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(57) Abréegée/Abstract:

The present invention concerns a method for controlling the speed of motion of a hydraulically operated machine, an operating
system and a control device of the machine. The flow line (3) of the medium from the pump (2) to the machine (1) Is divided into
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(57) Abrege(suite)/Abstract(continued):

two branches (10, 11). By means of a valve (8), the second branch (11) can be set to feed medium either to the machine (1) or to
return the medium to the tank (4) of the pump. Such a flow Is led to the second valve (8), that at a speed of rotation of the pump
lower than the highest speed of rotation, the difference between the flow supplied by the pump and the flow through the second
branch produces the desired slowest speed on motion of the device. When the valve (8) Is set to return the medium to the tank (4)
of the pump, the flow from the pump (2) Iis adjusted by changing the speed of rotation of the pump.
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.| on motion of the device. When the valve
(8) is set to return the medium to the tank
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(57) Abstract

The present invention concems a
method for controlling the speed of motion
of a hydraulically operated machine, an
operating system and a control device
°f the machine. The flow line (3) of the
medium from the pump (2) to the machine
(1) is divided into two branches (10,
11). By means of a valve (8), the second
branch (11) can be set to feed medium
cither to the machine (1) or to return the
medium to the tank (4) of the pump. Such
a flow is led to the second valve (8), that
at a speed of rotation of the pump lower
than the highest speed of rotation, the
difference between the flow supplied by
the pump and the flow through the second
branch produces the desired slowest speed

(4) of the pump, the flow from the pump
(2) is adjusted by changing the speed of
rotation of the pump.




10

20

CA 02319183 2003-12-10

A METHOD FOR CONTROLLING THE MOTION VELOCITY OF A
HYDRAULICALLY DRIVEN MACHINE, A DRIVE SYSTEM FOR A
HYDRAULICALLY DRIVEN MACHINE

Technical Field

The present 1i1nvention concerns a method for
controlling the speed of motion of a hydraulically driven
machine, an operating system and a control device of a

hydraulically driven machine.

Background Art

Hydraulic systems are known in the art, where the

speed of motion of a hydraulically driven machine can be

adjusted for different purposes.

Publication DE 30 10 973 discloses a control

b

feed of

system, where the positions of the valve and the
the hydraulic o0il to the machine to be driven are adjusted
by means of a control cam. Depending on the valve position,
three different feeding speeds and speeds of the machine

can be provided.

Publication DE 26 08 988 discloses a system,
where by using different flow resistances, the motion of

the hydraulic piston operating the machine can be slowed

down, e.g. when lowering a heavy load.

In the system 1n accordance with publication SE
376 788, the acceleration and speed of a hydraulic actuator
of a pressure casting machine 1is controlled so that a

desired sgpeed profile can be exactly repeated. There, the

main control wvalve is controlled by means of an auxiliary

valve.



10

20

30

CA 02319183 2005-07-19

la

Publication DE 41 29 508 concerns a sgystem
provided with two pumps, wherein the speed otf rotation of a
hydraulic motor is adjusted. With a small load of the
motor, only one pump is used. When necessary, the motor 1is

also supplied with a part of the feed volume of the other
pump .

Disclosure of invention

The object of the present invention 1s to

provided a control system, where the speed of a

hydraulically operated device, when necessary, can Dbe
proportionally controlled.

. According to the present invention there 1s
provided a method for adjusting speed of a hydraulically

operated machine, comprising:

in a non-operating mode of the machine,

operating a pump to pump hydraulic medium through

a flow line at a first flow rate,

setting a first wvalve, the first valve beilng
connected to the flow line by a first branch and being
connected to a part of the machine by at least a first line

and being connected to a return 1line, so that a path

between the first branch and the first line is closed, and

setting a second valve, the second valve being

connected to the flow line by a second branch and being

connected to the part of the machine by at least the first

line and being connected to the return line, so that a path

between the second branch and the return line is open; and

in an operating mode of the machine,

setting the first valve so that the path between

the first branch and the first line 1is open,
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setting the second valve so that the path between

the second branch and the return line 1s open, and

adjusting a flow rate through the pump to adjust

a speed of the machine.

According to the present invention there 18 also

provided an operating system for a hydraulically operated

machine, comprising:

a pump for hydraulic fluid, the pump being
operable at different speeds;
o a flow line leading from the pump;
a first branch connected to the flow line;
a first valve connected to the flow line by the

first branch;

a first 1line connecting the first valve to a
first part of the machine;

the first wvalve being adapted to open and close a
connection between the first branch and the first line;

a second branch connected to the flow line;

a second valve connected to the flow line by the
second branch and to the first line; and

. |

a return line connected to the second valve, the

second valve being adapted to open and close a connection

between the second branch and the first 1line and beilng

adapted to open and close a connection between the second

branch and the return line,

wherein the first wvalve 1s controllable such
that, in a non-operating mode of the machine, the first
valve 1is set to close the connection between the first
branch and the first line and, in an operating mode, the
first valve is set to open the connection between the first

branch and the first line and a speed of the machine 1is

adjusted by adjusting a speed of the pump.
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By means of the present invention, the speed of e.g. a hydraulic cylinder-piston device
of a vehicle’s loading device can be controlled, when necessary, in any position of the pis-
ton. Duning a slow precision drive, the speed can be controlled by changing the spec;d of
rotation of the pump.

5 Although the valves used in the system are on-off valves, the required controlling of the
speed can be provided proportionally by means of the device in connection with starting and
ending of a motion.

An on-off valve means a valve that either opens or closes certain flow channels, but by
means of which the flow cannot be continuously controlled during the operation, like with

10 an actual control valve.

A simple pump can be used in the system, whereby the flow produced by it is con-
trolled by changing its speed of rotation. There is no need of any variable capacity pump
with a complicated construction, where the change of flow is provided by changing the

position of the pistons, while the speed of rotation remains the same.

15
Brief Description of the Drawing

The invention and its details will now be described in more detail, with reference to the

enclosed drawing illustrating schematically a system in accordance with the invention and

the control unit therein.

20

Mode for Carrying Out of the Invention
In a system in accordance with the invention, the machine to be operated is e.g. a hyd-

raulic cylinder-piston device 1 for operating a loading device of a vehicle. The system is
driven by a hydraulic pump 2 that, rotated by a motor 5, feeds hydraulic fluid through a
25 feeding line 3 from a tank 4. The fluid returns to the tank through a return line 6.

Feed to the cylinder 1 is controlled by means of a control unit in accordance with the
invention. The control unit comprises a primary control valve 7 and a secondary control
valve 8 as well as a flow control valve 9. From the feeding line 3, a line 10 branches out to
the primary control valve 7, and a line 11 going via the flow control valve 9 to the secon-

30  dary control valve 8. The primary control valve 7 is connected to the return line 6 via a line
12. The secondary control valve 8 is connected to the return line via a line 13.

The primary control valve 7 has three positions:
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a) feed to the cylinder 1, to the first side of a piston 14, through a line 16 connected to
chambers 15, and return from the second side of the piston from a chamber 17 through a
line 18; '

b) closed position, in other words, connection from the feeding line 10 is closed, con-
nection from the lines 16 and 18 to the line 12 leading to the return line 6 is open;

c) feed and return contrary to the position a).

Also the secondary control valve 8 has three positions:

a) the same as the position a) of the primary control valve 7,

b) the line 11 is connected to the line 13 that is connected to the return line 6, connec-
tion to the lines 16 and 18 is closed;

c) the same as the position c) of the primary control valve 7.

Before the control unit in the system, between the feeding line 3 and the return line 6,
there 1s a free circulation valve 19 and a safety valve 20, opening from the feeding line to
the return line, if the pressure in the feeding line exceeds a certain limit. The valve 19 has
two positions. When both control valves 7 and 8 are in their basic positions, in other words
in the above mentioned positions b), and the pump is switched on, the oil is led through the
valve 19 back to the tank in order to avoid unnecessary loading of the pump. When the
valves 7 and/or 8 are set to the operating position, the valve 19 is set to position a, whereby
the feed from the pump will be led to the valves 7, 8 and 9.

The system in accordance with the present invention operates as follows:

The flow of the flow control valve 9 is adjusted slightly below the lower limit produc-
tion of the pump 2 or, if desired, even to the same or slightly higher. By means of the flow
control valve, the flow is set as desired, but it 1s not necessary to use the valve for a con-
tinuous control during the operation.

The movement procedure is always started with a low speed of rotation of the pump.
The secondary control valve 8 is set to position b), that is, to return all the flow coming to
the valve 8 from the line 11, to the return line 6 through the line 13. By switching then the
primary control valve 7 on, either to the position a) or to the position ¢), in other Words, to
feed to one or the other side of the piston 14, the feed to the machine to the cylinder 1 is
very small or even = 0, that is, the difference between the feed volume Qp and the volume

Qv flowing through the flow control valve 9.




10

15

20

CA 02319183 2000-07-14

WO 99/37928 ~ PCT/F198/00052

4

If the flow control valve 9 has been set according to the lower limit production of the
pump or above that, the machine will not start before the speed of rotation of the pump 1s
increased, because the whole feed volume goes through the valve 9 and returns througl; the
valve 8 to the return line 6. The speed of rotation of the pump can be normally increased

about to a double compared to the lower limit.

By means of this primary circulation, the desired speed control can be provided by the
device in connection with the start and the end of the motion. The operation can be made
proportional although the control valves used are of on-off type.

During so called large movements, when no precision drive is required, in addition to
the primary control valve 7, also the secondary valve 8 is switched on either in the position
a) or in the position c¢). Then the oil led in the primary phase through the flow control valve
9 back to the tank 5 will be led to the machine 1, to either side of the piston. Thus, the flow
from the pump 2 can be totally utilized.

Stopping or slowing down of the machine is provided so that first, the secondary
control valve 8 is switched off, to the position b), and after that the movement 1s slowed
down by decreasing the speed of rotation of the pump. Then the speed of the device slows
down while the flow through the line 11 returns to the return line 6. Thus, the eventually
required precision drive or slowing down in order to stop the movement can be effected.

The term “flow” used above, as well as in the claims, means the value: volume unit of

medium per time unit.
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WHAT IS CLAIMED IS:

1. A method for adjusting speed of a hydraulically

operated machine, comprising:

in a non-operating mode of the machine,

operating a pump to pump hydraullic medium through a flow
line at a first flow rate,

setting a first valve, the first wvalve being connected to
the flow line by a first branch and being connected to
a part of the machine by at least a first line and
being connected to a return line, so that a path
between the first branch and the first line is closed,
and

setting a second valve, the second valve being connected to
the flow line by a second branch and being connected to
the part of the machine by at least the first line and
being connected to the return line, so that a path
between the second branch and the return line 1s open;
and

in an operating mode of the machine,

setting the first valve so that the path between the first

branch and the first line 1s open,
setting the second valve so that the path between the
second branch and the return line 1s open, and
adjusting a flow rate through the pump to adjust a speed ot

the machine.

2. The method as set forth in c¢laim 1, comprising
controlling flow through the second branch to be equal to

the first flow rate.
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3. The method as set forth 1in c¢laim 2, wherein tflow

through the second branch is controlled by a flow control

valve.

4 The method as set forth in c¢laim 1, comprising, 1n a

second operating mode of the machine,

setting the first valve so that the path between the

first branch and the first line i1is open, and

setting the second valve so that the path between the

second branch and the first line 1s open.

5. The method as set forth in claim 4, wherein the first

valve is connected to a second part of the machine by a

second line and, in the operating mode, the first valve 1s
set so that a connection between the second line and the

return line 1is open.

6. The method as set forth in claim 4, comprising slowing

the machine from the second operating mode of the machine
by setting the second valve so that the path between the

second branch and the first line is closed.

7. The method as set forth in claim 4, comprising

controlling flow through the second branch to be equal to

the first flow rate, and slowing the machine from the

bt

second operating mode of the machine to the non-operating

mode of the machine by first setting the second valve soO
that the path between the second branch and the first line
igs closed and then adjusting the flow rate through the pump

to the first flow rate.
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8. The method as set forth in claim 1, comprising, 1in the

non-operating mode, setting the first wvalve so that a

connection between the first line and the return line 1s

open.

9. The method as set forth in claim 1, wherein the first

valve is connected to a second part of the machine Dby a
second line and, in the operating mode, the first valve 1s

set so that a connection between the second line and the

return line 18 open.

10. An operating system for a hydraulically operated

machine, comprising:

a pump for hydraulic fluid, the pump being operable at

different speeds;

a flow line leading from the pump;

a first branch connected to the flow line;

'a first valve connected to the flow line by the first

branch;

a first line connecting the first valve to a first part

of the machine;

the first valve being adapted to open and close a

connection between the first branch and the first line;

a second branch connected to the flow line;

a second valve connected to the flow line by the second
branch and to the first line; and

4 return line connected to the second valve, the second

valve being adapted to open and close a connection between

the second branch and the first line and being adapted to

open and close a connection between the second branch and

the return line,
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wherein the first wvalve is controllable such that, in a

non-operating mode of the machine, the first valve 1s set

to close the connection between the first branch and the

first line and, 1n an operating mode, the first valve 1is

set to open the connection between the first branch and the

first line and a speed of the machine is adjusted by

adjusting a speed of the pump.

11. The operating system as set forth in claim 10, whereiln

a lowest operating speed of the pump causes a first flow
rate and the second branch includes a flow control wvalve

adapted to control flow in the second branch to be at least

equal to the first flow rate.

12. The operating system as set forth in claim 11, whereiln
the first and second valves are controllable such that, in
a second operating mode, the first valve is set to open the
connection between the first branch and the first line and

the second valve is set to open the connection between the

second branch and the first line.

13. The operating system as set forth in claim 10, whereiln

the first and second valves are controllable such that, 1in

a second operating mode, the first valve 1is set to open the

connection between the first branch and the first line and
the second valve is set to open the connection between the

second branch and the first line.
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