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Pneumat i c reci procatory actuator and nmet hod of operating it Thi s

i nvent i on we9sR2asst o pneumati ¢ actuators and, nore par- PCTSESH0YT7 t 0 a
reci procatory actuator of the kind conprising 5 a cylinder which defines
two cylinder chanbers separated by a = piston which is reciprocable in the
cylinder. Waen operatron of such actuators aIso referred to as |inear
n"Dtors ,_“"' ¥ RFAGEL- I H NG Ulabpd 3___ ? G Fat '

with both cyllnder chanbers at zero pressure first or start st r oke
of the plsgon i,s initiated_b adntttlng the operating fluid, i.e. air
or other § §§O&§”995¥Pntﬁﬁ£§£es torrr BW@tFﬁt@qg%?QRrﬁrﬁpéylWﬁ@&'Par‘
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chamber. & CYFRGEL 1neg, Lty e§¥ rpémerfﬁ’tes arghed &Y 2
overspeedpmgton madMialy s mmrpﬁmzels:sevﬂnsphed ol er the first
stroke of the piston has been conpl et ed. 20 To prevent such overspeedlng

of the piston it has been commobn practice to initiate the operation of
t he act uaWbenabpenaddion of cartlprassuatovs, tlaé.smpmemdltbdasndmaa’ass

t h t t f
© ProorHbESkE, id WonitilEta UL AL REPERMAS L S SindLERRR, o iRs ©1'e
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strokes agergt R EHdnt Isrtezfch@é:taf/ethén%lgebhl 3ls QREMALd Oy by tgam%gliq{gqo
at a reduced pressure é be i npracticable if_a force corres- pon to

t he nor maFh8pePSLaTdns i ?eq%%?e@rfPSP@ﬁhéaseoQﬁnikMed,dunﬂﬁg

the-firstpsbbalge NRItRO\RHe GF RIS SEYEiRGEY- chambeHDl Tie ISO8E680then
changi ng the I ni tial reduced 2¥ %essure t.0- t he normal qperating

eratin
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I n accord L1 | ISty qa e t _i.nyention here is
provi ded %Q?-ﬁ%t %&gésf%%pé'?lall ?108 §£r|oegr1)£’e(t=]111 tl §%Q' Pt ¥HE 'Plscon E28M
overspeeding or moving at such excess1ve speed only after the

first stroke of the piston has been completed.

20, To prevent such overspeeding of the piston it has been common
practice to initiate the operation of the actuator at a redu-
ced pressure of the operating fluid and raise the pressure to
the normal working pressure only after completion of one or
more operating cycles.

25
Operating the actuator in this manner is disadvantageous in
several ways. For example, the initial stroke or strokes are
normally ineffective, and initial operation of the actuator
at a reduced pressure may be impracticable if a force corres-

30 ponding to the normal operating pressure is required from the
actuator during the- first stroke. Moreover, a pressure regu-
lator is required for changing the initial reduced operating
pressure to the normal operating pressure, and it may be
difficult to change the back pressure as desired to adapt it

35 to changes in the load to be driven by the actuator.

In accordance with a first aspect of the present invention
there is provided a method of operating a pneumatic recipro-
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-2- catory actuator of the kind conprising a cylinder which * défines
a forwarg- ' chanmber and a return-notion chanber, whi ch
S recipg%ca e in the cylinder and sepa- rates the formeﬂgm!”ﬁyﬂn
chanmber and the return-notion cham 5 Jer, in which a start stroke of the
piston in a direction expandi ng the forward-notion chanber is initiated

by adm Seatoryshefuftoz eeseaesmmed w4 g ireymﬁdleei “hiRg(t into the
f or war d- %$Lon cha er wi.,th bqth said chanb s init1al

subst ant#&F Hye3efotp F¥§§9rQ°QH%% %JE%tBHﬂT%PFﬁQni@hﬁﬂhﬁr:
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uring the start stroke unti r : edeternmin .
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willforgg aﬁafngoahgggamgmeno% SHBRAD G 1Ree TRYERPRY Blandle, D! St On
and ther€ on overspee durlng r &S oke.
| n accorsiomeofi ahgaseevsnopepddna Hanid sfzrm@va@eunhepnport intmtihe
act uat or seagfaShaelanC&haaSe& m@enubdehléafa EREHLELE 205 tqRx qurdﬁlf'u'd

and deflnlng f orwar d- mot1 on chanb . return-nption c
pi st on weneAtaBtiadly: gexp erﬁssm'@ chﬁéqmseﬂdbg'eﬁ&ﬁat admitting

f or wag d- pRE | elfaeﬁa&m?r faQddt Feom tHeEIHIEHG BN :cﬁeabehe ee@u%ﬂLal ve
device contro ut of the

ow of er at flui.d into,
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t he val ve _devi ce, ingl udes s nit.which

di sposed™PhrERsERBRGSFr o §a§§-§lﬂiqéﬁ§§ rH hétlon ﬁ“%ﬁbﬁﬁﬁt and
t he retuwhenabyouhehasharnam¢ﬁmmaunhamberEwllleégnmse tushliendmy i cati on
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res- ppeﬁeet@agppe§§en| XFF§WQﬂd%4Ea4Q%%R$ Hhei sharkafberksy a’
predeterm ned second pressure |l ower than the first pressure 35 to block

fl ow of operating fluid fgpn1the ref urn- m¥|
In accordance wit second aspecC

Here i§ pggv1ded -a pneu-
matic actuator comprising a cylinder having an inlet port for

20 operating fluid and defining a forward-motion chamber -and a
return-motion chamber, a piston which is reciprocable in ‘the
cylinder and separates the forward-motion chamber and the
return-motion chamber, and a valve device controlling flow of
operating fluid into and out of the forward-motion chamber

25 through a first fluid passage extending between the inlet
port and the forward-motion chamber, characterised in that
the valve device includes a pressure control valve unit which
is disposed in a second flow passage extending between the
inlet port and the return-motion chamber and openable in

30 response to the application to the inlet port of a pre-
determined first pressure to pass operating fluid from the
inlet port to the return-motion chamber and closable in res-
ponse to pressurisation of the return-motion chamber by a
predetermined second pressure lower than the first pressure

35 to block flow of operating fluid from the return-motion
chamber.
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-3- Preferred embodi ments of the method and the actuator accord-

ing to thév0Ns@Id65on include features set forth in the depenPCI/SESHerIT7

cl ai ns. -5 The invention is applicable to actuators for various uses,
such as actuators for use in reciprocati @ Wwork machi nes or nachrnes
for openrng %nd cl osi ng doors, actuators faor use as pneumati c springs,
pneunat i cPER ol sRedinerts of 1 she, methpdArd Whenhackuateremacard-
over speeding @b idie pirdencion fhelode! Fediurds 0se€! 8bkth! 19K He depen-
effectivel vorded even if the full operating pressure is imediately
applied t8 alW%ﬁward not i on chanber. 15 I n accordance with the

i nvention, the back pressure to be pro- . duced. in the return-notion

chanbeg ¢ e dl.y an np means to suit
dlffer%ntéﬂgaas Sgﬁq%k ékp%ngﬁg ﬁéhfékﬂgéﬁﬁ% %grpyﬁaﬁegﬁ'ﬂﬁeqnghter
| oads andsuiche as aqnuatprsffdmsused;ntmecxpruamehngCQOrkemathmﬁéﬂidh”lng
ope- 20 [ ]¥9%9 ) ly cant by a

| oad- sensfn%%hgfglve:y;e con‘%gé t%ngngégguawaﬁ%haﬁggghggors fr H%ee
features Eﬁéum@ﬁ%ﬁaﬂpﬁingsthBHEHWehnCoﬁhmdk dozenpers, - apparent fromthe
follow ng detail ed description of an enbo- 25 dinent of the actuator
according_to the invention. Fig. 1is a side view, largely in

| ongi 10di ABI agsardanCeWith the; h§HPni§H&§rth‘teré%E%@e¥lgenﬁo&hen@JtSt@n .

pr'nC'p'eauQEnthHé1flrstW&ﬁtsﬁart3Qtrokéqﬁb é%f%ﬁ%@véﬂ? 5%%; SR 1 on
of the act awn to a largéer scal IS a

cross- sect oﬁgF %&%}(ﬂP?#?E}?$IPFFFSHFeHHf %Fm%ﬁﬂ%ﬁﬁly applle to the

forward-motion chamber.

15 1In accordance with the invention, -the back pressure to be pro-
duced in the return-motion chamber can also be adjusted ..
rapidly and by simple means to suit different loads such that
a lower back pressure is produced for lighter loads and vice -
versa. If desired, the adjustment can be effected during ope-

20 ration of the actuator, e.g. automatically under control by a:
load-sensing device connected to an adjusting mechanism. ‘-

Further features and advantages of the invention will become
apparent from the following detailed description of an:embo-
25 diment of the actuator according to the invention.

Fig. 1 is a side view, largely in longitudinal section, of a
linear pneumatic actuator embodying the principles of the in-

vention;
30 _
Fig. 2 shows the rear end portion of the actuator of Fig. 1
drawn to a larger scale;
Fig. 3 is a cross-sectional view on line III-III of Fig. 1;
35 and

Figs. 4 and S are enlarged longitudinal sectional views of
the rear end portion of the actuator in Fig. 1 and show an
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control valve %rrangerrent, Fig. 4 show ng a phase of the start stroke of

t he operation of the actuator I n whiach the operating fluid is being

admtted into both cyl i nder chanbers and Fig. 5 showi ng a subsequent

]plhasg ofamﬁzoﬁémeletprésstrekeohﬁrwni vhlivke sadrirgfentf Riw. Oﬁeélﬁ?dlﬂﬂg h.

uid intq,he retu on after the
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t he oper:ta't |wtg1¢huthe| Qperahengoﬂ/arldr is bermlg admitetrinomtboties. 10

The Iin a | éﬁf‘sé&t?%ﬂ C ri ses a
cyli nder an a %illg g %‘rﬁ ﬁi?s re%r pro a{' _ n @%7%%e8€2nd

i ncl Gded:he pﬁtsa:oﬁ s@uolse mewbhehorth@huaémwswbtqmcrése fopgratingy| i nder A
single th oceﬁaefétaﬂnaméémhl @:h%nrﬁe&e Ha%ﬂcﬁé& fddesneoMiéeg of

operat i % é air, ro in_a rear cylinder head 8
at the er thep eﬁrrsﬁebeyh BH@PSUP‘-’PO s beggpeyelrpedui d
under  whi&Ss@mesE2BnbefPEREESpeta indf (flanfa it & e efobwar@l €af t er
referred to, as t rwar d- pption chanber, in the cylinder 1. 20 A port 6
in constMARiYbe %B%ﬁﬁnFSﬁH‘BHeﬁnth a second cyl i n- der chanber 7,
hergafter referred:to as the return-notion chanmber, is also provided in

th As | [ - 5e.1h l'ind
hoad 5 MR geat pRRdEniE agkpaEhe, G Horde’ dHai i Aite Rardifngd) 00"
bel ow. Zomprigesshoaplindeirgl andhe wdlstton & wl‘he’-'ltwls m:ﬁxr:lp_rcpsalslar -
shaped wi *uﬁgég}xjhagrpahat $ndudlll LWl AL J O'WHL end Yk Lhnglpnoat e

passages 1 n axi a t endi ng" t hr oug out i
| engt h Gfratweudesi ﬁG@Yﬂ theueydingge - 3@ %‘.’é@ M"us‘b gpreenreeetryt fon of

tieqrepdseiheiq afﬂneneeaamg £0BfCal bdudlcd F Pt iy helesd reyype- used for
conveyi ng npressed ai,r. 6E‘eCI ally in_the t e 0 nédler |n whr ch

cyli
there | Sty %1§rn§;FeP58?ﬁr38fil Por 7% S5 &
front cyrnddsef trRadc¥liatierheFroghthiangostd 4of dﬂ&ra&&ng:yflmﬂ@ruﬂdéas a

throughtxngg&gé EQE B'SESQseadlﬁthﬁﬂeéﬂg first chamber 5, hereafter

referred to as the forward-motion chamber, in the cylinder 1.

20 A port 6 in constant opeh-communication with a second cylin- -
der chamber 7, hereafter referred to_as the return-motion:
chamber, is also provided in the rear head 8. As shown in
‘more detail in Figs; 4 and 5, the cylinder head 8 houses a
pressure control valve unit, which will be described below.:

25 o | |
As shown in Fig. 3 the wall 9 of the cylinder 1 is star-
shaped with eight star points 10, all of which are formed
with elongate passages in the shape of axial holes 11 ex-
tending throughout the length of the cylinder. Four of the

30 holes are used for the reception of tie rods 12, and one or
more 1la of the remaining holes may be used for conveying
compressed air, especially in the type of cylinder in which
there is only a single connection for a source of compressed
air. A front cylinder head 13 at the right-hand end of the

35 cylinder 1 has a through bore for the piston rod 3. Adjacent
that cylinder head 13 an aperture 14 interconnects the -
return-motion chamber 7 of the cylinder 1 with the uppermost
one 1la of the axial holes 11. A similar aperture 15 adjacent



t.hat cylinder head 13 an aperture 14 interconnects the return-notion
chanmber 7 of the cylinder 1 with the uppernost one 1lla of the axial
hol es 11. WO 98/23865ar aperture 15 adj acent WO 98/ 23BET/SES7/01977
PCT/ SE9Q7/ 01977 the left-hand or rear cylinder head 8 interconnects
t he forwar d-notion chanber 5 with tHe 1towernost one 11b of the

axial holes 11. The axial hole 11b, which is_plugged adjacent the front
cyl i nder Whdlest- hangs O&n reRke YldmdsT thrad 58 f BRRAFGORDECHS dtharber 5 to

i ncrease Mﬁwé@aainotebwrehambetﬂ@ Qﬁfth the 1&9@%6&6 éh@em@:f cIf.hEt ston 2
are provided with_an exten form ng a danpi ng piston 16 ach

danpi ng A%tdh Beips- 1140 T é§¥ﬁ%ﬂ¥9%? ctV@écﬁaﬁﬁlHéuﬁﬂQ4uR§J§£ﬁn§9
at opposiflee frogfdeydindee ®aidde, Eorke sMnekbensishob/rcHader devices

16, 1§ an rLve t shi t he, strokes the sto 2 adj acent
Lhe o [ rRAvargenotioh Chafitel %E%rhmf‘e%ﬁirﬁéeumt n¥Rdmgs Ve unit

conpriseﬁtheteof cooperating valves 20 and 21 which control the flow of
ope- rating fluid under pressure fromthe port 4 into the return-

nmoti on chanber 7. The val ve 20 serves to isolate thé return- nmoti on
chanber DTppositaesfides pfetder pisftarhe capee aproygided whohd amnextdresion

pr edet er ng figd; back aggh@aﬂgegm&e%r e%ach aaaﬁaﬁg Glaaher. god the

val ve 21 serves to a rating nto t PoPF ot SPEhanber
7 untlid t¥REepawkth a p‘eégggﬁéwea§mmg ehitader 28, A9valtv@ppmpate ment

in the valygs wfaeaempiahagxalvalm damp B 051 220Nk erefbé!eéhe

gﬂl
direction of the valve a conpression spring

bi assed tdfvard® ang 6§ed19 Seﬁ?{ﬁ HOFUFhiaR dgedeftraker Qlf} &é@@m@n

val ve seat adyjadéent théoegmqhd@& ayyad ar seal. A spigot 24 on one side of
the valve 30 nenber 22 extends into a valve chanber of the valve 21 in

whi ch a val ve nenber 25 is accompdated and urged in the direction of
the & verld dpowecmantdsnedn papsisure? @anttrol valbeeelyibi esaed igwwrieido an

aSSOCiat%ﬂxﬁ&é¥§tfﬁ§tvgigggdzgydid 21 which control the flow of ope-
rating fluid under pressure from the port 4 into the return-
motion chamber 7. The valve 20 serves to isolate the return-
motion chamber 7 from the full pressufe of the operating
20 fluid once the predetermined back pressure has been reached
in that chamber, and the valve 21 serves to admit operating
fluid into the return-motion chamber 7 until that back -
'pressure has been reached.

25 A valve compartment in the valve 20 accommodates a valve
- member 22 which is urged in the direction of the valve 21 by

a compression spring 23 and thereby biassed towards a closed
position in engagement with an associated valve seat in the
form of an annular seal. A spigot 24 on one side of the wvalve

30 member 22 extends into a valve chamber of the valve 21 in
which a wvalve member 25 is-accommodated and urged in the
direction of the valve 20 by a compression spring 26 and
thereby biassed towards an associated valve seat formed by a
wall of the valve chamber. The biassing force of the spring

35 26 can be set by turning an adjusting screw 27 belonging to
the valve 21. .



wal | of the valve chanber. The biassing force of the spring 35 26 can be ,
set by turning an adjusting screw 27 belonging to t he valvé 21.°
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- 6- fsg\?\?ﬁpassage 28 for operating fluid extends fromt eEgglgrl%”4

and opens into the valve conpartnent_.ig the valve 20 through a
restricted orifice 29. Extending fromthe port 4 is also a fIOM/passage
V1 whi chp OPERS pasage t 18- ﬂsﬁlépeﬂaémgcm&a exteHyd Ofré!tﬁ" ¥ReVY)
first position thereof, the V? sses ,oper.at i ? 8n1the flow
passage iOReRS, 1nte fhecya Y%mFﬁQE§58@39§ dfd Hhe Yéhy%.%BrF hygugheni ng
into 4 hedtwbct@dtonkfitehpbe Btbenbiag \ﬂli‘lo&htﬂHE ptwaallﬂg ahgoda

i the f hanber .5 thro 10: 15, . |
Caoond ket (BAPTRET Bt WEHER VabORey SPRBcR: bARGREE LE L0 it Feeiioha. 0 o

withs fdcmtm]ssvagb\rNBVt oImi acfiirgt ppsition therepf,| uke fvabvehv

forwar d- Sé?ééo &aé@{@@{ ni fﬂg &hfrgﬂ' ze.h{ehfl%@paﬁsj%é\'ax}i”fﬁ 4t he:

j ust -de range onprrsin p05|t|on val ve
V and triz'anaslmm Blow pasoage V%a@@dg@brvmghva mn/@%mgemsngnlnto
il1lustrat el&%éfmégt%nal Hsfeslitad reyh whikbetHy G x‘r(i‘ﬁ ]fluld

f or war d- nDtlon chanb The di aneter of. the dISC 11 ga ve nmenb

22 of tIRRSALSiDEO the f%r‘saﬁqir@ﬁat%ﬁancpﬁ@b&#aéett&r%gh Hehg apperture
conpay t et B CPNBecond itﬂ@nlthei:EthethléeWaQ.Qﬁé v Ofnéré&San¥ate
nmenber 22 shown in 9 g ﬂgerln the ¥%hve c rtnent . can
there- the (Gl pPagFage: ?H@15 | #e B BRSE29Eh ESCRABGLaPRE 25
annul ar et Meg SEhbidnfromeche hfonghrdnmenmuhalcr@amem aurwhd hehe ho3pi got

24. The spigot 24 is of such a length that when the val ve nenber 25 of
t he val 1 is in the closed position shown in Fig. 4, it bears
against the end of the spigot to keep t he valve nenber 22 in the open

posid Ohaeifraliy A 8"‘?/1?&?5&8&:33:1:88”9%%&& ey 0ﬁ§heﬁet he valve

I nder passage 1la an .o
returnrﬁh#%#r%ﬁﬁnbﬁwo7p?ﬁ%éhﬁﬂ YﬂlvﬁpXrFBPetP$:ﬁﬁﬁ??%ﬁ&e@h§1°w o

return- gl ddigedandervy hsqalvveyaliyniepran QTHsteRiiwd dkdmple of
means and ways of pressurising the forward-motion chamber 5.

20 The diameter of the disc-like valve member 22 of the valve 20 -
is smaller than the diameter of the valve compartment accom-
modating it. In the open position of the valve member 22
shown in Fig. 4, air entering the valve compartment can there-
fore flow past the valve member 22 through the associated

25 annular valve seat and then through an annular gap around the
spigot 24. The spigot 24 is of such a length that when the
valve member 25 of the valve 21 is in the closed position
shown in Fig. 4, it bears against the end of the spigot to
keep the valve member 22 in the open position.

30 _ .

A flow passage 31 connects the valve chamber of the valve 21
with the axial cyllnder passage lla and thereby with the
return-motion chamber 7 through the aperture 14 such that the
return-motion chamber 7 is always in open communication with

35 the valve chamber.

The'operation of the actuator shown in the drawings is as
follows.



35 the valve chanber. . The operation of the actuator shown in the

drawi ngs is as fol | ows. - WD 98/ 23865
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situation in which a start stroke, i.e. a forward stroke of a first
cycl e of repetitive operation of thre Aact uator, has been initiated by

opening the s ‘f pressurised operating fI uid to the port 4 with the
valve V iBig5 t%h¢’W$s§ gospatdemdd hichyai giartcisdnake, Sia@d & ini -

tially atf&ﬁaor&rsy%xel 8w Br ﬂw:e cycle &Pera %éﬁ&tfllv‘é Gdd £4E1 &5 08kt he
port 4 through the passages, V1 into the axial passage 11b and

t hrough tihe a&fé‘?‘ﬁ%?%rﬁhiﬁ bego %#ﬁﬁ%r%@?ﬁ&ﬁ%%rswﬁm a8 cat ed
by arr ow@re‘iisunséaeoﬁaﬁat&hge £1E ald Nehé | poetl hovs th el hyd 1ee PES &ﬁge
28 to the second, val ve %Ot}'gaSt ih secgﬁd val ve nenper 22,

t he fr50nt1tfsa TPt (Resibioe Pr&%b Sflinder; Fhampgra 5 and 7 inir a | y,
t he pressuiflfy abezeper otri weryl liow ipresdidtre. 15 ci-ent to overcone the -
bi as of the spring 26 and di spl ace the val ve nenber 25 slightly fromthe

associ ated val ve seat so that operating fluid can fl ow past the valve
menber 2®pexhtinghfdugd Chowpadsage tite apmtrt h¢ thrauglythelgpapaagegevila

Aocor di noli T8 $eBTcRE! Q4890 ddidhdd L1 408 ER ol D MpdridPe 15
chanBér ZAnio |the Perwaydrwetion hampbex e as badh-qart@dslhse atmewst odticed
in the retyy rbm&'eﬂmehaspekah% fltiﬂf mé%ﬁeoe ho %m 28,

t hrough the val ves lTmted to
| oner t h%Q%et%xﬁecondnﬁﬁllHPe@uraé'lq)rRﬂ:ﬁ}ée'élh? nsﬁﬁé’nﬂom’\tﬁ rmmbﬂrcﬁanber

in normalto tlpefabhenfatet BE tieldilive Shshbas, 2506 XHD| @i rdO-¥R1 96! -
AR L T ST NG b S g
oper a5 ngifdnt dcpasverbemeakhes bidhsarnt Zheavypbing 26d|a'im)r&ié1bteéjcéhenet he
R P oY | defiSr" 25 E118RE1Y ron LHEPELaSLGRENFTAFEULEE 481 1
that operating fluid can flow past the valve member 25 and
through the passage 31 and the axial cylinder passage lla as
indicated by an arrow and into the return-motion chamber 7.

20 |
Accordingly, both the forward-motion chamber 5 and the
return-motion chamber 7 will be pressurised, although the
back pressure thus produced in the return-motion chambét-7 by
the admission of operating fluid thfough the valves 20 and 21

25 will be limited to a wvalue substantially lower than the maxi-
mum pressure produced in the forward-motion chamber in normal
operation of the actuator, such as, for ekample, 10-20 perxr-
cent of that pressure. For example, with a maximum operating
fluid pressure in the forward-motion chamber of 7-10 bar, the

30 admission of operating fluid past the valves 20 and 21 may be
discontinued when the back pressure in the return-motion
chamber 7 reaches a desired value in the range of 1-3 bar.

The maximum back pressure that can be produced in the return-
35 motion chamber 7 is determined by the valve 21, namely by the
setting of the adjusting screw 27 and thus the biassing force
applied to the valve member 25 by the spring 26. When the
back pressure reaches the desired set magnitude, the pressure



The maxi mum back pressure that can be produced in the return- 35 notion .

chanber 7 is determ ned by the valve 21, nanely by the setting of the
adj ust i ngycpodres27 and t hus the biassing force appl i edpégskdmmiyal ve
menber 25 by the spring 26. Wen the back pressure reaches the desired
set magnitude, the pressure -W® 98/ 23865
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front facetwing en steenfront vEacentér the eerpnd vadayesmembery A5y aviddnber 25
to nove uaygd ra&awéwémfdzs tOSﬂabesa&ayCE%H Xttsoagéo%‘yatrlr%goer 0y

bi assi ng spring 23 of the ﬁ to.nmove the second val ve
into sealS9RF efHIELGRRMENAIER R 1?Y’st9§sb?:?§?é&9v§?¥én§e§t3 ofh&hsr essure of

. the ] oria?ﬂare rvﬁ% fwlxgov@ ﬂi@hﬂébdl:ﬁdcﬁﬁﬁﬁét fefbef 212h<1#t\):a4 \s];e_aél%n el | ng
on t val ve ne er t hen e 1 t valv ne er I r age
oM ¢ Gadanene iR IS aaoS0infea iRk BebE, TnEERREsrE o T
val ve 20 amanlmcﬁbudlm theg mabuekcpmpasumenpr ofutbe wvalvec 20 =

return-ngf r app 0 i uid W|II
act in oppo'%}ﬁC ? v@%re Ipée@ﬁ%eglﬁnﬁtg%x #H ‘Eh%tr? C gf&r}ber 5 whi ch
di s- tfrerrplmwgazgqa@r%m jtehpeaghsa sbﬂér ther operesiag 15
tend the ﬂﬁ@%f&ﬁbé’a dondeskam! 88SEhE VAUFeWRb! cRhB¥RNEscapet.Ne pi ston
from_over speedi ng under the action of the pressure in the

f orwiOd- noti on chanber 5. ~  When the valve V is then pI aced inits

second petd ikdck cpf@ss@&ecjsm@eceaemt thg fevugnfmomibhe chambeird 7misyi on
chamber _the Y e _retur.n-.notion
chanber %l}/ﬁ Itrr%% d éﬁ%ﬁdﬁgﬁlgﬁeg%ﬁfﬂg EQZLFEI’OU El’ tllﬁ °Pp8§€f\ﬂl§rrﬁ or-

return stbmkshe pressuce imethpe sfonwavd- motmenchambtahre 5varhv.e:hvd1s—t hen
returned g]loa%&e fhd 1mtz Ofbfaafaw tRPoubh! 8 Botiey berRed LROWS

stroke, pressure alrea ‘¥ exists'so t It need not be
pr oddded tepd therpkstomdeod i Thephagk presgnze; kbuge widdypreyenton .
chamber ftafe t;emt&wffomlpoverslbeeahﬁgdaﬁdéedthet akeieh, ofhe¢healpresihire

normal |y rentfﬂe forwaréonslgglég cﬁgmggg ghat chanber fromthe port 4 30

When the valve V is then placed in its second position to.
20 discharge oberating fluid from the forward-motion chamber 5,
the trapped volume of operating fluid in the return-motion
chamber 7 will expand and displace the pistoh 2 through a
backward or return stroke to retract the piston rod 3. When
‘the valve V is then returned to the flrst position to init-
25 iate a new forward power stroke, the back pressure already
exists so that it need not be produeed again. Thus, once the
back pressure in the return-motion chamber has been built up
to the desired set level, the valve 20 normally remains
closed.to isolate that chamber from the port 4.
30 e | _ | _
If for one reason or other the back pressure in the return-
motion chamber 7 should fall below the de31red set pressure,
or if the setting of the back pressure is raised by means of
the adjustlng screw 27, the biassing spring 26 will displace
35 the valve member 26 towards the associated seat to cause the
valve member 22 of the second valve 20 to open again and
admit additional operatihg'fluid through the valves 20 and 21



If for one reason or other the back pressure in the return- not i on
chanber 7 should fall below the desired set pressure, - or if the setting
of the badROP8/RIB6Sre i s rai sed by neans of t he adj usti nPCH/SENWO2Y77 t he
bi assing spring 26 will displace 35 the valve nmenber 26 towards the

associ ated seat to cause the val ve “"nénbrer 22 of the second valve 20 to

open agai n an addi ti onal, operating fluid.through the val ves 20
aﬁdn21g unt‘& Qkpa§§§%8g§essure is %géin é{ the des{reg set value and

PCT/ SE97/ &%y 7£irst wvalve 21 recloses. -O- until the back
pressure is again at the desired set val ue and the first valve 21
recl oses. It may be desirable to adjust the maxi num back pressure if

5 the | odkt beayigbevndedipgblaectacadiust ithe manjme dadktpressure hfck
pressuise Wid 16aadBeifg hovbachyOite S%ma%%ﬂ%rman%ed °a8 PRat’ tagl od

rapidly and 1.n a sinple manner, even during erati actuator:
to reduce Rk RXEREWFBaViLpr BE. adapted &o Wé‘%@j‘?ﬁﬁ-l rPrele r add netmentur ned

outwardly dan r]@éluﬁﬂfélﬂ&eaoraﬁh.ai aadf ArCQ HIRPIRY dynidde, bbosai REriRY NI
26, and V|ce t he back pressure,

t nent of
opti num ?ﬁ%ﬁ%??oﬂg Fgghﬁcg sy ber 8§%%§§9ﬁﬂHQﬁmﬂFx%ﬂﬁplhaﬁ ePEESrhe
actuatorfsurelnhengdaudtbngnsngedoaﬂs;sa&umnedﬂuuﬁwaﬁdmy to rgdagkeohef or
hi cly d_ back
b oo o0, Wb B8 BPho L BT s AR Hy B0 Badditd B OEL 2405 R0 B0
The val ve exsga an@yOsuetabéevedngsam@at ceénttthst |hagk thwessure, opsdinam of
operating Jﬂé!&-&ltiaﬁoofhﬁhéoélé@ﬁﬂt%t QR RAEREli e, a&mtﬁ?'usés of'§ aged

such that the forwar ios notiqQn is reversed when t I st on as
1

traver sed 3FHULRY F AF nEYOSINI RBHE, RPENIRG FOAKR i Rferalr SPrlng SUS-

pensions for vehicles and in several other applications, the
15 operating and back pressures can be readily adjusted for
maximum safety and comfort.

The valve V or any other valve use& for controlling-the éd-
mission of operating fluid 1nto the forward-motion chamber 5
20 suitably is arranged such that the forward piston motion:is
reversed when the piston 2 has traversed a predetermlned“
distance in the cylinder. B |



- 10 - C ai s B %gfgéféna rating a pneunatic

reci procatory actuat or. ( rising a cylinder (1) whi ch

5 definegod rd- notion_cjpai et ur n- not i OpcsENRRIE’ (7).
Tfmmw~f&}—and_sepaLa

and a piston which is reC|procabIe in the cyl

the forward-notion chanber (5) and - 1de return-noti ,

‘which a start stroke in a -direction to expand the gﬂﬂ&ﬂﬂﬁﬂ hanber
is initicgketmd0 by admi ssion of a gaseous-operating U

port (4) into the forward-notion chanber with both the formard-

notion chanber (5) and the return-notion chanber (7) ini- tially at
substantial | ylzerd pethedref oparaciagiaepnbpmatic recighsocatoryting the
operati ST g P0 h [ t t o, n hamber
(7) chn[%? * st gf”% .st?bgkgﬂﬁﬁtlﬁaggéglb pres: ﬂﬁé% ( ege?e§n1ned
magni udtefmes a Perwapdowotiani ghapberet(g) namst mm@mrmowgm and

then cl %fﬂo e(ﬂ?t Uéﬁd”ﬁt%%téﬁaﬁgr whibh %e&%ﬁ.ﬁf&ablerfﬁuﬁﬂemt'on

chanber forn1a cushi oni n 20 cushi gni ng the_povenent
of the. ek infe) (L] RedrgopRESERE: e FOTBPSATASIEm SARMARE ALS) ngothe

start stypkereturn- motléﬂecﬁdﬁbéﬁlQﬂ)Qf1hhﬁhﬁﬁﬁf&I@thﬂl&ﬁ&ék@”lhha i nl et
por t

Db ess FFTHTE) Eqapveatt FHR. FS8vaZay RaibP. FAATRG oS (LBt LrFar
pﬁs?%tge ﬁﬁ&dﬁﬂssﬁ&ﬁ bet wegasebaS| operapdnyg Eipishdxddre an 1mbéurpﬁﬂ‘nmt) i on
chamber S tyr i.on_ghanber
(7 r eachiho Pe REGEPEVRratioRaER: thlnbily Hen nei Wik "BAHAR- AR08
accordunptxnnlahamherché)aenértbsdrbyurn m@ﬁnDMn@hﬂmbénnﬁE}dlnDtlon
chanber Q&cCQHB%ELhEEagg thero Pr%b%ﬁ&estr dﬁ%ﬁ@%”ﬁ?'n'”g the

cl osed con urn-noti on
ret urn- nDtlona%ﬂ%nﬁémlttln@?FhﬁSOEPFéﬁéﬂgt§ @%ﬁaﬁﬁoﬂﬁ;he inldt port

15 (4) into the return-motion chamber (7) during the start :
stroke until a back pressure of a predetermined magnitude (4)
has been produced in the return-motion chamber (7), and

then closing the return- motion chamber'(7), whereby the
return- motion chamber (7) w1ll form a cushlonlng chamber for .

20 cushlonlng the movement of the piston (2), thereby preventlng

piston overspeedlng during the start stroke. o

2. A method-according to claim 1, characterised by ad-
mitting the operating fluid from the inlet port (4) into the
25 return-motion chamber (7) through a pressure control wvalve
device (20, 21) adapted to close a flow passage (28, 29, 31)
between the inlet port (4) and the return-motion chamber (7)
in response to the pressure in the return-motion chamber (7)
reaching the predetermined magnitude.
30
3. A method according to claim 1 or 2, characterised
by venting the forward-motion chamber (5) upon completion of
the start stroke while maintaining the closed condition of
the return-motion chamber (7), whereby the return-motion
35 chamber (7) is allowed to expand.
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- 11 -, : A pneumati c act uator a cylinder (1)

having an inl et oThis tHa@Beee aind definin

forvvard nﬁommnb etu all ret=on chanber J?WSEWW a
piston (2) which is n the iyl | nder and separates the

f orwar d- noti on. chanber an returL notion chamber (7), and

a val ve devic 21) cont roI | i flow of operating fluid into and
out of tHe foﬁ%e?lbe%‘??bﬁ BRERBECY 5 Hﬁ’o%b‘ﬁglo a first fluid passage
(V1, V2) extendi rtgybfﬁdefn(nhehw:.ﬂg an pint et 4poand (ghe forr veperavingn

hanb d V.. 20,
2 ol et AEFRELEY' o torymrdonot fish ChabBes) ol AR € prtatay
in a secawtikn ¢hmbgns$age (28, 29, 31) extendi ng bet Ween t he |nI et port
4 dth th
<(31p|)ol [ csafllnon te%{ﬁigﬁ 50{;}{1&%@% égél?g?girggngﬁgh tlﬂéf r@z? pressure to ©
pass opemargatws.uuherﬁnrwnedr-mmlqsbrqhamb?n) (B emd theryewarnon

chamber ?'Q% PSGRARLEL (9Fpoas@ t0 20 pressurisation of the return-notion
chanber J(Eé pre- (dZt erm ned second pressure |lower than the first

pressure to abY%%K"—'fﬁBW-EF dVer 24 nZ¥) FOPFFEMIERT EQW REUPPSREARSber

(7), and f1uid mtd:nahaabuthefpn:e&sLﬂcﬁ:ve@fambtiahvehemﬂeﬁ 2{5) 2€hrbiy h25
cl udes i\ i.rst val ve %aw n a_firs al ve rrber 25),
firsitamyEfiest tluadi Bregagser end Pﬁn& en 'th $i WRiehg the

first Va|p&trre(“¢))9raﬁa5théofarwh&$ied1qmﬁI@hlamber, - seal i ng engagement with
the second val ve sea tir vaIv 25) el Iaceable
by said predet%lrﬁ?l'égér"se r& %B'?ae st[ﬁ‘ee Y Sgﬁ SOS(I‘P o#g’ag%ﬁ?
spring biclydes a pressuaeseomolalvael\(éza)nlhcI(adr,n@la\ setioril yal desmarrber
(22), yval yeg a eyt flfﬂﬁ’
bi assi ng'i?ﬁeé]&sieclgn% ﬁéhdn%f%%gi #E fggegw %ﬁg ? bel n seal i ng
enga@@rrerﬂhQ/\HIMQhePQéEorﬂé)vaD@e tretamn “motion’ C@W&Mﬂ’é Operandng -
menber Zﬁ)eﬁéﬁlgeﬂi' Egsbgﬁsée%‘?ﬁd:he VECHEIBAT to22hd Nle®P88rBOithi ON
by neans of the first val ve nenb % when the first valve nenpher is
in the ©f a predetermined first pressu e to pass operating fluid

from the inlet port (4) to the return-motion chamber and-

closable in response to pressurisation of the return-motion

20 chamber (7) by a predetermined second pressure lower than the.
first pressure to block flow of operating fluid from the

return-motion chamber (7).

5. A pneumatic actuator according to claim 4, in which
25 the pressure control valve unit (21, 20) includes
a first valve (21) having a first valve member (25), a
first valve seat associated therewith, and a spring (26)
biassing the first valve member (25) to a closed position in
sealing engagement with the second valve seat, said first
30 valve member (25) being displaceable by said predetermined
first pressure to an open position against the spring bias,
a second valve (20) including a second valve member
(22), a second valve seat associated therewith, and a spring
biassing the second valve member (22) to a closed position in
35 sealing engagement with the second valve seat, and
a valve operating member (24) for keeping the second
valve member (22) in an bpen position by means of the first
valve member (26) when the first valve member is in the

R DR I



- 12 - cl osed posi tion and al | omaxBsteN [pecond val ve nenber (22) to
nove to the cl osed ﬂﬁ%hée{ﬁﬂgggﬂl{ nmto first valve nmenber (25)
Iﬁ 4. A pPORISESIN1977

becom ngwi sgi2336sd :

actuator according t mm”' whi ch t he val ve operati ng nenber (24)
conprises a push ro ned B&t ween the first and second val ve
menbers (25, 22) - and in which the first and second springs (26, 23)

bi as t heClosedaP@@lﬁé-tﬂS’e@d Rldawigig ki reecondsvalde member (22) /%o

pneumat i Gopet Hat %eaq;q%@aﬂwéﬁfar? 3 f'es se t hEfl ERe- I?J%Sg
control val ve unit I ncl udes ve justing evi (e27) for
varying pember, {2 drmng dfg,placed o W%n‘éﬂﬁ%t P@Saé‘-ﬂ-oat or according

to claimb vvhen dependent on claim4, in which the.valve adjust.ing

devi c _ es._an _adj.ust.i crew for vary the hias_of the

fi rstgsprl ng 26)i LR %a} e?fn‘é ing £y S:‘-ag@c&rdllﬁ’g"’bé-c&hy one
of cl ai nshe vaIBvboo@,enan:l iy eientdes: pdzn)orcmuppisysdadpughhr@dppasgn rod (3)
protrudi d f yI nd, t he_opposi end of t he
cyli nderglggltl%gow %Ql tt% tfg'%sqz édm%%) dJa%ﬁ megg?ﬁsmﬁ?éh £2id
pressureandninowbmh/@(ezfnw) amd tsa@ondmppmg%(zat ed3)nbibe tHe nder
head (8) according to claim8_:having a
single {v %Yep%?beffsﬁbr 5§E§ht|m§%€gééggun whi ch the inlet port (4)

i s pk®vided in the cylinder head (8) and the wall of 30 the cylinder (1) is
provided w thyan Nbﬂéﬁa@&@%@t@&ﬁ&s%cordﬂﬁg £d AnFOBRUNLER 5.3 \g t h
t he second flowpasst%gIc (2%@r . 31) and the return=potion c (7).

9. A pnetink®i & adbu¥dchal @FﬁEQHf%ﬂﬁPQﬁEP¥ﬁV%}%$n%nBB (§1b029) ﬂﬁfwhlch
the wal |cDidébeacyhilndeadiistingdidaiidry (27 W £dir abatpang 8RR &Xiakly

ext endi nﬁgassage (11b) comuni - cating with the inlet port (4) and t he
formard hanber (5).

‘8. A pneumatic actuator according to claim 7 ‘'when
dependent on claim 6, in which -the valve adjusting“device'
comprises an adjusting screw (27) for varying the blas of the
first spring (26). '

20 .

9. A pneumatic actuator according to any one of claims
4 - 8, in which the piston is provided with a piston rod: (3)
protruding from one end of the cylinder (1) and the opposite -
end of the cylinder is provided with a cylinder head (8), and

25 in which the pressure control valve (21, 20) unit is incorpo-
rated in the cylinder head (8). S

10. A pneumatic actuator according to claim 9 having a
single inlet port (4) for operating fluid, in which the inlet
30 port (4) is provided in the cylinder head (8) and the wall of
the cylinder (1) is provided with an axially'éxtending passa-
ge (lla) communicating with the second flow passage (28, 29,
31) and the return-motion chamber (7).

35 11. A pneumatic actuator according to any one of claims
4 - 10 in which the wall of the cylinder (1) is provided with
at least one axially extending passage (11b) communicating
with the inlet port (4) and the forward-motion chamber (5).

AR




