures ex 
isting in the Spaces 50 and i? are equal, then 
the forces thereof applied to the cup valve mem 
ber 46 will be balanced, with the result that the 
latter member occupies a position with the force 
of the load spring balancing that due to cen 
trifugal force. As changes in pressure in the 
Space flag with respect to changes in the space 
50 because of the orifice and the air bell, it will 
be apparent that the governor has a transient 
phase of ordinary operation followed by opera 
tion to correct the speed for load change so that 
the governor is thereby rendered isochronous, or 
at least one having a very small speed change due 
to load change. 
From the foregoing, it will be apparent that, 

as the handwheel 7 of the controlling device, at 
6, is moved in a Speed-increasing direction, the 

extent of opening of the admission valve is 
increased, movement of the handwheel operat 
ing, through the instrumentality of the governor, 
at 9, to move the admission valve; and, as the 
governor is of the speed-compensating or speed 
correcting type, the torque-limiting device, at 20, 
for the turbine may operate in proper relation to 
the governor for the full propulsion speed range 
to interrupt opening of the admission valve to 
avoid increase in turbine torque to the pull-out 
point. The apparatus, at 20, for limiting turbine 
torque will now be described. 

If the turbine torque increases at a rate be 
yond that at which it can be utilized by the pro 
pulsion motor, the latter may pull out thereby 
interrupting the synchronous relation. There 
fore, means, at 20, is employed in connection with 
the aforesaid speed-controlling system for limit 

60 

ing the turbine torque. Accordingly, there is 
provided a space 75 having a discharge port 76 
with respect to which the cup valve 77 defines 
an escape orifice, the space 75 being supplied 
With fluid from any suitable pressure source, at 
9a, by means of an orifice 80. 
The cup valve 77 operates to provide pressure 

in the space 75 which is correlated to the trans 
formed pressure in the space 50 and is arranged 
to supersede the latter and take over control of 
the pilot valve in the event of excessive turbine torque at any speed setting. To provide for the 
pilot valve being influenced by the higher of the 
two pressures, the chamber 52, to which it is di 
rectly exposed, communicates with either of the 
Spaces 50 and 75, whichever is the higher, the 
check valves 78 and 79 for the spaces is and so 
opening toward the chamber 52 to provide for 
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such operation. As the check Valve 39 interrupts 
communication between the space 52 and the 
transformed pressure space 59 whenever press 
sure in the latter tends to be lower than that in 
the former, the piston valve 53 is shown as being 
provided with a bleeder port 52a, which is effec 
tive to provide pressure in the space 52 which will 
decline whenever the pressure in the space 50 is 
reduced. 
To provide turbine torque-limiting pressures 

in the space 5 suitable for the propulsion Speed 
range, it is necessary that, as the turbine in 
creases in speed in consequence of reduction of 
pressure in the space 59, the pressure in the Space 
75 shall also be reduced in suitable relation with 
respect to that in the space 50, the pressure in the 
space 75 being normally maintained below that 
in the spaces 52 and 50 to a desired extent. 
The pressure in the space 5 depends upon 

the closing force exerted on the cup valve a by 
the spring 8 arranged between the abutment 8 a. 
and the follower 82, the closing force of the 
spring being varied by moving the follower 82 up 
wardly and downwardly. 
The follower 82 is positioned to vary the force 

of the spring 8 to vary the pressure in the space 
75 by means of piston structure including the 
stem 83 and the piston 84 secured thereto and 
subject to fluid pressure in the space 86. A load 
spring 85 acts on the piston structure in opposi 
tion to fluid pressure in the space 86 and the 
spring 8 acts thereon in opposition to the Spring 
85. The piston structure, therefore, seeks a po 
sition such that the downwardly-acting force of 
the spring 85 is balanced by the upwardly-acting 
force due to fluid pressure applied to the pistOn 
and to the spring 8. 
Fluid under pressure is supplied to the space 

86 by means of the gear pump 8 operatively Con 
nected to the turbine. An orifice 88 for the dis 
charge of the gear pump assures that the pres 
sure supplied to the space 86 shall vary with the 
turbine Speed, the pressure increasing With in 
creases in speed and vice versa. A change in 
pressure in the Space.86 results in movement of 
the piston structure with change in force of the 
spring 85 in the same direction and of the spring, 
8 in the opposite direction until the downward 
ly-acting force exerted by the Spring 85 is bal 
anced by the upwardly-acting forces due to pres- : 
sure applied to the piston 84 and to the spring 
8 . Therefore, as increase in speed occurs pur 
suant to having moved the admission valve in an 
opening direction, the pressure in the space 86 
increases to move the piston structure upwardly : 
to decrease the pressure in the space 5. 

For a range of movement fixed by the adjust 
able stops 9 and 92, the pressure range in the 
space 75 may be shifted upwardly or downwardly 
by adjusting the threaded connection 90 between 
the stem 83 and the piston 84. As the stem 83 is 
screwed downwardly, the range of pressures in the 
space T5 is raised, and, as it is screwed upwardly, 
the reverse is true. By adjusting the stops 9 and 
92, the pressure range in the space 75 may bein 
creased or decreased, or the range may be shifted 
upwardly or downwardly, with or without change 
in the extent thereof. 
The crank abutment 93 carried by the hand 

wheel 94 provides for manual adjustment of the 
minimum pressure that may exist in the Space 
75. Normally, the crank abutment 93 is posi 
tioned so as not to interfere with movement of 
the follower 82, thereby permitting of full control 
of position of the latter by means of the piston 
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84 and the ster 33; however, with the crank 
abutment $3, engaging the follower 82, as shown 
in Fig. 2, it will be appare: that, as it is moved 
downwardly, the minizillain pressure that may 
exist in the Space 3 is raised. As hereinafter 
pointed out, the purpose of this manual adjust 
ment is to limit turbine and propulsion speed, 
particularly in a rough sea. Assuming that the 
propulsion speed is being increased in a rough Sea 
by movement of the controlling handwheel 7, as 
the turbine speed increases, the pressure in 
creases in the space 36 and the piston 84 moves 
lipwardly, the pressure in the space.75 diminish 
ing in consequence. The propulsion speed may 
increase with upward movement of the spring 
follower 82 as the piston 84 moves upwardly until 
the follower engages the crank abutment 93, 
whereupon, irrespective of any further upward 
movement of the piston 84, the spring follower 
82 is held in position determined by the setting 
of the crank abutment 93 to limit the pressure 
attainable in the space 5. Continued increase 
in turbine Speed brings about decrease in pres 
Sure in the Space 50; however, as the pressure 
in the space 5 cannot be lowered further be 
cause of the position of the follower 82 being fixed 
by the crank abutment 93, just as soon as the 
pressure in the space 60 reaches a point where 
it tends to be lower than that existing in the 
Space 5, then the pressure in the latter space 
Supersedes that of the space 50 and takes control 
of the pilot Valve, the check valve 79 then sepa 
rating the spaces 50 and 52 and the check valve 
.8 permitting of pressure in the space 75 being 
effective in the space 52 to actuate the pilot valve. 
In the event of Operation in a rough sea, accel 

eration and retardation effects produced by 
emergence and submergence of the propeller may 
result in such wide changes in flow of steam in 
the turbine as to render control of the boiler and 
particularly the combustion apparatus of the lat 
ter difficult. Therefore, means is provided for 
controlling the pressure in the space 5 inde 
pendently of the turbine speed, such means con 
prising a lever or abutment 93 connected to the 
auxiliary Speed control hand wheel 94. Assui 
ing that the ship is to be propelled at 56 speed, 
the hand wheel is noved to adjust the force of 
the Spring 86 to establish a pressure in the space 
5 and in the space 52 corresponding to a posi 

tion of the admission valve for such speed. The 
control device is then operated to adjust the 
governor, at 9, for a slightly higher speed. 
Therefore, the propulsion turbine will be con 
trolled primarily by the pressure existing in the 
Space 5; however, with increase in speed, the 
governor comes into play to move the admission 
Valve in a closing direction to limit such speed 
increase. Therefore, the steam flow through the 
turbine is held within a narrow range of varia 
tion as determined by the pressure in the space 
5 and whatever slightly higher pressure de 

veloped by the governor in response to increase 
in Speed may be necessary to move the admis 
sion valve in a closing direction, 
While we have shown our invention in but one 

form, it will be obvious to those skilled in the art 
that it is not so limited, but is Susceptible of war 
ious changes and modifications without depart 
ing from the spirit thereof, and we desire, there 
fore, that only such limitations shall be placed 
thereupon as are specifically set forth in the ap 
pended claims. 
What is claimed is: r 
1. In apparatus for controlling the admission 
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of motive fluid to a prime mover coupled to a 
generator which is synchronously connected to 
motor means operated to effect movement of a 
body and wherein the inertia of the coupled prime 
mover and generator is comparatively small in . 
relation to that of the body, a motive fluid ad 
mission valve for the prime mover, mechanism 
including a member which is manually movable 
to control the admission valve to vary the speed 
of movement of the body, said mechanism also 
including a governor operatively Connected to 
the admission valve and provided with a speed 
changer which is adjusted in response to move 
ment of said member, and means responsive to 
prime mover speed for interrupting opening 
movement of the Valve when the prime mover 
speed corresponding to the extent of admission 
valve opening exceeds the actual speed a prede 
termined amount. 

2. In apparatus for controlling the admission 
of motive fluid to a turbine coupled to a genera 
tor which is synchronously connected to motor 
means operated to effect movement of a body and 
wherein the inertia of the coupled turbine and 
generator is comparatively small in relation to 
that of the body, a motive fluid admission valve 
for the turbine, mechanism including a member 
which is manually movable to control the admis 
sion valve to vary the speed of movement of the 
body, said mechanism also including a governor 
operatively connected to the admission valve and 
provided with a speed changer which is adjusted 
in response to movement of said member, means 
providing fluid under pressure dependent upon 
speed of the turbine, and means responsive to 
pressure of such fluid for interrupting opening 
movement of the admission valve when the tur 
bine speed corresponding to the extent of open 
ing of the latter exceeds the actual speed a pre 
determined amount. 

3. The combination as claimed in claim 2 with manually-controlled means for rendering the re 
sponsive means effective to limit the extent to 
which the admission valve may be opened. 

4. In apparatus for controlling the admission 
of motive fluid to a turbine coupled to a genera 
tor which is synchronously connected to motor 
means operated to effect movement of a body and 
wherein the inertia of the coupled turbine and 
generator is comparatively Small in relation to 
that of the body, a motive fluid admission valve 
for the turbine; first mechanism including an 
element which is movable to control the admis 
sion valve to vary the speed of movement of the 
body; said mechanism also comprising pressure 
responsive means for moving the admission valve 
in response to pressure of liquid and including a 
pressure chamber, said pressure-responsive 
means and the admission valve being so ar 
ranged that a decrease in pressure results in 

admission valve opening exceeds the actual Speed 
a predetermined amount and comprising means 
providing a second space for liquid under pres 
sure and Communicating with the preSSure-re 
sponsive means through a check valve arranged . 
to open toward the latter, means for maintain 
ing in said second space liquid under pressure 
which decreases as the turbine speed increases 
and vice versa and including an escape port and 
a relief valve cooperating with the latter, a load 
Spring for exerting closing - force on the relief 
Valve, and means dependent upon turbine speed 
for varying the loading of said load spring such 
that as the turbine speed increases the loading 
is reduced and Vice Versa. 

5. In apparatus for controlling the admission 
of motive fluid to a turbine coupled to a generator 
which is synchronously connected to motor means 
operated to effect movement of a body and where 
in the inertia of the coupled turbine and genera 
tor is comparatively small in relation to that of 
the body, a motive fluid admission valve for the 
turbine; first mechanism including an element 
which is movable to control the admission valve 
to vary the speed of movement of the body; said 
first mechanism also comprising pressure-respon 
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movement of the admission valve in an opening . 
direction and vice versa, means providing a first 
pressure space communicating With said pressure 
chamber through a check valve arranged to open 
toward the latter, a flyweight governor operated 
by the turbine, means utilizing the governor to 
provide in said first space liquid under pressure 

sive means for moving the admission valve in 
response to preSSure of liquid and including a 
pressure chamber, Said pressure-responsive means 
and the admission valve being so arranged that 
a decrease in pressure results in movement of the 
admission valve in an opening direction and vice 
versa, means providing a first pressure space com 
municating with Said pressure chamber through 
a check valve arranged to open toward the latter, 
a flyweight governor operated by the turbine, 
means utilizing the governor to provide in said 
first space liquid under pressure which increases 
as the turbine speed increases and vice versa, and 
Speed-changing means for the governor adjusta 
ble in response to movement of said controlling 
element to effect movement of the admission 
valve; and second mechanism responsive to tur 
bine speed for interrupting opening movement of 
the admission valve when the turbine speed cor 
responding to the extent of admission valve open 
ing exceeds the actual speed a predetermined 
amount and comprising means providing a second 
space for liquid under pressure, means for main 
taining liquid under pressure in said Second space 
and including an escape port and a relief valve 
cooperating with the latter, a load spring having 
one end in abutment relation with respect to the 
relief valve for exerting closing force on the lat 
ter, means abutting the other end of the load 
spring and movable in response to turbine speed 
so that the force of the spring exerted on the re 
lief valve is decreased with increases in turbine 
Speed and vice versa, and abutment means for 
Said other end of the spring and movable manu 
ally to adjust the minimum attainable spring 
force for limiting the extent to which the pressure 
may be reduced in said second space so as to limit 

5 

which increases as the turbine speed increases 
and vice versa, and speed-changing means for 
the governor adjustable in response to movement 
of said controlling, element to effect movement 
of the admission valve; and Second mechanism 
responsive to turbine speed for interrupting 
opening movement of the admission valve when 
the turbine speed corresponding to the extent of 
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the extent to which the admission valve may be 
opened. 

6. In apparatus for controlling the admission 
of motive fluid to a turbine coupled to a genera 
tor which is synchronously connected to motor 
means operated to effect movement of a body 
and wherein the inertia of the coupled turbine 
and generator is comparatively small in relation 
to that of the body, a motive fluid admission valve 
for the turbine; first mechanism including an 
element which is movable to control the admis 
Sion valve to vary the speed of movement of the 
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body; said mechanism also comprising pieSSL rea 
responsive means for moving the admission valve 
in response to pressure of liquid and including 8, 
pressure chamber, said pressure-responsive means 
and the admission valve being so arranged that 
a decrease in pressure applied to the pressure 
responsive means results in movement of the ad 
mission valve in an opening direction and vice 
versa, means providing a first pressure space com 
municating with said pressure chamber through 
a check valve arranged to open toward the latter, 
a governor Operated by the turbine, means utiliz 
ing the governor for maintaining in said first, 
space liquid under pressure dependent upon tur 
bine speed such that, as the turbine speed in 
Creases and decreases the pressure increases and 
decreases, Said governor including flyweights and 
a spring for resisting outward movement of the 
flyweights under the influence of centrifugal 
force, and means responsive to movement of the 
controlling element for varying the force of said 
spring to cause the governor to move the admis 
sion valve Such that, as the controlling element is 
moved in a speed-increasing direction, the spring 
force is increased to reduce the pressure of liquid 
applied to the pressure-responsive means in order 
to move the admission valve in an opening direc 
tion and vice versa; and second mechanism re 
Sponsive to turbine speed for interrupting open 
ing movement of the admission waive when the 
turbine speed corresponding to the extent of 
admission valve opening exceeds the actual speed 
a predetermined amount and comprising means 
providing a second space for liquid under pressure 
Communicating with said pressure chamber 
through a check valve arranged to open toward 
the latter, means for maintaining liquid under 
pressure in the second space including an escape 
port and a second valve in covering relation with 
respect thereto, said second valve having an area, 
subject to the pressure existing in the second 
Space, and means including a spring for exerting 
closing force on said second valve and operative 
in response to turbine speed so that, as the tur 
bine Speed increases, the closing force is reduced 
and vice versa. 7. In apparatus for controlling the admission 
of motive fluid to a turbine coupled to a generator 
which is synchronously connected to motor means 
operated to effect movement of a body and where 
in the inertia of the coupled turbine and genera 
tor is comparatively small in relation to that of 
the body, a motive fluid admission valve for the 
turbine; mechanism including an element which 
is movable manually to control the admission : 
valve to vary the speed of movement of the body, 
Said mechanism also including a speed-compen 
sated governor operatively connected to the ad 
mission valve and provided with speed-changing 
means adjusted in response to movement of said 
controlling element so that movement of the lat 
ter results in movement of the admission valve, a 
pump operated by the turbine, means providing a 
pressure space supplied with liquid from the 
pump, an Orifice communicating with the pres 
sure Space so that the pump is effective to provide 
for liquid pressure therein which increases and 
decreases as the turbine speed increases and de 
Creases, and means responsive to pressure in said 
Space for interrupting movement of the admission 
valve in an opening direction when the turbine 
Speed Corresponding to the extent of opening of 
the latter exceeds the actual speed a predeter 
mined amount. 8. In apparatus for controlling the admission 
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of Yilotive fugidi O a, LYoine copied to a gene 
erator which is synchronously connected to notor 
means operated to effect movement of a body and 
wherein the inertia of the coupled turbine 3d 
generator is comparatively Small in relation to 
that of the body, a motive fluid admission valve 
for the turbine; first mechanism including a 
element movable to control the admissioi Vaive 
to vary the speed of movement of the body; Said 
first mechanism also comprising means for iOV 
ing the admission valve in response to g3"essure 
of liquid and including a pressure chanber, Said 
pressure-responsive means and the admission. 
valve having such relation that decrease in prese 
sure applied to the pressure-responsive means 
results in movement of the admission valve in an 
opening direction and vice versa, means provid 
ing a first pressure space communicating with 
said pressure chamber through a check valve 
opening toward the latter, means for maintaining 
liquid under pressure in said first space and 
including an escape port and a first valve COOper 
ating with the latter to control the pressure in 
said space, means responsive to speed of the tur 
bine for applying force to said first valve in a 
direction to increase the pressure in the first 
space, a first spring having one end in abutment 
relation with respect to the speed-responsive 
means for opposing the force of the latter in 
response to speed, an abutment for the other end 
of said first spring, and means utilizing Said 
controlling element to move the abutment so that 
the resulting change in spring force is effective 
to change the pressure in said first space to move 
the admission valve; and second mechanism ree 
sponsive to turbine speed for interrupting open 
ing movement of the admission valve when the 
turbine speed corresponding to the extent of 
admission valve opening exceeds the actual Speed 
a predetermined amount and comprising nearns 
providing a second space for liquid under pres 
sure and which communicates with Said pressure 
chamber through a check valve opening toward 
the latter, means for maintaining liquid under 
pressure in said second space including an escape 
port and a second valve cooperating with the 
latter for controlling the pressure, and means 
responsive to turbine speed and cooperating with 
the last-named valve to maintain in Said Second 
space liquid under pressure which decreases as 
the turbine increases in speed and vice versa. 

9. In apparatus for controlling the admission 
of motive fluid to a turbine coupled to a gen 
erator which is synchronously connected to motor 
means operated to effect movement of a body and 
wherein the inertia of the coupled turbine and 
generator is comparatively Small in relation to 
that of the body, a motive fluid admission valve 
for the turbine; first mechanism including an 
element which is movable manually to control the 
admission valve to vary the speed of movement 
of said body; said mechanism also comprising 
means for moving the admission valve in response 
to pressure of iiquid and including a pressure 
chamber, said pressure-responsive means and ad 
mission valve having such relation that decrease 
in pressure applied to the pressure-responsive 
means results in movement of the admission valve 
in an opening direction and vice versa, means 
providing a first pressure space communicating 
with the pressure chamber through a check valve 
opening toward the latter, means for maintain 
ing liquid under pressure in said first space and 
including an escape port and a first valve COop 
erating with the latter to control the pressure in 
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Said Space, means responsive to speed of the 
turbine for applying force to the first valve in a 
direction to increase the pressure in the first 
Space, a first Spring having one end in abutment 
relation with respect to the speed-responsive 5 
means and effective to oppose the force of the 
latter, an abutment for the other end of the 
Spring, means utilizing said controlling element 
to move the abutment so that the resulting 
change in Spring force is effective to change the 10 
pressure in Said first space to move the admission 
valve; and second mechanism responsive to tur 
bine Speed for interrupting opening movement of 
the admission valve when the turbine speed cor 
responding to the extent of admission valve open- lis 
ing exceeds the actual speed a predetermined 
amount and comprising means providing a second 
Space for liquid under pressure communicating 
with Said pressure chamber through a check valve 
opening toward the latter, means for maintaining 20 
liquid under pressure in said second space in 
cluding an escape port and a second valve coop 
erating With the latter for controlling the pres 
Sure, means responsive to turbine speed and coop 
erating with the last-named valve to maintain in 
Said Second Space liquid under pressure which 
decreases as the turbine increases in speed and 
vice versa, and manual means operative to vary 
the minimum pressure which may be attained in 
said second Space so that such minimum may be 30 
adjusted to limit the extent to which the admis 
Sion valve may be opened. 

10. In apparatus for controlling the admission 
of motive fluid to a turbine coupled to a gener 
ator which is synchronously connected to motor 35 
means operated to effect movement of a body and 
wherein the inertia of the coupled turbine and 
generator is comparatively small in relation to 
that of the body, a motive fluid admission valve 
for the turbine; first mechanism including an 40 
element which is movable manually to control 
the admission valve to vary the speed of move 
ment of said body; said mechanism also com 
prising pressure-responsive means for control 
ling the admission valve and including a pres- 45 
Sure chamber, said pressure-responsive means 
and admission valve having such relation that 
decrease in pressure applied to the pressure-re 
Sponsive means results in movement of the ad 
mission valve in an opening direction and vice 50 
versa, means providing a first pressure space 
Communicating with said pressure chamber 
through a check valve opening toward the latter, 
means for maintaining liquid under pressure in 
said first space and including an escape port and 55 
a first valve cooperating with the latter to con 
trol the pressure in said space, means responsive 
to speed of the turbine for applying force to the 
first valve in a direction to increase the pressure 
in the first space, a first spring having one end 60 
in abutment relation with respect to the speed 
responsive means and effective to oppose the 
force of the latter, an abutment for the other 
end of the first Spring, and means utilizing Said 
controlling element to move the abutment so 65 
that the resulting change in first spring force 
is effective to change the pressure in said first. 
space to move the admission valve; and Second 
mechanism responsive to turbine speed for in 
terrupting opening movement of the admission 70 
valve when the turbine speed corresponding to 
the extent of admission valve opening exceeds 
the actual speed a predetermined amount and 
comprising means providing a second space for 
liquid under pressure and which communicates 75 

with said pressure chamber through a check 
valve opening toward the latter, means for main 
taining liquid under pressure in Said second 
space including an escape port and a second 
valve cooperating with the latter for controlling 
the pressure, a second spring having one end en 
gaging the second valve and effective to exert 
closing force on the latter, means providing a 
third pressure space, means for. Supplying liquid 
to the third pressure space under pressure de 
pendent upon turbine speed, abutment means 
engaging the other end of the Second Spring, 
means controlling the position of the abutment 
means comprising a piston unitary with the lat 
ter and a third spring with the third spring ar 
ranged to exert force on the abutment means in 
opposition to the second spring and with the 
piston arranged to be exposed to pressie in the 
third space so that force due to such preSSure 
may be exerted thereon in opposed 'elation to 
that of the third spring, and adjustable stops 
for limiting movements of the abutment means in opposite directions. 

11. In apparatus for controlling the admission 
of motive fluid to a turbine coupled to a gen 
erator which is synchronously connected to mo 
tor means operated to effect movement of a body 
and wherein the inertia of the coupled turbine 
and generator is comparatively small in relation 
to that of the body, a motive, fluid admission 
valve for the turbine; first mechanism including 
an element which is movable manually to con 
trol the admission valve to vary the Speed of 
movement of said body; said mechanism also 
comprising pressure-responsive means for con 
trolling the admission valve and including a 
pressure chamber, said pressure-responsive 
means and admission valve having such rela 
tion that decrease in pressure applied to the 
pressure-responsive means results in movement 
of the admission valve in an opening direction 
and vice versa, means providing a first pres 
sure space communicating with said pressure 
chamber through a check valve opening toward 
the latter, means for maintaining liquid under 
pressure in said first space and including an es 
cape port and a first valve cooperating with the 
latter to control the pressure in Said Space, 
means responsive to speed of the turbine for ap 
plying force to the first valve in a direction to 
increase the pressure in the first space, a first 
spring having one end in abutment relation with 
respect to the speed-responsive means and effec 
tive to oppose the force of the latter, an abut 
ment for the other end of the first spring, and 
means utilizing said controlling element to move 
the abutment so that the resulting change in 
first spring force is effective to change the pres 
sure in said first space to move the admission 
valve; and second mechanism responsive to 
turbine speed for interrupting opening move 
ment of the admission valve when the turbine 
speed corresponding to the extent of admission 
valve opening exceeds the actual speed a prede 
termined amount and comprising means pro 
viding a second space for liquid under pressure 
and which communicates with said pressure 
chamber through a check valve opening toward 
the latter, means for maintaining liquid under 
pressure in said second space including an es 
cape port and a second valve cooperating with 
the latter for controlling the pressure, a second 
spring having one end engaging the second valve 
and effective to exert closing force on the lat 
ter, means providing a third pressure space, 
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means for supplying liquid to the third pressure 
space under pressure dependent upon turbine 
speed, abutment means engaging the other end 
of the second spring, means controlling the po 
Sition of the abutment means conprising a pis 
ton unitary With the latter and a third Spring 
with the third Spring arranged to exert force 
on the abutment means in opposition to the 
second spring and with the piston arranged to 
be exposed to pressure in the third space So that 
force due to Such pressure may be exerted there 
on in opposed relation to that of the third 
spring, and means providing for relative axial 
adjustment of the piston of the abutment means 
with respect to the portion of the latter in abut 
ment relation with respect to the Second spring. 

12. In apparatus for controlling the admission 
Of notive fluid to a turbine coupled to a gen 
erator which is synchronously connected to motor 
means Operated to effect movement of a body 
and wherein the inertia of the coupled turbine 
and generator is comparatively small in relation 
to that of the body, a motive fluid admission valve 
for the turbine; first mechanism including an ele 
ment Which is movable manually to control the 
admission valve to vary the speed of movement of 
Said body; Said mechanism also comprising pres 
sure-responsive means for controlling the admis 
sion valve and including a pressure chamber, said 
preSSure-responsive means and admission valve 
having such relation that decrease in pressure 
applied to the pressure-responsive means results 
in movement of the admission valve in an open 
ing direction and vice versa, means providing a 
first pressure space communicating with said 
pressure chamber through a check valve opening 
toward the latter, means for maintaining liquid 
under pressure in said first space and including 
an escape port and a first valve cooperating with 
the latter to control the pressure in said space, 
means responsive to speed of the turbine for ap 
plying force to the first valve in a direction to 
increase the pressure in the first space, a first 
Spring having one end in abutment relation with 
respect to the speed-responsive means and effec 
tive to oppose the force of the latter, an abut 
ment for the other end of the first spring, and 
means utilizing said controlling element to move 
the abutment so that the resulting change in first 
Spring force is effective to change the pressure in 
said first space to move the admission valve; and 
Second mechanism responsive to turbine speed for 
interrupting opening movement of the admission 
valve when the turbine speed corresponding to 
the extent of admission valve opening exceeds the 
actual Speed a predetermined amount and com 
prising means providing a second space for liquid 
under pressure and which communicates with 
Said pressure chamber through a check valve 
Opening toward the latter, means for maintaining 
liquid under pressure in said second space includ 
ing an escape port and a second valve cooperating 
with the latter for controlling the pressure. a 
Second spring having one end engaging the second 
valve and effective to exert closing force on the 
latter, means providing a third pressure space. 
means for supplying liquid to the third pressure 
Space under pressure depending upon turhine 
speed, abutment means engaging the other and 
of the second spring, means controlling the nosi 
tion of the abutment, means comprising a piston 
unitary with the latter and a third storing with 
the third spring arranged to exert force on the 
abutment means in opposition to the second 

0. 

15 

20 

30 

35 

40 

45 

SO 

SS 

30 

85 

O 

ty 
to pressure in the third space in order that force 
due to such pressure may be exerted thereon in 
opposed relation to that of the third spring, ad 
justable stops for limiting movements of the abut 
ment means in opposite directions, and manual 
means providing for adjustment of the second 
spring independently of the abutment means to 
vary the minimum pressure which may be at 
tained in said second space So that such minimum 
pressure may be adjusted to limit the extent to 
which the admission valve may be opened. 

13. In apparatus for controlling the admis 
sion of motive fluid to a turbine coupled to a 
generator which is synchronously connected to 
motor means operated to effect movement of a 
body and wherein the inertia of the coupled tur 
bine and generator is comparatively small in 
relation to that of the body, a motive fluid ad 
mission valve for the turbine; first mechanism 
including an element which is movable manu 
ally to control the adunission Valve to vary the 
speed of movement of said body; said first mech 
anism also comprising pressure-responsive means 
for moving the admission valve in response to 
pressure of liquid and including a pressure cham 
ber, said pressure-responsive means and the ad 
mission valve being SO arranged that a decrease 
in pressure applied to the pressure-responsive 
means results in movement of the admission 
valve in an opening direction and vice versa, 
means providing a first pressure Space, commu 
nicating with said pressure chamber through a 
check valve opening toward the latter, means, 
for maintaining liquid under pressure in said 
first space and including an escape port and a, 
valve cooperating with the latter to control the 
pressure in said Space, means responsive to 
speed of the turbine for applying force to the 
first valve in a direction to increase the pressure 
in the first Space, a first Spring having One end 
in abutment relation with respect to the speed 
responsive means and effective to oppose the force 
of the latter, an abutment for the other end of 
the first spring, and means utilizing said con 
trolling element to move the abutment so that 
the resulting change in spring force is effective 
to change the pressure in said first space to move 
the admission valve; and second mechanism re 
sponsive to turbine speed for interrupting open 
ing movement of the admission valve when the 
turbine speed corresponding to the extent of ad 
mission valve opening exceeds the actual speed 
a predetermined amount and comprising a sec 
ond space for liquid under pressure communi 
cating with said pressure chamber through a 
check valve opening toward the latter, means 
for maintaining liquid under pressure in said 
Second space and including an escape port and 
a second valve cooperating with the latter to 
control the escape of liquid through the port, a 
second spring for applying force to the second 
Valve in a valve-closing direction, and means re 
Sponsive to Speed of the turbine and acting on 
the second spring to decrease the pressure in said 
Second space with increases in turbine speed and 
vice versa. 

14. In apparatus for controlling the admis 
sion of motive fluid to a turbine coupled to a 
generator which is synchronously. connected to 
motor means operated to effect movement of a 
body and wherein the inertia of the coupled tur 
bine and generator is comparatively small in 
relation to that of the body, a motive fluid ad 
mission valve for the turbine; first mechanism 

Spring and with the piston arranged to be exposed 75 including an element which is movable manually 
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to control the admission valve to vary the speed 
of movement of said body; said first mechanism. 
also comprising pressure-responsive means for 
controlling the admission valve and including a 
pressure chamber, said pressure-responsive 
means and admission valve having such relation 
that decrease in pressure results in movement of 
the admission valve in an opening direction and 
vice versa, means providing a first pressure Space 
communicating with said pressure chamber 
through a check valve opening toward the lat 
ter, means for maintaining liquid under pres 
sure in said first space and including an escape 
port and a valve cooperating with the latter to 
control the pressure, means responsive to speed 
of the turbine for applying force to the valve in 
a direction to increase the pressure in said first 
Space, a first spring having One end in abuts 
ment relation with respect to the speed-respon 
sive means and effective to oppose the force of 
the latter, said first valve having a first area, 
exposed to pressure in said first space and a sec 
Ond area arranged in Opposed relation with re 
spect to the first area, and means for applying 
pressure to the second area, including a passage 
connected to the first space and having an ori 
fice, and an accumulator connected to the pas 
Sage between the orifice and the second area; 
Second mechanism responsive to turbine Speed 
for interrupting opening movement of the ad 
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mission valve when the turbine speed corre 
sponding to the extent of admission valve open 
ing exceeds the actual speed a predetermined 
amount and comprising means providing a sec 
Ond space for liquid under pressure, means for 
maintaining liquid under pressure in said Sec 
ond space and including an escape port and a 
second valve cooperating with the latter, said 
second valve having an area exposed to pres 
sure of the second space so that force is applied 
thereto in a valve-opening direction, a Second 
Spring for applying force to the last-named 
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valve in a valve-closing direction, means pro 
widing a third Space for liquid under pressure, 
means for supplying liquid to said third space 
under preSSure dependent on turbine Speed, and 
means for varying the loading of the second 
Spring including an element movable in response 
to pressure in Said third space so that as the pres 
sure in the latter increases the loading of the 
Second spring is reduced to reduce the pressure 
in the second space and vice versa. 

5. The combination as claimed in claim 14 
with means manually adjustable to vary the min 
imum loading of the second spring to provide 
for pressure in the second space effective to limit 
the extent of opening of the admission valve. 

ANTHONY F. SCHWENDNER. 
JOHN S. NEWTON. 


