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My invention ielates ‘to- variable 'ﬂuid—:_
apparatus,

- pressure operated . governing
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
of tlie character designated which shall em-
ploy .a spring of relatively small scale and’
at-the same time effect wide ranges of move-

ment of the element per unit of variation .

- in-the fluid pressure.
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Ancther 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 Auid
turbine equipped with my improved govern-
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-
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. - ‘

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 withstand a relatively high
fluid pressure must be employed and at the
same time the spring must deflect sulliciently
per relatively small unit of change in gov-
erning. pressure to afford ample governing
movements. - Unless : some. means ‘are em-
ployed to efféct 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

the element acted upon by the variable flnid-
pressure. In this manner, upon a change
in fluid pressire; -defléction 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 movenment per unit of deflection of the
spring. In order that the initial tensiow
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. o
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-
prises’a housing 19 which includes an oper
ating cylinder 20. - The operating cylindei-
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 bortion 24 and a
lower stemy portion 26. The ‘stem portions
94 and 26 extend through suitably formed
heads 25'and 257 of the cylinder 20 and form
therewith an approximately fluid-tight fit.

TFluid leaking past the lower 'stem. portion

96 passes through ‘a suitably arranged drain
98 and is returned to the reservoir 16. Ths
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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valve 11. The operating piston 22 is pro-
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 pisten 22-
- is .a pilot valve 82
also hollow and'is provided with an annular

The pilot valve 32 is
I

series of ports 33 extending through its
walls, said.ports 33 being adapted when in
registry with port 81 of the operating pis-
ton 22, to admit fluid under pressure -be-
neath. the operating piston, forcing it up-

“wardly. The pilot valve 32 is . also pro-

vided with a reduced portion 84 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 81, the reduced portion 84 and
the upper port 29. I'rom the upper side of
the operating piston 22 it is returnéd to the
reservoir 16 -through a drain 85. 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 registiy.
with port 31, to lap said port and prevent
the admission of fluid te, or exhaust of
liquid from, the lower side of the operating
piston 22. The piiot valve 32 is subjecteid,
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
developed by the pump 13, varying with the
speed of the turbine 10, 1s admitted at 18

and acts against the upper stem portion 24

of the operating piston 22 tending to force
1t- 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 87.
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

60

65

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 87, 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-
duced portion 34 of the pilot valve 32.

1,600,376

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 1t
downwardly until the annular shoulder 36
of the pilot valve 32 covers the port-81, cut-
ting off 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
in governing fluid pressure, the force of the
spring 37 causes the pilot valve 82 to move
upwardly again admitting fluid under pres-
sure beneath the piston 22 through ports 83
and 31, causing the operating piston 22 to
move upwardly, opening wider the admis-
sion valve 11. ' i
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. Tt 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 87, or
deflection of the spring 87 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

The downward movement -
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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,
Tigs. 2 and 8. 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
1s ‘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
piston 22. The spring abutment 88 is pro-
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vided with a threaded portion 4T 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

5 the abutment 38. Inasmuch as the exterior

threads 42 of the screw member 41 are of
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 deseribed, assume that the turbine 10
is running under normal. load with uniform
speed. The pilot valve 82 is in equilibrium
position with respect to the operating pis-
ton 92 that is, the annular shoulder 36 cov-

to or from the underside of the operating
pistonr 22. If now the speed of the turbine
10 ‘ncreases, followed by an increase in gov-
erping 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 onerating piston 22 moves downwardly
it causes the screw member 41 to rotate to
the right as seen in Fig. 8. Rotation of
the screw member 41 to the right screws the
abutment 38 outwardly of the screw member
41 so that the abutment 38 moves downward-
Iy, following the operating piston 22 thus
permitting the pilot valve 32 to move down-
wardly further than it would have moved,
had the abutment 88 been rigidly held dur-
ing movement of the operating piston 22.
Upon a decrease in governing fluid pres-

_sure the pilot valve 82 is pulled upwardly

by the spring 87 followed by the operating
piston 22. Upward movement of the oper-

7 ating piston 22 causes rotation of the screw
Ro-

member 41 toward the left in Fig. 3.
tation of the screw member 41 to the left
screws the abutment 88 inwardly of the
serew member. causing upward movement

ot the abutment following the upward move- .

ment of the operating piston 22. It may
thus be seen that each deflection of the
spring 87. followed by movement of the
operating piston 22, is multiplied, and that
upon an increase in governing pressure the

operating piston 22 continues fo 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
33.

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
eizht eighths, o1 one full inch, before the
difference in relative position of the abut-
ment 38 and the operating piston 22 is one

eighth of an inch and equilibrinm is estab-

lished as heretofore explained. By varying
the comparative pitch of the threads 42 and
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 amnd deflection of the
spring 387. ' '
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In order to prevent improper assembly of

the apparatus and also in order to prevent
the abutment 38 from being s:rewed out of

the screw member 41 upen manual epera-

tion of the speed changer, to be deseribed
later, the abutment 38 is provided with a
Jower stemr member 52 so arranged that it
engages with the lower end of the pilot
valve 32 when in its lewermost 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 87 may be changed during operation,
I provide the outer periphery of the cylin-
der ‘bushing 21 with gear teeth 56 which
cooperate with a worm gear 57, Fig. 4, by

means of which the bushing 21 may be ro-
tated. The worm gear 57 is provided -with-

a <haft 58 having secured thereto operating

g0
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means 59 by which it may be rotated either - ‘

manually 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
be seen that by rotating the bushing 21 the
operating piston 22 is rotated. The spring

abutment 88 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 88 changes the initial tension of
the spring 87 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 ﬁtf‘ The threaded bolt:62 is pr ovided with
a head 63 held against rotation by a yoke 4.
The yoke 64 is pivoted at 66 50 | that upon
rotation of the she 1'f4' 58 the bolt 62 is moved
inwardly or outwardly of the sh ,Lt 58 and
the yoke 64 is moved sbout the pivot 66.
This movement be employed to auto-
ma‘ti(dh; ston & omrol mwhamsm
a form of whi cq mn now. be described.

Referring: to igs. 1 and 5, I show an oper-
ating means for Lhe worm gear 57 of the
speed changing mechanism; such as a mmor
tm to the speed- ﬂn‘momo operat

70.  The motor

111(w means 59 as by a belt

,71 is provided w rith a split field 72 permit-

ting reversal thereof. A reversing switch
78 is arranged on a suitable switch Poard so
that the opemtor may c’Y ive the motor in
either direction desive Assoriated with
the VoLe 84 are two cut- ou" smtches 74 and
76, switch T4 being shown in sec tion. When
the motor 71 is being operated so as to cause

the yoke 64 to ti” toward. the switch 74 a
phmow member 77 of the switch 74 comes
in contact with am smu;mble contact mem-

bﬂr 78 of the yoke 8d. The 3lungel 77.1s
then forced inwardly of tl switch 74 break-
ing a circuit for chwmg; the motor 71 in

one .direction at 79 In like manner the
switch 76 is mouwl w ith a plm*ool 31
which upon movement of the yoke 64 in the
direction of the svmch 76 comes m ccdmct
with an adjustable contact member 83. The
plunger 81 is then forced inwardly of the
letch 76 and breaks a circult 8% for oper-
ating the motor in the OOUOS]\/S f]nch on.
The ¢ adjustable means provided on the con-
tacts (8 and 83 may be so positioned as to
stop the speed-changing mo‘fov 71 at any de-
sired vomt and thus Pro ide o do{imie range
wherem the speed: of the turbine 10 may be
adijusted,
I'rom
that I have invented =
ing apparatus embodying a variable finid
pressure actuate d element an d emploving a
spring for opposing the variable fluid pres-
sure, ‘wherein the resistance to ‘hm v
flnid pressare afforded by the
varied by movement. ¢f the cm‘?n.
whole upon each doﬂbmon thereof.
While I have shown my invention ir
one form, it wil be obvim us to tu"c" s
in the art that 1t is not so lmit
susceptible of various other chang
modifications, without departing
sPITid tlw{rof and L d“%e, therefs
only such limitations be placed

the foregoing it will be apparent

N Tl} ‘,)1’0"9’1 govern
. a

upen as are Ju nposed bV fhﬂ ]x ior art
are -specifically 'set Forth in the appended
claims. e ‘
What I claim is:
L Ina V&T’ii‘ab]” fluid pressure operated
- governing apparatus, an clement movable

[

in response fo Var ations in

he fluid pres-

1,600,376

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-
sociaued 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 upposino the variable fluid pressure,
an abutiuent for the spring, and a screw
motor controlied by the element for effect-
ing a follow-up movement of the abutment
upon defiections of the spring.

3. In a variable fluid pressure operated
governing apparatus, an element movable in
response to variations in the fluid pressure,

a spring associated with the element and op-
posmw 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
upon_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
for the h“wo an operating piston con-
trolled "v ‘he piston valve and having miove-
ments qmvalept to the movements of the

biston val ve, and a screw motor actnated by
the operating pl%on for effecting follow-up
mcvemems OL the spring abutment during

novements of the piston valve,

5. In a variable fluid-pressure operated
governing apparatus, a piston valve actu-

ated in one divection by the variable fluid
pressure, a spring for actuating the piston
valve in the opp051te direction, an abutment
for the spring, an. operating piston con-
d by the piston valve and following its
?_“1(\ and a screw motor 4ctuwteg by
ng piston for effecting follow-up
] o? tJ:a spring abutment.

e 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
for the Sp“in an operating piston con-
tretled by the mqton valve and following its
movem nn’rq, and a screw motor actuated by
the operating piston for effecting follow-up
movements of the spring abutment and at
a lesser rate of movement than the operat-
J.no Qiqton

7. In a variable fluid-pressure operated
gox ernmg 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 exto-
rior and interior threads, said hollow screw
being free to rotate and held against axial
movement, an abutment for the spring heid
against rotation and having a threaded poy-
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 abutment
is moved In the saine 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
serew 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 with in-
terior 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
1s moved in the same direction as the operat-
ing piston.

10. 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 membbr having ‘exterior and interior™?

threads, the exterior threads being of steeper
piteh than the interior threads, said, hollow
Serew 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 eontrolled 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
means 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-
o I ) te=t

ciated with the piston valve for opposing
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 serew member being free to rotate
and held against axial movement, an abut-
ment for the spring having a threaded por-
tion fitting the interior threads of the hol-
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
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-
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 controlled by
the piston valve and following its move-
ments, said operating piston having a sleeve
portion with interior threads fitting the:
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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

b

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 10
direction. o '

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

HENRY R. TROTTER.



