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Description

This invention relates to hydraulic systems for
work vehicles such as lift trucks; more particu-
larly, it relates to a control system which allows
gradual energization of an hydraulic load circuit
with reduced power loss.

In conventional lift trucks it is common practice
to use an electric motor to drive a positive
displacement lift pump which supplies
pressurized fluid to the hydraulic load device
including the lift motor. The hydraulic lift motor
requires greater hydraulic flow than the other
hydraulic load devices, such as the power steer-
ing system which typically requires the least
hydraulic flow. Certain auxiliary load devices,
such as a load handiing clamp, require an inter-
mediate value of hydraulic flow. The lift motor is
energized with pressurized fluid through a
manually controlied lift valve. The lift valve is an
open centre, proportioning valve which provides
full flow from the inlet port to the tank outlet port
with no flow to the load outlet port when the valve
is closed. It provides full flow from the inlet port to
the load outlet port with no flow to the tank outlet
port when the valve is open. In the range between
the open and closed conditions there is a func-
tional relationship-between the flow to the load
port and the valve movement and, even though
the functional relationship may be nonlinear, the
valve is called a proportioning valve. Such a
proportioning valve permits feathering operation
of a load device, i.e. gradual energization by
gradual opening of the valve in the transition
region between the open and closed conditions.

The lift motor is started by moving the lift
control lever from the neutral position in the lift
direction. During first increment of movement the
control lever actuates a switch which energizes
the pump motor with full battery voltage to
produce maximum pump flow. At first, the entire
hydraulic fluid circulates from the pump outlet
through the open centre lift valve and returns to
the tank. As the control lever is moved further, the
lift valve progressively closes the tank return port
and progressively opens the lift motor port so that
there is a decreasing flow to the tank and an
increasing flow to the motor in correspondence
with the movement of the lift control lever. When
the flow resistance at the tank return port is
sufficiently great, the back pressure causes the lift
motor to lift the load. During the transition from
full flow to the tank to full flow to the lift motor,
energy is lost in the lift valve in the form of heat
due to the pressurized fluid being reduced to the
low pressure of the tank.

One such vehicle hydraulic system is disclosed
in European Patent Application EP—A—
0 072 233, to the applicants herein. The vehicle
and hydraulic system therein disclosed comprises
a hydraulic motor capable of operating at low,
intermediate and high speeds, depending upon
the demand placed upon the motor by different
hydraulic circuits in the system.

The United Kingdom Patent Application No.
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GB—A—2101511 discloses a hydraulic control
system for an industrial vehicle comprising a
proportional valve for distributing fluid, including
means for progressively opening a load port of
the valve while progressively closing the return of
the vaive.

A general object of this invention is to provide
an improved hydraulic control system which
overcomes certain disadvantages of the prior art
and provides for gradual energization of a load
device with minimized power loss.

The present invention provides an hydraulic
system of the type having first and second
hydraulic load circuits, the second circuit having a
greater hydraulic flow requirement than the first
circuit, comprising a positive displacement
hydraulic pump connected with the load circuits, a
changeable speed electric motor connected with
the pump, said pump being adapted to supply the
flow required by the first load circuit when the
motor is operated in a low speed range and to
supply the flow required by the second load circuit
when the motor is operated in a high speed range,
control means for energising the motor for oper-
ation in the low speed range and in the high speed
range and a valve for controlling flow from the
pump to the second load circuit, said valve having
an inlet port in fluid communication with the pump
outlet, a return port in fluid communication with
the pump inlet and a load port in fluid communica-
tion with the load device, wherein said valve being
a proportional valve including means for pro-
gressively opening the load port while pro-
gressively closing the return port, and said control
means energising the motor for operation in the
low speed range during opening of the load port
and energising the motor for operation in the high
speed range when the load port is fully open and
the return port is fully closed, whereby the pump is
operated in the low speed range during transition
of the return port from open to close to reduce the
energy loss during the transition.

The present invention also provides a work
vehicle of the type having first and second
hydrautic load circuits, said second load circuit
having a greater hydraulic flow requirement than
the first circuit, comprising a positive displace-
ment hydraulic pump for supplying pressurised
fluid to the load circuits, a changeable speed
electric motor connected with the pump, said
pump being adapted to supply the flow required
by the first load circuit when the motor is
operated in a low speed range and to supply the
flow required by the second load circuit when the
motor is operated in a high speed range, control
means for energising the motor in the low speed
range and in the high speed range and a valve for
controlling flow from the pump to the second
load circuit, said valve having a valve body
inciuding an inlet port in fluid communication
with the pump outlet, a return port in communica-
tion with the pump inlet and a load port in
communication with a load device, wherein said
valve comprising an open centre proportioning
valve and including a spool movable between a
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closed position and an open position, said closed
position having the load port closed to the inlet
port and the return port open to the inlet port,
said open position having the load port open to
the inlet port and the return port closed to the
inlet port, the control means comprising means
comprising a first manually actuable selector
means for operatively coupling the first load
circuit with said pump and for causing the motor
to be operated in the low speed range, and a
second manually actuable selector means
coupled with said spool for moving it between
the closed and open positions for progressively
decreasing the flow to the return port and
increasing the flow to the load port, and the
control means further comprising motor speed
control means including switching means for
operating the motor in the high speed range
when the switching means is activated, said
second selector means being coupled with the
switching means for activating the switching
means when the spool reaches the open posi-
tion, whereby the pump is operated in the low
speed range during transition of the return outlet
from open to closed and thereby reduces the
energy loss during the transition.

According to this invention, an hydraulic load
circuit requiring a relatively high flow is ener-
gized from a changeable speed pump by open-
ing a proportioning valve through its pro-
portional range with the pump operating in a low
speed range and then, when the valve is fully
open, increasing the speed of the motor to its
high speed range. Thus, feathering operation of
the valve occurs a reduced flow level with a con-
sequent reduction in power loss; initiation of the
high speed after the valve is fully open produces
the higher flow level required for the load circuit.

Further, in accordance with this invention, a
motor control circuit is provided to increase the
motor torque in response to increased load so
that a heavy load device can be actuated during
operation of the motor in the low speed range.
This is accomplished by a motor control system
in which the motor voltage is increased in
response to increased motor current to regulate
the motor speed at a substantially constant value
or within predetermined limits.

In accordance with this invention, an hydraulic
control system provides for energizing a load
device by a proportioning valve with a minimum
of power loss during the transition from zero to
full energization. The system comprises a pro-
portioning valve for controlling the flow from a
positive displacement pump to the load circuit,
the valve having an inlet port communicating
with the pump outlet, a return port communicat-
ing with the pump inlet and a load port com-
municating with the load device. The valve
includes means for progressively opening the
load port while progressively closing the return
port. Control means are provided for energizing
the motor for operation in a low speed range
during opening of the load port and for energiz-
ing the motor for operation in a high speed
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range when the load port is fully open and the
return outlet is fully closed.

Further, in accordance with this invention, an
improved proportional lift control is provided for
an electric lift truck in which the lift cylinder is
energized through its feathering range with a
minimum of power loss. An electric motor drives
a positive displacement hydraulic pump which
supplies the flow requirements of the power
steering circuit when the motor is operated in a
low speed range. It supplies the flow require-
ments of the lift circuit when the motor is
operated in a high speed range. A lift valve for
controlling the flow from the pump to the lift
circuit is an open centre, proportioning type
valve and provides full flow to the tank when the
valve is closed and full flow to the lift cylinder
when the valve is open. A manually actuable lift
lever actuates the lift valve through the
feathering range with pump motor in the low
speed range and actuates a speed control switch
to operate the motor in the high speed range
when the lift valve is fully open.

A more complete understanding of this inven-
tion may be obtained from the description that
follows, taken with the accompanying drawings,
in which:

Figure 1 is a perspective view of a lift truck
showing certain manual controls for use by the
driver;

Figure 2 is a block diagram of the hydraulic
system of the truck;

Figure 3 is a diagram of the electrical system;

Figure 4 is a cross-sectional view of a lift vaive;

Figure 5 shows the lift control lever and asso-
ciated speed selector switch;

Figure 6 shows the voltage control circuit for
the drive motor of the pump;

Figure 7 is a graphical representation of the
operational characteristics of the drive motor;

Figure 8 is a graph of speed change for use in
explaining operation of the invention; and

Figure 9 is a schematic diagram of the
hydraulic system.

Referring now to the drawings, there is shown
an illustrative embodiment of the invention in
the hydraulic system of a work vehicle, speci-
fically a lift truck. It will be appreciated as the
description proceeds that the invention may be
employed in other types of work vehicles and is
useful in other applications.

General Description of the Lift Truck

Referring now to Figure 1, an electric lift truck
is depicted to show the driver's station and the
manual controls for operating the lift truck. In a
known manner, but not shown in the drawings,
the lift truck is provided with an extendible up-
right with a lift carriage which is raised or
lowered by an hydraulic motor. The upright is
mounted on the vehicle frame for pivotal motion
about a horizontal axis for tilting forwardly or
rearwardly by a pair of hydraulic motors. In
addition, the lift truck may be provided with an
auxiliary load handling device such as a side
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shifter, load clamp or rotator.

The lift truck is provided with a driver’s station
including a seat 12 and a steering wheel 14 which
is coupled to the dirigible wheels (not shown)
through an hydraulic power steering system
which will be described subsequently. The man-
ual controls for load handling functions of the lift
truck include a lift control lever 16, a tilt control
lever 18 and and auxiliary control lever 22. A drive
selector lever 24 is mounted on the steering
column and is coupled with a controller 26 which
provides starting and speed control of the traction
motor. The controller 26, per se, forms no part of
the present invention; it does, however, control
the actuation of certain switches which affect the
operation of the hydraulic system. The drive
selector lever 24 is coupled by a suitable linkage
28 with the controller 26 for the selection of
neutral, forward, reverse or park, modes of oper-
ation of the traction motor. Also, a seat occupancy
detector 32 is provided as a safety device in the
control of the traction motor and the hydraulic
system. The detector 32 includes a suitable link-
age 34 coupled between the seat 12 and the
controller 26. An accelerator pedal 36 is con-
nected through a suitable linkage to the controller
26 for starting and speed contro! of the traction
motor. The driver’s station additionally includes a
foot brake pedal 38 for operation of the service
brake of the vehicle.

Figure 2 is a block diagram of the hydraulic
system of the lift truck. [t comprises a single
hydraulic pump 42 of the positive displacement
type. The pump is driven by an electric motor 44
which is a DC series motor. The system further
comprises a steering unit 46 and a main valve 48.
Hydraulic fluid is supplied from the pump 42 to
the steering unit 46 and through the steering unit
to the main valve 48. The steering unit 46 includes
a steering control valve (not shown in Figure 2)
which supplies fluid to the hydraulic motor or
steering cylinder 52 for power steering. The steer-
ing unit also includes a return to the hydraulic
reservoir or tank 54. The main valve 48 supplies
fluid to the hydraulic motor or lift cylinder 56 for
the lift carriage of the lift truck. Also, the main
valve 48 supplies fluid to the hydraulic motors or
tilt cylinders 58 and 58’ for tilting the upright of
the lift truck. Additionally, the main valve 48
supplies fluid to an auxiliary hydraulic motor or
cylinder 59. The fluid from the main valve is
returned to the tank through a return line.

Figure 3 shows the electrical circuits, in block
diagram, for energizing the pump motor 44 and
for energizing the traction motor 62. The voltage
from the vehicle battery 64 is supplied through a
key switch 65 to the controiler 26 and thence
through a pump switch 82 to the pump motor 44.
The energizing circuit for the pump motor 44 is
completed through a voltage control circuit 66.
The pump 42 is connected with the hydraulic
system 100. The battery voltage is applied from
the controller 26 through the motor control cir-
cuits 68 to the traction motor 62. The controller 26
includes switching circuits which are controlled
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by the drive selector 24, the seat occupancy
detector 32 and the accelerator pedal 36 in a
manner which will be described presently.

The controller 26 includes a start switch 72
between the battery 64 and the motor control
circuit 68. The start switch is actuated by move-
ment of the accelerator pedal 36. A speed control
member 74 of the inductive type is coupled with
the accelerator pedal and supplies a speed control
signal to the motor control circuits 68. Direction
control for the traction motor is provided by a
forward control switch 76 and a reverse control
switch 78. These switches are connected in paral-
lel with each other and in series with the start
switch 72 between the battery 64 and the motor
control circuits 68. Thus, the traction motor 62 will
be energized through the motor control circuit 68
when the key switch 65 and the start switch 72 are
closed with either the forward control switch 76 or
the reverse control switch 78 closed.

The controller 26 also includes a pump control
switch 82 which is serially connected between the
key switch 65 and battery 64 and the pump motor
44. Accordingly, when the pump control switch 82
is opened, the pump motor 44 is turned off and
the fluid to the hydraulic system 100 is cut-off.

The pump control switch 82, the forward con-
trol switch 76 and the reverse control switch 78
are selectively actuated by the drive selector lever
24. With the drive selector lever in neutral, both
the forward switch 76 and the reverse switch 78
are open and the pump control switch 82 is
closed. With the selector lever in the forward or
reverse positions the respective forward and
reverse switches 76 and 78 are closed and the
pump switch 82 is closed. With the selector lever
in park, the forward and reverse switches 76 and
78 are open and the pump control switch 82 is
open.

The selective actuation of the forward and
reverse switches 76 and 78 and the pump control
switch 82 is also controlled by the seat occupancy
detector 32. The occupancy detector is operative,
when the selector lever 24 is in neutral, to cause
the pump control switch 82 to open and thereby
turn off the pump motor 44 when the driver dis-
mounts from the seat. Aiso, the detector 32 is
operative, when the selector lever 24 is in either
forward or reverse, in response to the driver
dismounting from the seat, to cause the forward
and reverse switches 76 and 78 to open and
deenergize the traction motor and to cause the
pump control switch 82 to open and deenergize
the pump motor.

In summary, the electrical circuit of Figure 3, as
just described, is operative to deenergize the
traction motor 62 unless the key switch 65 and the
start switch 72 and one of the forward or reverse
switches 76 or 78, respectively, are alil closed.
Also, it is operative to deenergize the pump motor
44 unless the key switch 65 and the pump switch
82 are both closed; the pump switch 82 is closed
only when the driver’s seat is occupied and when
the drive selector lever 24 is in forward, reverse or
neutral. The pump switch 82 is open when the
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drive selector lever 24 is in park regardless of
driver’s seat occupancy. As a result of this control,
hydraulic fluid to the hydraulic system 100 is cut-
off unless the driver occupies the seat and the
drive selector lever 24 is in forward, reverse or
neutral.

The Hydraulic System

The hydraulic system 100 includes a power
steering circuit for the vehicle, a lift circuit for the
lift carriage, a tilt circuit for the upright and an
actuation circuit for the auxiliary load handling
device. Manual control of the power steering unit
46 is exercised by the steering wheel. Manual
control of the lift, tilt and auxiliary load handling
functions is exercised by respective hand levers
16, 18 and 22 (see Figure 2). For this purpose, the
steering wheel 14 is coupled with the steering
valve 84 for actuation of the valve in response to
steering wheel motion. The lift control lever 16 is
coupled with a lift vaive 86 and the tilt control
lever 18 is coupled with a tilt valve 88. Also, the
auxiliary control lever 22 is coupled with an
auxiliary vaive 92.

Before proceeding with the description of the
lift valve and the pump speed control, it will be
helpful to consider the overall hydraulic system of
the lift truck.

The hydraulic system is shown schematically in
Figure 9. In general, the system comprises the
positive displacement pump 42, the steering unit
46 and the main valve 48. The system also
includes the hydraulic reservoir or tank 54.

The hydraulic system is arranged so that the
power steering circuit has priority over all other
hydraulic functions in the lift truck. For this pur-
pose, a priority demand valve 102 is provided and
for design purposes it is located in the steering
unit 46. The steering unit 46 also includes a
steering valve 84 which controls energization of
the steering cylinder 52. The main valve 48
includes the lift controi valve 86 which controls
the lift cylinder 56 and the tilt control valve 88
which controls the tilt cylinders 58 and 58’. The
main valve also includes the auxiliary control
valve 92 which controls the auxiliary cylinder 59.

For the purpose of determining flow priority,
the priority demand valve 102 is located upstream
of the steering control valve 84 and the main
valve 48. A pressure relief valve 104 is coupled
between the priority demand valve 102 and the
steering control valve 84. A two-stage pressure
relief valve or hydrastat is located in the main
valve 48. The two-stage pressure relief valve
includes a main relief valve 106 which is con-
trolled by a pilot relief valve 108 and a pilot relief
valve 112.

As shown in Figure 9, the pump 42 has its iniet
connected to the tank 54. The outlet of the pump
42 is connected to the inlet port 114 of the priority
demand valve 102. The priority demand valve has
a primary outlet port 116 connected with the inlet
port 118 of the steering control valve 84. It has a
secondary outlet port 122 connected through a
supply line 124 to a control inlet port 150 of the lift
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control valve 86. The priority demand valve 102 is
adapted to give priority to the flow requirements
of the power steering system through the primary
outlet port 116. If the input flow to the priority
demand valve is greater than that to be allocated
to the power steering system, the excess flow is
diverted by the priority demand valve to the
secondary outlet port 122 and line 124 for use by
other hydraulic functions. For example, the power
steering circuit may be rated for a maximum of
five gallons (22.75 litres) per minute and a maxi-
mum of 1,000 PSI (70.4 kg/cm?}, It will be appreci-
ated that the actual flow and pressure will be
determined by the actuation of the steering con-
trol valve 84 and the load imposed by the steering
system. The flow produced to the inlet port 114 of
the priority demand valve 102 depends, of course,
upon the speed of the pump 42. As will be
described further below, in the example of this
iltustrative embodiment, operation in a low speed
range of about 800 RPM is used for the power
steering and tilt functions. This provides about
five gallons (22.75 litres) per minute and the
pressure may vary over a range up to 1,000 PS|
(70.4 kg/cm?), depending upon load.

Operation of the pump in an intermediate
speed range of about 1,200 RPM is used for the
auxiliary load device such as a load handling
clamp; the flow requirement may be about nine
gallons (40.95 litres) per minute and the pressure
may range up to 2,000 PSI| (140.8 kg/cm?3). In
operation of the pump at high speed, which may
be about 1,800 RPM for the lift function, the flow
may be about 20 gallons {91 litres) per minute
with pressures ranging up to 3,000 PSI (211.2 kg/
cm?),

The power steering circuit comprises the steer-
ing control valve 84 and the steering cylinder 52.
The steering control valve 84 is a metering valve
with an open centre spool adapted to bi-direc-
tional control of the double-acting steering
cylinder 52 for actuating the dirigible wheels of
the lift truck. The steering control vaive 84 is
provided with a primary return port 126 which is
connected through a check valve 128 to the
supply line 124. The steering control valve 84 is
provided with a secondary return port 132 which
is connected to the tank 54. The relief valve 104 is
provided to prevent excessive pressure in the
steering system. For this purpose, it has its inlet
port connected to the primary outlet port 116 of
the priority demand valve 102. The outlet port of
the relief valve 104 is connected to the secondary
return port 132. Thus, if the pressure at the
primary outlet port 116 of the priority demand
valve becomes excessive, the pressure relief
valve 104 opens and dumps fluid to the tank. The
steering control valve 84 has outlet ports 134 and
136 connected with opposite ends of the steering
cylinder 52.

The lift circuit includes the lift contro! valve 86
which is a metering or proportioning valve having
an open centre spool. The spool is normally
centered and is movable in opposite directions by
the lift control lever 16. The lift control valve 86
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communicates with the single-ended lift cylinder
56 through a lift-lower valve 138 and a lowering
flow control valve 142. The secondary outlet port
122 of the priority demand valve 102 is connected
through- the supply line 124 to the open centre
inlet port 144 of the lift control valve 86. The open
centre outlet port 146 of the valve 86 is connected
to the open centre inlet port 148 of the tilt control
valve 88. The priority demand vaive 102 also has
its secondary outlet port 122 connected with the
control inlet port 150 of the lift controi valve 86.
The control outlet port 152 is connected with the
inlet port of the lift-lower valve 138, The lift
control valve 86 has a return line port 154 con-
nected to a return line 156 which goes to the tank
54, The lift-lower valve 138 has a port 158 con-
nected to a port 162 on the lowering flow control
valve 142. The lowering flow control valve 142
has a port 164 connected with the lift-lower single
ended cylinder 56. Operation of the lift-lower
circuit will be described in greater detail sub-
sequently.

The tilt controf circuit including the control
valve 88 and the auxiliary control circuit including
the control valve 92 will be described briefly. The
tilt control vaive 88 is a metering or proportioning
valve of the open centre type with a spool which
is bi-directionally movable by the tilt control lever
18. The valve 88 communicates with the single
ended tilt cylinders 58 and 58’ through a counter-
balance valve 166. The tilt control valve 88 has an
open centre inlet port 148 connected with the
open centre outlet port 146 of the lift control valve
86. The tilt control valve 88 has an open centre
outlet port 168 which is connected to an open
centre inlet port 172 on the auxiliary control valve
92. The tilt control valve 88 has a control inlet port
174 connected with the secondary outlet port 122
of the priority demand valve through the supply
line 124 to the supply passage 176 and thence
through a flow control valve 178. The tilt control
valve 88 has a control outlet port 182 which is
connected through the counterbalance valve 166
to the tilt cylinder 58 and 58'. The tilt control valve
88 also includes a return inlet port 184 which is
connected with the filt cylinders 58 and 58'. A
return outlet port 186 on the control valve 88 is
connected to the return line 156.

The auxiliary control valve 92 is a metering or
proportioning valve having an open centre spogl
which is bi-directionally movable by the auxiliary
control fever 22. The control valve 92 is adapted to
control the energisation of the double-acting aux-
iliary cylinder 59. The control valve 92 has an
open centre inlet port 172 which is connected with
the open centre outlet port 168 of the tilt control
valve 88. The control valve 92 also has an open
outlet centre port 188 which is connected with the
return line 156. A control inlet port 192 is con-
nected with the secondary outiet port 122 of the
priority demand valve 102. This connection
extends through the supply line 124 to the
passage 176 and thence through a flow control
valve 194 to the control inlet port 192. The control
valve 92 has a pair of control ports 195 and 196
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which are connected respectively with the oppo- -
site ends of-the auxiliary cylinder 59. It also has a
return outlet port 198 connected with the return
line 156. It also has a return inlet port 202
connected with the outlet port of the pilot relief
valve 112. Also, the control valve 92 has a return
outlet port 204 connected with the return line 156.

The two-stage relief valve, as previously
alluded to, comprises a main relief valve 106, a
pilot relief valve 108 and a pilot relief valve 112.
The two-stage valve is adapted to relieve the
pressure at the outlet port 122 of the priority
demand valve 102 when it exceeds a predeter-
mined operating value for different operating
conditions. In particular, when operating in a lift
mode which calls for high speed pump operation
the pressure is to be limited, for example, to 3,000
PSI (211.2 kg/em?). When operating in the auxili-
ary mode, the pump is operated at an inter-
mediate speed and the pressure is limited, for
example, to 2,000 PSI (140.8 kg/cm?).

A lift truck with an hydraulic system of the type
described above is disclosed in co-pending
application United States Serial No. 291,681 filed
August 10, 1981 and assigned to the same assig-
nee as this application.

Pump Speed Control

The hydraulic pump 42 is operated at different
speeds according to the flow demand which
varies with the operating mode of the hydraulic
system. When a light load on the hydraulic
system is selected, a low motor speed is ade-
quate. For example, in a typical lift truck hydraulic
system the power steering circuit requires a
maximum of about five gallons (22.75 litres per
minute). With a positive displacement pump
which is sized to deliver 20 gallons (91 litres) per
minute at full speed of 1,800 RPM, a pump speed
of 800 RPM would be adequate for power steer-
ing. Similarly, for other operating modes, such as
tilt of the upright, a low pump speed is adequate.
For a heavy load on the hydraulic system, such as
that imposed by operation in the lift mode either
alone or with simultaneous operation in the steer-
ing or tilt load, operation of the pump will be
required at its maximum rated speed, such as
1,800 RPM. For operation of the hydraulic system
with an intermediate load, such as that imposed
by operation in an auxiliary mode with a load
handling clamp, intermediate flow is required and
would be obtained at an intermediate speed, such
as 1,200 RPM. Accordingly, the operating speed
range of the pump motor is determined by the
selection of the operating mode of the hydraulic
system. The motor speed control circuit will be
described with reference to Figures 6, 7 and 8.

As shown in Figure 6, pump 42 is driven by the
series DC motor 44 having a series field winding
252. The motor is energized from the battery 64
through the voltage control circuit 66. The voltage
control circuit is adapted to regulate the motor
speed within low, intermediate and high speed
ranges according to the operating mode of the
hydraulic circuit. For this purpose, the voltage
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control circuit 66 is a thyristor-type pulsing circuit
having presettable means for determining a mark/
space ratio for the different speed ranges and
being provided with a feed back means for chang-
ing the mark/space ratio as a function of motor
current. Such a motor control circuit is disclosed
in the Morton et al United States Patent No.
4,119,898 granted October 10, 1978.

The voltage control circuit 66 comprises a
silicon control rectifier (SCR) 254 connected in
series with the motor 44. A current sensing
resistor 2566 is connected in series with the SCR
and develops at a feedback voltage corre-
sponding to the value of motor current. A pulse
generator 258 supplies a puise train to the gate of
the SCR 254 which controls the effective motor
supply voltage in accordance with the mark/space
ratio of the pulse train. A mark/space demand
signal circuit 262 produces a demand signal
which is applied to the pulse generator 258 and
determines the mark/space ratio of the pulse
train. The value of the demand signal produced
by the demand signal circuit 262 is modified by
the demand modifying circuit 264 in accordance
with the feedback voltage supplied from the
sensing resistor 256. The output of the demand
signal circuit 262 is connected with the pulse
generator 258 through a series connection of the
key switch 65 and the pump switch 82 which were
described with reference to Figure 3. Unless both
the key switch and the pump switch are closed
there is no demand signal input to the pulse
generator 258 and the SCR is turned off and the
motor 44 cannot be energized. The demand signal
circuit 262 is provided with a speed range selec-
tion circuit 266. This circuit includes a pair of
series resistors 268 and 272. It also includes an
intermediate speed selector switch 274 and a high
speed selector switch 276. When both switches
274 and 276 are open, the low speed range is
selected. When switch 274 is closed with switch
276 open, the intermediate speed range is
selected and when the switch 276 is closed the
high speed range is selected. The selector switch
274 is closed by actuation of the auxiliary control
lever 22 and the switch 276 is closed by the lift
control lever 16, as will be described below.

In operation of the voltage control circuit 66, the
demand modifying circuit 262 produces an output
signal which increases in magnitude as a direct
function of the feedback voltage from the resistor
256 and hence as a direct function of the motor
current. The mark/space demand signal circuit
262 produces a demand signal which increases
from a minimum value when the motor current is
zero to a maximum value when the motor current
reaches a predetermined value l,. This causes the
pulse generator 258 to produce a pulse train
having a mark/space ratio which increases from a
predetermined minimum value to a maximum
value in correspondence with a demand signal.
The action of the demand modifying circuit 264 in
response to the feedback voltage tends to main-
tain the motor speed substantially constant when
it is operated in either the low speed range or the
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intermediate speed range. This is illustrated for
the low speed range in the graph of Figure 7. As
indicated, the mark/space ratio increases with
motor current up to a predetermined current of |y
at which point it reaches a maximum value and
remains constant. This change of mark/space
ratio causes the motor voltage to change accord-
ingly, as indicated in Figure 7. An increasing load
on the motor is reflected by increased current
which in turn produces an increased voltage and
motor torque which tends to maintain the motor
speed substantially constant, as indicated in Fig-
ure 7 for the low speed range. The same relation-
ship obtains when the motor is operated in the
intermediate speed range. When the speed selec-
tor switch 276 is closed by the lift control lever 16,
the demand signal circuit 262 produces a demand
signal corresponding to the high speed range. In
this latter condition, the full battery voltage is
applied to the pump motor so that the pump is
operated at the highest speed capability of the
motor for the particular load.

The Lift Control Valve and Lever

The lift control lever 16, alluded to with ref-
erence to Figures 1 and 2, is shown in greater
detail in Figure 5. The lift control lever is adapted
to actuate the lift control valve 86 and to exercise
manual control over the operating speed of the
pump motor. The lift control valve 86, as pre-
viously noted, is a spool valve having a spool 206.
The spool is axially movable in either direction
from a neutral position to select either the lift
mode or the lower mode of operation. The lift
control valve 86 will be described in greater detail
with reference to Figure 4.

The structure of the lift control valve 86 is
depicted in Figure 4. The lift control valve 86 is a
conventional proportioning valve of the open-
centre, spool type and comprises a valve spool
206 in a valve body 208. The spool 206 as shown
in Figure 4 is in a neutral position and is biased
toward that position by a centering spring 282.
The valve body 208 is provided with the supply
line 124 which supplies fluid pressure from the
secondary outlet port 122 of the priority demand
valve 102. The supply line 124 is connected with
the open centre inlet port 144 and also with the
control inlet port 150. The valve body 208 also
provides an open centre outlet port 146 which is
connected with the open centre inlet port 148 of
the tilt control valve 88, as previously described. A
control outlet port 152 is connected with the lift
cylinder 56 through the lift-lower valve 138 and
the lower control valve 142, as previously
described. A return line port 154 is connected with
the return line 166, an previously described.

The valve spool 206 comprises cylindrical sec-
tions 284, 286 and 288. The spool defines an
annular chamber 292 between the sections 284
and 286 and an annular chamber 294 between the
sections 286 and 288. With the spool 206 in the
neutral position shown, the open centre outlet
port 146 is fully open through the chamber 292 to
the open centre inlet port 144. Also, in the neutral
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position, the control outlet port 152 is fully closed
by the spool section 286 to the control inlet port
150 and the return line port 154 is fully closed by
the spool section 288 to the control outlet port
294. In this condition, herein referred to as the
“fully closed’” condition, there is no flow to the lift
cylinder 56 and there is full flow to the tank 54.
The valve spool 206 is movabie by actuation of
the lift lever 16 to a “fully open” condition by
moving the spool 206 upwardly (as viewed in
Figure 4) until the open centre inlet port 144 is
fully closed to the open centre outlet port 146 by
the spool section 286. With the spool in this
position, the control outlet port 152 is fully open
to the control inlet port 150 through the chamber
152 and the return line port 154 remains closed by
the spool section 288. In this position, the valve is
referred to as being “fully open”.

When the control valve is actuated by the lift
lever 16 between the fully closed and fully open
conditions, the fluid flow to the lift cylinder 56 is
controlled in a proportionali manner. With the
spool 206 in the neutral position, the valve is fully
closed and the fluid flows freely through the open
centre inlet port 144 to the open centre outlet port
146 and there is no flow to the control outlet port
152. Upward movement of the spool 206 resuits
in restricted flow from the open centre inlet port
144 to the open centre outlet port 146 which
causes a back-pressure in the fiuid and there is
restricted flow from the control inlet port 150 to
the control port 152. As the spool 206 is moved
further, the back-pressure increases and there is
less restriction to the flow between the control
iniet port 150 and outlet port 152 so that the flow
to the lift cylinder 56 is a direct function of the
displacement of the spool. This so-called pro-
portional control permits the driver to gradually
increase the fiuid pressure in the lift cylinder 56
and thus to exercise “feathering” control in rais-
ing the lift carriage. When the lift carriage is to be
lowered, the lift lever 16 is moved in the lowering
direction to move the spool 206 past the neutral
position. This movement causes the spool section
284 to close the open centre outlet port 146 to the
open centre inlet port 144 and at the same time to
open the return line port 154 to the control outlet
port 152 through the chamber 294 so that the fluid
pressure in the lift cylinder 56 is released. The
driver may also exercise feathering control during
the operation in the lowering mode.

The lift control lever 16 (Figure 5) is pivotally
mounted on a shaft 212 for pivotal motion in the
fore and aft directions by the lift truck driver. The
lever 16 is provided with a slot 214 which receives
a pin 216 extending through the end of spool 206
of the control valve. Accordingly, when the con-
trol lever 16 is pivoted in the rearward direction
(phanton lines) the stem 206 is raised from the
neutral position and the valve is operated in the
lift mode. When the hand lever 16 is rotated in the
forward direction, the stem 206 is lowered and the
valve is operated in the lowering mode.

When the system is operated in the lift mode,
the pump 42 is operated in the high speed range.
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For this purpose, a speed control switch 218 is
provided. The speed control switch 218 is electric-
ally connected in the speed control circuit
described with reference to Figure 6. The speed
control switch comprises switch contacts 222
which are biased by a spring 224 toward a closed
position. A switch plunger 226 is adapted, when
depressed, to hold the switch contacts 222 in the
open position.

When the speed control switch 218 is closed,
the speed control circuit causes the pump motor
42 to operate in the high speed range. The lift
lever 16 is adapted to close the speed control
switch 218 concurrently with full opening of the
valve 86. For this purpose, the control lever 16 is
provided with an arm 228 which actuates a push
rod 232. The push rod, in turn, actuates the switch
plunger 226. The push rod is mounted in the
control lever housing 234 for reciprocal motion
and is spring loaded by a bias spring 236 in the
upward direction. With the lever in the neutral
position, the upper end 238 of the push rod 32 is
spaced from the lower face 242 of the arm 228.
This provides a lost motion of predetermined
distance D, as indicated in Figure 5, between the
control lever 16 and the push rod 232. When the
control lever is pivoted rearwardly from the neut-
ral position the first increment of motion imparts
movement to the stem 206 of the lift control valve
86. Continued movement of the control lever 16
operates the valve 86 in its feathering mode
between the closed and open positions. When the
valve stem 206 is moved a distance d, as indicated
in Figure 5, the valve is fully open and the arm 228
of the control lever 16 engages the push rod 232
(phantom lines). Upon engagement of the push
rod 232 by the control lever 16, the push rod 232 is
depressed against the resistance of the bias
spring 236 and the lower end of the push rod
moves away from the switch plunger 226 allow-
ing the switch contact 222 to close. This closure of
the speed control switch 218 causes the motor
control circuit to operate the motor in the high
speed range. Thus, the pump motor 42 is
operated in the high speed range when the lift
control valve is fully open to apply maximum
lifting force to the lift carriage.

When the control handle 16 is returned to the
neutral position after operating in the lift mode,
the control valve 86 is returned to its neutral
position in which the valve is closed. This move-
ment of the control lever 16 allows the speed
control switch 218 to open and the motor control
circuit is switched for operation in the lower
speed range. When the control lever 16 is
operated to lower the carriage by pivotal motion
in the forward direction from the neutral position,
the spool is moved downwardly and the cylinder
port is connected to the tank return port. This
releases fluid from the lift cylinder to lower the
load carriage. The control valve 86 may be
operated in the proportional manner for
feathering the lowering control of the load
carriage.
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Operation

In operation, the lift truck driver may operate
the lift lever 16 to raise the lift carriage while the
pump motor is operated in the lower speed range.
The low speed motor operation obtains when the
lift truck is operated in the idle mode {(key switch
66 and pump switch 82 closed), power steering
mode, or the tilt mode, or any combination of
these modes. When the driver actuates the lift
- lever 16, the lift control valve 86 is moved from
the fully closed position to the fully open position
through its feathering range while the pump
motor is operated in the low speed range. As the
lift control valve is opened, the pressure in the lift
cylinder 56 is progressively increased causing the
load on the motor to increase. The motor speed
control system increases the motor torque with
increased load to maintain the motor speed sub-
stantially constant within the low speed range.
This enables the lifting of heavy loads with the
pump operating in the low speed range. When the
lift control valve 86 reaches the fully open posi-
tion, the speed control switch 276 is closed and
the motor speed control circuit 66 is switched to
operate in the high speed range. Accordingly, the
motor speed is increased from the low speed
range to the high speed range only after the
control valve is fully open. This operation is
depicted graphically in Figure 8 with the motor
operated in the low speed range, the driver
commences to move the lift lever 16 in the lift
direction at time t1. The lift lever is moved
gradually for feathering control so that the lift
control valve moves from fully closed to fully
open in the interval between time 11 and time t2.
When it is fully open at time t2, the speed control
switch 276 is closed and the motor speed
increases in a ramp fashion to its maximum
speed at time t3 and remains substantially con-
stant at that speed. It will now be appreciated that
similar operation will be obtained if the lift truck
driver actuates the lift control lever 16 when the
pump motor is operated in the intermediate
speed range. In such case, the feathering oper-
ation of the lift control valve takes place at the
relatively lower intermediate pump speed and the
high speed pump operation is not initiated until
the control valve is fully open.

Claims

1. An hydraulic system of the type having first
and second hydraulic load circuits, the second
circuit having a greater hydraulic flow require-
ment than the first circuit, comprising a positive
displacement hydraulic pump {42) connected with
the load circuits, a changeable speed electric
motor (44) connected with the pump (42), said
pump (42) being adapted to supply the flow
required by the first load circuit when the motor
(44) is operated in a low speed range and to
supply the flow required by the second load
circuit when the motor (44) is operated in a high
speed range, control means for ernergising the
motor (44) for operation in the low speed range
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and in the high speed range and a vaive (86) for
controlling flow from the pump (42) to the second
load circuit, said valve having an inlet port (144) in
fluid communication with the pump outlet, a
return port {154} in fluid communication with the
pump inlet and a load port (152) in fluid communi-
cation with the load device, characterised in said
valve (86) being a proportional valve including
means (206) for progessively opening the load
port (152) while progressively closing the return
port (154), and said control means energising the
motor (44) for operation in the low speed range
during opening of the load port (152) and energis-
ing the motor (44) for operation in the high speed
range when the load port (152) is fully open and
the return port (154) is fuily closed, whereby the
pump (42) is operated in the low speed range
during transition of the return port (154) from
open to close to reduce the energy loss during the
transition.

2. An hydraulic system according to Claim 1,
characterised in that said control means includes:
a first manually actuable device for causing the
motor (44) to operate in the [ow speed range and
for controlling fluid flow to the first load circuit, a
second manually actuable device coupled with
the movable means (206) of the proportioning
valve (86) for movement thereof, and switching
means (218) for energizing said motor (44) for
operation in the higher speed range when the
proportioning valve (86) is fully open.

3. An hydraulic system according to Claim 2,
characterised in that said second manually actu-
able device coacts with said switching means
{218} for causing the motor (44) to be energized
for operation in the high speed range when the
proportioning valve (86) is fully open.

4. An hydraulic system according to Claim 1, 2
or 3, characterised in that said control means
includes regulating means (66) for maintaining
the speed of the electric motor (44) within first
predetermined limits during operation in the high
speed range and within second predetermined
limits during operation in the low speed range.

5. An hydraulic system according to Claim 4,
characterised in that said electric motor (44) is a
series DC motor, said energizing means is a
battery (64), and said regulating means (66}
includes means for applying DC pulses of variabie
mark/space ratio to the motor (44) and means
responsive to the motor current for adjusting the
mark/space ratio to regulate the motor speed
within said predetermined limits.

6. A work vehicle of the type having first and
second hydraulic load circuits, said second load
circuit having a greater hydraulic flow require-
ment than the first circuit, comprising a positive
displacement hydraulic pump (42) for supplying
pressurized fluid to the load circuits, a changeable
speed electric motor (44) connected with the
pump (42), said pump (42) being adapted to
supply the flow required by the first load circuit
when the motor (44) is operated in a low speed
range and to supply the flow required by the
second load circuit when the motor (44) is
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operated in a high speed range, control means for
energising the motor (44) in the low speed range
and in the high speed range, and a valve (86} for
controlling flow from the pump (42) to the second
load circuit, said valve (86) having a valve body
(208) including an inlet port (144) in fluid com-
munication with the pump outlet, a return port
{154) in communication with the pump inlet and a
load port (152) in communication with a load
device (56), characterised in said valve (86) com-
prising an open centre proportioning valve and
including a spool (206) movable between a closed
position and an open position, said closed posi-
tion having the load port (152) closed to the inlet
port (144) and the return port (154) open to the
inlet port (144), said open position having the load
port {152) open to the inlet port (144) and the
return port (154} closed to the inlet port (144), the
control means comprising a first manually actu-
able selector means for operatively coupling the
first load circuit with said pump (42) and for
causing the motor (44) to be operated in the low
speed range, and a second manually actuable
selector means coupled with said spool (206) for
moving it between the closed and open positions
for progessively decreasing the flow to the return
port {154) and increasing the flow to the load port
(152), and the control means further comprising
motor speed -control means including switching
means (218) for operating the motor (44) in the
high speed range when the switching means
(218) is activated, said second selector means
being coupled with the switching means (218) for
activating the switching means {218) when the
spool (206) reaches the open position, whereby
the pump (42) is operated in the low speed range
during transition of the return outlet {154) from
open to closed and thereby reduces the energy
loss during the transition.

7. A work vehicle according to Claim 6, charac-
terised in that said control means comprises:
regulating means (66) for maintaining the speed
of the electric motor within the first predeter-
mined limits during operation in the high speed
range and within second predetermined limits
during operation in the low speed range.

8. A work vehicle according to Claim 7, charac-
terised in that said electric motor (44) is a series
DC motor, said energizing means is a battery (64),
and said regulating means (66) includes means
for ‘applying DC puises of variable mark/space
ratio to the motor (44) and means responsive to
the motor current for adjusting the mark/space
ratio to regulate the motor speed within said pre-
determined limits.

9. A work vehicle according to Claim 6, 7 or 8,
characterised in that said vehicle is a lift truck,
said first {oad circuit is a power steering circuit
(46) and the first manually actuable selector com-
prises a steering wheel (14), said second load
circuit is a lift circuit (48) and said second
manually actuable selector comprises a lift con-
trol lever (16).
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Patentanspriiche

1. Hydraulisches System mit einem ersten und
einem 2zweiten hydraulischen Lastkreis, von
denen der zweite einen gréBeren hydraulischen
Stromfluf erfordert als der erste,

mit einer mit den Lastkreisen verbundenen
hydraulischen Pumpe (42) vom Verdréngertyp,

mit einem mit der Pumpe (42) verbundenen
Elektromotor {(44) mit veranderlicher Drehzahl,
mittels dessen in einem niedrigen Drehzahl-
bereich der von dem ersten Lastkreis erforderte
Strom und mittels dessen bei einem hohen Dreh-
zahlbereich der von dem zweiten Lastkreis erfor-
derte Strom bereitstellbar sind,

mit einer Steuereinrichtung zur Beauf-
schlagung des Motors (44) fir den Betrieb in dem
niedrigen und in dem hohen Drehzahlbereich

und mit einem Ventil (86) zur Steuerung des
Stroms von der Pumpe (42) zu dem zweiten Last-
kreis, welches Ventil mit seinem Einlal (144) in
Flussigkeitsverbindung mit dem PumpenauslaB,
mit seinem Rucklauf (154) in Flussigkeitsver-
bindung mit dem Pumpeneinlal? und mit seinem
LastauslaB {152) in Flissigkeitsverbindung mit
einer Lastanordnung steht,

dadurch gekennzeichnet,

dall das Ventil (86) ein Stromteilerventil mit
Mitteln (206) zum progressiven Offnen des
Lastauslasses (152) bei gleichzeitigem SchiieRen
des Rucklaufs (154) ist

und daf3 die Steuereinrichtung wéhrend des
Offnens des Lastauslasses (152) den Motor (44) in
dem niedrigen Drehzahibereich und bei voll ge-
6ffnetem Lastauslall (152) und wvoll ge-
schiossenem Ruacklauf (154) in dem hohen Dreh-
zahlbereich arbeiten [a3t, 3

wodurch die Pumpe (42) wiahrend des Uber-
gangs des Ricklaufs (154) von der Offen-Stellung
in die Geschlossen-Stellung in dem niedrigen
Drehzahlbereich  betrieben wird, um den
Energieverlust wahrend dieses Ubergangs zu ver-
mindern.

2. Hydraulisches System nach Anspruch 1, da-
durch gekennzeichnet, daf3 die Steuereinrichtung
folgende Merkmale umfal3t:

eine erste handbetétigbare Vorrichtung, mittels
deren der Motor (44) in dem niedrigen Drehzahl-
bereich betreibbar und der Fluidstrom zu dem
ersten Lastkreis steuerbar ist,

ein zweite handbetétigbare Vorrichtung, die mit
der bewegbaren Einrichtung (206) des Strom-
teilerventils (86) verbunden ist, um dieses zu
bewegen,

und eine Schaltvorrichtung (218}, mittels deren
der Motor {44) bei voll gedffnetem Stromteiler-
ventil (86) in dem hoheren Drehzahibereich
betreibbar ist.

3. Hydraulisches System nach Anspruch 2, da-
durch gekennzeichnet, dal} die zweite hand-
betdtigbare Vorrichtung mit der Schalt-
vorrichtung (218} zusammenwirkt, um bei voll
gedffnetem Stromteilerventil (86) den Motor (44)
in dem hohen Drehzahlbereich zu betreiben.

4, Hydraulisches System nach Anspruch 1, 2
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oder 3, dadurch gekennzeichnet, daf’ die Steuer-
einrichtung eine Regeleinrichtung (66) umfaft,
mittels deren die Drehzahl des Elektromotors (44)
wiahrend des Betriebs in dem hohen Drehzahl-
bereich innerhalb erster vorbestimmter Grenzen
und wahrend des Betriebs in dem niedrigen Dreh-
zahlbereich innerhalb zweiter vorbestimmter
Grenzen haltbar ist.

5. Hydraulisches System nach Anspruch 4, da-
durch gekennzeichnet,

dall der Elektromotor (44) ein Reihenschiul3-
Gleichstrommotor ist,

dal} die Energiequelle eine Batterie (64} ist

und daf} die Regeleinrichtung (66) eine Ein-
richtung zur Beaufschlagung des Motors (44) mit
Gleichstromimpulsen verdnderlichen Tastver-
haltnisses und auf den Motorstrom ansprechende
Mittel zur Einstellung des Tastverhéltnisses
umfaldt, um die Motordrehzahl innerhalb der vor-
bestimmten Grenzen einzuregeln.

6. Arbeitsfahrzeug mit einem ersten und einem
zweiten hydraulischen Lastkreis, von denen der
zweite Lastkreis einen grof3eren hydraulischen
Strom erfordert als der erste Lastkreis,

mit einer hydraulischen Pumpe (42) vom Ver-
dréngertyp zur Versorgung der Lastkreise mit
fluidem Druckmedium, )

mit einem mit der Pumpe (42) verbundenen
Elektromotor (44) mit verdnderlicher Drehzahi,
mittels dessen in einem niedrigen Drehzahi-
bereich der von dem ersten Lastkreis erforderte
Strom und mittels dessen bei einem hohen Dreh-
zahlbereich der von dem zweiten Lastkreis erfor-
derte Strom bereitstellbar sind,

mit einer Steuereinrichtung zur Beauf-
schiagung des Motors {(44) fiir den Betrieb in dem
niedrigen und in dem hohen Drehzahlbereich

und mit einem Ventil (86) zur Steuerung des
Stroms von der Pumpe (42) zu dem zweiten Last-
kreis, welches Ventil mit seinem EinlaR (144) in
Flissigkeitsverbindung mit dem Pumpenauslaf,
mit seinem Rucklauf (154) in Flussigkeitsver-
bindung mit dem Pumpeneinlall und mit seinem
Lastausla® (152) in Flissigkeitsverbindung mit
einer Lastanordnung (56) steht,

dadurch gekennzeichnet,

da? das Ventil {86} ein Stromteilerventil mit
offener Mittelstellung und einer zwischen einer
Geschlossen-Stellung und einer Offen-Steliung
bewegbaren Ventiispindel (206) ist,

wobei in der Geschlossen-Stellung der Lastaus-
laf (152) von dem Einlal3 (144) abgesperrt und der
Riickiauf (154) gegen den EinlaR (144} offen sind,

wobei in der Offen-Stellung der Lastauslal3
{152) gegen den Einlaf (144) offen und der Rlick-
lauf (154) von dem Einla® (144) abgesperrt sind,
daf} die Steuereinrichtung

eine erste handbetatighbare Wahlvorrichtung,
mittels deren der erste Lastkreis mit der Pumpe
{42) verbindbar und der Motor (44} in dem niedri-
gen Drehzahlbereich betreibbar sind,

und eine zweite handbetétigbare Wahi-
vorrichtung umfaf3t, die mit der Spindel {206) ver-
bindbar ist, um diese zwischen der Geschlossen-
Stellung und der Offen-Stellung zu bewegen und
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so den Strom zum Rucklauf (154) progressiv zu
verringern und den Strom zum Lastausgang (152)
progressiv zu steigern,

und dalR die Steuereinrichtung weiterhin eine
Motordrehzahlsteuerung mit einer Schalt-
vorrichtung {218) umfal3t, mittels deren bei Betéti-
gung der Motor (44) in dem hohen Drehzahi-
bereich betreibbar ist,

wobei die zweite Wahivorrichtung mit der
Schaltvorrichtung (218) derart gekoppelt ist, dal3
die Schaltvorrichtung (218} betatigt wird, wenn
die Spindel (206) ihre Offen-Stellung erreicht,

wodurch die Pumpe (42) wahrend des Uber-
gangs des Riicklaufs (154) von der Offen-Stellung
in die Geschlossen-Stellung in dem niedrigen
Drehzahlbereich betrieben und der Energieverlust
wahrend des Ubergangs verringert werden.

7. Arbeitsfahrzeug nach Anspruch 6, dadurch
gekennzeichnet, dal’ die Steuereinrichtung eine
Regeleinrichtung (66) umfafit, mittels deren die
Drehzah! des Elektromotors (44) wéhrend des
Betriebs in dem hohen Drehzahlbereich innerhalb
erster vorbestimmter Grenzen und wahrend des
Betriebs in dem niedrigen Drehzahibereich inner-
halb zweiter vorbestimmter Grenzen haltbar ist.

8. Arbeitsfahrzeug nach Anspruch 7, dadurch
gekennzeichnet,

dal} der Elektromotor (44) ein Reihenschlul3-
Gleichstrommotor ist,

dafd die Energiequelle eine Batterie (64) ist

und dalR die Regeleinrichtung (66) eine Ein-
richtung zur Beaufschiagung des Motors (44) mit
Gleichstromimpulsen veranderlichen Tastver-
héltnisses und auf den Motorstrom ansprechende
Mittel zur Einstellung des Tastverhédltnisses
umfaflt, um die Motordrehzahl innerhalb der vor-
bestimmten Grenzen einzuregeln.

9. Arbeitsfahrzeug nach Anspruch 6, 7 oder 8,
dadurch gekennzeichnet, dal® das Fahrzeug ein
Hublader ist, da3 der erste Lastkreis der
Hydraulikkreis flr die Servolenkung ist, daf} die
erste handbetétigte Wahlvorrichtung ein Lenkrad
(14) umfaBt, dal® der zweite Lastkreis der Lastkreis
fur einen Hubkreis (48) ist und dal3 die zweite
handbetétigte Wahivorrichtung den Hubsteuer-
hebel {16) umfal3t.

Revendications

1. Systéme hydraulique du type comportant
des premier et second circuits hydrauliques de
charge, le second circuit ayant un appel de débit
d'écoulement hydraulique supérieur a celui du
premier circuit, comprenant une pompe
hydraulique volumétrique (42} raccordée aux cir-
cuits de charge, un moteur électrique (44) a
vitesse variable relié & la pompe (42), ladite
pompe (42) étant congue pour fournir le débit
d'écoulement appelé par le premier circuit de
charge lorsque le moteur (44) fonctionne dans
une gamme de basses vitesses et pour fournir le
débit d'écoulement appelé par le second circuit
de charge lorsque le moteur {44) fonctionne dans
une gamme de hautes vitesses, des moyens de
commande destinés a alimenter le moteur (44)
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pour qu'il fonctionne dans la gamme de basses
vitesses et dans la gamme des hautes vitesses et
une valve (86) destinée a commander le débit
d'écoulement de la pompe (42) vers le second
circuit de charge, ladite valve ayant un orifice
d’entrée (144) en communication de fluide avec la
sortie de la pompe, un orifice de retour (154) en
communication de fluide avec l'entrée de la
pompe et un orifice de charge (152) en communi-
cation de fluide avec le dispositif de charge,
caractérisé en ce que ladite valve (86) est une
valve proportionnelle comprenant des moyens
(206) destinés a ouvrir progressivement {'orifice
de charge (152) tout en fermant progressivement
'orifice de retour (154), et lesdits moyens de
commande alimentant e moteur (44) pour le faire
fonctionner dans la gamme des basses vitesses
pendant I'ouverture de |'orifice de charge {152) et
alimentant le moteur (44) pour le faire fonctionner
dans la gamme des hautes vitesses lorsque 'ori-
fice de charge (152) est totalement ouvert et que
V'orifice de retour (154) est totalement fermé, de
maniére que la pompe (42) fonctionne dans la
gamme des basses vitesses durant la transition
de l'orifice de retour {154) de l‘ouverture a ia
fermeture afin de réduire la perie d'énergie
durant la transition.

2. Systéme hydraulique selon la revendication
1, caractérisé en ce que lesdits moyens de com-
mande comprennent: un premier dispositif
actionnable manuellement pour faire fonctionner
le moteur (44) dans la gamme des basses vitesses
et pour commander I'écoulement du fluide vers le
premier circuit de charge, un second dispositif
actionnable manuellement, couplé aux moyens
mobiles (206) de la valve proportionnelle (86) afin
de se déplacer avec eux, et des moyens de
commutation (218) destinés a alimenter ledit
moteur (44) pour le faire fonctionner dans la
gamme des hautes vitesses lorsque la valve
proportionnelle (86} est totalement ouverte.

3. Systéme hydraulique selon la revendication
2, caractérisé en ce que ledit second dispositif
actionnable manuellement coopére avec lesdits
moyens de commutation (218) pour amener le
moteur (44) a étre alimenté pour fonctionner dans
la gamme des hautes vitesses lorsque la valve de
proportionnement (86) est totalement ouverte.

4. Systeme hydraulique selon la revendication
1, 2 ou 3, caractérisé en ce que lesdits moyens de
commande comprennent des moyens de régula-
tion (66) destinés a maintenir la vitesse du moteur
électrique (44) entre des premiéres limites pré-
déterminées durant le fonctionnement dans la
gamme des hautes vitesses et entre des secondes
limites prédéterminées durant le fonctionnement
dans la gamme des basses vitesses.

5. Systéme hydraulique selon la revendication
4, caractérisé en ce que ledit moteur électrique
(44) est un moteur série a courant continu, lesdits
moyens d’alimentation comprennent une batterie
(64) et lesdits moyens de régulation (66)
comprennent des moyens destinés a appliquer
des impulsions de courant continu, de facteur
d’utilisation variable, au moteur (44) et des
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movyens qui, en réponse, au courant du moteur,
ajustent le facteur d'utilisation afin de réguler la
vitesse du moteur entre lesdites limites prédéter-
minées.

6. Véhicule utilitaire du type comportant des
premier et second circuits hydrauliques de
charge, ledit second circuit de charge ayant un
appel de débit d'écouiement hydraulique supé-
rieur a celui du premier circuit, comprenant une
pompe hydraulique volumétrique (42) destinée a
fournir un fluide sous pression aux circuits de
charge, uh moteur électrique (44) 3 vitesse varia-
ble relié a la pompe (42), ladite pompe (42) étant
congue pour fournir fe débit d'écoulement appelé
par le premier circuit de charge lorsque le moteur
(44) est mis en fonctionnement dans une gamme
de basses vitesses et pour fournir le débit
d'écoulement appelé par le second circuit de
charge lorsque le moteur {44) est mis en
fonctionnement dans une gamme de hautes
vitesses, des moyens de commande destinés a
alimenter le moteur (44) dans la gamme des
basses vitesses et dans la gamme des hautes
vitesses, et une vaive (86} destinée & commander
le débit d'écoulement de la pompe (42) vers le
second circuit de charge, ladite valve (86) ayant
un corps de valve (208) présentant un orifice
d’entrée (144) en communication de fluide avec la

- sortie de la pompe, un orifice de retour (154) en

communication avec |'entrée de la pompe et un
orifice de charge (152) en communication avec un
dispositif de charge (56), caractérisé en ce que
ladite valve (86) comprend une valve proportion-
nelle & position centrale d’ouverture et compor-
tant un tiroir (206) mobile entre une position
fermée et une position ouverte, ladite position
fermée ayant l'orifice de charge (152} fermé sur
I'orifice d’entrée (144) et |'orifice de retour (154)
ouvert sur |'orifice d'entrée (144), ladite position
d’ouverture ayant 'orifice de charge (152} ouvert
sur l'orifice d'entrée (144) et I'orifice de retour
(154) fermé sur I'orifice d’entrée (144), les moyens
de commande comprenant des premiers moyens
sélecteurs actionnables manueliement pour cou-
pler activement le premier circuit de charge 3
ladite pompe (42) et pour faire fonctionner le
moteur (44) dans la gamme des basses vitesses,
et des seconds moyens sélecteurs actionnables
manuellement, couplés audit tiroir (206) afin de le
déplacer entre les positions fermée et ouverte
pour progressivement diminuer le débit d’écoule-
ment vers |'orifice de retour (154) et augmenter le
débit d'écoulement vers |'orifice de charge (152)
et les moyens de commande comprenant en
outre des moyens de commande de vitesse de
moteur comprenant des moyens de commutation
(218) destinés a fair fonctionner le moteur (44)
dans la gamme des hautes vitesses lorsque les
moyens de commutation (218) sont actionnés,
lesdits seconds moyens sélecteurs étant couplés
aux moyens de commutation {218) pour actionner
les moyens de commutation (218) lorsque le tiroir
(206) atteint la position d'ouverture, de maniére
que la pompe (42) soit mise en fonctionnement
dans la gamme des basses vitesses durant une
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transition de la sortie (154) de retour de I'état
ouvert a |'état fermé et de réduire ainsi la perte
d'énergie durant la transition.

7. Véhicule utilitaire selon la revendication 6,
caractérisé en ce que lesdits moyens de com-
mande comprennent: des moyens de régulation
(66) destinés a maintenir la vitesse du moteur
électrique entre des premiéres limites prédéter-
minées durant le fonctionnement de la gamme
des hautes vitesses et entre des secondes limites
prédéterminées durant le fonctionnement dans la
gamme des basses vitesses.

8. Véhicule utilitaire selon la revendication 7,
caractérisé en ce que ledit moteur électrique (44)
est un moteur série a courant continu, lesdits
moyens d’'alimentation comprennent une batterie
(64) et lesdits moyens de régulation (66)
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comprennent des moyens destinés a appliquer
des impulsions de courant continu, de facteur
d'utilisation variable, au moteur (44) et des
moyens qui, en réponse au courant du moteur,
ajustent le facteur d'utilisation afin de réguler la
vitesse du moteur entre lesdites limites prédéter-
minées.

9. Véhicule utilitaire selon la revendication 6, 7
ou 8, caractérisé en ce gque ledit véhicule est un
chariot élévateur, ledit premier circuit de charge
est un circuit de direction assistée (46) et le
premier sélecteur actionnable manuellement
comprend un volant (14) de direction, ledit
second circuit de charge est un circuit élévateur
(48) et ledit second sélecteur actionnable
manuellement comprend un levier (16) de com-
mande d’élévation.
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