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(30) that allows fluid to bypass the piston (26) when the piston moves outward, a sec-
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Description

Self-Blocking Gas Spring With Temperature-
Responsive Bypass Valve

Background of the Invention

Gas springs are widely used to counterbalance
the engine compartment hoods, trunk lids, rear windows,
and tailgates of passenger cars, station wagons, and
vans to facilitate opening them and to hold them open
at or near a fully open position. It is well known
that the force outputs of gas springs vary with the
temperature of the gas (Boyle's law); at low
femperatures the gas spring produces a force that is
significantly less than the force produced at high
temperatures. It is necessary, therefore, to design
the gas spring so that it produces a sufficient force
to hold the hood, trunk 1id or the like (hereinafter
referred to as the "load") open at a suitably selected
low temperature, for example, -30°C. (Conventionally,
the gas spring is designed to produce a force of about
one to five pounds over the load at the hold-open
position of the load at, say, -30°C.) At high
temperatures, the increase in the force output at the

hold-open position may be as much as, say, 50 pounds,

which means that the force required to move the load
from the hold-open position toward closed ("handle
load") is 50 pounds. A handle load of that magnitude
is obviously undesirable.

Summary of The Invention

An object of the present invention is to provide
a gas spring in which the difference between the handle
loads at low and high ambient temperatures is
significantly reduced, as compared to previously known
gas springs. The present inQention is an improvement
in a gas spring of the type having a spring-biassed
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check valve that closes a bypass across the gas spring
piston against fluid flow from the closed end
compartment to the rod end compartment. In a gas
spring of this type, the force of the gas spring oppos-
ing closing of the load is the total of the force due
to gas pressure acting on the piston rod (the normal
gas spring force) and a force required to cause the
spring-biassed valve to open.

There is provided, in accordance with the
present invention, a gas spring having a cylinder
member defining a chamber, a closure at one end of the
cylinder, a piston rod received in sealed relation to
the cylinder member at the other end of the cylinder

member and movable toward and away from the closure,

and a piston affixed to the piston rod within the
chamber and separating the chamber into an inward
compartment adjacent said one end of the cylinder and
an outward compartment adjacent said other end of the
cylinder. The volumes of the compartments vary in
accordance with the position of the piston. The
chamber contains a liquid and a gas under a pressure
higher than atmospheric pressure. A first bypass
allows the liquid and gas to flow from the outward
compartment to the inward compartment when the piston
and rod move in the direction of the outward
compartment in response to forces imposed on the rod in
the outward direction. A one-way valve closes the
first bypass to prevent flow of gas and liquid
therethrough from the inward compartment to the outward
compartment. A second bypass permits the gas and
liquid to flow from the inward compartment to the
outward compartment upon movement of the rod member
toward the inward compartment, and a spring-biassed
one-way valve associated with the second bypass
prevents flow therethrough in the absence of a
predetermined pressure difference between the fluids in

the inward and outward compartments.
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The present invention is characterized in that
there are a third bypass for permitting liquid and gas
to flow from the inward compartment to the outward
compartment and a temperature-responsive valve
associated with the third bypass for closing it when
the temperature of the gas spring is less than a
predetermined temperature and opening it when the
temperature of the gas spring is greater than a pre-
determined temperature; Preferably, the temperature-
responsive valve comprises a port in the third bypass
that opens to the closed-end or inward compartment of
the gas spring and a bimetal port-closure element that
closes the port at a selected temperature.

In one embodiment the third bypass extends
through a portion of the piston rod adjacent the
piston, the port orifice is within a cup-like valve
support attached to the piston rod, and the bimetallic
element is a disk mounted on a flange portion of the
support. The third bypass includes at least one
opening in the support in a portion of the support
between the disk and the port.

In another embodiment a valve body is joined to
the side of the piston facing the inward compartment,
the third bypass includes a passage through the piston
and the valve body that opens at a port in a face of
the valve body, and the temperature-responsive valve
means includes a bimetallic element in the form of an
elongated band secured at one end to the valve body at
a location remote from the port and having a seal
element at its other end positioned to seat in sealing
relation against a surface of the valve body adjacent
the port. The surface of the valve body against which
the seal element seats is oriented obliquely to the
axis of the cylinder member and is located proximate to
one side of the cylinder member, and the bimetallic
element extends substantially diametrically of the
cylinder member obliquely to the axis of the cylinder
member. The third bypass includes a one-way valve

PCT/US90/05064
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arranged to prevent fluid flow from the outward
compartment to the inward compartment. The second
bypass includes a passage through the piston and the
valve body opening at a port in a wall of the valve
body in the inward compartment, and the spring-biassed
one-way valve is received within a portion of the
passage within the valve body.

When the gas spring holds the load open at a
temperature below that at which the temperature-
responsive valve opens, the force of the gas spring is
the total of the normal gas spring force and the force
required to cause the spring-biassed one-way valve to
open. When the temperature-~ responsive valve opens (at

a predetermined temperature based on its design), the

third bypass allows liquid and gas to flow relatively
freely from the inward compartment to the outward
compartment. The force of the gas spring is the force
due to gas pressure alone (the normal gas spring

force); the spring-biassed check valve is circumvented.

For a better understanding of the invention,
reference may be made to the following description of
exemplary embodiments, taken in conjunction with the
accompanying drawings.

Description of the Drawings

Fig. 1 is an axial cross-sectional view of one
embodiment;

Figs. 2 and 3 are axial cross-sectional views of
the piston portion of the embodiment of Fig. 1 showing
the check-valve bypass mode and temperature-responsive
bypass mode, respectively; and

Figs. 4 and 5 are axial cross-sectional views of
the piston portion of a second embodiment in the check-
valve bypass mode and the temperature-responsive bypass
mode, respectively.

PCT/US90/05064
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Description of the Embodiments

The gas spring 10 of Figs. 1 to 3 comprises a
circular-cylindrical tube (cylinder) 12 that is closed
at one end by a cap 16. A piston rod 18 extends into
the cylinder 12 through a seal assembly 20 in the rod
end 21 of the cylinder. Fittings 22 and 24 are
fastened to the cap 16 and piston rod 18, respectively,
for connecting the gas spring to the vehicle body and
the load (hood, trunk 1id and the like).

A piston 26 is fastened to the end of the piston
rod within the cylinder 12 and divides the chamber
within the cylinder into two compartments, the volumes
of which vary according to the position of the piston.
There is an inward compartment IC between the piston
and the cap 16 and an outward compartment OC between
the piston and the seal assembly 20.

The peripheral surface of the piston 26 is in
clearance with the inner wall of the cylinder 12. A
ring groove 28 receives an elastomeric piston ring 30
that rides in sealing engagement with the wall of the
cylinder 12. The ring 30 can move axially in the ring
groove 28, assuming the position, shown in the
drawings, in engagement with the lower shoulder or land
28a of the groove when the rod is pushed in toward the
inward compartment IC and moving into engagement with
the upper shoulder or land 28b when the rod is pulled
out toward the outward compartment OC. Movement of the
ring 30 relative to the groove 28 is caused by friction
forces between the ring and the cylinder wall.

Most of the free volume of the cylinder chamber
contains air or nitrogen at a pressure of from about
300 to 4500 psi. The remainder contains a liquid, such
as hydraulic brake fluid. Several holes 32 transect
the piston and open into the ring groove 28. When the
piston moves outward to reduce the volume of the
outward compartment OC, the liquid and gas in the
chamber bypass the piston and flow from the outward
compartment to the inward compartment through a first
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bypass consisting of the annular clearance between the
lower flange 26a and the cylinder wall, the then open
space between the shoulder 28a and the piston ring 30,
and the holes 32 in the piston upper flange 26b.

The gas spring has a spring-loaded one-way check
valve 33, which consists of an elastomeric sealing ring
34, a metal back-up washer 36 and a biasing compression
spring 38 located on the piston rod 18, on the outward
side of the piston. The sealing ring 34 closes the
holes 32 in the outward flange 26a of the piston and
prevents the liquid and gas in the cylinder chamber
from bypassing the piston through the holes 32 in the
outward flange 26a when the piston is pushed inward by

‘a force that is less than the total of the force due to

the pressure of the gas in the chamber and the force
required to unseat the check valve from the holes 32.
The unseating force is a function of the force of the
spring 38, the total area of the holes 32 and the
pressure difference across the sealing ring 34.

As described to this point, the gas spring 10 is
well-known in the prior art. When the rod 18 is
extended to hold the load open, the liquid covers the
piston - the gas spring is designed to be used with the
rod end down in the extended, load-holding condition.
(The liquid provides a good seal at rings 30 and 34,
whereas gas can leak and allow the load to slowly
fall.) After the user 1lifts the load, assisted by the
gas spring force, and releases the load, the load will
fall a short distance, and the rod will move into the
cylinder far enough to move the piston 26 relative to
the piston ring 30 (which remains stationary due to
friction with the cylinder wall) and seat the ring 30
on the lower land 28a of the ring groove, thereby
closing the first bypass; the piston ring constitutes,
in this respect, a one-way valve for the first bypass.
At this point, a second bypass across the piston, which
includes the holes 32, is closed by the spring-biassed
valve 33. The load will continue to fall until the rod
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and piston move far enough into the cylinder to produce
a pressure increase in the inward compartment IC and a
pressure drop in the outward compartment OC such that
the pressure differential across the piston applies an

5 outward force on the piston and rod equal to the
difference between the load and the gas spring force,
at which point the load is fully counter-balanced by
the gas spring.

The spring-biased valve 33 is designed to remain

10 closed until the force applied to the rod, when the gas
temperature is at the selected low value (e.g., 30°C.),
slightly (e.g., 1 to 5 pounds) exceeds the load. At
the low design temperature, the excess is the handle
load required to move the load from the checked

15 position. At higher temperatures, the handle load
becomes greater, because the normal gas spring force
increases with increasing temperature. The force
increment added by the spring-biassed bypass valve
(hereinafter called "valve force") is essentially

20 constant at all temperatures.

When a sufficient handle load is applied to the
load to overcome the total force output of the gas
spring (normal gas spring force plus valve force), the
spring- biassed valve opens and allows the liquid and

25 gas to flow through the bypass holes 32, as shown in
Fig. 2. To prevent the handle load from becoming
undesirably large when the gas spring is hot (which can
result from a high ambient temperature, heating by the
sun or engine heat), the invention provides for

30 circumventing the valve force when the gas spring is
heated to a temperature above a selected value.

A hole 40 is drilled axially in the inward end
portion of the piston rod to a point on the outward
side of the piston 36, and one or more radial holes 42

35 are drilled to intersect the axial hole. These holes
(40, 42) provide a third bypass between the inward
chamber IC and the outward chamber OC that is
functionally in parallel with the second bypass
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controlled by the check valve 33. A temperature-
responsive valve 44 is installed in the third bypass.
It comprises a cup-like support 46, a mounting tube 48
received and secured in the hole 40 and having a
passage 50 that terminates at a port 52, a sealing
gasket 54, and a bimetallic disk 56 that is held in
place by a split ring 58 on the flange portion 46a of
the support 46. One or more holes 60 in the base of
the support 46 communicate the part of the support
within the disk to the inward compartment IC of the gas
spring chamber.

When the temperature of the bimetallic disk is
relatively low, it assumes a flat or slightly dished
shape (Fig. 2) such that it is biased resiliently into
engagement with the gasket 54, thus closing the port 52
and preventing liquid and gas from flowing through the
third bypass (passages 50, 40, 42). When it is heated
to a temperature above a selected value, it inverts to
the oppositely dished shape shown in Fig. 3, which
opens the port 52 and allows liquid in the inward
chamber to flow into the outward chamber along the
bypass path shown by the arrows. In the open condition
of the temperature-responsive valve 44, only the gas
spring force resists movement of the piston rod in the
inward direction. Accordingly,, the bimetallic disk 56
is designed to invert and open the port when the
temperature of the gas spring is sufficiently high so
that the gas spring force exceeds the load, thus
retaining the blocking function at a moderate
temperature at and near the temperature when the valve
pops open. Elimination of the valve force, however,
reduces the handle load that the user has to exert to
move the load toward closed when the gas spring is hot.
Typically, the temperature-responsive valve will be
designed to open at roughly 0°C.

As is known per se, a portion 14 (Fig. 1) of the
cylinder adjacent the cap may be of a larger diameter
than the 0.D. of the piston ring 30 to allow bypass of

PCT/US90/05064
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liquid and gas by circumventing the second bypass at
low temperatures, thereby eliminating the valve force
near closing of the load. At higher temperatures, the
temperature-responsive valve circumvents the second
bypass and eliminates the valve force over the entire
stroke of the piston, so an enlarged section of the
cylinder is unnecessary. Indeed, the present invention
eliminates the need for force release near closure in
many cases when it might otherwise be called for.

The embodiment of Figs. 4 and 5 is functionally
substantially identical to the embodiment of Figs. 1 to
3 but is constructed somewhat differently. A piston
assembly 100, which consists of a piston member 102 and

.a washer member 104, is received on the end of a piston

rod 106 and receives a sealing ring 108 in a ring
groove 110. The first bypass, which allows fluid to
flow from the outward compartment OC to the inward
compartment IC when the piston rod is moving out of the
cylinder member but is closed to flow in the other
direction by the sealing ring, is a labyrinthine groove
112 formed in the face of the piston member 102 that
opens into the base of the ring groove 110. When the
piston rod is moving out of the cylinder, the sealing
ring shifts upwardly in the ring groove and allows
fluid to enter the inlet end 114 of the groove 112.

The outlet end of the groove opens to a hole in the
washer member that leads to the inward compartment.
When the rod is moving into the cylinder, as shown in
Figs. 4 and 5, the sealing ring seats in the lower
shoulder of the ring groove and prevents fluid from
flowing through the first bypass. Bypasses based on
labyrinthine grooves are well-known per se and are
provided to control the velocity of the piston/rod when
it moves in the rod-out direction.

The second bypass, which incorporates a spring-
biassed one-way valve, is a passage 116 that extends.
through the piston assembly and through a valve body
118 that is attached to the piston assembly on the
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inward compartment side. The valve is a spring-loaded
ball check valve, consisting of a ball 120 and a spring
122, and is installed in the valve body 118. A tubular
port member 124 press-fitted into the passage 116

5 provides a seat for the spring and mechanically secures
the valve body to the piston assembly.

The temperature-responsive bypass comprises a
passage 126 through the piston assembly and the valve
body that opens at a port 128 in a surface 130 of the

10 valve body oriented obliquely to the axis of the
cylinder. A bimetallic element in the form of a strip
or band 132 is fastened, such as by screws 134, at one
end to the valve body and receives at its other end a
.seal element 136, which is pressed into a hole in the

15 band. The bimetallic band 132 extends substantially
diametrically and obliquely across the cylinder, this
arrangement allowing the band to be relatively long
and, therefore, to be designed to be highly accurate in
its temperature response. A tubular port member 138

20 received in the passage 126 retains a ball 140 of a
one-way check valve that prevents fluid from flowing
through the third bypass when the piston rod is moving
out of the cylinder. The port member is press-fitted
into holes in the piston and the valve body and

25 mechanically joins the valve member to the piston.

When the piston rod is moving out of the
cylinder against the force of a load, the ball valves
120 and 140 close the second and third bypasses, and
fluid flows past the piston from the outward to the

30 inward compartment only through the labyrinthine first
bypass 112, which is designed to throttle the fluid
flow and limit the speed of rod-out movement of the
rod. When the temperature of the bimetallic band 132
falls to a predetermined value built into it by design,

35 the seal element 136 is held against the surface 130 of
the valve body, as shown in Fig. 4, thereby forming a
face seal that prevents the fluids in the gas spring
from flowing through the third bypass from the inward
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to the outward compartment when the piston rod is moved
into the cylinder. 1In this state the force resisting
the movement of the rod into the cylinder is the total
of the force generated by the gas and the force
required to open the valve 120, 122, the latter force
supplementing the former at low temperatures to provide
a hold-open force. At temperatures above the design
value of the bimetallic band seal element 136 is
unseated from the surface 130, as shown in Fig. 5, the
band 132 inverting from its low temperature state and
thereby opening the third bypass (the passage 126) to
permit fluid to flow through it from the inward to the
outward compartment. Because the flow through the

third bypass is essentially unrestricted, the second

bypass becomes inoperative, and the force of the

spring-loaded valve 120, 122 does not impede inward
movement of the piston rod.
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Claims
1 1. A gas spring having a cylinder member defining a
2 chamber, a closure at one end of the cylinder
3 member, a piston rod received in sealed relation
4 to the cylinder member at the other end of the
5 cylinder member and movable toward and way from
6 the closure, a piston affixed to the piston rod
7 within the chamber and separating the chamber
8 into an inward compartment adjacent said one end
9 of the cylinder and an outward compartment
10 adjacent said other end of the cylinder, the
11 volumes of the compartments varying in
12 accordance with the position of the piston, a
13 mass of a liquid contained in part of the
14 chamber, a mass of gas under a pressure higher
15 than atmospheric pressure contained in the
16 remaining part of the chamber, means defining a
17 first bypass for allowing the liquid and gas to
18 flow from the outward compartment to the inward
19 compartment when the piston and rod move in the
20 direction of the outward compartment in response
21 to forces imposed on the rod in the outward
22 direction, a one-way valve for closing the first
23 bypass to prevent flow of gas and liquid
24 therethrough from the inward compartment to the
25 outward compartment, a second bypass for
26 permitting the gas and liquid to flow from the
27 inward compartment to the outward compartment
28 upon movement of the rod toward the inward
29 compartment, and a spring-biassed one-way valve
30 associated with the second bypass for preventing
31 flow therethrough in the absence of a predeter-
32 mined pressure difference between the liquid and
33 gas in the inward and outward compartments,
34 characterized in that there are a third bypass
35 for permitting liquid and gas to flow from the
36 inward compartment to the outward compartment
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37 and temperature-responsive valve means

38 associated with the third bypass for closing it
39 when the temperature of the gas spring is less
40 than a predetermined temperature and opening it
41 when the temperature of the gas spring is

42 greater than a predetermined temperature.

2. A gas spring according to claim 1 and further
characterized in that the third bypass opens at
a port into the inward compartment and the
temperature-responsive valve means includes a
bimetallic element associated with the port such
as to cover and uncover the port in response to

N oy O s Wy

the temperature of the bimetallic element.

3. A gas spring according to claim 2 and further
characterized in that the third bypass extends
through a portion of the piston rod adjacent the
piston and the port is at the end of the third
bypass.

g b W N

4. A gas spring according to claim 3 and further
characterized in that the port orifice is within
a cup-like valve support attached to the piston
rod, the bimetallic element is a disk mounted on
a flange portion of the support and the third
bypass includes at least one opening in the
support in a portion of the support between the
disk and the port.

0 N o 0O W N

5. A gas spring according to claim 1 and further
characterized in that a valve body is joined to
the face of the piston facing the inward
compartment, the third bypass includes a passage
through the piston and the valve body that opens
at a port in a face of the valve body, and the
temperature-responsive valve means includes a

0 N 6 W

bimetallic element in the form of an elongated
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9 band secured at one end to the valve body at a
10 location remote from the port and having a seal
11 element at its other end positioned to seat in
12 sealing relation against a surface of the valve
13 body adjacent the port.

6. A gas spring according to claim 5 and further
characterized in that the surface of the valve
body against which the seal element seats is
oriented obliquely to the axis of the cylinder
member and is located proximate to one side of
the cylinder member and the bimetallic element
extends substantially diametrically of the
cylinder member obliquely to the axis of the
cylinder member.

W 0 4 60 LT & W N P

7. A gas spring according to claim 5 and further
characterized in that third bypass includes a
one-way valve arranged to prevent fluid flow
from the outward compartment to the inward
compartment.

O & W NP

8. A gas spring according to claim 5 and further
characterized in that the second bypass includes
a passage through the piston and the valve body
opening at a port in a wall of the valve body in
the inward compartment and the spring-biassed
one way valve is received within a portion of
the passage within the valve body portion of the
support and the third bypass includes at least

W 0 9 00 U1 B W N B

one opening in the support in a portion of the
support between the disk and the port.

[0
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