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REVCOLVI NGVANE COVPRESSOR and METHOD for its
MANUFACTURE Reference to Rel ated Application Reference
WO 2009808322 0 our international patent applicatiPer/66:2008000068
on 28 June 2007 under nunber PCT/ SG007/000187 for an

i nvention entitled "Revolvind Vane Conpressor” ("our
earlier application"), the contents of which are
hereby i ncorporated by reference as if disclosed

herei n in theiQorstant displade@nknt shbckiaisbrber s
invention relates to a revol ving vane conpressor and
to a method for its manufacture and refers

particul arly, though not exclusively, to such a

revol ving vane conpressor and nethod where the vane is
fixed relative to one of the rotor and the cylinder.

Eﬁnggééh@ggigggﬁfhout this specification a reference

s to be taken as including a

reference to a punp. Background One of the crucial

factors affecting the performance of a conpressor is

its mechanical efficiency. For exanple, the

[0@t]i pridisirivegtiph selatestd arstheck abspreardor irapuispiarsugidlea thrust
mechani cal efficiency, but its reciprocating action

JTSoHd Sud a8l At crewel by brplbsive @ndrashirge muveentsof a mass.
To negate such problens, rotary conpressors have

%:géc%%ngﬁgfgo%%fp Sauie®rictnidiri &ystemPar hBsemind! such shock

Si gn OW Vi tion. However, as their parts are
in slidin C ' '
arpibaristoty EGR oG dB8aREmEn RIS T ol AL by
their efficiency and reliability. In rotary sliding
vane conpressors, the rotor and vane tip rub agai nst
the cylinder interior at high speeds, resulting in
large frictional losses. Simlarly, in rolling-piston
conpressors, the rolling piston rubs against the
BACKAEROUNIWARThe cylinder interior thereby resulting
in significant friction |losses.|If the relative speeds

- of the contacting conponents in rotary conpressors can
be effectively reduced, their overall perfornmance and

[R@%L?%M&kya%fbg% 2Rl Rk LdAEMbARY G¥SgnedRIMBdden or impulsive

ng to an exenplary aspect ‘there is provided a
| vi i , _
B ey R A B Rl R ADPURL nfNEh iR of an explosive
A (98" Reralng iy BraroRRo SrbhEG T Hiflye obiect
d

axi s and the cylinder Ion%itudinal axi.s being space
étcorarensustainest heayy theustioheraeolregrealting Ofdarnipaing movement
rotor and the cylinder; a vane operatively engaged in

@f a massive object such as parachute landing of a cargo, elevator landing, or

passive vehicle braking as seen in shock absorbers between rail cars

comprising a train.

[003] Many of these shock absorbers work on the principle of translating the
external shock or force to be absorbed into a constant pressure in a hydraulic

shock absorbing mechanism. Key to achieving this constant pressure is the
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slot for causing the cylinder and the rotor to rotate
together, the vane being nounted in the slot with a

wo mvodesiere- of - freedom notion relative to the BECDSG1008/000068

enabling the rotor and the c%linder to rotate with
each other. According to another exenplary aspect

there is provided a revol ving vane conpressor

conprising a vane operatively engaged in a slot for

comstant ptesseratvialve stch @sohat ésalossd lelny Batgrdd\e.o4,520,899
enabl e the novenent to be a sliding novenent and a
(\Phatpicz ofoDy estiotk @absbiers foreparavhute? landingeror provided by a
exenpl ary aspect provides a revolving vane conpressor

c&ﬁe}f@ht hitfende Prekader of aa UM aRs! iHMbert IH rUlg‘lePaten’c No.
nder, a vane operatively engaged in a slot for

tive thereto for enabling the cylinder
ang%?ﬁg rb?%ﬁ'to rotate together. The vane conprises a
portion of the rotor or the cylinder. It is either
rigidly attached to or integral with the rotor or the
c inder. The slot is in the other of the rotor and
cY-$nBatent Ng.ed, 7§§&%¢K'@&%P5}VW%§H@E@ B%%ﬁﬂ*egress“r e
a revol ving vane conpressor conprising a vane
bypseaof aghistoanthal decraasessinadiametemay éhe @pplied forogeincreases.
thereto, the slot conprising an inner portion, an
Alitetredtivedl, athe palvelsopeaing miaya beareiestromeadnetioadly acontrolled to
enl arged outer end portion, the narrow neck have a

pFOVidE %ﬁe&'réblé"cbhsfdiﬁ pYédtire [doRALrBRAS ASANRRH in U.S. Patent No.

conpr|5|ng a pivot for a sliding and a non-sliding

4%@%{‘;&@%% njgﬁz:\éar]ﬁségurﬂ Hgf qp%@oﬁ € of! QIBSO-FBF]% yby permanent

npressor ot her exe

ST NN S R ag.%sanna%&g%@maue

nmounted within the cylinder and having a

cpb e ihonEVeRIMDART 8bearbing shadkrom p?ﬁpcﬁtmg(ﬁ@ fisglosgd in U.S.
axis and the cylinder |ongitudinal axis being spaced

Patenh dlac h5,d8Ra70f ¢Miszemeski)y dnnall dhese eanvesdanahenethods and
rotor and the cylinder; a vane operatively engaged in

davieks! diieto gausidder Aed eyagridele cfittetibiersdaring on conventional
rotate together, the notion conprising a two

sHS?& 8BsSHbler £ qHe m.fmtép% fiopre& il iShot Boefcdhty, and the
cylinder to rotate with each other. For the revol ving

vane conpressor of the further exenplary aspect, the
cylinder may have a cylinder |ongitudinal axis of

ation, and the rotor, my, hav r.lL.anai tudi nal ,.
$gR1S 5P 6606 b sememrmeo?éh@r%mé- Actst 1 RS é%ﬁ fforent
cylinder |ongitudinal axis may be spaced from each
petgssire flopds araraseateth byngiaphseiaech’ BRE Cotkaforhdhe ipptimized
cylinder. The vane and the slot may be capabl e of
petfoemante ireshockvabsarbiegdh achieved aftibe piateaw stagesgnd dissipated
conprise a two degree-of-freedom noti on. The revol vi ng
avﬂi@dééﬁmﬁgmfofctﬁetd?@r)ﬁslf tdharve ¢t raprasentane clveraye pressure
further conprise: a cylinder having a cylinder

%PE&‘VB“‘ Qi n ng?#é %ﬂ/éfrccfrﬂﬁ'@t trl"gatn 8re%sg% i%?lijlégéuﬂwlﬁs%ﬂs%bh ieRcessive

hé cyl i nder avi ng axi s of

pl?%%%fr% Sgreh;p rbé(?etg(%:?glﬁgggétlﬁ tﬂgl Fﬁg‘ﬁﬁé‘%@ha%& tg@éf LBER" of the

| at
lrgc?'egsela/ Sncrims\l/fceiden stress would adversely affects the shock absorber or the

suspended equipment’s fatigue life.



between the rotor and the cylinder. The vane may be

operatively engaged in a slot for causing the cylinder
Wa@eeotbsa2zr ot or to rotate together. The sli di ngPEIB8G2008/000068

non-sli di ng novenent may conprise a two

degr ee- of -freedom noti on. The3 sl ot may be in the

cylinder and the vane nay conprise a part of the

rotor. Alternatively, the slot nay be in the rotor and

the vane may conprise a part of the cylinder. The vane

may be one of: rigidly attached to and integral with,

[006] ' Y réitedngspact & GJ/%‘Vntu rTBﬁ'e&ﬁ’\khcﬁmg %Qeclrﬁfkeﬁfmﬁ/ﬁ QFhereby in

nmovenent nay conprise a sli |ng novenent and

rBLY, ﬁéé@) HB?’% ﬁ@(}%uf&egﬁe |a‘f8 sGiE uﬁg'tréé\ﬂeénd downstream

pOf I on, rmngana

eck, Iar ed, outer e The narr ow
qiegn adigen B LT w@@%eﬂﬂﬂuﬁﬁf B IMjinge ve ALY, ¥ shown in
narrom1neck ma rise a pivot for a non-sliding
R né (Gtrior ﬂ»anﬁhlﬁe@@ﬁt@@t flowt RBeRpHENOTHRAS rh@@n used in
portion may be chanfered. The inner portion and the
vianioes rapgiliag o sucho asrfey fllidrflove netedng angr valve Toetrol disclosed
enl arged outer end portion nmay be bul bous. The

Nl VoS rRateant el §)250002 (Junseans aXittrafip aretkUIBly Patent No.
forma seal. One of the rotor and the cylinder nay be

70D46 %‘BSV(@é{eﬁ@ iRe tf@éhlﬁ cBnftol Yr? cadrbttorsef ﬂﬂéfr%‘l igéfbustion

donnection may be one rigrdly connected to and

é@r‘?ﬁg tsﬂchwbg hdlsélggeair hVB §h?f % nt 62 43'3'%’\7?79 @lanchl) flywheel

i-mat & exerrp ary aspec HE O s pro

for man uri ng | vi ssor
VEraEeecqarBe@ga isvseth B hEs nBterDB 558 B3ETIVR hoto). et
front bearing pair and a rear bearln% pair froma
Howgyer, piearereounakle teding @nyiin Mg field) 9T shegk @bssrkarss he
front bearing pair and rear bearing pair required for
correct alignnment of the front bearing pair and the
rear bearing pair being forned sinultaneously. The
features of the front bearing pair and the rear
bearing pair nmay each conprise a cylinder bearing and

$%mek@prmg@|_d§gggji ng to a final exenplary aspect
ere s provided a nethod for manufacturing a
revol vi ng vane conpressor as descri bed above, the -
nmet hod conprising formng a cylinder and a cylinder

te fro [ ece, of terial.with all
B8 LBl e eSedie T sadck itsaBheranavpicl &® il peak
req U|red for correct alignnent of the cylinder and a .
nf95$uf§erISereda§ﬂ><ht 8Ybéieing 1 eifpelively nabserisedudnip thee optimised
features of the cylinder and a cylinder end plate nay
peofopmianee eraigbacfetheagrhph aglshoavri dalFIGOURMA.. FiGr Zoshows the
the penultinmate and final exenplary aspects, the raw

doRicspbatingRidd2e graphs med, tiy ahd g’ aincantdctamjular @i trapezoidal
of the raw material with a rotational aX|s of the raw

s'i‘% gri @IUftlﬁ\/élﬁ%'he'PMO%? a%!ﬁ% ﬁq 'ﬂﬁénk?log?’ 'ﬂlﬁc \tﬂ‘i’lnc?les known

uce vibration. Brie ptlon

Sy P ethe, SPYSREIRL (e the ¥|um%sm@s (3Bl s the

- choked flow of a fluid.

[008] Briefly, when a fluid flows through a small opening into a lower
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t here shall now be described by way of non-limtative

exanpl e only exenpl aryenbodi nents, the description
wheiongosser h ref erence to the acconpanyi ng il | UBCT/&G200&000068

drawi ngs. In the drawings: Figure 1 is a front

sectional view of an exenpl ady enbodi nent; Figure 2 is

a side sectional view of the exenplary enbodi nent of

Figure 1; Figure 3 is a series of illustrations

dé\&h%géérnﬁmrgg?Jnjéeerﬂ}ﬂ%hﬂiéd?gtﬁé\’%@ciﬁf ot ife RE®RPIIGAYrease as the

igures 1 and 2; Fidure 4 is an enlarged
illustrati f th -t,Q- , ti

piesal drgoan ol Gloa g,y eftuBBEE" g, festcdfy pressure

inetse e, Maing Boweaoune il g et it § ERcRed 3 imiting

2 of the other exenplary enbodi ment of Figure 5;
vélogity ealled ¢choked iflawoivharehky furdheroinsrease it HRBIFAYM: REssure
operating cycle of the other exenplary enbodi nent of
wiil BstriRcrease nise Gelotitgang farther. a vi ew correspondi ng to
Figure 4 of a further exenplary enbodi nent; Figure 9
is a schematic illustration corresponding to Figure 1
of an exenpl ary enbodi ment after the manufacturing

Ceeyy ising the
o< By P Tor o nn R et e giéraied o Tordbriing
a scf}_emati c illustration of a second stage in the
steRsHact uri ng process: Figure 12 is a schematic
illustration of a third stage in, the nuf act uri ng
(ipr oc Gepsmitiinar Rrepgures %'Smgmit@ei ﬁh@@i (Of; [Re P g4 mass of
fourth stage in the manufacturing process; Figure 14
i s atrmoblatianifloid td exart atfirgirpresswef i fth stage in the
manuf acturi ng process; Figure 15 is a schematic .
(i)l | usiiifying fid Hirst préssragagainst ba enclosedtmassgf fluid and

process; Figure 16 is a schematic illustration of a
seve %H&'n;d 8418 fiul 1 BoWBAKI LR & CoRStrifeer pathwdy gustethil at least
s a sch matic 1llustration of a eighth stage in the

manuf act ur g i&F D) R iUESnskBcted Bath@W§@idlfles choked
il ué’ﬁ a i%‘% %@Ibgﬁ%?m%%;l‘?%gdﬁg t%teC manﬁ? ag}taﬁri ng

process. tajl ed Description of t =xenpl ary

EnboglioP'?{er %O%’er@'f'gsof%‘%isﬁw gLasp %ILE&‘ there is shown

a revol ving vane conpressor 10 havin ane .12 a

(iibt oraceamumeRating, [tha david: gom e, ghoked YW ig; gn, expandable
fixed to or integral with the rotor 14. This has one
advamesgmwoinf andduci ng t he nunber of conponents. The

vane 12 nmay be fabricated with the rotor 14, if

(N/zsi rregistifdeha an@ahaiopnghgeail expanddbiladesenoirlgithra volume of
t hecylinder 16. The vane 12 is located in the slot 18

such re%éibies%é’sﬁ' iding and pivotal fit wthin the

sl ot and 1s able to sinultaneously nove in a

sliding and pivoting nanner. Both the vane 12 and the

rotor 14 are housed in the cylinder 16. The head 20 of

the vane 12 is rigid|ly,.connected to. or int - W

1835 x6r e oterelcambda G e gmsfiing o gfdredhid"hchod, an
apparatus for absorbing shock may be provided comprising a first piston
telescopically mounted into a first cylinder enclosing an inner reservoir; a return

spring coaxially mounted between said first piston and first cylinder'urging said

first piston and first cylinder apart from being telescopically compressed against
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slot 18 is located in an interior surface 23 of side
wall 24 of the cylinder 16, the side wall 24 being

w@iovnekieral and of a |arger dianeter than theP@€D8G2008/000068

14. This provides a secure attachnment of the vane 12

to the cylinder 16. The rotor914 is mounted for

rotati on about a first |longitudinal axis 26 and the
cylinder 16 is nmounted for rotation about a second
eéanfgothedj ableaskiasn@&l¢ provided 2hroughesdidwdirsixedinder wafll enabling
are parallel and spaced apart such that the rotor 14

fand cbRenGiithticle beffect €aid SR8 8nirtdhPan external fIUId reservoir.
eccentricity. In consequence during rotation of

Tid ‘?l"rstlélsﬁﬂ?'PI id BR B 6 ’Eo Jr@ceﬁe £r5§§.§'8né&ﬁ4& r%{ fpy fluid

exl sts bet ween r nal

tP%fs&%t%@ frgnﬁgtr}sehuétfw a@ﬁ gg%li%)r}ﬁeé vgufp\/\ﬁ]q gﬁé |sB|ont cr:]ommumcatlon
| Vi dual Eé and concentrically journal bearin
sz efpal Hyidnresgevaint Jhelf!fsbﬁt?t@fh@ @wherderredmm&eé to amplify
abI e to rotate about their respective |ongitudinal
W@ pressurg actingberdupeinyto héar ypan saidsinfér reseredis such that the
bei ng the axes of rotation. A drive shaft 34 is

applified peegsucerorethedluid therdimtoverainrgs Wredsureeof ek@rnal fluid
14 and is preferably co-axial with the rotor 14. The
rdsemirditf éxiBAozAe @pbBoliCchtskeRiOipy.€d 10 a prime nover
(not shown) to provide the rotational force to the
rotor 14 and thus to the cylinder 16 via the vane 12.
Duri ng operation the rotation of the r ot or 14 causes
v 2.to n turn forces
[@"“ﬁ B st pgopd:dhidriuetion, bt pBealeR %@Jmeomwded
within slot 18. The notion .causes the vol unes
W'F BPEANGF t4he Providipa fer felesegnic faayement hatwasn thﬁ first piston
14 to vary, resulting in suction, conpression and
aiids ahseepndo pistore wherelpgn fsheicl. toThe ahdarbedrmay ke $roparted to
has flanged end plates 38 that nay be integral wth
distel endef wald sé€ebndopistoryahd trapmittddeto sadrendiston via fluid in a
securely attached to side wall 24. As such, the end

tRINIARNS Potré@ir.” OPRSSrably, LA Fh'i"lbl’ rt@béyb'medlﬁ an, outer tube
including side wall 24 and end plates 38, Is mad

Jfﬁhﬁ'g ayaﬁrﬂﬁary y C%r fc?rngxt[eH%f "i‘eseer%i& lﬂ@ @rﬁégotrube may

ol ng so |onbetmeen e vane
IS virtua

surfa f
Aplerr ey a Blie¥ Stindd aiding Byerita drtirbiiGtod between
| i nder journal bearing at journal bearing pair_32 to
ﬂé,% H@Gﬁlaﬂpﬁée%&vetna@ (L2 arrméar exgelnal Hhid reseniair.  Rreferably still,
additional frictional |osses. Those | osses are of a
the wiuraliygefi halde ass distribsted sdushi that theepsogressipn ofiseeond piston
| ubrication to the journal bearing pairs 32. Al so,

irftoi inhepnabe linsemitaleslosbe motebf He diited ke prylidE hydraulic
end plates 38 is reduced to a negligible level, as

cbhhhuﬁ@aﬁ%@%@hﬁ&&1?ﬁiﬂﬁhsEHSnQ@&éﬁ@w%%#%ﬂﬁ?énﬁﬁar@&ﬁﬁnalﬂuw
the end plates 38, is able to rotate I'S reduce
éﬁ&@éhon at the sliding contacts between the end faces

the cylinder 16, and the rotor 14. This is
because the relative, sliding velocity between the end
plates 38 and the rotor 14 is significantly reduced.

Al t hough known designs using fixed end Pl ates sinplify
@1 pbsian alteragtive emhodiment, the plurality of holes is distributed such

that the progression of second piston into inner tube incrementally opens the
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di scharge and the suction ports, they result in
significant frictional |osses. They have a stationary

whomsgitegi2agai nst which the rotor rotates, thusPCTEGZIOSIH00068

| arge frictional |osses. This reduces the nechanica
efficiency of the machine, anfl al so reduces

reliability due to greater wear-and-tear. The heat
generated by the friction also reduces the overal

kalap te psavidingr Hiyairawlic backuprdssusaits thnsdeartd pigtat. f Fhehydraulic
As all the primary conponents of the conpressor 10 are

fluid r o8t b, prokEledudh | ontAbUE! TORAFNGMICERSA Shéted HRanslation
in notion. As described in our earlier application,

feBBnRNTPASRASF éﬁer’ﬁ%)’ LAY Cr f@(ﬂpﬁa‘e%ﬁﬁﬂé@ Eéé@kéird'ﬁwough the

that surrounds the cyl i nder an otor 1

LAk 0O may be stationary, with the
%%E?ﬂﬁé%‘?gggﬁgqﬁ%%gé'l4 rotating within and rel ative
to the shell 40. The suction inlet 44 is along the

rotor shaft 34 and co-axial with the axis of rotation.

26 of the rotor 14 and is operatively connected to the
[QH8k i A pi pecqntbtaspeshnihe Fiiet piston camplifies the peessare acting
first portion 46 that extends axially of the shaft 34,
thertupoe for bear apsedhadnpear tésenvoir Byt fratiettinimst Eositive ratio of
radially of the rotor 14 to the outer surface 22 of

durfacecdrets 1of first piston #Ea@8 st PRIGh eHA! | -
The nunber of seEond po?tions 4gﬁéﬁh§suct?@ﬁ@%%ﬁ§§§§5uaMy(ﬂ

HBPYIed88 PR\ iQ8d %‘P?Hé{feqeﬁﬁipfegj{o%%fépér?fﬁ:%%zésoto %ﬁﬂ?\té% Ehoked flow

axi al extent o eroto or nore di's

B b RGBT 2B B R A Bty e

close to.it is ant next to, immediately

18, B . 1 , : > .
f%}%é?ﬂ%suaef bga[ing don the; ek reservein fe eieq figithereinrthrough
a "dead" volume between the slot 18 vane 12 and the

nezsler atgdhakeet flayy. 34 preferredontio tie 41 .s der plecalify of mozzles may
fluid is contained within the hollow interior 56 of
Atemnadivelyl be0 distfibutedexthtougholit ahet fist coyipides swall lhereby the
usi ng a known exit apparatus. The di scharge ports 54

telastogiavifoteMicht HTr R Hidh ifsBhsRID! aid TRt & .
posi ti oned over the dischgﬁge ports.IThe dig@ﬁg%ggbgmﬁswew

e a valve stop securely nounted
Wt BTt PRy

to the si cylinder 16 by a fastener; as
wel | as a discharge valve reed over the discharge
port. The conpression cycle is shown in Figure 3. In

the,c ressof 10 is at the beginning of the
[éﬁ‘ét i gn‘hﬂa epgofj?lawnt/ﬁ@tl%mwfbe& fouiitle Extesnal fhid ressyvoir to
chanber 66; and the conpression of the working fluid
berin furthsritysksaulisncamannisaties. witthen expandableapsembirs Rreferably,
wor ki ng chanber 36 into the suction chanber 66 and the
treprexpandable pdsmmsir d@Bnpridesnat featiryRistsn oslidk®ldafithin a rear
reached the position in (b), the suction of the fluid

chainbet hmiéé@&h%b?hﬁ@%éi&@x%%é@?ﬁbf%ﬂ@ ﬁérté%r reservoir.

conpressi on chambér 68 i's continuing.
TP RS o R pEERI L Al IR sR B R Boyabiing gas or
OB HERE U B IS R 15 s S ERaNERE (Ro Bk whepin the

t he suction and dischar%e of the
volume is adjustable according o the compressibility required complementary

to the expansion of expandable reservoir. As a specific embodiment, at least
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fluid have al nost conpleted. As can be seen, the vane
12 has a sliding novenent relative to its slot 18

walevngsiehe novenent of the rotor 14 rel ative BPEOI/SG2008/000068

cylinder 16. Froman external, fixed franme the |ine
contact 30 appears stationary7 But fromw thin the
cylinder 16 the |ine contact 30 appears to nobve around
the internal surface 23 of sidewall 24 once every

SRS A MR, o8, B o o
SN B PR el B B s st o e

Thi s {my be vvith,th? radial slot 18 as shown, or with
APRAAUSSIPIEMENtin telgsoepifrelation: he details of the sl ot

18 are shown. The slot 18 has three portions: an inner
portion 18(a) imedi ately adjacent the interior

surface 23 and which as circunferentially chanfered,

[6A8] i M dourthli spech of towwrapi{rhjust prdvideasfor the first cylinder to be
reducedcl earance d to the vane 12; and an outer

aRptéd o 18[00 tél@@éofiéal@nlr% Gl &fermédbgﬂa-foar%f:@m@n%hock or
e POrt |

the inner portion 18(a) and the inter Iate
ffn rye . C nee .
cin O N B ity saRSuSL &l P HEHF87 8l provided
t t.h 1 dth 1 f slot 18.
Y P Ee P RAE 8ot B oAl o oron 7 shged asimgran extended
Srl[go't 18 at. narr ow neck 19 are a pivot for the vane 12
Y is1 rEmRiged tethe fivet oiiodeby urdingdiest nistonegaingtza aaslation
the slot 18 other than a direct sliding novenent such
rggervpisicogptigi@hydraplio fiidag novenent. This can be seen
by considering Figure 3. In Figure 3(a) the tail 42 of
vane 12 is oriented towards the left side (that closer
to the discharge port 54) of slot 18. As the rotor 14
[018] cursiick Hhsofbing Bppahftul sy B c@ﬁﬁﬁ%eﬁ% 4 SN Shsorber,
nd ‘a plrvoting

the slot 18 both in Sliding manner a
pA.- FLgL: : ' till .
ABRESE 125! BBt e ot Bleh Sd A ool pr and he e

r ed. angle. By Figure 3(c) the tail 42 of vane 12 .
AT b D8 E i BPnBlies o himpenGiry oy Sopventonal damping
mrror.i r]g the angle of Figure 3(b). At Fi gqre&géd) t he
MeANs 4pClpdlings @@Y1 2nes ot FoMbinaties 6f i bydradlic oaad/es pheumatic
right side of slot 18 mirroring the angle of Figure
damping.Aystereis danapingnalectroenapeeticéampng, weertalli2sistahce and
the slot 18 allows a two degree-of freedom notion
thénlikmigh the use of the mininmumclearance d. The two
degrees-of freedom are sliding and pivoting, and are

si mul taneous. During the two-degree-offreedom notion,

the vane 12 is in contact with either side of the neck

j n interaction of the

LiSr ofF AR SIRaNENG INgen 1ML eract’ on oas

pressure forces in the slot 18. When the vane 12

contacts the neck 19 it fornms a fluid-tight seal with

th? nf/ick 19 thus preventing fluid fromusing the sl ot

O]t oAnRitert lﬁ'@ﬁﬁrﬁﬁé’dmf eytinventibanbey te8had witte reference to
suction chanber 66, or fromthe suction chanber 66 to
thenfollowing deaiings ettrah ditusiigite Epecific xprederéd tehebodimeniin non-
to the rotor 14 prevents friction-inducing notion of

limitingy &x@mplary manner and with the detailed description that follows, in

which
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12 relative to the rotor 14 so that frictional |osses

occurring between the vane 12 and the rotor 14 are
wab®o/1gsiervent ed. The sliding contact is at sl oPCI8G2008/000068

bet ween the cylinder 16 and the vane 12. At the

contact between the cylinder816 and the vane 12, the

contact force arises due to the rotatory inertia of

the cylinder 16, and not the pressure forces due to

the conpression of the working fluid. As the nmagnitude

of the contact force is nmuch |l ess than the pressure

f : | evi d !
48] SSPRARE SCIBAE, ARL TR YRR el ook prossr
o S SR b 58P YA P, e

holes in the cylinder wall 24 to reduce the anmount of
spike of pedssuee itdnadequately absarkedal | cylinder. The

princi pal source of friction is at the bearings 32.

These are able to be mnimzed. The inertia of the
cylinder may snooth the torque variations of the
[M@F’ermRElﬁ)-shbWsté‘@rém ehagitoftan Meal shoek tphessure absorption
friction at the contact of vane 12 and the walls of

Lo18iat | AHid\ >b§}'8 IShoBRRARBEN | idRs idiial Spike of

S@#‘ﬁ@érﬁlﬁty&rﬁ%@"% onHFelcS%‘lgg or int eglrrfapﬁv\?rfﬁ drive P
shaft 34._.This enables,the contact force at slot 18 to
pﬁésﬁr%ﬁs?ﬁee@m/ﬂyeq%qﬂﬁ%%pendent of the pressure force

of the fluid across the vane 12, thus of a |esser

magni tude. However, the structure of the exenplary

enbodi nent of Figures 1 to 4 causes the vane %évto
[Q203t r GHBURET 3Brior Aet) ipnesentsa tpiceh peessyre vsiiow ¥elgeity graph
wal | 24 of the cylinder 16. This increases the
sRbivRRtsoric oF aheiteat flow Hdig mdcheder 16. This is

especially so when the offset distance between the

axes 26, 28 of the rotor 14 and cylinder 16 is |arge

as this increases the sliding novenent of the vane 12

[({E%Ilr] Zt ﬁgcﬁuﬁé WNfustiRes égyPiﬁgi ﬁ%ﬁ‘fgsiycéi'% 418668 bf 8Ak&nodiment of

erial 1s neede e walT 24 of the
cylinder, 16, In Figur to 7 ere is illustrated
t"é\%ﬁ'i‘%cg? aRsQrhey a?ﬁPrglP(Qg‘@i Qigﬁﬁv%%fgg’ may be preferred
when the offset distance between the axes 26, 28 is
| arge. Here, like reference nunerals are used for I|ike
conponents. As shown, the vane 12 is rigidly fixed or .
[022]egFAGURE 15 exbibitg| a esondeembodivpantopf o ralgprber in
and the slot 18 is now part of the rotor 14. In
vitih bioximal leegtty portideris ténfiguregarasalial éo phodeneveeal leagth;
or integral wwth the drive shaft 34. As such, the
contact force at the sides of the vane 12 depends on
the rotatory inertia of the rotor 14. As the rotatory

028 TG By, i o, ey shai sbaber i wnc
e T

beari ngs 32 are changed to acconmodate the direct
connection of the cylinder 16 to the drive shaft 34.

As shown inFigure 6, the rotor 14 is now supported in )
[624]antFIGUIRE dllustrates an exareple Affousshegk absprier.implemented in
supported on both ends. In the interest to mnimze

é!jf?cllf)lﬁhﬂlgd?fdampih@ﬂarﬂtﬂﬂg af tlevbtoraae; v and the wal | s
(0] sl ot ,



in this exenplary enbodi mrent the cylinder 16 is
preferably rigidly connected or integral wth

waleiogaediaft 34. This enabl es the contact forceP@I/S6L008/000068
18 to be alnost entirely indegendent of the pressure
force of the fluid across theYvane 12, thus of a
| esser magnitude. In all other respects, the
construction and operation of the conpressor are the

[02FF FGURE! e exrimits arahathdoder@mpleof ofi gur eshdtk 4bsorber
The slot 18 remains the sanme, and its relationship

lﬁﬁﬂaﬂEHﬁKNﬁQﬁb&%bePf%%@hkﬁ? same. Furthernore, the

| earance’ joln strated in Figure 4 may be

repl aced by a conventional pair of hinge and slider
joints for the vane 12 and slot 18 as shown in Figure
8. A hinge joint 800 using a pin 804 coupled with a
slider joint 802 would be used. Although the coupled
h| nge-sl i der 0|_|r_1lt 800, 8020|can erfor'\r}lwth_lgz exact

parts. It may al so be nor e dlfflcult for fabrication
and assenbly. The enbodi nents of Figures 1to 8 may be
used in all areas of conpressor and punp applications,

[626] a&hil€fdhoked afldwhaanBedh! défiEY absV®Es the dimiting condition
conpressor, besides good efficiency and reliability,

W " St ¢ W the Rl fIEW \?éié*c@aml Abt flﬂ:‘i’éé@‘dn‘}nfuﬁh%r with a

the keys to e success of npressor design.

f@@ﬁ% it Ch'beuvppﬁh‘ee%%; BRessioF ?%?Eﬁ%@%&ﬁ%gﬁsak&%ﬂgﬁm pressure,
10w gt ke ol it ot oodsiiaue, fpads iadhueel Boint o

I npact on the perfornance of the conpressor 10.

whieh the choking xapcaine dge adinbedigecendiienfds yvhen the flow velocity
manuf acture such that the alignnent of the journal

rheasuned aidhe pl@ie ohexibés absanicesbnditidmsudr Machtreimber = 1 which
tol erances. Figure 9 shows a central section of the

i§ EPeRARefdifed Tdasi“sohiBalowreart igBepdredrt o Fdt@ a4t the flow rate
front journal bearing palr 32 (a) and a rear journa

El@%é’e}h&reggeﬁ?or esg foi n;s:b%eg;pﬁéch oyrﬂalgé, E@Féé@ng the

ng pair

13 Xr%a&r“‘##@%%f'ﬁﬁgﬁ%gt&é ?%%?%ﬂ@véﬂi by e ?ﬁo%% section to

frictional ,| osses at the b arln 70, 72, each bearing
&eonvergailsdivaen pogsle orqriieg pl shoul d be able to
maintain a mninmnumoil filmthickness capabl e of
preventi ng wear between the bearings 70, 72 and the
bearing surfaces. Therefore, it is inmportant that
[PRECi Acwordihglyatte berar Felypked floB2 (wwedaindhB2éhacification refers to
attai ned, including the alignnent between the front

theamifieg cdAswht %[bdtbqldvﬁ@f floRPFJ2P8led< (fthe velocity is subsonic,
Furthernore, as internal |eakage of the fluid inthe

20 %W{)reééﬁ] rsoic! SN%QEI(?” F@e& %o F¥er & fh ﬁS?rﬂbﬁlta?BEﬁce ggopening

tween e rotor an I'nder rotatio axes

B HRERERS) ‘i’owoa{s%raatﬁ% Bkt oRbI 815 nGTE AT Sgerings in

the overall assenbly of the conpressor 10, which nust
4 iRyardioned. :

[028] Generally and briefly, our shock absorber endeavours to apply the
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As shown in Figure 10, for the manufacture of the
bearings 32(a) and 32(b), the raw material 76 is

web@spesi2by jaw cl anps 74 and hel d by centeri nRCT/BG2KS/000068

80. It is then machined with the entire cylindrical
face 84 being machi ned using18utting tool 82 to align
the centre of gravity 86 of the material 76 with the
rotational axis 87 to thereby achieve dynam c

dIgtcdestiBed GhbREY FRW VR I Bfinciglecint £ thethodefop afisbrising shock
of the front bearl ng 32(a), rear bearing 32(b) and the

Vw%ure fl fe d ﬁlt?légsg{o%k%‘ﬁ?’%tﬂaﬂ Frtdt td & Resss ﬂranslatlon fluid

ace IS mac |ne to achieve flatness

and ear.i Ies re f a

3”‘3@5%8%@6 By e e shaBES ragdot g hipfon s, this
_(FI ure 12). parted of f terial 96 has its se
s P pf%f@élr@zmaﬁ saplifigdn gcerrdingde Berngull aPF'@?'efee.%eeﬂ‘at the
to achieve parallelismbetween the two surfaces 90, 94
grplifiadepresspuredis shificiantdd rexeyt prasstralongs, mase of flséd enclosed
100 is machined to achieve fl atness, and end faces 102
theekid Groagh o conatdctédiopeninglib) achieve thaked fimy oditiee Aoidneaving
flat, parallel and perpendicular to the rotational

tﬁé Qholobekismaks of MaRNSTHEhokae W bMALKiA by BErdReRfmodated to
106 are fornmed sinultaneously and are thus correctly

fﬂl qu%dfagP%WEnaé’ﬂ)lgs %s%?v&lfe gg%g b B s| Bxp ARy may be

N on ront bearing ) and rear Dbearing

rﬁééfgr%&ér@%?%e Bars Rt 'ﬂ%a“%nsgg'?ﬁ?%aﬁﬁég%{wﬁﬂfﬁs%%ass of

rotor bearings 70 are then formed, again in the one
GRERISASIIR 98Bt h the front bearing 32(a) and the rear
bearing 32(b) thus providing correct alignnent. The

front bearing 32(a) is parted-off on parting |line 110

to thus give separate front bearing 32(a) and rear

[o2a} i rpr3@44y of kindelsthndinghthegworkingsh efi theleforglsaite metisod, we
such the front bearing pair 32(a) and the rear bearing

Bfdrito FGURRE vﬂ%r@fﬁxda HRIEAINPocRbsBIHBY éc’@:@ﬁﬂh? Ity P invention
provi de correct alignment. The manufacture of

|§y%Hd1 nf @raﬁﬂﬂgté}evyl(ﬁfy%?ar%ﬁé%dlrpla"btsﬁrboiﬁ fhe fJRe%sure from the
Wcﬁ%gewlamnﬁ%% o} Sﬁ@ﬁ'?%{b%hbble%ﬂq?kﬁpr%%”s%%&ston (@0)

then machined with the entire c | i ndrical C ,
wRich gisniglesamicallyi meusird iing 8o fiyst coylipglet 5@)1 ”B‘r'r% ‘enclosing or
centre of gravity 86 of the material 120 with the

founing amannerxiesesmir (B) thereiby Adneans feryuing or biasing the first
bal ancing to reduce vibration. The tentative positions
métohh@0) yrichflsst cllindend(50)dagartfrond Heirige telbsovpicallyf edmpressed
lines. End face 124 is machined to achi eve fl atness

ag/lﬂnﬁeéé’&mitﬁéﬂ A 'pF'd/wc‘]éd)%tthé Fo‘Pttnabf %n?étuﬁ%'sﬁnng (54) coaxially
l'indrical journal 126 is then formed in the cylinder

08, SR AITIR TR U0 SO0 8 e
T B TR B P e e e

end plate 38 sinultaneously and_in the one action
qmmunication befweea\ihe inar repatveird®)iand exdarma fluid) resarvoir (G).
(Figure 18) and the

In FIG. 4, a plurality of nozzles (55) is shown.
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hollow interior 134 of the cylinder 16 is fornmed as is
slot 18. The final finishing can then take pl ace. For

W@ b@ofiesipr bearing 32(a) and the rear bearing E(Z(/b()}zoowy([m%s

manuf acturing themfromthe one piece of raw materi al,
and with all features requiretl for correct alignnent
bei ng fornmed together, the two bearings wll
i nherently be correctly aligned when the conpressor 10
[0B0RS ST FiRd -pistoAi(48Y IsyprebfsposBa t6Ybi fidlss céﬁﬁ@ﬂédtfbe receiving
cylinder end plate 38, by manufacturing themiromthe
e ni i . d. wi . .
RCPRisEER 16, BTN Moy ot Vi inslation,, ¢ th pressure is
er., .the tw wll jnherently be correctly ali ,
(ke siahiBo Ao the GeB e dretant Snbpfipten 1 He. 4,
foregoi ng description has descri bed exenpl ar )
@ﬁwo@? Hensiateq vigya reseevqin 9é fieidsoauely a@%& sﬁravwm ag tramslation
the technol ogy concerned that many variations in
weenidis(A)f ek from this dtanstetioorreaadbir (Ajpeantalsmbedy hydraulic
be nmade wi thout departing fromthe present
comennicatiohi with oéxtBafe ring ereNermira (G taplurality of holes (32)
di spl acenent shock absorber FIELD OF | NVENTI ON f/001]
f I i ;
e e GO ) W3 O RSP it [ ) P sl
expl osi ve or crashing novenment of a nass.
Specifically, it concerns hydraulic-pneunatic system

bsgr bi.ng such 0.C d translating it _ into a .
545 2t BRE prtod (NS fufte: wedhpoda o captinisbi'to ampiiy the
BACKGROUND, ART [ 002] Shock absorbers are | ess conmonly
Rressenedgceyedsanhaniing tharpupen se that the amplifies peessHeg may act
may be exerted in an inpul sive novenent of an
toxirassipea thevhner resey/oin@)fsuchithatthglamplifiedgaressure on the fluid
di scharge, crashing of a nassive object, etc.) or a
thesdiniovercomeey prédsuns tof @ixtéraat fluideregenioi (Ggndexit nozzle (55)
term nating novenent of a massive object such as

A BhkePnsivng of a cargo, elevator |anding, or
passi ve vehicle braking as seen in shock absorbers

between rail cars conprising a train. [003] Many of
t hese shock absorbers work on the principle of

sl.ating,the extern shock or forc 0 be agbsorbe
P20 ° 1P shde s nieEabar tne Aidck st B bf gbeotbed Nesd not be
absonbin% nechani sm KQZ to achievjng t hi s const ant
trRnsmified p dhe firshpisteh (4Qr as shpwnvigl KIES. stic T hesprasstire may be
disclosed in U S. Patent No. 4,520,899 (Vasquez) for a
appdied ditestly loer theqistoar (46h asesshoamdinnanotbher pmbvoditeentdn FIGURE
constant reference pressure of a pneumatic chanber in
8J(% bPadesuribbd. laferd Ghd 26 skiffed irson WO be Sbl&ab enbdify the
No. 4,785,922 (Kiehart) provide such a constant

tRIrRPRESiIBN RY faree komiRggt on that decreases in dianeter
as the applied force increases. Alternatively, the

val ve' s opening may be el ectromagnetically controll ed
to -

[033] Back to the embodiment of FIG. 4, a second piston (20) is provided to
enclose translation reservoir (A) at the other end of the inner tube (30) opposing
the first piston (40). An outer tube (10) is further provided to house the inner

tube (30) with an annular chamber comprising the external fluid reservoir.
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provi de the desirable constant pressure control as

disclosed in U S. Patent No. 4,902,034 (Maguran).
wor®ensie: ng nmet hods of absorbi ng by per manent PCES&2008)00068

def ormati on of consummabl es (such as a string of

def or mabl e danpi ng coil or héfeyconb for absorbing

shock froma perforating gun disclosed in U S. Patent

No. 5,131,470 (M szewski), in all these conventiona

nmet hods and devi ces, due to the sudden and magnitude

of the force bearing on conventional shock absorbers,

s ) Bt P\ TR O ey A ot

Art) for dlfferent ressu | oads re ‘K%S ﬁ ey I
CQFTHBH@'CGBGH befiveqih o drang ationaresRE/Up| ghe ahnular externa
performance in shock absorbing is achleved at th
fivichtresarvoirade).andrhe Juileait @ atistribatededn i sticghy r@ﬁﬂ”%‘f that the
the graphs. Curve "d" represents the average pressure
progressione of Gecol thiston (2@ iniai inget Haber (@83 wauld pinkesmentally
nmeans that excessive pressure are being experienced by

dl&%serﬁéké’ﬁﬂhb Iﬂﬂé‘s 14130 96 dRIg KytRalNsceMERMIGEDN between the

den stress woul d adversely affects t he shock
[

f@%ﬂfﬁﬁdgﬁ»é?ﬁm‘\ﬁ SPGB ARSI (O o
‘as choked flow, whereby in response to increasing

pressure differential between upstream and downstream

of an orjifice, the flowrate | s jncreased unti
0354 1 iln ghisesresification sthentgmm {dista aEREed tPF"PFedrtOAB? end of the
This constant flow phenonmenon has been used in various
shopkiabsorerorsucompenem thereafdhat iswenseien affxes & tha seurce of

control disclosed in U S Patent No. 6,250, 602
thd astpeRrorsprissareafdnd thed tdinS:prBainealt réfers To 2W6 083&r end of the
(Caleffi), fuel feeding control in carburettors of

JHRCR AR riscH B Inh SBheHI Th S of Hedt 650 BeSAsWaRA dmsidpended from
Patent No. 4,379,770 (Bianchi), flywheel vibration

R 5, 595, 539
E%%%T%e?fﬁk?@%digﬁdgtabe Lo P(éel}lgre}gbl e to find any
in the field of shock absorbers. SUWMMARY OF DI SCLOSURE
[007] It is thus desirable to have a shock absorber in
which the initial peak pressure IS erase y. bej.n
[086kct\Whenyihanyessde Tomdherhasht 'ﬁrﬁe§%'é{eaeﬁﬁft3?rf?hﬂgbe”d of the
range of the graph as shown in FIGURE 2. FIG 2 shows
seivendpistesp@0li thg setead pjstarh@0) angvesvinta rgnsiationregervoir (A)
rectangul ar or trapezoi dal shape. Qur invention
Arity Shose Somppé $8e30tHeh fluikin @stisimgd a apricissurer buitd-ppeis theoreservoir.
as Venturi effect. Specifically, it involves the fluid

?féé‘s%rlé F@M‘ﬁn@rﬁﬂe@%‘th@ kiest disew (20) and htvéds if BQ&kdly into the

[y, when a fluid flows through a small opening

fl,rgf@lﬂ eP{)!fd)dOV\ﬂstream pressure environment, the
Cl

the floww Il increase as the pressure
I ncrease upstreamdue to Venturi effect. As upstream
pressure

[037] As the inner tube has a plurality of holes (32), as the second piston (20)
is moved inwardly into inner tube (30), some of the fluid in the translation
reservoir (A) will flow out through these holes into the annular space forming the

external reservoir (G). As the piston (20) continues to move into inner tube



increase further, the fluid flow velocity wl|

increase until it reaches a limting velocity called
WO etvokesi2f | ow' whereby further increase in upseCESG2008/000068
pressure will not increase the velocity any further.

[009] Qur nethod for absorbi h@ shock nay be

generalized as conprising the steps of: (i)

transmtting pressure arising fromthe shock or force

(80), IamsfesP{32) rreséding ahe flistod (20) axegradudliyrisding closed while
pressure; (1i1) anplifying said first pressure agai nst

tI?c]f:‘ stv%%ggﬁgﬁg@ﬁ% ﬁtoﬁ!(ﬂbﬁ@%%ﬁﬁ 'a'gg\évﬁ@t theffuid € $16w from the

ro stricte hat at | east

ope of th i.fje e .ot ed pat hway
A o G R T A AL L e
mass of fluid; (iii) accomodating the fluid fromthe
choked flow in an expandabl e reservoir; and (ivV)
resi sting the expansion of said expandable reservoir

5 [88lh dheolfluite pessashmubsel Braasltion reseryoir n(A)hwould also flow
general enbodi ment inplenmenting our aforesaid nethod,
toawarizpiheaproginalrerabebthe egteshalalesenpin@ pi@viowadds the annular
conprising a first piston telescopically nmounted into
spaté stirrdtvidintfitie fiftmstong4en andnfirst teelerqi50). At the terminal
return spring coaxially nounted between said first

o e Lo . . . . _

e?fldr éf@hé‘@d%ﬂg{a? regé(rlvbpr §§n)1’ Bﬁe?wgg?tgfﬁe@oﬁhé&hrfissb%mm to an

cylin apart scopically

conpressed agai - :
PE0PaRE Ere oy e ST Py o BRlptRs AaF theypistons (20,
fl uid _conmuni cati on between idinner servoir, and

10 49 GQ WP ComBrasSPd drXRaAaDIn Eeerval (5f B time BY Suter tube
predi sposed to receive pressure acting thereupon b
(singe dhe innesitube (30 xkas now eskied) and anclegesbatibg digtal end by the
the fluid is in comunication with external fluid
enelsafrfirsi cylindbe(50) s Ipj a floating pfston (@0) adrtbe ipspisatiend.
anplify said pressure acting thereupon to bear upon
said inner reservoir such that the anplified pressure
on the fluid therein overcones pressure of externa

[{)% | ‘i]ﬂ(ﬁﬁ% V@;%nen 0BXd) gf&%ﬁhé&t cet%mﬂés&izﬂﬁﬁ\@ hy@wulic fluid

I rst aspect our Tnvention, our
furt i it h i .
s SRRAAN 13T 1 BLbhBF o RERU dae bl e pIER into e
SBR0ABEE RPN (hanicd (Lem dTusTh e HRAURS Siftan J6Q) pEoximaly
piston and transmtted to said first piston via fluid

dowmther teneiinaliend ekther awer tulm 6¥0r.ading, flaatiagi pisen ©Qhenay be

is housed in an outer tube defining an annul ar chanber

Hiased apeainstlthé lexpdnsiencsfvservoih€C) yea dontygressiple fluid on the

preferably have a plurality of holes providing

JINEr Sk oF thePidtbh §8b), Yucheisgejas filling up a rear reservoir (D) at the
20 terminal end of the outer tube (10). Preferably, the volume of compressible fluid

or gas is adjustable according to the compressibility required complementary to

the expansion of the expandable reservoir (G).

[040] Ideally, a gas is used to fill up rear reservoir (D) as most gases are
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the translation reservoir and the annul ar external
fluid reservoir. Preferably still, the plurality of

whoioesosiez di stributed such that the progressiRPeI/a62008/000068

second piston into inner tube increnentally closes
nmore of the holes to providildg hydraulic conmunication
between the translation reservoir and the annul ar
external fluid reservoir. [012] In an alternative

cq‘?ﬂ@%@ﬂ&é‘t sd gatPiher @% L t9be8f ndiolcrsick Sitvsluimdd wiveftinge through

e progression second piston into inner tube

i ncrenmental |y _opgn e e Wl ' :
reBRERN e detP S5 T0 e “Balgticlas ds BeCUtpicific dhpgir nitrogen
fluid may be provided in continu conmuni ' ;
gaet i Rspa oRdabE GOt TR R PSRl B, piyminous
reservoir and i nner reservoir through the rif ectjv%
démaneing00 the coresementay, iokee s Riosis gaserbet Agsingpath to
pi ston anplifies the pressure acting thereupon to bear )
desleblé kitmensiens r aseoneiaf thy floatiog pisten {€Q), poendeakle reservoir
rati o of surface areas of first piston head to first

() SH@RefNeseRioH @ )RRy bedconfigurbitty bef innoydraalic communicative

provided at predeterm ned nozzle orifice sizes to

eﬁgﬂéﬁ\ﬁeirf hokathi flood dbst oF thbUbfp&ifgd's delbhfined rifMelescopic
e positive Iy

ratiois preferably sufficiently |arge
for th beay i - : _
Ao b e o AR A g Ml K SR G e 8 preren
e e ke ayemenaird Guaitiobreto By wlh e Sfudiitbe (10

cylinder wall whereby the teIescog&g novenent of the
wheerain thé sther componsateiof plesments of i sherkoapsarbey ars disposed.
cl oses the nozzles therealong. [014] A third aspect o
our invention provides for the external fluid .
reservoir to be in further hydraulic comunication
[O41]h AR MePARAaRbRN CABr ¥Adrseddnel plstdn Y20} lwempress the inner
expandabl e reservoir conprises a floating piston
' W4 6t (Al MRV a9 ®Rypressere build up
r%éﬁrgﬁgk%)a%ﬁd% Hdltranigfion FESUTRET (A) MspRetiidIp! Plapregsa

reservoir and rear reservolr.
1 e S0P 7 BE e s BB S SReg 8t iuon e
LB LS SR 33, DL S0 (b 4580 Brescure

conpressibility required conplenentary to the .
weuih et increase e neteviedisplasemsint of Agé fluigh inip rxternal reservoir
enbodi nent, at | eastone of the free floating piston,
(€Xpaddatl expaesableciesenmdr (Gar reservoir may be

configured in hydraulic comunicative extension in

parallel to the rest of the apparatus's elenents in

tel escopic relation. [015] A fourth aspect of our

ar ' i | ridsr ic fluid and
(358t 25 e o GEF fogebloh (8) I 4156 cBMpres ofie Bidraulic fuid an
for receiving shack or directi f.. f Of : :
nefos: Beclt <l PRELIA coromit el e ofBELEREr (50) is being
G%giﬁr;/rlégggd g]tggug&%qn }aﬁéﬂ%ﬁi&?&@@r I ?r%ierF;regcfar%B?r,bltﬁlé fIltJiHefrom the
inner reservoir must have higher pressure to be forced out of the nozzles (65) to

overcome the external pressure. To achieve choked flow, it is estimated that

the ratio of the internal pressure to external pressure should be about 4:1. The



10

15

20

end is transmtted to the first cylinder by urging
first piston against a translation reservoir

weorpniseng hydraulic fluid. [016] Qur shock abSDBG2008/000068

apparatus may be conprised in a shock absorber,
dashpot, thrust absorber, retdil nechanism crash

i npact absorber and the |ike, and may be used in

conj uncti on or corrpl enmentary with conventional danpi ng

cHBrgéiI%ﬂb rrgfh%t 212 é?c%@h'id“%ééd“ Dbohygaauhy ¢he choked

r pneurratl c danpi ng, hysteresis danping,

el ec r.t e t
pp ey | @@%&ﬁ%ﬁw@%@%ﬁ&ﬁ%ﬁﬁ FY Gad st & Gonstant
under st an ing of our_.invention may be with
raterig SpHE Hor PBP’F"&W%”?TPQW gremu&eh i I lustrate
specific, preferred enbodi nents in nonlimting,
exenpl ary manner and with the detail ed description
that follows, in which[018] FIGURE 1 (Prior Art)
[043]ust6rsarheatranegi bpfore hthet first cylinoiek (p0)ekasiaseatieswiptazales (55)
agai nst di spl acenent of conventional devices in which
thatealldW tidd cPhisanREtion asstweeni the mdegestriojr (B) and external
absorbed; [019] FIGURE 2 shows a graph chart of an

. 3 _ \
ré brrs(@.c B@é %f.@g%g%ﬁ g%&gr%dé‘rréﬁgéd@hch that they wrll be

i eva : ( in which the initial
Bl S0 B VD PR ot o
(baRenbe: o BBt PR 36760 J5a RSbulont A58 open

contraction stages of one enbodi nent of the shock

nadnys thusehasten dhelfpig flow sale’'s mgspaseie chales flaw.gAmesuph, in such
exhi bits a second enbodi nent of our shock absorber in
anhecibogimantmahete ttygrb ipaa tsedaes iof momaidsythadinawhbs pesigressively
to shorten overall length; [023] FIGURE 6 shows a

ddiedd teerhegriERtle efze0BedshoCke abshidpeum totalfédto éhable choked
I nner reservorr 'S reconfrgured for direct receiving

3y § verqgﬁeclﬁgféeﬁﬁrg b er@\?e ERo PRV @stthe F8Mmaining -

shoc b or ber i nment e 1Tt colum for
da Iandr r car and[ 025] FI GURE 8
r\é&?ﬁ? i s°p§’ﬁ10'f 9%‘%{%%5‘5% our shock absor ber
i npl emented in a bunper of a vehicle. DETAILED

DESCRI PTI ON CF SPECI FI C EMBCODI I\/ENTS [026] While choked

fl ow has been defined above as the linmting condition
[Oflch UrioarBernpeli’'s pengiplg, dhe | fyst V@rt@wtqrsw head g@0a) surface
i ncrease any further with a further increase in

arpatmegnberpresided ior relativreds ethenpraxémabohaadr @@y such that the
pressure, we would like to point out that for

gresagenposm fHeudidal HeRl rhamiplifiéd MRithe di¥sired multiple times to be
transmitted at the proximal head (40b) to the fluid in the inner reservoir (B).
From the surface area formula of a circle, /%, it is obvious that doubling the
radius of the distal head (40a) would quadruple the resultant pressure at the

proximal head (40b) as evident from m(2r)? =4mr.

[045] The space enclosed in between the first piston (40) and the first cylinder
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whi ch the choking occurs for adiabatic conditions is
when the flow velocity neasured at the plane of exit

WO g00at10882ni ¢ condi ti ons or Mach nunber = 1 whiP¢T/B62008/000068

generally referred to as "sonic flow'. It is inportant
to note that the flowrate cé® still be increased to
supersoni ¢ speed (Mach > 1) by increasing the upstream
stagnation pressure or nodifying the small opening's

(0PI F'efgﬂ'eﬁot8aa/fﬂﬂéﬁﬁ B’ée fééé%ﬁ?fc# ) WpicH fdyf also be filled

According eterm’ cho

used n thi,s specific n
W'gqﬁ\ﬂ% ?@“EJ id ﬁﬁttﬁsecﬁﬁ@l’ f%fe?Y%(% n%ﬁﬁ%%ltar egar fYr (F) pay be
the velocity i s subsoni.c, SOHIE % *{g on C. I
provided dn hysTraisacommugtieationywiththgae drsgivel (@) yip large
openi ng in which choked flow occurs to distinguish
apeduraesh &)t heardslthe eod ofpthel ingsr itwoe (80) mémn ey are closed
[028] Cenerally and briefly, our shock absorber
o apye the fitst pisiphy(40heedching dise rndeaf iheosteakef bbthe end of the
venturi principle in a nethod for absorbi ng shock

||’M@"’tﬁb@ s force fromthe shock is first transmtted
to a maé of translation fluid to exert a first

pressure. By varying the surface areas of the piston
heads, this first pressure may be anplified according

Ber uII| so_t hat e I f J
Dge1c M o sRoeR @eBpoely wieo v B ik dhinBREREN Brossure
encl osed therein through a constricted eni ng .
GRORPAPY 1DAGRULBEI FRFOTTIAMG! A SHPGRIERUIRE MNCTEARPGRIRS Spikes
mass of fluid. The choked flow of fluid
i the graptactl G of fnilbheidanupech oedptayedisiue ’ioeé@rf%t fluid discharge
This reservoir's expandability may be resisted or
resaiing ingieé rebkey flowshem resaltsofsthpapressag ampéificatiopeacting on
mass of conpressible gas. [029] For ease of

tHaGRhat AEHSir éej WIHKI REBItRG sbferatia @ffeet iwdhe vaffective

refer to FIGU wherein a typical shock absorber

ssﬁ<§$tgggmgt&fpo% du%ﬁ@éﬂngﬂt gphhovn contract i ng at

ages I'n rorn pressure fromthe
shock. The key el enments of our shock absorber
conprises a first piston (40) mhich is telescopically
mounted into a first cyllnder (50 EFC|§ ?ghﬁ¥ ¢
[P47hi Whan the drnerrresempdi (B)(8r P%$ oy irst piston
urging or biasing the first piston (40) and firs
(49» § ikl i€a) (4Q@rto prosimajdieag t@bégnapubeamegrgned such that the

conpressed agai nst each other is provided in the form

tAfeshold® pressusd forneathify crakedaldw bedoneeet betasetencaves a wider
first pi ston (40) and the first cylinder (50). At

rjaﬁ %hB?K %Su&@@oﬁo@trdﬂsobbﬁﬁﬁrlérg’ Pledinitiad fmpuleg! The result of

to enable flui conmuni cati on

f
b“ﬁé%sb 8 4 Ofpolr i X'f’é’frp'@" o), & B no?EHeEbH%‘s)“t speed
h 30] The first .
I'frésS%«?ﬁ“v”éo%84R%onf$sg=»u'reéiorf 86 deedPbyRoRL e CRERR, ( Gesides
be absorbed directly or vi a translation. If t he
guhséanfiadlyi emoving the initial pressure peak or spike in the graph of
displacement, our shock absorber’s relatively long recoil stroke length will be

able to dissipate the pressure over a longer period of time and displacement as

shown in the chart of FIG. 2.
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received via translation, as in the case of the
present enbodinent of FIG 4, it nmay be translated via

w@200e8e812Di r of fluids such as that shown as PCT/SG2008/000068

translation reservoir (A). Fluid fromthis translation
reservoir (A) may also be inydraulic conmmunication

wth external fluid reservoir (G via a plurality of

hol es (32) provided on an inner tube (30) within which

the first piston (40) may slide. [031] The first

pi ston (40) is further predisposed or configurable to

i f r ' ' 1 : ;

BAB] ' (A MRBA G, BELHG, BREePR; BRY roF hERARrfRed via a
i nner..reservoi.r, ( such .that the anplified pressure
AR el ) etSisssig Aoolia (S 1 longf elBrid s FIGURE
fluid reservoir (G and exit nozzleé&SS) at about . .

€ 1hoss Anodlternativg embadigeny Wergby diret Bheck ReesysR ds applied
pressure to be absorbed need not be transmtted to the
direcily qui theoimnen eysenwois kBnln sudh en altermativepe@figurationthe first
be applied directly on the piston (40) as shown in
eyiatibe(50) " adapedtinionar-biddided drid(229 foledicgdtiyadcéivtngrshock or
and a skilled person would be able to nodify the

. 1 r r o a C »
%lﬁ%ﬁ] %f&ﬁ?qlfgl%o aiEl);%O?c?é‘cP. Arkivst piSR 8)@?) 1 dikpbSad éo slide

I ment o a second piston (2 IS provide

bR L R S5 b 8) B ffeer 0
£ S b2l ok bR 80 SR T8 o e o

external fluid reservojr,.[034] The inner tube (_30t) has
shaskaddingt 9n extenged £NBEAZ) gnay bei tiapsipitteddpithe first cylinder (50)
conmuni cati on between the translation reservoir (A)

layndurghng  dinstu Ipistore x(4€) nagaihstial trarsstatian rreé@voirTih’) comprising
hol es are distributed in such manner that the

ydrauks suin Tb sieeending Bingth 02@e ishbek iabzerbdryiiee pafs of the
woul d increnentally closes nore of the holes (32) to

MERY 4bP GernyiAal Ebﬁtaﬁﬁ?%mgﬁlgb%ﬁrﬂlﬁ@téﬁﬁe%é R8mpressive gas for

transl ation reservolr e annul ar externa

Juid or ir.(Q LS. i £ catlan, .
babhe. KRGS L4 ugpiahid ey, HhEEigp, o O
shock . absorber or a cqnponent thereof that |s nearer .
BePEFiVEhLanes Deipeodged dbapadarere Racaleh SV indsal Membsrg

the term"proximal" refers to the other end of the

shock absorber or conmponent thereof that is to be

i nsul ated or suspended fromthe shock, or affixed to a

[648] tDhéeaforesaidpmedecd &086TLoNteunctidme qfr esis uslkodk cabsorbing
the shock is received at the distal end of the second

apsdratus( 2Ry thbe 5@9@@@larné§é@ns|£2ébplmeﬁ uBé® for damping or
translation reservoir (A) and thus conpresses the

D . . i _ . o
aUrBinaC OBy Bréteins Uibad Jifisife 0}, fotife Hatdld, gyoh as 2
&Podckn%ggrb'e"r, 'dg\é\ﬁ‘;goc{l, Mth'runstt oalt)&(?’bghr rc‘etco'ﬁylﬂeréﬂgﬁisﬁo);rash impact
absorber and the like. Such devices may be installed or incorporated in a
device, machine, vehicle, armament or installation generally or included as

components thereof. Alternatively, our invention may be used in conjunction

with or complementary to existing hydraulic and/or pneumatic damping,
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[037] As the inner tube has a plurality of holes (32),
as the second piston (20) is noved inwardly into inner

WO 29e/180) , sone of the fluid in the transl atiBPEI/SG2008/000068

reservoir (A will flow out through these holes into

the annul ar space forming th#8external reservoir (G.

As the piston (20) continues to nove into inner

tube(30), the holes (32) preceding the piston (20) are
é@?é’éé kﬂénﬁﬁh@%l&éﬁ%d’?@tlb%aﬂlﬁn? Oih@ﬁla(l $3distaask dndethe like.
|ston e opened lowng the fluid to flow

fromthe external reservoir (G into space (E) at the
back of the piston. [038] The quid pressed out of

nslati on reservoir Iso fl ow t pwar
g samer Gesenarbidibas Meds B exqmpthed 18 FABURE 7 and
towar ds the annul ar space surroundi ng the flrst st on
FIGDRESdwhichstespgriivale shpws)the dam H@E\gt henhalting é;{ﬂaegmg of an
the external reservoir (G, a hydraulic connection is
efvanordeat dral fom abspebingicrashy ebeshidies or Gfaggrred bumeping between
fluid would enpties into as the pistons (20, 40) are

cbuélﬁé\se bf 6GR#nESHRS is Bugitioaalbloetheesatizoexarhplesi mefiiometi above
by out er tube (since the inner tube (30) has now

t9aHim ale BivBMthies, &, of
|rsggcgﬂ? rfé@?% g %&aa T oa?ﬁng pi ston (60) at
t he proxi mal end [039] As the pistons (20, 40) are
further conpressed, the hydraulic fluid squeezed out

he.ann Iar ext er nal serv0|r will b ush .
Wotlo WIS habe, FROSRERIo0 T Seestinn qoPye A mumBREHT pliemative
fl oating p|ston (60 proximally down the term nal end
esibadiments er configuratians of qtﬂfelnf/eafé@n Hgany §f e paus: QPéS}PO”e”tS
be bi ased agai nst the expansion of reservoir (C) by a
ot @ernents ofl @urf sheott absorber as Hisclasedealufvet inay fiesmodified, varied
(60), such as a gas filling up a rear reservoir (D) at

drReibkatutdalithesglivdlehizewithtitrdgpeing Hom th eloekinglpyinciples as
the vol unme of conpressible fluid or gas is adjustable

Lﬁ%%?%tgbﬂ‘%lfag skhl%d‘-‘;%}fgéﬁsslmgsle'élterﬁﬁ%sr Rfdy be mnumerable to be

enen expansi on of the expandabl e
G ol ool 5 AR PRt o o
that the F es n reduc its volunme overtine
"E'Yﬁfﬁ'@@hasr%%&i‘?cgw tBP E‘?'Eni Son, an inert gas is

recomended, |nclud|ng nltrogen gas. As a gas-filled
expandabl e reservoi r (D) may relatively be vol um nous
dependi ng on the conplenentary, to keep the shock
absorber design length to desirable di nensions, any
one of the floating piston (60), expandable reservoir
(G and rear reservoir (D) may be configured to be in
hydraul i ¢ communi cati ve extension in parallel to the
rest of the apparatus's elenents in tel escopic

rel ati on. An exanple of such parallel extension is
shown in FIGURE 5 wherein the gas-filled rear
reservoir (D) is configured in parallel with the
outer tube (10) wherein the other conponents or

el ements of the shock absorber are disposed. [041] As
the first piston (40) and second piston (20) conpress
the inner
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reservoir (B) and the translation reservoir (A)
respectively, the pressure build up in inner reservoir

W@ B)o9mpdik2 i ncrease until the fluid being presseCESGENE/000068

t hrough the nozzles (55) reaches choked fl ow whereupon
any further increase in predfure would not increase
the rate of displacenent of the fluid into externa
reservoir (G and into expandable reservoir (C) . [042]

gﬁggﬁge external reservoir (G is also conprises of the

ulic fluid and hence exert sone external pressure

when the first cylinder (50) is being conpressed to
squeeze out the fluid fromthe inner reservoir, the
fluid fromthe inner reservoLr nust . have hi gher

1.pr esAnEpperatys foraksoibipgSheek CRENBY Y es (55) to
overcone the external pressure. To achieve choked

- flova fitstisistest i(#6) delesnapicalie MaUNtedofintona ififste Qylipder (50)
pressure to external pressure should be about 4:1

Theckaiesinglarinhat reseryoio(B)may not be at sonic speed.
Upon reaching the choked flow rate, the discharge of

- f1ul g bR PISHRAGNSAT LEAKiAMPInaUinkdd Bemwserntaid frshpision (40) and
rate in spite 8f hi gher or continuing increase in

presaul €. | ii! inder (50) apart
vt eVt TRt BrdiBl el ity BRGA a0} HBG Médylinder (50) ap
fluid copmuni cati on between t [pTpl=T gy rvuaLs (B)

and GRACPAED PESEPRGRD fogProntac sy SERABEE %) o)

are arranged such that the 11l be close .
- pr ogAtdeaste By NaZzle N | P@t"}/d&\glstﬂaﬁ?u@ﬁofa'angg ?ﬂ\ﬂg?fjl(&o) wall
into the first cylinder (50). The progressive closage

of tbaabliay fflail cBBMUGeationy betveen seid inneroisssryaly (B) and an
thus hasten the fluid flowrate's increase to choked

f | owexfdnalUfRlid résersoie IGRn enbodi ment where there is a
series of nozzles that nay be progressively cl osed,
wHegeipozzl e hol e size need not be each or sumtotalled

to enabl e choked flow at the given shock pressure but

hi ‘. ' e
opon AL B oREE P el i R el reteSRe ey thereupon

rinciple,  t first piston' [ . head (40a
bg’dhﬁib’%”ﬁ?&djﬁ‘a?‘l tbé 561%193&%2’88?%0?@ tion t(() thze

i mal head (40b h that t. f t.hea..

i ot spihiad Do irptamTeIGaonHtiedeneal T FBTT ks
to be transmtted at the proxi mal head (40b) to the )
f I ui csaichfitsh pisitom &40)rie fwtharipredigposed Enamplinssaid prassure acting

area fornmula of a circle, pt2 , it is obvious that

tHEe&RIbbAdo Hear Lpeh usidnrich ecstrsoialBheach (heddhe anplifiled pressure
quadrupl e the resultant pressure at the proxi mal head

091491%) fllﬁﬁg tﬁ&hﬂﬁ vefddfed ptedsute of xfernal Adig] reSbavolp@)eand exit
enclosed 1n

etween the first piston (40) and the

first | i, n e referred to as internedi ate
%@@%P@E?Gﬁ%ﬁ?@&ﬁal so be filled with the same
fluid as the other reservoirs. Internedi ate reservoir
(F) may be provided in hydraulic comunication with

the external reservoir (G via |large aperiuyres Sgi .
2.o0narAis apparaivg forf alpwbmgn@?oqku@)@cgg@g ’rgoé i1 % r provided
are cl osed .
with an inner tube (30) providing for telescopic movement between the first
piston (40) and a second piston (20) whereupon shock to be absorbed may be

imparted to distal end of said second piston (20) and transmitted to said first
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only upon the first piston (40) reaching the end of
the stroke at the end of the inner tube (30). [046]
wOGok/1e8122 shock absorber, we have found that tP@I/SG2008/000068
initial peak pressure caused by inadequate absorption
of the shock inpul se which a&fpear as spikes in the
graph of FIG 1 will be danped or del ayed due to the
fast fluid discharge resulting in the choked flow as a
BH(40) 9la 18 iR EREHMAIGHTRISERGRA)ON acting on t he
|nne eservorr (B). The resulting softer danping
effect is the effective snoothening off of the
di spl acenent graph [047] When the inner reservoir (B)
i's conpressed,

3di stan a}p@géat(.rgé% br[ngxe hqeoggaérﬁéécgb?%lﬁcz &\ﬂ@reﬁﬁ the inner

desi gned such that the threshol d pressure for reachin
tubRo(d) I bolised iy utaiotbe (1) Bulning ap AlInyargaAgper for
shock inmpul se conditions, particularly the initial ‘
extemdl Sleid Erervas(G)l of such design is to enable the
first piston (40) to nove at a constant speed
irrespective of the pressure or shock |oading within
that range. Besides substantially renoving the initia

4Pres rajip%‘?%‘llﬁ r §$éo?6| g“sthﬁ'( SHcRRNng fto Blaiph 26AEHRIN the inner

our S er S re atively long recoil stroke

SHERE3D S oGRS AP S 8] R T S

chart of FIG 2. 048 d bef

gmesu fie feasiaon Beer/inOn Prddne: anadar sxtfer B reservoir
reservoir (A before bei ng applied to the inner
(Gpservoir (B). FIGURE 6 shows an alternative

enbodi nment  whereby the shock pressure is applied

directly on the inner reservoir (B). In such an
alternative configuration, the first cylinder (50) is
sadapipgd abphfatas oK peetsing rshdck2acdardingi teelaim 4 wherein the
recei ving shock or direction of force to be absorbed.

Ugﬁlltg/'tff%lé’% fjﬂrhré‘b%t ibStedl SRPS®EL tfe pHddi€ssion of second piston

copl ca into t e first cylinder 0) and both

' 4 n
<%¢>aot’od'@& r}rt% GNP BRI SEE it B9 HEPRBRSTERY S providing
or shock actipg on extend be
Py ReRn U GOrRUD AR Hapeen 7 RnSIStPROFoRp el () And e prnuler
pi ston (40) against a translation reservoir (A)
extarpal fhlid gessreii(G).c fluid. To shorten the |ength of
t he shock absorber, the parts of the device for
termnally containing di spl aced fluid and the
conpressive gas for biasing purposes, i.e. expandable
6l eSeARPighpbfatudfér rfmboribiag eshetk atE)rdires teClaim! 4, whergin the
be prOV|ded in an adjacent parallel cylindrica

pg[ﬁgﬁ@r r{(&éﬂ oér-)grﬁ’ﬁgé |§tg|§g?é§?%tg@t ngt;ﬁ 1138 ﬂr&dr%érbH fiseBoAd piston

(2@)5 la% @@Hnﬁrreggeg@pwgﬂ éﬁ lthe‘EJI F\H[églr@z?(t)or provide hydraulic

I05|ve nat ure such
bacﬁ pressure to said second prston (20).

7. An apparatus for absorbing shock according to Claim 4 wherein hydraulic

fluid is in continuous communication between translation reservoir (A), annular



shock absorber, dashpot, thrust absorber, recoi

mechani sm crash i npact absorber and the Iike. Such
waleovages22my be installed or incorporated in aPUEYGLES$/000068

machi ne, vehicle, armanment or installation generally

or included as conponents th2teof. Alternatively, our

i nvention may be used in conjunction with or

conpl ementary to existing hydraulic and/ or pneumatic

: | K41 i .
R RERe i BB (@) SrRRPREroy E6H () TFO0Gh thg FafRictTe holes
plicatiqgns y be exenplified in FIGURE 7 and FlI GURE

(ngmr£ﬂ0?§%% fvely shows the danmping the halting or
| andi ng of an el evator car and for absorbing crash of
vehi cl es or staggered bunpi ng between coaches of a
train. This is additional to the earlier examples i
8rent iAmapparatusefarrabisoina skhgels @sgorting & Glairmd nvperein the first
| andi ng, explosive thrusts, etc. [051] While we have

5 pRies Moy rafplifiesd s préssuadoacting therbeponftoabear nponvibe inner
enbodi nents or configurations of our invention, many

tsositivealaBiBRIistirfate @éas bPRMkt piston head
rgl %@?Eé??gﬁ’g?ﬁ?ﬁ@@?@a%ovg m?y be m)difei ed? vari eg or

td , j ui val ents w thout departing from
(?zgéW%%ﬁéﬁgnﬁ$$¥gﬁgles as understood by a skilled
person. These alternatives may be i nnunerable to be
descri bed and are to be considered as falling within
the letter and scope of our invention as gefégﬁd I n .
% he AT |anpanatusl Earmabeprkings shoclknaegyding: i ¢lgim 1 wherein a
absor bi ng shock conprising: a first piston (40) )

10 plelatiscobnoatiey (Bbuateprovided @t firedetesyiings epzzlsgrifice sizes to
encl osing an inner reservoir (B); a return spring (54)
fePiiieadHoketITiow Bste f flokbsjeseiddherefeampi st on (40) and
first cylinder (50) urging said first piston (40) and
first cylinder (50) apart from being tel escopically
conpressed agai nst each other; at |east a nozzle (55)

@ovﬁﬁgaqﬁq%%g@hfo?aé&ofrb% g% %(2{ %@86roﬁr2§’30?"@|éim 8 wherein the

abl conmuni ca ween s i nner
reservoir (.B) d ap external Jluid reservair (G); .
grine: feden s saPdenfy Shise (o sPissRRE pkeia; Gon the inner
recei ve pressure acting thereupon by fluid tran gated
15 resewptrr(a[))ﬁm@@ct flgiddbersin ghnpugh nozzigs:(6ay at B'éq"??éfsi'qw-
conmuni cation with external fluid reservoir (GQ; said

first piston (40) is further predi sposed to anplify
sai d pressure acting thereupon to bear upon said inner

TESerARidpparitusueh dovarbihyestooll aédarding s Glaien dO wherein the
fluid therein overcones pressure of external fluid

L858 ¥Phbot@:1and exit nozzle (55) at about choked
FﬁOML o

20 12. An apparatus for absorbing shock according to Claim 9 wherein the
plurality of nozzles (55) are distributed throughout the first cylinder (50) wall
such that the telescopic movement of the first piston (40) into said first cylinder

(50) progressively closes the nozzles therealong.
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2. An apparatus for absorbing shock according to Claim
1 further provided with an inner tube (30) providing

WO anootiediescopi ¢ novenent between the first pi SBCHSG2H0$/000068

and a second piston (20) whereupon shock to be
absorbed may be inparted to @82stal end of said second
piston (20) and transmtted to said firstpiston (40)
via fluid in a translation reservoir (A). 3. An

13ppang lé?)ﬁ%%tué‘tfépréysﬁ%lﬁ%%cﬂkcé@é(ﬁ’dﬁ@ t® ClaithM Avherein the

wher el n e |1 nner tube I's housed in an outer tube

n a l.ar. c e
tdbel 3 e?f'i‘@ KR it 3?%@34 SpREadicT ERRECHGH With an
accordi ng ez g12 wherein the inner tube (30) has a
egspanﬁabl?yeaewﬁw &d (32) providing hydraulic
comruni cati on between the translation reservoir (A
and the annul ar external fluid reservoir o (G. 5. An
apparatus for absorbing shock according to Caim#4
Mher im apbpergilsifal iabgodfingshesk (B2prding toi SlaimbdBewherein the
such that the progression of second piston (20) into

eixgaﬁaabl@h%sé%)r (C)csnpsay h Yloating gsstonr(60ptliddise iwithérs a rear
(32) to providing s hydraulic comruni cation between

rvoir
C%?ﬁ?ﬁéfﬁé@é?@ b RbSRA] chfndibl HeraOR () ante e atse
ﬁSOCk according to Caim4 wherein the plurality of

(R es (32) are distributed such that the progression

of second piston o (20) into i-nner tube (30)

increnmental ly opens the holes (32) to provide

hydraul i ¢ back essure to said second piston

10 aptpaaapa@twm%rmorbjn@m gheetoarcerdis @ Gigimd Ad\'hﬁ'iﬁlmthe rear
wherein hydraulic fluid is in continuous conmunication
resémei DY) isxfillddawith congmessiblerfluid) , annul ar ext er nal

fluid reservoir (G and inner reservoir (B) through

the respective holes (32) and nozzles (55). 8. An

apparatus for absorbing shock according to Claim1l

Hher eAn e ESh @&B%né%cﬂ%ddﬁﬂ% fd“@leﬂh?qguﬁ/ﬁ)ereln the

acti Ing t reupon 0 bear on the I nner reservoir

red term ned 0 |I|ve
o8 BF BPrResnR AUl 1 ARl ePUirbaes (9 R° cghergesiviit
apparat us for absor bj ng shock accor di o O aim
rRABiIred SOMRIRIPEIATY P e SRS é@s aé}ﬂ%bﬁﬂﬁﬁe ‘z]a(?)
predet erm ned nozzle orifice sizes to achi eve choked
flowrate of fluid ejected therefrom 10. An apparatus
for absorbing shock according to Caim8 wherein the

PRsi tAn eapairatosi for sabfsbirining neHockl aceperdingr ta Kaipr ddswherein the
bearing upon the inner reservoir (B) to eject fluid

ddMepRisBiid Gy nitisEsesad Sbdasdoushmisadrefthatis slibstatially inert.

apparatus for absorbing shock according to Claim10
wherein the

18.  An apparatus for absorbing shock according to Claim 17 wherein the

inert gas is nitrogen (Ny).

19.  An apparatus for absorbing shock according to Claim 14 wherein at least

one of the free floating piston (60), expandable reservoir (G) and rear reservoir
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ratio is at about 4:1 . 12. An apparatus for absorbing
shock according to daim9 wherein the plurality of

wmom2hes2y 55) are distributed throughout the fPEHESEG2008/000068

cylinder (50) wall such that the tel escopi c novenent
of the first piston (40) int@3aid first cylinder (50)
progressively cl oses the nozzles thereal ong. 13. An
apparatus for absorbing shock according to Claim1l

() as eonfighedeit Igydrallid tomehurBcaiveodxtehsibniif pdialleltd IBE rest of
hydraul i ¢ conmuni cation with an expandabl e reservoir

) g shock according to
th@apﬁ]% %tu%egg@?nﬁgﬁg%g%@’g (reé?lpgser voir (O
conprises a floating piston (60) slidable within a
rear chanber divided thereby into said expandabl e
eseryvoir serv0|r

o ar Al gopBES I AR gl e AR T ONSIatN 2 Whesein the first
wherein the rear reservoir ( ) is filled with
eyirgerds)lis adapigddntol® exiendpd anst (22) forrdiegnilyrereiying shock or
shock according to daim15 wherein the vol une of
directionsafi fdree ftb ubel absorsd) Sorlklirecty ceceiving skodkher direction of
conpressibility required conplenentary to the

f@?@éﬂ@%@ﬁb@cﬁrb@&ﬁ@é‘ﬂ&@éﬁplé@ﬁe{%?isfdlé@secWo siye telescoplcally into
apparatus for a sorblng shock according to daim

UG FiRdt By lifiGerC ano*%h %achHn‘sT’ ?ﬁé)eac’n@@?hr%éer (30) are being

gaseous n1xtu I'S substa aII nert

f ck accor to Caim17
R%?ﬁ%?k%ﬁ&‘?hov?ﬁﬁ%cﬁ\?@ﬂgﬁgn?ef%%m%asﬂngﬁé?f-’ 15, n
apparatus for absorbing shock according to Caiml4
wherein at | east one of the free floating piston (60),
expandabl e reservoir (G and rear reservoir(D) is
Zonf iAjurepparatuyier alspine rehaskcaggordingxtoe f3aiom 20nwherein the
parallel to the rest of the apparatus's elenments in
fordeesc spock meting iconexteAdedverap (22)as usarismittet stor fhienffyst cylinder
shock according to Claim 1 wherein the first cylinder
(68Pbyi groatt kst doibivho(40) ﬁj@lﬁﬁdﬁehéimbt(&?}esféﬂ/o@'(A%Cédrﬁpnsmg
rece|V|ng shock or dlrectlon of force to be absorbed
% aly recei ving shock or direction of force to
said first piston (40) is disposed to
sllde telescoplcally into said first cylinder (50) and
both said first piston (40) and cylinder (50) are-
ein 0Si n provided with counter-biasing spri
285 1) Ars BB,y EROUSG oSk SGRBIG 180K ORE GRS 1 - 21
to Caim20 wherein the force or shock acting on
usgtle ittl apngunctiop2 pr i eonaplemearitanye witho coneemtional dgmpingemeans,
(50) by urging first piston (40) against a translation
imalsdingoany (éve a@ospmbiiatipnhyilrieydraglid lamddor PReudvatic damping,
apparatus for absorbing shock according to any one of
HybRIr88is Hamping, electro-magnetic damping, inertial resistance and the like.

23.  An apparatus for absorbing shock according to any one of Claims 1 — 21
comprised in a shock absorber, dashpot, thrust absorber, recoil mechanism,

crash impact absorber and the like.



used in conjunction or conplenentary with conventi onal
danpi ng neans, including any one or conbi nati on of
whyweaiizz and/ or pneumati c danpi ng, hyst er esi BCT/SG2008/000068
danpi ng, el ectro-magneti c danping, inertial resistance
and the like. 23. An apparat for absorbing shock
according to any one of Clains 1 - 2 1 conprised in a
shock absorber, dashpot, thrust absorber, recoil
dfechahi denice,r axichimpavehiales arremenid pidue laniget likd, including
devi ce, machi ne, vehicle, armanent piece and the |ike,
donepartdirig tiesreph nectrpottingen! apy ' i
appar at us accordi nggto a?y on%[b%vféméog?ﬁt@@-@rzhfy 02%6% OTACb'mS
method for absorbing shock conprising the steps of:
(i) transmtting pressure arising fromthe shock or
force to a mass of translation fluid to exert a first
pressure; (ii) anplifying said first pressure agai nst
encl osed sg of fluid and forcing said fluid to

> ﬁ ow m’%ﬁ%@ %@Hg'?lﬂgéheekﬁammm%t%@rsten%pf:at | east
gne of the anplified pressure and constricted pat hway
(@nabltensatbigd presswre aarising fram theuistiotl drdoreest di mass of
mass of fluid; (iii) accommodating the fluid fromthe
chok éranslationi fluidito exedadabl gressger: voi r; and (iv)
resisting the expansi on of said expandabl e reservoir

(W t h anplityingesai8 Weipressirt! 8g8iAst an enclosed mass of fluid and
forcing said fluid to flow through a constricted pathway such that at least
10 one of the amplified pressure and constricted pathway enables choked
flow rate of the fluid to leave said mass of fluid:
(i)  accommodating the fluid from the choked flow in an expandable
reservoir; and
(iv)  resisting the expansion of said expandable reservoir with a volume of

15 compressible gas.
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