MOVEMENT, | MPLE AND BALANCI NG OF SAI D DEVI CE The invention
relates to the operat . dynam cs of the connecting rod/crankshaft system
of piston engines, re I'procating conprgssors or any nachitae with a piston,
and nore specifically non-polluting or pollution reducing engines with an

i ndependent MeTHLDSt | POR and/ONTRXIANE] onMabamler . FVEFEN r ok VeMENTYr - St r oke

internal co ' [ e €nal Ln [ |1 -known
connecti ng E@Hﬁ@hgﬁﬁ?ggsﬁ§§¥§§iéﬁﬁgBﬁgﬁﬁ&gﬁ?cgﬁ %@?ﬁaS%Yg? nsliding in a
cylinder. The piston, in its downstroke, takes in an air/fuel m xture then
conpresses it in it p : ti I3 . top part
of the cylinder, at§P§s§§ﬁ§ﬁFé%?WS%ﬁ3%§§ %ﬁg?giif&%g%ggﬁgfg'ﬁéﬂ% Its

t enper at ur e2fnd thees s@rBeEtd8g TROsFaskshafitng syBtET™e@f r FisE®n 0 a very
hi gh pressugggifBseXpakdipidcat inkeidonprRsByre d9Er gagemadhine RAGH the

pi ston which, via the coqggcthg rod, dt%veslihe rotatlgg of the crankshaft
thus creatifig WorPEFnowf s LT ponEPESEFoka: - Fhe PRI ROOT UABIpi Son, whi ch
descri bes apokiaenbnal | yeduoisgi daéngime®, oriadi es aronstiaidepeinsleoit not i on
and, although jts, myve |.S o] top dead center, the piston
is al ways i%OW%PgBQBMTﬁﬁgyg%a?gbgﬁgg?ga¥$% %%és engi ne manufacturers with
one of their greatefvopsobbkes, omorfewpetirbkeal iyternahe admsgficgonbust i on

which has t@,Qentsi 9ggEededy 1 91 k@B PHaQh,t 0 usdRgdead GRANRNnolRE Start
of conbustion™therefore ézuses an increase_in presSure which generates

negative WOFRNMRFERNS afO8L CEBRE STYRHR e D ut(Bhe - ipen oRY) Wi | e the
pi ston begi psstdbs dewnsingkeini ngr eagl gdhe viHdinpieftdrhe Ghamiers t endi ng
to reduce the pressure that conbustion,tends tq increase when the charge
has not cong?ggﬁﬁr?¥§'c St tOe ! LT '%é; AV i &gﬁ?bcﬁmeﬁﬁsgfhaust and
15 APRIL 20902 in2itspepisngokt tbheard ¢he tchebeastioneghtimberwdnk thier ough t he

drop in pre re_durinpg e ts_of .earl iLn cl re of the
por s, 1 b hrab Bl [ shed cha: St LAasrr cafi drtnaredtEadotitet L AMHEE s
descri bed aitetisodidgwitaetbpodhdt iitg dierdeyiatairg tdndinpragdepeadedise-ext er nal

combusti on ghanhers. operatiing opnhhe glual - mdecpr i S PA € WS NI KiWR Sour ces
of energy, using either a conventional fuel of the gasoline or diesel oi

type, on ro@d8sithgl @2 A YIF (RF rathsiDs e, decneswespeedyve

parti C:J: ar |l yakl ﬁ:@\éﬂ%iadr”]td)rﬁubllblim, add ﬂﬂleCOcEmﬁh x@@@eﬁxf i Igati todipr daﬁwde@t her
non-pol luting gas) to the_exglusion o y other fuel (single-nbde air
opernti on.  Pies Eotat SouaGt uf P EHoNkAHRFFORRLE  CoRAFLEYatORkr JRoMR i o
patent appl asathenn®f0%Bthhke he aut hor has described the installation of
this type of enginen §iqigl eddengpepalion Witfkd hadddiion of,
conpressed air, in service vehicles,” for exahple town buses.” Tn this type
of engine, ¢ssentiilby wodesoilela FuFvel FIrRBGPE | GONFEAR: | REStand

conpr essed m@tﬁgn'QH@PGQQ%%E%?Hf&%%aﬂgvéﬁgﬁﬁe§%'%ﬂdﬂgﬁﬁ86wnTHb§r”‘Xture
is then transferred, still under pressure, tqQ an independent and.

const ant - vof e d€8fth GSOItET - cHdt el 1 fheR e 1Pt Hleaygni i d"biaR- t dPffcr ease

t he tenperaéwtge a@ﬁb@fﬁ§ﬁﬁ£ef@fze§aédgmhétﬁéﬁ%f&étﬁfeﬁstwaﬁﬁf @ﬁepglft_
connecting said conbustion or.expansion chanber_.to ressure-reduci ng
expansi on_ ana BxHabSt CERaNBEPPIERPs MGHELrE S 11 G5 12 findblC | Filfe | att er
chanber to @f odworduatrilon Thieiekpdwdedtgades aréggheaddilychaggedibo t he

at nosphere g n ha pi en raf. on cai power
the fuel iH%%%%%rh¥€ ﬁ%éﬁogéég'oggPa¥gd;ﬁﬁﬁgtﬁﬁgﬂgésgf tﬁgpgﬁfg?phtroduced
into the conirrEeiore chasees somBwhainaiaaae t henf ugdrdsssereconphésbed air
frO”‘the"%é%é&éﬁ@%C@@@ﬁ@§§éOﬂoﬁﬁawﬁﬁéhhé§u§§§nsbﬁé 6Bt ehthenhahker, a

smal | anmount of additional conpressed_air froman external reservoir where

d f
the air is QR atOnhi §F pressur eWiide exBfpl @ HarPeA " SnbLERL

t enper at ur edownstroke, increasing the volume of the chamber
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tending to reduce the pressure that combustion tends to
increase when the charge has not completed 1its

combustion. Likewise, upon closure of the exhaust and
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15 APRIL 2002 - 3 This small anount of conpressed air at anbi @BtAPRIL 2002
tenperature will heat up upon contact with the nass of air at high
.tenmperature contained in the conbustion or expansion chanber, wll expand
and increase the pressure in the chamber to all ow engi ne work to be
delivered during expansion. In this type of engine, known as a nonpol |l uting
or depol | ut PR§P&RGi et the tiiedfertBfrgadss »p9ali¥ve r YRrkndumHslst i on

chanber to the pagsguraieguelsiairexpansing chanbebvewshral sefbegim pefore
top dead center .and create ne%atlve work which is prejudicial to the
e

correct opePREFSRIAEhELERYFRefusteaBOFhE pressure has to be built up in
t he pressurereduci ngnexpamdison clpariiersHeef or e gadtent st oragdydlgi st idrs

downst r oke. main_pr f th nt.i opal _ ¢ ctd

r od/ cr ank sygtjgr???gt?ggl’osgﬂ%f ‘%‘8%%%? glr?(f pgfe%g‘?}{%ﬁ&dugi n%e%ﬂgegopﬂec?@gti ons of
ignition, cdmbosdiiubAngi npact foainer avstler  arndindepeadant axi/eymsaslt art of

intake. To sglMBstRbs PreRh@Berit hasePgeindot &sh t hatyd hesk Angipd ons take
pl ace in volunmes which always vary, and specifically the piston is always

in notion aRYLPREPHE HFEQG R afRUTERE Sty SNSHW neVetnNBoRILRRE. Abre
speci fi cal | yontBatsubhectfefl tde theephisoline amedhesef obitomyd,l ing the
novenent of a pi sté)n 3I .. di Eg_bet ween. aoftoe[l dead_cent e{) position.and a
bot t om dead®Bert@THod PEPIAET ROdE o\ A HEME Jof FREFREF BFbe & ng?EndiHe t hat
has a conmbuspeed, andlaort iexgandiyon ighantewns epandt e sbibambbyt iadding d
connection w ylLi:nder, .t | r eriLzed,.in at it

i ncl udes thgbépg%g%Fasul& a(r?tri aﬁ?%@nggégo%%%té%%?t ﬁg pﬁt}%t on at
top dead cefikelu@hpheofr agyupshey faied dsdmpde-agdel PBratoperngtipn.he
pressure inchhe ¢yl tad%axatv&%h k8B bR t9bnablrebohbeelBbrodyeyi onof fluid
into said chanber. 15 APRIL 2002 4 It is _therefore possible, in the case
of a convenPi8nalP=&dt okdPRt1921PBke 98AQ7AE4  t o thfhi t RUERRY ch&@§e whi | e
the piston deskepbedt diep UracaTeat£énand WHie tipeCc@bushdOne chaTber
remains at its fmall st vaol ume, const ntqls%é t(g V\@it fo% t he char to have
been conpl eBENgBIPRECHEPSFECHRG g tHE RITHE HRNSE - SREPSEE SSFhi s

havi ng the efifecinofeelioenathiglébe bHackeypamskalrteowurbugesarly ignition
(as in current engines d, [ VIFt nor.e, Co. e. usthan, to
obt ai n exhaust i(\:gas ggn _?scg?%nsti%“l c#cgﬁggkﬁi’tﬁ%e aglonilp)ltﬁ%ellonﬁg n’ttﬁ?%case of a
di esel engi agr/fuels ninisigosspbldrawn | Apeet ante roaprekped the pinston is
n: top dead;ggBbEhdehhUS MRl NJaRACK RPTedkesndue-hanbde. st ahli sof .
conbusti on before top dead center and whi ch produce ng&atl ve work. It is

)P . _
thus possi bP&Xtihet ié el of ranstehgPfe ®CthlatidfdepehgRErEont@sti on

and/ or expassi dhddparaent t andr asi@antheoluees WWeanais t iten gasemband/ or of
t he corrpres“s,ﬁad air._into the. pressure.-reduci ng ex aggi on chanb%r w t hout

. %re it 18 1 nb 50 ﬁs to_ ., 1ncreas ? teage ature
creatl ng any ack pressur erore t_e pi'ston reaches Top ad center and
wait for trandf@rassudraveocbcaaidcedmbafore.t st an thegisiser t podbwnst r oke
I ncreasi ng &ﬁﬁné{ #PH? Ua it C-HRSISHL & CBYCT g, SXPANST PR RBRFDE , Whi ch
woul d have the effect of |osing pressure an her ef ore power.

pressure-reducing expansion and exhaust chamber, this
mixture will be expanded in the latter chamber to
produce work. The expanded gases are then discharged to
the atmosphere through an exhaust pipe.

When operating on air, at low power, the fuel
injector is no longer operated; in this case, there is
introduced into the combustion chamber, somewhat after
the fuel-free compressed air from the intake and
compression chamber has been let into the latter, a
small amount of additional compressed air from an
external reservoir where the air 1is stored at high

pressure, for example 200 bar, at ambient temperature.



In.all cases, it is possibie to close the exhaust port as the piston
reaches top dead center, or shortly before, thus avoidi ng pregskiie26620PS
due to early closure and to open the iplet before the piston begins its
downst r oke. 15 APRIL 2002 - 5 Stopping the piston and keeping it at top
dead centerhdéan bmzdhi exeduhy amf MeedEpkaesddt Oatike per SOAmbkiehiked in the
art, for exanple cans, pi.niqns, etc. As a preference, tqg allow the piston
to be stopﬁsg‘BSFaEBEedéﬁ&chh%‘%,“%n8988c8?’81%ﬁ§tt8’ t'ﬁ'éef ‘agﬁﬁcp%of t he

i nventi on, atilre api dtigrh | segpataohtredcbptaipedsdur eHeveomdest teni bgel f
controlled cQnnect d/c Sy, Th erm"pressure lever" is
used to deggié?ﬁgggﬂsys'{de%&o%lo’t vvoclg;ﬂltfi cuﬁ%zﬁe%ldi arrg}rsﬁl onTenoea\llﬁieT chthgs a

st at i onar ypeadsurepi Mot thed chenbehertef alogh enginevevatlongaanbexis. If a

force apprgxiBgLeby Qggpﬁgdggglaﬁgibg.the axis of the two arns is exerted
when the arns are align on the articul ation between these two arns, then

d
the free end is nad@ tBle‘f‘rﬁve.tY?F‘ri sOof 1 EAFRYY ndRPE coiheck edPB-t he

pi ston. angoltavingl oirt Sleppidnryirey digime St OHer eaeheFert soff 0gagdead center
r oughl y'whelrj tahe tgo f%”it?é“ %t%% ' rocci)% a(r:gagggri qcth hconti nuati on of the
other (at 2Fofd 1807 THE cFRARSRAFET sC23MReEL 68 byPg BREFB T Connect i ng

rod to therede¢ing aexpangiionofchdmbenomasis.alBwe begiti defore heopari ous

el ements i g.space.ahd,thekr di rg;{gsc{t@s gQw;the chanactesistics, of the
dynam cs o et(ﬁe assenbly t%dbe alter ed.ﬁ%’:{ewﬁggi tion }gf telﬁlel glt atf%nary end

det er m nesPER] Ukt Eabetebhet gETHRES ePedpsibac efetheofendicngieen and t he
axi s of thestwhearpFeshiere t Y & Bki gRedic Tbg pasi than Wfed gLl ankshaft
determ nes an anpgle between the control connecting rod and the axis of the
two arns vﬂFf’eC:'}“f %’F%a%ﬂ%eﬂl.‘a‘?‘h%rvgﬁfﬁfﬁoﬁ f PRSP RRE S ttese

angl es,” amdbwaistiwke engt hs of the connecting rods and arnms, nakes it
possible to determine the angle of rotation of the crankshaft. for, which the
piston is halted aq%nef OBQde%ldgc[e“ﬁtgélr.pﬁrﬁ?ise@%rroeépglﬁ%s cioon‘fef{étlloé'f“f’g][h of time
for whi ch edmnegitsing reddcapinbnasystémcdali ag tass pdr toeubat ensbdi nent
the entir g, deMiCy{ Pi S&QPiAGY PLEISUr &AM Jods babénceqﬁbmt%rﬁnd' ng the
| ower armbeyond I1ts stationary end or pivot, using a mrror-inmage pressure
| ever whi (FPRRUSCITNAPRPICODHRN. braggh6ied 97 t@F nExbprugtr ead/o;
SyﬁHEtLiC%?%k@fothﬁﬂﬁﬁméfbmwﬂsdﬁvén@h&@ﬂéﬁ?&%&&hhﬁwﬁﬁbéS#ﬁﬁﬂﬂefte¢

with the abilify.tg ngve al on n. axi s rallel to the axis of .displacenment
of the pi srfootﬁs,é s RER ?%%’ﬁ‘?arrb%ﬁls n‘b%g‘ﬁt p&)‘?lc?néflt VRIGBSSs &R terms of
di recti on dlovayrat vafy t hengdi stpeti fies Iniyretihe opilstent iiss | sldefsndch as t he
product of, ti t [ Sta pt af _gravi to the
poi nt of rmé)}tg(raoéﬂgé.ﬁdl ngﬁﬁe gg%g[h%% gé;?rnu %‘?E%d)l/l iscnk%gbg;ng%nr&g t%’t%pposed
mass may @ SINdt-on which is operating normally like the piston it is

bal anci ng. The i nyRid Apapities 1y, adde ComyfaLE 058l caeMUS L@ ogngi nes of
all types, nore partjcularly to non-polluting and dEPOHUtI ng engines with
a const antWolduMsihnte n o rMRYHBARY oRL cRaRBEFOPust as it

applies Lg;qQ rﬁéﬁﬁéénoé pbpeleaBChEACE rWPbSti BMOLNE Ri BbOBSm. ddhe nunber
of piston [sic] , the shapes and sizes of the connecting rods nag vary
Wit hout tenaay payitiveringat hglindent pénawkpehrrasalisg peghnfethitped.

O her objects, advantages_and fe ‘ LayenLi | C
appar ent {‘Bﬁoﬁ FERRMA lgﬁeaﬂgggrri %H%ﬁglgmat %gg?bla%pg%ggg??%‘l %ggﬁoﬁﬁof a
number of neprhpggdimeshaewbi6h withi thae wylhndefer eheemebhotebappgnded

dramjngséhggagggg?;ed in that it includes the step of substantially
halting the movement of the piston at top dead center while
pressure in said chamber equilibrates with the pressure in
the cylinder after ignition or after the introduction of

fluid into said chamber.



Figure 1 depicts, diagr armﬁti cally, viewed in cross section, onesexpapi er@H?
the dynamcs for controlling a piston according to the invention. Figure 2
depicts a curve of the travel of the piston according to the invention
conpared with the curve of the travel of a conventional piston. Figure 3
depicts a device according to the inveation equi pped with bal ancing using a
mass of the same noment of inertia. Figure 4 depicts a device according to
the invention equi pped with bal ancing using a piston operating in

opposi tion. 15 APRIis2ddmred (b‘[ﬁepfsﬁﬂaf'dr &y ahftat i<HFFy °lvi Bwed in
Cross seckbAlendidaXilCco -gecokd Y to-ddvkaVvenying, and ighitésSthe

i npl enentation in he prston 1 depicted at top,d n sliding
inacyli ﬁé@m?, ¥ WQSO BISFW &eggurret Icteo eréea%‘"l Sé&q%%,? E\ﬁd

connect edwhylét sh@ ncbmbuhemnee:lambd:m\ aler@igysesar ellilsewmaébﬁgtstr ng of
an arm 3 | a | Ned GATINEC AOtASirfd Ntd hi¥edpbanpi vot, on
a stati ong{)% l('gkrléI %Sgi%%gg%gd to the pin 5 common L'Eg;éthe two ar m;n3 and 4 is
a controlC@Bﬂh@é@hﬁg r bgrnteconthef@det o PRIIAPLES pi Fhe of BLEEARKshaft 9

rotating ghQNteibRe Pl BniQ HSvids ehankshedde r eFalgsmilhia iGNt €RE
connecting rod 7 exerts force on taﬁgl common .pin 5 of the two arng 3 and 4

of the prBaskrPresaitre (T oY hd WL 1 (@5 nblle GFBRE the axis of
the cyli r@ﬁ{;m@s) -and, inyreiutnet bEnswirtes damplferecreoisiat 1o, the forces

exerted o e pist during the.power stragke,. thuy ausr to rotate.
The statr%ﬁ‘é‘?&l"pr ﬁ"g‘augtposqq on88‘1%51§’f1§1| A T resp%ct tog‘f ie axis of
di spl aceneatl@dide piston 1 and determ nes an angle A between the axis of

di spl acement of the pist ogaggd dpe ax{%%ﬁgélalé t XX of thg,dwo arms 3

and 4 when they are aIr The cran aft is positioned laterally with
respect tpossibbxi lsooinnﬁetct}hﬁn(fe'relar?dlblre ofh¢ heigke8sdre d%eviéP and its

posi tion &&fﬁ‘em%éran&{lgé eaBobalingendde peattakecornect kag dipd 7 and the
axis of alignment X X o e two arns 3 4 when they are ﬁljgned By

varyi ng tHeahgPEs W“W%%db?ﬁérﬁedﬁfﬂrsgﬁ‘dt VST 0f89c ing rods

and ar ms,ptdifucdy N icharasdier i stics of the assenbly are altered to obtain
a curve of the travel of the piston 1 which is asymetric and determne the
angle of rotation of the crankshaft for which the piston is kept stationary
at top dead cent er By way of nonlimting exanple of one enbodi ment of the

devi ce accordi ng ﬁvgn%ogiglblréh d]rrep Reepgnt offtgg %r §£] n, describes
ht

the curve depict e i gure OW ng di mensi ons posr tions:
15 APRI L 20Gh 8 ancr ank@haﬂld@m ow.cBIb g thirprk engid/oft cortpainsdemect i ng

rod 7: 99 16,Ha,l engl ht?BnQEéEO%hQ:r Prisshde NBE! @R@ Ny Qfeh OWRka /M 4 128
nmAngIeA 21. 4 'Angl e B: .
the compressed air into the pressure-reducing

expansion chamber without creating any back pressure
before the piston reaches top dead center and wait for
transfer to have occurred before the piston begins its
downstroke increasing the volume of the pressure-
reducing expansion chamber, which would have the effect
of losing pressure and therefore power.

In all cases, it 1is possible to close the
exhaust port as the piston reaches top dead center, or
shortly before, thus avoiding pressure drops due to
early closure and to open the inlet before the piston

begins’its downstroke.



It .can thus be seen fromFigure 2 that, in this configuration, IGnAPRE 200%/e
11, the piston remains at top dead center over an angle of 70 while a curve
of the displacenent of a piston with a conventional connecting rod/crank
system 12 with the sane stroke shows tHat-the piston stops only at a point
(top dead center) . _The pers skilled in the art will thus be able to
choose the time for S&i%pgﬁr’tghcemﬁ KBTS ggéaF?SHé?(? ék ta(gp%d)epaag%aetﬁter to
suit the desieméeropemratbiengqiairearsst dnys amgommests dmaer itod, tiurpdrson of t he
transfer, etg..w.thqut er.ehy rl the i.NCl t i nvention,
This dynami Es%és}‘gg ﬁg‘ its@baal%gric?gtrgceééc%?l ilggctgg“lst’hg%%\?gtﬁt’i gg?'Fi gure 3, by
extendi ng the | ower A8 R4 RESRRENES, sttat | BhAPY P oPigitedt Bobyba
mrror-i myepesul & | ever snsi sthedrof %@ra@céﬁﬁgg 38 afldimdated to a
common pin 5A to which is attached, at the free end 1B a mass, 15 noving

al ong an axPSPs&taldfelthe tREERKIL of LRP sBLEERReRE &Pnttl’fé’r{giegtéﬁ’ 12 The arm
4a whi ch i sptreesexteensivert afevie |iowes] fargont i lied facta tdesedeimpart. Wth

respect to th ivot point 6, the nonent_of inertia of ,the arns, 4 and 4A
are’ i dent | o/ SnatndYelkent S EOEF TRESRBHER: L84PH ndft % Khe arms 3

and 3A and tlescrdients sofstiemerdfi &wsf it pilstted brawd ofnd tof bdiesiei ng mass
15. The preﬁggrea ! §¥§Eiéﬁégﬁme'nﬁ tdws F%Ee% W gl ancedy Wil lghidig control

connecting rod 7 and cran aft asse y are bal anced in the conventi onal
way. This aFP&ngBR¥ft RIOREr ePar BXE8tarl§ benefoksal apRTPParaRihg

si ngl e-cyl i pdepbe@REicN@a Ot NOBhEY ALY | 6f Nuhbi 16} 1 HelRs asseifii’ss 15
APRI L 2002 gn the case of a sy tric mJIt'-cyIinder1 assenmhl y, depicted in
Figure 4, tHK&<Bal | AFFR8L s SENGsh e dtPE P LB AGY PRy REORE AN axi s
paral | el tothkeepitsiomrins,amntenheha drews dnal drcamae@achconhere. Theiar s 3A

and 4A are tric Wiih t r nd a | an e ot;her,.  The
i nvention i g'yrﬁ@g:’?errléisfnﬁyc'tgtaed%%8?}%%egan%€dién§n{bg%g?cra?‘gief%gln@d:o&eﬁitcﬁ ed. The
angl es A anaoBemeptbe p@het i pésbpnneyadchest ofet heroror desmshr atealtyeror not

si mul taneougl,y, AELO PHED&R, Of 5 L] b DAR &1 CRBGY BY-el MRty AR 0T A d
nunber, the ne?_o of altlng the piston and keeping it stationary at top
dead cent er cRByipeakérnePédthy 6ther hahndreuef 480Chms or pinions or sone

other way, w thout thereRp-aldiirtg tihe | ayemddeng whbgh Ras ddigtrdieen
descri bed. 15 APRIL 2002 10 AING 1. A nethod for. controlling the
novement of CAYBFSEORISEPEi 1§ & 1525 1§88 e e ?ﬁoﬁwﬂ &Y%b?hd a
bot t om deadThenberipdasnt odn tihe &agyldusdes] eofendsr d@i ppaceat iang engiinre t hat
has a combust | nd/.or. ansi.o h r.. rate fromabut i.n flud
connection %%%%%gggyﬁlﬁé@r ?%thh%%%%rﬁéi%ﬁgschgr gégeﬁgglgﬂui%ﬁ t(#lat it
i ncl udes t hehst epsebmbdibst 4ot i del yaltered. The position of the

stationary end determines an angle between the axis of
displacement of the piston and the axis of the two arms
when they are aligned. The position of. the crankshaft
determines an angle between the control connecting rod
and the axis of the two arms when they are aligned. The
variation of the wvalues of these angles, and of the
lengths of the connecting rods and arms, makes it
possible to determine the angle of rotation of the
crankshaft for which the piston is halted at top dead
center. This corresponds to the 1length of time for
which the piston is stationary.

According to a particular embodiment, the
entire device (piston and pressure_ lever) is balanced
by extending the lower arm beyond its stationary end or

pivot, using a mirror-image pressure lever which is



hal.ti ng the novenent of the piston at top dead center while prassarreLi 2002
sai d chanber equilibrates with the pressure in the cylinder after ignition
or after the introduction of fluid into said chanber. 2. A nethod according
to daim1l for controlling the novenentsé of a piston in an internal

conmbusti on engi ne, characteri zeg it?rsl,tthat, t he O‘E‘(Farati ons of igni tion and
conbust i on SPBOFEF ot e FSHNS eCSuBEraME 1oy REMPEHELE hés sPbn et op dead
center to awaiméd baskept esgur esefofaerdosy Whecho teardey [gniddratedwidre top
dead center and t ermt. conbustion to take place faor xt ended peri od
of tinme. 3. WAt%Ettﬁ]c?g aal%:lclolrtdf ngot%oﬁ a‘i?“(r')ﬁ”.ngf%Irl gontr gfafrlaﬁgeﬁhézorm\%%nt of a
pi ston i n aaxist eofal ddeesteremtengifne tdfe t hpe sdiomsel a ypwsschariddieri zed
in that the.3nj.eGtign I t £onseq LRI tkati C ustion
is perfor rreé?%?ﬁtga?heq%ii#%n iacgpsu s‘%antl al ?gﬁﬁsa%?ed&gt ;E%rfm ea&pégent er to
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t he cyl i ndeFOUBHEE&Ce QBN S ¢hatlihdYdespl RS nPAEELICHEABLEL &P (1) is

control |l ed B¥nappl @aEYHE l@MErdGBISIalint Sginds apiBh (3, bnstidrtcul at ed
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whi ch arns Kaiu®er r EBIERANEBRhecTRBPEIEIME Mt PG ¢ KO3 Ton (1)

whi ch novesjakencad hetaxaspbied heocytomslesssdued bar cet her exerdidchean the pin
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posi tioned latgrakl y; i LiAyr eshechike -thg s ehvdhshRbacem®iin ofhhe piston
(1), said control connecti ngﬁrod (7) driving the rotation of the crankshaft

when the foilbes BPENappFrEdPeES-the piston (1) during the power stroke, and,
characterized in thethehenyjketdy,MBaddanthged hhe @essive | eFerhar e

aligned on an axjs of ali nma}gt X, X%) the position of the stationary end
(6) Yot er mi MBYERRSPRr s g1 oDt nd=PhEFRE or 1P Booi TFENT TG of Hehe
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positive, negaendedodravingsnuinavebelly zero.
Figure 1 depicts, diagrammatically, wviewed in
Ccross section, one example of the dynamics for
controlling a piston according to the invention.
Figure 2 depicts a curve of the travel of the
piston according to the invention compared with the
curve of the travel of a conventional piston.
Figure 3 depicts a device according to the
invention equipped with balancing using a mass of the
same moment of inertia.
Figure 4 depicts a device according to the
invention equipped with balancing using a piston

operating in opposition.
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crankshaft is positioned laterally with respect to the
axis of the cylinder and/or of the pressure lever and
its position determines an angle B between the control
connecting rod 7 and the axis of alignment X'X of the
two arms 3 and 4 when they are aligned. By varying the
angles A and B and the 1lengths of the various
connecting rods and arms, the dynamic characteristics
of the assembly are altered to obtain a curve of the
travel of the piston 1 which is asymmetric and
determine the angle of rotation of the crankshaft for
which the piston is kept stationary at top dead center.
By way of nonlimiting example of one embodiment
of the device according to the invention, the
displacement of the piston describes the curve depicted
in Figure 2 with the following dimensions and

positions:
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crankshaft throw: 32.8 mm

length of control connecting rod 7: 99.76 mm

length of piston arm 3: 124 mm

length of lower arm 4: 128 mm

Angle A: 21.4°

Angle B: 29.6°

It can thus be seen from Figure 2 that, in this
configuration, on the curve 11, the piston remains at
top dead center over an angle of 70° while a curve of
the displacement of a piston with a conventional
connecting rod/crank system 12 with the same stroke
shows that the piston stops only at a point (top dead
center) .

The person skilled in the art will thus be able
to choose the time for which the piston is stationary
at top dead center to suit the desired operating
parameters: combustion  period, duration of the
transfer, etc. without thereby altering the principle
of the invention.

This dynamic assembly is balanced according to
the invention, Figure 3, by extending the lower arm 4
beyond its stationary end or pivot 6 by a mirror-image
pressure lever consisting of 2 arms 4A and 3A
articulated to a common pin 5A to which is attached, at
the free end 1B a mass 15 moving along an axis parallel
to the axis of displacement of the piston 1. The arm 4a
which is the extension of the lower arm 4 is in fact
the same part. With respect to the pivot point 6, the
moment of inertia of the arms 4 and 4A are identical,
and the same is true of the moments of inertia of the
arms 3 and 3A and the moments of inertia of the piston
1 and of its balancing mass 15. The pressure lever
system 1is thus perfectly balanced, while the control
connecting rod 7 and crankshaft assembly are balanced
in the conventional way. This arrangement 1is more
particularly beneficial when _.balancing single-cylinder

engines or non-symmetric multi-cylinder assemblies.
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The invention 1is not restricted to the
embodiments described and depicted. The angles A and B
may be positive or negative together or separately or
not simultaneously zero. The number of cylinders can
vary in even or odd number, the method of halting the
piston and keeping it stationary at top dead center may
be achieved by other means such as cams or pinions or
some other way, without thereby altering the invention

which has just been described.
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CLAIMS

1. A method for controlling the movement of a piston
sliding between a top dead center position and a bottom dead
center position in a cylinder of a reciprocating engine that
has a combuspion and/or expansion chamber separate from but
in fluid connection with the cylinder, the method being
characterized in that it includes the step of substantially
halting the movement of the piston at top dead center while
pressure in said chamber equilibrates with the pressure in
the cylinder after ignition or after the introduction of

fluid into said chamber.

2. A method according to Claim 1 for controlling the
movement of a piston in an internal combustion engine,
characterized in that the operations of ignition and
combustion are performed while substantially halting the
piston at top dead center to avoid back pressures formerly
due to early ignition before top dead center and to permit

combustion to take place for an extended period of time.

3. A method according to Claim 1 for controlling the
movement of a piston in an internal combustion engine of the
diesel type, characterized in that the injection of fuel and
the consequent initiation of combustion is performed while
the piston is substantially halted at top dead center to
thereby avoid the back pressures formerly due to the

ignition of diesel fuel injected before top dead center.

4, A method for controlling the movement of a piston
according to any one of Claims 1 to 3 wherein the

reciprocating engine has an exhaust valve and an inlet
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valve, characterized in that the operations of closing the

exhaust valve and/or opening the inlet valve are performed,
at least in part, while the piston is substantially halted

at top dead center.

5. A device for implementing the method according to any
one of Claims 1 to 4 comprising a reciprocating engine
having a piston working in a cylinder and a combustion
and/or expansion chamber that is separate from but in fluid
connection with the cylinder, characterized in that the
displacement of the piston (1) is controlled by a pressure
lever consisting of two arms (3, 4) articulated together one
of which arms has a stationary end (6) and the other (3) of
which arms has a free end connected to the piston pin of the
piston (1) which moves along the axis of the cylinder when
force is exerted on the pin (5) common to the two arms (3,
4), said force being transmitted by a control connecting rod
(7) which connects the pin (5) common to the two arms (3, 4)
of the pressure lever to the wrist pin (8) of a crankshaft
(9) positioned laterally with respect to the axis of
displacement of the piston (1), said control connecting rod
(7) driving the rotation of the crgnkshaft when the forces
are applied to the piston (1) during the power stroke, and,
characterized in that when the arms (3, 4) of the pressure
lever are aligned on an axis of élignment (X', X), the
position of the stationary end (6) determines an first angle
(A) and the lateral positioning of the crankshaft (9)
determines a second angle (B) between the control connecting
rod (7) and the axis of alignment (X', X) of the two arms
(3, 4) of the pressure lever, it being possible for the
angles thus determined to be positive, negative or not

simultaneously zero.
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variation of the values of the angles formed between the

axis of alignment (X', X) of the two arms (3, 4) of the
pressure lever and the axis of displacement of the piston
(A), and between the axis of alignment (X', X) and the
control connecting rod (7) (B), of the lengths of the
control connecting rod (7) and of the arms (3, 4) of the
pressure lever, dictate the overall dynamics of the device
and determines the angle of rotation of the crankshaft
during which the piston is substantially halted at top dead

center.

7. A device according to Claims 6 or 7, characterized in
that, for balancing purposes, the lower arm (4) of the
pressure lever is extended beyond its stationary end or
pivot (6) by a mirror-image piston lever consisting of two
arms (4A, 3A) articulated to a common pin (5A) to which is
attached, at the free end (1B), a mass (15) moving along an
axis parallel to the axis of displacement of the piston (1)
and in such a way that, with respect to the stationary end
or pivot (6), the moment of inertia of the arms connected to
the stationary end (4,4A) of the articulation pins (5, 5A),
of the arms connected to the piston and to the mass (3,3A)
and the moment of inertia of the piston (1) and that of the

balancing mass (15) are identical to each other.

8. A device according to Claim 7, characterized in that the
balancing mass is an opposed piston (1C), the weight, moment

of inertia and operation of which are identical to those of

the main piston (1).



