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" APPARATUS FOR REDUCI NG THE CONSUMPTI ON OF COVWPRESSED Al R | N PNEUMATI C
"MACHI NES The present invention relates to an apparatus for effectively
~utilizin essed air in reciprocatable pneumati c nac

partlc ‘g? HE matic 5 machines of the type which prowgéplg s‘fmﬁﬂg primary
wor ki ng novenent and a relatively weak return novenent, or one or nore
secondary, stepw se weaker and weaker novenents, and whi ch nachi nes

t herefore need a e in one direction of novenent
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_ conpr esswitaker andiweakerppyemests.cand \Achneln @n@thng$ shereforeageed and pr obl ens:

- for mairhag éﬁc&ﬂﬁﬁéé&'eﬂ 4iP férehoredir8t BB mhoVemefit BRAKR iPthdreans of 20
-a return_sprin ressure of the working chanber has to be unl oaded;
3nd "t hi SOPRRSIRHIrph

; been nmade in that the active working chanber has
beennpened t The ieventinreist ysefakbetly faraxiallyrpperatity pneumatiei madhinesi he

: Ki di th
bower | of SETRTAA rfefed 85 ks pietnliciter JRRET bl ToP ESHEY atnEE B b '
stroke oteqmecptdql%ﬁyp%md such power has to be added to the power of

- conpressed ai i iHanghtypes FqRTEMati¢ pistbhewWindsr ﬁ’fadm@eé?l\ﬁhwh can blen the
. conpress ressutized, un

ronent oteTeRei sPrY cringle Reid e NRERE Gpmititefded iroaE i<, st BBV by ess e
ai r 18 ovontidirectionafgnotiensad, wdicknimnalled the barking staoke lof thermntort hat the

- wor ki ng Wmeﬁltﬂéré{Hﬁ%ﬂ'okQ ik hﬁamhaa.t tﬁé‘ﬁcﬂlaﬁfo‘ﬁ” f 3 rebAPPSsidy 2 heavy’
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- power whaighTHigAAROResasdverdl d:fferamﬁ:aaavmagés apdpprobtadsai r at the end of
- the working: S-t‘:"rfgt‘?nﬁﬁ'ﬁb r??pggé:iﬁ%ntoaf&ﬁ?rl’ ﬁ?é'-’BfgtERethis"is made by means of '
: 20 a return spring, the pressure of the working chamber has to be unloaded, and
this has until now been made in that the active working chamber has been
opened to the ambient, whereby the compressed air remained in the working
chamber gets lost; .
- a certain power is needed for exceeding the power of the return
25  spring which is compressed during the working stroke of the piston, and such
power has to be added to the power of compressed air which is necessary
for the work of the piston; _
- when the compressed air from the working chamber, which is
pressurized until the moment of changing direction, is let out there is
30 obtained a compressed air blow which is apprehended as an annoying bang;
' - at the moment that the working chamber is opened to the ambient
the piston is stopped by a heavy braking, and this may lead to strong
movements in the apparatus which is actuated during the working stroke of
the piston. |
35 The loss of power which depends both on the evacuation of
compressed air at the end of the working stroke of the piston and also on the
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‘ excess Bhg mr,essed air which is necessary for exceedi ngcitikgogisndent er force
. fromthe re urn spring involves rather considerable costs for providing
. nore conpressed air. The object of the iAvention is to solve the probl em of
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i nt er connegunctiordl pdsitions kemproviding ¢he aliffetemt fuettionalcstapbeand lire vefigh

equal i 74 ngtﬁ@?aRfe‘? Lgﬁrsgf%&shl?%ﬁ V&o@ri@?’@?&ll ﬁf'e@u‘?lzﬁﬁgﬁ dJf'the Workif ' nl et

and the outle al ve and the ret
chanber conhﬂmhﬁataé@ ﬁmteNaFH%t'%Wéthfe lﬂ'@ Q!'Sﬂmbﬁfer'" @rﬁPW@rP‘&S'ﬁﬂ%nnel

(bore) ext gpsliiags an édluéhzhﬂohhﬁ é‘dihbﬂ%%éd\/ﬁ' betwéen the working chaobsi Bhe to

“utilize the sane rinci Qve in,sever wher.ehy the
equal | zat i 6 SFRuSh cbRmets APGIETP HHEH PRETOP oY MR SEn SRRy PR or
- nore succestithe espuafized agmprleased airgemainechin the retyen cheotes amdlam is
- di agr ageyat bablaidd ot thbakHhg chifitits 2a-g, in whi ch a first pressure
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~thereafter the c&hﬁeenoadd sloppprisasgan inlédharinelfor pressurizatibnraftthe working

| chamber and a bypass channel for evacuation of the return chamber at the
same time as the working chamber is pressurized, and a cross channel for

25 providing an interconnection of the working chamber and the return chamber
thereby equalizing the pressure of the two chambers at the same time as the
inlet and the outlet is blocked by the valve piston, and in that the return
chamber communicates with the valve of the cylinder end over a channel
{bore) extending axially in the cylinder wall.

30 It is possible to utilize the same principle as mentioned above in several
. steps, whereby the equalization of pressure between the two piston
chambers is made in two or more successive steps, as illustrated in the
7-stage process which is diagrammatically illustrated in figures 2a-g, in which
a first pressure equalization and a succeeding unloading of the former

35 working chamber is made is a first step (figure 2b) at the end of a first
working stroke, thereafter in a second step (figure 2d) at the end of a first
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Ireturn stroke, and thereafter in a third step (figure 2f) by a reduced
[force at the end of a second working stroke. The working strokes thereby
are executed in four reciprocal steps, with full pressure in a first step,
W th abWi@982348% orce in a second step (1 st return step), BGISEISAI467 about
25%in athird 5 step (2nd working ste and with about 12.5%in a fourth
.step (2nd return step). Now the invention is to be described nore in detail
with reference to the acconpanying drawings. In the drawings figures 1 a-c
- di agr ammatetusn isyrake, @nd, theseafier ineanbird-atepr(fionee 28) byea r d forcerata

3-step Meilwdninst 4deBEnd oldiNgsitroXe. ThetivorkifgPéoRes ehéreByCatiend the
return stroke. Figuyes 2a-2g -correspondi L% | | Fustratg a 7-step nethod
conpri si n@’,‘e?‘l'ﬁeé'e'g‘s{%’ééggwgcﬂr%gﬁr é‘"ﬂhg& TeRSWR '%taeﬁgst(szsp- »gth apput

i ]lf! gure 31sbevgﬁot'¢e_imréécoga stepdi sarreturaes:tef;prw&hpémpaéwwt zswme&hirﬁ

~figur n .« El qQuE o) .0i stons: er i t..according to the
invent 'onsﬁeﬁ/f%bd &%ﬁq §Fest'gcéﬁfﬂ g’f‘@f %ngt q%n‘é%é{? F’ﬁ&“{ﬂ%sﬁ%% f#‘i“gﬁe%ﬁmt he

- piston i ns'_cdpi. cylinder. Figure 5 shows an axial cross section through a

pi st on- oyl i ndefydypishe il ERtior? i 16 HRUSRIIHEEmoRe i eB] IREE refgREL B9 0
figures 1 and 2. Figure 6 1S ,a cross section view, 1.n an_enlarged scal e,
al ong | i nthe/pceampanying, deawings. Jotbe drawings diguses d@-e diagrapmatisally he-
left handill@?ﬁat@{w%?ﬁeﬁﬁd Bfé@?ljd‘ﬁg ftbﬁthégnﬁenﬂi_ibrg%g o) @gtspartwsm_l in’i:ﬁfdh ihgn 20
vi ew gl on ine .\ z 0 iqure 5 Fiqur agra ic shows a
val vd &t rgﬂvﬁ'?@tfod} °G¥'ae Pﬁeﬁ%ﬁ%{ﬁﬁ?ﬁiegn@%ﬁeﬁﬂ' 'hﬁtmgﬂi ayrgs at‘fl‘P<$¥9nvent i on
and arr angerrespondirighy illustrated Vrstep methadf cotmprising threeySucebssiveni t .
Figures 1

-1 3 ' e NG i ' i . e of
Figure o, PREShrEeapieg o seihs 125 000, HIEIAGA%S BT LR Tnindlt i
~ funct i onapreused ifongxplanatory purpagesdn figuresbandridnitigure 4 shows areans for
a pi ston-s&bﬁwinu_emnm&an% 1O the eI haling infeans Sor W kAl N an
~end of.a ¢yli nder-gl ston.uniﬂi: |pgures, 1 a- 1cl_ s%ow agé@n% tic machine
compri%i ntﬁl cayng the Position ofithe Ristondinghecylingers flavire 33, shows,an 3@l o has
a pi ston easks3sgrtigre thioughoal piston-dylimder umitcwihictslés suided dfonwsetincehel t he

" BB SRR | Wl oA TE 8 R it
| eadi ng t entarged scale; alemgfing YVhvl gbffigures. tRigutsoiriean enlargedisaale view
gonnfct edof thé rl}éittq{hriéfl a&t& ttﬂé Eﬁirfof"é? 5@#@@53@&#@@&89%&9& sbtfios Of
une 2|00 " v}/\e’nvlv Calor?é ?inle Vi §V[l?o? ?iglurlle g.%&&rse & dal‘agra?ﬁmatically shows a valve
structure for use in a pneumatic machine according to the invention and
arranged for being mounted in an end of the piston cylinder unit. Figures
10a-10d show four different functional positions of the valve of figure 9.
Figures 11, 12 and 13 show a detail, in three different functional positions,
25 of an alternate embodiment of a valve means for a piston-cylinder unit
according to the invention, likewise mounted in an end of a cylinder-piston
unit. _ '
Figures 1a-1c show a pneumatic machine comprising a cylinder 1 in
which a piston 2 is displaceable. The piston has a piston rod 3 projecting out
30 from the cylinder. As conventional the cylinder is formed with a connection 4
for compressed air entering a working chamber 5 of the pneumatic machine,
and a second connection 6 leading to a return chamber 7 thereof. The two
connections 4 and 6 are connected to a step valve 8 which can take three
different positions of function, which are illustrated in figures 1a-1c,
35 respectively. As conventional the valve 8 is connected to a source of
compressed air. The valve may be of linear type, but in the drawings the
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35 respectively. As conventional the valve 8 is connected to a source of

.. conpressed lﬁig?f ‘The valve may be of linear type, but in pdESEbS®MEIgS t he

PCT/ SEFEP8¥ W98/ 21487 4 valve is sklﬁwn as a rotary valve. It is evident
that the working chanber in the positionh according to figure 1 a is under

full pressure, whereas the return chanber 7 is evacuated. Wen the piston 2

approaches the end position of its working stroke 5 the valve 7 is rotated
by .120 t ovalve 15H8RPWINoeS aHEHRTYi valYe-Jtie eyident that Hhe wrking ehamier Ruppl y of
conpr esseghedpdsition acebading asdigure Miskimderoiuiiirgressareavhéreas itk eturphanber

7 are concr]}eﬁ?.'gl?e%r 5%\%@§Eu%ger over a shunt conduit 9, whereby the air
e’ t a [

pressur es
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two claamgesyatvé MisrotatedEsy a20P Mol el KH¥ifion SAB VI 5 figUFs 48U kRt i on the

valve is rotated another 120[err] to the pasition shown in figure 1 c,
wher eby tRRSIHRR Khﬁ&“@ﬁghﬁém H”%;%ﬂ‘i’a%'ﬂéﬁE .keﬂn@’}S‘ré?sWPék'Bﬂ EHMBePr essed
air in thénd eHelrgtupiehbaiber 7 arg eomettdd tSadathpothees wver iasskspntt corsddif | ci ent
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t he ret urneughzaarseximation it ean be szid thptthepresswis isvdistrinuted Hys58hRoim,

wher qy t&ehvéd e Bvol shdnbere® arday.7-step val ve. The function'with the
pressure equal, zation b e wor ki ng chapber 5 and the return chanber
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7 is basicall J"f'ﬁ%d%ely?gng‘?"g&git R PreFsure ggrauzation Fh‘“c)’a‘ryl?t'strﬂwanct i on

. conpr i sesaridthee 120¢ desthevmositiars shoereiufigursal ¢ owherelpg thevwarkireg e shown in

figure Zbcl{ekgb%{@ 4§ eégg/?:ate%(.j T@'nte}d%ggﬁgeuﬁs{ﬁ é‘&q\p?%ss(aetcfai?l?r? Yhe q’%rlu?l% . In

figure 2a ston Z2°1s dpr ess J _eor ce Il 't st "working stroke
in the wothamerchasbemained. $aiq gressure is geite sulfipiesyifaefprging tha piston
presqer e 2haskitadts mitidigiouwton.t Tite vetueh RirokieatHepeby isiithdelsoleRt iy N chanber
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- second pressurle figresiZea29 @n alteroptive maethod istshawaswherelsy dhe vaive 81 gur e
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- 30 the Iggoqﬁﬁgaadi%?i})zsﬁ%gure r'\éﬁélrfggcﬁﬁ't- g‘\?\ﬁoer I.n Lﬁﬂ eﬁh'éﬁi‘zﬁu&*}’

" 2f there REtWRsN:thee

n figure

.. nber 5
ing; shambers mwﬂvﬁ?h@nbgbclaig&ﬂ%ﬁqaj%%eof t he

~orig20al same as that of figures 1a-lc¢, but the function comprises three successive

pressure equalization steps, which are shown in figure 2b (to about 50%), 2d
{to about 25%) and 2f (to about 12.5%).
In figure 2a the piston 2 is pressed by full force in a first working
stroke in the working chamber 5; in figure 2b there is provided a first
25 pressure equalization between the working chamber 5 and the return
chamber 7; in figure 2c there is shown a first return stroke by means of the
. about 50% pressure which is remained in the return chamber 7; in figure 2d
a second pressure equalization is obtained to about 25% pressure; in figure
2e there is obtained a second working stroke or damping stroke by means of
30 the 25% the air pressure remained in the working chamber 5; in figure 2f
there is obtained a third pressure equalization to about 12.5% of the original
pressure; and in figure 2g there is shown a second return stroke by means of
the presently strongly reduced air pressure. '
It is of importance that the piston is displaced an accurately
35 predetermined distance before it is turned to execute its return stroke, or it
_ starts is working stroke, respectively. To this end the piston-cylinder unit

efs are bei ngl equal i zed. By a rough approxi mation




. pressure; and in figure 2g there is shown a second return stroke by neans
- of , the presently strongly reduced air pressure. It is of inportance that
| the piston is displaced an accurately 35 predetermn ned di éﬁnce before it
.S turwebsredsIxecute its return stroke, or it starts isqﬁ'f? W@?roke,
respectively. To-this end the piston-cy$inder unit WO 98/ 21487
| PCT/ SE96/ 01467 5 shown in figure 4 is formed with a positioning neans for
. the piston, which is directly connected to a step feedi ng neans (not shown

in figuresHbwh ®h fidiRe S RPfotMatEwith hgaasmcﬁuiﬁgmeéksef@wwﬁgfo& which is

- st'ar-fornmed having ei Gt st ar t? s,.10, all %\f axi.al.) tglr u ﬁ%é)ores 11.
 Four of <HreptyoFe "%‘th JOc5 Step feedipg raeaps AT n%m%{re H&og or nore
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- figure 5, Th whichase Yrereds onﬁy a single connection Tor conpressed
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. the cylingghsmiteig ¢dmpldbded lr Eﬁ%ll?r’ch%\ﬁﬁlﬂwe bznmérpﬁn paftiduiat theod 3 and
it is also J‘orrre[q% th a cavit 33- over . |ahht e return ch rrbergg directly
 communi cabddg @ thREVRB AW In Tiguie s, in Whigh qaee Tere S GRbRsdSd 14 Has
. a corr espeorthettiorafdrt gorhpresised ajhprdvidéd iat ooerenchot the pneuntatiche bore 11.

- For providi.ng:-an 3t '@;njdo bi | : ' 5

. 1 ongi tudirﬁgpﬁm%éxt enfi%’%ﬂ?'lé?n Org%g;;ﬁg?%@&ﬁb# gﬁaﬁ%ﬁaﬁ%@a&?{a&%kﬁ@%, S
 connd& eopﬁ’@t%ééhetm@%@deﬁc%"q)ft ig s farmnd withha Gavityxl 3 ayer whichpul | eys

- 17 at t hetHewetdyd chémibee Tddirdéthyvednirdunitacesalith the appermuost air poes.cThed,

- through ane of the.hore f . th ' ' 17 may
be & Pootfiiand GNiBHEEEnd & fos  Gorfdspdliife, ppviRl A b UBR AR o
' thereof 2eomhamicatesswithotiienoneebhs having a great many bars, magnetic code
- dots or siml agoMBidiidingdH ERadtiMdRatIcHASF e BoSitioht dfothe’ SiBtH 2vhi ch in
- figure 4 is parked as a reader pin (ix-t ané’ln qQut. thr ouph t%;uel left end 14.
 sai d osi Paffurinaky, oxRBAing reefayced beltal 81 tPrdnviaoce R rRPAILIR of t he
. pi st on ancorrestted betardencthedtvab@nels dfetheopistart daricitt dxetends wwet palieys
. making th | L | tol ] i b L§. the _
oyl i nder | ?%%5%'?&“%%9 lifder, ha€12 B 214, e/ pAE ST Rl pROE) i
- connect i othresgming af thmboeasy 1 ey ter cylinges -ﬂmeéﬁh@rﬁm@ﬁf%ﬂ e st
_hand end ghobfiegeat WHiEH cahbe Ricihted DavesRhftSivRIcH at tee el énditherest - Sai.d- .-
. val ve Jmay, be of tpe type shown in figures 9 at;]d 10._ The. co rgsged air
" ent er29 t p@s a positioning means having a great many bars, magnetic code dats or
' ' similar marking which can be read by a position reader which in figure 4 is
marked as a reader pin extending out through the left end 14. Said position
reader thereby very accurately gives the position of the piston and can, as
mentioned above, be connected to the valve thereby making the piston turn
25 direction at very accurate positions in the cylinder. '
The piston-cylinder unit shown in figure 5 has a compressed air
connection 18 only at one end thereof, which connection enters the left hand
end of the cylinder, in which a several step valve 19 is housed. Said valve
may be of the type shown in figures 9 and 10. The compressed air enters the
30 working chamber 5 over one of the axial bores of the cylinder and through a
cross bore 20 in the inner cylinder wall of the cylinder. Said axial bore is
plugged so as to avoid escaping of air therefrom. Another one of said axial
bores 44 is formed as a connection between the return chamber 7 and the
valve 19, and at the left end of the cylinder said bore is connected to the
35 valve 19 over a channel or bore 21. At the right end the axial bore 44 is

connected to the return chamber 7 over a cross bore 22 in the inner cylinder



+ 30 working chanber 5 over one of the axial bores of the cylinder and

~ through wooes/pss7 bore 20 in the inner cylinder wall of thectyrbgeasr Said
axi al bore is plugged so as to avoid escgping of air therefrom Another one

. of said axial bores 44'is fornmed as a cohnecti on between the return chanber

7 and the valve 19, and at the left end of the cylinder said bore is

connected to Lq ﬁS val ve 9 ov r a channel or _bore 21. At the right end
t he "axi al I 1 ghedlluging etmewam maghiig 6AN DReFale averTely ansre 22

in the i nne:bmpﬂesseh!lalr cor\mﬁbal‘#@,?whlch makes it possible to use the machine m
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t he piston &t bot h ends i.nsi d é
~ pistons cofBBE? ith RING ASIORg cookera §9|thhwl@rwngmtl@mstherhe rotary
+ val ve 19 afcylihder efdis.end of the piston-cylinder unit of figure 5 is nore

i closely describ i re,9..Ifhe.valve js a specjfic 10

~function val ve alﬁt%ﬁ/\?@% @qg{oﬂf WF%’O{@ AiFenTinger 4 6 F'SU'&ctl ng
pneunati c fPaisHNAEe &lﬁ?@hﬁdﬁ@cﬂhﬁdt inecannestiondan figuret Rolibe tvabveniseal spécifiei ng a
r et ur N gpr ifascHon %lmehzs atrmeaffos lcah{r%rnd@mésfun@ﬁgnvéﬂ ¥ Sirfafe BE:ﬁRgr ably is

. nounted at one en %c 5 er,. a di scs, a
" | ower val vENGHEE 5’4"\% E’r?? oLging @n&?ey'“’.f?s“tw” movithewdt thenaeed ofiMsing eal ve
- di'sc 25 whireturn spriogagradmiathentygecof simtilapmaeans/al ve di sc 24 operated by a

- pin 26. The sta ecti.on

. conpressed air g@%@\y? ?r?sérfgérghﬁ'evsg@gg |on£€8ﬁ%leé@fj pﬁ‘ft?cylﬁ‘dz%mc? i"Dn 29
leading tofemaedyyikh tyocyalMealiscs; ailnwervalveidisc 2thavhichds stationary30 to t he
retur n’l$haﬁi’ﬁmjnt§ﬁ thd aylppeteralvd hiscups%h%ﬁhwofatﬁae?& e statidd

(ff W se
the. bot {omval8cdish PEEPLRRT bYca pif 26: 7B Ratanali.sise Ui lormetawity o1 |
- bypass chaffiei cameciiansh at sanopressed @insmrutection 23, am@vaduatien eohaeétiGiecond
bypass chapaela éhnditrC20Ns4AREdothe. W%Ehgﬁb@ of$nb ¥yiRdetidrfy & D¢

- way valve 37 which
In the byp&§SSNeHRh Wﬁ?%@‘#ﬂ'ﬂ Eh%mgsfa f the cvlinderaiTie wrpeti vabve disca2B| ow

- of air20nl is likewise fdrmedtwith foupeoRRedtiors231] B2, 133 @B wHichage 36 there
s likew sg.3,808 iR8Yn AL Hottbin Hid®Ya Bt 30 the Honn@Midns 31 and 32
there is a first bypass channel 35, and between the connections 33 and 34
there is a second bypass channel 36. The compressed air connection 27 is
formed with a one way valve 37 which allows a flow of air only into said
25 connection 27. In the bypass channel 35 there is also a one way valve 38
allowing a flow of air only in the direction from 31 to 32; in the bypass
channel 36 there is likewise a one way valve 39 allowing flow of air only
from 33 to 34; also there is a first bypass channel 40 between the working
chamber connection 29 of the lower disc 24 and the connection 31 of the
30 upper disc 25 and a second bypass channel 41 between the connections 28
~ and 32. ,
The valve makes it possible to utilize the equalization pressure as a
power for the return stroke of the pisfon. '
In figure 9 the valve 23 is shown in its closed position. The
35 compressed air connection 27 is closed, the return chamber connection 30 is
- closed and the working chamber connection 29 is evacuated over channels




from33 to 34; also there is a first bypass channel 40 between the worKking
chamber connection 29 of the |ower disc 24 and the connection 31 of the 30
upper disc 25 and a second bypass channel 41 between the connections 28 and
32. Thewo#BRMSfakes it possible to utilize the equalizat P&FSEIFEHET e as a
power for the return stroke of the pistop. In figure 9 the valve 23 is
shown in its closed position. The 35 conpressed air connection 27 is

cl osed, the return chanber connection 30 is closed and the worki ng chanmber

connecti o e ted over channel s W08/ 21487
PCT/ SE96/ 8?1%%‘? %8 %?%38 41-28. Fi gure 10a shows the wor ki ng stroke of the

cylinder, in wifigureciQa sheavs the warking:stipke ofthescylindgr.cipr whictscase the
Conpr essed; idr Valve iyt 28ds retdtba twowr’ncoﬁhﬁeb@éd airgs subplie@neapki ons

27- 33393 9 d t.h 30-.31- 35- 32- 28.
Flgure 1 HoBpaTamAeT, iR SRR 2 35 S8BT g e o
t enpor &r i Iqhdmberblseevaomlamcbdveo30a3ﬂe‘35t{32328to the | ower disc 24. The
pi ston ”DvenentFlbﬁgcéji‘ﬁBeéﬁd\ﬁh talﬁeigfé(r'n‘xéﬂﬁfe Paé‘i%‘ﬁr %ﬁp@ﬁﬁ@ﬂ%@%ﬂér %‘T ggt ed

- bilit
f gfmi{)es.s 'nf@'nm'manlmhﬁ bger rstatp#ﬁ@ ‘einy refgtiom §qdhe lpwer tq'% 26, Tm RiftAMhe
uppe: di Sfrﬁ%%h%n&% @hﬂ@be’t{lﬁiﬂﬁc ﬁgﬂdﬂ&ﬁh et érs débérﬂﬁﬁé bnath@ i N whi Cg

OSI | on e I es .2 naer c er ar e over
Do 5. 36. wpraprestiieabind 8F £ bV Siberie B 5E Bemdhd mluBhB it B

returOvalinete@@e insfigure 5. |n figure 1 Od the return stroke is made in that |
the working Cha#IBﬁFe 50\:%%%%8&%&.@»{ |39ﬂl4|@h3tiae?{5pp°e3‘ didc 25 isThRRaRIY 2

conpl ete wor C as t
i o BisthpraBed 135535 158l and i AR pdTIeS She Provaras sl dhedotnased
stepwi se reharhbéises \andv? dré\equysluzetﬂewecaﬂ 38-36:8084WiTh cumpressbt yair

operating V%#% ?g |§§:loe%é% ?ﬁe n%rﬁl%tuﬂ'rs ISQdSé’f the cylinder, -as shown

|nf|gures case t I's formed with onIy
si ngl 4 5conpr esdadfigine o4 ﬁbetretmmszcrolsmw maéepngbéhﬂw werking ghambies & or ned

with a valeertbiffBy 20 mesqerwb-fs@-uﬂ weTae.wyaé @%mmbta:wdmingecmanects
and di scona C ress

h
are {1 agaRargmade AN BPHe 2naa DB VRS SHEH AircaRdnG to figlred 16106, 1

As an alternative of the above described stepwise rotatable valve the
cylinder can be formed with an axially operating valve which is enclosed in

20 one end of the cylinder, as shown in figures 11-13. Also in this case the
cylinder is formed with only a single compressed air connection 42, and the
piston-cylinder unit is formed with a valve enc_lbsed in one end 45 of the
apparatus, which valve connects and disconnects the compressed air,
respectively.

25 Figures 11-13 are fragmentary axial cross section views through one
end of a piston-cylinder unit giving a strong working stroke actuated from the
working chamber 5 and a softer return stroke actuated from the return
chamber 7. In the illustrated apparatus both the compressed air inlet 42 and
the compressed air outlet 43 are formed in the same cylinder end. The flow

30 of air from the working chamber 5 to the return chamber 7 goes through one
of the axial bores 44 of the cylinder. The end 45 of the cylinder is formed
with a valve piston 46 and with a system of channels 47, 48 which both
allow a supply of compressed air to the working chamber 5 through the inlet
42 and an evacuation of the return chamber 7 through the outlet 43.

35 The cylinder end 45 is formed with a first channel 47 connecting the
compressed air inlet 42 to the working chamber 5 and a second channel 48



.end of a piston-cylinder unit giving a strong working stroke actuated from
t he vvorlw g?mgﬂber 5 and a softer return stroke actuat edpdisavshoiug7r et urn
chanber nthe illustrated apparatus: ggth the conpressed air inlet 42
‘and the conpressed air outlet 43 are forRed in the sane cylinder end. The
flow 30 of air fromthe working chanber 5 to the return chanber 7 goes
through one of the axial bores 44 of the cylinder. The end 45 of the '

cyl i-nder i sohoectiog the ieturnhambsrs? da the autlet @3 Miasthe eylindesboseddnel s 47,

48 whi ch beiy ?4 ?sﬁoﬁ@ﬁ':ys%eéﬁlm ﬂsée.cl,am ch8ride? 4PIkiHWesddTRE S
t hrough the In an evaguatlon get t he return,_ chanber through t he

outl et 43. CXB"de" and ﬁ*ﬂg valye Rigden £AR take twa BiaiR positions, neMelY achannel 47
connect i ng préssure positicreavhich is shewndin figureht1 wadkamgvadusatioer positiod a

second ghannel [ 214 .

st Seasy o asngs showifir Higard 83, The vaive pistan is pressed towardsa nan. . o
cyl i nder bmresmlzeqlmosmw Yp? spong £9.i e valvegiisteon alsetie farmed vt Banber
49 in the Q%s@%ré&‘@h&ﬂﬂél@ﬁhhnWQnsﬁ thtéAh¥giabé %b@ﬁlo?\a@f f%@albﬁ:‘l?hnan

posi tions, nanel gt ssur h ichis s re 1

evacuat i on 'WS§‘F‘!"FQﬁFt R er yithuthe resurnr ﬁéam&pg
pressed t oviyuse 12, mherqhyeﬂmmnesedrqomsequahnedbbempnlsagsl o dﬁmnhaisv&

pl St ony gl S%nd%fﬂ{l s |ﬂ#érhe%iét'éaﬂl§sY§5l§%h§ %W%eggls’?c}n %‘ I?IB%%Qh%r?(ssure

i nt er nedi ate POSI ston nt'er connec
chanber 5 whahnehd7; dhiy interaediate 9°Sl§9n§ﬁ6ahen Hngdpganly qyenwﬁe@t,tby t he

pr ?ssurg ' :in&%%ﬂ’t 'o?&ﬁebﬁtd’bﬁ%‘tr@@ of tmvﬁhéfmﬁo‘@ 5; h@val@é%@ton'@ﬁh %Pddjtls "

i nt er medi at,e | e va ocks re channe

i o e fauhed ovitRa byiess ehandBl B2 RIping £5 Sxablrybt RE20e TofliRr "or the
return str ahanderthevhild the palve gistofhie mairesswzeﬂocmn@ﬁtmhso is forned with

a bypags channel.nﬁggﬁé MR capruaerdil MleCh2l) g%hro%waes%p.ﬁsnarwf ofélly ©

the valve piston i sur i

conpr essed the compressed @'sfs%mﬁ)?’é lye Ristary46 taaheightas shoyyr s the ai r

forces thg drawitfgs)] ahdrcotpiiegséd air |sghbre(tﬂ/$s1$plm ﬂmvvtolﬁleingrcﬁwmlga’)E and

conpr esse | r i . tinme
the return® gﬁﬁ'ier BB% gpée/\'}%g&g#hg%g&gr A ndgt}g{)gfeecglip 3’@% ypass

channel 52 angrithet bigpagsr ¢hannehbZ, @indcthe wrlﬁngenismne@awbedngmed freely tght
~duri n920tStHeriﬁrﬁQjLﬁHQDitQ,w@&n’fd"%ké”aé Isaum lfigifleens t heworki.ng piston 2

oporaEhes U ShhiR s oo pebin 2 BAPRRRne s acarpod PP O
si gnal pr o\s dobtainedt(fqr iostawepirgmothecpogition yedding means mentioned in
connection to figure 4), which signal provides a stop of supply of compressed
air to the inlet 42. The spring 40 thereby forces the valve piston 46 back
25 (left) to its original position. While the piston 46 moves to the left the cross
' channel 51, for a short moment; interconnects the working chamber 5 and
the return chamber 7, as shown in figure 12. The air pressure in the working
chamber 5 thereby is balanced to the air pressure of the return chamber 7
over the transverse channel 51 and the cylinder bore 44. In this position both
30 the inlet 42 and the outlet 43 are blocked by the valve piston 46. '
When the valve piston 46 has returned to its original (left) position
shown in figure 11 the air in the working chamber 5 is evacuated through the
channel 47, the cross channel 51 and the outlet 43. The "balanced" pressure
which is still present in the return chamber 7 is sufficient for softly starting a
35 return movement of the working piston 2 to its initial position adjacent the
cylinder end 45. Thereby a complete working cycle has come to an end.




air to the inlet 42. The spring 40 thereby forces the val ve piston 46 back
- 25, (left) toits original position. Wile the piston 46 noves to the |eft
: the cross channel 51, for a short nonent, interconnects the working chanber
5 and wb@sessarn chanber 7, as shown in figure 12. The BE¥SEI6M4§Tre in the
- working chamber 5 thereby is bal anced the air pressure of the return
chanber 7 over the transverse channel 51 and the cylinder bore 44. In this
position both 30 the inlet 42 and the outlet 43 are bl ocked by the val ve
pi ston 46._ \Wen thq{v | g’piston 46 has returned to'its original (left)
posi tion SHREERENGE Y %ﬂV% 11 the air in the working chanber 5 is evacuated
‘through tht cleinder47, the cross chanddl 5EOBRECHAR outl et 43. The
~ "bal anced"5pr '§ﬂﬁ¢ which is still pregnt iconhBetiogt urn chanber 7 is
sufficient for softly,starting a 35 refpurn _novenent of the working piston
2 to its ivi ti%lﬁt%bg‘%/‘{i on adj acent the Iiﬁ&gpegﬁﬂn%. Thereby a conpl ete
wor ki g cy4l e hstscaremeetiom an end. W34 38/ zongection .

PCT/ SE96/ 04467 RN SerN\UVERALS 1 gyl i hss channel 31
connect i oné2 ngﬂgﬁgn r 32%%conn ct Pon 3 pi ston rod

33  connebt i odnd conpectianst connecti o8  bypass chemnel connection 5

wor ki ng ch@nbefeturn chamber 35  bypass @mnnenebwayargveonnect i on _
36 bypasg channel .7 return chamber one way val ve 8

step val ve step valve 38  one way R vémfowaYSJalv%hunt condui t
39 1@e way vshurd ddhduit ar top 39 one wayamlve pypass channel 11

bore 10  star top. 41 bypass (nnelyphds chiagiiel hand cylinder end
42 conpressedt air inlet 13 cavity 3 conpressed

air outlell15 bae |eft hand cylinder éhti bypagschagpel 'hore 15 cavity
45 cylinggr efightlhand kglihder end compréésed aitl intetpi st on 17

42
pul | eys L . 47  channel st s5H&ad air
GMY channel 1§j S%Hﬁessﬁaw '

~connecti 033 system 2 al ve 49

val v &hafler ft hand sylingerend - - axia) bargri ng
15  cavity _ - 45 cylinder end
16  belt o . 46  valve piston
17 pﬁlleys | - 47 channel system
. 18 -compressed air connection 48 channel system
20 | 19 sfep vailve ) 49  valve chamber
20 cross bore _ 50 spring
21 bore ' 51 cross channel
22  cross bore 52 bypass channel

23  function valve
25 24 valve disc, stationary
25 valve disc, rotatable
26 pin
27 compressed air connection
28 evacuation connection
30 29 connection
30 connection



21 . bore : 51 cross channel 22 cross. bore

52 by J;?,nnel 23 function valve 25 24 val ve di %Tmabimary 25
valve di'sc, rotatabl e 26 pin 27 conpressed air connection-28

_ 30 29 connecti o"rp.30 connection WD 98/ 21487
PCT/ SE969/ LAI MS 1l A reciprocatable pneumatic machine of
p| S tm m Qﬁuﬁ arranged for effectively making use of conpressed air
_ g5 primry novenlei ! BtSuated from a working chanber
5) and a soft return novenent actuated from a return chanber (7), or one
- or nore secondary, stepw se softer rmverrentg nfd F the )i mary
novenents demands & GCHIPEALA pReYMAliGIHALBNIEL P‘rs"?'hgﬁ ingler the return
nmovement, ﬁe&ﬁ%ﬂ@tdc@w@ﬁphﬂﬁwg:owmrfmprepsed @ir IQQ)erhdmg astrangr abl e
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funct i onal nmpossmentactuated foamd regutmehambres (€htor et o GheMe SacOpSlanand
whi ch val V%ﬁ%d\n.s; %dﬁéﬁ mRRedrRE, aRd @HI\meh%htalﬂrtmar\pﬁ&wenmtbmrﬁanddwe

wor ki ng cha 5) and an evacuat, 0 return chanber in a

second posiarealer jptng absompresRed fir i Q?%ﬁh?ﬁ‘ of the b"rté'é'%ﬁ'f"é"eﬂ'gf ‘{’{h\ﬁrg‘r ki ng
chanber (5)pnagehdtieniathingicompiises a pistoral2) which ishoperaptesint amylipder(ides a

G 8, Wi BRngh s MBI Befb ST AR # o b oA 60 11
“that the valahe (8 8n2Yswhichiszheraed wrthtmeew Mok fmﬂor@b positions; fer ; hat
- the valve %Mi«?&%h?@ffréﬂeﬁi f(m@nﬁnél %lepéﬂénd WhiEk RGNS, lmlawﬂretrmsmm ng

chanber (5), a secopd me '%\B \ fZﬁYacuﬁtV% 35 g reLurp chanber

(7 at t he FeavigosimbiIbresRbricanen A5 tondvped SRprbl Th 2B 4raevedatlro°,

third nmeansf(thé;rebin éltambet £7)c imaesecong pchmtmnrrimwglesrameeual(zapoamf t he:

oo OB S S Y gl it sz,

third posrtlon provides a return stroke by means of the equalized pressure
which is remained in the return chamber and an evacuation of the working
chamber, characterized
in that the valve is enclosed in‘an end of the cylmder (1),

20 in that the valve comprises ‘a first means (27; 47)-for pressurizing the
working chamber (5), a second means (35; 52} for evacuation of the return
chamber (7) at the same time as the working chamber is pressurized (39; 47)
and a third means (36; 51) for interconnecting the working chamber (5) and

. the return chamber (7) thereby providing an equalizetion of the pressure of

25 said two chambers (5, 7) at the same time as the inlet (27; 42) and the

outlet (28; 43) are choked by the valve piston (25; 46),

and in that the return chamber (7) communicates with the valve at the
cylinder end (19; 45) via a bore (44) extending axially through the cylinder
wall.

30 - 2. A pneumatic machine according to claim 1, characterized in that
said first means is an inlet channel {27; 47) which in one position of the
valve is directly connected to the working chamber (5), in that said second
means is a bypass channel (35; 52) in the valve piston {46) connecting the
return chamber (7) to the ambient, and in that said third means is a

35 transverse channel (36; 51) which in an intermediate position of the valve
piston {46) interconnects the working chamber 5 and the return chamber (7).




. outlet (28; 43) ar al ve piston (25; 46), and in that the

" return chanber Uﬂﬂlﬂ“ﬂﬂ"lﬂiﬂm“ﬂlrh the valve at the cylinder end (19; 45)
- via a bore ext*endi ng axi at |y t hrough the cylinder wall. 30 2. A
pneunsWP? |ne according to claim1, characterized i ECTASESRI4E7] i r st
means is an inlet channel (27; 47) whigh in one position of the valve is
directly connected to the working chanber (5), in that said second neans is
a bypass channel (35; 52) in the valve piston (46) connecting the return

chamber (7) t t%p@i&h?é’do n?d&@'uﬁé‘a&c@@u‘duﬁ‘t&icf%rfi oFEAGhdracRrized in

. transverse channel whi ch 1 n ternmedi ate position 0O the val ve
pi ston (4@ |tH?é‘f%‘6?li£%tg 3 has \R5ecsing ec‘l’%lﬁﬂéqssﬁdéﬂﬁ"‘t'&e (1&:2d:rdéhanber (7).

WO 98/ 214&Mhich is connected to a source of compressed air having Means$kep/ 01467 11 3.

Valve (16BN EndEieioesehd, fodhdfihef, stia PaReFaR AT b e yae, S

- cpnne(St ed(1t93 4bsource of corrpressed ai r having nmeans for connecting and _
di sconnecting, 4T &% pRfeuhYatic mathirkk 68 £61 afl oflthet ecaathgasléms(,w 45) .

Char act oreharactaTizern that e ey (81 T4o33pbes ﬁ?gggaims&von&atqrt ons for
- providi ngpmvt‘dthglaahmlftplecﬂumnovwwhetgb\ttte pressare i reduced i sdveral steps al
S ) R i A0 SRR VRS Sl i o

precd® ngl#@l ai s, characterized in that t he val ve conprises two val ve discs
(24, 25) places, qndrmnﬁﬁn@ﬁfatmtétaéc&@tﬂwg:w%?tdf&aeqsreaeahgtdlawy val ve

d 24) h f

cvacust: aehargetetized REHaE 803 valH cafbrisat swePBave tisden (24, 25r Rabrd oper (7).
and havi ngppcofirachy mher and coaetstunn oﬂa)statmnate valvek disg (@4dmiawing (5) and to
the retur o GlaiRes (19; zﬂeﬁﬂ%p\ﬁhg émg%?&})%tUﬁPtfo@ amengﬁsnftﬁt%éu ng to

claimb, characteri é’ é}n nﬁ'ﬁt avi ng sai d connections is
st at 1nareanare wgdém Bl Bt chbabs (Jhiané! BReBaCEeRLIPRG t o
pairs of [@9)®Ci47na8)1d-the workidg-chémbisrd 5hahdaentheagturnaditamber (2)f

_ connectlon extgvgl}lng bypass channels (35, 36) eatch having a non-return

*val ve (38 ifgure 9 and 10) 7. A pneumati ¢ machine according to claim
5 or 6, characberApngunatic machine according to claim 5, characterized in that

valve disc (24) having said connections is stationary and co-operates with a
20 rotatable valve disc (25) having two pairs of connections (31-32 and 33-34)
and between each said pair of connection extending bypass channels
(35, 36) each having a non-return valve (38, 39). (Figure 9 and 10)
' 7. A pneumatic machine according to claim 5 or 6, characterized in
_that there are bypass channels (40, 41) between the two valve discs
25 (24, 25) for evacuating the working chamber {5) of the pneumatic machine in
an intermediate position of the rotatable valve disc (25). (Figure 10d}
8. A pneumatic machine according to any of the preceding claims,
characterized in that the valve is an automatically operating valve comprising
a valve piston {46) which is slideable in a valve chamber, said valve piston
30 (46) having a series of channels {47, 48, 51, 52) arranged to perform the
different functions of the pneumatic machine in that the valve piston (46) is
actuated by compressed air during the working stroke, whereas the piston is
returned to a blocking position by a spring (50) during the return stroke:
(Figures 11-13)
35 9. A pneumatic machine according to any of the preceding claims,
characterized in that the machine comprises a positioning apparatus (16)



: that there are by 41) between the two val ve di scs 25
- (24, 25yd 1&‘4“3%& WW@ j& chanber (5) of the p difiadRchine in
~an internmedi ate positiconto at abI e val ve disc (25). (Figure | Cd) 8.
© A pneumati c machi ne according to any of 1he precedi ng clains, characterized
“in that the valve is an automatically operating valve conprising a val ve
pi ston (46) which is slideable in a valve chanber, said valve piston 30

(46) havi mjl'@nw te givsf sighahatcar acqqrately, predetedm)ined pasitiah obbpth f or m t he
different {yiedd W&&Bnbbﬁua@i@%ﬁ@ﬁnbﬁ tﬁBFéHy”Erd\)‘thgt r O Qﬁgé/a# smﬁeﬂ (46)

is actuate nﬁ%@% . durin eas e piston
is ret urneté]‘et‘@ \ﬂeB Vr@)mﬁ! ng |30W°g§)"3 sé%ﬁﬁeng" re@@fumﬁw@{'@ﬁlenm fn
stroke; ( Flegurestrdkd.- (Figire3f) 9. A pneunatic machine according to any

f th di |
bosi 11 8hi ng- appaackEn et MEREInscaitarinb Y4 o0 Bf B8 BrBCediaRisiity |
give Si gnathamcmmzaddnrthabtl}e mashinecisrionmedperitiht 2 singlé poessuretsuppbs of t he
pneunat i ¢ ¢BdckRNt 1%; P2 amdasléméle VvatlaH6S cBBnQQﬁJ[)F\'(QB af3) ! e al ve

‘thereb di t d t
ereby provi |n%1a vvorlge Ization and a return

g strok égres ure equa
stroke. (FiQpestippscprovided-at qpe eﬁ ;9% ReVliRdBEChi ne according to any of

the preceding clains, characterized in that the machine is forned with a
singl e pressure supply connection (18; 42) and a single evacuation
connection (28; 43), both connections provided at one end of the cylinder.




