WO 03/ 025428 TRAVEL MULTI PLYI NG DEVI CE PCT/ EP0O2/ 10466 The invention refers
to a travel multiplying device whereby a small travel of one elenent can
be transfwons2sa2zso a nmultiplied travel of another el ementpctirozasssspl e for
activating valves, throttles and other devices in the field of petrol eum
and natural gas extraction. The intention is based on the object to
provide a travel multiplying device, whereby a snall novenent of one
elenent is transforned into a magnified novenent of another elenment in a

sinply designed and rel i-phhgeanmeriPLYING Dib/iet is sol ved by neans of a
travel multiplying device with an outer pipe, an inner pipe, and an

i nternedi ate pi pe between them each of which can be noved relative to
each other in the longitudinal direction by a certain |length of travel,

where there is at |east one cutout in each pipe in surfflces faci ng each
ot her Thevrivehtiarutasensgo ahsane! multindyieg deyeamhereky 3 sMmafliavet o o8 r ansver se

pl ane_t hr I , i . elpyr means of
B S B B e e L BB ol B pes.
One ohctivatingipless| thrdtilesand ather dheces indhe il ofi patroleian apd neBYAlDaSe| ative to
the fixed pipe. In the process, one of the pipes is noved relatively

sl i ghPXYAHRR the other of these pipes is noved by a greater multiple, so
that a multiplication of the travel takes place. The multiplication of

t | i hi eved in thi tion by the fact that th t out
"t hahe gxeriapoRBPagd endas obigdt Io Ravdaes R a1 FHRYEASOHCR SRR A i n

conneglbp o Whidht 868 %;é?ﬁéntt?é’ ARSI & in®d al fiN@olevenesttanothdsi ng

el enent . e novenent one pipe is thereby transforned into a -
cor r esleoraiit iga stvRrdesiopdiang retidlde manper-by neans of the |inkage through
t he nmovenent |inking elenent. The different ratios of travel of the two
pi pes which are novable relative to the fixed pipe derives fromthe

di f f efhistobjpcadi soived by mdansmftadrave] mikplying deviee aii§an pderpperht of the

Prioegigim%r Pﬁ)%%]ﬁ %a%xf%gr]%sééhetzgfﬁe%%\wgé?%eh{ RKAE O ANidFEGRSbPMosed out s and a
relative to each other in the longitudinal direction by a certain length of travel, where
there is at least one cutout in each pipe in surfaces facing each other, which cutouts
have different gradients relative to a transverse plane through the pipes, and which are
connected to each other by means of at least one movement linking element to link the

movements of the pipes.

One of the pipes is fixed, and the other two pipes can be moved relative to the fixed
pipe. In the process, one of the pipes is moved relatively slightly and the other of these

pipes is moved by a greater multiple, so that a multiplication of the travel takes place.

The multiplication of travel is achieved in this connection by the fact that there are
cutouts in the corresponding pipes, with cutouts in different pipes moving in connection
with each other by means of at least one movement linking element. The movement of
one pipe is thereby transformed into a corresponding movement of the other pipe by
means of the linkage through the movement linking element. The different ratios of
travel of the two pipes which are movable relative to the fixed pipe derives from the
different gradients of the cutouts. That is, because the movement of the pipes is

connected due to the movement linkage by means of cutouts and a movement linking



PCT/ EPO2/ 10466 el enent, the pipe with the cutout which has a greater
gradient relative to the transverse plane through the pipes noved by a

di stance whiosl24g8 a nultiple relative to the pipe which reI/HPaz1036¢ Out
with the smaller gradient. Wth regard to the internedi ate pipe, there can

be appsRehd BlcShipd vamtthe Ot Unidh Retdigrebbd radientielative tolies i nsi de of the
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means of this slotted cutout, the novenent |inking el enment can connect the

cuto in th ut.e i pe.and the inner pi ' ough the
sl ot t{&gh E?ﬁaéﬁfo mf?éﬁ‘eﬁ{aég R HieEe B"i’"bge a@hgoié%é Q%@ggﬁoﬁggfﬁeﬁé}ﬁner and
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r egar&ﬁ&t%e@ﬁ&@%ﬁ%&ﬁﬂk&@' él?ltnﬁﬁt AthebhbRBtAMSE & theRduR&r pise BABARS in its
i nner surface an he cutout 1'n the inner pipe is formed inits outer
sur f doeer dife with eachativer throughdhe slotied sutbutt it tberiei¢rmaediats pies, thateby

appropriate,.nan-zero, gradients,.. it i ut.fi ¢ient for guiding the novenent
Iinki%@'p@rll%wgrwn?rnawéu%rQEPGSfW'{%eéacqut%%% %{éﬁ@&/” - the cutout of the outer
pi pe extends in the transverse plane, i.e. has a gradient of zero. In order
to be_able to transfo a small novenent of, the jnner ni. i .| ar ger
m)ven%ﬁtcofﬁedt%d?'?ﬁ:ee?wﬁi'H?‘ée”ﬁﬁrﬁ@,nk'f‘%&P%‘?%ﬁlori'%h}ehcéjt?tﬂtlﬁgﬁg@'%%tng"lpi pe can
have tis @hrcEon #1tAE catbutd itdtRe bORr aHl MHeripipdd@rel inties fapmpef redéssedov enment

| 'i nki ng el ement can be designed in _various ways. A sinpl e,k enbgdi ment can
be erﬁH?%titﬁmﬁlftﬂ%rth%féldﬁ‘ﬁb'ltseeﬁ@%ﬁkﬂihﬁéorﬁ‘ ﬁWQﬁ’\‘é‘ﬁ% qndn‘ﬂ'i%mﬂ J@Pﬁh’ﬁ?ﬁ‘ 8‘%\ aced in

the CHL QM tRiEKAES &%iéfreﬂéegﬁ\cxﬁpip@g, ih e EofrEsicHinPéutdtRsanéresf. pi pe, whi ch

reaches through the slotte out 1n the internedi ate pipe as far as the
cutout in the

In this connection, it should also be regarded as advantageous if the cutout in the outer
pipe is formed in its inner surface and the cutout in the inner pipe is formed in its outer

surface.

If the cutouts in the inner and intermediate pipes have appropriate non-zero gradients,
it is sufficient for guiding the movement linking element in the area of the outer pipe if
- the cutout of the outer pipe extends in the transverse plane, i.e. has a gradient of zero.

In order to be able to transform a small movement of the inner pipe into a larger
movement of the intermediate pipe, the cutout in the intermediate pipe can have a

greater gradient than the cutout in the inner pipe.

The movement linking element can be designed in various ways. A simple
embodiment can be envisioned for example as having a movement linking element
placed in the cutout of the outer pipe or an inner surface of the outer pipe, which
reaches through the slotted cutout in the intermediate pipe as far as the cutout in the



2 WO 03/ 025428 PCT/ EPO2/ 10466 inner pipe. In this way the novenent |inking
el emrent would be fixed in the inner surface of the outer pipe or would be
hel d so twatosjoes4e®oul d nmove in the cutout of the |atter. PoaTHMY1@eGe, |f
the inner pipe is noved for exanple in the longitudinal direction of the
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the o rpipe 1s a ng cutout which runs around the inside of the
| at t of thd inteynueliate pipge abl e to nove the inner pipe easily relative to the
ot her pipes, there can be at least a pair of cutouts fornmed in the outer
surface of the inner pipe, with the cutouts inclining toward each other.
Ther ehywaverainicrliemto redwt theffriction between fhepearioals pipes 2dHAYPE¥ into a

correspandi ng axi al venment of .the i ' | idhmevéesiohg convert
a scF%W'H%“ﬁ%@%!@ﬁ?r’gﬁem?é’emﬁ?éPmﬂpggmﬁérgt%lgb§%%09%|E@h§3t er pipe fgnto a
COr I @ ROE DG cEOURW/RIgh TRseeRdH otbkr Indifférehiepipesli ate pipe with a | arger
travel relative to the outer pipe, the cutouts in the outer side of the

i nner pipe may extend inclined in the same-direction. In order to
SYNCIH QAL ARy bPthehhferchinRihEgRtd Pife Withewt Siiciar veientationfof tieeinnaner pi pe and

the internedi ate pipe in a manner that they are shiftable ab .t he sane
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si de i nner pi I's cutout 1s associated to a correspondi ng al so
vertically extending cutout or slotted cutout in the

In order to be able to move the inner pipe easily relative to the other pipes, there can
be at least a pair of cutouts formed in the outer surface of the inner pipe, with the
cutouts inclining toward each other. Thereby an axial movement of the inner pipe can

be converted into a corresponding axial movement of the intermediate pipe.

in order to convert a screwing movement of the inner pipe relative o the outer pipe into
a corresponding screwing movement of the intermediate pipe with a larger travel
relative to the outer pipe, the cutouts in the outer side of the inner pipe may extend

inclined in the same-direction.

In order to synchronize in this connection the screwing movement of the inner pipe and
the intermediate pipe in a manner that they are shiftable about the same angle of
rotation relative to the outer pipe, at least one vertically extending cutout may be
arranged between the inclined cutouts in the outer side of the inner pipe. This cutout is
associated to a corresponding also vertically extending cutout or slotted cutout in the
intermediate pipe so that by a corresponding movement linking element in these

vertically extending cutouts the rotation of inner pipe and intermediate pipe is coupled.



I nternmedi ate pipe so that by a correspondi ng novenent |inking elenment in
these vertically extending cutouts the rotation of inner pipe and

i nt er mediwDe3p2yaes i s coupl ed. 3 WO 03/ 025428 PCT/ EP02/ 104®€THPe2/bas i ng of
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I nt di ate pi I b s | r@ihhted,withe sl otted
l:lrjltg ?%epé%'@ﬁgbpgrﬂ?é’ﬁ%\ggﬁ%t?88%?{5'(3'“5%q}ﬁ%glbget@?%régg(g&ih?\@é?;iwr seﬁzr ?esgondi ng

to tbereioniding siottedepenings in the freermediatespipg fer exaseRienhle tha PINGF t he
cutouts in the jinper pipe and/ pr al ol 2ok Blositd iR thee

i nt ePAEAS ‘é‘t'té’ug? lﬁgﬂ‘ég}{%ﬁ&% Ctolli'}eque 8#&@%{035&5&9 ftﬁr?gﬁglgé\bqoqv\%}é_t rangévlgrtge pl anes
of tmgepgﬂﬁﬁéé)gf‘flﬂ\:eﬂgteﬁh@cﬁate\/ﬁ)ipa de\&e‘irl]éraimwdeskeqﬂmle@ geideHBei nner pi pe
spaced at a snaller interval than the fransver e

i ﬁt eintermediategipe alsoimers qagHy ﬁ@ﬁg %@é@?%{r@ﬁ?%éﬁe %@F%%ﬂ@g["r @%_el of the

| nnef@hRSib® 15AR SR ERY dd¥bAnad in eaaeaestponangito the biteutsiindheriait e pi pe,

but at the sa tinme an enlarged or dimnished angle of rotation is

achi piped at the internedi ate pi pe when rotating the inner pipe. This may
for instance be inplenented in that the cutouts of the inner pipe in
projection towards the transverse plane have a Iengthﬁgi fferoxfnt to the

cut o a shfiiplehemboditrentretiicithe pitpats intherinser piperedid AlRihe AlofiRfls case al so
the vesrtical  cutouts nust. by ' is &aabl e a
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at a smaller interval than the transverse planes of the intermediate pipe.

It is further possible that not only a travel of the inner pipe is converted into an
enlarged travel by the intermediate pipe, but at the same time an enlarged or
diminished angle of rotation is achieved at the intermediate pipe when rotating the
inner pipe. This may for instance be implemented in that the cutouts of the inner pipe
in projection towards the transverse plane have a length different to the cutouts of the
intermediate pipe. It must be noted that in this case also the vertical cutouts must

- extend in an inclined manner to enable a relative rotation between the inner pipe and

the outer pipe.

It is possible to have multiple movement linking elements positioned between
corresponding cutouts in the inner and outer pipes and the associated slotted cutout. It
is sufficient, however, if a ball is guided along the matching cutout and slotted cutout

as the movement linking element.

If the outer pipe is the fixed element in the travel multiplying device, then to multiply the

travel it is sufficient if the inner pipe and the intermediate pipe are in the form of pipe



correspondi ng cutouts in the inner and outer pipes and the associ ated
slotted cutout. It is sufficient, however, if a ball is guided along the
mat chi ng wotoowes4ahd sl otted cutout as the novenent |inki mgTaiperrense |f the
outer pipe is the fixed elenent in the travel nultiplying device, then to

mul ti drii€ thifi€ViEtnditiet Hdridr @R4n that bhei Jutgpipe.pe and the
i nters%écyﬂ ate’tglétgg’ lg#hglﬁlﬁhﬁthzy%ormrof npi pe 4 WO 03/%‘2%428 segnents; that is,

if their length is shorter than that of the outer pipe. PCI/EP02/10466 The

movengnt of LG i i éah@ idifi@HR) elbmiht. Bucha el enent .
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I nner pipe is thus displaced by a certain_l| enegt h aof .travel insi rJ&he out er
pi pe, Cantee comyasiastiniag displasemest of B inpes PipefERiVEdOtiF PHET BlA% " Ni'be by a
mul ti - dYyaESHai \ 5f FAIAfideOMetditer piperthedi at e pi pe
can b@gmﬁggrﬁ@%h @hs?(%?é%&tﬁo ané&gaollrjh %sr{gpﬁng el ement. This admgstli ng el ement
conneiotesmadigdé pipe is displatad rejative tntheznuterdpipe By awuttile &hiaak E3vel or “ot her

adj ust;, rts, for g l. : relati ] i t of the

£ averoehEer B sorRee TR e EaRTHES cah ety e FRRLlY BRI RTRY 16 devi ce

i n acadjustimrelenicnt. Thie adjustimg elemenhtonrectoavalter athrptiend seg@diefrovenent  of
the adjusting elepent. |f the novenent |inking e 8, fixed

pOSi t%giwqtﬁrprg‘!(%ﬂ%ﬁ' @rgﬂqqrﬁgquf?al%Ba%{q?%%xargﬂgz.efflglbq éprg(%?ét{\)ﬁglné@ﬁg i nner and

i nt er edémbAt @lim@&reﬁ?/%ﬂinh%tiﬁ?@I@rﬁhtjis)t'r@rﬁéfarrﬁéd by tite traney multiplyingdevieer el at i ve
to the outer pipe to nmultiply the travel. In thi(f case t ef'gner pi pe and
the i RtASEREIRANSEAVIE e ayentiopinip @ransidaiily gnlatged meverRal oifhnot rotate

rel at i ygsthfy eAfdntot her. Wien cutouts are used in all three pipes, wth

bal I s whi ch can nove along these cutouts as the novenent |inking el enents,
It is advantageous in this connection if all of the pipes are non-rotating

rel at e hoveaht RhKIRG elehilnt i€iA™ RRASHItRERr BR%Emple on the inside of the
outer pipe, then the inner and intermediate pipes can be mounted jointly so that they
can rotate relative to the outer pipe to multiply the travel. In this case the inner pipe
and the intermediate pipe are coupled in such a way that they do not rotate relative to
each other. When cutouts are used in all three pipes, with balls which can move along
these cutouts as the movement linking elements, it is advantageous in this connection
if all of the pipes are non-rotating relative to each other. This can be achieved for
example by an appropriate cross section of the pipes, so that the pipes are inserted

into each other with positive locking.

In another embodiment it is further conceivable that the inner pipe and the intermediate

pipe can be rotated relative to the outer pipe and/or relative to each other.

The following section contains an explanation of an advantageous embodiment of the

invention on the basis of the figures included in the drawing.

The figures show the following:



exanpl e by an appropriate cross section of the pipes, so that the pipes are
inserted into each other with positive |ocking. In another enbodinent it

i s furthewoaseak&abl e that the inner pipe and the internmpdiratre2/1@spe can
be rotated relative to the outer pipe and/or relative to each other. The
foll ow ng section contains an explanati on of an advant ageous enbodi nent of

t he i'tig.\/ﬁré b8&c AMisirBfor 864 Sisabsdrisled baboeimentodfuaieavel multidyidg davieg. The
figureS show the followi ng: 5 WO 03/025428 PCT/ EP02/ 10466 Fig. 1 a basic

i | 1 usinregcorsianes withdne ive8ieNed enbodi nent of a travel nultiplying device

in accordance with the invention; Fig. 2 a diagramto illustrate the
interaction of cutouts in the travel multiplyi ng{ device; Fig. 3 the travel
mul t i Bigy? agliaraicie itustratel thegintasagtiog .of cutawtsin thaitiavel mHB@iW@Q)&?V"ﬁ?'g. 4 the
travel multiplying device according to Fig. 1 in a nediumtravel position;
and Fig. 5 the travel multiplying device according to Fig. 1 in the

maxi e $ Ky ehvel MMiiplging deiog. addotdire torfged iman irifal posigodevi ce according to
a further enmbodinent In an initial position analog to Fig. 3. Fig. 7 the
travel multiplying device according to the further enbodinent in a travel

posi tFi@”zl%ﬁ@ir@@el%ﬁulij@g%@%eﬂﬂca@cﬁorcﬁh foeriyr aved nmeditrinitaviehpositian; @adaccor di ng
to the“further enbodiment in a trave position analog to Figure 5, and
Fig. 9 a diagramto illustrate the interaction of cutouts in the travel

mul ti Filgyg e fg élﬁﬁulg@éﬁ@rd@vﬂ% dRotdi®y fokighein #irehaekirRim tralel gosgionl t he

travel Zhult1 plyi e 1 i1n accordancé with the invention is pulled
apart into individual parts, with an outer pipe 2 of the travel
mul t i Pigy6 tige tevelaeultiplyinigydevidef accordingntoamurtier embogdimeRigp RNdAgek ened. The
out er gi.Pe Z%hm{vs on its inner surface 7 a cutout 11 in the formof a
ci r cuPSFHIOLERAH0Y QA% R r uns around the entire inner surface in a transverse
pl ane 21, see Fig. 2.

Fig. 7 the travel multiplying device according to the further embodiment in a travel

position analog to Figure 4,

Fig. 8 the travel multiplying device according to the further embodiment in a travel

position analog to Figure 5, and

Fig. 9 a diagram to illustrate the interaction of cutouts in the travel multiplying device

according to the further embodiment.

In Fig. 1 the travel multiplying device 1 in accordance with the invention is pulled apart
into individual parts, with an outer pipe 2 of the travel multiplying device 1 only half

'shown and with its length shortened.

The outer pipe 2 shows on its inner surface 7 a cutout 11 in the form of a circular
cutout which runs around the entire inner surface in a transverse plane 21, see Fig. 2.

Into the outer pipe 2 one can insert an intermediate pipe segment 4, which can extend
for example past one end of the outer pipe 2. The intermediate pipe 4 has slotted
cutouts 14-17 in its jacket, as cutouts which couple its inner surface 9 and outer

surface 10 with each other.

An inner pipe 3 can be inserted into the intermediate pipe 4. In the outer surface 8 of
the inner pipe there are two cutouts 12,13 visible; these cutouts represent a pair of



Into the outer pipe 2 one can insert an internedi ate pi pe segnent 4, which
can extend for exanple past one end of the outer pipe 2. The internedi ate
pi pe 4 hawoBorisesl cutouts 14-17 in its jacket, as cutoursTEPTIN46OUpI €

its inner surface 9 and outer surface 10 with each other. An inner pipe 3
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a paiaddpiondl PR SRR HERHPETHEReHaDR4EE dubeinner PR3 NYhiEBIRPY each ot her
and |ncI|ne q the upward direction in Fig. 1. An additional pair of such
cut ofS0Iedn 519 the back side of the inner pipe 3, which is not visible in
Fig. 1. All of the pipes 2, 3, 4 have a Iongitudinal axis 27, and in their
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into cuto e inner pipe 3 and protrudes fromthis cutout far
enough so that it reaches through the slotted cutout 14 in the
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sane appli1es ana the other balls 24-26.
Fi g. P1-$hanshis cbaseationetheie paueatandis sumhélxqilimllrﬂafﬁéen&mpl%ﬁl@%ﬁfte‘én of travel
by the, device

d th t sh

The duteatedtiig oitng e R S el Pl s VT ot RrkRblyfidpiatit | BT
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i nner

he cutout 11 |ies esse inat i ne 21
whi ckpbﬁwis1 e herinersufaced efibe OPE?ﬁ@fﬁet%arlﬁ@y sype @BP(%%B%SQ%%Pﬂe&vaH ous
pi pe "hAfAB9s.¢9 of the cutouts 12,13 and of the slatted cutouts 14,15
lie ﬁﬁeto%sb\?grse pl anes 31, 33 which are identical with the transverse
pl ane 21. Upper ends 28 of the cutouts 12-15 lie in transverse planes 30,

Fig. 2 shows a basic representation to explain the multiplication of travel by the device

in accordance with the invention.

In particular, it shows the cutouts 11 an the inner surface 7 of the outer pipe 2, the

slatted cutouts 14 and 15 of the intermediate pipe4, and two cutouts 12,13 in the inner

pipe 3.

The cutout 11 lies essentially in a transverse plane 21 which runs perpendicular to the
longitudinal direction 5 of the various pipes. Lower ends 29 of the cutouts 12,13 and of
the slatted cutouts 14,15 lie in transverse planes 31, 33 which are identical with the
- transverse plane 21. Upper ends 28 of the cutouts 12-15 lie in transverse planes 30,
32. An interval 6 between the transverse planes 30, 31, between which the cutouts 12,
13 extend, is smaller than an interval 35 between the transverse planes 32 and 33,
between which the slatted cutouts 14 and 15 extend. In the overlapping lower ends 29
of the cutouts are balls 23, 24, which at the same time engage the cutout 11 of the

outer pipe 2.

It is also shown in particular in Fig. 2 that the cutouts 12,13 are inclined at an angle 19
relative to the transverse plane 21 or 31 and converge toward each other. In equivalent
manner the slotted cutouts 14, 15 are inclined at an angle 20 relative to the transverse



32. An interval 6 between the transverse planes 30, 31, between which the
cutouts 12, 13 extend, is smaller than an interval 35 between the

transver swopBazags 32 and 33, between which the slatted cwecomrs2/i0dé@and 15
extend. In the overlapping | ower ends 29 of the cutouts are balls 23, 24,

whi ch, at {.he t] T dshectivaut@buei121®. It is
al sopga\ﬁ‘(‘?\/éﬂ ?rnégﬁltdié(l:élﬁ%r I ﬁgﬁ&gﬁ”%ﬂ%tgm'fﬁhteﬁeTﬁ'{ oEt g.l 12,13 are inclined at
an aaghe 41 arecdredriged symrhéteicalhyanitv sspecigbaneertral gxisPEtwaen f¥hverge toward

each other. In eqyival ent nner, th : rfei nclined
at afuiNgy sesdhe gihef FlgdresoA '&W?'&ﬁ’&@é&'ﬁ"t"gge%ggge%sgﬁ%d %%?'I/J%%Z_/ 10466

Pl angr2hgel sPRmatshi!ts tnsrAYRIdRalliB2 Twith oéspechey theThdoutespewnilVe cutouts
12,13 and 14,15 are ar r_ange sgm_‘retri cal%y wi .t h res‘ﬂgcﬁi §0| éhocgnt ral axis
bet wEig 2 indhe intemiediategipe fRdihadiner PRE-SSee AR fREI ™ '8or r Eapondi ng
cutouts or slotted cutouts are arranged symmetrically to the | ongitudinal

axis 27 with respect to the cutouts shown in Fig. 2.in tﬂe |rbtermedi ate

pi pe lthertetrhediater@pe @i peves lopgidudierllyariatiye & hegautenpPipR#: f CaNO& ne

i nterped at L pe 4 oy, I ' i Iy, kv6ndiudimg drdtedn Bi pe 2, it
can ngs‘ap%‘?eéﬁ))g@&aWU@ tﬁ%’)ﬁl %?ﬁér{clré;gvggéﬁ%tzg‘r@b&n%ee Fig. 2, in the

| ongigimditaséoud witle theonobemeSi ofithe inneo pipevd, ttihe intermasiialedibe 61S t he i nner pi pe

3, the internedjat ipe 4 is..,likew se . ViRt IHankage b
e and ey ieTmovas po e HRFEehBinkgor By ey iz ProREL AR 2I981n Wt adP DY e
to th&wgmidﬁ{h al laihrf-a@tio?h @V?Iét(ij\_wt@vtﬁé od'te?tpﬁm:b Ebgslﬁ.t_ra'nlieédislta{wel36.6ﬁh§tt@’v@b 36hi s )
greater than the trave i st ance,. mul tiple. Lt t t hat the
gr adidisiance 36 imgieatertban ge tf%‘@?gl??%l%ssalﬁ,a iyl |meplémqsg§ anrolPée;dr {e?‘gg own
exaggféai%ﬁélééﬁbnmfdrﬁﬁé‘ ctiould 2, 98 arhaatular arngowvr2éxaggerdiedsh ot t ed

S )

cuto ,15, so that inreality a considerq?‘gslg qreatgtr.rultiigll'cation of
t r avetompekison i theegradient iee apatecif] phdhe siotied i 1B §° 3N IHAY A1'so be
not e Eatidn Ve rakss pra¥sr se conpared to-the cutouts in
Fi gs%Oi’gg]%e@@?tggé%?%glt?hgﬁhdnn t¢1e gxerr%l ary inplementation according to
Fig 2 the inner pipe 3 noves in the opposite direction relative to the

outer, i pe & GINDATLd tding REFig™Pl RITRPLRb 18 hdtéd Heithe duBDEs atet O

inclined in reverse compared to the cutouts in Figs. 1 and 3 to 5, so that in the
exemplary implementation according to Fig 2 the inner pipe 3 moves in the opposite
direction relative to the outer pipe 2 compared to the implementation in Figs. 1and 3 to

5. The same is true of the intermediate pipe 4.

Figs. 3 to 5 illustrate various travel positions of the intermediate pipe 4 and inner pipe

3.

In Fig. 3 the inner pipe 3 and intermediate pipe 4 are located in their starting position
with travel equal to zero. At the same time the respective balls 23-26 are in contact

with the upper ends of the corresponding cutouts, and also engage the ring cutout 11

of the outer pipe 2.

In Fig. 4 the inner pipe 3 and intermediate pipe 4 are shown in a mid-travel position. It
can already be seen here that the intermediate pipe 4 is moving rapidly ahead of the

inner pipe 3 in its displacement.



5. The same is true of the internediate pipe 4. Figs. 3 to 5 illustrate
various travel positions of the internediate pipe 4 and inner pipe 3. In
Fig. 3 thwoimnei2pi pe 3 and i nternedi ate pi pe 4 are | ocat @ATIEPOY/ b6
starting position wth travel equal to zero. At the same tine the
respective balls 23-26 are in contact wth the upper ends of the

corr eﬂ@ s HgvCie nddmuantiavd| posiiog agieeretiee respective balls 23-26acretirhe out er

pi pe Fi 4the| ne i d_nternedi ate e 4 are shown in a
i b Ratact il g e pndd SR fiaits 120 SiEHMiitRBeFudly Bhadod R at o

Pi pe 4utcut 18\ ke b@Bt ik 2head of the inner pipe 3 in its displacement. 8
WO 03/ 025428 PCT/ EPO2/ 10466 Fig. 5 shows the maxi mumtravel position, where

the respective balls 23-26 are in contact with the | ower ends of the

cut Ougﬁ ng@ %57 6398 tﬁ%ﬁbél?&ﬁk&ﬁ%r@ nge@aea BRal rclﬂgrte F|§M{a§‘§ tollfoph flifiGerout er

pi pe ur es travel positions are illustrated analog to
Fi gur @ntibd]meﬁt dfdine ravelmbltplyingrdsyitiemigrenticdl pahis aredvtieselfigunesyang devi ce.

Identl arts recedi ng Fi gures,
or ovi 68 a5y Ritag afeBald RS iR Pe i e RDeh MR cor di ng to”
Figures 6 to 8 differs fromthe previously described enbodi rrent I n
articular in_ that the .inclined extend,| utouts 12, 13, al ee Figure
B TR b eiTABkedaraing (@ EREres b o BiaiTe o BeRreapush ssSeiSed et nno:

pi pe %m%anrﬁenﬁﬁrpkanmaanatmmw“rﬁéd &hending cutirtls $2013 etscsdeBigarel4, 15 in
the internedi ate Vertical cutouts or slotted cutouts 38, 37 are

provi @eéxﬁéﬂ%lé‘é'ﬁe@ Hétherﬁﬁm%(étﬂe‘étm thegqutersige pEiednnefRige 3 fhiShe i nner
p' pe %p?ﬁéé)éﬁ’élagoﬁs‘% 'tﬂe ifclihed siHtRed téLﬂ?Hﬁ?a{élnzt?\e lﬁteﬁﬂédiaibgﬁlﬁéqe moved

e cuto the 1 nner si outer pipe 2 and caused by
t he sManﬂlqadmutouss orammbwnutsd% Biiiase providezogtweentthe indlined cutepts Fee Fi gure
9, %ltga%hcﬁhge 3in Figures 6 to 8 in the drawi ng sheet plane is noved
upwar §cremnng novenent. At the sane tinme the internediate pipe is
al so noved in the Figure plane upwards caused by

If the inner pipe 3 according to Fig. 6 is turned, the ball 23 is for instance moved along
the cutout 11 on the inner side of the outer pipe 2 and caused by the simultaneous
engagement of this ball 23 into the cutout 12, see Figure 9, the inner pipe 3 in Figures
6 to 8 in the drawing sheet plane is moved upward in a screwing movement. At the
same time the intermediate pipe is also moved in the Figure plane upwards caused by
the engagement of the ball 23 into the slotted cutout 14 of the intermediate pipe 4.
Caused by the different gradients of the cutouts, a multiplication of the travel in the
intermediate pipe 4 in comparison to the inner pipe 3 takes place.

Figure 6 shows a starting position, Figure 7 shows an intermediate position and Figure
8 shows a final position, wherein in Figure 8 the inner pipe and the intermediate pipe 4
are arranged at the same angle relative to the outer pipe 2 in a rotated manner.

Figure 9 shows a diagram analog to Figure 2 for the embodiment according to Figures
6to 8.

In this embodiment it also applies that for instance the slotted cutouts 14, 15 and 37
end in the same transverse plane 32 and are arranged with their respective other ends
in the transverse plane belonging to the cutout 11 of the outer pipe. An end of the



t he engagenent of the ball 23 into the slotted cutout 14 of the

internedi ate pipe 4. Caused by the different gradients of the cutouts, a
mul ti plicaDios2zae8 the travel in the internediate pipe 4 iPETEPIPEAMBGEON tO
the inner pipe 3 takes place. Figure 6 shows a starting position, Figure 7
shows an internedi ate position and Figure 8 shows a final position,

wher ei cutouts iy B8 @f thetiheeri pipevfs fsparrangded fethentapisredeatian bpbetutaute
t he sa in a rotated

t to th
mannor || BG I RSP aNE RN S ese s BaltE 2B are BEBNGsd ihbeenboai ment
accor draibversdplans 86. THe é&r&:pohﬂm&;ﬁfaﬁeﬁﬁ‘f@lﬁ@h%@i&h rebultd FOmARBdiffstehdAt for

instance the slotted cutouts nd i n the sane transverse
pl ane 1BEralg ohine twaﬁr@é(plamsrﬁq R with iespeetitp dree 624886 1dnds  in the
transverse plane belonging to the cutout 11 of the outer pipe. An end of

the 9 WO 03/025428 PCT/ EP02/ 10466 cutouts 12, 38 of the inner pipe is also
ar r andadhisiconhectiondhnust isenptedribatit istpossiblet lmimlrthérﬂerabddlmmts thmpth | ve ot her

d 8 ed t pl 30. Th
cor eatanRg SHHS Tdfurdiftediy 8 raR Py paf SR FaigaBeAe s val <
of thetotthaoateeltuhe z)lraheSra%l maRIpWII’ﬂd'ldé\ﬂ@@QWis tnaytfbeinsepesdell. In this
connectl r| tﬂ 2% is possihle in further enbodi nents that
Che  nmREmeted I har et Raota o Fnutscassesh T 284N GapiEUST Mrea TeGess

di f f er1e1n¢:r thaatapsverek pldnee éésdckwe@me@étot SReFigurd 2t B difidiel (et | Pl Yi ng
device. This nay for instance be inplemented i'n that the | engt hs of the

reces scggrewon@gg |'€?ﬂ9§‘r5cﬁfé6@ |st9ﬁtemmtag 14t ﬂfe‘@éwtarm the prejecieddergtdr se
pl ane &%@?é“dé%F %%’ @egr%ﬁ h:e]eﬁro':é j Rngin @rrtfj%%{{ae%r ut the

correspondi ng engt 'I'nstance the
pr oj editesmediatg pipe dflS tdtatadeaims a]gIeaisr anglelte tha bater pipe Epthandbe émhdrengt h of

t he sI e 4 | Qut .a,greater
angl e é?%“ﬁ%hﬁ gé pgjlé]itﬁ%ﬁggfttﬂg% R%?g&? Ci“?g P%Flggr%eé\?ﬂgﬁa tﬁgu%g)se '?(?tSﬂs of the
pi pes tm:tomthis egse theFagticat sutbua 88 nBustlalsonesdéndid odedspdritirigly incliméd case the
verti g‘q% cegt out 38 nust also extend in a correspondingly inclined manner.
It shOiid e noted that the illustration accordi ng to the figures only

shows an exanpl e
It should be noted that the illustration according to the figures only shows an example
of a displacement of the inner and intermediate pipes in the vertical direction. The

travel multiplication device can of course be used with every possible spatial
orientation of the pipes.

Let it also be noted that it is equally possible for example for the inner pipe 3 to have
the ring cutout 11 on its outer surface 8 and to serve as a fixed pipe, relative to Wthh
the intermediate pipe 4 and the outer pipe 2 move. In this case the cutouts 12,13
would be on the inside 7 of the outer pipe 2, and instead of a multiplication of travel
inside the outer pipe a multiplication of travel would take place outside of the inner
pipe.
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of a displacenent of the inner and internedi ate pipes in the vertical
direction. The travel nultiplication device can of course be used with
every poswpmB@2zipati al orientation of the pipes. Let it RCTEPOB10366 ed t hat
it is equally possible for exanple for the inner pipe 3 to have the ring
cutout 11 on its outer surface 8 and to serve as a fixed pipe, relative to
which the internediate pipe 4 and the outer pipe 2 nove. In this case the
cutouts 12,13 would be on the inside 7 of the outer pipe 2, and instead of
a multiplication of travel inside the outer pipe a nmultiplication of
travel woul d take place outside of iﬁ%l nner pipe. 10 WO 03/ 025428

PCT/ EPO2/ 10466 Clains 1. Travel Qtlp ying device (1) wth at |east one
outer pipe (2) one inner pipe (3) and one internedi ate pipe (4)

Pongt {ubiea) TultpERd SRl ighst Sp AR iss @) e fter BREARSHA" (67 ' "
3?) 5 gmé mt@mnécﬂat%tplpé\et)fp@tsmuhed bétwien thelgrmﬂﬂtldh&tamm'fwgdmglasm tcacescI t
(16, 1851 gt iy Beylondlbinah diestion pedtuby s Br i dRemHe OB %20 and

whi chz@y, Wltﬁcé{ﬂ’é@éi ofe It ety QVMFmBM b@iwée‘?ﬁ@blng@l.ﬁaﬁéy €nery, 10)i cﬁb_a@g _eI ement
(22-26) to link the novenents t he 2. Travel nultiplying

devi cBiPad2i & 4l whmhlcutcaﬁ%tslaew@rlffeze@t grﬁdlgna((15h celebivr tqa yangversg) “inthe
| nter gaLabe) B &F%K@é g‘lp%zs (9 Qn@ﬁlhﬁ‘:hsérgtc}taﬁﬂlteﬁlt/trlE?He%1 achlothéf By at le@ﬂt tiplying

device as ‘In c al aracterl ze e cutouts (1 12, 13,
38) iang mpvemmttllalndgelﬂmnt@%é@(@l;nlﬂhemweﬁmn@df’&@ pipeeEied cut outs. 4.
Travel multiplying device as in one of the preceding clainms, characterized
in that the cutout (11) in the outer pipe (2) is formed on the latter's

i nner 25'[nafvebmu(tb)ym‘:gtdie\l[draaas 'nutlalm 1/(dliPardsdteri@y inthatihe cuteut (pdple, 33) is
forrred n t he I&t er' s r su ace ; Q g}HTravel mul tiplication device
as inn E'Q}P"Fﬁ @B% asioted iUt zed in that the cutout (11)
in the outer pipe (2) extends in the transverse pI ane (21). 6. Travel

mul tiplication device as in one of the precedin % e h[ cterized in
t hat - Travel multiplying device as in claim 1 or 2, characterized in that the cutouts

(11,12, 13, 38) in the outer and inner pipes (2, 3) are formed as recessed cutouts.

4. Travel multiplying device as in one of the preceding claims, characterized in that
the cutout (11) in the outer pipe (2) is formed on the latter's inner surface (7) and the
cutout (12,13, 38) in the inner pipe (3) is formed on the latter's outer surface (8).

5. Travel multiplication device as in one of the preceding claims, characterized in that
the cutout (11) in the outer pipe (2) extends in the transverse plane (21).

6. Travel multiplication device as in one of the preceding claims, characterized in that
the cutout (14-17) in the intermediate pipe (4) has a greater gradient (20) than the
cutout (12,13, 38) in the inner pipe (3).

7. Travel multiplication device as in one of the preceding claims, characterized in that
the movement linking element (22) is a ball (23-26) which moves along at least two

facing cutouts (11-17, 37, 38) in different pipes (2-4).

8. Travel multiplying device as in one of the preceding claims, characterized in that
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the cutout (14-17) in the internediate pipe (4) has a greater gradient (20)
than the cutout (12,13, 38) in the inner pipe (3). 7. Travel

mul ti pli caDiosn2des/i ce as in one of the preceding clains, eArERoY/eHsbzed in
that the novenent linking element (22) is a ball (23-26) which noves al ong
at least two facing cutouts (11-17, 37, 38) in different pipes (2-4). 8.

Tr avethemutmmnqny) imthe eviter eigees (2) iis aneg@mctu’nwmre@etelmdﬁgamuﬁ]dﬁ%e Insite Eet eri zed
in tha % WO 03/ 025428 PCT/ EP02/ 10466 the cutout (11) in the outer pipe
(2) i §rtge rJ tFﬁjcutout whi ch extends around the inside (7) of the latter. 9.
Travel multiplying device as in one of the pr ecedi ng claims, characterized
in that_at |east one pair of cutouts

é2132: I S ntheﬁut;%r
sur f aBellegs! Bultiphing ﬂ‘?n‘é?e 8% peonesf the pre¢pding: I@lﬁ‘% r'i“‘l "'f%j’ IR AL g at
an i naisPEhd Eanrfo%@bﬂtse(aéhﬁz%%?meé% thB&Mé#surﬁHdel(q ¥ the isleri sise €8, i N one

of the prece racterized in that at |east one pair of

cut ouwv (deputDBl)S (12, Py extanding atran ipglingition tewaskeqaB)Otaer-t he i nner pi pe,

with the cutouts (12, 13) extending inclined in the same direction. 11.
Travel multiplying device as in one of the preceding clainms, characterized
in thao. Travel relamplym@dewm:e as il d>r3e efthe pdéceying claims, (cmradttsrlaﬁdalhgw bet ween

as. 1 nobRESCara R BT B A2t AR B BRS s buved Burrdor e er P BhBLYPRS 7 °°

cut ouwah(trié%cutbats @8) 1ay@témmgdqdnne@nmmerwmémmbm cal towar ds t he
| ongi tudinal axis (27) of the inner pipe (3) in the outer surface (8)

thereof. 13. Travel nultiplying device as in one of the preceding clains,

char agy efr‘a%@ﬁnhﬂnp?ﬁ% devidteas PS8 hEtiPadeding dialnts, Eharddterieéd i that

i nternedi ate pi are arranged I n pairs corresponding to the cutouts
(12, ataleasiagneovertnnallw extending p@toyg§38) imarrangarbpetwarn ‘ﬂﬁﬁ’ griRgtsids d8) ofs

cl ai |h§ &g ?{3 the preceding clains, characterized in that all cutouts
(12, ) %‘? P )he i nner pipe (3) and/or all slotted cutouts (14 to 17,
37) of the internmediate pipe (4) lie with their ends (28, 29) in two

' espe;fé.i '?"r%v&lr r%ﬁi\f)ﬁfiﬁgedevice as in one of the preceding claims, characterized in that
two pairs of cutouts (12, 13, 38) are formed in a manner symmetrical towards the
longitudinal axis (27) of the inner pipe (3) in the outer surface (8) thereof.

13. Travel multiplying device as in one of the preceding claims, characterized in that
the slotted cutouts (14 to 17, 37) of the intermediate pipe (4) are arranged in pairs
corresponding to the cutouts (12, 13, 38) of the inner pipe (3).

14. Travel multiplying device as claimed in one of the preceding claims, characterized
in that all cutouts (12, 13, 38) of the inner pipe (3) and/or all slotted cutouts (14 to 17,
37) of the intermediate pipe (4) lie with their ends (28, 29) in two respective transverse
planes (30, 31; 32, 33) in the corresponding pipe (3, 4), with the transverse planes (30,
31) of the inner pipe (3) having a closer interval (34) than the transverse planes (32,

33) of the intermediate pipe (4).

15. Travel multiplying device as claimed in one of the preceding claims, characterized
in that the cutouts (12, 13, 38) of the inner pipe (3) in projection towards the
transverse plane (21) have a length different to the cutouts (14, 15) of the intermediate

pipe (4).
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pl anes (30, 31; 32, 33) in the corresponding pipe (3, 4), with the
transverse planes (30, 31) of the inner pipe (3) having a closer interval
(34) tharwDha/oesamisver se pl anes (32, 33) of the internedPar@Erp/pEeq 4) . 15.
Travel multiplying device as clainmed in one of the preceding clains,
characterized in that the cutouts (12, 13, 38) of the inner pipe (3) in
projection towards the transverse pI ane (21) have a length different to

t he Cgﬁ%ggé%uﬁglg% %W%rpgs I?I % r?é & the g?@céo‘ﬂﬁgacléﬁnmiﬁ%@t%ﬂ@a

PCT/ E ave devi as clarnmed in one of the
pr eceifi thata laalh{23-28)ds guided e respeativatcoaebaomdm@eut@e)s (19-uidfeandl ong

respec corre outs | otted cutouts (14-17,
37) a§°Etﬁ§°H§%ﬁzﬁ‘f ? %%BF‘%W engﬁ%mg f?f qé%@ nul tiplyi ng device as
in one of the preceding clainms, charact erl zed in that the inner pipe (3)
and internedi ate pipe (4) are forrred as

mul ti BFyTiRyeliRwtipy g devica AR Inbene ﬂfethﬁr%e @ﬁ%ﬁ? &&‘arw&ﬂé%é‘? I!Q%td in that
the i ﬂf@l’hngf' ?ﬁe(@? aﬁ@fhté?ﬁqlédléiggfbéc @2 f@?dr%dvéstﬁlpé‘s dgjrﬁéﬁis. initiating

el enent nt er nedi at e can be for notion with an
actuator elenent. 19. Travel nmultiplying device as clainmed in one of t he

ot at 1 Sndiey PEUBYTIEPairas Fibhe blingRkecdiTy BERSS crpracterBbtihiat, . e as

i n ontheiinehpiper(8eah bgllnkaifmsmcxtlbalv\atttaetra\z«ddnltlatlrtg‘elememhend tiveer pi pe (3)
and the internedia i 4 an rotated rel.ati\Vv t he outer pipe
(2) aﬁﬁ?r&le(ﬁ%ﬁeaﬁlp%tﬁ c%ng%gcl&]k%gﬁ%r moye With an ac:tuatS‘rt ele%eﬁﬁ?.

19. Travel multiplying device as claimed in one of the preceding claims, characterized
in that the pipes (2, 3, 4) are rotationally fixed relative to each other.

20. Travel multiplying device as in one of the preceding claims, characterized in that

the inner pipe (3) and the intermediate pipe (4) can be rotated relative to the outer pipe
(2) and/or relative to each other.
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