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HYDRAULIC DEVICE CONTROL

TECHNICAL FIELD

The present invention relates to a method and an apparatus for controlling a
hydraulic device powered by a hydraulic system of a heavy vehicle. In
particular the present invention relates to a method and apparatus for
controlling a hydraulic device of a heavy vehicle where the engine powers a

hydraulic pump for driving a hydraulic device.

BACKGROUND

Heavy vehicles can in many cases be provided with a hydraulic system
driving a hydraulic device built on or connected to the heavy vehicle. An
example is a truck provided with a body work such as a hydraulically

powered crane.

The engine of the heavy vehicle is adapted to power one or many hydraulic
pumps which in turn generate a hydraulic flow that powers one or more

hydraulic devices of the heavy vehicle. Conventional systems for controlling
the engine typically strive to maintain a preset speed of the engine when the

hydraulic device is used.

There is a constant desire to reduce fuel consumption of heavy vehicles
including heavy vehicles having an engine powering hydraulic devices. At the
same time there is a desire to provide a high power when driving a hydraulic
device. Hence there exists a need for a control method which can provide
high power to a hydraulic device of a heavy vehicle, but which at the same

time keeps fuel consumption low and without risk for stalling the engine.
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SUMMARY
It is an object of the present invention to provide a method and a system that
provides an improved hydraulic device control of a heavy vehicle provided

with a hydraulically driven device.

This object and others are obtained by the method, device and computer
program product as set out in the appended claims. Thus, in order to
eliminate or reduce the risk of stalling an engine used to power a motorized
vehicle and a hydraulic device of the vehicle such a body work of a truck for
example a hydraulic crane or the like, the control method invokes a safety
margin when controlling the hydraulic device. The current maximum torque
that the engine can deliver is continuously monitored along with the current
torque demand. The control signal to the hydraulic device is then controlled
in response to the difference between the maximum torque and the torque
demand. Hereby it is possible to invoke a suitable torque safety margin
preventing the engine from stalling, which would be the result if the torque

demand would exceed the maximum torque available.

In accordance with one embodiment, the safety margin can be dependent on
the current engine speed. Hereby the control can take into account
information about the current engine speed when setting the torque safety

margin.

Using the method and system as described herein will provide an improved
control of a hydraulic device of a motorized vehicle provided with a hydraulic
device such as a truck provided with a crane or a front loader or any other
motorized vehicle having an engine driving a hydraulic pump for powering a
hydraulic device. By continuously monitoring the torque demand and
comparing the current torque demand with the maximum torque at the

current engine point of operation as determined by the engine speed and a
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current turbo pressure if applicable and controlling the output signal to a
hydraulic device in response to the torque possible to deliver at a given time

the risk of stalling the engine is eliminated or greatly reduced.

BRIEF DESCRIPTION OF THE DRAWINGS
The present invention will now be described in more detail by way of non-
limiting examples and with reference to the accompanying drawings, in

which:

- Fig. 1ais a general view of a system for controlling the engine speed of a
motor vehicle provided with a hydraulically driven device,

- Fig. 2 is a flowchart illustrating steps performed when controlling the engine
speed of a motor vehicle provided with a hydraulically driven device.

- Fig 3 is a view of a controller for controlling a hydraulic device, and

- Fig. 4 is a flowchart illustrating steps performed controlling the control signal

to a hydraulic device.

DETAILED DESCRIPTION

In Fig.1 a view of a system 100 for controlling the engine speed of an engine
105 powering a vehicle 101 provided with a hydraulic device 103 is depicted.
The system comprises a control module 109 for controlling the speed of the
engine 105. The control module 109 is programmed to receive real time
control signals from an engine controller 107 such as an Electronic Control
Unit (ECU) provided signals indicative of a current engine operational
conditions. The control module 109 is also connected to a controller 111 for
controlling the hydraulic device 103. The controller 111 is adapted to control
the hydraulic device in accordance with user input signals received from a

user for example using a control device shown in Fig. 3.
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The control module 109 receives signals from the controller 111 indicative of
a currently demanded engine speed to drive the hydraulic device 103. In
accordance with one embodiment the controller emits a signal indicative of
the current demanded flow in the hydraulic device 103. The control module is
then programmed to convert the demanded flow to a pre-set engine speed
for example using a look-up table. In accordance with another embodiment
the controller 111 is adapted to emit a signal indicative of a demanded

engine speed required for the demanded flow in the hydraulic device.

Using the signals from the engine controller 107 and the hydraulic controller
the control module continuously sets the engine speed in response to at least
both signals from the engine and the hydraulic device. In accordance with
one embodiment the engine speed is set to the highest of the engine speeds
indicated by the engine controller signal and the hydraulic controller signal.
For example if the signal from the engine controller indicates that the engine
set speed should be 800 rpm and the demanded flow in the hydraulic device
indicates that the engine set speed should be 900 rpm the controller module
109 sets the engine speed to the highest of the two, in this example the

engine speed would be set to 900 rpm.

In Fig. 2 a flow chart illustrating some procedural steps performed when
controlling the engine speed of motorized vehicle provided with a hydraulic
device is shown. First in a step 201 an engine controlled engine speed as
determined from engine signals is determined. Next in a step 203 a hydraulic
controlled engine speed as determined from the currently requested flow in
the hydraulic device is determined. Thereupon, the engine speed is set to a
value in response to the engine speeds determined in steps 201 and 203. In
particular the set value for the engine speed is set to the highest of the
engine speeds determined in steps 201 and 203. Next, the procedure returns

to step 201 to continuously update the engine speed in a step 207.
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When a hydraulic device of a heavy vehicle is operated, for example in
accordance with the above, the demanded torque resulting from the control
signals from the hydraulic control device may result in a torque demand that
results in that the engine stalls. This is of course not desired and should be
avoided. In accordance with the present invention a controller for providing
control signals to the hydraulic device is adapted to generate control signals

in response to a currently available torque margin.

In Fig. 3 an exemplary controller 300 for controlling a hydraulic device of a
heavy vehicle is shown. The device 300 comprises an input port 301 for
receiving a signal indicative of the currently demanded torque. The controller
300 also receives the current engine speed via the input port 301. The
controller 300 further comprises a memory 303 where the maximum torque
for any given engine speed is stored. In accordance with another
embodiment the controller can receive the maximum torque via a CAN-bus
from the engine control unit. In accordance with one embodiment the
controller receives a reference torque value corresponding to the maximum
torque that the engine can generate, the percentage currently used of the
maximum torque, and the percentage of the torque currently available at the
current point of operation of the engine for the ECU via a CAN bus. The
controller 300 also comprises a processor unit 305 connected to the input
port 301 and to the memory 303. The processor unit 305 is adapted to
continuously compare the currently demanded torque with the maximum
torque for the current engine point of operation. The processor unit is further
adapted to provide an output signal controlling a hydraulic controller 309 via
an output port 307. The control signal to the hydraulic controller is correlated
to the comparison of the maximum torque and the demanded torque. The
output signal to the hydraulic controller controls the gain of the control signals

to the hydraulic device.
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For example in accordance with one embodiment if the torque demand at
any given time is above the maximum torque possibly adjusted by a safety
margin, the processor unit is adapted to output a signal “0” whereby the
control signals from the hydraulic controller 309 is temporarily stopped. In
accordance with another embodiment the output signal from the controller is
a scaled signal dependent on the difference between the current maximum

torque and the torque demand.

For example if the difference between the current maximum torque and the
torque demand is above a first threshold value the hydraulic controller can
use a normal output signal. In accordance with one embodiment, if the if the
difference between the current maximum torque and the torque demand is
below a second threshold value, the control signals from the hydraulic
controller 309 is temporarily stopped. If the difference between the current
maximum torque and the torque demand is above a first threshold value
below a second threshold value, the output signal from the hydraulic
controller can be down scaled. For example the signal can be down scaled in

proportion to how close to the second threshold value the difference is.

The controller 300 can also take other parameters into consideration when
determining the output signal to the hydraulic controller 309. For example the
controller can take the current engine speed into account and is the engine is
running at a high speed the torque demand can be allowed to be closer to
the maximum torque before reducing the output signal from the hydraulic
controller. Thus, the safety margin used for keeping the engine from stalling

can be made dependent on the current engine speed.

In Fig. 4, a flow chart illustrating some procedural steps performed when

controlling the control signal to a hydraulic device in accordance with the
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above is show. First, in a step 401, maximum torque that the engine currently
can deliver is determined. Next, in a step 403, the current torque demand is
determined. Thereupon, in a step 405, the current maximum torque is
compared with the current torque demand and the difference between the
current maximum torque and the torque demand is determined, i.e. the
torque margin. Next, in a step 407, the control signal to the hydraulic device
is adjusted in response to the comparison made in step 405 so that the
control signal to the hydraulic device is controlled in response to the torque
margin. The adjustment of the control signal, if any, to the hydraulic device
can be made in any suitable manner for example using any of the control

strategies described above. The procedure then returns to step 401.

The control method as described herein can advantageously be computer
implemented and the control algorithm can be stored as programmed

instructions in a computer program stored on a digital storage medium.

Using the method and system as described herein will provide an improved
control of a hydraulic device of a motorized vehicle provided with a hydraulic
device such as a truck provided with a crane or a front loader or any other
motorized vehicle having an engine driving a hydraulic pump for powering a
hydraulic device. By continuously monitoring the torque demand and
comparing the current torque demand with the maximum torque at the
current engine speed and controlling the output signal to a hydraulic device
in response to the torque possible to deliver at a given time the risk of stalling

the engine is eliminated or greatly reduced.
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CLAIMS

1. A method of controlling a control signal to a hydraulic device (103) of a
motorized vehicle comprising an engine (105), the hydraulic device (103)
being driven by a hydraulic pump powered by the engine (105), the method
comprising the steps of:

- determining a current maximum torque that the engine (105) currently can
deliver,

- determining a current torque demand, and

- continuously controlling the control signal to the hydraulic device (103) in
response to the difference between the maximum torque and the torque
demand, and

- continuously controlling the control signal in response to the current engine
speed, being the highest of the engine speeds indicated by the engine
controller signal and the hydraulic controller signal starting from the present
demanded flow in the hydraulic device (103), thus by comparison with a

safety margin preventing the engine (105) from stalling.

2. The method according to claim 1, wherein if the difference between the
maximum torque and the torque demand is below a threshold value the

control signal to the hydraulic device (103) is suspended.

3. The method according to claim 1 or 2, wherein if the difference between
the maximum torque and the torque demand is below a threshold value the

control signal to the hydraulic device (103) is down scaled.

4. The method according to claim 3, wherein the control signal is down
scaled in proportion to the difference between the maximum torque and the

torque demand.
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5. The method according to any of claims 2 — 4 wherein the threshold values

are dependent on the current engine speed.

6. A controller for controlling a control signal to a hydraulic device (103) of a
motorized vehicle comprising an engine (105), the hydraulic device (103)
being driven by a hydraulic pump powered by the engine (105), the controller
(111) comprising:

- means for receiving a current maximum torque that the engine (105)
currently can deliver,

- means for receiving a current torque demand, and

- means for continuously controlling the control signal to the hydraulic device
(103) in response to the difference between the maximum torque and the
torque demand, and

- means for continuously controlling the control signal in response to the
current engine speed, being the highest of the engine speeds indicated by
the engine controller signal and the hydraulic controller signal starting from
the present demanded flow in the hydraulic device (103), thus by comparison

with a safety margin preventing the engine (105) from stalling.

7. The controller according to claim 6, comprising means for suspending the
control signal to the hydraulic device (103) if the difference between the

maximum torque and the torque demand is below a threshold value.

8. The controller according to claim 6 or 7, comprising means for down
scaling the control signal to the hydraulic device (103) if the difference
between the maximum torque and the torque demand is below a threshold

value.
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9. The controller according to claim 8, further comprising means for down
scaling the control signal to the hydraulic device (103) in proportion to the

difference between the maximum torque and the torque demand.

10. The controller according to any of claims 8 — 9, further comprising means

for setting the threshold values dependent on the current engine speed.

11. A computer program product for controlling a control signal to a hydraulic
device (103) of a motorized vehicle comprising an engine (105), the hydraulic
device (103) being driven by a hydraulic pump powered by the engine (105),
wherein the computer program product comprises program segments that
when executed on a computer causes the computer to perform the steps of:
- determining a current maximum torque that the engine (105) currently can
deliver,

- determining a current torque demand, and

- continuously controlling the control signal to the hydraulic device (103) in
response to the difference between the maximum torque and the torque
demand, and

- continuously controlling the control signal in response to the current engine
speed, being the highest of the engine speeds indicated by the engine
controller signal and the hydraulic controller signal starting from the present
demanded flow in the hydraulic device (103), thus by comparison with a

safety margin preventing the engine (105) from stalling.

12. The computer program product according to claim 11, further comprising
program segments for suspending the control signal to the hydraulic device
(103) if the difference between the maximum torque and the torque demand

is below a threshold value.
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13. The computer program product according to claim 11 or 12, further
comprising program segments for down scaling the control signal to the
hydraulic device (103) if the difference between the maximum torque and the

torque demand is below a threshold value.

14. The computer program product according to claim 13, further comprising
program segments for down scaling the control signal to the hydraulic device
(103) in proportion to the difference between the maximum torque and the

torque demand.

15. The computer program product according to any of claims 12 — 14 further
comprising program segments for setting the threshold values dependent on

the current engine speed.

16. A digital storage medium having the computer program product

according to any of claims 11 — 15 stored thereon.
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