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Application filed November 19, 1924, serial No. 750,818. 
My invention relates to variable fluid 

pressure operated governing apparatus, 
more particularly to that class of apparatus 
embodying an element movable in response 
to variations in the fluid pressure in oppo 
sition to the force exerted by a spring and has for an object the provision of apparatus 
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in the fluid pressure. 
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of the character designated which shall ein 
ploy a spring of relatively small scale and 
at the same time effect wide ranges of move. 
ment of the element per unit of variatio 
Another object of my invention is to pro 

vide, in apparatus of the character desig 
nated, simple, effective and readily acces 
sible means for changing the initial tension 
of the spring, together with means for auto 
matically limiting movements of the ten 
sion-changing means. - - - - - 

Apparatus embodying features of my in 
vention is illustrated in the accompanying 
drawings. forming a part of the specification 
and in which Fig. 1 shows an elastic fluid 
turbine equipped with my improved gover 
ing apparatus: Fig. 2 is a vertical sectional 
view of the governing apparatus; Fig. 3 is 
a sectional elevation of a screw motor em 
ployed in my invention; Fig. 4 is a sec 

30 
tional view of the speed changing mecha 
nism; and Fig. 5 is a wiring diagram of a 
form of power limit stop which may be em 
ployed with my invention. 
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In the design of variable fluid-pressure 
operated governing apparatus embodying 
an element movable in response to varia 
tions in fluid pressure in opposition to the 
force exerted by, a spring, difficulties have 
been encountered in that a spring of suffi 
cient strength to withstanda relatively, high 
fluid pressure must be employed and at the 
same time the spring must deflect sufficiently 
per relatively small unit of change in gov 
erning pressure to afford ample governing 
movements. Unless some means are em ployed to effect a relatively wide governing 
movement, per unit of deflection of the 
spring, the spring employed is, of necessity, 
too long for practical purposes. 

In accordance with my invention, I pro 
vide a mechanism for the spring retaining 
means or abutment, which effects a follow 
up movement thereof at each movement of 

Fluid leaking past the lower stem 

the element acted upon by the variable fluid 
pressure. In this manner, upon a change 
in fluid pressure, deflection of the spring 
and movement of the element, the spring re 
taining means also moves in the same di 
rection, but at a slower rate, thus multiply 
ing the effect of each deflection of the spring and providing a comparatively wide govern 
ing movement per unit of deflection of the 
Spring. In order that the initial tension 
of the spring may be varied, and thus vary 
the Speed of the machine governed, I pro 
vide a readily accessible gearing which may 
be either manually or mechanically oper 
ated and which embodies a safety limit 
means preventing over-travel. . 

Referring now to the drawings for a bet 
ter understanding of my invention, I show 
in Fig. 1, at 10, an elastic fluid turbine 
having an admission valve 11, controlled by my improved governing apparatus at 12, 
The governing apparatus at 12 is operated 
by variable fluid pressure developed by, a 
centrifugal pump 13 driven by a shaft 14 
of the turbine 10. Fluid for the pump, 
usually lubricating oil, is supplied from a 
reservoir 16 and is delivered to the govern 
ing apparatus 12 through a conduit 17 con 
nected to the governing apparatus at 18. 
The governing apparatus 12, Fig. 2, com, 
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prises a housing 19 which includes an oper ating cylinder 20. The operating cylinder 
20 is provided with a bushing 21, said bush 
ing being so fitted that it may be rotated 
within the cylinder 20. Within the bushing 
21 is disposed an operating piston 22. The 
operating piston 22 is held against rotation 
with respect to the bushing 21 by means of 
a slide key, or spline connection, 23. The 
operating piston 22 is hollow and is pro 
vided with an upper stem portion 24 and a 
lower stem portion 26. The stem portions 
24 and 26 extend through suitably formed 
heads 25 and 25 of the cylinder 20 and form 
there with an approximately fluid-tight fit. 

ortion 
26 passes through a suitably arranged drain 
28 and is returned to the reservoir 16. Th3 
lower stem portion 26 is connected to the 
admission valve 11 by a stem 27 so that 
movements of the operating piston 22 are 
communicated directly to the admission 
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is a pilot valve 32. T 
also hollow and is provided with an annular 
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Wardly. 
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valve 11. The operating piston 22 is pl"O- 
vided with ports 29 leading from the in 
terior thereof to its upper face and ports 
31 leading from the interior thereof to its 
lower face. 

Disposed within the operating piston 
The pilot valve 32 is 

series of ports 33 extending through its 
walls, said ports 33 being adapted when in 
registry with port 31 of the operating pis 
ton 22, to admit fluid under pressure be 
neath the operating piston, forcing it up 

The pilot valve 32 is also pro 
vided with a reduced portion 34 which, 
when in registry with the lower port 31 of 
the operating piston 22, permits fluid to 
pass from beneath the Operating piston 22 
through port 31, the reduced portion 34 and 
the upper port 29. From the upper side of 
the operating piston 22 it is returned to the 
reservoir 16 through a drain 35. Between 
the reduced portion 34 and the port 33 of 
the pilot valve 32 is an annular shoulder 36 
serving to separate the port and the reduced 
portion and also serving, when in registry. 
with port 31, to lap said port and prevent 
the admission of fluid to, or exhaust of 
liquid from, the lower side of the operating 
piston 22. The pilot valve 32 is subjectel, 
at all times, to fluid under pressure admit 
ted at 18. Opposing the fluid pressure is a 
spring 37 in tension between an abutment 
38 and a cap member 39 of the pilot valve 
32. - 

The operation of the apparatus so far de 
scribed is as follows: Fluid under pressure 
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developed by the pump 13, varying with the 
speed of the turbine 10, is admitted at 18 
and acts against the upper stem portion 24 
of the operating piston 22 tending to force 
it downwardly and also acts against the 
pilot valve 32 tending to force it downward 
ly. Assuming that the turbine is being 
started and that a comparatively low pres 
sure is being developed by the pump 13, the 
pilot valve 32 is in its uppermost position 
due to the initial tension of the spring 37. 
In this position port 33 of the pilot valve 
is in registry with port 31 of the operating 
piston and fluid under pressure passes be 
neath the operating piston 22. The area of 
the operating piston 22 is made greater than 
the area of the stem portion 24 so that with 
equal pressure acting in opposite directions 
upon the stem portion 24 and the lower face 
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of the piston 22, the piston is held in its up 
permost position. As soon as the speed of 
the turbine increases sufficiently for the 
pump 13 to develop a pressure greater than 
the initial tension of the spring 37, the pilot 
valve 32 is forced downwardly connecting 
the lower port 31 of the operating piston 
22 with the upper port 29 through the re 

22 
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Fluid from beneath the operating piston 22 
then passes outwardly through the drain 35, 
A lesser pressure now being existent be 
neath the piston 22, fluid pressure acting 
against the upper stem portion 24, forces it 
downwardly until the annular shoulder 36 
of the pilot valve 32 covers the port 31, cut 
ting of the flow of fluid from beneath the 
piston 22. In this position the parts are 
in equilibrium and no further movement 
will take place until a change in governing 
pressure occurs. - 
of the operating piston 22, just described, 
imparts a closing movement to the admission 
valve 11 and thus throttles the supply of 
elastic fluid to the turbine 10. Upon a de 
crease in speed and a consequent decrease 

The downward movement 
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in governing fluid pressure, the force of the 
spring 37 causes the pilot valve 32 to move 
upwardly again admitting fluid, under pres 
sure beneath the piston 22 through ports 33 
and 31, causing the operating piston 22 to 
move upwardly, opening wider the admis 
sion valve 11. . . . 

From the structure and operation thus far 
described, it will be obvious that for each 
movement of the pilot valve 32 there is an 
equivalent movement of the operating piston 
22 and that the position of the operating pis 
ton 22 is determined by the position of the 
pilot valve 32. It will furthermore be ob 
vious that unless some mechanism is provid 
ed for multiplying the effect of the deflec 
tion of the spring 37, the only governing 
movement obtainable is that movement de 
termined by the scale of the spring 37, or 
deflection of the spring 37 per unit of change 
in governing pressure. In order that a com 
paratively wide governing movement may 
be obtained per unit of change in govern 
ing pressure and per unit of deflection of the 
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spring 37, I provide a follow up mechanism 
for the spring abutment 38 which will now 
be described. 

Disposed within the upper end of the 
housing 19 is a hollow screw member 41, 
Figs. 2 and 3. The hollow screw member 
41 is provided with exterior threads 42 and 
interior threads 43, the exterior threads 42 
being of a steeper pitch than the interior 
threads 43. The hollow screw member 41 
is held in position by a ball bearing 44 
which permits freedom of rotation but pre 
vents axial movement of the member 41. 
The upper hollow stem 24 of the operating 
piston 22 is provided with interior threads 
46 fitting the exterior threads 42 of the screw 
member 41. The threads 42 and 46 are of a relatively steep pitch so that upon an 
axial movement of the operating piston 22 
the Screw member 41 is caused to rotate, 
rotating in one direction upon downward 
movement, and in the opposite direction 
upon upward movement of the operating 
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duced portion 34 of the pilot valve 32. piston 22. The spring abutment 38 is pro- 130 
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vided with a threaded portion 47 fitting the 
interior threads 43 of the screw member 41. 
The abutment 38 is also provided with an 
upper stem portion 48, of square or hexagon 
form, fitting into a similarly shaped recess 
49 provided in a cover 50 of the housing 19. 
The abutment 38 thus may move axially but 
is held against rotation. It may be seen that 
upon movement of the operating piston 22 
and rotation of the screw member 41, be 
cause of the threaded relation between 
the threaded portion 47 of the abutment 38 
and the screw member 41, a similar move 
ment in the same direction is translated to 
the abutment 38. Inasmuch as the exterior 
threads 42 of the screw member 41 are of 

2 

ers the lower port 31 and no fluid is passing 
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steeper pitch than the interior threads 43, 
the movement of the abutment 38 is at a 
lesser rate of movement than the movement 
of the operating piston 22. This difference 
in rate of movement is essential to the prop 
er operation of the apparatus in that it per 
mits the operating piston 22 and pilot valve 
32 to resume an equilibrium position after 

5 changes in governing fluid pressure. 
With my improved follow-up mechanism 

just described, assume that the turbine 10 
is running under normal load with uniform 
speed. The pilot valve 32 is in equilibrium 
position with respect to the operating pis 
ton 22 that is, the annular shoulder 36 cov 
to or from the underside of the operating 
piston 22. If now the speed of the turbine 
ii) increases, followed by an increase in gov 
erning pressure, the tension of the spring 37 
is overcome and the pilot valve 32 is forced 
downwardly, followed by the operating pis 
ton 22 in a manner already described. As 
the operating piston 22 moves downwardly 
it calises the screw member 41 to rotate to 
the right as seen in Fig. 3. Rotation of 
the screw member 41 to the right screws the 
abatment 38 outwardly of the screw member 
41 so that the abutment 38 moves downward ly, following the operating piston 22 thus 
permitting the pilot valve 32 to move down 
wardly further than it would have moved, 
had the abutment 38 been rigidly held dur 
ing movement of the operating piston 22. 
Upon a decrease in governing fluid pres 
sure the pilot valve 32 is pulled upwardly 
by the spring 37 followed by the operating 
piston 22. Upward movement of the oper 
ating piston 22 causes rotation of the screw 
neinber 41 toward the left in Fig. 3. Ro 
tation of the screw member 41 to the left 
screws the abutment 38 inwardly of the 
screw member. causing upward movement 
of the abutment following the upward move 
hent of the operating piston 22. It may 
thus be seen that each deflection of the 
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spring 37, followed by movement of the 
operating piston 22, is multiplied, and that 
upon an increase in governing pressure the 

operating piston 22 continues to move un 
til the deflection of the spring 37 is com 
pensated for by the difference in movement 
of the operating piston 22 and the abutment 
38. 

For example, if the ratio of the pitch of 
the threads 42 and 43 is 8 to 7 and there 
is a variation in governing pressure suffi 
cient to deflect the spring 37 one eighth of 
an inch, the operating piston must travel 
eight eighths, or one full inch, before the 
difference in Irelative position of the abut 
ment 38 and the operating piston 22 is one 
eighth of an inch and equilibrium is estab 
lished as heretofore explained. By varying 
the comparative pitch of the threads 42 and 
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43 the movements of the operating piston 22 
translated to the spring abutment 38 may be 
varied to secure any desired range of gov 
erning movement per unit of change in 
governing pressure and deflection of the 
spring 37. - 

85. 

In order to prevent improper assembly of 
the apparatus and also in order to prevent 
the abutment 38 from being screwed out of 
the screw member 41 upon manual opera 
tion of the speed changer, to be described 
later, the abutment 38 is provided with a 
lower stem member 52 so arranged that it 
engages with the lower end of the pilot 
valve 32 when in its lowermost position 
preventing the abutment 38 from being 
Screwed out at the lower end of the screw 
member 41. The upper stem 48 of the abut 
ment 38 is extended upwardly sufficiently so 
that it strikes a cap 51 before the abutment 
38 may be screwed out of the upper end 
of the screw member 41. 

In order that the initial tension of the 
Spring 37 may be changed during operation, 
I provide the outer periphery of the cylin 
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dei bushing 21 with gear teeth 56 which 
cooperate with a worm gear 57, Fig. 4, by 

a shaft 58 having secured thereto operating 
means of which the bushing 21 may be ro. 
tated. The worm gear 57 is provided with 10 
means 59 by which it may be rotated either 
manuially or by other means. Inasmuch as 
the operating piston 22 is held against ro 
tation with respect to the bushing 21 by 
means of the splined connection 23, it will 
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be seen that by rotating the bushing 21 the 
Operating piston 22 is rotated. The spring 
abutment 38 being held against rotation by 
the stem portion 48, rotating the operating 
piston 22 causes rotation of the screw mem. 
ber 41 and raises or lowers the spring abut 
ment 38, depending upon the direction of 
rotation. Raising or lowering the spring 
abutment 38 changes the initial tension of 
the spring 37 and thus changes the speed of 
the machine governed. . 
The shaft 58 of the worm gear 57 is tapped 

and threaded at one end providing in 
terior threads 61 into which a threaded bolt 
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62 fits. The threaded bolt 62 is provided with 
a head 63 held against rotation by a yoke 64. 
The yoke 64 is pivoted at 66 So that upon 
rotation of the shaft 58 the bolt 62 is noved 
inwardly or outwardly of the shaft 58 and 
the yoke (34 is moved about the pivot 66. 
This 8. be employed to auto 
matically, stoi) a remote control mechanism, 
a form of which will now.b3 described. 

Referring to Figs. and 5, show an oper 
ating means for the Worm gear 5 of the 
speed-changing mechanism, such as a motor 

O 8. 
- 
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71, connected to the speed-changing Operat 
ing means 59 as by a belt, 70. The motor 
71 is provided with a split field 72 permit 
ting reversal thereof. A reversing SWitch 
73 is arranged on a suitable Switch board so 
that the operator may drive the motor in 
either direction desired. Associated with 
the yoke 64 are two cut-out switches 4 and 
76, switch 74 being shown in section. When 
the motor 71 is being operated SO as to cause 
the yoke 64 to tilt toward the switch 74 a 
plunger member 7 of the switch 74 comes 
in contact with an actitisfiable contact mem 
ber 78 of the yoke 64. The plunger 77 is 
then forced inwardly of the switch 74 break 
ing a circuit for driving the Inotor 71 in 
one direction at 79. In like Inanner the 
SW 76 is provided with a plunger S1 
which upon movement of the yoke (34 in the 
direction of the switch 76 comes in Contact 
with an adjustable contact member 83. The 
plunger 81 is then forced inwardly of the 
switch 76 and breaks a circuit, 84 for Oper 
ating the motor in the opposite direction. 
The adjustable means provided on the coin 
tacts 8 and 83 lay be so positioned as to 
stop the speed-changing motor 1 at any de 
sired point and thus provide a definite range 
wherein the speed of the turbine 10 may be 
adii Sted, 

l'om the foregoing it will 
that have invented an improved gover 
ing apparatus embodying a va:riable fitlid 
press: re actuated cle: 

-x-r St. . be apparent 

j en ploving a 
spring for opposing the variable fluid pres 
sure, wherein the resistance to the variable 
fluid pressure aforded by the Spring is 
varied by movement of the Spring as a 
whole upon each deflection thereof. 
While have shown inny invention in b: 

one form, it will be obviols to those 
in the art that it is not so limited, is 
suscentible of various other chain res and 
modifications, without departing in the 
spirit, thereof, and desire, therefo 
only such initiations shall be placed 
upon as are 

3. are specifically set orth in the appended 
claims. 

What 
I. In a 

governing apparat is, an element novable 
in response to variations in the fluid pres 

clai) is: 
variable fluid pressire operated 
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Sure, a piston controlled by the element and 
having movements proportional thereto, a 
Spring associated with the element and op 
posing the variable fluid pressure, an abut 
ment for the spring, and a screw motor as 
sociated with the abutment and the piston 
for effecting a follow-up movement thereof 
upon deflections of the spring. 

2. In a variable fluid pressure operated 
governing apparatus, an element movable 
in response to variations in the fluid pres 
Sure, a spring associated with the element 
and opposing the variable fluid pressure, 
a} abutment for the Spring, and a screw 
motor controllied by the element for effect 
ing a follow-up movement of the abutment 
lipon deflections of the spring. 

3. in a variable fluid pressure operated 
governing appa'atus, an element movable in 
i'esponse to variations in the fluid pressure, 
a spring associated with the element and op 
posing the variable fluid pressure, an abut 
ment for the spring, and a screw motor con 
trolled by the element for effecting a fol 
low-up movement of the abutment at a 
lesser rate than movements of the element 
lion deflections of the spring. 

: 4. In a variable fluid-pressure operated 
governing apparatus, a piston valve actu 
ated in One direction by the variable fluid 
pressure, a Spring for actuating the piston 
Valve in the opposite direction, an abutment 
f}} the Spring, an operating piston con 
ti'olled by the piston valve and having move 
lments equivalent to the movements of the 
piston valve, and a screw motor actuated by 
the Operating piston for effecting follow-up 
no veinents of the spring abutment during 
i) ovements of the piston valve. 

5. In a Variable fluid-pressure operated 
governing apparatus, a piston valve actu 
8ted in one direction by the variable fluid 
pressure, a spring for actuating the piston 
valve in the opposite direction, an abutment 
for the Spiring, an operating piston con 

by the list on valve and following its 
3, and a screw motor actuated by 
g piston for effecting follow-up 

; of the spring abutment. 
is a variable fluid-pressure operated 

governing apparatus, a piston valve actu 
afed in one direction by the variable fluid 
pressure, a spring for actuating the piston 
valve in the opposite direction, an abutment 
for the Spring, an operating piston con 
trolled by the piston valve and following its 
lovenents, and a screw motor actuated by 
the onerating piston for effecting follow-up 
in ovements of the spring abutment and at 
a lesser rate of movement than the operat 
ing piston. 

7. In a variable fluid-pressure operated 
governing apparatus, a piston valve sub 
jected on one side to the variable fluid pres 
Sure, and movable in response to variations 
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thereof, a spring associated with the piston 
valve for opposing the variable fluid pres 
sure, a hollow screw member having exte 
rior and interior threads, said hollow screw 
being free to rotate and held against axial 
movement, an abutment for the spring held 
against rotation and having a threaded poi 
tion fitting the interior threads of the screw 
member, an operating piston held against 
rotation controlled by the piston valve and 
following its movements, said operating pis 
ton having a sleeve portion with interior 
threads fitting the exterior threads of the 
screw member, whereby upon axial move 
ment of the operating piston the screw 
member is rotated and the spring abutinent 
is moved in the same direction as the oper 
ating piston. - 

8. In a variable fluid-pressure operated 
governing apparatus, a piston valve Sub 
jected on one side to the variable fluid pres 
sure and movable in response to variations 
thereof, a spring associated with the piston 
valve for opposing the variable fluid pres 
sure, a hollow screw member having exterior 
and interior threads, said hollow screw mem 
ber being free to rotate and held against 
axial movement, an abutment for the spring 
held against rotation and having a threaded 
portion fitting the interior threads of the 
Screw member, an operating piston held 
against rotation controlled by the piston 
valve and following its movements, said 
operating piston having a sleeve portion 
with interior threads fitting the exterior 
threads of the screw member, whereby upon 
axial movement of the operating piston the 
screw member is rotated and the spring 
abutment is moved in the same direction as 
the operating piston, but at a lesser rate of 
movement. - 

9. In a variable fluid-pressure operated 
governing apparatus, a piston valve actu 
ated by the variable fluid pressure, a spring 
associated with the piston valve for oppos 
ing the variable fluid pressure, a hollow 
screw member having exterior and interior 
threads, the exterior threads being of steeper 
pitch than the interior threads, said hollow 
screw member being free to rotate and held 
against axial movement, an abutment for 
the spring having a threaded portion fitting 
the interior threads of the hollow screw 
member, said abutment being held against 
rotation, an operating piston held against 
rotation controlled by the piston valve and 
following its movements, said operating pis 
ton having a cylindrical portion within 
terior threads 
of the screw member whereby upon axial 
movement of the operating piston the screw 
member is rotated and the spring abutment 
is moved in the same direction as the operat 
ing piston. 

10. In a variable fluid-pressure operated 

threads, 

tting the exterior threads 

governing apparatus, a piston valve actu 
ated by the variable fluid pressure, a spring 
associated with the piston valve for oppos 
ing the variable fluid pressure, a hollow 
screw member having exterior and interior 
threads, the exterior threads being of steeper 
pitch than the interior threads, said hollow 
screw member being free to rotate and held 
against axial movement, an abutment for 
the spring having a threaded portion fitting 
the interior threads of the hollow screw 
member, said abutment being held against 
rotation, an operating pistoneontrolled by 
the piston valve and following its move 
ments, said operating piston having a sleeve 
portion with interior threads fitting the ex 
terior threads of the screw member, and 
lineans for holding the operating piston 
against rotation, whereby upon axial move 
ment of the operating piston the screw. 
member is rotated and the spring abutment 
is moved in the same direction as the operat 
ing piston. 

11. In a variable fluid-pressure operated 
governing apparatus, a piston valve actuated 
by the variable fluid pressure, a spring asso 
ciated with the piston valve for opposing 
the variable fluid pressure, a hollow screw 
member having exterior and 

the exterior threads being of 
steeper pitch than the interior threads, said 
hollow screw member being free to rotate 
and held against axial movement, an abut 
ment for the spring having a threaded por 

interior 
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tion fitting the interior threads of the hol- 100 
low screw member, said abutment being held 
against rotation, an operating piston con 
trolled by the piston valve and following its 
movements, said operating piston having a 
sleeve portion with interior threads fitting it; 
the exterior threads of the screw member 
whereby upon movement of the operating 
piston a follow up movement of the abut 
ment is effected, a worm gear for normally 
holding the operating piston against rota 
tion, and means for operating the Worm gear 
and rotating the operating piston thereby 
varying the initial tension of the spring. 

12. In a variable fluid-pressure operated 
governing apparatus, a piston valve actu- it 
ated by the variable fluid pressure, a spring 
associated with the piston Valve for oppos 
ing the variable fluid pressure, a hollow 
screw member having exterior and interior 
threads, the exterior threads being of steeper 20 
pitch than the interior threads, said hollow 
screw member being free to rotate and held 
against axial movement, an abutment for 
the spring having a threaded portion fitting 
the interior threads of the hollow screw 
member, said abutment being held against 
rotation, an operating piston controlled by 
the piston valve and following its move 
ments, said operating piston having a sleeve 

5 

portion with interior threads fitting the 8) 
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exterior threads of the screw member where 
by upon movement of the operating piston 
a follow up movement of the abutment is 
effected, a worm gear for normally holding 
the operating piston against rotation, a 
motor for operating the worm gear and ro 
tating the operating piston, thereby varying 
the initial tension of the spring, and auto 

matic means for stopping the motor upon a 
predetermined movement thereof in either to 
direction. 

In testimony, whereof, I have hereunto sub 
scribed my name this tenth day of Novem 
ber 1924. 

HENRY R. TROTTER. 


