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SERVO-CONTROL DEVICE FOR VARYING THE
DELIVERY AND DIRECTION OF DISTRIBUTION
OF A VARIABLE DELIVERY PUMP

The present invention relates to a servo-control de-
vice for varying the rate of flow and direction of distri-
bution of a variable delivery pump feeding a hydraulic
motor through a two-way distributor.

A hydraulic transmission is already known which
comprises a pump delivering its output into a circuit
having an element for controlling the rate of flow in the
circuit, this element consisting of an adjustable restric-
tor device. In a transmission of this kind, the adjustable
restrictor device is coupled mechanically to the main
two-way distributor connected between the pump and
the hydraulic motor.

A transmission of this type has particular disadvan-
tages in that there is a risk of cavitation, it requires a
pressurized tank and it is impossible to employ the hy-
draulic circuit for a braking action.

Variable delivery pumps are also known, of the bar-
rel or cylinder type, which require slow controls and
substantial forces to be applied to modify the rate of
delivery. Furthermore, the barrel assembly must be
tilted to obtain a variation in delivery.

Moreover, another disadvantage inherent in pumps
of the barrel type is that there is a substantial neutral
range and that, due to this, a brake acting on a hydrau-
lic motor supplied by the pump and stopping this motor
during a pressure drop, remains applied during the ini-
tial delivery stage of the pump.

The present invention has for its object to eliminate
the disadvantages set out above.

The present invention consists in a servo-control de-
vice for varying the delivery and direction of distribu-
tion of a variable delivery pump to a hydraulic motor
comprising a member for varying the output of the
pump, a two-way distributor connected between the
outlet of the pump and two inlets of the motor, the dis-
tributor having two control chambers connected, re-
spectively, to two outlets of an auxiliary two-way dis-
tributor, the inlet of which is connected to the outlet of
a feed pump driven by the variable delivery pump, said
last-named outlet also being connected to the inlet of
a control distributor which supplies fluid to two cham-
bers of a ram whose rod is coupled to the member for
varying the output of the pump, the spool valves of the
auxiliary distributor and control distributor being oper-
ated by a common actuating lever.

The advantages of a device of this kind consist in re-
moving all risks of cavitation and in allowing bracking
action by means of the hydraulic circuit.

FIG. 1 is a sectional view of a servo-control device
according to the present invention in combination with
a variable delivery pump.

FIG. 2 is a sectional view showing the connections
between the main and auxiliary distributor valves
shown in FIG. 1 and,

FIG. 3 is a hydraulic diagram of the main pump, hy-
draulic motor and servo-control device of the present
invention. .

The hydraulic servo-control device illustrated in
FIGS. 1 to 3 operates in combination with a main pump
2 which is driven by an electric motor 1 whose spindle
4 also drives a feed or auxiliary pump 3. The pump 2
is a variable displacement pump of the type comprising
a crankshaft whose crank pin has a throw which is vari-

5

20

25

30

35

40

45

50

55

60

2

able depending on the position of an axial rod 115
which causes variation in the piston stroke and in the
delivery rate of the pump.

The main pump 2 delivers pressurized motive fluid
into a main supply circuit 5, illustrated by thick lines,
and feeds a fluid motor comprising a hydraulic motor
26 connected in the circuit through a main distributor
6 of the two-way type comprising a spool valve 6a
directional-control (FIGS. 1 and 2) which is moved axi-
ally in both directions by springs 65 and 6¢ housed, re-
spectively, in control chambers 6d and 6e of the body
of the distributor 6.

The outlet of the pump 2 is connected to an inlet of
the distributor 6 by a pipe or duct 29 which is in com-
munication with a reservoir of fluid 10 through a safety
valve 31 having an adjustable “threshold setting. The
return connection of the distributor 6 communicates
through a duct or passage 32 with the intake connec-
tion of the pump 2. The two outlets of the distributor
6 are connected to the two inlets of the motor 26, re-
spectively, through the ducts 24 and 25. In the neutral
position of the distributor 6, that is to say in the central
position of the spool valve 6a; a leak connection is pro-
vided between the inlet of the distributor 6 and the re-
turn connection to the duct 32.

The feed or auxiliary pump 3 has an orifice con-
nected to the tank 10 and has its outlet connected with
the inlet orifice of an auxiliary distributor 22 compris-
ing a spool valve 22a which is biassed to its neutral po-
sition by a spring 22b. In the neutral position of the aux-
iliary distributor 22, its inlet orifice is in communica-
tion with a return orifice which is connected by a duct
33 to the tank 10 via a restrictor 33a. A permanent
leakage flow path is thus established in the distributor
22 in the neutral position.

The two outlets of the auxiliary distributor 22 are
connected, respectively, through ducts 34 and 35 to the
control chambers 6d and 6e of the main distributor 6.
The outlet of the feed pump 3 is also connected to the
inlet orifice of a control distributor 28. The chamber
accommodating the return spring 74 is in communica-
tion with the tank 10 through a return passage 28. The
control distributor 20 has two outlet orifices con-
nected, respectively, through ducts 19 and 19q, to the
two chambers of a servo-control ram or fluid actuator
1. The piston 11a of the ram 11 is connected with a
rod 11b which is coupled to the element of the pump
2 which renders it possible to vary the delivery of the
latter (in this case being a device which varies the ec-
centricity of a crank pin of a crankshaft driving one or
more pistons) following the axial sliding of the rod 11,

The piston 11a is also connected with a rod 12 which
extends leftwards (as viewed in FIG. 1) from the ram
11 and is coupled to the lower extremity of a lever 17
by means of a stud 12¢ mounted on the rod 12 which
engages a slot 17a formed in the lever 17.

The lever 17 is pivoted adjacent its upper end on a
pin 17b mounted on the lower part of a movable abut-
ment 16. The lever 17 is also pivotally mounted inter-
mediate its ends on a pin 17¢, fixed to a clevis 18 ex-~
tending from the spool valve 7 of the distributor 20.

The abutment 16 is arranged to slide axially on a hor-
izontally disposed spindle 16a and the right-hand face
of this abutment (as viewed in FIG. 1) has two rollers
14 and 15 bearing against it which are rotatably
mounted on an actuating lever 9. This lever 9, which is
vertical in the neutral position illustrated in FIG. 1, is
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pivotally mounted on the spindle 16a by a transversely
extending stud 13 positioned between the rollers 14
and 15, the latter being positioned at the lower end of
the lever 9.

The lever 9 is pivotally mounted on a pin 9a, which
conveniently may be on the axis of rotation of the roller
14, connected to a rod 21 extending externally of and
connected to the auxiliary directional control spool
valve 22a of the distributor 22.

The lever 9 makes it possible to vary the delivery of
the main pump 2 and also the direction of feed to the
hydraulic motor 26. The lever 9 may be operated man-
ually, as illustrated in FIGS. 1 and 2, or it may be oper-
ated by other means, for example, a double-acting ram
including means ensuring automatic return to the neu-
tral position, or by an electro-magnet.

To the outlet of the feed pump 3 is also connected a
calibrating valve 23 and a brake 8 which is applied
when the pressure drops in the main hydraulic circuit.
The feed pump 3 performs the following functions:

a. it feeds the main pump 2 under low pressure in
such a manner as to prevent cavitation;

b. it replaces oil leakage from the main circuit §5;

c. it makes it possible to increase the fluid pressure
to a predetermined value to operate the main distribu-
tor 6, the servo-control ram 11 through the distributor
20, also the release of the safety brake 8.

The operation of the servo-control device will now be
described.

When the lever 9 is in the neutral vertical position
shown in FIGS. 1 and 3, communication is established
between the inlet and return connections of the auxil-
iary distributor 22 and the liquid of this circuit thus re-
turns to the tank 10 through the restrictor 332 and the
duct 33, The liquid is then raised to a low pressure P,
which is however sufficient to move the piston 11a of
the servo-control ram 11 to its extreme left position in
which the rod 115 sets the delivery of the main pump
2 to zero so that the pump idles. Thus, in the neutral
position of the lever 9, a small part only of the power
applied for feeding is lost.

Owing to the low pressure P at the outlet of the feed
pump 3, the safety brake 8 is applied and the hydraulic
motor 26 is immobilized.

If it is desired to drive the hydraulic motor 26 in one
direction or the other, the lever 9 is pivoted towards the
right or the left and at an angle proportional to the
speed required, that is to say, to the delivery of the
pump 2 which is required. Assuming the lever 9 is piv-
oted clockwise about the pin 13 to a position 9, shown
diagrammatically by dash-dotted lines in FIG. i, such
pivotal movement causes a rightward displacement of
the rod 21 and of the spool valve 224 against the return
spring 22b which causes the interruption of the com-
munication between the inlet and return connections of
the distributor 22 and places thesc connections in com-
munication with, respectively, the ducts 34 and 38
which are connected, respectively, to the chambers 6d
and 6¢ of the distributor 6.

The control chamber 64 is then supplied through the
distributor 22 and the duct 34 with liquid at a pressure
P, which is determined by the calibrating valve 23. This
pressure Py, which is higher than the pressure Py, has a
magnitude or value sufficient for the different functions
which are to be carried out by the feed circuit. The
pressurization of the control chamber 6d results in the
movement of the spool valve 6a towards the right and
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the feeding of liquid under pressure to the left-hand
duct 24 which is placed in communication with the
feed duct 29, the other duct 25 being connected to the
return passage 32. The raising of the pressure in the cir-
cuit to the value P, releases the safety brake 8 which
thus aliows rotation of the motor 26 in the direction re-
quired, for example clockwise.

It will be seen that if the lever 9 had been pivoted in
the opposite direction, i.e., towards the left in FIG. 1,
the spool valve 6a would have been moved towards the
left and caused the pressurization of the duct 25 and
conscquently the rotation of the motor 26 in the other
direction.

While the lever 9 causes the movement to the right
in FIGS. 1 and 3 of the spool valve 224 of the auxiliary
distributor 22, it also causes by means of its lower roller
15, leftward movement of the abutment 16 on the spin-
dle 16a so that the upper pin 17 is moved to a position
marked 17b,. Since the piston 11a, and consequently
its rod 12, is stationary at this instant, the stud 124 acts
as a pivot for the lever 17 which, due to the fact that
the upper pin 175 is displaced towards the left, thus piv-
ots around the stud 12a in a counterclockwise direc-
tion. The pin 17¢ is thus moved leftward, as is the spool
valve 7 of the control distributor 20, against the return
spring 7a. This has the result of establishing communi-
cation between the inlet connection of the control dis-
tributor 20 and the duct 19 and consequently the left-
hand operating chamber of the ram 11. Thus, the feed
liquid under the pressure P, is fed into this operating
chamber and causes displacement of the piston 11aq
towards the right. :

During this displacement, since the upper pin 17b is
held by the lever 9, the movement of the stud 124 with
the rod 12 towards the right causes a rightward dis-
placement of the pin 17¢ and spool valve 7. At a given
instant, when the stud 12a reaches the position 12q,,
the piston 11a will have been displaced towards the
right by a distance sufficient for the spool valve 7 to
have returned to the neutral position at which it closes
off the duct 19. The amplitude of the displacement of
the piston 114 of the ram 11 is thus proportional to the
displacement of the abutment 16, that is to say as a
function of the angle of inclination of the lever 9. The
greater is the angle of inclination, the greater is the dis-
placement of the abutment 16 towards the left and the
greater is the stroke of the piston 11a required for the
spool valve 7 to return to the central neutral position.

The displacement of the ram 11a and of the rod 11b
causes a proportional adjustment of the eccentric
crank pin of the main pump 2 and consequently of its
delivery. If, starting from the position 9, of the lever 9,
it is desired to increase the delivery of the pump, the
clockwise inclination of the lever is increased.

The return of the pump delivery to zero is effected by
pivoting the lever 9 in the opposite direction, i.e. the
counterclockwise in FIG. 1, from the position 9,. At
this instant, the stud 12a, being positioned at 124, in
FIG. 1, acts as a fixed pivot for the lever 17 which is
moved clockwise by the return spring 7a thrusting the
spool valve 7 which is connected to the lever 17 to-
wards the right. The pivoting movement of the lever 17
causes the rightward displacement of the pin 17b from
the position 17b, and also the movement towards the
right of the abutment 16 which returns to the idle posi-
tion. At the same time, the spool valve 7, displaced to
the right-hand position, establishes communication be-
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tween the inlet connection of the control distributor 20
and the duct 19a. The feed fluid at the pressure P, is
then fed into the right-hand operating chamber of the
servo-control ram 11 which causes displacement of the
piston 11a towards the left, During this displacement,
the lever 17 pivots clockwise around the upper pin 176
and thus moves the spool valve 7 of the distributor 20
towards the left. At the end of the leftward stroke of the
piston 11a the distributor has returned to the neutral
position and the delivery from the main pump 2 has
been terminated.

An end-of-stroke unit 27 (FIG. 3) comprising two
valves which are normally closed and whose inlets are
connected- respectively, to the ducts 34.and 38, while
the outlets are jointly connected by a duct 27a to the
tank 10, may be used in combination with the device
already described. When one of these valves, for exam-
ple the right-hand valve of the unit 27 is opened at the
end of the stroke by an element actuated by the motor
26, its opening places the duct 35 in communication
with the tank 10, which results in a slight pressure drop
in the feed circuits. As a result of this pressure drop, the
main distributor 6 is returned to the neutral position so
that the motor 26 is no longer supplied and the safety
brake 8 is applied. With a pressure in the feed circuit
of a few pounds, the actuating lever 9 returns to the
neutral position, the piston 11 and its rods 12 and 115
return to the extreme left position corresponding to
zero delivery of the pump 2. The feed fluid then es-
capes through the duct 19 and the passage 28 is con-
nected to the tank 10. The pump 2 will thus start up
again with a zero delivery at the next actuating dis-
placement.

What we claim is:

1. A servo-control device for varying the delivery and
direction of distribution of a variable delivery pump to
a hydraulic motor comprising a member for varying the
output of the pump, a two-way distributor valve con-
nected between the outlet of the pump and two inlets
of the motor and having two control chambers, an aux-
iliary two-way distributor valve having two outlets con-
nected respectively to said two control chambers and
an inlet connected to the outlet of a feed pump, a con-
trol distributor valve having an inlet connected to the
feed pump outlet for controlling the supply of fluid to
two chambers of a ram, said ram having a piston and
a rod connected to said piston and wherein said rod is
coupled to the member for varying the output of the
variable delivery pump, and a common actuating lever
for actuating the spool valves of the auxiliary distribu-
tor valve and the control distributor valve.

2. A device as claimed in claim 1, wherein the spool
valve of the auxiliary distributor is pivotally mounted
on the actuating lever, an axially movable abutment
having said lever pivotally mounted thereon and bear-
ing thereagainst, a linking lever pivotally mounted adja-
cent one of its extremities on said rod of the ram and
pivotally mounted adjacent its other extremity to said
abutment, and wherein said spool valve of the control
distributor is pivotally connected to said linking lever.

3. A device as claimed in claim 2, wherein the actuat-
ing lever is provided with spaced rollers positioned re-
spectively, on either side of the pivot of said actuating
lever, said rollers bearing against an end face of the
sliding abutment.

4. A device as claimed in claim 3, wherein the auxil-
iary distributor valve includes a return connection nor-
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maily in communication with its inlet when the distrib-
utor spool valve is in a neutral position, said return con-
nection being in communication with a tank through a
restrictor in such a manner as to obtain a low pressure
fluid fed to the outlet of the feed pump when the auxil-
iary distribuor spool valve is in the neutral position.

5. A device as claimed in claim 4, wherein the outlet
of the feed pump is connected to a calibrating valve ar-
ranged in such manner as to open at an adjustable sec-
ond pressure which is higher than the pressure nor-
mally prevailing in the circuit when the auxiliary dis-
tributor spool valve is in the neutral position, this outlet
of the fecd pump also being connected to a safety brake
associated with the hydraulic motor.

6. A fluid system comprising: a variable displacement
pump operable to pressurize a fluid and deliver same at
a variable delivery rate as motive fluid and having a
movable control member for variably setting the deliv-
ery rate in dependence upon the position of said con-
trol member; a fluid motor actuatable in two different
directions in response to motive fluid applied thereto;
a main distribution circuit having means receptive of
the motive fluid delivered from said variable displace-
ment pump for applying same to said fluid motor and
including a fluid-activated directional control valve ac-
tuatable into various working positions to control the
output direction of said fluid motor in_dependence
upon the position of said valve; an auxiliary pump oper-
able to pressurize a fluid and deliver same as working
fluid; a fluid actuator connected to said control mem-
ber and responsive to working fluid applied thereto to
move said control member to vary the delivery rate of
said variable displacement pump; and an auxiliary dis-
tribution circuit having means receptive of the working
fluid delivered from said auxiliary pump for selectively
applying same to both said fluid-actuated directional
control valve to actuate same to its various working po-
sitions to thereby control the output direction of said
fluid motor and to said fluid actuator to actuate same
to thereby control the delivery rate of said variable dis-
placement pump.

7. A fluid system according to claim 8; wherein said
auxiliary distribution circuit comprises a mechanically-
actuated auxiliary directional control valve actuatable
into plural working positions to valve the working fluid
to and from said fluid-actuated directional control
valve to thereby control the actuation of same, a
mechanically-actuated control valve actuatable into
plural working positions to valve the working fluid to
and from said fluid actuator to thereby control the ac-
tuation of same, and actuating means including a piv-
otal actuating lever connected to both said mechanical-
ly-actuated auxiliary directional control valve and said
mechanically-actuated control valve for effecting con-
current actuation of both said last-named valves in re-
sponse to pivotal movement of said actuating lever.

8. A fluid system according to claim 7; wherein said
auxiliary distribution circuit includes a feedback link-
age assembly interconnecting said mechanically-
actuated control valve and said fluid actuator operative
to feedback the movement of said fluid actuator to said
control valve to reposition same into a neutral position
wherein same does not valve working fluid to said fluid
actuator to thereby maintain said fluid actuator in a de-
sired position.

9. A fluid system according to claim 7; wherein said
actuating means comprises a slideable member having
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thereon a pair of abutment surfaces, a pair of camming
rollers each rotatably mounted on said actuating lever
and engageable with respective ones of said abutment
surfaces, means mounting said actuating lever for piv-
otal movement about an axis situated between said pair
of rollers whereby pivotal movement of said actuating
lever in either direction effects sliding movement of
said slideable member in the same direction due to the
camming action of said rollers against said abutment
surfaces, and biasing means biasing said actuating lever
into a neutral position wherein same does not effect ac-
tuation of either said auxiliary directional control valve
or said control valve.

10. A fluid system according to claim 9; whercin said
actuating means includes means connecting said auxil-
iary directional control valve to said actuating lever to
effect actuation of the former in response to pivotal
movement of the latter, and means connecting said
control valve to said slideable member to effect actua-
tion of the former in response to sliding movement of
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the latter caused by pivotal movement of said actuating
lever.

11. A fluid system according to claim 7; wherein said
auxiliary distribution circuit includes brake means for
braking said fluid motor whenever the pressure of the
working fluid is below a predetermined valve and re-
sponsive to the pressure of the working fluid when
same reaches said predetermined value to release said
brake means.

12. A fluid system according to claim 7; wherein said
auxiliary distribution circuit includes a safety valve op-
erable to bleed the working fluid from said auxiliary
distribution circuit independently of the position of
said actuating lever, and spring means for biasing said
fluid-actuated directional control valve into its neutral
position wherein same effects recirculation of the mo-
tive fluid delivered from said variable displacement
pump whenever the working fluid is bled from said aux-
iliary distribution circuit,
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