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This invention relates to controls for variable displace-
ment pumps and more particularly to a constant pressure
control for a variable displacement pump.

In still more particular aspects-this invention relates
to ‘a constant pressure control for a variable displace-
ment pump in which the volume changing mechanism is
actuated through the forces developed in the pumping
mechanism.

Axial piston pumps employing tiltable cam plates to
vary- the pump displacement are well known in the art.
The tilting of the cam plate is usually achieved by a fluid
pressure piston cylinder arrangement for tilting the cam

-plate’ against the bias of a spring. A pressure signal
from a control is introduced into fluid cylinder to vary
the pump displacement. = This type of arrangement suf-
fers from the following disadvantages. The size of the
control -pistons -used in tilting the cam plate is limited
by the size of an acceptable envelope.  This limits the
Tevel of the operating force transmitted fo the cam plate
resulting in a comparatively slow responding control.

With large control pistons, although the -actuating force-

level is substantially increased, time is .lost in supplying
large volume of oil to actuate such a control which also
results in a slow responding control.

In the presenf invention the tilting of the cam plate
is .obtained without the use of a conventional control
piston cylinder arrangement directly operating the cam
plate, but rather by changing the centroid of the pump-
ing-reaction forces normally developed on the- tiltable
cam plate in respect to the axis of rotation of the
tiltable cam plate. The centroid of the reaction pump-
ing forces is moved by rotating (through a small angle)
a control plate interposed between the valve plate and
cylinder barrel of the pump. In this way large tilting
forces can be developed on the cam plate while utilizing
the basic components of the: pumping mechanism.

Pumps employing the principle of valve plate rotation
to divert the oil from the pumping cylinders to the suc-
tion cylinders are well known in the art. In those de-
vices when rotating the valve plate through 90° while
maintaining the stroke of the pistons constant, a change

from zero to maximum effective pump displacement is’

possible.

In the present invention a confrol plate between the
barrel and valve plate is rotated through a very small
angle not to bypass the fluid from the pump discharge
to the suction zone, but rather to tilt the cam plate by
unbalancing the pumping reaction forces acting on- the
cam-plate in respect to-the axis of its suspension.

It is therefore an object of the present invention to
provide a constant pressure control of a variable dis-
placement pump in which the signal to change pump dis-
placement to maintain a counstant output pressure changes
the force distribution in the pumping mechanism to actu-
ate the displacement changing mechanism.

Another object of this invention is to provide a dis-
placement changing mechanism of a variable displace-
ment pump which is actuated by ‘the pumping forces
developed .inside the pumping cylinders.

Still ‘another object of this invention is to provide
actuation of the displacement changing mechanism of a
pump by moving the centroid of the pumping forces
developed inside the pumping cylinders in respect to the
axis of suspension of the cam plate, whereby.-large turn-
ing moments can be developed in the displacement chang-
ing mechanism. .

2

These and other objects as well as complete under-
standing of the invention will be apparent from-a con-
sideration .of the following description and drawings in
which:

FIGURE 1 ‘is a longitudinal sectional view through

_ an axial piston variable displacement pump embodying
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this: invention.

FIGURE 2 is a sectional view taken substantially along
the line 2—2 of FIGURE 1 showing the features of the
control. ]

FIGURES 34, 3b and 3c are diagrammatic represen-
tations of the forces developed on the cam plate by the
position of the control plate when the pump is deliver-
ing fuil flow; and

FIGURES 44, 4b and 4c are diagrammatic represen-
tations of the forces developed on the cam plate by the
position of the control plate rotated through a small angle
to reduce the flow of the pump. '

" Referring ‘now to the drawings: and particularly to
FIGURES 1 and 2, a pump generally designated as 10
is shown having a housing 11 and a cover 12, which-to-
gether define a chamber 13. A shaft 14 extends into the
chamber 13 and is journalled by bearings 15 and 16,
located in the cover 12 and housing 11 respectively. A
runnion 17 is journalled on a pin 18 carried by the hous-
ing 11 and is provided with an opening 19 through which
the shaft 14 extends. Angular tilting movement- of
trunnion 17 is limited by stops 28 and 21 provided on the
cover 12. The shaft 14 is equipped with splines 22 driv-
ingly engaging a splined extension 23 of a cylinder barrel
24, The cylinder barrel 24 has a multiplicity of cylinder
bores 25 in which pistons 26 are disposed. Pistons 26
have part spherical ends 27 universally mounting piston
shoes 28 which operationally engage flat face 29 of the
trunnion 147, the trunnion thus operating as a cam plate.
Piston shoes 28 are maintainéd against the trunnion by a
nutfating plate 3@ and retainer 31. The trunnion 17 has
an extension 32 against which a biasing spring 33 works
through a guide 34. The cylinder barrel 24 works in
abutment with -a control plate 35 having kidney shaped
timing slots 36 and 37 (FIGURE 2). Cylinder bores 25
each terminate in kidney shaped slots 38 which communi-
cate with timing slots 36 and 37. The conirol plate 35 is
journalled for limited rotation in respect to the housing 11
by a tubular support 39 and works in abutment with a’
sealing face 40 formed on the end of the housing 11.
Sealing face 40 is provided with a pair of kidney shaped
passages 48a and 48b similar to timing slots 36 and 37.
Passage 40a is connected to high pressure port 46c and
passage 460 is connected to low pressure port 484. The

~ control plate 35 has an actuating arm 41 equipped with a
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part spherical end 42 engaging a control piston 43 and a
biasing piston 44. The biasing piston 44 is biased by &
control spring 45 through control spring guide 46 and a
ball 47. Thecontrol spring 45 is located by control stop
48 which is slidably mounted in control spring bore 49 and
sealed by an O ring 8. An adjusting screw 51 engaging
the control stop 48 is retained in a cover 52 mounted by .
bolts 53 to the pump housing 11, The control spring bore
49 is vented by a passage not shown to chamber 13, - The
control piston 43 is slidably guided in control bore 54
which is vented by passage 55 to chamber 13. - A plug 554,
retained in the- pump housing 11 by snap ring 56, is
equipped with a cylinder bore 57 in which is slidably dis-
posed: force piston 58. The cylinder bore 57 is connected
by passage 584, annular space 59 and drilling 60 (shown
partially in broken lines) with the high pressure timing
slot 36 located 'in control plate 35 through port' 40a.
Annular space 59 is suitably sealed by O rings 61 and 62.

Operation -

- The trunnion 17 under the action of biasing spring 33
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will tend to rotate around pin 18 and engage stop.29 ar-
- riving at a position as shown in FIGURE 1. The rotary

motion from the shaft 14 is transmitted through splines:

22 to cylinder barrel 24. . The rotation of cylinder bal:rel
24, in'a well known manner, will induce the reciprocating
motion in the pistons 26 which with piston shoes 28 will

follow the flat surface 29 of trunnion 17. - The reciprocat-.
ing motion of the pistons.26 will displace fluid in cylinder-

bores 25 causing a pumping action.. The displaced fluid-
is phased in timed relation to timing slots 36-and 37 by
the rotation of the cylinder-barrel-24, working in abut-
ment with the control plate 35. _ Since the inlet and outlet
pump ports 48¢ and 484 are connected with the timing

“slots .36 and 37 through slots 46a and. 40b; a pumping .

action will ‘be originated by the rotating shaft 14. - The
volume of the fluid taken from and displaced.into the

timing slots 36 and 37 per one revolution of the shaft 14"

will be proportional-to the léngth of the stroke of the pis-

tons 26 .and therefore proportional to -the angle .of in--

clination of the trunnion.17 in respect to the axis of rota-
tion of the shaft 4. The angular inclination of the trun-
nion 17 as shown in. FIGURE 1 corresponds to the maxi-

mum displacement of the pump. When the trunnion 17 is” -~ > 1 L hat ]
: spect to the pump axis against a register of biasing spring

25

rotated in-a clockwise direction around pin 18 to.a posi-

tion where the flat face 29 is normal to-the axis of rota-

tion the pump output will become zero.

The. anguiar position of the trunnion 17 is dependent

upon :the balance between the moment of the reaction
forces of the ‘pistons on the trunnion and the moment

caused by the force exerted by the spring 33.  The con-.

trol plate 35 is provided and adapted to change.the net
moment 'of the reaction force of the pistons on the trun-
nion by changing the centroid of these forces with respect
to the axis of rotation (tilt) of the trunnion. - This change
in the net moment of the reaction forces of the pistons is
_ induced by rotation of the control plate 35.. Rotation of

4.
moves the position .64 of the resultant force Fp away.
from trunnion axis of rotation 65. FIGURE 4c shows
diagrammatically the force distribution acting on- the
trunnion 17 with control plate 35 angularly disposed as
shown in FIGURE 4a.- Since the positicn 64 of result-
ant force ‘Fp is now displaced by :a distance x from the
axis of rotation 65 of the irunnion 17, it will induce a .

“counter clockwise turning moment MFp. as.shown which :

will decrease the trunnion angle ‘with Tespect to the pump
axis  when. it -exceeds ‘moment Ms thus- decreasing: the
pump output. “Rotation of the trunnion about the pin 18

" will change the magnitute of the moment Ms by com-

pressing the spring 33.  This will establish a balance be-
tween the moment. Ms-and moment Mp for any given
position "~ and - -magnitude -of - resultant -force  Fp. -The .
amount of rotation (tilt) caused by-any given turning :

- moment MFEp will'be dependent upon.the force of bias-

-~ ing spring 33 and the trunnion-17 will be rotated in . a

20

“clockwise direction away from the stop 20, thus reducing

the ‘pump output. Thus a small-rotation of the control

plate 35 will change the position of the resultant force Fp -

acting on the trunnion 17 in relation to the axis of rotation:
65 of trunnion 17 regulating its angular inclination in re-

33. The change in angular-inclination of trunnion 17 will
proportionally change the displacement of the pump. To:
increase the volume when the pump is delivering a .re-
duced volume, the control plate is.rotated the other way
which will move the position of  the resultant force Fp
back toward the .axis 65.- And, if fast response ‘is de- .
sired the control plate can be configured and arranged
to. move. the force Fp. past the axis 65. -

The angle of the: control plate 35 is regulated by-a

" comtrol signal which ‘is developed by-and proportional

the .control plate ‘will change the position of the timing :

slots 36 and 37 with respect to the axis of rotation (tilt)

of the trunnion which will in turn change the position of -

the net resulting moment resulting in‘a tilting or turning
movement.. This change in net moment is shown dia-
grammatically in FIGURES 3a, 35 3¢, 4a, 4b, and 4c.
In FIGURE 3b the forces acting on the trunnion 17 are
‘'shown; the axis of rotation (tilt) of the trunnion being used
as a reference line designated by the reference character
65. The.extension of the trunnion 17 is subjected to a
force from the -biasing spring 33, this force: being des-
ignated as Fs working at point 63.  The points W1, W2,
W3, and W4 denote the reaction forces transmitted. to
trunnion 17 by pressure developed on the pistons 26 which
are on the pumping stroke. - The force Fp located at point

64 denotes the resultant force obtained -from summation

of forces: W1, W2, W3 and ‘W4 and constitutes the total
hydraulic reaction force transmitted to the trunnion 47 by
“the pumping pistons 26. - FIGURE. 34 shows the angu-

lar.relationship of the control plate 35 and timing slots

36 and 37 to provide the forces on the trunnion 17 in the
position shown in FIGURE 3b5. FIGURE 3¢ shows dia-
grammatically the force distribution acting on the trunnion
17 with control plate 35 angularly disposed as shown in

FIGURE 34 and the trunnion angularly disposed as shown
in FIGURE 1. Since in this position of the control plate -

35 the point 64 of resultant force Fp coincides with the
- axis of rotation 65 of the trunnion pin 18 of frunnion 17
it will be-directly carried.in the form.of a bearing pres-
_sure-on the pin 18 without inducing any turning moment

to the trunnion 17. The force Fs, transmitted to the trun-

nion 17 from the biasing spring 33 will produce a turning
moment Ms around the -trunnion pin .18 maintaining the
trunnion 17 against stop 20. - Referring now to FIGURE
4a the control plate 35 is shown having been rotated by
an actuating arm 41 through a small anglé a®. The re-
sultant rotation- of the timing slot 36 .angularly displaced
the position of force W1, W2, W3 and W4 acting on
trunnjon 17 in respect to its axis of rotation 65 which

to the output pressure of the pump.  This pressure signal
is developed in the pumping mechanism and is transmitted
to the control -mechanism shown in FIGURE 2; The
control plate - 35 ‘is - connected to actuating- arm 41,
equipped with spherical end 42. Fluid under ‘pressure -
from the timing slot' 36 which is the high "pressure. slot

" is conducted through the drilling 60 to annular space. 59
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and through passage 534 to cylinder 57 slidably engaging
force- piston 58. - Since the end of force piston 58 in con-
tact. with the control piston 43 is subjected to a pressure.
in ‘control cylinder 54 which is vented by passage 5510
chamber 13, the force piston 58 working as a fluid motor
will transmit an axial.force to control piston 43 propor-
tional to: the pressure difference between timing slot .36
and:chamber-13. - This force acting through the spherical:
end 42 of actuating arm 41 will tend to induce a turning:
moment in control plate 35 journaled on tubular support:
39. .The-biasing piston 44 will transmit to spherical .end
42 of actuating arm-41 an opposing biasing force. of con-
trol spring 45. With the force developed dueto pressure
existing “in timing slot 36 on cross-section area of force: -
piston 58 smaller than the preload in the control spring. -
48, .the control piston. 43 ‘will rest: against’ the plug 55q
and the control plate-35 will be maintained in a position-
as shown in FIGURES 2 and 34.. Thisis a position’ equiv-
alent to maximum pump- displacement as_shown-in FIG-
URE 1.. Once the force developed on the force piston 58
is sufficient to overcome the preload in the control: $pring
45,-the control plate 35 will be rotated in a clockwise
direction, the angle of rotation being proportional-to the
rise in pressure in timing slot 36.° As explained when re--
ferring: to FIGURES 34, 3b;-3¢, 4a, 4b and 4¢ rotation:
of the control plate 35 will -change: the equilibrim ‘of
forces acting on the trunnion 17 turning it towards a posi-: -
tion .of reduced pump displacement.  In this way, the
pump will supply -the maximum flow until the pressure :
developed in timing slot 36 reaches a predetermined value -
equivalent to the preload in the control spring 45, which is

" adjustable by adjusting screw 51. Once this pressure is

reached the pump will automatically reduce. its flow with :
rise in discharge pressure, the flow of the pump becoming
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zero with the trunnion 17 reaching a perpendicular posi-.
tion in respect to axis of rotation of the shaft 14.. Since

the resultant force Fp in a pump constitutes the total hy-
draulic pumping reaction and therefore is very large, the

unbalanced forces developed on the stroke changing mech-:
anism, regulating the output of the pump are very large

producing a fast responding control.

While one embodiment of this invention has been shown

and described, various modifications and adaptations can
be made without departing.from the spirit and scope of
the appended claims.

‘What is claimed is: : )

1. A fluid pressure energy translating device compris-
ing a housing having. inlet. and- outlet ports, a cylinder
barrel rotatably mounted in said housing, pistons recip-
rocally disposed in said' cylinder “barrel, a cam plate
mounted for tiltable movement in respect to the housing
about an axis, biasing means normally urging said cam
plate to tilt in one direction, valving means to sequentially
connect said pistons with the inlet and outlet ports, said
valving means including stationary support means, and
fluid distributing means interposed. between said station-
ary support means and said cylinder barrel,  mounting
means for said fluid distributing means to permit move-
ment of said fluid distributing means in" respect to said
tiltable cam plate to change the force moment of the pis-
tons on the cam plate in respect to the axis of tilt of the
cam plate, and actuation means to impart movement ‘to
said fluid distributing means to change the cam angle of
the tiltable cam ‘plate in response to change-in'thé-force
moment of the pistons coactable with the cam plate.

2. A finid pressure energy translating device compris--

ing a housing having inlet and outlet ports, a cylinder
barrel rotatably mounted in said housing, pistons recip-
rocally disposed in said cylinder barrel, a cam plate
mounted for tiltable movement in respect to the housing
about an axis, biasing means normally urging said cam
plate to tilt in one direction; valving means to sequentially
connect said pistons with the inlet and outlet ports, said
valving means including stationary support means, and
fluid distributing means interposed between said station-
ary support means and said cylinder barrel, means jour-
nalling said fluid distributing means for rotation in respect
to said cam plate to change the force moment of the pis-
tons on the cam plate in respect to the axis of tilt of the
cam plate, and actuation means to rotate said fluid dis-
tributing means to change the cam angle of the tiltable
cam plate in response to change in the force moment of
the pistons coactable with the cam plate.

3. A fiuid pressure energy translating device compris-
ing a housing having inlet and outlet ports, a cylinder

barrel totatably mounted in said housing, pistons recip--

rocally . disposed in said cylinder barrel, a cam plate
mounted for tiltable movement in respect to the housing
about an axis, biasing means normally urging said cam
plate to tilt in one direction, valving means to sequentially
connect said pistons with the ‘inlet-and cutlet ports, said
valving means including stationary support means, and
fluid distributing means interposed between said stationary
support means and said cylinder barrel, said distributing
means including fluid conducting passages defining high
and low pressure zones communicating with said inlet and
outlet ports, means journalling said fluid distributing means
for rotation in respect to said cam plate to change the
force moment of the pistons on the cam plate in respect
to the axis of tilt of the cam plate, and actuation means
to rotate said fluid distributing means to change the cam
angle of the tiltable cam plate in response to change in
the force moment of the pistons coactable with the cam
plate.

4. A fluid pressure energy translating device comprising
a housing having inlet and outlet ports, a cylinder barrel
rotatably mounted in said housing, pistons reciprocally
disposed in said cylinder barrel, a cam plate mounted for
tiltable movement in respect to the housing about an

6-

axis, biasing means normally urging said- cam plate to tilt.

~ in one direction, valving means to sequentially connect

10

said pistons with the inlet and outlet ports, said valving.
means including stationary support means, and fluid dis-
tributing means interposed between said stationary sup-
port means and  said cylinder barrel, said distributing
means including fluid conducting passages defining high
and low ‘pressure zones communicating with said inlet
and outlet ports, a plurality of said pistons being con-
nected to the high pressure zone with each exerting a

- force on said cam plate, the resultant force of said pistons

15
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acting on the cam plate being located by the position of
the high pressure zone, means journalling said fluid dis-
tributing means for rotation in respect to said cam plate
to change the position of said high pressure zone with
respect to the. axis of tilt of the cam plate, and actuation
means to rotate said fluid distributing means to change
the position of said resultant force in respect to the axis of
tilt of said cam plate. .

5. The device of claim 4 further charactenzed by the
resultant force of the pistons which are commumcatmg
with the high pressure zone being movable in Tespect to
axis of tilt of the cam plate with rotation of the fluid dis-
tributing means from said axis to at least one side thereof..

6. The device of claim 5 further characterized by the

" biasing .means being located on the other side of the axis’

of tilt from the side to which said resultant force is moved.

7. A fluid pressure energy translating device comprising
a housing having inlet and outlet ports, a cylinder barrel.
rotatably mounted in said housing, pistons reciprocally
disposed in said cylinder barrel, a cam plate mounted for
tiltable movement in respect to the housing about an axis,
biasing means normally urging said cam plate to tilt in
one direction; valving means to sequentially connect said
pistons with the inlet and outlet ports, said valving means

- including stationary support means, and fluid distributing
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means interposed between said stationary support means
and said cylinder barrel, mounting means for said fluid
distributing. means to permit movement of said fluid dis-
tributing means in ‘respect to said tiltable cam plate to
change the force moment of the pistons on the cam plate
in respect to the axis of tilt of the cam plate, fluid ac-
tuated control means to impart movement to said fluid
distributing means to change the cam angle of the tiltable
cam plate in response to change in the force moment of
the pistons coactable with the cam plate.

8. A fluid pressure energy translating device comprising
a housing having inlet and outlet ports, a cylinder barrel
rotatably mounted in said housing, pistons reciprocally
disposed in said cylinder barrel, a cam plate mounted
for tiltable movement in respect to the housing about an
axis, biasing means normally urging said cam plate to
tilt in one direction, valving means fo sequentially con-
nect said pistons with the inlet and outlet ports, said
valving means including stationary support means, and
fluid distributing means interposed between said stationary
support means and said cylinder barrel, mounting means
for said fluid distributing means to permit movement of
said fluid distributing means in respect to said tiltable cam
plate to change the force moment of the pistons on the
cam plate in respect to the axis of tilt of the cam plate,
pressure responsive control means adapted to move said
distributing means responsive to change in the fluid pres-
sure in device to vary the cam angle of the cam plate
to maintain a. substantially contant fluid pressure at the
outlet port.

9. A fluid pressure energy translating device comprising
a housing having inlet and outlet ports, a cylinder barrel
rotatably mounted in said housing, pistons reciprocally
disposed in said cylinder barrel, a cam plate mounted for
tiltable movement in respect to the housing about an axis,
biasing means normally urging said cam plate to tilt in
one direction; valving means to sequentially connect said
pistons with the inlet and outlet ports, said valving means
including stationary support means, and fluid distributing
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means. interposed between said stationary support means: -

3,190,232

and said cylinder barrel, said distributing means including. -

fluid conducting: passages defining high and low pressure

zones communicating with said inlet ‘and outlet ports; a -
plurality of said pistons being connected to the high pres--

sure zone with each exerting a force on ‘said cam plate;
the resultant force of said pistons.acting on the’ cam plate
being located by the position of the high pressure zZone,
means: journalling said fluid distributing means for rota-
tion in respect to said cam pldte to change the posmon of

said high pressure zone with respect to-the. -axis of tilt of
the cam plate, and actuation means to rotate said fluid

distributing means, said actuating means including a fluid
actuated motor operably -connected to. said . distributing
means to rotate said distributing means in one direction,
and second biasing means operably connected to said dis-
tributing means opposing the action of said fluid motor. -

10. The combination of claim 9 further characterized

v

10

8

~ing means including first and second arcuate slots defining-

respectively high and low pressure zones communicating
with the-outlet and inlet ports, means on:the support means
journalling said fluid distributing means for rotation ‘with
respect to-said ‘cam::plate, said fluid distributing .means
abutting said support means and said cylinder barrel, con- .
trol means to impart rofation to said fiuid distributing .
means,. said- control means- including-a fluid operated
piston operably connected to said distributing means. to

‘rotate the distributing means in one direction and spring

means operably connected to said d15tr1butmg means op-
posing said fluid. operated -piston.
12. The device of claim 11 characterized by fluid con-:

: ductmg means connecting said - fluid operated piston to "

15

by.said fluid motor. including a fluid operated piston and -

sa1d second biasing means including -a spring. -

"rocally. disposed in-said cylinder barrel, a. cam plate

mounted for tiltable movement in respect-to the housing-
about an axis, biasing means normally urging -said .cam.

plate to tilt in one direction, valving means to sequentially

connect said pistons with the inlet-and outlet- ports, said-

valving ‘means. including stationary support-means, and
fluid distributing means interposed between:-said stationary

support means and said cylinder barrel, said fluid distribut-

.20
11. A fluid pressure energy. translating device com-.

prising a housing having inlet and outlet ports, a-cylinder.

_barrel rotatably,mounted in said -housing, pistons. recip-

25-
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the high pressure zone of the device to-operate said fluid
operated piston responsive to'the. pressure of the device,
whereby. the fluid :distributing means are rotated to vary.
the cam angle of the cam plate: to maintain -substantially -
constant-fluid pressure at the .outlet port. '
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