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(54) A vehicle 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 2>
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“& Vehicle Spring”

lnfroduction
This invention refates to motor vehicle suspension systems, and in particular o a gas

apring therefor,

Background of the Invention

The use of gas springs in suspension sysiems for motor vehicles is well krown.
Mest sommaonly such springs use gither air or an inert gas such as nitrogen as the
compressible medium. Typically air springs comprise & beliows type construction o
contain the alr under pressure and are thersiors fimited by the strangih of the
bedlows to maximum pressures in the region of &10 bar {120/145 psi). Such levels
of air pressure require large diameler air bags 1o support the loads experienced in
automotive suspensions. This large diameter causes greal installation difficutiiss in
the case of independent suspension systems whare the suspension geometry fimits
the physical space required o accommodate the lerge diameter spfing. In addition,
the anguigtion of the suspension arms in moving from bump o rebound causes
difficulies for the air bag which dpes not have & significant anguiation capabiiity.
These difficultiss are much more pronounced in Mgh articutation, high foad heawy
duty independent suspension systems because of the higher angulation of the
suspension arms and the necsssarily larger airbag diameler required to carry the
foad. Additonally, pammﬁd*sy i double wishbone suspensions, the farger airbag
diameter frequently necessitates mounting the airbag further inboard on the
suspension arm thus imreming the whesl o spring force ratic and so nereasing
the spring force required Tor & given whee! load and so req quinng a larger spring

diameter.

in high pressure gas springs the diameter of the spring is greatly reduced but
prassures in excess of 300 bar are somelimes required to support the suspension
iwads. Commonly hydraulic damping is incorporaled inside such spring units and an
inert gas, typically nitrogen, i required to avaid the risk of sxplosion in the event of
teakage of ol inte the high pressure gas. This necessity to use an nert gas is an

inconvenience and an exira cost ofthe s SUSDBNSICT,
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A further difficully with gas springs, both high fressure mfrogen and low pressure
alr bags, is thal because of the polytrople nature of the compression curve the
spring retains @ positive force at full extension, corresponding to full rebaund of the
wheel. This is in contrast to 8 mechanical spring which has zere force at full
sxiension. Having a positive force at fdll extension is an undesirable feature for a
vehicle suspension as # resulls iIn greafer roll angles under latersl acceleration
since the unladen wheel has a residual force adding t© the roll lendency of the
vehicle., This increases the instability of the vehide under condifions of laleral

acceteralion such as severe comernng of obstacle avoidance,

The present invention sliminates these undesirable characteristics of a gas SPrung
suspension and conveys many cther advantages that will be described below in

greater detail,

Desgrintion of the Prior Art

Sas Springs Patert Teaching

The use of high pressure gas as a spring medium in suspension systems is wail
known. Typical gas pressures are in the region of 80 lo 180 bar at static ride rising
irt some cases 1o & level of more than 300 bar at suspension bump, Various lypical
syslems  are  described  in patents  US48GQ853, US20M0G  D11880BA

USR012019384941, US2Z0000260802A1, USBS40B35R2. A oo feature of aff
these suspension strufs is the use of a hydrawdic medium to provide the damping
foroes. At such pressures if a gas medium such as air is used there s o risk of
sponlanecus combustion if the gas and hydraulic fluids wers to mix. Herce an inen

gas such as Nitrogen ls commondy used in hese suspension strs.

The use of air as the suspension medium in gas springs is alse sommaoniy known
but in these cases the pressures are generally fimited fo about 8 bar msuiting in

diamelers up to 580mm for many applcations such as frucks buses and coaches

N

Somewhat smalier diameters can be used for automobile air springs

These types of alr spring generally use some form of flexible disphragm to contain
the compressed air. Such springs are variously described as baliows type,
convoluted bellows air springs. reversibie slesve alr springs, rolling diaphragm air

o\’b{i{ as &
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This form of structure limits the maximum usable pressurs {6 vaiues of the order of
80 bar. Generally such alr bag springs are used in conjunction with an externa
hysrautic damper. In seme automotive cases the hydraulic damper is incorporated

withis the afrspring.
internal Al Damping Fatent Teaching

The use of alr as the damping medium in low pressure membrane type alrsprings is
known in the arl. Frequently the damping mechanism s some fype of orifice
restricior positioned betwsen ssparate siv chambers in the springg assemblies.
Various versions of such sprngs are described in Leonard (U8 101440 070488413,
who describes twin flexible membrans air chambers with differing spring rates, one
of which is at least double the other and an inferconnecting damger restrictor in
addition to & separate c‘amp_er within the spring which may be hydraulic or air
Westnedge (US 8,840 222382, US 2012/008188741), tsaches a piston chamber
which is operalively connected fo & bellows chamber by means of an opening. The
area of the opening and the volumes of the two chambers are lunsd o optimise ths
damping of the alr spring. Specifically the ratio of the area of the opening to the
volumes of e chambers is between 1:80G:1200 ia about 1:14100:23500. The
opening area is from Q.038 o 0.13 square inches, the pision volume it between
180 and agbout 550 cubic inghes and the bellows chamber volume is between 305
and 818 cubic inches. Fulton {US 2018/0280033A1), refers to the above prior art
and states that it may polentially provide loss than optimal damping at frequencies
above about & Hz. Typically suspensions are reguired to damp vibrations of the
vehicle body al natural frequencies in the range 1 fo 2 Hz and wheel hop
fraquencies in the range of about 12 to 15 Mz, In Fulton the airspring air dampsr is
tuned to the body frequency of 1.8 Hz and a conventional hydraulic damper in
parailel is tuned to the wheel hop frequency of 13 Ha. According to Fullon the
sarher air damper described by Westnedge (US B8.540,22282), doss not provide
adequate damping at both frequencies. Pees (US4, 934,867) describes an air
dampest spring with jounce and rebound bumpers of 8 microceliular foam material,
Examination of the spring hysteresis curves ingicate that these bumpers provide a
very significant proportion, if not most, of the spring damper forces of the aie spring
damper assembly. The air spring claims a high pressure capability of 8 0 12.4 bar
sompared o a more normal 2 to 7 bar, Behmenburg teaches in 2 number of patents

{US 7,085,882 B2, US 2008/008378241; US 7,802 7768Y; US 2004/0201148 AT
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US 2003/0173723 A1) varicus air springs featiring two bellows type alr chambers
varicusly connented by means of orifices to achieve damping of the spring. In US
7,880 882 B2, which describes a damper arrangament suitabls for an air spring, he
teaches damper restrictors funed to frequencies of 1 to 1.5 He and 1o frequencies
fram 10 to 40 Hz 1o match the wheel hop and body frequencies respactively.
Likewise Gold (US 4,742,896, US 4,697,797, US 2004/0124571A1; US 8,782,679
B1} describes a varlety of pnsumatic spring da mping struts uiilising various
configurations of rolling bellows type air chambers with damping valves in the
pistons. Various different orifice configurations are described. Mowudik (US B 511 652
B2} feaches that increassd air pressure resulls in higher damping forces. He
achisves a higher bellows chamber pressure, increasing the inner chamber
pressure to 24 bar compared o 8 bar in the outer chamber, by havi ing one bellows
chamber inside ancther, Other palenis relevant o the ant are Pelz Air Damper
EP1484885A2 and Pelz Alr Damper EP1847380A1 which teach & pneumatic SPFIFKS
damper unit characterized i thata secondary space is sepamted from the

damper space by ¢ plate provided with throltie bores andior throftle vaives.
Air Damping Esternal Resenvair

itis wsll known in the art that it is possible to reduce the spring rate of a gas spring
thereby improving vehicle ride guality by Increasing the volums of pressusised gas
operatively associated with the gas spring. This may be achisved by having a
refatively large internal volume as in various patents already mentioned above of by
having an external reservair Suidly inlerconnected to the air i sgring beilows chamber
of chambers. There is rmuch prior ant with regard o air spring air damping
mechanisms in which an air spring second chamber or reserveir is positioned
remotely from the air spring beliows to which # is connected by 8 pipe. fraquently
with a damping orifice within sald pipe. Such remote reservoirs are not companly
used in automotive applications, because of spave claim demands and weight
penaity. However Delorenzis (US 8,138,061 BX) doss teachy an innovaiive externa
seservoir concept for aulomotive suspensions wherein the resenvelr is internal 1o an
axte of the suspension system. The reservolr is fluidly connecled o the arspring by
means of a fiow control device which permils flow fram the air reservair 1o the &

spring when the pressure differential across the device rsaches a pre-dstermined



07/02/2020

1

73§

L

<5

0

(911

a
N

%

Q

S
o

Howsver the use of an exiernal reservolr in an air suspension syslem is prirarily
used in the secondary suspension of railway car suspension systems and in the

vibration tsolation of precision apparaius.
Current leaching of the Art

The analysis of air damping mechanisms is extramely complex and there is not
unanimity among the communily invelved in studiss of the art as o the exact
periormance mechanisms involved. There is a schoo! which maintaing that the size
and nature of the restrictor {whether orifice type or pipe) has no infiuence on the
magnitude of the damping force but affects only the freguency response of the
damper- larger orifices having a higher frequency response than smaller arifices —
Fongue, Pelz, Huayan, Quaglia, Bachrach. These analyses claim to show that the
restrictor dimensions affect only the frequency at which maximum damping ocours
and thal the maximum loss factor depends onfy on the ratio of the auxifiary
chamber volurme to the spring chamber volume, large diamster in refation to spring

travel being considered an essential requirement for effective damping.

Another school of thought ~ Asami, Holtz, Lee, Toyofuku, Docguler, Saayyadi -
come o some different, opposing conclusions, finding that the configuration of the
restrictor, be # orffice or pips, has @ sigaificant influence not anly on the frequency
rosponse but zise on the magnifude of the damping force. Nonstheless these
pracifioners also agree that o large diamstsr stroke rafio is a pre regquistie for

effsctive damping.

Pelz states that “for natural frequencies to be damped which ars greater than w
equal to 1Mz the inner friction in the valve cannat affect the damping process at aff

S0 i is confusing rather than helpful for the understanding of the fiow processes o

'S

{8tk about laminar and turbulert flow i throtties as is ofien dune in the context of
prieumatic damping.” "The viscosify does not direclly affect the demping process.”
The Pelz/ Fongue theory is that at frequencies fower than the resonant frequeney
fhe precsure is the sanve in both chambers, piston movement bas no effect on the
orifice and syslem acts as a soft spring with no damping. At frequencies higher than
the resonant frequency the alr has no ime o achisve pressure balance batwesn
the chambers, the restriclor has no effect and the two volumes act with high

stiffness. Only in the range of the resonant frequency does damping occur and the
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orifice has no influence on the magnitude of the damping bt only on the frequency

response.

There is wide agresment that 2 large ratio of clearance/ireservoir volume to piston
chamber volume is @ requirgment for sffective damping forces, Huayan refers to

e\.«

ratio of §.1, Quaglia 301, Bachrach 3:1, &zami 4.3:1, Erin 5.7:1, Lee 1911, Docouler

2.258:1.

Nsither of these schools of thought in leaching of the current anl addresses the
theory of high pressure air spring air damping. There may be & number of reasons
for this. The physics of alr damping is extremely complex and present nt modelling
technigues and mathematical analyses use simpiified methods which corfine the
analysis to extremely small piston movements and incompressible flow theory.
Such analyses and models are adeguate to represent the behaviowr of low
pressure flexible membrans alr springs and as such have besn a salisfactory toot
for such studies. They do not accurately address the effects of large pision
movement in refation to spring chamber diameter, very high gas pressures, and
compressibility effects experienced in this invention. Large diameter airbag springs
have bean found to be very satisfactory i suspension systems on trucks, buses
gnd commercial vehicles wsing beam axies. Hence there has ot been, in the past,
& pressure fo deveiop alternatives. They do however present instaliation problems
on moderm high performance independent suspension systems, especially for

heavy vehicies, as wiil be further explained below.

Ancther possitie reason for not advancing the an taught in the present inverdion is
that current theory and experiment in alr spring technology has besn exiciusively
concentraled on lerge diameter flexible air bags of various kinds. & large air
chamber 1o pislon dismeter ratio has been reported as having influence in
increasing the damping force as has a large chamber to piston fravel ratio, thus

dismissing the concept of small ratic designs such as the present invention,

Yet snother perception found iy the current ant is that the anset of choked flow in a
damping device iimits the ensrgy dissipation capadity of the said restrictor. Mowever
this thinking neglects the facot that though choked How does imit the maximum
velocity iy the restricter | does not limit the mass flow, which can continue to

mereass if the upslream pressure on the restrictor s incressed. Sinos the energy
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digsipation i3 a funclion of the mass flow Increased mass flow under choked flow

condiions will resull it increased energy dissipation.

Furthermore the present art assumes air flow in the incomressible, laminar regime
and neglects the effects of shook waves and furbulent flow in creating increased

ensrgy dissipation resulting in higher damping forces,

YVarous other dampers and shock absorbers are described in the prior art. US
20067140475 discleses a hydraulic suspension damper with a pressure requiated
sontred vaive,  The damper includes a floating pision sfidably mounted within &
cylinder {o separate pressurised gas and hydrautic oif v the ovlinder, US 4,872,628
discloses a hydraufic damper, US 2001042663 discloses another ﬁf}aﬁng piston
type shiock absorber, GB 1502871 discioses a pnsumatic shook absorber, GR
781850 disdlossy a dynamic vibration damper and US 20104244340 and US

AG10/244340 relates to a vehicle damper system.

Sumimary of the Invention

Current awtometive suspension air springs are universally of the fexibls bellows
type wherein the pressurised alr containment chambers comprise floxibie walls
typically of a rubber fabric construction. Because of the structural iimifations of the
beliows, the maximum pressure is limited fo about 80 bar. Thus a relatively large
disrnster s required ~ comparsd, for example, o an eguivalent coil spring. This
feature becomss particidariy significant in commercial vehicls and bus suspensions.
With nonvindependent beam axle type suspensions the constraints imposed by a

large diameter are not as severs as with independent suspension types. Generally

‘&"

pindependent suspensions control srms are pivotally connected o the chassis and
are subjected to grealer angudar movement than & beam axle, Also, becauss of the
relative shoriness of the suspension control arms, ihere are grester space
constraints than with a non-independent suspension type & high presswre air
spring can ke of a much smaller diameter than either an aibag type o a

conventional ool spring of the same capacily.

In high performance off read vehicles — such as military transport and armoursd
vehicles ~ a large suspension travel capacily i rsqu%re{i. i independent

suspension systams for such vehicles the use of convertional large diameter ai
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springs is very difficult and in most cases impossibie. Because of the limited rave!
of the sl hag spring R is frequently necessary to mount the spring inboard on the
suspension arm thereby creating a force ratio betwesn the wheel force and the
required spring force. Thus a larger capacily and so larger diameter Spring is

requirer). A small diameler high pressure alr spring oversomes this problem.

Another advantage of & high pressure air spring compared o & beliows type air
spring is that a greater spring trave! is easily achisved without compromising the
stability or performance of the spring. A fourth advantage of the present invention is
a significant weight saving compared to an equivalent capacity coil spring. Weight is
& very imporiant parameter for commercial vehicles and for suspension

performance.,

Yet a further advantage of the present invention compared {0 conventional sir tag
springs is @ greater resistance to damags from siones et especialy in severe off

road applications.

The present invention comprises a high pressure air spring with an integrated
infernal air damping mechanism which overcomes many of the problems and
shoncomings of conventional low pressure gir bag eir springs and those of high
gressure hydro pneumatic gas springs. Other features, otjects and advantages of
the invention will be apparent fo those skifled in the arl from the foitowing
descriptions of preferred embodiments as will be more clearly understood by

delailed reference {o the appended drawings.

in one embodiment of the invention, there s provided a vehicie suspeansion gas
spring for mounting betweery & vehicle chassis and a vehizie wheel suspension

member, including:
a cylinder closed at ane end,

a piston assembly slidably mounted within the oylinder and sealingly
engaging with & borg of the oylinder © form a gastight seal betweean

the piston and the oylinder bore,
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a piston rod attached 1o the piston and profeciing cutwardly of the
cylinder, the piston rod passing through and being siidably mounted

in an end cover of the ovlinder,

sormector maans for atlachment of the cylinder (o one of the vehicle
chassis and the vehicle suspension member and {or attachment of
the piston rod fo the other of the vehicie phassis and the vehidle

i rnember,

o
o
B
£/
G
bo,
z
o]
3

A gas working medium within the aylinder,

a first gas chamber formed by the swept volume of the oviinder and
an assoctated second gas chamber communicating with the first gas

X

chamber through 8 gas passageway which resiricls the flow of gas

2

therebelwesn.
In one embodiment, the second gas chamber has a variable wolume,
In another embedment, the second gas chamber is formed within the cylinder,

in anuther embodiment, the piston has @ hollow inlerior forming the sscond gas

chamber.

in another embodiment, the plston rod has a hollow interior and the second gas
chamber is formed by the hollow interior of the piston and the heliow interior of the

pigton rod.

n another embodiment, a valve is mounted between the hollow irterior of the pistan
and the hollow interior of the piston rod, the vaive being operable to either connect
or isolate the hollow interior of the piston and the hollow interior of the piston rod e

vary the velume of the second gas chamber,

in ancther embodiment, the ssoond gas chamber is filed with an open cell foam

maternal which may or may not be divided info 3 mulliplicity of air passages.

I another embodiment, the piston has & cover plate with one or more apertures to

provide damping.
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I another embadiment, the piston cover plate has a damping pipe or pipes fitted
within the second gas chamber fuidly communicating betwsen the second gas

chamber and the first gas chamber.

In another embaodimert, the piston rod is hollow and in communication with the
sscond gas chamber within the piston by means of one or more aperiures in a
cover plate separating the intestor of the piston from the hollow interior of the piston

rod.

In another embodiment, one or mare of the aperiures have a damper pipe or pipes
attached on the piston rod intenior side permitting fluid communication between the

hollow interior of the piston and the hollow interior of the piston rod.

v another embodiment, the piston rod chamber volume s filled with an open cell

foam material which may or may not be divided into a multiglicity of ar passages.

in another embodiment, an additional below piston chamber formed by the pisten
base, the cylinder wail and the piston rod bearing plate is suitably sealed so as io
be airtight to sllow a bulldup of pressure as the pislen spproaches rebound

posgition,

In gnother embodiment, mearns are provided for defivering pressuvised air 1o the
first gas chamber and alsc a means o deliver pressurised air into the additional

below piston chamber,

in ancther embodiment, an elastoreric sealing memivane is sealingly altached o
the cylinder at the eylinder head end and is sealingly attached to the piston at the
other end such that af maximum bumpliounce position of the piston the membrane
s at s minimum extension and extends elastically when the pision moves to the

maximuy extension at full rebound nosition.

frv another embodiment, there is a stepper motor or simifar acluator bcated in the
piston rod and operably connected o & cover plate movably mounted at the top of
the piston and with one or more aperdures 30 designed as to block or opsn
corresponding apertures in the piston cover in such a way a8 1o provide a variely of
combinations of apertures fluidly communicating between the second gas chamber
within the pislon and the first gas chamber s0 a3 o aclively vary the levels of

damping.
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It another embodiment, a suitable heat ransfer device is installed in the sgoang
gas chamber amnd commupicating with the sexierior so as o rapidly  and

advantageously transier and dissipste heat built up in the second  gas chamber {o

the exierior atmosphsrs.

In ancther embodiment, means is provided to permit air 1o be added o or expalied

from the firsl gas chamber.

in another embodiment, a gas spring cylinder comprises a eylindrical wall formir Q@
bore within which a complementary piston is siidably mounted, an inner end of the
eybndrical wall epposite the piston being closed by a oylinder head, said cylinder
head having a oylindrical reinforcing skirt extending outwardly therefrom fo receive,
engage and reinfores the oylindrical wall at the Inner end of the cvlindrical wall in
that portion of the aylinder adjacent the cylindsr head which is subjected to a rapid
pressure increase as the piston approsches the coyfinder head during @

conression stroke.

Brief Description of the Drawings

The invention wilf be more clearly understood by the foliowing description of some
embodiments theceof, given by way of sxample only, with refersnce to the

aspampanying drawings, in which:

FiG 1 s 8 general view of a double wishbone suspension using the invention in

NS

companson with equivatent colt spring and air bag instailations;

FIG. 2 is & schematic explanaiory ifustration of an air spring sccording to the
fvention:
FIG. 3 is » schematic Mustration of an akr gpring according o & second embodiment

of the invention;

FIG. 4 is a seclional elevational view of ancther air spring according o a third

embodiment of the invention;

FIG. 8 is @ gragh showing the effect of clearancs volume and counter FrEssurs on

the air spring performance;
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FiG. 8 shows a typical example of & porous apsn cell foam suitabie for use as a
damping medium,

FIG. 7 is a delsil sectionat slevational view of 5 portion of ancther air spring
according to the invention lustrating the use of an open cell foam filling the piston

chamber and laid out in conceritric fiow paths;

FIG. 8 shows an alr spring according o another embuodiment of the invention us ing

2

a stretchable elastic membrane 1o seal the air spring pressure chambers:

FIG. 8 is o delail sectional slevalional visw of an air spring oylinder according to

another embodiment of the invention; and

F1G. 10 is a graph showing a pressure profile for the interior of the ovlinder during

operation.

Detatisd Description of the Preferred Embodiments

FIG. 1 depicts a typical independent suspension sysiem 1 for a high mobiity

The suspension system 1 s of the double wishbone {shont armiiong arm)

N
N

vehicle.
configuration. The suspension system 1 comprises an uppsr control amy 3 and &
Iower control arm 4, each of which s rotatably connected at their inner end to a
chassis mounting plate & and rolatably connected &t their outer end to a wheel hub
assevibly 2. The suspension has a coif spring 5 rotatably mounted at its Jower end
to the fower coniral arm 4 and at s upper end © the chassis mounting plate 8. The
space claim 7 for a typical embodiment of the invention is shown in comparison to
the original colf spring 5 and & typicat space claim 8 for a conventional bellows type
air spring. it can be readily appreciaied by one versed i the art that the much
smaller diameter of the invention permits the designer © move the lower maouting
point of the air spring of the invention outboard on the lower control arm 4 thus
reducing the required spring force and bending stresses imposed on the lower
contrel arm 4 and so permifting @ lghter, cheaper control arm and a smaller

capacity and lighter air spring.

The functional principle of the inveniion is shown diagrammatically in FIG. 2 which
Hustrates an al spring according to the invenlion indicated generally by the

reference numerst 10, The air spring 10 comprises a ovlinder 11 sealed at one end
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by a oylinder head 12 and being open at the other end. The eylinder 11 containg a
piston 13 mowrded on @ piston rod 14 which is siidably fitted in an end cap and
hearing assembly 18 secured in the open end of the oylinder 11, The piston 13 i
thus free to slide inside the cylinder 11 and is sealed o prevent leakags past the
piston 13 by suilable sealing devices well known fo the a such as for example
pisien rings {nol shown). The piston rod 14 is Biewise sealed {not shown}, fo
prevent leakage past the bearing (not shiown} in the end cap 15 The eylinder space
between a fop of the piston 18 and the ovlinder head 12 is divided by a fixed
partition 17 inlo two chambers, namely, a first chamber 18 and an associated
second chamber 19, which are sealed thus ons from the other. An aperture 20 in
the parlition 17 Is connected to a damping pipe 21 suilably coiled as required to fit a
suitalsle length into the second chamber 18. As the piston 13 is moved towards the
cylinder head 12 the alr in the first chamber 18 is compressed and foreed theaugh
the damping pipe 21 into the second chamber 19 thus creating damping losses dus

to the air flow in the damping pipe 21.

Referving now {o Fig, 3, there is Hustrated an air spring according o & second
embodiment of the invention, indicated generally by the reference rumeral 30,
Parts similar to those described previously are assigned the same reference
numerals. in this embodiment & cylinder 21 has & oylinder head 372 sealably fitted
at one end and an end cap and bearing assembly 33 fitted at the other end. A
piston 34 is slidably and sealably fitted into the oylinder 31 and is mounted an a
piston rod 3% which is slidably and seaiably fitted info the end cap 33. The internal
vaiume of the cylinder 31 between the piston 34 and the oylingsr head 32 {that is
the swept volume) forms a first chamber 38 and g hollow inerior of the pision 34
forms a second chamber 39 sealed from the first chamber 38, An aperiure 40 in 8
crown 41 of the piston 34 s connsctad to a damping pipe 21 suilably coiled, as
required, o fit & suitable length within the second chamber 38, Thus, the first
chamber 38 and the second chamber 38 communicate fuidly via the damping pipe
AR

As the piston 34 moves towards the oylinder head 32 the air in the first chamber 38
is compressed and forced through the damping pipe 21 into the second chamber 39
within the piston 34 thus creating damping forces iy the air spring alr damper

Systann.
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By enclosing the second chamber volume 39 inside the hollow piston 34 the
eguivalent second chamber 19 of the embodiment of Fig. 2 & eliminated and the
overall tength of the air spring alr damper system 30 and the cylinder 31 is thereby
recduced whilst maintaining the same effective stroke iength, resul ding i g lighter

and cheaper assambiy.

it wil be appreciated that the liusirations in FIG, 2 and FIG. 3 are expdanalory only

and are not 1o scale or proportion,

Referring now fo Fig. 4, there is Hustrated an air spring auoording o a third
embodiment of the invention, indicated gensrally by the reference numeral 50.
Parts similar to those described pravicusly are assigned the same refersnce
numerals. The air spring 50 comprises a oylindsr 51 which is sealed af one end by
g cylinder head 82, The cylinder head 52 includes a journal bore 53 in which is
inserted a journal bearing {not shown) to form & miatable mounting for the air spring
50, The other end of the air spring cylinder 51 has an end cover 84 which

incorporates @ sliding bearing 88 and a seal 58, A piston rod 57 is ncated by and

)

dides in the sliding bearing 55, At vne end of the pizton rod 57 there is a jourrsat

£33

Z;

bore 58 in which is inseried a journal bearing (not shown) fo form 3 second
rotatable mounting for the air spring 50. The other end of the piston rod 57 is rigidiy
fixedd o @ piston 59 by means of a threaded fastening 80, though #t will be
understood by persons versed in the art thal any suilable alternative fixing methad
may be used. The piston rod 57 may be a solid shaft or may bg hollow and is
sealed at the piston end by @ sesling plate 81, The pision 58 is shidably fitted into
the cylinder 51 and is sealed to prevent leakage from a first chamber 82 formed by
the internal swept volume of the eylinder 51 between the piston 59 and the aydinder

head 5% This sealing may be by conventional piston rings well knowsy in the art

The piston 88 has an internal cavily forming & second chamber 83 which is sealed
at the pistor crown by 3 cover plate 64 which has one of more apertures 88 forming
& fluid path between the second chamber 83 and the first chamber 62 formed by

the cylinder swept volume.

Adength, or several lengihs, of colled damping pipe 66 is enclosed within the piston
58 in the sscond chamber 63 and is fudly connected to the firsst chamber 62, The
cover plate B4 may alss in addition 1o or instead of pipes contgin ang or mors

apariures.
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When the piston 58, showrn in dotfed lines 58a at full jouncs { bumnp} travel, fravels
lowards the eylinder head 82 the air in the first chamber 82 is compressed and
forced through the damper pipe 86 andfor various aperiwes/onifices 85 info the
second chamber 63 within the piston 58, The air flow through the damper pips 88 or
pipes andior the damper orifices 65 creales a damping force in the air spring ai

damper system 5.

it is well known in the art that the polylropic compression spring rate curve i a
funclion of the ratio of the cylinder swspt volume forming the first chamber 82 to the
piston chamber volume forming the secand chamber 63 also known as the
clearance volume. An example of this relationship is shown in a typical air spring
load deflection curve ilustrated in FIG. 5 §f desired the spring rale of air spring 50
may be modified by adding some or all of the piston rod internal volume 87 1o the
volume of the second chamber 83 by removing o changing the location of the
sealing plate 81, Curve "A" in FIG.S represents the polytrapic compression curve of
the gir spring 50 for 2 second chamber 83 volume. Curve “B” represents the
compression curve when the second chamber 83 volume is incressed by addition
of the pistont rod internal volume 87, i can be seen that the maximum pressure and
the spring rate are both reduced by increase of the second chamber 63 velume,
The reduced spring rale results in a softer suspensior. By having an adjustable
gperture betwaen the second chambaer 83 and the pision rod internal volume 87 an
actively adfustable spring rate can be achieved aifowing the air spring rale to be

adapted 10 terrain requirements.

There is an addilional alr chamber valume 88 formed below the piston 5% farmed by
the cylinder 81 wall, the bottom of piston 58 and the eviinder end caver 54, As the
piston &8 moves towards the oviinder end cover 54 the pressure in the first
chamber 8¢ decreases and the pressure In the additionsl chamber velums 83

~

increases. This effect is shown in FIQ. & by the curve

(.-\.) T

This relationship can be
used o greatly s‘mgmve the performance of @ suspension system ncorporating the
air epring air damper 50. Unlike the situation with & mechanicat sprin g i which the

spring force reducss {o zero when the foad is removed as the suspension moves

X3

into rebound i an airspring when the spring goss to full rebound there remaing a
residuat positive force iy the spring. Under lateral acceisration this residus! foree
maintaing the fightly loaded wheel at full rebound thus increasing the roll angle

resufting in reduced stabifity of the vehicls. Curve "D in FIG. & represents the force
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resultant curve of the air spring when the ahove piston force and the below piston
force are combined. The resultamt spring force can be reducsed fu zero at rebound
thus improving stabilty under Interal acceleration. In the example shown by curve
“C" the pressure in the below piston additional air chamber volume 68 s more or
iess atmospheric at stalic ride height. By providing a pressurised air supply {0 the
below piston additional air chamber volume 88 the pressure in the additions! air
chamber volume 68 can be increased thus providing active contro! of the air SPING
S0 spring deflection curve characteriatic. In addition, this feature can be used o Iift
ndividual wheels if required. Additionally, the overall damping response of the air
spring air damper 50 may be modified or wned o provide certsin desirabie
responses by providing additional orifices or damping pipes fluidly connecting the
piston rod internal volume chamber 87 o the second chamber 63 within the piston

29 wsing sultable apertures in the sealing piate 81,

Though a significant number of practitioners versed in the art maintain that the form
of restrictor does not influsnce the damping force gensrated but only the frequency
response nonetheless this pressnt invention may incorporate a number of different
types of restriclor to elict differing damiping responses both in magnitude and in
frequency. With an orifice type restrictor the pressure drop s proportional 1o the
area of the orifice and 50 {0 the square of the diameter of the orifice. In pipe flow the
pressure drop s a function of the pipe length and of course the interinr surface of

the pipe.

Referding in particular to FIG. 6 and FI3. 7, ancther response 1o fluid fow
resistance may be found using an open cell structurs to generate fnctional losses in
the airflow. In yet another embodiment of the invention, in order {o increase or tune
the ensrgy dissipation, the second chamber 83 formed by the interior of the piston
38 is Mled with an open cell foarmn material 89 simiar to those Hustrated o FIG. 8
which may be metallic or ceramic or other suitable material Such materials have a
greatly extended surface args with voids which may be higher than 80% of volume.
Thus a large frictionat surface may be sxposed 1o the airflow. The fiow path may be
extended and the flow area decreased thus increasing the velocity 1 increase the
fricion ioss by, for exampie, dividing the material o a series of congentric
passages 70 as Hustrated in FIG. 7. Such passagss may be constructed in a
number of ways by, for sxample, rofing a thin sheel of foam material with a

separating membrane 71 o divide the air passages one from the other as indicaled
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in FIG. V. Of course other methods may be used 1o increase the flow path whilst

still conforming o the principles revealed hesein,

The air spring 50 shown in FIG. 4 relies on a series of piston ring seals {(not
numbered) that are well known in the arl. An alternative innovative membrane type
seal is shown in FIB. 8. In conventional air befiows type air springs the maximum
air pressure that may be used is limited by the burst strength of the befiows fabric.
Buch air springs are composed of carefully designed rubber and fabric flaxible
members 1o aliow easy folding of the membrane whilst having sufficient sir ngth to
withsland the air spring operating pressures — fypically in the region of a maximum
of € to 10 bar. Such air bellows concepts canmot sustain the high pressurss - up {o
and exceeding in some cases 380 bar — experienced in the present air spring

fnvention,

Referring to FIG. 8 an air spring cylinder 71 is fitted with an internal elasiomeric
membrane 72 of cylindrical configuration which is sealed at one end by the oyiinder
head {not shown) and at the other end forms a continuous envelope circitarky
shaped at the bottom 73 1o fit around and enclose a hollow piston 74 {0 which # Ja
secured by being sandwiched between a botlom plate 75 of the piston 74 and a top
flange 76 of the piston rod 38, There is @ gap o cavily 78 between the skirt of the

piston 74 and the inside wall of the oylinder 71.

As shown in FIG. 8 the piston 74 is at {he extreme extent of s expansion siroke.
The membrane 72 is so designed that when the piston 74 is at the axtent of its
compression stroke {somelimes described as top dead cenire) the membrane 72
cccupies the cavity 78 betwsen the piston 74 and the cylinder 71 wall, As the piston
74 travels towards the bottom of ite expansion stroke the membrane 72 is glastically
stretched o the configuration shown in FIG. 8. Unlike the conventional air bag
whith s reguired to withstand the air pressure in the chamber enciosed by the air

sliows the membrane 72 is not subjected o the pressure in the firet chamber 38

ey

as il is supporied by the cylinder 71 internal wall and by the piston 74 bottom piate

75, As a resull of the configuration, the elastic membrane does not require the
strength necessary fo withstand the stress imposed by the Nigh internat presswre

which would rupture conventional abrbag  containment sysfems. | will be
appreciated that Fig. B is only one liustration of the inventive principle and otter
variations of this principle are possitde within the scope of this invention, as shown,

for example, in Fig. 8.
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In another embodiment of the invention provision is made to permit air {o be added
fo or expedled from the swept volume chamber to vary ride height or o offset the
effect of femperature variation of the air or fo provide aclive control of the

suspension spring response.

This invertion presents an innovaiive non intuliive departure from the sccepted
norms of the curtent teaching in the art - the resemvoir is smaller than the spring
chamber, the ratio of piston travel to chamber diameter is greater than advocatad
by current {eaching in the arl, the pressure is several orders of magnitude greater
than the present art and flows fhrough restrictors can be choked and boih turbulent

and laminar.

Referring now to Fig. @ and Fig. 10, there is shown an air spring cylinder according
to another smbodiment of the invention, indicated gener By by the reference
numeral 80 Parts simifar to thoss described previously are assigned the sarne
reference numerals. The oylindrical wall 51 forms a bore 81 within which a piston
58 is shidably mounted. Ay inner end &2 of the cylindrical wall 51 opposite the
piston 59 s closed by a (:yiinder head 52. The cylindsr head 52 has a oylindrical
reinforing skirt 84 or ring extending outwardly therefrom recaive, engags and
reinforce the eylindrical wall 51 at the inner end 82 of the cylindrical wall 51 in that
potion of the ovlinder adjacent the cylinder head 52 which is subjenied o a rapid
pressure increase as the piston approaches the cylindsr head 52 during a

compression sfroke.

il be noted that the reinforaing skirt 84 ar ring reinforces the cviinder wall 51 so
that the effective wail thickness in the bigh pressure zone at tie inner snd 82 of the
cvlinder is much greater than the asctual oyiinder wall iickness. In comventional
high pressure gas springs, the oyiinder wall thickness is based on the mamdimum
pressure sxperienced in the oylinder. Typically, suitable proof tests are conducied
on the cylinder with the piston at the bottor of s stroke. This is not reprasantative
of the actual situation in which the prassurs in the o yiinder is relatively low, in some
cases for about 80% of the stroke, and rising ragidly in the jast 20% of the stroke.
This is due to the nature of the polytropic compression curve and is Slustrated in
Fig. 10 which shows a typical comprassion curve in relation to 8 typical gas apring
eykinder. In this , itean be sesn thal the overlap of the oylinder head reinforoes

the oylinder wall for the last 20% of the stroke dur iy which the pressure increases
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by & factor of 25 Thus, the oylinder wall can be designed for a pressure P, rather

than @ pressure of 2.5 F resulting in a lighter and cheaper cylinder,

The terme “comprise” and “inciude’, and any varations therect required  for
grammatical reasons, as used herein are & be considered ax nferchangeable and

accorded the widest possible interprsiation.

While this invention has besn described as having an exemplary design the present
nvention may be further modified within the spirit of this disclosure. Madifications
and alterations may cocur to others upon reading and understanding the preceding
descriptions. This disclosure is therefore intendsd o cover any variations, uses or
adaptations of the invention using its general principles, within the scope of the

appended claims.
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A vehivie suspension gas spring for moun fing betwesn & vehicls chassis

and & vehicle whas! suspension membesr, énciu-:‘iingt
2 cytinder closed at ong end,

a piston assembly slidably mounted within the oyiinder and sealingly
sngaging with a bore of the oylinder to forny a gastight seal betwaen

the pision and the cyvlindsr bore,

& piston rod sitached o the piston and pr cjecting outwardly of the
cylinder, the piston rod passing through and being slidably mounted

1y an end cover of the ovlinder,

conneciar means for attachment of the cyiinder to one of the vekinis
chassis and the vehicle suspension membesr and for atlachment of
the piston rod o the other of the vehicls chassis and the veh

suspensinn mamiber
& gas working msdium within the oylinder,

a first gas chamber formed by the swept volume of the oylindsr and

an associated second gas chamber communicating with the

chamber through a gas passageway which resiviots the fows

therehshwaen,

The gss spring as claimed in daim 1, wherein the second gas chamber has

& variable volums.

o

he gas spring as claimed In claim 1 or claim 2, wherein the second gas

chamber is formed within the oylinder.

The gas spring as claimed n claim 1 or clairs 2, whaerein the pistosy hag a

holiow intesior forming the second gas chambaer.

The gas spring w8 claimed in claim 4, wherein the piston rod has a Boliow
nterior and the second gas chamber s formed by the holiow interior of the

pisiors and the hoflow iterior of the piston ¢
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14,

The gas spring s clagimed in claim 8, whereln a vaive is mounied between
the hollow intericr of the piston and the hollow interior of the piston rad, the
valve being operable to either connect or isolate the hollow infesior of the
piston and the hollow interior of the plston rod o vary the volume of e

second gas chamber,

The gas spring as claimsd in any one of the preceding claims, wherein the
second gas chamber s filled with an open cell foam maierial whick may or

may not be divided into a multiplicity of air passages.

the g
nas a cover plate with one or more apertures to provide damping.

Jas spring as claimed in any one of claims 4 to 7, wherein the pistan

The gas spring as olaimed i claim 8. wharein the piston cover piale has a
G8S SPNNY

damping pipe oF pipes filed within the second oas charber  fuidhy
bYd ¢ #h

communicating between the second gas chamber and the firgt gas chamber,

The gas spring as claimed i any one of claims 5 o 8, wherain the pistan
ol is hollow and in communination with the second gas chamber withun the
piston by means of ane or more aperiurss in & cover piate separaling the

interor of the piston from the hollow intesior of the piston red,

The gas spring as claimed in claim 10, wherein one of more of the & aperiures
have a damper pige or pipes attached on the piston rad interior side
permiting flid commuunication betweern the holiow interior of the piston and

the holiow interior of the piston rod

The gas spring as claimed in any one of claims § o 14, wherein the pistan
rod chamber volume is filled with an open celf foam miaterial which MAY OF

may not be divided into a midtiplicity of air passages.

—~%

he gas spring as claimed n any ane of the preceding claims, whersin an
sdditional below piston chamber formed by the piston base, the o wihnder wall
and the piston rod bsaring plate i suilably sealed 3o as to be airtight to

alfow a budd-up of presswrs as the pistos N approaches sebound position.

The gas spring as claimed in any one of the preceding claims, in which

msans are provided o delivering pressurised alv to the first pas chamber
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and also a means to deliver presaurised air ints the addiiona! below piston

chamber,

m%

he gas spring as claimed in any one of the praceding claims, in which an

(D

fastomeric sesling membrane is sealingly altached to the oyiinder al the
oyfinder head end and is saalingly attached to the piston af the other end
sunh that at maximum bumgfounce position of the piston the membrans is
at s minimum extension and sxiends elastivally when the piston mos VES G

he maximum extension at full rehound position.

The gas spring as claimed i any of claims 5 to 15, in which thers s o
stepper molor or simifar acluator located in the piston rod and operably
connected 1o @ cover plate movaldy mounted af the top of the piston and
with onc, Grmore apgriures 5o designed as o block or Open cormesponding
apertires iy the piston cover n such a wWay a8 {0 provide a va ely of
combinations of apsrtures fluidly commun Moating between the second gas
chamber within the pision and the firat gas chambsr o as to actively vary

the levels of damping.

The gas spring as claimed in any one of claims 8 to 16, in which a suitable
heal transfer device i3 installed in the second gas chamber and
communicating with the exisrior so as o rapidy and advantagem: sl
transler and dissipate heat built up in the second  gas chamber {0 the

exterior almosphere,

The gas spring as claimed in any one of claims 4 o 17, in which means is

provided o permit air {o be added to or expeiled from the first gas chambes.

A gas spring cyiinder comprisin g @ cylindrical wall forming @ bore within
which @ complementary piston is sidably mounted, an inner end of the
cytindrical wall opposite the pision being clossd by = cylinder head, aaid
cytinder head having a cylindrical reinfora ng skirt extending oudwardly
iherefrom o receive, eng‘%ge and reinforce the cylindrical wall at the inner
end of the oviindrical wall in at partion of the aylinder adjacent the ¢ eylinder
head w?zioﬁ & subjected o & rapid pressute increase as the pision

sppreaches the avlinder head during & compression stroke.
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