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[57] ABSTRACT

A hydraulic drive includes a hydraulic pump and a
variable displacement axial piston type hydraulic mo-
tor. The swash plate of the motor is adjusted by a
hydraulic cylinder having an accumulator connected
to the pressurized end: of the cylinder so that the
motor displacement is at a maximum value when the
pressure in the accumulator and the cylinder is below
a predetermined value and decreases as the pressure
in the accumulator builds up. A pilot-operated valve
controls the flow of pressurized fluid from the pump
to the motor, the pressure to open the pilot valve
being supplied through a manually shiftable valve
which also directs fluid pressure to the accumulator
through an orifice, which retards the pressure buildup
in the accumulator to gradually decrease the motor
displacement after the control valves are shifted to
their open positions.

14 Claims, 7 Drawing Figures
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1
HYDRAULIC DRIVE

BACKGROUND OF THE INVENTION

This invention relates to a hydraulic drive and more
particularly to a hydraulic drive having an automatic
speed and torque control.

Some applications for hydraulic drives require a rela-
tively high starting torque and also a relatively high
speed after the drive has started. An example of such
an application would be a drive for the grain tank dis-
charge auger on a combine. To provide the necessary
high starting torque and ultimate speed with a fixed dis-
placement drive necessitates relatively large units, and
to reduce the size in cost of such units, it has been
found desirable to provide variable displacement drives
which can be controlled to provide maximum displace-
ment and minimum speed upon starting and a higher
speed when lesser torque is required. Heretofore, the
displacement has been manually adjusted or has been
responsive to the operating pressure in the drive. The
manual adjustment, of course, requires the attention of
an operator, while the adjustment in response to pres-
sure has caused a speed fluctuation responswe to fluc-
tuations in the working pressure.

SUMMARY OF THE INVENTION

According to the present invention, an improved hy-
draulic drive is provided, having a variable displace-
ment motor with means for automatically placing the
displacement of the motor at maximum value initially
to provide maximum torque and minimum speed and
gradually decreasing the motor displacement at a con-
trolled rate to gradually increase the motor speed.

An important feature of the invention resides in the
provision of hydraulic means for automatically de-
creasing the motor displacement in response to increas-
ing fluid pressure supplied to the hydraulic means.
More specifically, a hydraulic cylinder is provided for
decreasing the motor displacement in response to in-
creasing pressure supplied to the cylinder and an accu-
mulator is provided in parallel with the cylinder to con-
trol the pressure buildup therein. Also according to the
invention, orifice means are provided for controlling
the rate of pressure buildup in the accumulator and cyl-
inder.

Another feature of the invention resides in the provi-
sion of the accumulator as an integral part of the hy-
draulic cylinder and further providing the cylinder and
the accumulator integrally with the variable displace-
ment motor.

Still another feature of the invention resides in the
provision of valve means for automatically directing
fluid pressure to the accumulator and cylinder for con-
trolling the motor displacement when pressurized fluid
is delivered from the pump to the motor.

Another feature of the invention resides in the provi-
sion of a gas-type accumulator and in providing means
for varying the quantity of the trapped gas to thereby
vary the initial pressure in the accumulator.

Also according to the invention, there is provided a
servo piston between the motor control cylinder and
the accumulator, so that the accumulator pressure acts
on the piston, which has associated valve means for
controlling the fluid pressure supplied to the motor
control cylinder, thereby reducing the size of the spring
required in the displacement control means.
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Also according to the invention, a novel accumulator
design is provided in association with the motor dis-
placement control means.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic illustration of one embodiment
of the hydraulic drive system.

FIG. 2 is an axial section view of the variable dis-
placement motor and the displacement control cylin-
der and accumulator associated therewith.

FIG. 3 is a section view of an alternate arrangement
of the displacement control cylinder and accumulator
with a variable orifice for controlling the flow rate to
the accumulator.

FIG. 4 is an enlarged section view of the accumulator
shown in FIG. 2.

FIG. 5 is an enlarged section view of another embodi-
ment of the accumulator.

FIG. 6 is a schematic view, similar to FIG. 1, showing
a slightly different embodiment of the hydraulic drive.

FIG. 7 is a partly schematic view of a third embodi-
ment of the hydraulic drive utilizing servo means be-
tween the accumulator and motor displacement con-
trol cylinder, the cylinder, servo piston, and accumula-
tor being shown in section.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

As shown in FIG. 1, the hydraulic drive system in-
cludes a variable displacement hydraulic pump 10 hav-
ing an inlet line 12 connected to a reservoir and an out-
let conduit 16 connected to the end of a variable dis-
placement motor 18 having a conventional return or
outlet line 20.

The motor 18 is of the conventional axial piston type,
and, as shown in FIG. 2, it includes a housing 21 having
inlet and outlet ports 22 and 23, respectively, and an
axial shaft 24 journaled in the housing. The output
shaft 24 is shown connected to output gearing, which,
as an illustrative environment, can be connected to the
drive shaft of a combine grain discharge auger. A cylin-
der barrel 28 is mounted on and connected to the shaft
24 and includes a plurality of cylinders 30 parallel to
the shaft 24. A piston 32 reciprocates in each cylinder
30 in response to fluid pressure therein, and, as is con-
ventional, a radial valve plate 34 controls the flow of
pressurized fluid to and from the cylinders from the
inlet and outlet ports 22 and 23. The pistons 32 act
against a swash plate 36, the angle of which is adjust-
able about a pivot 37 normal to the motor shaft 24.
When the swash plate 36 is at its maximum angle, as il-
lustrated in FIG. 2, the motor displacement is at its
maximum to provide a minimum motor output speed
for a given fluid flow. Of course, as the angle of the
swash plate decreases, the motor displacement de-
creases to increase the motor speed.

The angle of the swash plate is controlled by a hy-
draulic cylinder, indicated in its entirety by the numeral
38. The cylinder 38 is formed by an elongated bore 40
in a housing 42 integral with the motor housing 21, and
a piston 44 mounted for reciprocation within the bore
40. The lower end of the piston 44 is connected to the
swash plate 36 by a linkage 46, so that extension of the
cylinder 38 in response to fluid pressure supplied
thereto rocks the swash plate to decrease the motor dis-
placement. A spring 48 acts between the housing 42
and the piston 44 to bias the piston toward its retracted
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position, wherein it places the motor in its maximum
displacement condition, as shown in FIG. 2.

The hydraulic control cylinder 38 is schematically
illustrated in FIG. 1 and the upper or working end of
the cylinder 38 is connected to an accumulator 50 by
a hydraulic conduit 52. The conduit 52 between the
cylinder and accumulator is, in turn, connected to a
conduit 54, which is connected to a manually actuat-
able valve 56, which is operative to either connect the
conduit 54 to the pump outlet conduit 16 through a line
58, as shown in FIG. &, or to the reservoir 14 via a hy-
draulic line 0.

A variable orifice 62 is disposed in the conduit 54 be-
tween the valve 56 and the conduit 52 to control the
flow rate of pressurized fluid to the accumulator 50 and
cylinder 38. As shown in FIG. 3, a manually adjustable
needle-type valve of conventional construction can
serve as the variable orifice 62. Also, the accumulator
50 can be in the form of a conventional gas-type accu-
mulator.

A pilot-operated on-off type valve 64 is disposed in
the pump outlet conduit 16 between the pump 10 and
the motor 18 and is shifted to its open position, as illus-
trated in FIG. 1, in response to fluid pressure in the
conduit 54, which is connected to the valve 64 by a
pilot line 66.

In the embodiment illustrated in FIG. 2, the accumu-
lator 50 is also formed as an integral part of the hydrau-
lic motor 18, the control housing 42 being extended
and the bore 40 extending the length of the housing. As
best seen in FIG. 4, an annular member 68 is secured
in the bore 40 opposite the piston 44 and includes an
axial passage 70, which serves the function of the sche-
matically illustrated conduit 52 in FIG. 1. A radial pas-
sage 72 through the housing wall and the annular mem-
ber 68 is connected to the axial passage 76 through an
orifice 74. Unlike the orifice 62, the orifice 74 is a fixed
orifice, although it performs the same function. The
end of the bore 40 is closed by an end cap 76 and a flex-
ible membrane 78 spans the bore 40 between the end
cap 76 and the annular member 68. The flexible mem-
brane is provided with a cup-shaped recess 80 which
mates with an axial projection 82 in the shape of a frus-
tum of a cone on the axial member 68, when there is
no hydraulic pressure in the passage 70, as illustrated
in FIG. 2. The volume between the flexible membrane
and the end cap is filled with gas, the quantity of which
can be varied through a valve 84 in the end cap, this
type valve in a gas accumulator being well known.
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When pressurized fluid is delivered through the orifice

74 to the space between the flexible membrane 78 and
the member 68, the membrane shifis toward the end
cap, as shown in FIG. 4, to compress the gas therebe-
tween, thus forming a gas-type accumulator.
A slightly different version of the accumulator and
orifice is shown in FIG. 5, wherein an annular member
86 is again mounted in the bore 40 between the piston
44 and the end cap 76. The member 86 again has an
" axial passage 87 connected to a radial passage 88, and
. a manually adjustable needle-type valve 89 extends ra-

dially through the member 86 opposite to and in align-

ment with the passage 88 to restrict the flow of fluid
" from the passage 88 to the passage 87 and thereby pro-
vide a variable orifice. Also, a solid piston 98 is inter-
posed between the gas and the fluid rather than the
flexible membrane illustrated in FIG. 4.
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In operation, the hydraulic drive is started by manu-
ally shifiing the valve 56 to its open condition, as illus-
trated in FIG. 1, wherein the pump outlet conduit 16
is connected to the conduit 54. The fluid pressure in
the conduit 54 then actuates the pilot-operated valve
64 through the pilot line 66 into its open condition, as
also illustrated in FIG. 1, wherein the pump outlet is
connected to the inlet of the motor 18 via the conduit
16 to supply pressurized fluid to the motor. Prior to the
conduit 54 being connected to the pressurized line 16,
it was connected to the reservoir 14 to drain the hy-
draulic cylinder 38 and the accumulator 50. In the ab-
sence of fluid pressure in the cylinder 38, the spring 48
shifts the piston 44 to its retracted position, as shown
in FIG. 2, wherein it maintains the swash plate 36 in its
maximum displacement position. The orifice 62 con-
trols the rate at which the pressurized fluid in the con-
duit 54 is delivered to the accumulator 50 and thereby
controls the rate that the pressure builds up in the accu-
mulator and the cylinder 38, When the motor is in its
maximum displacement condition, as illustrated in FIG.
2, the motor output speed for a given flow rate between
the pump 10 and the motor 18 is at its minimum and
the torque is at its maximum. Thus, the motor is able
to provide the high initial torques necessary in many
applications, such as in the previously mentioned com-
bine grain discharge auger.

After the pressure in the accumulator 50 and the cyl-
inder 38 reaches a point sufficient to overcome the pre-
load on the spring 48, the piston 44 starts to extend to
reduce the motor displacement and consequently in-
crease the output speed. As the pressure gradually
builds up in the accumulator 50, the piston 44 will
gradually shift the motor swash plate 56 until the motor
reaches its maximum speed, which may be established
by stops engaged by the swash plate, as is well known
in the art. The minimum displacement can also be es-
tablished by the pressure in the accumulator 50 reach-
ing its maximum value to establish the maximum exten-
sion of the piston 44 and thereby the minimum motor
displacement. As is apparent, the variable orifice 62
provides a means for controlling the rate at which the’
pressure builds up in the accumulator and conse-
quently the rate at which the motor speed changes. The
above described control of the starting torque and
speed is completely automatic after the operator shifts
the valve 56 to engage the drive. The provision of the
accumulator as an integral part of the motor control
cylinder and the motor provides a compact and inex-
pensive control system.

In the embodiment shown in FIG. 6, the control sys-
tem is substantially identical to that shown in FIG. 1
with the exception that the pressure for the control sys-
tem is provided by a separate pump 92, which delivers
fluid under pressure to the.conduit §4 through a manu-
ally shiftable valve 94, which is illustrated in its open
position in FIG. 6 wherein it delivers fluid under pres-
sure to the pilot line 66 and the accumulator 50 and
control cylinder 38. When the system is not operating
and the valve 24 is shifted to its closed position, the
output of the pump 92 is returned to the reservoir via
the line 60 while the pressure in the accumulator is al-
lowed to bleed off. The use of the separate pump 92 for
the control pressure provides a more precise regulation
of the motor, since the control system is not subject to
the pressure variations in the main pump output.
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In the embodiment in FIG. 7, a servo type control
system is used for controlling the motor displacement.
As in the previous described embodiments, when the
valve 56 is actuated to start the hydraulic drive, pres-
surized fluid is delivered to the accumulator 50 through
an orifice 74 to control the pressure buildup in the ac-
cumulator 50, which is again mounted in the housing
42 integral with the motor housing. However, rather
than the annular member 68, a similar annular member
95 is mounted in the bore 48 in the housing 42. The an-
nular member 95 has an axially extending bore 96 in
which a servo piston 97 is mounted. As before, pressure
in the accumulator 50 moves the piston 97 toward the
motor swash plate against the bias of a compression
spring 98. However, the end of the piston 97 is not con-
nected drectly to the motor swash plate, but is rather
provided with a spool-type valve member 99, which is
slidable in an axial bore 100 in a motor control piston
182, the end of which is connected to the motor swash
plate. The bore 100 is connected to a radial passage
104 through the piston shaft via a hydraulic line 106,
which is connected to the pump outlet conduit 16 and
is pressurized when the valve 64 is opened. A second
radial passage 108 intersects the bore 100 adjacent to
the passage 104 and extends to the head end of the pis-
ton 102. The end of the bore 100 is connected to the
interior of the motor housing by an axial passage 110,
the interior of the housing being connected to the res-
ervoir. The valve member 99 is provided with a pair of
annular grooves 112 and 114 separated by a valve land
115, The groove 114 is connectéd to the lower end of
the valve member via a passage 116, so that the groove
114 is in fluid communication with the reservoir.

In operation, when the fluid pressure in the accumu-
lator 50 is sufficient to overcome the preload of the
spring 98, it shifts the piston 97 toward the piston 102.
The shifting of the piston 97 causes the valve member
99 to shift relative to the piston 102, so that the annular
groove 112 connects the pressurized passage 104 to the
passage 108, thereby delivering fluid pressure to the
head end of the piston 102 between the member 95 and
the piston. This, of course, causes the piston to extend,
shifting the swash plate to which it is connected. Fluid
pressure is supplied to the upper end of the piston 162
until the position of the piston 102 corresponds to the
position of the piston 97, at which time the valve land
115 covers the passage 108, as illustrated in FIG. 7. Ob-
viously, as the pressure builds up in the accumulator
50, the piston 97 compresses the spring further and
shifts toward the piston 102, which follows the move-
ment of the piston 97. When the fluid pressure in the
accumulator reaches its maximum value, or when the
piston 97 is mechanically stopped, the piston 162 will
also not extend any further. When pressure is reduced
in the accumulator, the spring 98 shifts the piston 97
toward the accumulator, so that the passage 108 com-
municates with the annular groove 114 and conse-
quently the reservoir, draining the pressurized fluid at
the upper end of the piston 102 until the piston again
reaches its equilibrium condition, as illustrated in FIG.
7.

As is apparent, the above embodiment permits the
use of a smaller spring than in the previously described
embodiments, while still providing the relatively high

20

25

30

35

40

45

50

55

60

pressures necessary for the swash plate control cylin-

der.
I claim:

6

L. A hydraulic drive comprising: a hydraulic pump
means; a variable displacement hydraulic motor hy-
draulicaily connected to and driven by the pump means
through a first conduit means and having a hydrauli-
cally actuated control means responsive to fluid pres-
sure in a second conduit means to maintain the motor
at maximem displacement when the pressure in said
second conduit means is below a predetermined value
and to decrease the displacement in response to in-
creasing pressure in said conduit means above said pre-
determined value; a valve means operative to selec-
tively control the flow of pressured fluid from the pump
means to the motor and the second conduit means; an
orifice means in the second conduit means for restrict-
ing the flow of pressured fluid to the control means;
and an accumulator in the second conduit means
downstream of the control valve means and orifice
means and operative to gradually build up the pressure
in the second conduit means after the valve means is
actuated to supply fluid pressure thereto and thereby
cause a gradual decrease in the displacement of the
motor after the valve means is actuated to supply fluid
pressure thereto.

2. The invention defined in claim 1 wherein the ori-
fice means is a variable orifice operative to selectively
vary the flow rate in the second conduit means and
thereby vary the rate of pressure increase therein and
the rate of change of the motor displacement.

3. The invention defined in claim 1 wherein the con-
trol means includes a hydraulic cylinder actuatable in
response to fluid pressure in the second conduit means
to shift the control means in one direction and thereby
decrease the motor displacement and a spring means
biasing the control means in the opposite direction to-
ward its maximum displacement condition.

4. The invention defined in claim 3 wherein the con-
trol means includes a housing having a cylindrical bore
with a piston mounted in the bore to form said hydrau-
lic cylinder and the accumulator includes a shiftable
member mounted in said bore opposite the piston, the
second conduit means being in fluid communication
with the bore between said shiftable member and said
piston.

S. The invention defined in claim 4 wherein the end
of the bore opposite the shiftable member is closed to
trap a compressible gas between said end and the shift-
able member, the shiftable member shifting to com-
press the trapped gas in response to fluid pressure in
the second conduit means, so that the pressure of the
trapped gas establishes the accumulator pressure.

6. The invention defined in claim 5 and including
means for varying the quantity of the trapped gas and
thereby the initial pressure in the accumulator.

7. The invention defined in claim § wherein the shift-
able member comprises a second piston slidably
mounted in said bore.

8. The invention defined in claim § wherein the shift-
able member comprises a flexible membrane spanning
said bore. ' '

9. The invention defined in claim 8 and including a
generally annular member mounted in the bore be-
tween the flexible membrane and the pision with its
central aperture communicating with the second con-
duit means, the end of the annular member opposite
the membrane having an axial projection which mates
with an axially extending recess in the membrane.
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10. The invention defined in claim 4 wherein the
housing is an integral part of the motor housing.

11. The invention defined in claim 1 wherein the
pump means includes a first pump operative to supply
fluid pressure to the first conduit means and a second
pump operative to supply fluid under pressure to the
second conduit means.

12. The invention defined in claim 1 wherein the
valve means includes a first valve operative to selec-

tively supply fluid pressure to the second conduit

means and a hydraulically actuated valve in the first
conduit means responsive to fluid pressure in the sec-
ond conduit means to direct fluid pressure from the
pump means to the motor.

13. The invention defined in claim 1 wherein the con-
trol means includes a hydraulic cylinder having a piston
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shiftable in response to fluid pressure to shift the con-
trol means and a servo valve responsive to the fluid
pressure in the accumulator and operative to direct
fluid to or exhaust fluid from the cylinder so that the
position of the piston varies according to the pressure
in the accumulator. '

14. The invention defined in claim 13 wherein the

-piston has an axial bore and the servo valve includes a

spool-type valve member coaxially slidable in said bore
and acted on in one direction by the fluid pressure in
the accumulator and in the opposite direction by a
spring means, the valve member shifting in said bore to
control the flow ‘of pressurized fluid to and from the
cylinder so.that the position of the cylinder corre-

sponds to the position of the valve member.
s * * * * .
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