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(54) Self-pumping self-levelling hydro-pneumatic strut

(57) Asimple, reliable and rugged height level control mechanism of a self-pumping hydro-pneumatic spring
strut is of such a form that on reaching the predetermined height a delayed flow back to the low pressure.
chamber is achieved. For this purpose, between the height control orifice 25 of the pump rod 19 and a suction
valve installation 22 at the end of the pump rod there is inserted a sleeve 26 which provides a passage 27 and a
throttle opening 28 which allows the fluid to flow in a delayed manner from the high pressure working chamber 16
through the control orifice 25 of the pump rod 19 to its bore and thence back to the low pressure chamber 10.

In operation, with the strut contracted below the mean height {and the control orifice 25 therefore covered by the
piston), oscillations cause liquid to be pumped from low pressure chamber 10, through the bore in the pump rod
19, through suction valve 22 into the pump chamber 21, and thence via delivery valve 23 into the high pressure
chamber 16 to extend the strut until height control orifice 25 is uncovered. Flow back to the low pressure chamber
10 then takes place in the throttled manner referred to above. Because the throttle opening is adjacent the suction
valve 22, it is flushed each time the valve opens.

LN
&

FIG.2 e
%§? %
Al _H_3
N
A A 27
Al
77
A
AN 2
270 T
Al
éé _16
d éé 1—19

V ¢CP G€L ¢ 99



2135422

=
\ )

SO NN N NN AN N /.4/////4////

/

1/3

FIG.1

N

11

7 AoV S SO 1tk B 2 N o ] st B sl 2

\ N N N N N N N N N N e N

0 2 - p 2o ot

TR NN N N N N N N N N A N

7
7 % ¢ g
AT A AN ///-Mf NN N O W A N . . L L
\.\ln\\\\\ \\\N\\\\\\\\\

..u..“‘..”_‘....n..u 1 7 . T .
AN N YA VAN Y ANA VAR ALY AVANER YA VAN (VA LY AN LAY A AN

R

-t Qo

YV (Ll L4

e
A A RA NS R ARAR SRR

L I T S ST

13-
15

9
1
12—
5
21
3



2135422

2/3

\

L

(= p
—

S NN SN ASWISAAND SSSNNNSSSNSNN

SUOSUS SN NN S

LA MARN SN

DSOS,

Y A S S A T S = —— S o

va v s pnt vy &

AN

AN

\\\\\\\ 4

SRR RS

AN

a (800w v v LI T T T LTI T IT L XL T LT T T T TEITY S, A
e

\\\\\\\\\\\\\\

T

VAN SOV LT B S ST ST S L S ST S ST ST ST A S S S S . |

AN NN ANANANNN AN SNNT

AN
7,

)

AR MLMLAAMARM A AARAA LA R A AR A R AL LAY

AN MO NNAISNNN

FIG.2




2135422

3/3

FIG.3




GB 2 135 422 A 1

10

15

20

25

30

35

40

45

50

55

60

SPECIFICATION
Self-pumping self-levelling hydro-pneumatic
strut

65

The invention relates to a self-pumping self-
levelling hydro-pneumatic strut for motor vehicles,
comprising a fluid-filled working cylinder and a
force-transmitting piston sliding in the cylinder on
the end of a hollow piston rod, the interior of the
piston rod serving as a pump cylinder for a pump
rod secured to the working cylinder, the working
piston dividing the working cylinder into two
working chambers, a control orifice being
uncovered in a predetermined working position to
connect that working chamber under high
pressure to a low pressure chamber, and a bore of
the pump rod being provided at the end of the
pump rod with a suction valve.

In some such known self-levelling struts (e.g.
DE—PS 16 30 107), in a corresponding position
of the working piston after uncovering of the
control orifice by displacement of the piston rod,
the fluid from the high pressure chamber can flow
through the control orifice directly to the low
pressure chamber. This has an unfavourable effect
in that, after the control orifice has been
uncovered for only a brief moment the pressure in
the high pressure chamber falls in a very short
time. Such short-period control arises for example
after travel in a curved path at high speed or
during sharp braking, which causes the rear end of
the vehicle to rise. This unwanted change in the
levelling gives rise to adverse effects on the ride
characteristics of the vehicle.

Furthermore, self-levelling struts are known
(e.g. DE—OS 30 20 050} in which a number of
control orifices are employed, co-operating with a
conical piston rod. In order to obtain an
appropriate delay in the correction time, it is not
possible to design these control orifices to be as
small in diameter as is desired, since below a
predetermined diameter there is the danger that
impurities in the fluid become lodged in the
control orifice and have a corresponding adverse
effect on the levelling characteristics.

From this starting point it is the aim of the
invention to provide a simple, reliabie and rugged
self-levelling device in which response time is
extended so that even upon travel in a curved path
and/or severe braking of the vehicle, unwanted
changes in the vehicle height are avoided.

This problem is solved according to the
invention in that a throttle member is mounted in
the pump rod to connect the control orifice to the
bore of the pump rod through a connecting
passage and at least one throttle opening.

It is advantageous here that the throttle
member provides a by-pass for the fluid emerging
from the control orifice to the pump rod. The
throttle member which causes the delay presents
the fluid flowing directly from the high pressure
chamber into the low pressure chamber so that
the control orifice no longer acts as a throttle
opening but on the contrary various forms of
throttle can be employed as a time delay. in this
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way it is possible for the control orifice to be
increased in diameter and for the danger of
blockage by impurities in the oil to be reduced. On
the one hand the control orifice is made less
delicate, and instead a rugged component is
provided for rough driving, and on the other hand
a time delay in the levelling response has been
achieved.

In a preferred embodiment, the or each throttle
opening co-operates with the suction valve.

The or each throttle opening may be provided
at the end portion of the throttle member and the
remainder of the end portion of the throttle
member may serve as a stop surface for the valve
member of the suction valve. In this way the
drawbacks of blockage of the orifice are
eliminated since during a subsequent operation of
the suction valve the member lifts away from the
throttle member and the pump rod so that the
fluid which flows past can wash away the
potentially blocking particles. This feature results
in a self-cleaning action, in which the blockage
can only be of brief duration.

it is also possible with advantage for the or
each throttle opening to be in the form of a
wedge-shaped recess. Such a recess can be
manufactured without difficulty by chipless
forming.

In a preferred embodiment, the suction valve
has a flexible pre-stressed valve member which
abuts against the end portion of the pump rod and
forms the or each throttle opening in conjunction
with the end portion of the throttle member that is
spaced from it.

In this embodiment a delay dependent on load
or pressure is achieved by the provision of a
throttle member of which the end portion is a
predetermined measured distance below the
working surface of the suction valve. As a
consequence of different yielding of the resilient
valve member at different pressures, a variable
and pressure-dependent throttling cross-section is
formed.

Furthermore, delays in the response can be
achieved by arranging that the connecting
passage is itself in the form of a throttle and has a
corresponding throttling cross-section over at
least part of its length. The required throttling
cross-section is achieved by incorporation of an
appropriate annular gap, to contribute connecting
passage, between the inside diameter of the pump
rod and the outside diameter of the sleeve.

In a further preferred embodiment the
connecting passage forms a throttle opening and
is in the form of a helix, extending over either
surface of the sleeve or the inside surface of the
pump rod. In this case the length and the cross-
section of the passage determine the throttling
cross-section, and hence the appropriate delay in
the flow of fluid.

A preferred embodiment of the invention will
now be described, by way of example only, with
reference to the accompanying drawings, in
which:—

Figure 1 is a section through a self-pump
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hydro-pneumatic spring strut with self-levelling; member 30 of suction valve 22. When the piston
Figure 2 is a section through a portion of the rod 3 is dispiaced in an outward direction far
piston rod together with the working cylinder and enough for it to take up the position shown in
the pump rod of the strut shown in Figure 1; and * Figure 2, the control orifice 25 is uncovered and
5 Figure 3 is a section through a throttle member 70 the levelling function takes place, in that fluid
and the suction valve shown in Figures 1 and 2, to flows from the working cylinder 1, exposed to high
a larger scale. pressure, through the control orifice 25, a
The spring strut for motor vehicles illustrated in connecting passage 27, a throttle opening 28
Figure 1 comprises substantially a working {best shown in Figure 3) and the interior of the
10 cylinder 1 in which a piston 2 slides, mountedon /9 pump rod 19 to reach the low pressure chamber
the end of a piston rod 3. The working cylinder 1 is 10.
closed at the one end by a base cape 4 and at the The throttle opening 8 is provided at the end
other end by a cover 5, through which the piston portion of sleeve 26 and, like the end face opening
rod 3 extends through a seal. of the interior of the pump rod, is closed off by
16 The base cap 4 is secured to the vehicle 80 valve member 30 of the suction valve 22. In the
structure by an attachment pin 6 and the piston event of blockage of the opening 28 then on the
rod 3 is attached to the axle of the vehicle in a next suction stroke of the piston rod 3 the suction )
manner not shown by means of an attachment valve opens and accordingly the cross-section for
eye 7. The working cylinder 1 is surrounded by an flow is increased substantially and in this way any -
20 annular compensating chamber filled partially with 85 possible blockage of the opening is flushed clear. R
hydraulic fluid and partially with gas, this chamber Figure 3 shows an embodiment of a load- -
being divided by a partition 8 into a high pressure dependent or pressure-dependent throttle opening
chamber 9 and a low pressure chamber 10. A high 28, with the pump rod 19 provided at its end face
pressure gas cushion or bag 9 is separated from a with the suction valve, 22 and the sleeve 26
25 fluid space 11 by a diaphragm 12. In the low 90 spaced away from the end face of the pump rod
pressure chamber 10 the fluid and a low pressure 19 by the distance X. The face of the pump rod 19
gas cushion 13 are not kept separate from one serves as a stop surface for the valve member 30
another. The fluid level is indicated at 14. In the of the suction valve 22 and forms, together with
fully adjusted down, i.e. not pumped-up condition the end face of the sleeve 26, a throttle opening
30 the same pressure prevails in the low pressure 95 28 by which the fluid passing through the
chamber 10 as in the high pressure chamber 11, connecting passage 27 is controlled, variable
. according to the pressure relationships. The valve
The inner working chamber 16 in the end member 30 is constructed in such a way that by
between the working piston 2 and the base cap 4 flexing corresponding to the pressure acting upon
35 isin communication with the oil space 11 ofthe 100 it, it varies the throttling cross-section of opening
high working pressure chamber 9 through the 28 to allow a corresponding amount of flow.
passage 17. The working chamber 18 arranged in
that end which is between the working piston 2 CLAIMS
and the cover 5 co-operates through valves in the 1. A self-pumping self-levelling hydro-
40 working piston 2 with the working chamber 16 in pneumatic strut for motor vehicles, comprising a
the end of the working cylinder 1. 105  fiuid-filled working cylinder and a force-
Secured by a resilient mounting 20 to the base transmitting piston slidable in the cylinder on the
cap 4 is a pump rod 19 which, together with a end of a hollow piston rod, the interior of the iy
pump cylinder 21 formed by a control tube 32 piston rod serving as a pump cylinder of a pump .
45 presentin the hollow space of the piston rod 3, rod secured to the working cylinder, the working y
constitutes an oil pump. The movements of the 110 piston dividing the cylinder into two working -
vehicle axle and of the piston rod 3 attached to it, chambers and a control orifice being uncovered in 7
resulting from an uneven road surface, actuate a predetermined working position to connect the
this pump which continuously pumps fluid, working chamber under high pressure to a low
50 controlled by the suction valve 22, from the low pressure chamber, and a bore of the pump rod
pressure chamber 10 through the delivery valve 115 being provided at the end of the pump rod with a
23, through the passage 24 and into the working suction valve, in which a throttle member is
cylinder 1. In this way the working piston 2, the arranged in the bore of the pump rod to connect
piston rod 3 and the control tube 32 are displaced the control orifice to the bore of the pump rod (19)
55 outwards to a distance until one or more control through a connecting passage and at least one
orifices 25 in the pump rod 19 are uncovered to 120 throttle opening.
open a connection between the working cylinder 2. A strut according to claim 1 in which the or
1, exposed to a high pressure, and the low each throttle opening co-operates with the suction
pressure chamber 10. This effects the height- valve.
60 levelling function. 3. A strut according to claim 1 or claini 2, in
In Figure 2 there is shown a portion of the 125 which the or each throttle opening is provided at
pump rod 19, the piston 2 and the piston rod 3 to the end portion of the throttle member and the
a larger scale. The pump rod 19 has in its interior a remainder of the end portion of the throttle
throttle member in the form of sleeve 26, the end member serves as a stop surface for a valve
65 face of the rod 19 being engaged by a valve member of the suction valve.
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4. A strut according to claim 3 in which a 15
wedge-shaped recess is provided as a throttle
opening.

5. A strut according to claim 1 or claim 2 in
which the suction valve t#s a flexible pre-stressed
valve member which abuts against the end portior 20
of the pump rod and defines the or each throttle
opening in conjunction with the end portion of the
throttle member, which is spaced from it.

6. A strut according to claim 1 in which the
connecting passage forms a throttle opening and 25
has a corresponding throttling cross-section over
at least part of its length.

7. A strut according to claim 6 in which the

required throttling cross-section is achieved by
incorporation of an appropriate annular gap, to
constitute to the connecting passage, between the
inside diameter of the pump rod and the outside
diameter of the sleeve.

8. A strut according to claim 1 in which the
connecting passage forms a throttle opening and
is of helical shape and arranged to extend over the
outer surface of the sleeve or the inner surface of
the pump rod.

9. A self-pumping self-levelling hydro-
pneumatic strut substantially as described with
reference to the accompanying drawings.
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