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(54) Control system for a hydraulic lift

(57) A control system for a hydraulic lift driven by a variable displacement pump comprises a blocking valve 20 which may

be opened at least for lowering movement of the hydrautic lift. A control device is provided for opening and closing the
blocking valve and for regulating the volumetric flow from a pump line P to an operating line A leading to the hydraulic lift,

and the flow from the hydraulic lift to a tank line T leading
pressure. The control device comprises a valve 10 with t

closes the blocking valve. The valve 10 regulates the volumetric flow to and from the hydraulic lift.
the control device the load registration line X ¢ is connected vi
position next to the initial position, and the third position is next to t

line o the pump.
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to atank. In addition, a load registration line X transmits the load
hree valve positions, and an actuator unit 30 which opens and

In the initial position of
ia the valve 10 to the tank, the middie position is a blocking
he blocking position and serves to connect the operating
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* 2210678

CONTROL SYSTEM FOR A HYDRAULIC LIFT
DRIVEN BY A VARIABLE DISPLACEMENT PUMP

The invention relates to a control system for a

hydraulic lift driven by a variable displacement pump.

In a type of control system customarily used in
applicaﬁions of this nature, control means are provided which
system in one of its control configurations controls a blocking
valve or blocking device disposed in the consuming device line
leading.to the power 1lift, in another of its control
configurations controls a hydraulic unit which switches the
variable displacement pump feeding the hydraulic system to
various operating states, in yet another of its control
configurations regulates (via variable opening areas) a pumped
flow between a pump line and the consuming device line leading to
the power 1lift, ané in still another of its control’
configurations regulates (via variable opening areas) a tank flow
between the consuming device line and a tank line leading to a

reservoir.

A control system of this customary type was neceésary
for a hydraulic system supplied by a constant pump because in
such hydraulic systems the constaﬁt pump is shut off when the
servo valve is in the neutral position, and the blocking device
must be closed in order to avoid substantial power losses. This
control system is also used for hydraulic systems which employ
variable displacement pumps in order to reduce power losses.
Such pumps are increasingly employed for this power conservation

reason.



’fhe constraint requi%i%g_ the combining of switching
functions and volumetric flow regulation functions by the servo
valve results in disadvantages, in as much as the dynamics and
accuracy of the control system are thereby limited. Inevitably
the response quality of the control suffers} because in the
connection to the consuming device (namely, in the consuming

device line leading to the power 1ift) a pressure increase from a

low value in the line can pe accomplished only gradually.

Object and Summary of the Invention

The underlying object of the invention is to provide an
improved control system for a hydraulic 1lift driven by a vériable
displacement pump (controlling pump), which system haé a simpler
structure and is easier to manufacture than the conventional
control systems and also provides improved response

characteristics for the hydraulic 1lift.

According to the invention a control device enables the
switching functions of the control system to be conducted
separately from the volumetric flow regulation functions. The
control system of the invention therefore opens the possibility
of reacting individually to various operating requirements
encountered in operating a hydraulic lift fed by a variable
displacement pump. If accuracy and speed of reaction are called
for by a given situation, the variable displacement pump is
6perated in a load-sensing mode, and the blocking device is held
open. In operating phases with less stringent requirements (e.qg.
those prevailing when a vehicle equipped with the hydraulic 1lift

under load is driven from one place to another), the variable
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- displacement pump can be switched to a stand-by mode by

connecting a load—registéring line to a tahk, and automatically
closing the blocking device to thereby secure the load. Bécause
the variable displacement pump is always set to the load pressure
before the blocking device is opened, even at a high load
pressure, it is unnecessary to pre-control the blocking device.
That is,. the engineering design of the blocking device may be
much less costly, and in addition various hydraulic control lines
and control elements present in a customary control system are no
longer needed. The combination of the load-sensing operation
with the actuation of a blocking device not burdened with a pre-
control arrangement provides reliable operation for controlled
hydraulic systems working with a high load. Because the control
pressure is low compared to the load pressure, a heavy load
always can be lowered directly from the "neutral"” position of the
servo valve. This also eliminates the possibility of a sudden
and rapid lowering of a heavy load upon startup, even if for some
reason (or by mistake) the servo valve is in its lowering

position.

With the present invention it is possible to carry out
volumetric flow regulation by the servo valve, and the switching
functions which bring about opening of the blocking valve (or
other blocking device), with the aid of a single control pressure
system or source. A part of the control range of the control
pressure is reserved for the switching function, and the control
area of the servo element of the blocking-valve-actuating piston
is greéter than the control area of the servo component of the

servo valve.

In one embodiment of the invention, the control pistons
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of the servo valve and the blocking-valve-actuating piston are in

mutual mechanical contact as long as the control pressure is
below the selected "switching pressure” value. The blocking
device is closed. The servo valve, by means of its épring and
that of the actuator unit, is in a position in which the load
registering line and the consuming device line to the hydraulic
1ift are connected to a tank. Thus, the load registering line is
substanfially depressurized, so that the variable displacement
pump is operating in stand-by mode. When the, control pressure is
increased to the "switching pressure" value, the control piston
of the servo valve and the actuating piston of the blocking
device move apart. If the control pressure is raised further, as
soon as it reaches the "neutral pressure” value it holds the
servo valve in a blocking position, against the force of the
spring of said valve. 1In the blocking position of the servo
valve, the servo valve blocks the connection between the load
registering line and the tank, so that the variable displacement
pump is put into the load-sensing mode, and the blocking device
remains open. To lower the hydraulic lift, the control pressure
is raised above a "neutral pressure" value, sO that the servo
valve is moved out of the blocking position and into the lowering
position, by its servo component, against the force of the its
spring. In the lowering position; the consuming device line (to
the hydraulic 1ift) is connected to the tank, and thus is
depressurized. To raise the hydraulic 1ift, the control pressure
is reduced below the "neutral pressure"”, so that the servo valve
is moved out of the blocking position and into the lifting
position, by the spring. In the lifting position, the consuming
device line to the hydraulic lift is connected to the pump line,

and is thereby pressurized. Because the servo element of the
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blocking valve actuating piston has a larger effective surface
than the servo cbmponent of the servo valve, the parameters of
the springs can be suitably chosen so that only a small part of

the control range of the control pressure is required for the

- switching functions. ‘A check valve is provided in the pump line,

which reliably prevents backflow of hydraulic fluid from the
consuming device line to the pump line when there is a heavy.

load.

Brief Description of the Drawing

The invention will be described in more detail below,
with the aid of exemplary embodiments and with reference to the
drawings, in which

Fig. 1 shows an embodiment of a control system
according to the invention; and

Fig. 2 shows a second embodiment of this system.

Detailed Description of Preferred Embodiments

The control system illustrated in Fig. 1 controls a
consuming device line Z leading to a hydraulic 1lift (not shown).
The control system comprises a 3/3-way servo valve 10 which has
connections to a pump line P connected to the output of a
variable displacement pump, a tank line T leading to a tank, and
an operating line A leading to the consuming device line Z via a

blocking device 20.

A load indicating or registering line Xjg is connected

to the operating line A. 1In the initial position of the servo
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valve 10, the line X1g is depressurized into the tank via the

control path A-T. As soon as a pressure buildup occurs in line
XLs: 2 registration signal is transmitted from said line to a
control block (not shown) for the variable displacement pump.

When the registration signal is present, i.é., when the load

registration pressure exceeds a certain threshold value, the variable
displacement pump is operated in the load sensing mode, and when a
registration signal does not exist, i.e. when the load registration
pressure is lower than the certain threshold value, the variable dis-

placement pump is operated in the stand-by mode.

The servo valve 10 is continuously urged into its

initial control position B by a spring 11, and can be moved into
its other control positions by application of control pressure to

a servo component 12 which operates against the spring force.

The blocking device 20 is disposed between the
operating line A and the consuming device line Z. It has a valve
element 21 which is pressed by a spring 22 against a valve seat
23, to block passage of fluid between the operating line A and

the consuming device line Z.

An actuator unit 30 serves to open the blocking device
20. It is comprised of an actuat;ng rod 31 which is continuously
urged into and held in a position distant from the valve element
21 by a spring 32. On the side of the actuator unit 30 opposite
to the side on which the spring 32 is disposed, a servo element
33 is provided. When element 33 is pressurized, the actuator
~unit can be moved against the force of the spring 32, thereby

moving the actuating rod 31 to unblock the blocking device 20.

Both of the servo components (12, 33) are connected to

a common control pressure line 35 and are subject to being acted
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on by the same control pressure, X3. The control surface of the
servo component 12 of the 3/3-way servo valve 10 is smaller than

that of the servo element 33 of the actuator unit 30. .

In its initial position B, the 3/3-way servo valve 10
opens the operating line A (which is cut off from the consuming
device line Z by the blocking device 20), thereby connecting the
load registering line Xpg to the tank line T; The load
registering line Xyg is depreséurized, and the control block of
the variable displacement pump does not receive a registration
signal. Therefore the variable displacement pump operates in a
stand-by mode. The initial position B of the 3/3-way servo valve
10 and the closed position of the blocking device 20 are
maintained by the springs 11 and 32, respectively, as long as the

control pressure line 35 is unpressurized.

As soon as a control pressure X is established in the
control line 35, the pressure is applied to the servo element 33
of the actuator unit 30 and the servo component 12 of the 3/3-
way servo valve 10. Because the control surface area of the
servo element 33 of the actuator unit 30 is greater than the
corresponding area of the servo component 12 of the 3/3-way servo
valve 10, the actuator unit 30 is first moved against the force

of the spring 32, whereby the blocking device 20 is opened.

The control pressure Xy increases further very rapidly
until it reaches a "neutral value", at which the 3/3-way servo
valve 10 is held in its blocking position C in consequence of the
action of the control pressure Xz on its servo component 12

against the force of spring 11. In order to prevent the 3/3-way
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servo valve 10 from remaining in its initial position B for too

long after the switching pressure level is exceeded at whicﬁ the
process of de-blocking the blocking device 20 is set into effect
(prior to said pressure X, reaching the "neutral"” level at which
jevel the valve 10 assumes its blocking position C), the increase
of the control pressure Xz to the "neutral"” level is carried out

at high speed.

After the control pressure Xj reaches the "neutral”
level, ghe 3/3-way servo valve 10 can be returned (by means of
spring 11) to its Zinitial position B by a reduction of the
control pressure X to a value below the "neutral" level (with
the lower limit of this reduction being given by the "switéhing
pressure” level). This position B is the lowering poéition when
the blocking device 20 is open. In this position valve 10 is
used for volumetric flow regulation of flow from the consuming
device line Z to the tank line T as a furiction of the control
pressure Xj.

When the control pressure X is increased to levels
above the "neutral value®, the 3/3-way servo valve 10 can be
moved (by means of the control pressure X2 acting on the servo
component 12 and overcoming the force of the spring 11) into its
operéting position D, the lifting position, in which position
valve 10 is used for volumetric flow requlation of flow from the
pump line P to the consuming device line Z2.

With this control device, a part of the control
pressure range is reserved for actuating the actuator unit which
opens the blocking device 30; at these reserved pressures the

3/3-way servo valve 10 does not have available a mode in which it

regulates volumetric flow. ' . A
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For example, if a total control pressure range of 0-20
bar is available for the control pressure X3, by appropriate
choice of the parameters of the springs 11 and 32 it ié possible
to fix the "switching pressure" value, at which the blocking
device 20 is unblocked, at 5 bar, and the "neutral value" at
which the 3/3-way servo valve 10 is held in its blocking position
Cc, at 12.5 bar, whereby a control pressure region of 7.5 bar,.
namely between 5 bar and 12.5 bar pressure, is available for
volumetric flow regulation in the lowering position B of the 3/3-
way servo valve 10; and a second control pressure region of 7.5
bar, namely between 12.5 bar and 20 bar pressure, is available
for volumetric flow regulation in the lifting position D of the

servo valve 10.

The embodiment of the control system illustrated in
Fig. 2 differs from that of Fig. 1 in that the control piston
(not shown) of the 3/3-way servo valve 10 and the control piston
(also not shown) of the actuator unit 30 are disposed on a common
sliding axis F, and a mechanical coupling member 40 is disposed
between the mutually facing ends of these control pistons, which
member 40 can be brought into engqging contact against the two
said piston ends. The end of the 3/3-way servo valve piston
which is directed away from the coupling member 40 is acted on by
the spring 11 and the end of the actuator unit piston which is
directed away from the coupling member 40 is acted on by the

spring 32.

In the initial position of the control system, the 3/3-

way servo valve 10 is in the lowering position B, as a result of
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the action of the spring 11 and that of spring 2 transmitted to

valve 10 by the mechanical coupling member 49; i.e., the spring
32 of the actuator unit 30 is also utilized to £ix the control
piston of the 3/3-way servo valve 10 in the lowering éosition B

of said valve 10.

The parameters of the two springs (11, 32) are chosen
such thét in the initial position of the control system, wherein
the control pressure X7 is at its minimal value, the initial
position B of the 3/3-way servo valve 10 is that in which the
oéerating line A is connected to the tank line =. 1If the control
pressure is now increased, first the control piston of the
actuator unit 30 is moved against the force of the spring 32,
causing the blocking device 20 to open. At the same time, the
force of spring 32, which was transmitted to the control piston
of the 3/3-way servo valve 10 via the coupling member 40 in the
initial position of the control system, is no longer active on
the 3/3-way valve 10, so that now the force of the spring 11 of
valve 10 prevails, causing the control piston oZ 3/3-way servo
valve 10 to move in the direction which establishes the blocking
position (middle position) C. The "neutral value" of the control
pressure is sufficient to counterbalance the force of the spring
11 of the servo valve 10 such that valve 10 assumes its blocking

position C wherein all connections to it are blccked off.

For volumetric flow regulation of hyd-aulic fluid flow
~to the hydraulic 1lift, the control pressure is slightly reduced
(but not as far as the "switching value" which Is the lower
threshold for opening the blécking device 20) sc as to establish

a connection between the operating line A and the pump line P.



- 11 -
for volumetric flow regulation of hydraulic fluid flow from the

hydraulic 1lift into the tank, which requires a connection between
the operating line A and the tank line T, the control pressure X1
is increased above the "neutral value”. If the control pressure
X1 is released suddenly, the 3/3-way servo valve 10 first slides
briefly into the fully open lifting position D, until it is
rapidly thereafter moved by the spring

32 of the actuator unit 30 back to the illustrated initial

position B.
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The control system disclosed is fo
driven by a variable displacement pump OT the like. The system
has a blocking valve which is openable at least for lowering
movement of the hydraulic lift. The blocking valve is operated
by a control device which also regulates the volumetric flow from
a pump line to an operating line leading to the hvdraulic 1ift,
and the flow from the hydraulic 1lift to a tank line leading to a
tank. In addition, a load registration line is provided which
transmits the load pressure for instrumentation and control
purposes. The control device has a servo valve with three
positions, and an actuator unit which opens and closes the
blocking valve. The servo valve {egulates the volumetric flow to
and from the hydraulic lift. The load registration line is
connected to the operating line, and in the initial position of
the control device the load registration line is connected, via
the servo valve, to the tank. The initial position of the servo
valve, wherein the operating line is connected to,the tank line,
is next to the middle position (blocking position) of said valve,
which in turn is next to a position of said valve in which the

operating line is connected to the pump: line.



o

. . - 12 -
It will be understood that volumetric flow regulation

occurs because the progressive movement of the servo valve spool
away from its middle or blocking position (C in both of the
illustrated embodiments) results in a progressive opening of the

flow passage through the servo valve.
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CLAIMS:

1. A control system for a hydraulic lift driven by a
variable displacement pump or the like, said system
comprising a blocking valve which may be opened at
least for lowering movement of the hydraulic 1lift,
control means for opening and closing the blocking
valve and for regulating the volumetric flow either
from a pump line to an operating line leading to the
hydraulic lift or from the hydraulic lift to a tank
line leading to tank, and a load registration line
which transmits the load pressure; said control means
including an actuator unit for opening and closing the
blocking valve, and a servo valve for regulating the
volumetric flow to and from the hydraulic 1lift and
having three valve positions such that in the initial
position of the control means the load registering
line is connected via the servo valve to the tank, the
middle position is a blocking position next to the
initial position of said servo valve, and a valve
position is also next to position and connects the
operating line to the pump line; said load registering

line being connected to the operating line.

2. A control system according to claim 1, wherein

the actuator unit and the servo valve are acted on by
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the same control pressure, and the actuator unit has a
larger control surface area upon which the control

pressure can act than does the servo valve.

3. A control system according to claim 1 or 2,
wherein the control piston of the servo valve and the
actuator unit are disposed on a common sliding axisj;
and wherein the mutually facing control piston ends of
the servo valve and the actuator unit, respectively,
can be connected by a mechanical non-positive coupling
member such that the connection is maintained by
external forces rather than by mechanical
interlocking, and the outwardly directed ends of said
control pistons are acted on by respective springs
which, as soon as the control pressure falls below a
prescribed limiting value, cause the servo valve to
move into its initial position, the mutually facing
ends of the control pistons having servo components
which can be acted on by the same control pressure,
with the control surface area of the servo component
of the servo valve being smaller than the control
surface area of the servo element of the actuator

unit.

4. A control system for a hydraulic lift driven by a

variable displacement pump or the like, said system
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comprising a blocking valve which may be opened ét
least for lowering movement of the hydraulic 1lift,
control means for opening and closing the blocking
valve and for regulating the volumetric flow either
5 from a pump line to an operating line leading to the
hydraulic lift or from the hydraulic 1lift to a tank
line leading to a tank, said control means comprising
an actuator unit for opening and closing the blocking
valve and a servo valve operable separately from the
10 actuatory unit for regulating the volumetric flow to

and from the hydraulic lift.

5. A control system for a hydraulic 1lift,
substantially as hereinbefore described with reference

to Figure 1 or 2 of the accompanying drawing.
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