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(54) Vehicle suspension gas spring

(57) A high pressure gas spring for vehicle suspension systems includes an integral gas damping system and an integral
counter spring to reduce spring residual force at suspension rebound. The gas spring includes an inverted piston feature
that reduces the overall length of the device. Additionally there are other innovative features incorporated in the gas
spring to improve performance, reduce cost and minimize weight. <Figure 1>
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“Vehicle Suspension Gas Spring”

introduction

This invention relales to & gas spring and in particular 3 gas spring for & motor

vehicle suspension system.

Background o the Invention

In heavy load carrying vehicles, the joad varation on the suspension -~ especially
the rear suspension ~ can be very significant - the laden being as much as three
times the unladen weight. This causes difficuities with the uniaden ride of the
vehiie, causing undesirabis ievels of whoie body vibration al the oeation of the

driver and passengers.

This invention describes a gas spring which srovides a solution 16 this Srobiem.

Swmnmary of the Invention

According 1o the invention, there is provided a vehicle suspension gas spring for
mounting bedween & vehicis chassis/body and & vehicle whes! suspension membsry,
including:

& eyiinder olosed at one end,

a pislon slidably mounted within s bors of the ovlinder,

a gastight seai between the piston and the cylinder bors,

& piston mad attached io the piston and projecting outwardly of the cylinder,

connecion means for attachment of the eylinder 1o one of the vehice

chassisbody and the vehicle suspension member and for altachment of the

piston rod o the other of the vehicle chassis/body and the suspension marmber,
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& gas working medium within the syfinder,

a first gas chamber within the ¢ sylinder oomprising & swept volume portion of tha

eylinder and a clearanne volume portion of the ¢ oylinder,

the first gas chamber commurdcating with an associated second gas chamber

via a stop valve, and

means for pressurising gas in the second gas chamber for pressurising gas in

the first gas chamber when this stop valve is open.

In one embodiment of the invention, the sscond gas chamber s part of an
accumiulator comprising @ housing, an interior of the housing divided by an
elastameric bladder into the second gas chamber and a hydraulic fluid chamber, the

hydrauiic fiuid chamber being connected © & saurce of pressurised hydraulic theig,

i another embodiment, the bladder and sssociated accumulator housing are such
thal when the second gas chamber is in communication with the first gas chamber
and the gas pressure within the first and second gas chambers i3 al g desirable
pressure corresponding to g required neutral ride height unladen pressure, the biadder

fills the accumuiator housing.

in ancther embodiment, the evlindsr is closed af one end by & oylinder head and at the
ather end by an end cap, the end cap having @ ceniral apsriure for reception and
stidable through passage of the piston rod which sealingly and slidable engsges a
sliding bearing mounted at the aperfure, a gas feed pipe mounted betwsen the
cylinder head and the second chamber in the accumiulator, the stop valve being

mounted in the gas feed pipe.

Brief Description of the Drawings

The invention will be more o early understeod by the following deecription of some
gmbodiments thereof, given by way of exampie only, with reference io the

scoompanying drawings, in which:
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Fig. 1 is a diagrammatic sectiona! slevational view of a vehicis suspension gas

spring according o the invention; and

Fig. 2 is a graph which shows typical s spring characteristics of the gas spring in

accardance with the invertion,

Detalled Description of the Preferred Embodiments

In Fig. 1, there is depicted an Bustration of one embadiment of a vehicle suspension
Qas spring 1 in accordance with the invention, Fig. 1is a diagrammatic sectional view
of the gas spring 1. The gas spring 1 comprises a8 cylinder 2 which is closed at both
snds by a aylinder head 3 at one end and an end cap 4 at the other end. Mounted
within @ bore of the cylinder 2 is a piston 5 which is free o alide within the eylinder 2
and forming & gas tight seal betwesn the cylinder 2 and the piston & The pision 8 is
attached {0 a piston rod 6 which may form part of the piston 5 or be atlached by
various means such as & threaded end of the piston rod 8 or @ bolted flange end or
any other means of secwring the piston rod & io the piston 5. The end cap 4 has a
suitable aperiure 7 o allow the piston rad 6 fo pass through. This aperturs 7 is fited
with suitable seals and a sfiding beaning or bearings {not shiown) io support and sesl

the piston rod 6.

Swept volume 8 s the volume s swept by the pisten § from the bofiom of s sircke
adincent o the end cap 4 and the other exireme of ite strake ndicated by the dofied
fine Q, indicating top dead centre for the piston 5, adiacert but spacad-apart from the
cytinder head 3. The free volume above the piston 5 at the extreme of | is stroke, that

is above the dotted ling &, is the clearance volume 10, A firal gas chamber within the

oytinder 2 s fonmied by the swept volume 8 and the clearance volume 10,

The clearance volume pertiors 10 of the first Qas chamber is connected by a pipe 11 or
any other suitable means (o 3 second gas chamber 12 contained within an associated
accumuiatar 13, The connection formed by the pipe 11 betweer the clearance
velume 10 and the second gas chamber 12 may be cut off by a stop vaive 14
mounted iy the pipe 11, The accumulator 13 so:‘z-sprises the second gas chamber 12

o

and & hydraubic fluid chamber 18 divided by an slastomeric bladder &
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When the gas spring 1 is chargad 1o a pressure required o have @ desired neutral ride
height in the laden condition a centain pressure A7 is required in the swept voiume 8
at the neutral point. When the vehicle is uniaden the required pressure at the neutral
ride height is g jower pressure B, To charge the oylinder 2 © the lower pressure 'R
i1 the unladen condition the valve 14 is ppened and gas is released from the first gas
chamber 8, 10 within the oyinder 2 into the second gas chamber 12 of the
accumutator 13 uniit the accurnulator 13 is filled capacly with gas, including the
velume of the second gas chamber 12 plus the volume of the hydraulic luid chamber
1% by sxpansion of the biadder 16, The volumess 8, 10, 12, and 15 are so designed
thet the resultant gas pressure is equal to the reguired unladen pressurs "B When

the system has setiled at pressiye “R’ the valve 14 is dosed.

When # is required o revert 1o the higher pressure "A” the vaive 14 is opened and
pressurised hydraulic fluid is admitied through a hydraulic Buid inlet 17 of the
accumutator 13 inte the hydraulic fluid chamber 18 and the bladder 18 is collapsed,
forcing the gas in the second gas chamber 12 back into the first gas chamber
{volumes 8 and 10}, The vaive 14 is closad and the Gas spRing 1 is now charged to

the reguired hicher pressure “A°
i R

Referring now to Fig. 2, the principie and operation of the invention is sxplained. The
curve 18 depicts the spring characteristic when the gas spring 1 is charged fo the high

pressure "A” that gives a suspension force to match the requirement of the suspension

ir the laden condition depivied by e point 18 on the graph in Fig. 2 corresponding o

the neuiral ride position depicted by poirt 20 on ihe curve. When the gas has heen
expeiled from the gas spring 1 the spring characteristic is depicted by curve 21 in
figure 2. The unladen weight 22 carresponds to the same neutral ride point 20 a3 in
the Jaden condition. I can be ssen from the graph that if the mechanisr of the
invention had not been used, the suspenaion would botiom out in rebound snd the

vehicle would have not eflective suspension.
the lerms “comprise” and ‘inciude’, and any varations thereo! reoulred for
grammatical reasons, are o be considered as mterchangesbls and accordsd the

widest possibis interpratation,

The invention is not imited fo the embodiments hereinbefure description which may
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CLAIMS

& vehicle suspension gas spring for mounting between & vehicle chassisibody

and g vehicle whee! suspension member, including:
s oylinder closed at ong end,
& piston slidably mourted within a borg of the cylinder,
& gastight seal betwesn the piston and the oyitnder bore,
siston rod atiached to the piston and prajecting cutwardly of the cylinder,
annector means for attachment of the oylinder o one of the vehicle
chassisfiody and the vehicle suspension member and for attachment of the
“izton rod o e other of the vehicle chassis/bady and the suspension member,

a gas working medium within the cylinder,

first gas chamber within the oylinder comprising a swept volume portien of the

b

cylfinder and a clearance volume portion of the eylinaer,

the first aas chamber communicating with an associaled second gas chamber
g Y &

via a stop valve, and

means for pressurising gas in the second gas chamber for pressuring gas in the

first gas chamber when the slop vaive 8 Qpen.

The vehicle suspension gas spring as claimesd in claim 1, wherein the second
gas chamber s part of an accumulaier comprising 8 housing, an interior of the
housing divided by an elastomsric hladder into the ssoond gas chamber and a
hydraufic fiuid chamber, the hydraulic fluid chamber being connected o a

source of pressured hydraulic fiuid,

The vehicle suspension gas spring as daimed in claim 2, wherein the bladder
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and associaled scoumulalor housing are such that when the sescond gas
chamber is in communication with the first gas chamber and the gas pressure
within the first gas chamber and the second gas chamber i al a desirable
pressure, coresponding 1o a required newtral ride height uniaden pressure, s

bladder §lls the accumuiator housing.

The vehide suspension gas spring as claimed in any preceding cliaim, wherein
the cyiinder is closed af one end by 3 cylinder head and at the other end by an
and cap, the end cap having a ceniral aperiure for reception and slidable
through passage of the piston rad which sealingly and sfidably engagss a sliding
bearing mounied &t the aperiure, a gas fead pipe mounied between the cylinder
head and the second chamber i the accumuiaior, the stop valve being

mounted in the gas feed pipe.
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