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Specification of the patent of invention for: A
Pl STON- AND- CYLI NDER ASSEMBLY Thi s application clains

wonroavioew20f brazilin patent case No. Pl 0503018€®/BR2008000146
on July 22, 2005 which is hgreby incorporated by
reference. The present invention relates to a
pi st on-and-cyl i nder assenbly, as well as to a
conpression cylinder, particularly applicable to

al ternat sgecifﬁgaﬂ%rﬁ%*f e psedt idF ROBhtidHY feySt ens t hat

may inclU Instance, refrigerators,
air-conditioning systens and the |Iike. The teachings

of the preseatpigtefiNmRRYELSORAEMEEO NMOtOrs in

general that make use of alternating cylin ders, for

i nstance, |inear conpressors and internal conbustion

engi nes. Description of the prior art on the basis of

f| gures Aisk rapgilichtiam ¢laiengr priorityr of deraziéis eatenie casenNo.

s e oo B A0 SRRl BB R g
achi eved-ia a&‘é@?ntt i'ﬁ@eﬁﬂér??élﬁiés% éﬂb‘{étﬁﬁ@nd%yhﬂdér aksembly,

10 wi thin i nder configures a
asowpll essstom cbmpba&cm @yllm@erymagtlcgﬂarhe)appb@a{;@@ﬁo alternating

RPN et Vet A Y MY sefroe-

erHré‘t aﬁ‘%nlﬂl% Ingd8psteri Bhd tﬁ@quk@owmcnmgshahﬂw present
one of I'ts” ends and cl osed at the other

Iﬂmrdlonaiﬂse guipdy & motws ior generabihaf m@alfﬁavw@ita"@rn%/tm cylin-

iston 1 ace in a S
Jess B instpnicRe B S B Rosrg pll BtEel BB pto BpGiness
Iﬁé’éﬁ?fg%ﬁ'o‘?%ébﬁﬂp&ﬂ onltRet2Riscefifpeesors 1 known at

piston diameter and conpression- charrf‘oer .
di amet er As Eneeptirgorbeapior akandcascap by sgeRdRstae 1. In
t ant| d

e BV P 8B L B, SO S g of the
Sdiivhi gt Redomered tropils tien allachatihg rovgmestoba piston 10 wi-
remarns filled with |ubrication oil

Téilltbeaﬂyﬂlﬁ@el'sﬂjbﬁWthht@rtf'ﬂé'r?ﬁ 3{ORPIESSIPR Lr«;\amwe@ﬂ?waw'?g si-
o B AR o B fhult biSplanRATRARAGS BORONT M dri-
@ng/mectdnisme respeptivsyicalied hawbedead Imomtla?ndjuleperod@d point.

di ssi pation of mechani cal ener y t.o rcome, th
The compressien icHAMHES I BBEN 5 BEIOT AR T Closesatfpe other

e
Irpaﬁirodeﬂdwamenttmoe thas toppea dlfference between the diameters of
piston and compression chamber. In the compressors 1 known at present,
the piston diameter and compression-chamber diameter are kept constant,
characterizing a constant or constantly variable diametral clearance F.

During the functioning of the compressor, the clearance existing
between the piston and the compression remains filled with lubrication oil, so
as to provide a bearing support to the piston 10, thus preventing it from co-
ming into contact with the compression-chamber walls, which would result in
wear of the piston 10 and/or of the compression chamber. This is due to a
dissipation of mechanical energy to overcome the viscous friction provided by oil

and by the relative movement of the piston with respect to the compression
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dead point, the gas existing inside the conpression
chanber is conpressed, which increases its pressure

waizod1/0eepect to the pressure of the gas exi st PAEG/BR2006/000146
the conpressor housing. Thig creates a pressure
differential that tends to expel into the housing a
portion of the gas to be conpressed, which then | e aks
t hrough the dianetral clearance F. This phenonenon

c Qﬁ]lrogpteri zes a volunetric loss (or loss of the
cool'rng capacity) of the conpressor, since a
conpr essenibekpibion H@emovdsnieo dhe lowergdead peint to thrigrper

dlptlipoiininp GRS PHEIG RS s ComrRoTin chAfBpf #Fhbfissed.
SRk SRlesaREpBS s wWitRS ek Bakaaahefpraasurehsfane ydshéexisting

cl'earance exi S{)I ng E%tvveen ?he pi ston and the

i thp cempransoc haobing. This steates) Bypreasurgedifietentip! thas tends to
val ue of this cleara

AT L .
%PSWZCE&H gﬁevgfhﬁgé@é‘lké‘lgﬁréﬁcegﬂs THi® phigforidmen Ciaardctdrizes a
viok.ah

the lower the dissi Fati on of ,
ainicdass ¢orelogs afrtbiet ¢aolingr ganaditik of Hik 8§BPEESIPAs Since a

hi, , Dhigh-effici .
CENUERE SR T e
d’%g:ir%bésrtﬁrécﬁ?m@ Bnéfgetie effidiénéyhef thesnmeressor. of ne

chani cal energy are such that the energetic efficienc

of the c&obhdusdissipationisé meshamicasenerdy anmithe lsakege of gas
he di gnetral cleara t ' n .

B B el S0, SRS g DSl AR lression

%Hﬁ%b@% SPoridh ifiuenska Y the ohlusesithis clearames, (o thad the
eakage of tgas: i) dianeter of the piston 10,

Iberyits valuetthe oreaier thesdisaipakianos meganial @H@rqa(: %‘%‘bﬂ‘e smal-

10 0 f _ .

S sk PLECCHPHEY, P Patary st vy o

éigﬁfﬁ’?ér\( bhehgthahial snergy and Yipe larbec te leatragaof gasd For this
p

Vi e of lubricating oil, d viij) conditions of .
fe@seni @hr@flgﬁn@mgom%gg(ﬁeeggpe@gab@Sclgﬁaance value consi-

SRR b SR BRhRage IO aton of mo-
Ehanicsl eherghanhsatiotmatithe gresgetioafficfenclieofghe compressor will
be maximized. ‘

In addition to the diametral clearance F between the piston and
the compression chamber, the following factors have an influence on the dis-
sipation of mechanical energy and leakage of gas:

iy  diameter of the piston 10,

i)  length of the compression chamber and of the piston 10,

i) distance traveled by the piston 10,

iv) rotation velocity of the driving shaft,

v) geometry of the driving mechanism,

vi) type of cooling gas used,

vii) type of lubricating oil, and

viii) conditions of functioning of the compressor (pressures and

temperatures).
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ton noving between the | ower dead point (LDP) and the
upper dead point (UDP). As can be seen, between the
wdizeplagmeent fromthe | ower dead point to thePamBR201S/000146
upper dead point the volumegric loss is negligible
betwe en the crank angle 0 and 125. The sane thing
happens in the opposite di rection, when the piston
noves fromthe upper dead point UDP to the | ower dead

point L dﬂj}%% NRay & H@r‘iédtcwhéhﬁ??zheslomeﬂngllbb@ is maxi-
from Zlg'Eto gsgnﬁaa new revol ution cycle of th

e
nurm.nkmbegmntse oBeemveelnntﬂgelr@Rg wdich sBowRdhe pos(tign of the pis-
| eakage 0 [
tom vl boRhgEn U6 bt 9o mat LRI HT TG PRl BRg poin

(pﬁfﬁssary nmeasures to prevent this low efficiency at
stretch of the piston 10. One of the forns rnovvn
f r om t he Aprdanr baseehpbesancihe digplasement fiona fhe jawer dead

mﬁ'zﬁéhﬁggﬁﬁ gh% g;%ﬁgg o w?E pﬁ)ﬁ%gg@gﬁﬁeﬁ% |8§§' g h(—?@@lﬁl@ Detwe-

havi ng

eﬁ%ea&E\ﬁk %hgl"ée?] §||1d gbsar pRe SampCRig Haﬁgerﬁ@wt ﬂne opposrce di-

eachlngs 0] ocunent one foresees a gﬁ E L
rebtidn, vetserhtief plstw sovex &raot the ppaebACER ROIHAIDR to the lower

deagh et AP Ssee ang o OTHABEBRE 2 DB, 13 1T fke0"

y down

ef i w'-r@?oluhan bl fhe lcfﬁm@bfegjilstBet\Amemﬂhemr@es 125° and
age of gas in the | eakage region

mG(esmayageaegroheL@a@ehOW@ver e Pt igitass Icisasgs SNt
[
frealVpndh 5o 658 o SKe e Msan hiSe8uly 1 Bre@Rethis low

%ﬁ&éﬁ@?gt%%&bﬁﬁfme pRtorh1@oul d result in a hi gh
Iction and the consequent Ioss of effi

conpr essdbna;ﬂf\ﬂé@ [formas KapwguEOHY theneriey; @ﬁoﬁo C¥\1]erf:ﬂfrgng this
prrq)é % i %%f?ﬂ&%@ ntnla chieht P@?%{WB %léﬁ'o%%cﬂﬁéé?fhebﬁ% of a

uces t 0ss of gas in the -
piSRIFRERI-ERTHIRR de%éR\bly habmomnablmémgtralmleaw@ce Accor-
piston to be manuf act ured w ferentiat

dingrtadhe tpachings of (s BRCHIRES g, f%?%%%ﬁYﬁfﬁd%r fop hag half

eﬂ? ! Eq'éjt el JaREHDdiamegbheleapandd aad the other
&]& (%Iie &na ﬁ)ﬁ"%lrom ocurrent%\}\%) 94/ 244?36 Accor di ngi_
half hBginy ea@.bnmgml oleardmice that deereases sensiandly seyngto the LDP.

E%%rét”ed%ﬂ@rﬁ’érg{dnbﬁate@%Whﬁb&o@@kﬁ@ B B8 9 IfabEdeqon Lo
g Q?W ﬁwé&gpé d@'néigde‘f—’ rpgr!r']kz??ﬂ le‘foFl)ﬁe gétmg?fotﬂd be specially
doﬁmajredj s@ lteat; atuse toi the ﬂm¢rod¢ad1 @omtstéDPn the 9%@' Clea-
155%9?1'éoégnq%(rg%sesc’;lreoe{]secexcesswel; NiRicROWELICResuitinS B High Hiction
and the consequent loss of efficiency of the compressor as well as fatigue of
the piston. In this way, in spite of the fact that the solution described in this
document reduces the loss of gas in the leakage region LeaR, it becomes
necessary for the piston to be manufactured with differentiated characteris-
tics, which raises the production costs of the piston-and-cylinder assembly.
Another prior-art solution is known from document WO 94/24436.
According to the teachings of this document, one foresees a cylinder profile
that is configured as a truncated cone, wherein the cylinder diameter at the

upper dead point UDP should be smaller than the cylinder 11 diameter at the
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the expectation of a nore precise sealing of the
cylinder, does not exhibit a high efficiency, since
wonboz/ooseoa regi on closer to the UDP does the pPesBR2@6/000146
in the conpression chanber r4jse significantly. Sunmary
and objectives of the invention In order to solve the
probl ens of volunetric loss (or loss of coo ling
capacity) of the conpressor (or of simlar device),

@&«% gé&'%oﬁrﬂ tHe, Q{S th3Cihe |8 | @PAscd WilP RN the rise in

arin i nder o e conpression chanmber in
pﬁéé&hr@ iMgigle tcbatpre‘sl@oih rchetnb@m TihikIsobudions i epiteof commg up to

Bg .Sqibglgéglggréf?aeg;gggtsp?gc\@gg%aﬁmg Sqa 2?@@9%'”%8 L €253 Shibit a
lﬁ@l’? %ﬂ[&l%tﬁb& @E‘u@e‘%r{l% ln\?vﬁ |r¥%|BﬂVc§o§er5{b 9hb fUIﬁla'éfoe%ftﬁé Cpiress.ure in

he gas to be conpressed
tﬁé%bhﬂaréss]m@hamtfeomse sigrtificartily. pi ston, a noment when
t he vol umstrlc | oss i alrs the efficiency of the

Q0 nvention is based on

the fact hrlﬁaert fbe?i)]l@é‘fﬁg r@éleﬂ%softmwgﬂldbgsc(bﬁﬂfs%@fecoo-

exi st ng ween e pli S on and the conpres sion
iHdpedRcity$ of tielcotmipoessuir (ohef ammfaerdavw); acmrémtceﬂﬂe pre-

i G R e Y 1 v
éﬁq‘?ﬁﬁé‘rr Ix s'u% e it gtﬂ%tOcHQW i@Rw Wil FEN@TRAY aé pesibl mctBe phase

when t ton 1s quite close to the upger dead
When“etthetgm bemigagmmplesgad stil clpes ratlexest a signifi¢and force onto

ém”e?faéa%%ip%n@“ﬁmhw st EBRr it G g dsg BPwhich
é&f@b@sc%in%egééw‘%&ér@ féog&eét&efo%mbhtcoma/pmtmn 4 heoment

pI s?on cones close to the upper dead ﬁOI nt. In this
whgn thésoluaaieg dossfimpairstthe eifigienayeofdhe SPENEESEX: st i ng

b .
copt sl THudyPe e i pERTERRH A FREAREhathe I08age
6f ?éé%‘r%@ ghStheedlég@fce rexidtingr isgtiveenviher sistdneand the compres-

ference between the pressure inside the ?%ress (51
shammmfdsm@nﬁm%@el diffgregeefin PEPRSUIeH A gas inside the

di t b

SRR Bl PEARHE BpuBHG Gl din PS i 0 proase
tH ar&stsuaé w@@th@@@m@msﬁlomghiambwetakashpiapeslrdmv\dne@ the pis-
t he conpressi on chamber will be |ar

tonisequithelope toree fupPef 9GAN\RAIM B owaoeint %5 QeGYrg U at
gﬁ% E%‘ IR%’%ﬂg‘% Rets%R)'P\ ghes a5t BYREALBYs ﬂ?ﬁﬁﬁe@fﬁnetral cle-

assenbly, the piston being
Gramdcaedsty bptweén tireeplistun amd the bmoy&sanfechamb@r should be
I h
Csmallllnc()jrﬁ{/ whae\|/1I t?]e S]ist%on rrﬁéc’s? Ic:I%se(;co e upber Heag po'ir?tnlr{rﬁns way,

the leakage of gas through the clearance existing between the piston and the

compression chamber will be kept small, by virtue of the fact that the diame-
tral clearance is reduced in the region where the difference between the
pressure inside the compression chamber and the housing is significant, and
the dissipation of mechanical energy will be smalll, since, in most of the leng-
th of the compression chamber, the diametral clearance existing between the
piston and the compression chamber will be large and, consequently, the
friction will be low.

The objectives of the present invention are achieved by means of
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Vi ng between an upper dead point and a | ower dead
point, a dianetral clea rance separating a slide
weoeund7awoe0of t he piston and a cylinder-gui de suPCamB®R2006/000146
the guide surface of the cyld nder being configured so
that the dianetral clea rance wll be variable al ong
the di splacenent of the piston fromthe | ower dead
point to the upper dead point. Said objectives are

a achi ey Y t t fhokhidned wi-
P SfuPA SYfe st E el pSfont DAY AMeAbt bIP oS
thinsthercylindéothe cyleaier Having §tlconuwessibn Mamhe‘ra’tt@ plB’t@n mo-
one of the enbodi ments, havi a first .displa t[ ol
\éng betwearhaempﬁaﬂp@mp%%@mr g Igwgr dead 8. B‘i“& ral clea-

réﬁgg %gggHt s'll&ta tsii]J%%ét(ﬁC’th@ Od]@toﬁréﬁd la%yhhﬁér—@hfd%t surface,

enent stre bei'ng positioned close
tHe lrwddei s@ﬂawoﬁthe ;ayixdmder bemgoa:dnmgwadbeduthehﬂwe dlametral clea-
cylinder having a fir di spl acene tret
rengn ot e M@H@t%ﬁr%f)ng éhs Elag%r@&ﬂ of |pé§gﬂgn rem the lower
@é%ng&nt {dqth{er W%Efeﬂacﬁﬁ@ﬁt @‘:QH'deectFVBS efré lz%0 achieved by the

acenen el ng positioned closer to the
fappeat drad/apiation ,oftthe digietraé cledirames alongt theh@lsgkgggment of

Droisnas nabedtoita oviadar Shae purass.dh XF qiiibe & Raients,
ﬁ%\ﬂﬁr@taefvrsggir% delfi‘grﬁéiﬁ sHelén ﬂf c?lﬁﬁlrl'éﬁpﬁfomb?aﬁd I@Béttor&hdlspla-

nmeter towards | ower dead point in
(cénaelhtl steatchliiis plumcateshcors pmftteh tb@.fmgt displeseryant sirgigh being

L TShoR Gl R S0P TBAT SROBEERARIEAE o

d)ﬁ%%id‘?\aV 8iffst efs#dt%nhéi‘{t%tré?!@lﬁcﬂn RAINthtddicome m@fdiermhd a
splacenent stretc Further, the obj ectlves of

t he
semmsplaaemembntra’w@ inc trupoatgdtspnesringleothey |@9‘,|d||s,p({@qement
tonsa d
srtchamirgabF RGPS BRSEF fo tli Fhpd SERP by e thb Klinder diameter
Qﬁ"é &Spet! R PSInt bEingrEmaliertthan e OyIMddrlmamaterat itoa lower
he 'di aneter being non-linear. The cylind
Heae pwirtt asd tae gpllaa@@naéﬁhe WP@QW'?W‘&&?{ ONTFE 406 Side of the
rofil e d
i Fa i 87 iy SFRY 1943 Ber do point
e At @léﬁﬂaéérﬁ@@tasttadhwm difieféntefrandhe reltiondof the cylinder

d
b of b EGHH 5 S Gl

%Qv?%rdtﬁ%ﬁ %ﬂa% & tﬂ% I+®§r éé&P ﬁgﬁP{h% CEIFRRY (ﬁéélﬁ&éﬂhent stretch.

poSsi I eés 0 ving this dianetral
vari at i onFprthpgrthe abjedtivies mmteefmesent/\imwehtlwm@r@@@htayed by

SoariTnbl o DdenTast s BR RISOrATECH el BRReplff B cytinder
(A9 gﬂg é)trgi‘ﬁ?gﬂf}ﬁs Jatiapi eiérﬁ%k@r 4A8 s‘?%éﬂfetr%lée@\@f the end of the

pres I ston a cylindri
stroke, the variation of the d|ameter being non-linear. The cylinder may have

a first displacement stretch in cylindrical profile and a second displacement
stretch in truncated-cone profile, or still a first displacement stretch in trunca-
ted-cone profile and a second displacement stretch in truncated-cone profile,
the angle of the second displacement stretch being opener than the angle of
the first displacement stretch.

Within the possibilities of having this diametral variation proporti-

onal to the force which the gas to be compressed exerts onto the piston, one
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cal profile in the phase in which the piston is close
to the mninmumat the up per dead point, thus
wonrew@ae2ong vol unetric | oss; a conbinati on of PGO/BR2006/000146
conical profiles, the cone @l osest to the upper dead
poi nt having a nore closed angu |lation, so as to
decrease the dianetral clearance and thus prevent
volunetric loss; or a solution in which the cylinder
rﬁﬁoglegeé éﬁ%ﬁbihéﬁl&%f 3"Gr&eRlin SR ietlcsie PR)fH’@Qd@Wthe
e diranetral clearance in a manner Inversely o
pIhﬁQ@GM_i Whﬁmﬁihgt glasf h)gertsr Eﬂmrrmesmfmet(ﬁuo tige ui&toghar;]@ ateylindri-
the piston. Brief description of the draw ngs The
cal st In Wpamiase NG HAP BRI IPFD oY (T GTEAE At the up-

b i RS |STRNorhISABRSIE BF 8o iconical
RS A RSP SoRRAP AT oo Raect ol onie
psefilesphezete\diesesbto thecapperatesidopoiohbatiag aohoemclosed angu-
alternative conpressor, buil Fccordi

laticns worasstodeqraese fegdiagatra pefqr@aqeegxgd ittliustagrgervgahvolumetric
Ié%‘sg\gr%gsélgﬁ?rg @L\ﬁﬁiicﬁrih@%ggﬁﬁ}irﬁrﬁﬁleﬂgﬂohi-lma@fanﬂf&)nfigured )

ton an age of g ough the clearance )
fxiosdéargasetheediantdtml piestrancainiatraneemiprerselyoproportional to

chanmber in a function of the crapk angle; - Figure 3
the pée%%ﬁ%ﬁé?ﬂ%@gy\ﬂi‘%ﬂ/aﬁfonﬁ%g‘eceﬁg%ssigon charrbgr
SAGRRA:ABdYGr hEWaRiRE@ cones according to the

chnrngs of tne present invention, - Figure 4 is a
schemat | ke prespniisyentiorewilhbew beadesajibeddn gragter gtail with

Bl R el e GBS TR R

wher ei n tLhepighfeet 68 aCéienatizddnviewnsies cdaagtessionichamber of
(UDP) is cylindrical. Detail ed description

] of the,
an gliernative comprgsson builiyaeessdigdadha teaghings of the prior art;

i oton- and-cvl N i -
Tanner ¢ RaiBHIE B FodreeD v igdhg7ERRtn Basfuer tRe positon
B0t pisRRAchrid akagé e geglthrulgh the. cldhenceexisting Hdiwess the
a conpression chanper C.The comr353|?ﬁﬁghan‘ger F
pistdreand trevampieassion; Ghiamps i IAMeclipe AT teCrBNE @89'Ci 0

is displ . h ' [

ol e wiont IHE® 51 B REEmEBEd RAEND o hE (PR r s P hember

Jhapdl ageivAtruntatet acoresFaseordimmatee she teachings of itde present
surface 9 (outer surface of the piston 10) and a
twenhersr gui de surface 12 (inner surface of the

cylinder 11pqd nz% 98 daerscﬁgn%ﬁﬁéév&rﬁﬁt%sgﬁne@F\él’m&r dfaving a

the present ivention, t
cylindrical part in another embodiment of the truncated-cone shape ac-

cording to the teachings of the present invention, wherein the stretch close to
the upper dead point (UDP) is cylindrical.

Detailed description of the figures

As shown in figures 3 and 4, a piston-and-cylinder assembly is
arranged in such a manner that the piston 10 will be displaceably positioned
inside the cylinder 11. The cylinder 11 has a compression chamber C. The
compression chamber C varies between the minimum volume when the pis-
ton 10 is displaced to the upper dead point UDP and a maximum volume
when the piston is at a lower dead point LDP. The diametral clearance F se-

parates a piston slide surface 9 (outer surface of the piston 10) and a cylinder



10

15

20

25

30

slide surface 9 of the cylinder 11 is configured such
that the dianetral clea rance F will vary al ong the

wdizeplagmeent of the piston 10 between the uppecTmRaee/000146
poi nt UDP and the | ower deag point LDP, and this
variation may be ei ther liner or non-linear. One of
t he enbodi nents of the present invention can be obser
ved in figure 4, which ainms at approximting the

q%{]ﬁjet it Cf% gﬁﬁé&‘&ﬁ‘f&eﬁﬁth@% yiedavior of the

ss illustrated in figure 2. According.t
thl s enbtdiondart o addieverthe sdjedivesheinther Prasent tb\%avention the

I S e
ﬁé@FC\MHL\B %Icﬁ'bd ’éh’éd&bﬁlﬁbeﬁ{e‘hf bf ehexpidten SermWeen the upper

|sp acemen stretch LC in truncated-cone profile, the
deasltp(ﬂmisUDﬁ’camdame kxw&rtdﬂadmbll’el-mj’ @@guthl%vﬁ;r@t@ndg@ytt@ ei-
t he, upper de Pm nt UDP. As can be seen in figure 4,
thlingir Q887 INGAT he truncat edcone profile i's m ni mum

close to dﬁ@oﬂ&i@énﬂ%@ﬂn@ﬂsf‘dﬂ regagt imvertiopean be obser-
fically at the beginning of the displacenment stret CEé
vl inrfiguyé idnwhichadins af aprroximmatingsthessipmetich claanneelide the

ad t L -
eV e da e iosslibfatt i RS 2, Rek i) ffis Bmbo
SihRAt AReEcdmBressiohnéhdrabaeanl béeopfiglied mnsudtha manner that
conpressi on chanber will be m ni mum and copst ant {j R
therstige @mrfane\ﬂr@fcﬂ‘ietqyen@wew wilkBave p firpledigplacgpest ?ﬁe chl

oA e Sl B3eBg BpgHheri e LU e cone

odi nent
;safoﬁréwh@rﬁeﬁargplademﬁtusnmtcrs heWwbeing posjioreed closkdo the upper
cylinder 11 may be configured so 0,. hav

daspbaint M. AR o0 ¢ GreaNBAGLENd: TS ERPT . FuRcated-
st Proaft RRIpHATEY bigt (5 46S ubbrPtsdd Bt e Abhd misiespec
eyt atommedbedinsiegt of medlsptaeenmst@mmLRmcylmdrlcal profile,

enbodi nent, the di amet of t{]l?l?ﬁyl i nder 11 at the
a@%é‘rm@éﬁ’@f-‘rﬁcﬁtﬁ‘ﬂe (G a]da‘? B an the di aneter of

the cylingder ]tﬂe;%twfuflfe %%‘%bndﬁ’@é& fPinat upddr-dead point UDP in

Preferably, he angle o e truncated cone in the
aanthed tiophetrs reedraste 6t ekistiagiketwees tbpepistamaand fee com-
angle in

PR CRATBREWIL He TPELTCR B SPUEE L A SRRy Elh wpich the

[:fé%réﬁ’ég \ﬂ@eﬁe varigtle H“SaéfpE@éltléﬁf@ﬂtH@plétorUDﬁ’&min@maﬂIIaum at
ea olnt LDP in the first displacenent stretch
tHe iosvettideld po&mttLDl?om the rel ati on between the

di amet er Rccér%?n Cy’tloI ggg{h eﬁ]tboﬁnﬁeﬁ'tp%?rthe present invention,

shown in figure 3, the cylinder 11 may be configured so as to have the first
displacement LR in truncated-cone profile and the second displacement s-
tretch LC also in truncated-cone profile, the first displacement stretch LR
being positioned close to the upper dead point UPD. In this embodiment, the
diameter of the cylinder 11 at the upper dead point UDP is larger than the
diameter of the cylinder 11 at the lower dead point LDP. Preferably, the angle
of the truncated cone in the second displacement stretch LC is more open
than the angle in the first displacement stretch LR, which results in that the

relation between the diameter of the cylinder 11 at the upper dead point UDP
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dead point UDP and at the | ower dead point LDP in the
second di spl acenent stretch LC. In other words, the

woebetoogo2 bet ween t he cylinder dianeter at thePapB®R2006/000146

dead point UPD and towards the side of the | ower dead
point LDP in the first displacenment stretch LR is

hi gher than the relation between the cylinder 11

di aneter towards the side of the of the upper dead

SRS O o | o1l 8RS kploc b ity L i
tdre frorofthé eelation Heetogkennitierdiateter ofotihel cyliger dridai the upper

fi t the dianetral cl
Aok PR P PO Be s et DPBRLPT B AGeGPagSirscement
§ff§lrchq_‘§.by the gas onto the piston is not illustrated
I'n the tigures, but should have a slide surface

adj ust ed lkncethediwogds,cthehreldiioinavetarecofthe rayligder diameter at the
ressyre/ gas | age,,as illustrated in fiqure 2. . .

o desrh et P L irars dhis s Bhne e figacpoinl EDP in

1] - i I a _

5 S uAL R SRl O gty

glindgrpll i didmeter towardé éhe sideddfrtbataf the siwpebdeaad ippintdJDP and

PR Bnar12af g0 LT FEip L i oSt SraRTe.

di spl acenppé yepsibatiANeEicAHe @bfilhsf SRMBylirdeR . 11PIseMSMinear
| eakage of conpressed gas, wth a dianetral clearance

adfs codfiguredssat as 4e denprase theclipeial eleasanaenis garanner in-

(bR BSGITERES Bt B SR G VU RSSHRTHI 40 o o
NRtragPRehedRAFES DBGH sHBd $a08! 4 slidyleushea ddjustéd bid€ording
scope of the present invention enbraces other P033|ble

tauthetbiebayior wéithg gasrpressuseiogs Hoakage, camilligtratask in fgure 2.

co [ cl.ai : 0SSk :
S A e Ut B oS BRYRG dn o RSB splution of a
o iaptiaylindé) asweintigy dnswhiehahbtyagisgs obithedpriesshidiavention
the cylinder ( 11) , the cylinder (11) having a
m&égé‘péhﬁ%hanber (C) , the piston (10) noving

e el S92 ARoRS eI @ Jic st e
pbfdatine$ b@}ﬁ@ bretent imfemtien, that is to say, to provide a minimum dis-
placement resistance and, at the same time, prevent leakage of compressed
gas, with a diametral clearance adjusted so as to accompany the behavior of
the gas within the compression chamber C, thus overcoming the drawbacks
of the prior art.

Preferred embodiments having been described, one should un-
derstand that the scope of the present invention embraces other possible
variations, being limited only by the contents of the accompanying claims,

which include the possible equivalents.



(9) and a cylinder ( 1 1) guide surface ( 12), - the

assenbly being characterized in that the cylinder ( 1
wapoguoge2 sur face (12) is configured so that tRET/BR2006/000146

di anetral clearance (F) willgbe variable along the

di spl acenent of the piston (10) fromthe | ower dead

point (LDP) to the upper dead point (UDP), and in that

the variation of the dianetral clea rance (F) al ong

t he di spl acenent of the pbﬁﬂZﬁMé 10) is non-linear. 2.

A pi ston-and-cyl i nder asse y according to claiml1,

char act erf.z&gistontdrak-cylindec Assanbly, (the pigtos! (183 being displa-

Sepharsiiate Tide beindecbbing o spi acement st et ch
(C) in tth%&@ﬁ&&c@ﬁzgﬁ{/iﬂ id SmrgPFl%sfder’ﬁarﬁbérpd@\;,emm

stretch ( el ng positioned ose to the upper dead
5 point (UDRE.piSonA1p) staving betwsen adetpres steagl goint (UDP) and

according to claim 2, characterized in that the
@i'%@.ﬁ@a%?mﬂhhﬁ%ncat ed-cone di ameter is larger and
closer to POENseparatthg thpRtd el et firface
cl oser toaidﬁﬁn%g%‘géleg%g%epg Pn?ls(UDP();. g A 10)

(9)stnara eyithdey (1 hdguidassgabéy12kccording to claim 2 or

3, cha racterized ,in,that the diangtral .

inthe fit %ﬁ%ﬁ?@&@ﬁﬂ& oRaIAGtes g?ﬂ'ﬂz@‘ﬁ‘tﬁh%&ﬁl‘ﬂ%‘?eﬁ@ia guide
10, BB e AN o LRI Samat duironde [y g i

aloagdhardspacerhentef theupistoned O fieen freofowes deadnpeintdhRP) to

| ose to,the u ad poi '
Sob e SRR gt YR T it
AR ViGHE PletiSslatdmehabMh, pistaar(ao) is ndreftear t hat
the cyl'i nder 1 1) has a first displacenment stretch
(LR) in tR2ubgéstordncdondingebassemblydcgosdigg e claim 1, characte-

di I I st i i
15 PrSB I FETTA cpIMBL D o ol el R 2 P BRIy stten
t@llﬁrq'ﬁmrcl;wiagﬁ&m ?fil@%rndd@@éc@ﬁd displddeRent tstretati ¢Cripiretruncated-
e Cyl I nder

cangarofinaiheriet isaieeamoat Saich dyk) RGO RoElonee! ffes to the

LB AR ol QPEILD) 7, L 1 et L

poi nt ( UDB) Agiistohkendsgylindee assérmbiyt ascoading lie cliinne2, aftharacte-
20 trirrl_'gd ir? Yt\ﬁerlt the diameter of the truncated-cone diameter is larger and closer

to the lower dead point (LDP) than the diameter closer to the upper dead po-

int (UDP).

4. A piston-and-cylinder assembly according to claim 2 or 3, cha-
racterized in that the diametral clearance (F) in the first displacement stretch

25 (LR)in cylindrical profile is minimum.

5. A piston-and-cylinder assembly according to claim 2, 3 or 4,
characterized in that the diameter of the truncated-cone profile is minimum
close to the upper dead point (UDP) and maximum at the lower dead point
(LDP).

30 6. A piston-and-cylinder assembly according to claim 1, characte-
rized in that the cylinder (11) has a first displacement stretch (LR) in trunca-

ted-cone profile and a second displacement stretch ( LC) in truncated-cone
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dead point (LDP) in the first displacenent

(LR) being different fromthe rel gti on betvv:tegetﬁg
woybirrde202 (11) diameter of the side of the uppecTm®at6/000146

point (UDP) and the cyli nd% di aneter at the side of

the | ower dead point (LDP)'Yn the second di spl acenent

stretch (LC). 7. A piston-and-cylinder assenbly

according to claim6, characte rized in that the

orefietnst feh ISR 6 1<) B0 Ergitonaf Elostt £ p ve-
pelgt%l\‘/\a/e&?co%?@g%)nt (LDP) in the first displacenent

_ $ larger than the relation betwe th
di ane ¢ ere ofarbier afithadsfingan {1 Wratthe wRes dsack Raint (UDP)

upper dead point  (UDP he si ;
baiog Mrgetmnprtflﬂgtdﬂ?é“@ SHdhg @6‘?‘5%@&@{% E‘Qﬁ}ée%r( @%d point
(L%P)éﬂlgé ston-and-cyl i nder assenbly according to cl ai m

: ac terized in that the diametral cleargn
i s propahtirelaibntbetwaen fioe cylindardA 1) Hianpeier Péﬁlfggid(eF f the
conpressed in th%ggr(\) ress

it a5t DRIt 1BPP o TR Ly o FBger, sie S 6P R idwer
| 5 Vi i i . , .
BB Esaatiee ey A sar ey o
tesrovaiorebtmcandne mfihder i) iameiea e sidesel BeapRg|dlead
iameter variatior [ -1 , Y .
o O L 5 80 58 5 B oy b dcpor

(@%gilrrﬂﬁg:E%gf)néhfﬁéﬂénﬁéﬁ)stiéﬁcww&ﬁdri cal profile and a

! ace nent stretch (LO in truncated-con
pL ofil e.7;lA.p|s%ongandP@é|ndgga§%e;mh qachr pg&qnc%)m ,c?\aracte-
ri(ég&;ir? ,(’:tl%,gt{ ﬂhéﬁrggqq a{] %%%%B?tgf]e: ({iigfne% o ﬁ@gﬁgbé% ehé Ride of

€ and a secon

4 RN} L90F) U s oo oas o P8 1 0
fipsti digplaveraenpsinetchd hRY ik lagagl thag t H@laﬁliopgtee%we(ah%e diame-
tgll‘ gfo t"\gccwﬁé]etar (Sitls S{ ﬁ{é él&g)of the upper dead point (UDP) at the side of
the lower dead point (LDP) in the second displacement stretch (LC).

8. A piston-and-cylinder assembly according to claim 1, charac-
terized in that the diametral clearance (F) is proportional to the force which
the gas to be compressed in the compression chamber (C ) exerts onto the
piston (10).

9. A cylinder for use on piston-and-cylinder assemblies, the c-
ylinder being characterized by having a profile with a diameter that is variable
and smaller at the end of the stroke, the diameter variation being non-linear.

10. A cylinder as defined in claim 8, characterized by having a
first displacement stretch (LR) in cylindrical profile and a second displace-
ment stretch (LC) in truncated-cone profile.

11. A cylinder as defined in claim 8, characterized by having a
first displacement stretch (LR) in truncated-cone profile and a second displa-
cement stretch (LC) in truncated-cone profile, the angle of the second displa-
cement stretch (LC) being more open than the angle of the first displacement

stretch (LR).



