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BACKGROUND OF THE INVENTION

25 This invention deals with solutions for the problem of obtaining the right low friction

force between a piston, specifically a piston comprising a container, and the wall of an elongate

chamber during the stroke, the chamber having different sizes of cross-sectional area’s in its
longitudinal direction, specifically those having different circumpherical length’s.

A problem with embodiments of Figs. 8 - 12 (incl.) of WO 00/70227 may be that the

30 piston may jam in the smaller cross-sections of the chamber having cross-sections with different

circumpherical sizes. Jamming may occer due to high frictional forces of the material of the

pistons. These forces may mainly be created by the compression of (parts of) the piston when

the piston is moving from a first longitudinal position in the chamber having the biggest cross-
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wherein:

i )

- the piston body being designed to adapt itself and said sealing means to said different
cross-sectional areas of said chamber during the relative movements of said piston from the
20 second longitudinal position through said intermediate longitudinal positions to the first
longitudinal position of said chamber.
In the present context, the cross-sections are preferably taken perpendicularly to the
longitudinal axis (= transversal direction).
Preferably, the second cross-sectional area is 95-15%, such as 95-70% of the first cross-
25 sectional area. In certain situations, the second cross-sectional area is approximately 50% of the
first cross-sectional area.
A number of different technologies may be used in order to realise this combination.

These technologies are described further in relation to the subsequent aspects of the invention.

30 One such technology is one wherein the piston comprises an elastically deformable
container comprising a deformable material.

In that situation, the deformable material may be a fluid or a mixture of fluids, such as

water, steam, and/or gas, or a foam.
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in a cross-section through the longitudinal direction, the container may have a first shape at the

first longitudinal direction and a second shape at the second longitudinal direction, the first shape
may be different from the second shape. In one situation, at least part of the deformable material
is compressible and the first shape has an area being larger than an area of the second shape.
2 In that situation, the overall volume of the container changes, whereby the fluid should be
compressible. Alternatively or optionally, the piston may comprise an enclosed space
communicating with the deformable container, said enclosed space having a variable volume.
In that manner, that the enclosed space may take up or release fluid when the deformable
container changes volume. The change of the volume of the container is by that automatically
30 adjustable.
It may result in that the pressure in the container remains constant during the stroke.
Also, the enclosed space may comprise a spring-biased piston. This spring may define

the pressure in the piston when changing its volume.
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20
Pressure management of the piston may also be achieved by relating the pressure of
fluid in the enclosed space with the pressure of fluid in the chamber. By providing means for
defining the volume of the enclosed space communicating with the chamber. In this manner, the
pressure of the deformable coﬁtainer may be varied in order to obtain a suitable sealing. For
25 example, a simple manner would be to have the defining means adapted to define the pressure
in the enclosed space to raise when the container is moving from the second longitudinal position
to the first longitudinal position. In this situation, a simple piston between the two pressures may
be provided (in order to not loose any of the fluid in the deformable container).
In fact, the use of this piston may define any relation between the pressures in that the

30 chamber in which the piston translates may taper in the same manner as the main chamber of

the combination.

The container may be inflated by a pressure source inside the piston, or an external
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actuator according to WO 99/26002, this may be done by creating a bypass in the form of a

channel by connecting the chamber and the space between the valve actuator and the valve core

pin. This bypass may be openened (Schrader valve may remain closed) and closed (Schrader

valve may open) and may be accomplished by e.g. a movable piston. The movement of this

25 piston may be arrangend manually e.g. by a pedal, which is turning around an axle from an

inactive position to an active position and vice versa by an operator. It may also be done by

other means like an actuator, initiated by the result of a pressure measurement in the chamber
and/or the container.

Obtaining the predetermined pressure in the container may be done manually - the

30 operator being informed by the manometer which is measuring the pressure in the container. It

may also be done automatically, e.g. by a release valve in the container. It may also be achieved

by a spring-force operated cap which closes the channel above the valve actuator when the

pressure comes above a certain pre-determined pressure value. Another solution is that of a
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first cross-sectional area thereof at a second | ongitudinal position
t hereof when the piston is positioned at that position, a second
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20 - the piston being movable in the chamber from a second longitudinal position to a first
longitudinal position,
- the chamber having an elastically deformable inner wall along at least part of the inner
chamber wall between the first and second longitudinal positions,
- the chamber having, at a first longitudinal position thereof when the piston is positioned

25 at that position, a first cross-sectional area thereof and, at a second longitudinal position thereof
when the piston is positioned at that position, a second cross-sectional area, the first cross-
sectional area being larger than the second cross-sectional area, the change in cross-section of
the chamber being at least substantially continuous between the first and second longitudinal
positions when the piston is moved between the first and second longitudinal positions.

30

Thus, alternatively to the combinations where the piston adapts to the cross-sectional

changes of the chamber, this aspect relates to a chamber having adapting capabilities.

Naturally, the piston may be made of an at least substantially incompressible material -



Thus, alternatively to the conbinati ons where the piston adapts to the
cross-sectional changes of the chanber, this aspect relates to a chanber
havi ng adaptozgr4sapabilities. Naturally, the piston nay PeTmade/nofican at

| east substantially inconpressible matgrial WO 02/077457 PCT/ DK02/ 00216 7
or a conbination may be made of the adapting chanber and an adapting piston

- SUCh &S, RomBirkieR nBCHE ?Haﬁg df Ghd Q@apﬁh?‘éﬁaﬁﬁ&eﬁﬁdsan Ragitmeakbtsn -tsueh Rissd on

has, in a cross section along the longitudinal axis, a shape tapering in a
di r ect iptstorf acsprding tdhthessbowhdspeotagi t udi nal posr tions. 5 A preferred manner

of providing a tin r hayv. h ter
suppor i ng SPrEeaRe BRATBER TS LY i Ried or HERORGRIE Ay 4 Walk
def i negapeying hﬁfawﬁe@ﬁorsﬁ’@ﬁpfduhegeainﬂusﬁgirum:ﬁngoiiﬂimm nner wall. 10 In that
manner, the choice of fluid or a conbination of fluids nmay hel p defining

t he propertr es of the chanber, such as the sealing between the wall and

the piston a [ LNg
on 1 om wher & PRLTTEABHNEE PEROFEE A Ring fmbeL iss3 hEEAE chilther tBREREE:
chanber may Rg owteisupputiig @@@btﬁﬂeeenerobmg th@itineg wall@adbot h may be novi ng.
This has no inpact on the function of the conbination. The piston may al so
slide over am fluid Beldary aspregrilefinedpy e Qe SUPPHEINE ($HTEEiHE] a‘WaE!e 1RRsF W ﬁv
taper form while the external wall is cylindrical. Naturally, the present
conbi nati on may be used for a nunber of purposes in that it 20 primarily
f g usedn eint andd@es therahvies obflujdrarva cbmignaronarfdihﬁdtomay thim thegirbpertieg
translation of a |stontotheforcere glltaken up. atct, t he

ar ea/ sRafe dambep seerbgsmsée%hnarbewnﬂ@ﬁ w cAIYAYas Hell Péﬁ&t Rrsrregyiged
chanbertcl n order to adapt the conbination for speci fic purposes and/or
forces.” One purpose is to provide a punp for use by wonen or teenagers - a
punp that neverthel ess should be able to provide a certain pressure

that situation, an ergonom cal |y 25 i npraoved be req

det er ni ni ng dHis clegr é}@?ﬂﬁli’eélﬁmtgrfé‘ fsemaviere g cgn@u«raaen églseeﬂhf’%ogptﬁi% rpﬁt

th I I
arba) S by 68 SoBI bl ng oRRRRindtL o BEHRY e Rofihg k’*h%e‘%b‘”‘

wher e tlﬂnpacarcmaheIﬂmﬂmon\Muhejcmm«aatmme what translation a certain shock
(force) would requir

amount ~ of f | ding PIsieR H@Méi?? ﬁhﬂgg"%(r:?té‘u@%%@ %T?teg}ea&)s‘iaﬁe ged il aafl Wy
have a taper form, while the external wall is cylindrical.
Naturally, the present combination may be used for a number of purposes in that it
20 primarily focuses on a novel manner of providing an additional manner of tailoring translation
of a piston to the force required/taken up. In fact, the area/shape of the cross-section may be
varied along the length of the chamber in order to adapt the combination for specific purposes
and/or forces. One purpose is to provide a pump for use by women or teenagers - a pump that
nevertheless should be able to provide a certain pressure. In that situation, an ergonomically
25 improved pump may be required by determining the force which the person may provide at
which position of the piston - and thereby provide a chamber with a suitable cross-sectional
area/shape.
Another use of the combination would be for a shock absorber where the area/shape
would determine what translation a certain shock (force) would require. Also, an actuator may
30 be provided where the amount of fluid introduced into the chamber will provide differing
translation of the piston depending on the actual position of the piston prior to the introducing
of the fluid.

In fact, the nature of the piston, the relative positions of the first and the second



transl ation of the piston depending on the actual position of the piston
prior to the introducing of the fluid. In fact, the nature of the piston,

t he rel atwoeposisti ons of the first and the second WO 02/ ®CTATD2/00216

PCT/ DKO2/ 00216 8 | ongitudinal positiogs and the arrangenent of any val ves
connected to the chanber may provide punps, notors, actuators, shock

absor bejngitediaal pésitiondiahd efecttangérattwiang Ravectsnnecttd asthartambirf hay privideor ce
characteristics. 5 The preferred epbodi nents of the conbination of a
chanbePUBRY HIOHITS: SFUAATSe Hheekh abERIBens Ped Wale diieRint guetsyre, sharaeigristics pingk on
punps. gk }éuQBﬂQ%ﬁﬁuﬁﬂ¥HﬁQL”°t limt the coverage of this invention to the
said application, as It may be mainly the val ve arrangenent of the chanber
besi des the fact which itemor nediumnmay initiate the novenment, which may

be descisive for the type of a i cation: punp, actyator, shock absorber
ors not or. | nThe prefeged GHWBdll‘@F“&‘p &le@F “B%%E@c‘?@ﬁ‘ ehepd 2 HsigRBaYe RFFch
may th : LU

conpr 6 SSE0RE by DRSS Rl if Pt A AR bwevef SRoRE ALt FiTTHe Piverase, o,
a val vef miey inedntias eotthé saidoapgpliestiomd aseidimay be arairlpehe valvbearrangamamt af theat or
a nmedium may be pressed into.a chanber by a val ve arrangenent and th

pi st oncme&_rbet%? tll,%zq%éﬁ‘h‘ﬁlhﬁfte@eo ok ¥131¥ i inftiats g MR e??é‘h‘iq‘ gl,ay:tht

att achgehciied fof the Hpe BP&ipliRRRA: BEMD, 5di0atdD sROAIBSErbERYr ABtof AN Sik@hYpump

cl osed, wherein a Conpressabl e medi um nay be conpressed by the " novenent of
t he chammeiumamyde subted pite kehamber wiich vay ¢heseaiten be closedbysabilee apdigementy be

positigpned inside the chanber, €e.9. the piston may be equipeed by several
ol | SRErneftEm ek be FRpgeod & damemen O 1o chagibef g e OB may
be sl oyRedRIM vATWE kST reldaSe krﬂ&’%ﬂhgféﬂsdﬁlah‘leéihﬁpfrbﬂl theeshahibeRl P4k St@BAtor a
applications where a nedi um m 20 be used to nove a piston and/or a

chanbemedivmi ahayrhg pressed amtoun dgl'cmﬁbeaﬁys aaalve. grangamgniandthe pipipa prd/ocihs es

accordi this invention, . be. applicabl e on_ all ove ti.oned

Sopl | caltaneE may RS P inge imdiinkpe FRvemAaef diinsg PIEE. HERpRRER roes s

PREUMBLhAmBERGhES bdﬂa&ﬁrgédeiwclos@a plvhé@in HEsmprossable h&d&hﬁmyrw&hm@sﬂe@b? N
punps. The various enbodinents descri bed above are provided by way o

i || ust movewanionf thephambensandieuihe pigen.bla heaser yaanicemprassable mediugr a1yi ken.

change 2ot gt I Ralothye- e EFsiok Y RE Rl 17 0bm, R el ifen

i nvent inply sid Byhamic frictibl, fooihkotie tovieRRnemamealowedndwyi.ment s and
applications illustrated and described herein, and w thout departing from

the true spi Furthemie invepommay glso heasedin propudsion applicationspiere: a HRSEE M3YON
o THERDRSY

=

%Gr%ove a piston and/or a chamber, which may turn around an axis as e.g. in a motor.

The principles according this invention may be applicable on all above mentioned applications.

The principles of the invention may also be used in other pneumatic and/or hydraulic
applications than the above mentioned piston pumps.

The various embodiments described above are provided by way of illustration only and

25 should not be construed to limit the invention. Those skilled in the art will readily recogr{ize

various modifications, changes, and combinations of elements which may be made to the present

invention without strictly following the exemplary embodiments and applications illustrated and

described herein, and without departing from the true spirit and scope of the present invention.

»  BRIEF DESCRIPTION OF THE DRAWINGS

In the following, preferred embodiments of the invention will be described with reference to the
drawings wherein:

Fig. 1A shows a longitudinal cross-section of a non-moving piston in a non-



In the follow ng, preferred enbodi ments of the invention will be described
wth reference to the draw ngs wherein: Fig. 1A shows a | ongitudi nal

Cr 0SS- secwWpD@R/0Df45R non- novi ng piston in a non WO 02/ 07745PCPOKMRIKOAL00216
9 pressurized cylinder at the first |omgitudinal position - the piston is
shown in its production size, and when pressurized. Fig. 1B shows the
contact pressure of the pfegsgized 29lindur it Al fifst Hoggitulithad Potitien -wae Ipiedn ihe
cylinder. 5 Fig. 2A shows a |ongitudinal cross-section of the piston of
Fig. 1Ain a cylinder ashavieinsiécpiodustiongiizes@nthayhepdsessu@zed. t he piston is

e e e e T S

cross-section of the piswan offthdtgindeA in a cylinder at the second
| ongi tudi nal position, the piston is_ pressurized on the same pressure

| evel as theFame2Mdf Fig. shows jlgngitudingh srassiseetidtonf dbe pivens of goflA g 2
pi ston of Fig. 2C on the I e i e [0 P a; _
| ongi tudi nal cross-secti %ﬂgg gaftpt}hgt %388% 1&?%€Udfrk?iﬂgisglogyﬁh§1 %nais {Re
first longitudinal positpfessusizedn in its production size, and pressurized

while the piston _is subjected to a pressure in the c e Fig. 3 oWs
the contact prgsdire of glﬁgvspthgfzglﬁa&fpr@qsbr_e @Aﬂ%ﬂlsmé’q 1 iéf’“ttﬂ%waﬁﬁ??}?f‘der.
20 Fig. 4A shows a | ongi Eﬂﬂ{d@ﬁl cross-section of a non-noving piston
according to the invention in a cylinder at the second | ongitudi nal
pasition, sh@®igm 2Gn its phovduatliongitsiinad, crasseeotiomnoprikes pistorr @ff Kig. d Acen tai n
| evel . Fig. 4B shows the contact pressyre aof th i.ston of  Fig. 4A on the
wal | of the oylinder. 2SVIFGST auiearennd Iangitdinal abiition. the sisondis ATFANEN o
non- novi ng pi ston accor dhﬁlghe §a%et§&%s§u%’fae§/51i Ahkdnd of ¥ig nder at the second
| ongi tudi nal position, shown ni1ts production size, and at the first

| ongi t udi nal Ripsadi on whelowsphe sentadt peekstme dfiike piatop df digl 2@ ontthawallfof Fhey.
4A.

cylinder.
15 Fig. 3A shows a longitudinal cross-section of a piston of Fig. 1A in a cylinder
at the first longitudinal position shown in its production size, and

pressurized while the piston is subjected to a pressure in the chamber.

Fig. 3B shows the contact pressure of the piston of Fig. 3A on the wall of the
cylinder.
20 Fig. 4A shows a longitudinal cross-section of a non-moving piston according

to the invention in a cylinder at the second longitudinal position, shown

in its production size, and when pressurized to a certain level.

Fig. 4B shows the contact pressure of the piston of Fig. 4A on the wall of the
cylinder.
25 Fig. 4C shows a longitudinal cross-section of a non-moving piston according

to the invention in a cylinder at the second longitudinal position, shown
in its production size, and at the first longitudinal position when

pressurized to the same level as that of Fig. 4A.

Fig. 4D shows the contact pressure of the piston of Fig. 4C on the wall of the
30 cylinder.
Fig. SA shows a longitudinal cross-section of the piston of Fig. 4A in a

cylinder at the second longitudinal position, the piston with its

production size, and when pressurized.



Fig. 4D shows the contact pressure of the piston of Fig. 4C on the wall of
the 30 cylinder. Fig. 5A shows a | ongitudinal cross-section of the piston
of Fig. 4woim/oar4styli nder at the second | ongitudi nal posi tcamKoioe21pi st on
with its production size, and when pregsurized. WO 02/ 077457

PCT/ DKO2/ 00216 10 Fig. 5B shows the contact pressure of the piston of Fig.
5A on the walFig, B t he cyldwidie comta@. présSurehuibe pistonrgiRigld Aah the wak-ofeled | on
of the piston of Fig. 4Ain a cyli né) at the second | ongitudi nal

position, the piston witpylindér. 5 production size, and when pressuri zed,

subj ect ed to ssure t tagt ;
pressure of tl:%%;)(l’eston o%l{(%l’ g.a @ﬁgon Scrr%%ls?e&u%n tgfﬁﬁ@gﬁﬁt&hgfcﬂg - 1%&
shows a | ongitudinal crosgimiectatotheofecand Howgieudinal t;imsmbx,edh«:h;ﬁaftm emith it0
areas of the transversal cross-sections and a first enbodiment of th
piSton conprising a text Produgtinsigs, apderhen pressurized, épwyctssl.t%gre%lﬁnﬁpwg

di nensi ons during the stg{glﬂ% ambk€e piston arrangenent is shown at the

begi nning, and at the en a stroke where it has its production size.

Fi g. 6B showigrbIznl ar gesmws thé comtactpiressune afthé-pigion®A Fag. IAenbkgivaliofigheof a
15 stroke. Fig. 6C showsg)agn enl argenment of the piston of Fig. 6A at the end
of a stroke. 'Fi g. 7A sh Iongi tudi nal cross-section of a chanber with
fixed differegpd cRreas ofpdwiea Idmi@NaNiBhIS@bssCIeBEsiT S8 chANBer®Rfih Eﬁx%@Qﬁ’HQfent
enbodi ment o he pi ston conprising a fiber reinforcement (' Trel

Efifect') with radially 28reaxbfitieytratseersil rgossiseetivgisand adfirst nglbbdnmem Df)k}E -

the piston arrangenent is, shown .at the .be n d of a
stroke where it has its p‘ﬁP&&BH’PF‘S‘HgélteZ‘QPer%'go %’gé%t &)st é\‘ﬂﬁ égmngof
the piston of Fig. 7A atgifieRa0uth Ag"gle(?afroﬁe &ferﬁi‘i@n a%%é:e'ngsnt %@h%@ﬁvéﬁ (e
enl argement of the piston of Fig. he end 'of a stroke.

beginning, and at the end of a stroke where it has its production size.

Fig. 6B shows an enlargement of the piston of Fig. 6A at the beginning of a
15 stroke.

Fig. 6C shows an enlargement of the piston of Fig. 6A at the end of a stroke.

Fig. 7A shows a longitudinal cross-section of a chamber with fixed different

areas of the transversal cross-sections and a second embodiment of the
piston comprising a fiber reinforcement (’Trellis Effect’) with radially-
20 axially changing dimensions during the stroke - the piston arrangement
is shown at the beginning, and at the end of a stroke where it has its

production size.

Fig. 7B shows an enlargement of the piston of Fig. 7A at the beginning of a
stroke.

25 Fig. 7C shows an enlargement of the piston of Fig. 7A at the end of a
stroke.

Fig. 8A shows a longitudinal cross-section of a chamber with fixed different

areas of the transversal cross-sections and a third embodiment of the
piston comprising a fiber reinforcement (no 'Trellis Effect’) with

30 radially-axially changing dimensions during the stroke - the piston
arrangement is shown at the beginning, and at the end of a stroke
where it has its production size.

Fig. 8B shows an enlargement of the piston of Fig. 8A at the beginning of a



Fig. 8A shows a | ongitudinal cross-section of a chanber with fixed
different areas of the transversal cross-sections and a third enbodi nent
of the pwstan7oenprising a fiber reinforcenent (no 'Trel IPica/mE®@o116) with
30 radial ly-axially changi ng di nensi ong; during the stroke - the piston
arrangenment is shown at the beginning, and at the end of a stroke where it
has its production size. sirhig. 8B shows an enl argenent of the piston of Fig.
8A at the beginning of a WD 02/ 077457 PCT/ DKO2/00216 11 stroke. Fig. 8C
shows an enl %ﬂ@e&fent of shawsphnteptarggmenit of tha pistophef Fimd 8A & thetenskef a g.

8D shows a top view of the .piston of Fig. 8A having reinforcenents in 5

the skin in planes jthrout}o “he central axis - | eft: at the first
| ongi t udi nal FiPagdtion, EhdWta tol vibWweorsiBis Pistor 6NBigt BA A@ling eGihforedments th 8E
shows a top view of the piston of Fig. 8A having reinforcenents in

| > . the
skin in planes partly thHEski ipplangethrough thsgentraharinaleft gt the first ipngitpdinal
central axis - left: at g | i i | tion..-right: at the
second 10 | ongitudi nal {})Sgtil I{I’O . t'FﬁRggé g%ggﬂgévr\gﬂga#%fn‘g&%tbﬁ'nal
cross-secti oFiQf8E chanbghows 4 kopf viewdofcthé fpéstandf Fiy Sashofing ieinforcensonts fnl
cross-sections and a fourth enbodi nent of the istoqq conpri sing an

p
"octopus" device, |imitiHg skinigmlanespardy thigueh thscealraaxisgid paply ewsids thees
whi ch nmay be inflatable - LS LS
begi nni ng, and at the engie%%fgﬂgt;égﬁggél\%%étg&?g?&ﬁg{g#?%ét%gg\gfgaghty%%g 0zned.
Fiig. 9B shows an enl ar getomgitudihaltgositiopnst on of Fig. 9A at the beginning of a

stroke. Fig. _9C shows an enl argenent, of the pistop of Fjg. 9 t the end of
a 20 strokeFigiY 1 0A sHhaNs %?fé‘géH‘ﬁ)‘B@i %ﬁﬁfse&‘ﬁo‘rpg? Cgam‘a%rwlt@ﬁ@eﬁ e

inside the piston may b%gﬁ?@f‘ﬁi@ri‘ﬁn@éﬂaf‘Eﬂo@é-&&ﬂoﬁ@irﬂ%fbuﬁh%mb%d%@ﬁ%@ﬂ{e
valve which is positioned in the handle and/or e.g. a check valve in the

pi ston rod, and where apistonctasprsisgaoe"dctopus| aavicegliti@ng istrefghing nolv dieune
of the container wall by tentacles, which may be inflatable - the piston
15 arrangement is shown at the beginning, and at the end of a stroke

where it has its production size.

Fig. 9B shows an enlargement of the piston of Fig. 9A at the beginning of a

stroke.
Fig. 9C shows an enlargement of the piston of Fig. 9A at the end of a

20 stroke.
Fig. 10A shows the embodiment of Fig. 6 where the pressure inside the piston

may be changend by inflation through e.g. a Schrader valve which is
positioned in the handle and/or e.g. a check valve in the piston rod,
and where an enclosed space is balancing the change in volume of the
25 piston during the stroke.
Fig. 10B shows instead of an inflation valve, a bushing enabling connection to

an external pressure source.

Fig. 10C shows details of the guidance of the rod of the check valve.
Fig. 10D shows the flexable piston of the check valve in the piston rod.
30 Fig. 11A shows the embodiment of Fig. 6 where the pressure inside the piston

may be maintained constant during the stroke and where a second
enclosed space may be inflated through a Schrader valve which is

positioned in the handle, communicating with the first enclosed space



25 piston during the stroke. Fig. 10B shows instead of an inflation valve,
a bushi ng enabling connection to an external pressure source. Fig. 10C
shows detwpl/0of451 he gui dance of the rod of the check val weT/DKER®O216 CD
shows the flexable piston of the checkjyalve in the piston rod. 30 Fig. 11A
shows the enbodi nent of Fig. 6 where the pressure inside the piston nay be

mai nt ai ned constant duri fgot aspirs@heaﬁgj@eWQ@tre the SRGOEMtnagvel dFakdSPpce
may be inflated through a Schrader valve which is positioned in the

handl e, comuni cating wi Shhragder valvest vahisiashiator apangemunt 021hothy pesasure of the
P xO D9210 e o1 Bherfndh'a3 RGAL SARASTRHe the Hl1fey OISt 8P nERKa ffer may

inflated by a Schrader ctuator arran

pressure of the chanber basndnugisp bortrotled bye, tuntablecpddae out | et val ypedalf the
chanber may be manually controlled by a turnable _Esgdal . pedal. 5 Fig. 11B
shows a pi st dhg-atiBingenestovend ipistor, irangemeteprd tike bspdng whese r Hisg@ is

a pi st G : .
Chowe ol tornat i ve pi st SRS, AeoULLRE bAREP 3D SARE and e B36

cross-sectional area's iBndlosedlspag.tudinal direction inside the piston rod.
10 Fig. 11D shows an enl argenent of the inflation arraggge,rren of the piston

of Fig. 11AHg e end élvowm%al&m%ﬁw&plwrgaﬂmn@ﬂbwgp gﬁﬂla'iog‘f’r%ﬁ anging he
bypass arrangenent for t Ef'osi’—@éc\(iﬁnﬁ%éégste Bﬁgtﬁtl&%itugﬁ%dip&tigﬁ'ﬂls%ﬁﬂé to‘ﬂfrofcii.he

outlet valve. Fig. 11F shows an enl ar automatic closing an

openi ng arramgeneImd 15 eliowdwn enldrpahent af the inflation anpagemidne ofths péston of Bpown
for optaining a predeterm ned pressure value in the piston (dashed). Fig.
1 1G shows an enl ar genent 1872t 4b¢ ?‘H’f?élhf'éﬁog‘?rangenent of the piston of Fig.

1 1A, conpri %ﬂ'i%g} i combi gadyOfh aﬁ?“gm\éﬁﬂ d&fthéﬁ%ﬂrfégﬁg ?rgg%@ﬁ'leﬁt £ e Q4 &8 ator

oper at ed cap, makes 1t possible to aut y inflate the 20
pi ston fromthe chanber ffar dosing amd opguirgref the wutletdvabveessure. Fig. 12 shows
an arrangenent, ere the pressure in t hef cont arlri1 ner, Jmy agggegnqn z(L)rfrar;[ re]:g]ent
pressure in thgé Wi rber . shows an enlargement of an automatic g pening g
15 of the outlet valve - a comparable system is shown for optaining a
predetermined pressure value in the piston (dashed).

Fig. 11G shows an enlargement of an inflation arrangement of the piston of Fig.
11A, comprising a combination of a valve actuator and a spring-force
operated cap, which makes it possible to automatically inflate the

20 piston from the chamber to a certain predetermined pressure.

Fig. 12 shows an arrangement where the pressure in the container may depend
of the pressure in the chamber.

Fig. 13A shows a longitudinal cross-section of a chamber with a flexible wall
having different areas of the transversal cross-sections and a piston

25 with fixed geometrical sizes - the arrangement of the combination is
shown at the beginning and at the end of the pump stroke.

Fig. 13B shows an enlargement of the arrangement of the combination at the

beginning of a pump stroke.

Fig. 13C shows an enlargement of the arrangement of the combination during
30 a pump stroke.
Fig. 13D shows an enlargement of the arrangement of the combination at the end

of a pump stroke.

Fig. 14 shows a longitudinal cross-section of a chamber having a flexible wall



Fig. 13A shows a longitudinal cross-section of a chanmber with a flexible
wall having different areas of the transversal cross-sections and a piston
25 wi th fweedogasnetrical sizes - the arrangenent of the ecrmKROITAR S
shown at the beginning and at the end ¢f the punp stroke. Fig. 13B shows an
enl argenment of the arrangenent of the conbination at the beginning of a
punp stroke. Fig. 13C shqitk dfferoft @eQaimrd trafsveRal @ossarameBindef pitthe with
conbi nation during 30 a punp stroke. Fig. 13D shows an enl argenent of the
arrangenment of the combi Maridhim geemetrigalesizes otheaarpngpment; ek ehe Fombinations ows

021 079457 PCTI K02/ 002160 & R PEPRAREL AP 208 ¢ B Bf ofie D

cross-sections and a piston with variable geonetrical sizes - the
arrangenent of the conbination | pegi nni ng, during and at
the ondBSGRIPTION OF PREFERREDEMBobMMNAE 600 VENTS Fig. | A shows
the | ongi tudinal, cross-section of a non-noving non-pressurized piston 5 at
the first | okdstlfishays Hissiongitiiinal CLoSSErEioN LA PO B VISR TERTeasuriged PHEP Lt
that p@siithor & | 9@&%@@&&%%@%@ RSsuM e cﬂaxﬁsasiaﬂaviﬁgqt Wt phifioRiaSt On
5 may have a produCtion size approxifately the diameter of the chanber 1
at t hi sirbulastcrossrsgetiandi with pasndtangnraditise Thespiston55 may ase ppesbotion esizet 0 a

certain pressure |evel is shown, The pressute inside. the pist 5* residts
o o SPDiaR e e S & erhemie LROMES Ffe G fdinel RS, rEhegpises
Pi,§t 0N when Hrefshizedid-a FRQiPhrRiARe RVeIB¥hdvei! THY prefiufe 1ndiagithd!pistal 5 PRSIt on.

Fig. 2A shows the longitudinal cross-section of° a non-noving
non- pr @sgeeitainccopiast mgthl5 5 at the first |ongitudinal position and the

piston 5 at the second, position of a.non-.pressurize amber 1, the.
chanber havi ng'c]iiglﬂwasﬂhgic%‘ggq?ée(‘?f‘fISﬁ)g% 1Rto %26’&?1%%%'%9@03% B3P he
first aapfs rRcRRdinhoRGitioadi nal positions. The piston 5 may have a
production size approximately the diameter of the chanber 1 at this first
| ongi t udi nal Figs?A isbews Theelopgisudimal Srosstsestiont ofea porsmoNing, nomprgsgyriged pisioned
positiqned into.the smaller.cross-sectiop, of,the secaond | ongitudinal .

D5t ¢ 1 grft to Bt ontSi R RESGTLERERE ZEIOET St acend RStinn 87 Fpobrbriurires

wal I ofhifiBerchagmb@habert Rving E64t drofKebtistisndith RABhithtradilib et Pott @@ first May

jamat this |ongitudinal position. L .
and second longitudinal positions. The piston 5 may have a production size approximately the

diameter of the chamber 1 at this first longitudinal position. The piston 5’ shows the piston 5,
non-pressurized positioned into the smaller cross-section of the second longitudinal position.
20 Fig. 2B shows the contact pressure of the piston 5’ on the wall of the chamber at the
second longitudinal position. The piston 5’ may jam at this longitudinal position.
Fig. 2C shows the longitudinal cross-section of a non-moving non-pressurized piston
5 at the first longitudinal position and the piston 5’ at the second position of a non-pressurized
chamber 1, the chamber having circular cross-sections with a constant radius at both the first
25 and second longitudinal positions. The piston 5 may have a production size approximately the
diameter of the chamber 1 at this first longitudinal position. The piston 5’* shows the piston 5,
pressurized to the same level as the one of Fig. 1A, positioned into the smaller cross-section of
the second longitudinal position.
Fig. 2D shows the contact pressure of the piston 5°* on the wall of the chamber at the
30 second longitudinal position. The piston 5’* may jam at this longitudinal position: the friction
force may be 72 kg.
Fig. 3A shows the piston 5 of Fig. 1A, and the deformed piston 5°* when pressurized

to the same pressure level of that of piston 5* of Fig. 1A. The deformation is caused by the



Fig. 2C shows the |ongitudinal cross-section of a non-noving

non- pressurized piston 5 at the first longitudinal position and the piston
5' at theweeeondsposition of a non-pressurized chanber 1pcrhxoeierber
having circul ar cross-sections with a gonstant radius at both the first 25
and second | ongitudinal positions. The piston 5 may have a production size
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second" [ ongi position (production size) e non-pressurized
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different. Fig. 4D shows the contact pressure on the wall of piston 15"*.
This resul t sFigy 4D shows the contact pressure on the wall of piston 15°’*. This results in an

20 appropriate friction force (0.7 kg) and a suitable sealing.

Therefore, it is possible to sealingly move a piston comprising a container from a
smaller to a bigger cross-sectional area while having the same internal pressure - within the
limitations for the diameters of the cross-sections which were chosen in this experiment.

Fig. 5A shows the longitudinal cross-section of the piston 15 (production size) and the

25 piston 15°* at the second longitudinal position of the non-pressurized chamber 10. The piston
15°* is showing the deformed structure of piston 15 when the piston 15 is pressurized. The
piston 15, 15°* have been attached at the lower end to an imaginair piston rod in order to
prevent piston movement during application of the chamber pressure.

Fig. 5B shows the contact pressure of the piston 15°* of Fig. 5A. This is low enough

30 to allow movement (friction force 4.2 kg) and suitable for sealing.

Fig. 5C shows the longitudinal cross-section of the piston 15 (production size) and 15’ *

pressurized and deformed by the chamber pressure at the second longitudinal position of the

pressurized chamber 10*. The piston 15, 15°* have been attached at the lower end to an



20 appropriate friction force (0.7 kg) and a suitable sealing. Therefore,
it is possible to sealingly nove a piston conprising a container froma
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with a FI mtation for its expansion, while it is connected to the wall of
the cont ai nefThe expansiomgichadsumefythpavallnfdhe eonaingsray be depradingeareihe type of
Chanbethe stretching limitation used. Moreover, the keeping of the piston which is moving over the
piston rod, while expanding, may be guided by a mechanical stop. The positioning of such a
stop may be depending on the use of the piston-chamber combination. This may also be the case
for the guidance of the container over the piston rod, while expanding and/or sujected to external
forces.
25 All kinds of fluids may be used - a combination of a compressable and a non-
compressable medium, a compressable medium only or a non-compressable medium only.
As the change of the size of the container may be substantial from the smallest cross-
sectional area, where it has its production size, and expanded at the biggest cross-sectional area,
a communication of the chamber in the container with a first enclosed space, e.g. in the piston
30 rod may be necessary. In order to keep the pressure in the chamber, the first enclosed space may
be pressurized as well, also during the change of the volume of the chamber of the container.
Pressure management for at least the first enclosed space may be needed.

Fig. 6A shows a longitudinal cross-section of the chamber 186 with a concave wall 185



between two walls of the container, pressure managenent of the space above
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the container may be smaller than that of the container as produced when positioned at the end

of the stroke (= second longitudinal position). An impervious layer 190 inside the wall 187 may
be present. It is tightly squeezed in the cap 191 in the top and the cap 192 in the bottom of the
25 container 208,208’. Details of said caps are not shown and all kinds of assembling methods may
be used - these may be capable to adapt themselves to the changing thickness of the wall of the
container. Both caps 191,192 can translate and/or rotate over the piston rod 195. These
movements may be done by various methods as e.g. different types of bearings which are not
shown. The cap 191 in the top can move upwards and downwards. The stop 196 on the piston
30 rod 195 outside the container 208 limits the upwards movement of the container 208. The cap
192 in the bottom can only move downwards because the stop 197 prevent a movement upwards
- this embodiment is thought to be used in a piston chamber device which has pressure in

chamber 186. Other arrangements of stops may be possible in other pump types, such as double



Fig. 6B shows a first enbodi ment of the expanded piston 208 at the

begi nning of a stroke. The wall 187 of the container is build up by a skin
188 of a Wbezablser material, which may be e.g. a rubber type/nxo2obmel i ke,
with a textile reinforcement 189, whichyallows expansion. The direction of
the textile reinforcenent in relation to the central axis 184 (= braid
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be posiend ofiedtroks clieecantanert2id’ shows its production size, having a ﬁber reinforced 219 in
the skin 218 of the wall 218 according to the 'Trellis Effect’. During the stroke, the wall 187
of the container expands until a stop arrangement, which may be the fiber reinforcement 219
25 and/or a mechanical stop 214 inside the container and/or another stop arrangement stops the
movement during the stroke. And thus stops the expansion of the wall 218 of the container 217.
The main function of the fiber reinforcement is to limit the longitudinal stretching of the wall
218 of the container 217. During the stroke the pressure inside the container 217,217’ may
remain constant. This pressure depends on the change in the volume of the container 217,217°,
30 thus on the change in the circumpherical length of the cross-sections of the chamber 186 during
the stroke. It may also be possible that the pressure changes during the stroke, depending or not

of the pressure in the chamber 186.

Fig. 7B shows a second embodiment of the expanded piston 217 at the beginning of a



pi ston rod, depending on the demanded novenent of the wall of the
container. 15 Fig. 6C shows the piston of Fig. 6B at the end of a punp
stroke, wNere7mshas its production size. The cap 191 i npPCh®Ko0e0316 noved
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varl Ou%hen;gtggqu 6}35 .e ’i‘l?é ﬂgiid]Zsf) engaeynftreetly)l/ ?lg\?v tgiough the wall 207 of the piston rod through
the hole 201. It may be possible that the second chamber is communicating with a third chamber
(see Fig. 12), while the pressure inside the container also can be depending on the pressure in
25 the chamber 186. The container may be inflatable through the piston rod 195 and/or by
communicating with the chamber 186. O-rings or the like 202, 203 in said cap in the top and
in said cap in the bottom, respectively seal the caps 191,192 to the piston rod. The cap 204,
shown as a screwed assembly at the end of the piston rod 195 thighthens said piston rod.
Comparable stops may be positioned elsewhere on the piston rod, depending on the demanded

30 movement of the wall of the container.

Fig. 7C shows the piston of Fig. 7B at the end of a pump stroke, where it has its
production size. The cap 191 is moved over a distance ¢’ from the stop 216. The spring-force

operated valve piston 126 has been moved over a distance d’. The bottom cap 192 is shown



beari ngs which are not shown. The cap 191 in the top can nove upwards and
downwards until stop 214 limts this novenent. The cap 192 in the bottom
can only wowe/otmdnwar ds because the stop 197 prevent a mpeEmEw/owéar ds -
this enbodinent is thought to be used {90 a piston 15 chanber device which
has pressure in chanber 186. O her arrangenents of stops nmay be possible
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rod may occur. The tuning of the sealing force may conprise a conbination
of an inconpressable fluid 205 and a conpressable fluid 206 (both al one 20
are al so a pFsidA,BiC show nsiiniatitie pstontcanmpeising whidneindr @28 haa thedregRbingdndt he
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oot no 225 dane gad of & ok 10R Proetion M ts Brcotinon 26 g the second BBl g
may 11 B6litiod 1P el CHaRibRH 188 dnsROicA of! iE pRIGH ity HEdadaic D thdi DF15h 2

nmay et er h a

201. | e possi at the second cha I S communi cating wt

t hi rd GAgB}Ewith(tbeexdepiion tha) the wéinfoecentent pomeprises of amskide of henforrenm@nhmeans so
can be dependi on e pressuyre in 25 the chanber 186. ,The contai.ner nay
be- i nf PRGReY BF PSE@%P% b B’ﬁ‘é& ay {;Ydl“fg@tt&ﬁ‘o‘?qg‘fe{ng?fce'& et YBCD A% he
chamber,qtg @ac}ﬁitﬁ%ﬂf' %isr?[?attre'ﬁ?mlag 168 0RO 6f g&’rgﬁevta iPeltraPaXid 184 BEtht QRaRBEr 1860
said cap 1n the botto respettively seal the caps 191,192 to the piston
ragd. Thoeonapf Ahére a phd\ofi thesreinforementimeasend) e it a phwe ¢mough theheenprakaxis r od

195 thighthens said piston rod. Conparable stops nmay be positioned
el sewhere on the piston rod, depending on the demanded 30 novenent of the

wal | of the %tﬁb%ﬁéws R Bp vidw DRMSpisfdn 1P8Sdndn 2B’ Fésﬁectizai'a\&itﬁ ke esffoef a
punp stroke, ere it has its production size. The cap 191 is noved over a
di st ancement meann22eand 37 xesectivaly.spri ng-force operated val ve piston 126

has been nov oyer. a distance d... The b om ,192 | ho 02/ 077457
PCT/ DK02/ 002568 3 Shila g b Vi meéhesPléﬁS“%% and; 28, | ESpectiyBly it YR Pepiet
chanbeed8& mbRP2ONEnd 329° Rspecwdpd agai nst  the stop 197. The
conpressable fluid 206° and the non-conpressable fluid 205 . Fig. 8A B, C

show an i nf| ZigH4e shows edongiwdinaké¢rass-seciernefihachamixg 186 wihea peryexfiongavend
5 228 d. troke. The. duct.i i i h f..pi 8'
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r ei nf oleRARRIA mEMBEIS2TFYorliRcled t@thielad RRint 352 WA Ghid tpistorc 258,238’ . Aneése.members are
in tension, and depending on the hardness of the material, they have a certain maximum
stretching length. This limited length limits the stretching of the skin 252 of said piston. The
common member 255 may slide with sliding means 256 over the piston rod 195. For the rest
25 is the construction comparable with that of the piston 208,208’.

Fig. 9C shows the longitudinal cross-section of the piston 258’. The sealing 253°.

Fig. 10-12 deal with the management of the pressure in the chamber of the container.

Pressure management for the inflatable piston comprising a container is an important part of the

30 piston-chamber construction. Pressure management has to do with maintaining the pressure in
the container, in order to keep the sealing on the appropriate level. This means during each
stroke where the volume of the container changes, and in the long term, when leakage from the

container may reduce the pressure in the container, which may effect the sealing capability. A



Fig. 8D shows a top view of the piston 228 and 228", respectively with the
reinfor- cenent neans 227, and 227' respectively. Fig. 8E shows a top view
of the piwD®R/0ZA87 and 228', respectively with the reinfor PCIDKRMB1 neans
229, and 229' respectively. Fig. 9A shgpws a | ongi tudi nal cross-section of
t he chanber 186 with a convex/concave wall 185 and an inflatable piston

conpr i SloRdofX1 1@ MA Bethe 23fitioh. THand &@mihengnaindr tWhen $e¢ang&dvoluat dufieg and
of a stroke. The container 238 shows its production size. Fig. 9B shows
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hole in the prston "rod. The pressure nmay al so be bal anced, and this nay be

done bytrakespry alyofberdone by ercomununicativawf thth¢hambergndthesbambeoefcidie cantainer.
first closed space. The.. ] r Lghated by a spring or a
pr essuﬁliﬂksel&aseagr&& @86“5%%@%‘?&‘;‘.“3‘2’ da(t)% é@%@%?@?@@ggﬁ%ace, whi ch

communi cates with the first enclosed space by a pair of pistons. Any kind

of force transfer may be arranged by each 10 of the pistons, e.g. by a,
conbi nati on dhetdentaines anay bsénflateddthepizhen e an thespisten padiqrithe dandlgaiThis; he

(3 ce SAnkbeh Beck ValVior d HhafdiFlA%E % EPRSrARRRaRRS TRE UBhiainth i e
inflated through a valve which communicates with the chamber. If an inflation valve is used, a
Schrader valve is preferable because of its security to avoid leakages, and its ability to allow to
control all kinds of fluids. In order to enable inflation, a valve actuator may be necessary, e.g.
the one disclosed in W099/26002. This valve actuator has the advantage that inflation may be

25 enabled with a very low force - thus very practical with manual inflation. Having a valve
communicating with the chamber, it may enable ’automatic’ inflation of the container, when the
pressure in the container is lower than the one in the chamber. When this may not be the case,
such higher pressure may be created temporarily by closing the outlet valve near the second
longitudinal position of the container in the chamber. This closing and opening may be done

30 manually, e.g. by a pedal, which opens a channel which communicates with a space between
the valve actuator (W099/26002) and the Schrader valve. When open, the valve actuator may
move, but lacks the force to depress the core pin of the valve and hence the Schrader valve may

not open - thus the chamber may be closed, and any high pressure may be build up for enabling



in the second encl osed space reduces, when the pair of pistons noves nore
into the first enclosed space e.g. when fluid is noving fromthe first
encl osed wpae®7i46t o t he container. This conplies well w POTMKOY062160NSt ant
in the second encl osed space. 15 The tani ng of the pressure in the chanber
of the container during the entire or a part of the stroke nmay al so be
done bynfRitiofrofuAE ¢ahtaidr.OWhihehe bisaninel isadicket h ehecdvannoer funttidrdseascdistlasadein.
This has al ready been described i.n W00/ 65235 and W00/ 70227. The cont ai ner
may be WRPY/Z0Q0P-+ hbdoppratar yay\rheskthe REssHiTs i HeHoniager O Marpmeder. fipegingyg
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The " comREnE, & 75 ut 1o b Bk (Rht Aol The ey PESEREL MR e
chanbepf rhéangn whidl anitiate claeding dfsthasadlet by Scligratierf aat kénd as pr eésuitabf e
because of its security tqQ ayoid | eakages, and.its ability to allowto

cont r omeasyreentqef IHFSSP%/%P?E{?’ Q‘YFIGL%? P?E&efgﬁame@ V'P-ﬁ’iel ation, a valve actuator

may be N, di.s61.0 d \/ i
et uat ATE REERRE infladon of R, QA3 PRGRIM ProWlIcaR SIre I YRR DY 2 | o
force combinatiorerof pvabvei cahmunitdtingawithl the ndhambeoand Kagi agreleasealvabye in the

communi cating with the chanher, jt may enable 'autonmatic' inflation of the
cont ai ﬁ‘é‘?t?mﬁﬁelﬁ rglgases gl 2 SETAR plr#e{eﬁrgl erRlrthe PressiEr ©8hdh tl{eh%’a?ﬁé&i’vﬁ t he

chanbegpe dABIndriYro MY CcHARDbeREAAMRr&pBBn ma§ WethAlitBN@4lvO hLAGSBE 8 WEDOD L6002
created tenporarily by closing the outl et valve near the second
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openin y.be. done 30 manyal e.q. by .a pedal, which opens,a channel
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the force to depress the core pin of the valve and hence the Schrader val ve

may noperagdrpiston.hus t he chanmber may be cl osed, and any high pressure may
be build up for enabling WO 02/ 077457 PCT/ DKO2/ 00216 21 inflation of the
cont ai ner. Wen the channel is closed, the actuator functions as discl osed

in, W99/ 26087 [DACSHORR3isbn-BRdmbEh 8pdferh MNEthI [SiStoR tompHAsihf 8 comaindt DES,208 a
manoneter. Opening and closing of this outlet valve may al so be done

aut omaandakchymberhisé hasingtacced aleaxin1 &) accqrndingsto Fig. GhAskn sThevpflation; and pressire

reasur dranein gt Féel oy IR usltorcbuhit Aol EERBYYo81n Brdlper. The
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be done by a conbination of a valve communicating with the chanber and

e.g. atheepistone rod|198. iIfi nohbande)rs disedr but| €8 1 dalaBRg Axley igegould fe hollow,

pr edet er m ned g%ueet of the pressure, e.g. to the space above the container
of’to Fﬂ'@mé'ﬁ‘é?ﬁé .Wl,&not her option may be that the val ve actuator of

W99/ 26002, Mehimyr halvepernef V416 241 ahéiye beaarpiifiatioh evalve)eelgy al Sehradert talve,

press urcgmggiging iebrfxsﬁiﬁg %24? gr’ld g \/gl\fe l?:gre 245. The valve in the piston rod 195 may be a check
valve, having a flexable piston 126. The chamber between the check valve 242 and the chamber
209 of the container 208,208’ was earlier described as the ’second’ chamber 210. The

25 manometer 250 enables control of the pressure inside the container - no further details are
shown. It may also be possible to use this manometer to control the pressure in the chamber
186. It may also be possible that the chamber 209 of the container 208,208’ has a release-valve
(not drawn) which may be adjusted to a certain pre-determined value of the pressure. The
released fluid may be directed to the chamber 209 and/or to the space 251.

30 Fig. 10B shows an alternative option for the inflation valve 241. Instead of the inflation
valve 241 in the handle 240, only a bushing 244 without a valve core 245 may be present, which
enables connection to a pressure source.

Fig. 10C shows details of the bearing 246 of the rod 247 of the check valve 126. The



conbining it wwth a spring. Another option nmay be that the opening to the
val ve actuator is closed when the pressure reaches a val ue over the

pre- det erwDre@d7@s®e, by e.g. a spring force operated pistecT/DE2B0ys 10A
shows a pi ston-chanber systemw th a ppston conprising a contai ner 208, 208’
and a chanber 186 having a central axis 184 according to Fig. 6A-C. The
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shows detafls of the bearing 246 of the rod 247 of the check valve The
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248 keeps the pressure on the piston 126. 5 Fig. 11A shows a piston-chanber
syst emawalvie agtuatort26n aceardinggp WOR9/26002% i Therfootdih2xsghe chambes 18handychavess

or ossarBueiahEsche” aseiRBERtS MbEp, Be cdfed I pldhe e R acBfr gt

conpr i géddadifg 6®WA99Y26002T I ordeé aiafedlly2édhtrdDie dublyt agvé P63, ake tbot NED ugy a
val ve communicating with the chanber 186. This valve may be a check val ve
242 acbeediipged withiggpedabASDach ganniagn pbapgle iongmourd am aylgi 264, on the foot 262.

20 The pedal 265 is connected to a piston rod 267 by an axle 266 in a non-circular hole 275 in the
top of the pedal 265. The foot 262 has an inlet valve 269 (not drawn) for the chamber 186. The
(schematically drawn) spring 276 keeps the pedal 265 in its initial position 277, where the outlet
valve is kept open. The activated position 277’ of the pedal 265 when the outlet valve is kept
closed. The cab 269. The outlet channel 268.

25 Fig. 11B shows a detail of the communication by a pair of pistons 242,270 between the
first enclosed space 210 and the second enclosed space 243. The piston rod 271 of the pair of
pistons is guided by a bearing 246. The longitudinal ducts 249 in the bearing 246 enable the
transport of fluid from the spaces between the bearing 246 and the pistons 242 and 242. The
spring 248 may be present. The piston rod 195 of the piston type container 208,208.

30 Fig. 11C shows an alternative wall 273 of the piston rod 272 of the piston type
container 208,208 which has a angle § with the central axis 184 of the chamber 186. The piston
274 is schematically drawn, and can adapt itself to the changing cross-sectional area’s of the

inside the piston rod 272.



10 preferably a Schrader valve 260. The first encl osed space 210 is
comuni cating with the chanber 209 in the container by a hole 201, while
t he fi ns wookosmd? space 210 is comruni cating through a pipstrmKentaRgenent
with a second encl osed space 243, whicig may be inflated through e.g. an

i nflation valve |like a Schrader valve 241 which may positioned in the
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opening it when the pressure is lower than the predetermined value. A signal 360 is handled in
a converter 361 which gives a signal 362 to an actuator 363, which is actuating through actuating
means 364 the piston 292.
When the chamber has a lower working pressure than the pre-determined value of the
25 pressure in the piston, the arrangement 369 to control the closing and opening of the outlet valve
263 may be controlled by another actuator 363 through means 367 initiated by a signal 365 from
the converter 361. A measurement in the chamber, giving a signal 371 to the converter 361
and/or 366 may automatically detect whether or not the actual pressure of the chamber is lower
than the working pressure of the piston. This may be specifically practical when the pressure
30 of the piston is lower than the pre-determined pressure.
Fig. 11G shows schematically a cab 312, 312’ with a spring 310 connected to the
housing 311 of the valve actuator 261. The spring 310 may determine the maximum value of

the pressure to depress the valve core pin 245.



shown depressed by the valve actuator 261. Fluid may flow through channels
304, 305, 306 and 307 to the openened valve. The inner cylinder 302 is
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o pen nenagpber i rlaliarblo 2 arissargisEid B0 R 1ois BHERDCE v sl For 6

t hr ougheBahattfié nidthdrtaietts 8fornsicanal the6pall bpMe pikOn GARY Pldcea bibdelayed

measurenment in the chanber, giving a signal 371 to the converter 361
and/ or (t86Baving e taovigedse aionycogwressablevilsidhiar therwalbef theechambanpngyoe shaFightof

he chanber j . th he, wor ki ff. i TN b
spect 1 TTd of Fpd BeERlatink Attt b, SOZEH Fofdwhish e bk bl ol e ¢
the prgistkeproviies arseﬁme, &1 @hich 1S dsdane t6 teesentralcadid of e CAOmMBAr2durdib?’

with a spring 310 conn I to the housing 311 of the valve actuator 261.
The s pHiengosamentdptverenWei pigon @ad/eaLhamharnasitions may tvasy . pF s PIeEdes? gestess

et ongSHUpa: SR eBeA T Al Snd Atk BefHiRble orbfal e BRONET |

at t heg&fidn ¥t the Pistdoih thediiséon VhithmEvemen? Howeverambpalsorte &gdl, dr @ith a
13A, B, C show t he conbi nati on of an_ptgnp with a pressurizing chanber with 5
i

el ast i oegatiye gaglerinapleionsn thevingle ofithe sl mf the ebamber -(ipdhase sawsdhe anoser ok
SSET" O AR ) 6 AR B 1B RGPS i s o
a changing cross-sectional area, and by that, a designable operation force. The wall of the
chamber may be equiped with all the already shown loading regulating means the one showed
on Fig. 12B, and if necessary with the shape regulating means. The velocity of the piston in the
chamber may have an effect on the sealing.
25 Fig. 13A shows piston 230 at four positions of the piston in a chamber 231.
Around an inflatable wall a housing 234 with fixed geometrical sizes. Within said wall 234 a
compressable fluid 232 and a non-compressable fluid 233. There may be a valve arrangement
for inflation of the wall (not shown). The shape of the piston at the non-pressurized side is only
an example to show the principle of the sealing edge. The distance between the sealing edge at
30 the end and at the beginning of the stroke in the shown transversal cross-section
is approximately 39%. The shape of the longitudinal cross-section may be diferent from the one
shown

Fig. 13B shows the piston after the beginning of a stroke. The distance from the sealing



i nfl at abel chanber is positioned which is inflatable by a fluid (a

non- conpressabl e and/or a conpressable fluid). It is also possible that
sai d houswog2meipsbe avoi ded. The inflatable wall conpri siPeg/paKog00a6

| i ner-fiber-cover conposite or also adged an inpervious skin. The angl e of
to the sealing surface of the piston is a bit bigger than the conparative

angl e edigd 85 wd theQdentrileaxis D3GHes, . MheradpRRts between dre pixion spalingl ¢dze 236 dnde
noverrent This difference between said angles and _the fact that the

gnlrrent thecasniralad o2 Hoefi thmehagmber Ehe@ngle bhetiren fhe stablpfithk ehanhes apd Hletﬁeﬂtralf
the. ananBerbany il Fifodm it el U SRIPEFRERafing e 2k bfel i o |

si m | aangle »tires@eshs big dsae ahglerf. shown for the 1s pistons) provides a
seal i ng_edge, of which its distance to the central axis of the chanber

dut i ngOtheremhadisnents Of)g‘tev@étﬁ“taf/ﬁ)“% $O¥R- and/ or chanmber positions may vary.
This provi deg; O% 13O Dws IRE lsfaﬂ ugﬂg%%u%ia@nﬂfe dlstahdréin he Qfing BALE 195 ddwat .

a desi gnabl e eration for ross- section of the piston in the
di rect 'tfmcanfrat lveis Qﬁﬁmn{thhmdmame m:smaﬁblsthabel equal, or with a negative

anglein reI on. to the anle of the of h anmber - ese cases
t he ' nose' Ol%ﬁféh(bYsstthS almost Bhwaé"&déff rf’ﬁ fﬂ&n&é@cﬁﬂm fefiliNgses
it may f t vi d figr gectional area, and
by thatﬁ@ge %@ﬂ@%bdegﬂgpaéég%ﬁ%iOf{gles%ﬁﬁh'é@gk E'lﬂalg%rqt he " chanber may be

equi ped wi t hFigd.l14t shewala eclyinatoovef d waﬂlloﬁ@ler@@mbat and) theegiston whiclohaves howed
on Fig. 12B, .and if necessary wi,th the shape, requl ati neans. The eIOC|ty
of t hoCIEEthIE RO al shaRGe e, 290 Lo Sanaihercqurig the uipiolg, cmblise 8
13A s h%‘@tuﬁ’l’oﬁ %hggolt &hs ft@b'ﬁod@étﬁintshiérh‘ﬁ tRf seb ARl IBhSitwindl postiehanheichZ@ber.
Around an 1 nflatab housing 234 with fixed geonetrical sizes,

W t hi nShawd isnie ch@mbeaof E@gnb%sl@a/bwah fonly & noszompeessabitomedivmp 3% 8ath Pistan i d

233. T b fl at f th |, |

choun) SotaeEhegEne Tibdihe: SRt MeaondhoF shdtn 8L Bhroleie 10 o i,
exanpl ai§dald by Ef%o&lfﬂeﬂt?sl d¢fl tRe pistdnh@hisk adythaRetodimenienglingy dBagedRérea6H. t he
sealing edge at 30 the end and at the begl nning of the stroke in the shown

t r ansvdhe afight raheice s celapityi of hermisian and éhe/ vgg(%lty'[qfethg HagBumf 23 hmay have a

| ongi t udi.pal Ss-section be. di f r ent fr h ng

shows. Phabgs efitd iy SRS FBY aeeifie} sl Bel Y G P ARMO, ol

seal i NngidNQ O alsdHe dHFElaK02/ 00216 25 edge 235 and the central axis 236
is z1. e angle ~ between the piston sealing edge 235 and the central
axis 236 of the chanber. The angle v between the wall of the chanber and

the central axis 236. The angle v is shown snmaller than the angle t. The
séaling edge 235 arranges that the angle v becomes as big as the angle ~.

25

30



5 O her enbodi ments of the piston are not shown. Fig. 13C shows the piston
during a stroke. The distance fromthe sealing edge 235 and the central
axis 236 we 2@7H451his distance is smaller than z1. Fig. 1®Drgikmesoiibe

pi ston al nost at the end of stroke. Thggdistance fromthe sealing edge 235
and the central axis 236 is z3 - this distance is smaller than z2. to Fig.
14 shows a conbi nation of a wall of QIhgIMEiber and the piston which have
changeabl e geonetrical shapes, which adapt to each other during the punp
stroke,l. enablA p@toa-chamibei Boabinatieatomgrising ahelongdts chamistrql 62,186,238) whichhe
second | ongi tudi nal, position of the chanber. = Shown is the chanber of Fig.
13A now bpunded Ry anainpesrchagbsr #all (9@ 1$b 4B EhAnd rompriging; an ¢Jasticaldy dﬁf{"f'inﬂ'éle

begi nni . ' i 4500 ~4 s 44 t f.oreqt he end
of s SR or i e O e B 3 o8 Change
di srensicharaberety Heeseakimgly meovableaelativd hesaid ghambznait deasobetwetroirst ynadisecond

pi ston_and the viscosity of the nmedium 237 nay have a positive effect on
oper at ﬂ%tpdmﬁjepq’%tlﬁﬁst({fdﬂﬁia‘?ha@?@és-sectional shape of the chanber shown in

Fig. 14, | > ; 1. Y/ 26
S S A R R R

(162, 18mgddinalpositionsicf saivlchdedebyndiat least snbstantinlle coneruiougly Sibfarest @88y and
(205, 2sestibpalrarsassat insgmodiatc Jogliaaut paBliciadoyeifihe Hidl ol FEMENEudinal
segl i ngl, 1tiHﬁ’th?19%f?>rf],;@E%Eés?ﬁ%e&t%nﬁﬁé:@a QPGS RheltRAsdl é)%@itti\ﬁﬁ%infg' 1hider WM

second ongitu positions of said chanmber, said chanber "having
cr oss- stecerosmsectibnaliaféacatethe senond Jongiudinahpdsittongas at the first and second

| ongi tudi,nal positions of said chanber and at |east, subst.anti.al,l

cont! nibigTyoRTruiEha et Bod GUTERfte MipnShenAet oL BRI Xer ¢ uai na
posi ti QAR IR idnke chdrhtsdr vl second |ongi tudinal 10 positions thereof,
the cross-Sectional area at the first |ongitudinal position being |arger

t han hereinoss-sectional area at the second |ongitudinal position, said

pi ston i.ncl.ydi a, piston bo d seali ans_supported.by..the piston

Doty 1 sd riskeh P BRnE (RReriihih RBRLASD okl Aiif BRAR Lo i YickeRénc Rt
sectional areas of said chamber during the relative movements of said piston from the second
longitudinal position through said intermediate longitudinal positions to the first longitudinal

position of said chamber.

20 2. A combination according to claim 1, wherein the cross-sectional area of said
chamber at the second longitudinal position thereof is between 95% and 15% of the cross-

sectional area of said chamber at the first longitudinal position thereof.

3. A combination according to claim 1, wherein the cross-sectional area of said
25 chamber at the second longitudinal position thereof is 95-70% of the cross-sectional area of

said chamber at the first longitudinal position thereof.

4, A combination according to claim 1, wherein the cross-sectional area of said
chamber at the second longitudinal position thereof is approximately 50% of the cross-

30 sectional area of said chamber at the first longitudinal position thereof.

5. A combination according to any of claims 1 to 4, wherein the piston (
208,208°,217,217°,228,228°,258,258°,450,450’) comprising a deformable material (205,206).



15 said piston body being designed to adapt itself and said sealing neans
to said different cross- sectional areas of said chanber during the

rel ati ve wowenenss of said piston fromthe second | ongit edirmaozpaasti on

t hrough said internediate | ongitudinal2positions to the first |ongitudinal
position of said chamber. 20 2. A conbination according to claim11, wherein
the cr@ss- seq t@nbihatidreaccofdisgidiclaih Sviwhierein thedhdefomtabie macerl t udi nal
position t hereof is between 95% and 15% of the cross- sectional_ area of
sai d ckdibedo)ds atfhad or agnixiuse of fluiisn AIChASsHalFTo FteRMeANEAer 825, OMadB#Bi nat i on
according to claim1l1, wherein the cross-sectional area of said 25 chanber
at the second | ongi tudi nal position thereof is 95-70% of the

cross- gect i onAl coatbiatioh ace@riithgathatdierS at 61 whefeim,sin d crogi-sactiom sliropgis tttei on

t her eof i.nation accordl o _cl ai.m rein.the gross sectl onal
a6 otongsiudinal {ehion, e conusscuhn bang ot ABe Fr s doneinginabposiEsh

appr OX f RSy 62, 1818 2NORA 2 BourRgle! Qfieh iddiFRrH fiofh d seOmatBapabf e
first longi |na pdS|t|o er eof : conbi nati on according to any of
cl ai s céntaimesd wheh demigrpasitiengd st tha second longitudinal position of said chamber.

208, 208' , 217, 217", 228, 228' , 258, 258' , 450, 450" ) conprising a deformabl e
materi al (205, 206). WO 02/ 077457 PCT/ DKO2/ 00216 27 6. A conbination
accor digng to x C#&Pﬁhﬁ%od"ﬁ&ﬁf‘dlﬁg td@afie oW RR af%arpa% of &8%f&%bxel s afluid
or a m xture 0 such as water, steam and/or gas, or a foam 7. A
cambi naateninl (2@@risicomptassiblecind Bhagein ghe firstishape, hasranarex being dargen than @anr ough
t he | on tﬁ]udl naId irection, the contai ner, when being positioned at the
first Iab‘iﬁg% 8iSroNd 388R% i on  of the chanber (162,186,231), has a first
shape which is di ffer ent froma second shape of the container when being
positioned at the second |ongitudinal position of said chanber. 8. A

corbi n&t i on accombiination accerdingriorclainhdy aherein theedeformable maferishe def or mabl e
10 mat ressibl e d wherein the first shape has an area
bei ng G&Q@é? gﬁ)@# s&ﬁsmg IB?OI?I?{SsséE%ond shape. 9. A conbination according
tg;claim?7, wherein the deformable material (206) is at |east

subst anti aI |y inconpressible. 15 10. A conbination according to claim5 or
6, wherl6i n t tecombinatioreaccordingifa elaibbeor 6, twhexeinethe gpriaipeeiddeflatehiened
pressure va nation.according to claim 10, wherein the

pressur®? rcgﬁtﬁ’inn%reérﬁ%?’é{}?‘gbpd %¥"4%0 the stroke.

11. A combination according to claim 10, wherein the pressure remains constant during
20 the stroke.
12. A combination according to any of claims 5 to 11, wherein the piston (

208,208°,217,217°,228,228,258,258°,450,450’) comprises an enclosed space (210,243)

communicating with the deformable container, the enclosed space (210,243) having a

25 variable volume.

13. A combination according to claim 12, wherein the volume is adjustable.

14. A combination according to claim 12, wherein the first enclosed space (210)
30 comprises a spring-biased pressure tuning piston (126).

15. A combination according to any of claims 12 to 14, further comprising means

(126,wall of 195,246,248,249,273,274) for defining the volume of the first enclosed space



12. A conbination according to any of clains 5 to 11, wherein the piston
208, 208' , 217, 217", 228, 228' , 258, 258' , 450, 450' ) conpri ses an encl osed space
(210, 243)wooanmuani cat i ng with the def ormabl e cont ai ner, treTaI208d Sspace
(210, 243) having a 25 variable volune.283. A conbination according to claim
12, wherein the volune is adjustable. 14. A conbination according to claim
12, whez®)Rolthe thé pedss\a8 Of ghedlirsmadst(chtdsed Sfce ¢21D)irslates ao s pregsube &s ed
pressure tuning piston (126). 15. A conbination according to any of clains
12 to ihe serond prglosedipages(2Ad)- neans (126, wal | of 195, 246, 248, 249, 273, 274)
for defining the volunme of the first enclosed space WO 02/ 077457

PCT/ DKO2/ 00216 28 (210) so that the pressure of fluid in the first

encl os ed spa@ecdrﬁﬁlﬁmwredmbﬂﬂng o ¢lhien p5.ewherein the the defisieg omdne (A60E¥J space
(24 A conbination according to_claim215, wherein the the definjng
reans (43246.48.239 258, T e apted Jo #iner e DiFSUigcHhe At snRORBaEh L0
pressu rst enclosed space (210) during the stroke. 17. A
conb|ng§n@§ﬂ§2§g%§|ng to claim15, wherein the defining neans (126, wall of
195, 246, 248, 249, 273, 274) are adapted to define the pressure in the first

encl osed space (210) , 10 at Ieast su tant| ally nst ant dur stroke.
18. A ddnbi néx FYRDIAAEYY AcARling to-¢laimyl J.4Wheiem gierficeﬁﬁg‘gs'ﬁ?"r"ﬁ lé)gg@bo(%pressure

tuni ng 1?5) b3k 938 (k363731 £748 ‘b ed b gk fhe) r%ﬁﬁ&%ﬂhh%‘rﬁ@nfﬂok@djs&tze}‘

ext ernal " pressute éoufce can om1|nto t Irst enclosed space (

19 A abldastrsabstamtiaiycmnstamgdurmgcthaistroke8, wherein the fluid from an externa
pressure source can enter the second encl osed space (243) through an
inflation valve, preferably a valve with a core pin (245) biased by a

spring,;g: Such ASobiratiS AL brdi Ry &ﬁclsl%flia Jvhém@fhe s%hghe biakd @f@&ﬁu&@mﬁgur ce.

20 20. ination according to claima1, wherein pi Ston (248)
commmpmam ﬁg6) i 4 bhezk vlab@s(124b)1mrmgh\hdn(:12 ﬂmd of2dn extermalnpricssare souree G%ﬂr d| ng

L0 ! 200 sl BABGaRb BB L5 o pressure 26 source, 22 A
15
19. A combination according to claim 18, wherein the fluid from an external pressure
source can enter the second enclosed space (243) through an inflation valve, preferably a
valve with a core pin (245) biased by a spring, such as a Schrader valve (241) from an
external pressure source.
20
20. A combination according to claim 1, wherein the piston (248) is communicating

with at least one valve (260).

21. A combination according to claim 20, wherein the piston comprises a pressure
2 source.
22. A combination according to claim 20, wherein the valve is an inflation valve,

preferably a valve with a core pin (245) biased by a spring, such as a Schrader valve (260).
30 23. A combination according to claim 20, wherein the valve is a check valve.

24, A combination according to claim 1, wherein the foot (262) of the chamber (162,1-

86,231) comprises at least one valve (263,269).



preferably a valve with a core pin (245) biased by a spring, such as a
Schrader valve (260). 30 23. A conbination according to claim20, wherein
t he val vewoa2a7uheck val ve. 24. A conbi nation accordi ng t ecaimomoiziewher ei n
the foot (262) of the chanmber (162, 1- §6,231) conprises at |east one valve
(263, 269). WD 02/077457 PCT/ DKO2/ 00216 29 25. A conbination according to

claim 34, whey @dnﬁbihﬁlﬁ)rpé&bﬁ‘ingé@ M&ini 84, Whérdti MR oblky GalviLinBaadn Yalgeval ve
with a core {;l n (245) biased by a spring, such as a Schrader valve (263),
4

sai d corefergbly 4 valwpWithga eeraanie £245) diased Ry arsping2such ais 2389hrages Yabed2bdy t he
lve. 5,26, A i pat i ' i . inth
vor e pifd EBpngs TRNAR LB BEcRtey) 068186202 Fwtth Blositl iivaltBZ! BL0 1

(261) or an activating pin. 27. A conbination according to claim 26 24,

wherein the val ve actuator for operati n8 wi th val ves having a t5Zgr®| nfg-for ce
oper at 86- val vecaphisatinnaccersting fos¢laign 13 20 of 2545 Whereln the cernpiaLdd) flothg
pressur } ource: . - W thi i = L section for

recei vi' é’gﬁﬂ@{\%ﬁ\}g C§§neﬁteedat§1au\gytl\é%d%&®t%0@§w %daenr Qcéﬁ(ri{(::if? {eHr?ent ially
surrounded by a cylinder wall of a predeterm ned cylinder wall dianeter

and having a first cylinder _end and a second ¢ylinder end which is farther
15 away’f r omA sRMBIBHANN 3gOKking [ooFlaimh a6 24 o vhexain Lhe Xan‘? ACEROR AT OpRERting

connec i LV r "gﬁ% fromsaid pressure
sour ce,w}f-ik %ﬁ\é%sgﬁ(\)ln%%@ﬁl%’@pﬁoﬁﬁﬁiﬂlﬁ%%ﬁs{?ﬁ’ ﬁ cyx?gnnder and fi Eedl y

cqupl ed atlwuding tabeicoanéondl wi o1pfessure ngdginngoustd;h t he spring-force operated
val ve core pin of the valve received in the coupling section, and 20 - a
conduct i%ithie HignhaIsinget ween sai d second cylinder end and said coupling

section for Coﬁ@g\%ugetﬁh%gﬁrlt%g%%g_tggg‘jﬂyéntg B@%tﬁ@&&t second cylinder end to

the coupling's iston 1s noved 1nto a first piston position
i n whi ch theyfihddrasircumferentiallyi sustoupdeeidiey e cpfimded wadli oft 2 predetermined aytinderr st

i nd d, i d iduct | f di b i.d. d
oy nder i el TRt o o Breesirs Tedlym ol veer dold sacpne
moyed a&é%g tife étﬁlg)ﬂpg s@tioh ARarPQ3d kR 'E;lirﬁhe%h@ Rnd RecRingéd td thefloRingecond

predermn I stanc om said first cylinder end which second distance
bei ng Ifar peeivingapresaredmediugt frdinstaihpressuvherwrcdy - t he conducting channel is

he. cyl i nder - PSSbyHaS mow0l Fsres on ecomntcsutd s Bhen e Wl oyt i nder
activating pin for engaging with the spring-force operated valve core pin of the valve
received in the coupling section, and
20 -a conducting channel between said second cylinder end and said coupling section for
conducting pressure medium from said second cylinder end to the coupling section when the
piston is moved into a first piston position in which the piston is at a first predetermined
distance from said first cylinder end, said conduction of pressure medium between
said second cylinder end and the coupling section being inhibited when the piston is moved
25 into a second piston position in which the piston is at a second predermined distance from
said first cylinder end which second distance being larger than said first distance,
wherein
- the conducting channel is arranged in said cylinder wall and has a channel portion
which opens into the cylinder at a cylinder wall portion having said predetermined cylinder
30 wall diameter, and
- the piston comprises a piston ring with a sealing edge which sealingly fits with said
cylinder wall portion, said sealing edge of the piston ring being located between said channel

portion and said second cylinder end in said second piston position, thereby inhibiting said



30 wall dianeter, and - the piston conprises a piston ring with a sealing
edge which sealingly fits with said cylinder wall portion, said sealing
edge of twe opiozisn ring being | ocated between said channelPCTEpX®RI00216and
said second cylinder end in said secongypi ston position, thereby inhibiting
said WO 02/ 077457 PCT/ DKO2/ 00216 30 conduction of the pressure nmedi umfrom

sai d seefiudti6y bf fHiepressiet metimnt Fromcdanseebnd Oylamietl end @o it hanhelninpaki ti on,
and being | ocated between said channel portion and said first c¢cylinder end
i n sai &Pnd Pisten BewiiopRodthens, located besyvepsaid shannebperign fad spid fist aylindepnd
cylind y! ' e i it ' | rdi ng
o ol s 905 oty pbbighniee0r oBeThe W thai Ty sha 3B \BHEE: ERER

pr e- dekaid Mirstgsiston positioe. | evel . 29. A conbi nation according to claim20 or
28, wherein the valve is a release valve. 10 30. A conbination according
to’claim 28, wherein a spring-force operated cap (312) which closes the

channehg ( 286), el RaddiCactBldls ACLUA 96, Wikkin WRTbNCoRPASHL MechO RS above

a certain pre-determ ned pressure va 0 n according to
cl ai m gBtainn preci¢etermiaed peesnie l&@h be opened or cl osed, the channel connects
t he chanber (186) and the space (305, 306,307) between the val ve actuator
(261) and the core pin (245), - a piston (292) is novabl e between an

openi ng9posi fal ed}nt(ia?%fatnhazdesr_d%gc{ooamgw% hBi Alefedf Me Plive 8] hi&hanaRE, and

20 - the novenent o pi ston (292) is controlled by an actuator (363)
whii ch is steered as a result of a neasurenent of the pressure in the

pi ston_ (208, 208',217,217' , 228, 228" ., 238, 238' ,- 450,450'). 32. A cC j\nation
accor dPthg t oActUNRINaton 346 %thgélﬁhﬁgreWE%rfm selar}g-ggc%%q{ét&d &F‘p%ggi)cl osed,
whi ch e t i n the
val ve WQ(E\JE{}H u%ltb%rs tﬁ%gﬁ?ﬁgﬁ%% ﬁéﬁg%rtg@g?lg@(ggg%a?%%?qileggﬁ%lﬁﬁg%ﬁrg%bg{ggor di ng

t o cl akbovema certdd? prestietemminediprissronalg292) i s novabl e between an opening

position (294) and a closing position (295) of said channel. 30 34. A
conbi nati on according to claim 33, wherein the piston (292) is operated by

ass 31. A combination according to claim 28, wherein

- a channel can be opened or closed, the channel connects the chamber (186) and the space
(305,306,307) between the valve actuator (261) and the core pin (245),
- a piston (292) is movable between an opening position (294) and a closing position (295) of
said channel, and

20 - the movement of the piston (292) is controlled by an actuator (363) which is steered as a
result of a measurement of the pressure in the piston (208,208’,217,217°,228,228°,238,238’,-
450,450’).

32. A combination according to claim 25, wherein a channel (297) can be opened or
25 closed, which connects the chamber (186) and the space (305,306,307) between the valve
actuator (261) and the core pin (245).

33, A combination according to claim 25 or 32, wherein a piston (292) is movable
between an opening position (294) and a closing position (295) of said channel.

30
34. A combination according to claim 33, wherein the piston (292) is operated by a
operator controlled pedal (265), which is turning around an axle (264) from a inactive

position (277) to an activated position (277°) and vice versa.



operator controlled pedal (265), which is turning around an axle (264) from
a inactive position (277) to an activated position (277') and vice versa.
WO 02/ 07 ™D 028CTmsDK02/ 00216 31 35. A conbi nati on accor di mgTiDKo2loed1mn 33,
wherein the piston (292) is controlled3py an actuator (366) which is
steered as a result of a neasurenent of the pressure in the piston

(208, 268 , 21A Edbin2dsh ARBrdiRS AdH 3350hérkedh dhe fHistdh(292)d9 vbitrelled®y an
according to any of clains 12 to 14, further conprising neans .

(321, 32¢tuaP8 ,(Xﬁ)wm@h issgared aya reultyaf|ameasyrenant of the presyre ghthe Mision) so
that t £ Iy 0 4 €N sed space (210) relates to the
pressu?febgg%@%ﬁgzrﬁt’%%g’%?gt’%%gjzggésﬁoﬁoﬁduri ng the stroke. 10 37. A
conbi nati on according to any of clains 6 to 17, wherein the foamor fluid
is adapted to provide, within the container, a pressure higher than the
hi ghesB6pr esdueambinationeaccerding thanynef deimssiZhior &, durthercommisfzameals of t he

pi st on 4 . i L= Y e
(216) PR trbaiiEh SRR T Vorb PR e biciiBl sPAS! ookl BE pdRlSr,
conbi nfluidin the @acldsaigspace 1Y) aélatel 20 the fredsorelattingtoarthe pistdre (20812087 ner
conprises an elastically deformable material conprising reinforcenent
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an elastically deformable material comprising reinforcement means.

30. A combination according to claim 39, wherein the reinforcement windings having a
braid angle which is different from 54°44°.

20

40. A combination according to claim 38 or 39, wherein the reinforcement means

comprise a textile reinforcement.

41. A combination according to claim 38 or 39, wherein the reinforcement means
25 comprise fibres.
42, A combination according to claim 42, wherein the fibers are arrangend as to the

Trellis Effect.

30 43, A combination according to claim 38, wherein the reinforcement means comprises a
flexable material positioned in the container, comprising a plurality of at least substantially
elastic support members rotatably fastened to a common member, the common members

connected to the skin of the container.



menber are inflatable. 45. A piston-chanber conbi nation conprising an
el ongate chanber (231) bounded by an 5 inner chanber wall and conprising a
pi st on i rwDhe/thaanber to be sealingly novable in the chamro@gmKozie21pi st on
(230) being novable in the chanber (233) at least froma first |ongitudinal
position thereof to a second |ongitudinal position thereof, the chanber
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| east part of the Iength of the chanber wall between the first and second
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wherein the angle () between the wall (238) and the central axis (236) of
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space ed by the outer structure (234) and the inner wall
i nfl at ableast substantlally continuous between the first and second longitudinal posmons when the

piston (230) is moved between the first and second longitudinal positions.

46. A combination according to claim 45, wherein the piston (230) is made of an at least
20 substantially incompressible material.
47. A combination according to claim 45 or 46, wherein the piston (230) has, in a cross

section along the longitudinal axis, a shape tapering in a direction from the first longitudinal
position of the chamber (231) to the second longitudinal position thereof.

25
48. A combination according to claim 47, wherein the angle (£) between the wall (238)
and the central axis (236) of the cylinder (231) is at least smaller than the angle (v) between
the wall of the taper of the piston (230) and the central axis (236) of the chamber (231).

30 49, A combination according to any of claims 45 to 48, wherein the chamber (231)
comprises:
- an outer supporting structure (234) enclosing the inner wall (238) and
- a fluid (232,233) held by a space defined by the outer supporting structure (234) and



5 51. A conbination according to claim45, wherein the piston (450")
conprises an elastically defornmable container conprising a deformble

mat eri al wod2gdemsgned according to clains 7 to 17. 10 52pCA/nadniodziat i on
according to any of clains 38 to 47, wherein the foamor fluid is adapted
to provide, within the container, a pressure higher than the highest
pressure of the surrounding atnospher@ during translation of the piston
(148, 149) from tlgg%sﬁgcond | ongi tudi - nal position of the chamber (216) to
the first®MBfiglt | position thereof or vice versa. 15 53. A punp for
punmping a fluid, the punp conprising: - a conbination according to any of
the preceeding clains, - nmeans faqr. engaging the piston froma position
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t he secogg Igr{gi t7udi nal position of the chanber, and an inner position
wher e t h t & Is at the first longitudinal position of the chanber. 56.
A shock absorber conprising: 30 - a conbination according to any of clains
1 to 53,_neans for engagi ng,.the piston.fr a position aqutside the chanber,
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and conprising a val ve neans. A shock absorber according to claimb56 or
57, further conprising a fluid exit 5 connected to the chanber and
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- a combination according to any of the preceeding claims,
- means for engaging the piston from a position outside the chamber,
- a fluid entrance connected to the chamber and comprising a valve means, and
- a fluid exit connected to the chamber.
20
54. A pump according to claim 53, wherein the engaging means have an outer position

where the piston is at the first longitudinal position of the chamber, and an inner position

where the piston is at the second longitudinal position of the chamber.

25 55. A pump according to claim 53, wherein the engaging means have an outer position
where the piston is at the second longitudinal position of the chamber, and an inner position

where the piston is at the first longitudinal position of the chamber.

56. A shock absorber comprising:

30 - a combination according to any of claims 1 to 53,
- means for engaging the piston from a position outside the chamber, wherein the
engaging means have an outer position where the piston is at the first longitudinal position of

the chamber, and an inner position where the piston is at the second longitudinal position.
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pi ston forman at |east substantially sealed cavity conprising a fluid, the
fluid being conpressed when the piston noves fromthe first to the second
| ongi t udiwalo2porsti ons of the o chanber. 60. A shock ab®ormao2acner di ng
to any of clainms 56 to 59, further conprising nmeans for biasing the piston
toward the first |ongitudinal position of the chanber. 15 61. An actuator
conprising: - a conbination according ¥o any of clains 1 to 53, neans for
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actuator according to claim®6l, further conprising a fluid entrance
connected to the chanber and conprising a val ve neans. 63. An actuator
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25 the chanber and conprising a val ve neans. 64. An actuator according to

any of ctoanepsedge thoclpmber gnd qomprigigggrviabefaeapeans for biasing the piston
toward the first or second | ongitudinal position of the chanmber. 30 65. An
actuator according to any of clains 61 to 64, wherein the introduci ng neans
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the1°conb‘i]’§ B e fluid. 67. An actuator according to any of clains 61 to 64,

further conprising a crank adapted 5 to translate the translation of the

piston into a rotation of the crank. 10 15 20 25 30 SUBSTI TUTE SHEET
( RULE 26§0 A shock absorber according to any of claims 56 to 59, further comprising means for

biasing the piston toward the first longitudinal position of the chamber.

15 61. An actuator comprising:
- a combination according to any of claims 1 to 53,
- means for engaging the piston from a position outside the chamber,
- means for introducing fluid into the chamber in order to displace the piston between
the first and the second longitudinal positions of the chamber.
20
62. An actuator according to claim 61, further comprising a fluid entrance connected to

the chamber and comprising a valve means.

63. An actuator according to claim 61 or 62, further comprising a fluid exit connected to
25 the chamber and comprising a valve means.
64. An actuator according to any of claims 61 to 63, further comprising means for

biasing the piston toward the first or second longitudinal position of the chamber.

30 65. An actuator according to any of claims 61 to 64, wherein the introducing means

comprise means for introducing pressurised fluid into the chamber.

66. An actuator according to any of claims 61 to 64, wherein the introducing means are

SUBSTITUTE SHEET (RULE 26)



10

20

25

30

WO 02/077457 PCT/DKO02/00216

35

adapted to introduce a combustible fluid, such as gasoline or diesel, into the chamber, and

wherein the actuator further comprises means for combusting the combustible fluid.

67. An actuator according to any of claims 61 to 64, further comprising a crank adapted

to translate the translation of the piston into a rotation of the crank.
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