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"8:Claims, (Cl 103-—162)

" "This invention ‘relates to control devices for variable
volume hydraulic pumps.

An object of the invention is to provide ‘a control
mechanism which will permit the. pump to deliver-a maxi-
‘mum volume until a predetermined. pressure.is reached
then reduce the volume to only that which is required to
-maintain the predetermiend pressure.

-Another object of the invention is-to.provide a pres-
-sure compensator for -a -variable volume pump which is
-responsive to fluid: pressure developed by the pump, when
that.pressure reaches a predetermined value, to. start to
-move the-volume varying mechanism to reduce the volume
and continue to move such mechanism as the pressure in-
creases until the.pump delivers only the volume necessary
‘o maintain a maximum.pressure just slightly: higher than
the. predetermined pressure at which movement of the vol-
-ume varying mechanism was started. v

A stil] further object of the invention is to.provide a
~pressure compensator which will operate :rapidly to re-
duce the volume when a predetermined maximum .pres-
-sure -is .reached, the mechanism: also .being operative to
cause -the volume varying mechanism to quickly -return
o full volume position when a demand for fluid-occurs
in the:system served by the pump. ]

Another object of the invention :is to.provide- a.pres-
-Sure-compensator for a variable volume. pump, -the. com-
-pensator -having -a pressure responsive valve .which -is
-operative when the fluid delivered by the pump reaches.a
.predetermined pressure to admit-fluid under ‘pressure-to
-a .pressure respousive piston which -serves-to -move the
volume varying -mechanism ‘of the pump in-a:direction
-to-reduce -the volume of fluid delivered -by the.pump, -a
~second. pressure -responsive valve being -provided to-con-
.trol the rate of return of the pressure responsive -piston
toward -a full volume position after the ‘movement -of
-the volume varying mechanism has served to-reduce the
volume -and a demand for additional fluid:is made upon
thepump. .

:Another object of the invention is to provide -a-variable
volume .pump ‘with a pressure -Tesponsive -device-for mov-
ing the volume varying mechanism, -a-hydraulic -connec-
tion -being provided. between the pressure responsive
~-means and ‘an outlet of the pumip, a.pressure ‘Tesponsive
valve being disposed in such ‘hydraulic corinection to-gov-
~ern ‘the flow of fluid under pressure therethrouugh, :a
second pressure responsive -valve having a differential
-piston being provided to control exhaust flow from the
pressure responsive ‘mechanism which serves. to-actuate
-the volume varying means.

Another object is to provide a mechanism of the type
mentioned in the preceding paragraphs with a relief valve
for establishing communication between the hydraulic
connection and exhaust when the fluid in. the hydraulic
connection is subjected to sudden pressure surges.

An object of this invention is to provide a pressure
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-barrel 22

-26, this port being -connected -with
-of-a hydraulic system. - In the ‘event-the flow-of fluid in

compensator for a variable volume hydraulic pump which
compensator will function to -cause the pump to deliver
-a-maximum volume of fluid until a predetermined pres-
sure is reached then swiftly and surely reduce the volume
as the. pressure increases until only sufficient fluid is
pumped to maintain a: predetermined maximum pressure,
the -compensator being so constructed. and operated that
the difference between the pressure at which the volume
reduction is started and the desired maximum will .be
as little as possible and the action of the compensator
in moving the -volume varying mechanism of the pump
will be smooth and without over-travel -or oscillation fre-

-quently -denominated-in the trade as “hunting.”

Further objects and advantages of the present invention
‘will be apparent from -the following description, - refer-
ence being had to the accompanying drawings wherein a
preferred form.of embodiment of the: invention is-clearly

-shown.

In the drawings:

Fig.-1.is a detail sectional view taken through-a pres-
sure. compensator, - formed -in -accordance with ‘the . pres-
ent invention, in assembled relationship with the volume
varying-mechanism of a hydraulic pump;

Fig. :2.is :a-similar view with parts-shown-in -different
positions of movement;

Fig. 3 is.also-a-similar view:showing the velume ‘vary-

-ing -mechanism in ‘a minimum -volume :position;

-Fig. 4 is a detail sectional view -taken through -a -por-
tion of the pump- casing showing a.passage from-the pump
outlet to a-control valve -disposed in:such. passage;

Fig. 5.is:a sectional view showing the -hydraulic -con-
nection-between -the passage-illustrated in' Fig. 4-and the

‘pressure responsive volume changing mechanism;

-Fig. 6 is -a-detail :sectional view taken- through -a +por-
tion -of -the ‘compensator on -the -plane -indicated *by -the

-Fig. 7.is a longitudinal - sectional -view taken through

-2 pump -to which -the -pressure compensator, ‘formed -in
~accerdance with-the-present - invention -is -applied;‘and

“Fig. 8-is-a detail -sectional ‘view taken -through a.por-
tion of the pressure compensator ‘on ‘the plane indicated
by the line VIII—VIIF of-Fig. 6.

Referring -more particularly to-the: drawings, ‘the -nu-
meral 20 designates the -pressure ‘compensator - in ~its -en-

‘tirety.  This -pressure - compensator may ‘be -applied ito
~pumps-of varicus-types but, for purposes of -illustration,

it-is shown-in the present drawings as applied to‘an ‘axial
piston pump, ‘the compensator:serving to actuate the vol-
ume varying -mechainism, ‘indicated - generally by the nu-
-meral 21, -of -such ;pump. The. pump ‘includes a ¢ylinder
(see Figs.4-and 7) in'which cylinders 23 ‘are
formed for-the :slidable -reception of : pistons 24. As'is
usual ‘in -pumps of ' this ‘character, the cylinder "barrel
moves relative to-a port plate 25 or other valving ‘sur-
face -and, -as the cylinder bairel moves, the :pistons :24
are-reciprocated -by a cam plate 29, in the cylinders 23
to-transfer fluid from-an inlet ‘port 25A to an-outlet port
the :pressure -section

the -system.is- opposed in_any manner, pressure will-be
-generated .on the fluid in the port 26. The. pressure:com-
pensator, forming the subject -matter of this invention,-is
designed to ‘vary the volume of the pump to-control the

-préssure generated by the pump.

This operation is performed through-the movement of
a device hereinafter termed a2 yoke -27. This .yoke is
dispesed for pivotal movement around an axis 28, the
yoke carrying the cam 29 employed to impart recipro-
Catory moveinent to the pistons 24 when the cylinder
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barrel 22 revolves. The angular relation of the cam is
changed from a maximum volume position, when the
hanger is in the position shown in Fig. 1, to a minimum
or zero volume position as indicated in Fig. 3. In some
instances, .the hanger is capable of movement beyond
the position shown in Fig. 3, in which case fluid may be
withdrawn from the outlet port 26 by the pistons 24 and
the pressure on such fluid will then be reduced. The

. pump is provided with a spring pressed plunger 30 which
serves to urge the hanger toward the maximum velume
position, the plunger engaging a roller 31 carried by the
yoke 27 on the opposite side of the pivotal axis 28 from
2 second roller 32 which is engaged by the piston 33 of
the pressure compensator. This piston 33 is disposed
for movement in a cylinder 34 mounted in the casing 35
of the pump.

The cylinder 34 has a piston chamber 36 formed there-
in for the reception of the piston 33. When the hanger
is moved by the plunger 30, the piston 33 will be moved
into the chamber 36 until it engages a retaining ring 37
positioned in the chamber. This retaining ring, in addi-
tion to serving as a stop for the piston 33, also- serves
to retain a valve shell 38 in the chamber 36. The cylin-
der 34 has one side relieved, as disclosed in Figs. 5 and
6, to provide, in cooperation with the casing 35, a pocket
40 for the reception of fluid. The cylinder 34 is also
provided with a passage 41 which extends from the pocket
40 to the inner end of the chamber 36. A ball type check
valve 42 is disposed within the valve shell 38 and is urged
into engagement with the surface of the end wall around
the passage 41 to prevent the flow of fluid from the cham-
ber 36 to the pocket 40 through the passage 41,

The cylinder 34 is also provided with a bore 43 which
extends from the pocket 40 transversely into the cylin-
der 34 and communicates at its inmer end with a pas-
sage 44 leading to the inner end of the chamber 36. A
second passage 45 extends from the side of the bore 43
adjacent the inner end thereof to a groove 46 formed
externally in the cylinder 34 and extending longitudinally
thereof, this passage extending to the interior of the cas-
ing 35.. This casing is connected in any suitable manner
with the low pressure or exhaust section of the hydraulic
system. The juncture between the bore 43 and the pas-
sage 44 forms a seat for engagement by a piston valve
47, this valve serving, when in a seated condition, to
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prevent the flow of fluid from the piston chamber 36 to

the exhaust passage 46.

It will be noted that, when the piston valve 47 is seated,
_the valve end thereof is exposed to the pressure in the
passage 44 and piston chamber 36. The other end of
the piston valve is exposed to the pressure in pocket 40.
In one operating model of the device shown herein, the
relation of the areas of piston valve 47 exposed to pres-
sure tending to mave it in opposite directions is 3 to 1,
the larger area being exposed to the pressure in pocket
40. As shown in Fig. 5, this pocket is also connected
with a passage 48 which leads to a relief valve chamber
50, this chamber being connected by another passage 51,
as shown in Figs. 1 and 3, to the exhaust passage 46.

The chamber 58 has a valve seat surrounding the end,

of passage 48, the seat being engaged by a spring pressed
poppet valve 52. This valve is of the conical type and
may be adjusted by turning screw 53, the position of
the screw being maintained by a locknut 54. It will be
obvious that valve 52 will be responsive to pressure in
pocket 40 determined by the setting of screw 53 to move
to an open position to permit fluid under pressure to flow
from the pocket 40 to exhaust.

Fluid under pressure is conducted from the outlet port
26 of the pump through a passage 55 see Fig. 4, to the
pocket 40. The passage 55 communicates at an inter-
mediate point with a chamber 56 containing a direct act-
ing pressure responsive valve 57. This valve is also of
the conical poppet type and is urged toward a seat 58
formed in the passage 55, by a coil spring 60, the tension
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.the spring 60, i. e.

of this spring being varied through the adjustment of a
screw 61. This screw is used to vary the pressure at
which the compensator causes the volume of the pump
to be reduced and consequently the maximum pressure
developed by the pump. The force of the spring 60 is
calculated to hold the valve 57 closed until a predeter-
mined pressure for example 2700 p. s. i, is developed in
the pump outlet port 26. - When this pressure is reached,
valve 57 will start to move away from the seat to permit
limited fluid flow through passage 55 to pocket 40. This
fluid will be under a pressure equal to the difference be-
tween that necessary to overcome the force exerted by
2700 p. s. i. and the pressure in the
This fluid under the reduced pres-
sure will- supplement the force of the spring 60 tending
to close the valve 57. After passing the valve 57, the
fluid will flow to the pocket 40 and through passage 41
to the interior of piston chamber 36. The fluid will also
be applied to ‘the large end of the piston valve 47 mov-
ing this element toward the inner end of the bore 43 and
closing passage 44. Movement of the piston valve in
this direction will take place due to the differential in
areas exposed to the pressure in the pocket 40 and pas-
sage 44. As long as the pressure in these sections remains
substantially the same or the pressure on the large end
predominates, piston valve 47 will remain seated pre-
venting communication between the "inner end of the
pistcn chamber 36 and exhaust. The pressure obtaining
in ‘pocket 40 will also be applied to the relief valve 52.
The spring 50, however, will hold this valve in a closed
position until the pressure in pocket 40 reaches a pre-
determined value determined by the setiing of the valve
spring adjusting screw 53.

As long as the pressure on the fluid being delivered by
the pump is substantially lower than the pressure deter-
mined by the setting of spring 60, the spring pressed
plunger 39 will hold the yoke 27 in position to cause
the pump to deliver the maximum volume. When the
pressure in the delivery port 26 reaches a value deter-
mined by spring 60, valve 57 will be moved in opposi-
tion to the spring 60 to- permit fluid under. pressure to
flow through passage 55 to the pocket 40. As previously
described, this fluid pressure will be admitted through
passage 41 to the inner end of the piston chamber 36.
Since the pressure in pocket 40 holds piston valve 47
closed, the fluid pressure will be confined in the piston
chamber 36. When the pressure increases sufficiently,
piston -33 will move in an outward direction in piston
chamber 36 causing the yoke 27 to pivot about the axis
28 and move the piston reciprocating cam 29 toward a
zero volume position. This- movement will continue as
the pressure in the outlet of the pump. increases, con-
tinued movement of the yoke causing a corresponding
reduction in the volume of fluid delivered by the pump.
Tn all hydraulic pumps, a certain amount of leakage
occurs - and - the pump must- deliver enough volume to
replace this leakage if the pressure is to be maintained.
As the yoke 27 moves toward a zero volume position,
it will approach.the point at which the pump will deliver
only sufficient volume to maintain the pressure and com-
pensate for the leakage.

One of the objects of this invention is to provide a
control mechanism which will cause the volume varying

pump outlet port.

. mechanism of the pump to be -stable in its operation.

In other words, it is desired to cause the pump to deliver
full volume until a predetermined pressure is- reached
then reduce the volume to that necessary to maintain
the pressure and make up for any leakage. It is desired
to cause the volume varying mechanism to move rapidly
but to avoid overtravel and to avoid reciprocation or an
actiomr known in the trade as “hunting.”

The telief valve 52 has been provided to permit the
escape of fluid from pocket 40 when the pressure therein
exceeds a predetermined value which it may do even
before the output of the pump can be reduced, because
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“of “the “inertia .of ‘the volume ‘changing ‘miéchatism. “The
“eseape ‘of fluid ‘past reliéf valve 82 after ‘the “volume
“changing mechanism has been ‘moved to the ‘position ‘'in
“which "the predetermined pressure is maintained ‘tends ‘to
*stabilize “the “compensator- and ' limit -the ‘overtravel. “In
this -manner, the ‘hunting action will be: avoided.
‘In‘the event the ‘pressure outlet or' portion of the system
‘into ‘which the pump discharges is blocked, ‘the -pressure
Wwill “surge rapidly upward. This sudden pressure “in-
crease ‘will "be transmitted ‘through passage 55 to the
pocket ‘40. "It ‘will be -applied to' the compensator piston
33 and :also to the relief ‘valve 52. Due ‘to ‘the 'inertia
of ‘the "yoke ‘27 and ‘the resistance offered by the ‘spring
pressed -piston 30, the compensator ‘piston 33 will be pre-
wenited from moving too suddenly ‘and relief valve 52
“will open -permitting the excess pressure to be exhausted
“through ‘passage '46. ‘When the pressure falls below the
‘Setting -of ‘the ‘spring for valve 52, this valve will close
‘confining the ‘remaining ‘pressure fluid in ‘the pocket 40
+and ‘piston chamber 36. The piston 33'is prevented from
returning to its retracted position too suddenly by the
fluid which is confined in the inner end of 'the piston
‘chaniber 36 by the piston valve 47. This valve will re-
main-closed until the -pressure in pocket 40 decreases to
-approximately one-third, when the valve is constructed
as illustrated, that of the pressure in the piston chamber

As long -as the pressure for which the spring 69 has
‘been set exists in the outlet port 26 of the pump, the
compensator piston 33 will hold the yoke 27 in a mini-
‘mum volume position, that s, the position necessary to
cduse the pump to -deliver sufficient fluid to maintain
pressure and replace leakage. ‘When the pressure in port
26 falls below the desired maximum pressure, -however,
valve-87 ‘will be seated preventing the flow of fluid pres-
sure’ through' passage 55. 'When fluid bressure ceases to
‘flow throtigh passage 41 to the piston chamber 36, check
vélve 42 will close confining the flitid under pressure in
the innér end of the piston chamber 36,

1In ‘the construction of the piston of valve 47, the ex-
ternid]l diameter thereof is made slightly less than the
-diameéter of bore 43 or the valve may be provided with
-a flattened ‘portion 47A as shown' in Fig. 8 so that fluid
‘may ‘bleed past the piston of valve 47 from the pocket
49 -:to -the exhaust passages 45 and 46. It will be seen
‘that, after valve 57 closes, fluid between ‘this valve and
‘the ‘chieck ‘valve 42 will be under pressure. This pres-
~sure"will ‘be quickly dissipated, however, by ‘the seepage
‘of fluid ‘past ‘the ‘piston of valve 47, ‘After the ‘pressure
‘behind valve 47 drops enough, the fluid pressure in cham-
ber 36 and passage 44 communicating therewith:will ‘be
“sufficient to move piston valve 47 to an -open- position.
‘Fluid may then flow from chamber 36 to exhaust per-
‘mitting - piston .33 to be. retracted .or moved bdck ‘into
‘chamber 36:by spring pressed-plunger 39. o

It ‘'will ‘be obvious te anyone familiar with -the science
of ‘hydraulics that all of the ‘passages, chanibers, -and
pockets will be full- of hydraulic fluid -at -all “times -and
that pressure on such Huids may rapidly increase -and
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~diminish without an excessive volume of fluid flow. It

“has previously been pointed out that fluid miay seep past
‘piston valve 47. ' This seepage may be, for example, a
‘matter of ‘a few drops during a relatively long period
-of ‘time yet the ‘seepage is sufficient to permit ‘a substan-
“tial ‘reduction in ‘pressure ‘in ‘the pocket ‘4% ‘when “fluid
“flow thereto through passage 55 is discontinued. It will
‘be-observed from the drawings that, when valve 57 closes,
ithe :fluid in chambers 56 and 40 and the passages. com-
‘municating therewith will be under pressure buit, since
-no fluid is then being supplied to these zones, the pres-
‘sure-may be -quickly dissipated. By providing ‘the check
valve “at the ‘inner end. of the piston chamber 36, the
fiuid in this chamber and passage ‘44 leading therefrom
‘will -be- under pressure due to the ‘action of ‘the ‘spring
“pressed -plunger -30 ‘'which ‘tends to force “piston 33 ‘into
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“the “¢hamber 36, 'The “spring for piston- 30° is 'so “calcu-
“lated ‘thdt ‘the volume ‘varying mechanism will be moved
‘from maximum volume:position‘to:minimuny volume posi-
“tion by ‘the ‘differential in pressure ‘bétween' the ‘maxinium
pressure- desired ‘and- the' pressure ‘at ‘which ‘valve ‘57 “will
first start to open. Partidl varidtions in this- differential
“will cause proportionate - movements -of "the mechanism,
“This pressure ‘is ‘employed to ‘open the exhaust-valve 47
“to ‘permit ‘the quick return ‘6f ‘piston 33 ‘When ‘pressure
in the outlét of the pump ‘is decreased bélow' the miaxi-
mum- desired.

~While the form ‘of -embodiment -of the- present “iiiven-
tion ‘as ‘herein - disclosed ‘constitutes a ‘preferred “form,
it'is to be inderstood that other forms might be adopted,
all coming within ‘the ‘scope- of ‘the ‘claims *which “follow.

We claim: )

1. In‘a fluid energy ‘translating
ing a casing ‘with inlet and-outlet
in said casing, said cylinder barrél :having- piston ‘cham-
bers ‘alternately ‘communicating ‘with s4id ports,« pistons
“disposed for reciprocation in- said piston chamibers ‘and
adjustable means in said casing for controlling ‘the move-
‘ment of said pistons; pressure ‘respornisive ' means For ad-
“justing $aid: piston ‘movenient controlling means compris-
ing ‘means on ‘said casing forming a ‘compensator ‘piston
chamber; a -compensator ‘piston disposed for reciproca-
‘tion in‘said chamber and engaging ‘said adjustable means;
bassage means connecting ‘the outlet port ‘and-said ‘com-
‘pensator ‘piston chamber; an unbalanced pressure respon-
sive -valve in ‘said passage to control fluid flow there-
‘through; an ‘exhaust Ppassage ‘leading from said compen-
sator piston chamber; a differential piston ‘valve ‘control-
ling ‘the ‘flow of fluid ‘through said ‘exhaust passage, “the
larger ‘area- of ‘said piston valve ‘being “exposed “to " fluid
pressure in'said passage’ in advance of ‘said ‘compensdtor
‘piston ‘chamber to urge said differential ‘piston valve to-
‘ward “exhaust passage closing position; and a restricted
passage connecting said passage means at the larger ‘area
“of said differentialpiston valve and exhdust.

2. In‘afluid energy ‘transldting device ‘of ‘the type hav-
ing-a casing ‘with inlet and outlet ports, a cylinder barrél
“in said -casing, -said cylinder barrel having piston “cham-
“bers -éltermately- communicating “with-said ports, “pistons
disposed ‘for- reciprocation ‘in said piston chanibers and
-adjustable means in said-casing for controlling the move-
‘ment of ‘said 'pistons; ‘pressure respomnsive ‘means for “dd-
‘justing said piston movement controlling means compris-
ing ‘means on.said casing forming a ‘compensator “piston
-chamber; -a - compensator piston disposed ‘for .reciproca-
tion in said-chamber and engaging said-‘adjustable “nmeauns;
a ‘passage extending from said ouilet port“to ‘said .com-
‘pensator ‘piston ¢hamber; an unbalanced- pressure ‘reéspon-
sive valve ‘in‘said ‘passage to contro] fluid ‘How from said
-outlet ‘port to said- compensator piston chamber; an-ex-
‘haust passage exiending . from said compensator . piston
‘thamber; a ‘differential piston vilve 1in said casing‘to-con-
“trolfluid flow “through said -exhaust ‘passage, ‘the large
~being ‘exposed to -the ‘pressure

device 6f the typehav-
ports, a ‘cylinder barrél

‘area of 'said ‘piston ‘valve
in said :ﬁr's‘t-mentioned‘passage'between said pressure re-
~sponsive ‘valve ‘and ‘said compensator piston chamber and
“the ssmaller area of “sajd piston valve being-exposed “to
‘the pressure in said compensator piston chamber; and a
“relief valve in‘parallel relation with said differential piston
-valve @nd “responsive ' to predetermiried “pressure ‘in “said
first:mentioned passage bétween said ‘pressure responsive
‘valve ‘and ‘said ‘¢comipensator piston ' ¢hamberto ‘conneét
said first-mentioned passage to exhaust, ’ .

3. In‘a fluid energy translating device of the ‘type hav-
ing a casing with inlet and dutlet ports, a’ cylinder barrél
in"said casing, said cylinder barre] ‘having' piston “chain-
“bers -alternately communicating-with said ‘ports, pistons
“disposed for - reciprocation in-'said “piston chambers “anid
“adjustable 'méans in’said casing ‘for ‘controlling the move-
“ment “of said pistons; 'pressure “responsive ‘medns for-ad-
‘justing “said “piston’ movemert: controlling means ‘comipris-
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ing means on said casing forming a compensator piston
chamber; a compensator piston disposed for reciproca-
tion in said chamber and engaging said adjustable means;
a passage extending from said outlet port to said com-
pensator piston chamber;
sponsive valve in said passage to control fluid flow from
said outlet port to said compensator piston chamber; a
check valve in said: passage to prevent flow from said
compensator piston chamber back into said passage; ap
exhaust passage extending from said compensator piston
chamber; a valve in said exhaust passage responsive to
_pressure in the first-mentioned passage between said first-
mentioned pressure responsive valve and said compensa-
tor piston chamber to control fluid flow through said
exhaust passage; a second exhaust passage communicat-
ing with the first-mentioned passage in advance of said
_compensator piston chamber; and a second pressure re-
sponsive valve in said second exhaust passage to-control
fluid flow therethrough.

4. A fluid energy translating device of .the variable
displacement type comprising a casing having high and
low pressure ports; a shiftable member for varying the
displacement of the device; control mechanism for said
shiftable member having a pressure responsive actuating
element in engagement therewith; resilient means urging
said shiftable member and element toward maximum
volume position; passage means hydraulically connect-
ing said pressure responsive actuating element with said
high pressure port; a direct acting pressure responsive
valve means in said passage means to control fluid flow
therethrough; check valve means in said passage prevent-
ing reverse flow from said element through said passage;
means in said casing forming an exhaust passage extend-
‘ing from said pressure responsive actuating element; and
a differential pressure valve in said passage exposed and
responsive to predetermined pressure differences at oppo-
site sides of said check valve means to control fluid through
said exhaust passage.

5. A fluid pressure energy translating device of the
variable displacement type comprising a casing having
high and low pressure poris a shiftable member associated
with said casing for varying the displacement of the de-
vice; control mechanism for said shiftable member hav-
ing a pressure responsive actuating element in engagement
therewith resilient. means urging said shiftable  member
and element toward maximum volume position; passage
means hydraulically connecting said pressure responsive
actuating element with said high pressure port; a valve in
said passage means to control fluid flow therethrough, said
valve having an area exposed to the pressure in said outlet
port and tending to move said valve toward open position;
resilient means tending to urge said valve toward a closed
position; a check valve between said pressure responsive
‘actuating element and said passage means to prevent re-
verse flow through said passage means; means forming
‘an exhaust passage extending from said pressure respon-
sive- actuating element; exhaust valve means in said ex-
haust passage, said exhaust valve means having a large
area exposed to the pressure in the first-mentioned passage
means and tending to urge said exhaust valve means to-
ward a closed position and a smaller area exposed to the
pressure acting on said pressure responsive element and
tending to open said exhaust valve; and a bleed passage
‘extending around said exhaust valve from the first-men-
tioned passage to exhaust to reduce the force applied to
the large area of said exhaust valve after the first-men-
tioned valve closes.

6. A fluid pressure energy translating device of the var-
iable displacement type comprising a casing having high
and low pressure ports; a shiftable member for varying
the displacement of the device; control mechanism for
_said shiftable member having a pressure responsive actu-
ating element in engagement therewith; resilient means
urging said shiftable member and element toward max-
_imum volume position; passage means hydraulically con-

a direct operating pressuré re- -
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necting said pressure responsive actuating element with
said high pressure port; a poppet type valve in said passage
means to control fluid flow therethrough; said valve hav-
ing an area exposed to the pressure in said high pressure
port and tending to open said valve; adjustable resilient
means tending to urge said valve toward a closed position;
a check valve between said pressure responsive actuating
element and said passage means to prevent reverse flow
through said passage means; means forming an exhaust
passage extending from said pressure responsive actuating
clement; a piston operated exhaust valve controlling fluid
flow through said exhaust passage, said exhaust valve
piston having a first area exposed to the pressure acting
on said pressure responsive actuating element and tending
to open said exhaust valve and a second area substantially
greater than said first area exposed to the pressure in said
first-mentioned passage and tending to close said exhaust
valve; and means forming a bleed passage around said
piston valve from the second area to exhaust to reduce
the force applied to such second area when- said poppet
type valve is closed.

7. A fluid pressure energy translating device of the var-
jable displacement type comprising & casing having high
and low pressure ports; a shiftable member for varying the
displacement of the device; control mechanism for said
shiftable member having a pressure responsive actuating
element in engagement therewith; resilient means urging
said shiftable member and element toward maximum vol-
ume position; passage means hydraulically connecting said
pressure responsive actuating element with said high pres-
sure port; a poppet type valve in said passage means to
control fluid flow therethrough, said valve having an area
exposed to the pressure in said high-pressure port and tend-
ing to open said valve; adjustable resilient means tending
to urge said valve toward a closed position; a check valve
between said pressure responsive actuating element and
said passage means to prevent reverse flow through said
passage means; means forming an exhaust passage extend-
ing from said pressure responsive actuating element; 2
piston operated =exhaust valve controlling fluid flow
through said exhaust passage, said exhaust valve piston
having a first area exposed to the pressure acting on said
pressure responsive actuating elernent and tending to open
said exhaust valve and a second area substantially greater
than said first area exposed to the pressure in said first-
mentioned passage and tending to close said exhaust valve;
means forming a bleed passage around said piston valve
from the second area to exhaust to reduce the force ap-
plied to said second area when said poppet type valve is
closed; and a relief valve for limiting the pressure in said
first mentioned passage means.

8. A fluid pressure energy transiating device of the var-
iable displacement type comprising a casing having high
and low pressure ports; a shiftable member for varying the
displacement of the device; control mechanism for said
shiftable member having a pressure responsive actuating
element in engagement therewith; resilient means urging
said shiftable member and element toward maximum vol-
ume position; passage means hydraulically connecting said
pressure responsive actuating element with said high pres-
sure port; a_poppet type valve in said passage means {0
control fluid flow therethrough, said valve having an area
exposed to the pressures in said high pressure port tending
to open said valve; adjustable resilient means tending to
urge said valve toward a closed position; a check valve be-
tween said pressure responsive actuating element and said
passage means to prevent reverse flow through said passage
means; means forming an exhaust passage extending from
said pressure responsive actuating elements; a piston oper-
ated exhaust valve controlling fluid flow through said ex-
haust passage, said exhaust valve piston having a first area
exposed to the pressire acting on said pressure responsive
actuating element and tending to open said exhaust valve
and a second area substantially greater than said first arca

‘exposed to the pressure in said first-mentioned passage and



2,785,874

tending to close said exhaust valve; means forming a bleed
passage extending around said piston valve from the sec-
ond area to exhaust to reduce the force applied to said
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