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Application Serial No. 10/865, 707 filed 06/ 10/2004 for
"Two- Cycl e, Opposed Piston Internal Conbustion
Engi ne", the subject matter of which is hereby
i ncorporated by reference in its entirety. BACKGROUND
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two-cycl e, opposed-piston eBRMGINE The opposed- pi st on

engi ne was i nvented by Hugo Junkers around the end of

the nineteenth century. Junkers' basic configuration,

shown in FIG |, uses tV\ﬁEEAq-E RpPLI Jdiés di sposed
crown-to-crown in a conmon cy nder aving inlet and
exhaustThgpoistascdntiauaion-ineart df ccbtgmdnigaﬂs @eﬂeheAppiicaean: Serial No.
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p%tglﬂehetlﬁoﬁﬁbﬁedt aivebr Fof m%heﬁghé}% 3c atedl aﬂk%}ﬁfehée in its

d 'C2, oné disposed at each end of the cylinder.

TWetlrﬁt)ankshaft,s which rotate in the sanme direction,

are |inked by rods R and I ve pistons.
Wistpins W and W2 |ink tr%Arbg%iﬁéme pi stons. The

cr anks aktisvention gemdeth dnogRtiie combugtivteh@ine) Msie partililarly, the
the parts _and to provide engine output. Typically, a

t dRysation plptehigrafao-exsle Ppmsﬁdﬂsm gCexhaust port,

and it t
cyl i ndz}hg%z)ﬁd efaetgg/{gﬁ g[{@r es ‘é\e%ég%g? g? eac Eg]&%uﬁchﬁle end of
r ¢éheohiveteenth oéntaiye] lﬂtkgrsh bamél'bmf’gdmnagjmwnaﬁ FlGrik eses 'two pistons

I S R W R T .

I SAHS 2AndH fcar GOHGh- déaaicelﬂsrr S8R pistdd, ik thb )fmst&is%rvmg as the
thermal efficiency, and high power density.

t velves fndhe pgnzﬁmBadgq@I%ﬁ@pertgrame@ of thﬁ:an#os mngmp@ﬁé;ﬂ@fmﬂs I'and
dlEesellh e&g [1€as tho Er%}lks%gftg 151 F Set S osely gtvgacg nd of the
power nf Phat® Has hot: beeh e tﬁ df E2 el

er&ghm&rsmhe Gtrarﬂkel@aﬂ'sdwmgzhtr@tafé infthe Fanié @ireét’ﬂihe are linked by rods R1
I ntgr nal - Conbusti.on En%l ne.in Thegréé%and Practice:

vand fe tp Fesppgtwesgggo%l rigtpinspVt ap linfghaiods futhe pistons. The
NQ?a?ﬂ(sha%% 8pd geardd! &g@ﬁl‘éﬁ grb@tﬁhr%i ?ec i fhe PbHS 5@(} fo provide engine

Di esel enginé sti d for speci
owutpmt. ofypically, a turbo-supercharger is driven from the exhaust port, and its

associated compressor is used to scavenge the cylinders and leave a fresh charge of air
each revolution of the engine. The advantages of Junkers’ opposed piston engine over
traditional two-cycle and four-cycle engines include superior scavenging, reduced
parts count and increased reliability, high thermal efficiency, and high power density.
In 1936, the Junkers Jumo airplane engines, the most successful diesel engines to that
date, were able to achieve a power density that has not been matched by any diesel
engine since. According to C. F. Taylor (The Internal-Combustion Engine in Theory
and Practice: Volume II, revised edition; MIT Press, Cambridge, Mass., 1985): “The
now obsolete Junkers aircraft Diesel engine still holds the record for specific output of

Diesel engines in actual service (Volume I, Fig. 13-11).”



Di esel engines in actual service (Volume I, Fig. 13-1
1)."Neverthel ess, Junkers' basic design contains a
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hei ght spanning the |l engths of four pistons and at

| east the dianmeters of two crankshafts, one at each
end of the cylinders. Along gear train with typically
five gears is required to couple the outputs of the

two cr t.dri Each

onnoc BHEHRIES hkBE BOHtsigl edfiaing 2 el i defPigneies. The
t b@gihmﬂaug rwiflf it§ height § zmﬁmg%e de msssa ﬁﬁﬁqﬂstoﬁshsnd @dfeast the
are nassive to accommpdate the h| conpressi ve forces
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ssfj e force exerted on ee\rﬁt; pi ston by its
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p h%u&ﬁﬁpr@ss'ﬁ@dfc%és)’be@wééﬁ ih%dplgtefﬁ: &nd Qradk SR OT ke compressive
between the piston and cylinder bore. This side force

i freesasewplpd stidngssillateremotion of th@nwrlsmpluh antélpsséen hemsing, cause

e BibETRE LRLHFS RavEameaid s D by st if nate compressive

Pekes xeretion\wadh plsbm Hyhies @ngediiag roliat &1 aipistdatht akis of the piston
connected only to exhaust side pistons, and the other

oRTaduees 3 rf@rieilml@eteé iferes frsside fprefr)é)egwa thppistea andeylinder bore.

e

ThRe RibFinplealeMuarEatidhe oAk Flihe plifon temperature

h dmevebgr hnnamguthe thralcblemeam hﬁfecxmebpmamrea (BMIEPt lae ihdicatoe of engine

i mbal the, wi de se tion of the crankshafts, d )

| R pa ek aHE PRASS eihe ik Crsiiratts ORacaeL oy o eRbabst side
Egdﬂﬁ eaﬁth A6 DHHRP @hlyrtesaréaﬁa@ pRtdRClg ﬂ(evnmcasﬂg%e th'e réxhaust side

e gear train. A nassive engine blo i's required

c m@ms arepunh for hlquh [79% efithe sirqee, hod d@sexe&mt sidd ctapktshaé’t bears the
h k t I G

é’?%ﬁ? (ug pu bl F aﬂ %9@ gl%té%y f;] 121% é n%)lm aencle:,rt‘g'h gvslc(le%separatlon

I BbtlﬁV@ﬁﬂd’shaﬂsQ aﬁch thellaggth of ﬂﬂﬁgfﬁd trﬁindeilphﬁig’l ghen®ankshafts produces

described in Bird's U. K Patent 558,115, is to |locate
t FEsienal freanangeselirets G’ébff‘ﬂ‘én)clylth?] @é%rstreech‘\ f1p58ive |gBgipe block is

cf/ﬁ%lr% thOlHirAR bk ngfﬂyaré%hﬁﬂfe tdrads | @ittﬁe ghﬁons on the

nders and 1S nor to'the axes o
b oragksha8s dhrisg cembustion,evhich hiekadlyafyt © bim\e thnel @gere apart.
togeth the Junp '

than i engi and re coupl.ed
Shor e miiheed ipvaRre §; Brge sRbbrelamdhauies. giferibed in
CENAeCUSd Ment 398 11434 trkaB the ér@ﬁksﬁ@ﬁé"bé%i&ttﬁé‘ cAliREs such that
the sides of the cyllnders at acute angles to the

stheirsaxes of etatign Jie dep planedhataigterssetst the cylindekssang issrormal to the
t less oq*’ttiﬂﬁkgﬁﬁ%gfﬁ%\e}e 2§¥c{§1°sq§e Al ﬁm‘éﬁ‘ Ph¥sMRGGEe GERF tther than in

orce e repu
the Jumo engines, and are coupled by a shorter gear train. The pistons and

crankshafts are connected by rods that extend from each piston along the sides of the
cylinders, at acute angles to the sides of the cylinders, to each of the crankshafts. In
this arrangement, the rods are mainly under tensile force, which removes the repulsive
forces on the crankshafts and yields a substantial weight reduction because a less
massive rod structure is required for a rod loaded with a mainly tensile force than for

a rod under a mainly compressive load of the same magnitude. The wrist pins



forces on the crankshafts and yields a substantia
wei ght reduction because a | ess nassive rod structure
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force than for a rod under a mainly conpressive | oad
of the sane magnitude. The wist pinsconnecting the
rods to the pistons are di sposed outside of the

pi st ons on saddl es nounted to the outer skirts of the

b3 T o oB: R G B, BFoaheT ik, OF P, RRIGHF . saddies

Thicankdl @Nge, odtéieskift©ff Thé Yistdns! hBir@Tsaprepbiit @guﬁ:nﬁas torsional
the reduced I ength of the gear train produce good

t §#langsnhroughtaby [cpprecting epEl piston f@ybfamcearﬁfﬁ@aﬁse This dadance, the
t f
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t he S|de f rces t hat er 'se uld o er te et

| e Rorcaghes Erand (rankeRel nd t S Tt i (R Crankshatt,

Theisnbsd ball@nc‘ﬁ{% és@&tﬁﬁg 'eﬁﬁuﬂa?eseﬁléﬁdé %i'é’é%qgatkb\fherwme would operate

repositioning the crankshafts to the sides of the

ciwtlwq:de the, pistaus eiivbths hoteet bgrenpf theaiylindessjuiThe profidevef the engine
f.our), t han

FeuE <R o 8APe 0GR RS i RS o e ueer) and e

Blsllicﬂ'te$ g@ﬁﬂﬁﬂﬁ&éqlﬁfbglfé\@elf geafs (fe@y hangtht UembUnkine. However, even
potential for S|ngelf|cat|on and power-to-weight ratio

withythese iPEQYementyed BumBer af profleae prsient Bied's peapeeed engine from
s !
Péauﬁ}lg ét-g E@t\éﬂ{f} %remg}ﬂaqfr']%{t]fog%?& ?SQIFP{OS\R'Q %h@ﬁgb Sﬁfﬁv $ which

conpar e engirnes r
nﬁdmbgsufadomhbfsepcsverQieEpmmsl; kgpv(lb)of these engi nes whi ch

elimnate cvylind e lve trains, and oth ;
par s, T VTS EUR T PR GRS I D h 48 COmPyreg with other two
| bpd (R4 98k lehbived fésxﬁl@ﬁnﬁhm%ﬁ%@b&%ﬁal@&es@éﬁé oFtHRE engines which
wei ght, any | NCrease 1 n P to i ncrease power i s
c ehiminags Cﬂ}ndeh deqdspivelye ttaapabncli iother grarts. hé{eﬁ@enelsdwng weight
c t.he ¢ ers bst anti al combustio

C Rftng IS Yy R0i3 RT3 HRAS wROBEANL B pfp BRER YRt any

f &(bireaisé‘l Ein BMER f mareasesbswen B eoidined Hyl‘lﬂlehl(ihhttaﬁfcaﬁdbﬂitsi of the
in a two-cycle, (ﬁosed pi ston conpression-ignition
efBgIRES tOEﬁ?Ele@é Fylindesandpistense ause the crown to expand,

whi ch &gpsthfagd c&ﬂblﬁ’étﬁh Q:ﬁarﬁﬁérzlﬂz'é?rs aEEkFrP@cL By %ﬁt&ﬂésatnd Relinders. In

cooled to mtigate this threat. In a
p&ct chenenowa dragpusm is ohe of itet lnnitestaspetcinod B&b -cycle, opposed-piston
out side surfaces

i nci pal | unted o .th

ORI PRYor fdfe  REEs bt eSS PHGEGY Igespand, which
p'c§d QAd G His6H sélﬁﬁeCWHegﬁﬁbn BRIsE baRbole@ sl waitigdte s e In all
the piston to the cylin and therethrough'to a

cbtghamfonm@werﬂglgtm,dhg Ristone @it ¢anded prancinallydry tiggs mounted to the
C%Qi!slc{égsu['fage% $nd B?sto%g,gh&? tl?éﬁl 1’:1%9'%% The rings of a piston contact the

cylinder bore and conduct heat from the piston to the cylinder, and therethrough to a
coolant flowing through a cooling jacket, or by cooling fins on the engine cylinder
assembly. Intimate contact is required between the rings and cylinder bore to cool the
piston effectively. But piston rings must be lightly loaded in two-cycle, ported
engines in order to survive transit over the bridges of the cylinder ports, where very
complex stresses occur. Therefore, the rings are limited in their ability to cool the

pistons, which places a limit on the maximum combustion chamber temperature



assenbly. Intimte contact is required between the
rings and cylinder bore to cool the piston

we@bdosardizel y. But piston rings nust be |ightl yP¢Dusm®ds/020553
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in two-cycle, ported engines in order to survive
transit over the bridges of the cylinder ports, where
very conpl ex stresses occur. Therefore, the rings are
limted in their ability to cool the pistons, which
p! 2abewablelbiefiire engint felurenstoisn & osTRASH RNagpWHTRkId lubricant to an
temper at{Jr eachi evahl e pefore engine failure occurs. It

HOR At O HPIIPnAN PTAST faeqol, Hieinision, bubthgprésanesrof structure in the
SUinfeaioe oFfthd piN L Qr .t he piston,. hut
the presence pg%‘téi?? lﬁé(::{éh‘?e&ﬁ()% %é)??%{nesg iq’g%s grapLimits' the surface
pi edable éorraseling endothe mpanstby whivhitld 1iqiid Sutdicamtday be applied.

limts EH surfa e.gvailable for cooling and the neans
by whi ¢ ?h%p*?"ﬁ&‘%l’ﬁ ﬂnu%’!gf‘t?amd‘t%rﬁnb@g_ lpglgiin whichicylinders and
opmgiechaatiigDirecagl MES larfC hatdRe INitaNL Reveld! QGKe bglmary structural

whi ch cylinders and engﬂ ne bearings are cast In
| diderrphitestuidl elgment phfhesensiess a¥thongh Birdireygine rectified torque

Stifdug | ite l..el gnent of the engine, | _

Allthﬂbh o%gﬁégﬂ?’gﬂgt@éﬁlg%)%e&r Cr?SIS*Vie e%)rciear%fhéhq Gedsy 2Rd eliminated side

elforcen anetle mphinder dops, s shily @sédeameniz Ellg@k WO H% pAf | structural
ore, It sti

ekﬁ§1$ﬁteﬂﬁ€Ldehforces Qn the cylinder

used e ithehp | eggine ogkproyidedeiuppert forc ther eaflinders and engine
elbramids, mhhdblds for dyNRIGHI | Ydded gupport

for the cyli nders CIf?\lnd eﬁ)glktﬁ’gdnggggﬁnr%@?ke&gﬁqrf% g@lq‘%‘?& Thermal
c el faechapisalt stressasctransulitteuigthraugheths dnginet Biocie \hiised &ich-uniform
Thef: . hani,.cgl stresses transmtted through

t E@l@%ﬁﬁﬁ%@c & éﬁgg& NGEESUMIERIFPR Haeato ¥F5ist Brmaiptaining the
opistdrecydinldernsdar. s, necessitating piston rings to assist

in naiﬁtai ing the piston/cylinder seal. It is clear

that amt ISnglfpdalbat am ingiesedn sogke powea it \wotvascyote, opposed piston

i . ' he. achi d wt limnati.
orngRe R B AhiERa B AmBRF 8 s i e dision of e

mésivanl end reechesisas strdsads tabLAUROAoM BTN E@SH Alstortion of the
dkgﬁqﬁtiqg o ihe cylinder and with elimnation or at

| east s AR PARCTAINGHOg R @f fastoubstprtiahasdugtien of theomalafistortion of
ppBtoartréwayNs. SUMWWARY | ncreased BMEP is realized in a
two-cycl e, opposed-piston engi ne with sidenounted
crankshafts by cooling that is both effective and

tailored, and by the renoval of nechanical stresses
fromthe cylinder. Effective cooling limts the

maxi mum t enperatures of the cylinder and pistons by
conducting as nuch heat as possible away fromthese

el ements during engine operation. Tailored cooling
elimnates or at least significantly reduces

non- uni f or m



distortion of the cylinder and expansion of the piston
crowns that would ot herwi se be caused by heating of

wo b@sa2dabenent s during engi ne operation. | n ONBCEHEREO5/(20553
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the cylinder may be cool ed by directed stream ng of
liquid coolant through groups of grooves on an
external surface of the cylinder. In another aspect,
each piston may be cool ed by application of one or
nore directed jets of quuidggga yto a back surface
of the crown of the piston y non-uni f orm

“nmechanileatased BMEPRSs fralitdieinCy twdrddle, Mpposidipiitbaleaginevith side-

at | east S|gn|f|cantly reduced &.freeln t he cyl 1 nder

 menfracsankehatiscy qog&lfl& that i1sdhotly eHfertive apg tailogsde ﬁ@%bbfhe removal
t RE LRI 1s§&££; ighse bl ock. In one aspect,
nder

the cyl| sup rted in the engine
princi ;Effelcyvdagoqhmgﬂmntssthc mekinmes tamgerdturek ofithe ogfﬁndemhd pistons
l'ines. Al together, .these inprovene

cftf I nt Ei
cIPYS A oP S sAE RS POHIS PERY CFem Breesiphgats during engine
epblafisn.a Thil&RH ®6BA dg BRMHRER drhie 16X él@ﬁil?ﬁarﬁﬂﬂrehti@es non-uniform

pi stons, while avoiding contact between the "pistons
ardistertien jof ey ligderfand expansianeofdlys pistparcrownsy thhtswould otherwise be

| ngus%%{et;mﬂéa%nﬁeofe H‘l% ﬁ gle%g{sael*n%n g?xhbgg{/rf?t? Z%j ol aspect, the

perm rance nder a
plc§vhﬁmﬁi Iﬂay b& goeleglkryedlmwmtr@mmgr b€ ligufl esvtariBlirongh groups of
nmounted in the engine with a degree of flexibility
t BEROVER AB PR §XiEMmS] ﬁw&csﬁ theo YRS dningihepRipest eaghipiston may be

t REolcy lbkg%?ﬁcawdﬁ '39 h{b?e aR&had je?snof 1I{48E Eoolant to a back surface

i nprove er I mprovenents and advant ages
d@éfdreidne\dnpﬁtheipestsrpem fication which foll ows, provide

capab) OGP ORGSR SHER AN ENE MR e effpinated or a

I QEH4E QEnYRIaBHN red@RH| by Tbeing B4R N1GIdBE ¥t thakdi®e architectural or
potent%gl toﬂgchleve g}PMRﬂ%uch ﬁ?gher thag)attalned

bytraethish elgments of iths engine, syrhiasas coging lhtockade 09¢ awpegln the cylinder

oS BEp e et Boepally S PRRnl P and fut and coolans

prine<i pl es and exanples di scussed in the follomﬁng

det ai I'ed. descri ptian. Thg{ are not necessarjly to
scal e. “pfagetherjthesy IgRFeVeRients waiRkin e ose) PRIy eYlgKiepto-piston

a cRAkdnko r{hﬁ’cf el‘?‘ab[@'s' an% f tseAPBASREN Qhé"cﬂlﬁﬂbrdérﬁﬁ Ble 8%st051s, while

engl ne. are side sectional views
c)alvmddgrcow\/taphbajwpgsﬁad ppitansand the inside surface of the cylinder.

Further improvements in engine operation may be realized by permitting some
compliance between the cylinder and pistons during engine operation. The pistons
may be mounted in the engine with a degree of flexibility that enables the pistons to
maintain alignment with the cylinder during engine operation.

These improvements, and other improvements and advantages described in the
speciﬁcation which follows, provide a very simple two-cycle, opposed-piston, engine
capable of a substantial increase in BMEP, and with reduced weight, resulting in an
engine with the potential to achieve a PWR much higher than attained by comparable

prior art engines of the same size and speed.



coupl ed by tensil e-1oaded connecting rods to two
crankshafts in a first enbodi nent of an opposed- pi ston

WO pdosnmab4 conbusti on engi ne. FIG 2A shows t heP@i/B8105020553
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at inner or top dead center. FIG 2B shows the pistons
at outer or bottom dead center. 10 FIGS. 3A-3F are
schematic sectional illustrations of the cylinder and
pi stons of FIGS. 2A and 2B illustrating a conplete

cycle of the pist BRIEFADESCRIFHON OFQtHS DRAWINGS
relativ sing of the two opposed pistons of FIGS
3A- 3F. I)E—?@g%%‘gé"f&’eéida%w%% fiegneant ¥q Blysigdte phigciples and examples

cydisadesd iﬁﬁtﬁé‘foﬂlBWtQieé:d%ﬂ:?iggf){l.?l}(%'areléo&éé%%gggléEo scale.

rotated 90 on its axis. e sa
the cyl Fiudrisianpartigly Shemhtmilhgtratiorabf £piofl of a prior art opposed
6B

em%hgﬁaﬂél efng{necool ing the cylinder. FIGS. 6A and
are side persSpective views showi ng increasingly

conpl et EGS. 2@eandofB afsaddbectibhal Vish 9 £ coiyld -
rrechagidsb&n for the first embodi ment oppog,%ly|c()f|e§tglgt?11 opposed pistons

erfgu teriseds loagled ponnecting eads pe twé vrenkshefts irof fisst embodiment of
Si A Eosad.iader i.stQn_.engi ule for the

£ rgc%ﬁ)ggn@gofgi@t‘ég ﬁ‘t‘@%’ggg‘g{g‘ﬁa‘%?{% ;%%%m%g#gl?’ﬁ g@ WiS e pistons at inner or
adep tdd,cedter. diliGs 2Bishows theasitong af oGRFB} BStRns HAYRSnRE.

asserrbldﬁ SF:,’&?PJD is . an end view of the singlecylinder
opposed-5s P e Al STRCRifScs tiand llvsirationsopfithe gatindemand pistons
WIfIFIGRE2 AJ8Rd 2B @dstatihy a Ebth }/@9@ Nt HstoSf 8C are

per spective views Sof laé/zrirul tP% e- clyel(?frtll(lﬂﬁ$5t°ns‘

i mpl emdABat iibhplst shaveing irelstiveeptinsitigrdhe MRPOSRAPpSIRS of FIGS.
engi_ nodul e showi ng assenbly details at increasingly
conplete stages of assenbly. FIG 9A is a schematic

di agr arRIGf 54 isupidk Yedpailont OF tRyBRAGSEH: Hi i

e:}g ne ich proyides |iquid cool gﬁ? to ?hgépg)%éﬁwﬁlgt.ons of FIGS.
F a@gﬁ otgted Ne patifscaxis. GG adBdf tamecdewiofeht éylilder in FIG.
and heek : n. opposed-pi st on

engi ne. HF G ﬁ%%k%ergyi&cﬁgh rrt];af;&lt %&c]ﬁng Sﬁea?ﬁ’é‘figra not her

suppl y F§81 @MnandroBaarcagidropaspeetiss ofewaboWengMicfdlsingly complete
pEt%éésdef.sa Ise! _abgl d ccgol iant .tg the engine. FIG 10 is a

schemat i ¢ ar §P£ﬁ1 geleedindergieshanism fop hsstirst ghbediment opposed-
epgtomeengieGS. 11 A-1 IDillustrate the structure of a

cylinder useable in a second enbodi nent of an

opposell@P-striCiarg parsrectivoviows of eninghgiytiaderrdpposei2piben engine

ggﬁggl;égﬁomeﬁﬂspgnﬁéﬁéﬁvgﬂp% & pi%%kle?lglenre sﬂg\%}ngf allslélé(mll)l?l details at
increasingly complete stages of assembly. FIG. 7D is an end view of the single-

cylinder opposed-piston engine module showing an open gearbox with one gear
partially cut away.

FIGS. 8A-8C are perspective views of a multiple-cylinder implementation of
the first embodiment opposed-piston engine module showing assembly details at
increasingly complete stages of assembly.

FIG. 9A is a schematic diagram of a supply system for an opposed-piston
engine which provides liquid coolant to the engine. FIG. 9B is a schematic diagram of
a combined fuel and coolant supply system for an opposed-piston engine. FIG. 9C is a

schematic diagram of another supply system for an opposed-piston engine which
provides liquid coolant to the engine.



direction during operation of an opposed piston
engine. FIGS 13A-13E illustrate the structure of a

wee@somiaseabl e in the second enbodi nent engi NECT/B§1805/020553
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14A is a side view of the second enbodi nent engi ne
showi ng a cylinder wth opposed pistons in which the
pi stons are coupled by primarily tensile-I| oaded
connecting rods to two crankshafts, with the view

par g (i R S B hGY SO A e
sect i omad}ssnd,e M DeWhtratehthe seafitle @FtDdi/ Ntk &a@laen a second

showi ng a cylinder with opposed pistons in which the
prbedideat of annpresd-pigtop intemal Wnttuéﬂgm £ReNGHaded

connec F@ 91598S E@vi Mo [1\%\}# l‘tﬁH@%@e?a jlmhgle hdt elWl in an axial

partially cut away to s an al tern pi ston 00| I ng
s tliretionrdaring lofiSatidibeF akﬁ’&)pami m’sﬂoﬁ p&gme ve Vi evvs of a

cboct Rt EHGITE UG SEuibre o6t BIRE Syl ot second

StAB6&inkht @ngbl y. FIG 16A is a schematic diagram of
a suppl {@ f/St em useable to control the application of
| i qui d FéGol4inis a gideview ofrtlie secand eoybpdiseant piginoslowing a cylinder
second

Ffth - Oppose E{Tpo%g erewrﬁ ﬁﬂlgeppl‘}togfl & c%g '%%da E)Pl é)rf’ g’%%ns?lfa loaded
t h@m&b@ﬂlg forls it® nv@f:rahkslia'ﬂd, mﬁoﬂanhew Pantially lcutngledy @tlow a piston
opposed pistons of the second enbodi nent engi ne. FIGS.
1veelingpstiueursacegrdingigdiieal 341sEof t he opposed- pi ston

engi negfETHA-ED, P‘lg‘rﬁégﬂ g}%%l’%ld:e' v1§\§v JFE ok BABbERIELt engine.

Component s of nment of an opposed piston
esl@pwmgaa e:yhhdieuswitht epposar Iﬁis@ﬁls pAvanch 2 pRt@seare coupled by

R N TR St W N

cemv@ﬂyl t% shéw th @ltérhte Pekedn é&hh@ s@iR@ged notions,
toward and away fromeach other. FIG 2A illustrates

t he pi §16hs15A18R@rd pergpectiyp viys oinh arultiplesgylindes i@plementation

\M3§ tsgc%\(ldag (ﬁﬁmglﬁe § ]sl‘()cfmhgedsgeﬁﬁgp%\?ﬁggﬁnvaﬁous stages of

str o near

i héseﬁibtyat es the pistons near bot tom (or outer) dead

gsn;g\r/v,g; WI;f @r/g Réges%hgnrlglc dlaérg% SP g s?lf)pltyhs?llstgmel)l(s%gl?lg tg control the
application of liquid coolant to a cylinder and opposed pistons of the second
embodiment engine.

FIG. 16B is a schematic diagram of a modified supply system useable to

control the application of liquid coolant to a cylinder and opposed pistons of the
second embodiment engine.

FIGS. 17A-17F illustrate applications of the opposed-piston engine.



These and internediate positions will be described in
nore detail below The follow ng explanati on presunes

W@ 2@6priessi on-i gnition engine for the sake of PCT/US2005/020553
illustration and exanple only. Those skilled in the
art will realize that the el enents, nodul es and
assenbl i es descri bed may al so be adapted for a
spark-ignition engine. As shown in FIGS. 2A and 2B,
the cylinder 10 is a tu i t pi stons 12
and 14 disposed in it f ET?gﬂﬁggﬁ%g?$ﬁ§§§g%osed noti on
tomardAaBanMgghéﬂhmmdﬁa&h ot her and the center of the
cylinder 10. The pistons 12 and 14 are coupled to
first &emposewnaf aifige-cmhodinasnt o6 amoppesed Pistomepgine are illustrated
c qr‘f"ﬂ@@ & Snck Q{Saqﬂes%zf O%éscﬁro“) 4 cgﬁﬁ(ﬂr 16fv$i ngwsgcppitsgmg 12 and

common out put In thes

5 pildtdisposd® tleemeinl Fharpisttal 1 Dwand VK mdw: cadianwmenhh vylinder 10 in

closed axi al ends 12 and .14a ich t
CPBIRNEd TRORHAO YA Eng gBiAY dEEripac S8 piier 155 2 astesdfgistons 12

Skhdi 18 al & @RGP ddhl &Hte?)&th%fkdthfefl Qe itr}ﬁe 9929{‘oiaﬁ1'efi‘|com ression
ends 120 and 140 to the crowns 12d and 14d. Saddles 1

antiokes, né¢an the momnhpf)fgnupmn FHo.n2B alﬂusmatea ¢heipistons aca bottom (or

mount.ed t.o the open

oRURbGeaiCehfiG, SR B, e FUBE AR s e Byiort fcpapyer strokes.
10 1@hesefandanteniédiate pasitions willpbeldedctibyd BfméreRegtiegy.r 0ds

to the reagectlve piston on which it is nounted. The

per spedte Viellpyinghexplamtion psesumes ds eerapiessigignitiapoengine for the
&I‘ ﬂﬂl trﬁt arfé)éx 9 oHi‘ftngse é’ﬂﬁe+ 'in lthce ant) vslﬁﬁ realize that the
rstoo at one 0 It on g

connecting ro

aletemmts moslulels end dtsembbemndastiibegl maylsls@ Bea adapde? filp aasperk-ignition

connected to the saddle 16 near the open end of the

pc888% 12, while the connecting rods 22a and 22b are
15 connecigdsHont MAEFIERH L aﬂ& 2Be‘ﬁ[e %hﬁldepm @ac{u&i wtulﬁethe opposed

pi ston 14. Because the sad les 16 and 18 provid

| iprsteng el Zoandnke dispergd gn dt Bmgemoaatmglapp@ mtion toward and away

r ?’Po%‘neggclhl (ﬁhé'r a%ﬁ 'thd Qee té)r o ngseyo 1', 1(5 %gqqsatgns\zﬂ] % cﬁy] are coupled

The r esu open s FUCtUF e Sa

plt@tf'@ﬁsanﬂaieﬁbﬁc’s slae@hcamtedduﬁmwa&emﬁngérmﬁlaaﬁ 300areX 82 Rehich, in

axially into the pistons 12 and 14 from the open ends
19¢NeiiE ceuried 9 ponapaRguiRRt AEShoMEiAdhesn feristler nal

Kirt
20 skirtsyqf ﬁ @nsprS Eﬁ‘ %rg }%gg\g%cghggﬁar grﬁégﬂb\é?g 0(/1&&“1)%6(?1%& ends

si de- nmoun cran | spose
t H@a mndids “pmlatehainateomac‘hn@ﬂhbanch hdid,| gpiengixiah eads 120 and 14o,

a8 Pragr s WA R RRA o dhe e s g h o to the

t _rdvii® @4l z§1d0f4dt Reddiyd 16 dRd 18, TIAGhE vk 8P ahdrSanniR sButtlres, are

opposite directions. The connectlng rods 20a, 20b and
2 mpungegdifo the open axial ends 120 and 140 of the pistons 12 and 14, respectively.

25  Each of the saddles 16, 18 connects ends of a plurality of connecting rods to the

respective piston on which it is mounted. The perspective of these figures illustrates

only two connecting rods for each piston, and it is to be understood that one or more

additional connecting rods are not visible. The connecting rods 20a and 20b are

connected to the saddle 16 near the open énd of the piston 12, while the connecting

30 rods 22a and 22b are connected to the saddle 18 near the open end of the piston 14.

Because the saddles 16 and 18 provide linkage between the pistons 12 and 14 and

their respective rods, the pistons lack internal wristpins. The resulting open structure



are connected to crank throws on the crankshafts 30
and 32. Each connecting rod is disposed to form an

waecusa2angl e with respect to the axes (and t hePGI/UsR)5/020553
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of the cylinder 10 and the pistons 12 and 14. The
connecting rods are linked to the saddles 16 and 18 by
nmeans of needl e bearings 36, and to the crank throws
by neans of roller bearings 38. As each piston noves
the o atlona ine, .t ends .

o PHRAlIRS a8 e RS Bl ST 28 G 2B g GeRa axiany

OSIQb ltheapistoh 1 D ud 1 & ifiroai el open pAdIN 202did 11406 Beiafmédat the crowns
npl ete revol uti on between those ends and the

e|aé%mr§alc§klrfsr@° theypigtoas 1 3 anghi brespreivelt-e coupl ed.
Need| eﬁl@qw NY3e- MOhPteegg{r&#l%P?ﬁ% l_’;@f aﬂﬁajé olg @E@&s@& Ileth their axes

rollers pro uce at otat1on

" dparaligl te@ath other dridayingrin atcbemahyplmmluhaﬂ mg:rwearthe cylinder 10 at or

asymnm xtendi n bearl The tric._.

St Rolebe b Eieh vt et srpatendig T dadhe SERGF e Sdinger. The
C oAk SHARE tr&aieﬁn%p@@sn?e’“d@é&ﬂog@ THE @BAndchifg %mrmt 9619 and 22a, 22b
rods principally under tensile stress as the pistons

12rQa¢ﬂjm§Medrm/eranh thriows @yll the geankst@fts Ji0tand 32 iBath eohnecting rod is
ressive Sedh€SYL N i ner. t
%}588%6% t? %(frﬁtp alb? € %nsg r%ﬁgec ';]i%h}? agig%gaggqéhe Sf,ﬁ(? éok‘ the cylinder
ge0ornd the Fidhs EBamd 14 Uhgtcdnhdotihl Yods! arériiniaddas thd shddles 16 and 18
forces betmeen t he pi stons and the bore of the
cyvimrees of needig b@rmgwén@dzts the,erank thyaws bué@%@mp of ggllgr bearings

fagt i @&hqglslxhﬁ] vt | k %Q ﬁ&?tl%&ﬁ cg létoppéte]\gor i ﬂlzé:f]ids of the

are s e cylln nin
t keomeghngundsitoapled tal tltéeplstpn ssaddle osdillateshrionglo an hmgular path, and

| inder 10. The c I|nd al sg has an exhaust port

S P Eev i BBt Do trBing s FoneBSior ghe saddie t
t Réni&y kﬂe?dﬁé dodiplcBepriedrR B¥arihpe ivFith Q@iﬁkieﬁﬂb‘; sYMa‘llhdlameter rollers
respect to these ports, the prstons 12 and 14 may be

r @5qsiiee it keast ﬁul:_lfretaltlea of ghey eolferredurénghengh tosciliadon, ithereby reducing
pi | i nder 10 may be
Syﬁ%fﬁﬁhné%%}a@§ex§%ﬁﬁlQ%?ég llf;E%ut by no nmeans the only
possi blTlhe gmﬁetgurfeﬂatrmnsﬁlprbétheerpouhe Scatmeetitiy 48d9r eaddles, and

descri bed .bel aw.  The operations of the exhaust. and
i ﬁfaé‘ks%gﬁ 18 Fige Zfyand &%eléeew thepeRnmeFingotods pangipaily, gader tensile

?%&gggase{ﬁglﬁl&oﬂ %a&ddom nﬁgvel fRogk ﬁh&l ?(Yt»k/f?ﬁ‘ Slilted level of

shown in t draw n contro one or nore
f gempresjiec stogss résmilstmgrﬁrchmdncbahldmceaot‘rthesmstued ati mgloengine speeds.
cyl i nder 10. the followi ng.illustration
CHESmel redites SCudbSlan@illy Sininetst S8 RroRh s the pistons and
Pitisd Wre beMgichlinddpe | ength of the cylinder, and the
Iength added to the _cylinder borelﬁg@the cyl i nder

mani f olEIGE Afppedi2Ri additionsh defailyard sptarrs of e eidinder Hrand the
p'p?stt&{gsu and 14 are shown. The cylinder 10 includes an inlet port 46 through which

air, under pressure, flows into the cylinder 10. The cylinder also has an exhaust port
48 through which the products of combustion flow out of the cylinder 10. Because of
their locations with respect to these ports, the pistons 12 and 14 may be respectively
referred to as the “exhaust” and “inlet” pistons, and the ends of the cylinder 10 may
be similarly named. A preferred, but by no means the only possible, configuration for
the ports 46 and 48 are described below. The operations of the exhaust and inlet ports

are modulated by movement of the pistons during engine operation. At least one



as they traverse their bottom dead center positions,
nmodul at e port operations and sequence them correctly

WOWRas/1pi1sd on events. In this regard, the inletPends2005/020553
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exhaust ports 46 and 48 are displaced axially fromthe
| ongi tudi nal center of the cylinder, near its ends.
The pistons may be of equal Iength. Each piston 12 and
14 keeps the associated port 46 or 48 of the cylinder

10.closed uyntil it approaches .its bottom dead center. . .

o BB et ein BDRYCREERe), cobirod BEsE iR et injectors
C etk &ibed BR10w)Qidei 3 Ifoel Ukte Shedcydimgererice | n which the

exhaust port opens when the exhaust piston noves near .

i ts bofsothedfollewing tlbystigtiens padh des¢ritiophwil] establifhprthe relation

" ) : : .
USSR D)1 6 TN 68 A e
cboedsy th teglinddnenaxfoddss toyplat with nmphase diffeyenkce GBwdes the pistons

bottom dead center position, and then the jnlet port .
oFOUEY Geveere s potfoat dspdenSinpoRions,npdp et pertoperations and

bed fueiRedBa BRBEES wRADisibPEvents! fﬁthi%‘ég’rﬁ, %QnQPQﬁfB{l]fgﬁst ports

representati ons of the cylinder 10 and pistons 12 a
146 ahd AB@®; dizplaggttiaxi@ly fronsthe dongigdimal eptesefithacylmder, near its

B L L I -

0pPRSIoNg 494§ thy c@atder 10d8osel dnlfi€ iCHproudaes t9batam dead center
angl e of approximately 120 as shown in FIG 3A. This

gBesaen yThes Phase cplisef dietwesa harhrsiom deadgpnten Apsiiorsproduces a
Sgegcgu%(%eofﬁ%hﬁ){q}lg exhdust ﬁo o?x&)eﬁ@aﬂgn ttl?e: %&luéigrﬁ(setgh r}ﬁ%*es near its

e geonmetries Wt er operating cy
c botv@nidead ecntemnpaxitdorg tthemnthle ialec pert pgnd evhete sisuindet piston moves

rot at.j onal | tarting. at crank angle of 0 where the
pP§¥dﬁ3’°ﬁP@y¢£ﬁg f’%‘ﬁerd%(g&m(?e lowingwhich e Pihagst@ortslossnafter the

eBelia6t Fibtos MoveViatly fRSR i@ WoRoOddall GendPpodifin, l8dhen the inlet
"top dead center" iS used to refer to the point at

whoit klosescafier edulebpigtonipeyea away framoits hattenpidead sagtern position.

and 14 est Lo each other .and th :
cranksharT< Ah at pefuiE ot GhE ot BrisdBader 10 anopisions 12
cyhd nidelof SPEESE 22 bed VERnNillukitatiagds . represéntatsvet Beclt OFf @peration
the conpressi on stroke of both pistons. Usi n? a

corveniem! astisur briie  cxempledonidh dpistonscelufep deady cepter, the

t i . ' o
D oK 50 on Q6K Side O ¢ YIIURE forkl e\ afé F SPifSxrfhecly 120° as
t shavite ipdiltt 34t Thisi géomdtey « omeely efod thd Fmrposd df4 axplfining an
the pistons .12.and 14 are farthest fromthe ) .

L PlorRtstal BRetgsi 3R ok 3nhf 16 SIS el REBTOIF geomgisies with other
PopdrtinglRREB UF St doHSdnidiRE OdnfopbaidioRAl c%'Bl% 6%CheEm@sured rotationally,
operation. Bottom dead center for the piston 14 occurs

j Bfaxtingfat @ cragp argle 0 &° whsreethsfpigpey areiapop dead center as shown in
ngfvs}'zix% ?g(? %necgr?%\rnpttr %%S.i WAl SOt PR}?%%, W Rlm c‘Yo(f)l fea(ii Tenter” is
used to refer to the point at which the closed ends 12a and 14a of the pistons 12 and
14 are closest to each other and to the crankshafts and air is most highly compressed
in the cylinder space 42 between the ends. This is the top of the compression stroke of
both pistons. Using a convenient measurement, top dead center occurs at 0° of the
cycle of operation. Further, with reference to FIGS. 3C and 3E, the term “bottom dead
center” refers to the points at which the closed ends 12a and 14a of the pistons 12 and

14 are farthest from the crankshafts 30 and 32. Bottom dead center for the piston 12

10



reference to FIGS. 3A-3F. This explanation is neant to
be illustrative, and uses 360 to neasure a ful
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referenced to specific points in the 360 cycle with
t he understanding that for different geonetries, while
t he sequence of events and actions wll be the sane,
the points at which they occur in the 360 cycle wll

e R 1R of B RS of PR BB Uymi e P FiaF e piston 14

0p&fusd juStifler T8 oF th@fcke dfpeRitiohons 12 and 14 will be
at top dead center, fuel is initially injected into

the cyhi fihestraker eempressien-taniticiaeperafivaal aycdeis pow sikplained with
F%%reﬁ@eyto(i‘q{?ig. 5‘%—%15 th ngyngtﬁ] 1‘3 n?éa‘ﬁﬂo 5 m&§att1v8 dax}dhuses 360 °
comences

resse alr

Moxinddsard gAill egld Gmmeénti bed Edtﬂﬁ& df éreds/clk2ae wféireﬂ,éeal to specific
driving the pistons rt . in a power stroke, to

art driv
L PRt R el cucle it ihe undergarndite et foR difiput iepametties, while the
didREhdeUTSventt gncphcctg)‘ﬂ@ Svilk %e sa grﬂar fii tri]tlé‘gt WhicRthed Weur in the

exhaust ports 4 48 cl osed e power
s Bo6Wkaycleblibiclfferfrem thdse axmhmtwﬂanagon he inlet port and

55" LT 15, FLPYE DAy B Srions

negdle Whewale Ptsmu ahk dndeli4rwillowest top ldesPSont&Ofidel ﬁuﬁltfauy injected
travel out of the cylinder 10. The inlet and exhaust

pmt@ dheqgylinder Algoygle tha py |easl) epgetnjeqtienmitg, Fad, may cegtinue to be

pl é{' %2 hcg)gﬂb(ﬁgt%n 9(¥1ﬁJn§ncets h? Iﬁ?e? %]gﬁg{%tﬂlzc%rrﬂ)fr%ségﬁa 116 and the

nmoved enoug out of the cy
t ml)CtpEnlghhé‘S bethraetsthembds.‘iedlb&ds WPa hed tAg drivig tlﬁQﬂttoAﬁapart ina

is still _closed. The C onbusti.on now beg
t BOWSIGHifok e toskive e gﬁﬁ%ﬁ%@ﬁ é@ d&% to 1ofpts ip PPOSF dcsqectlons The

t gfasto(ﬁ)! Ghani 34'keES fHqul& anpusxhl%é?‘ﬁ'oﬁ?% and A8 Eldged a@vmga{he power
1 he Operatlona CyC e, the inlet and exhaust

peiraks, kﬂ@cl@ma airgrem @ntﬁpeg thsmmlqm pegsod |ezmilsafromflbm the exhaust

RS oG 5k RO Tl sRRal OFd, IahisRRE 12 2 147 heof midway

ehedisit ther powd B strélcesy e5iinig td) v Gkl bS tiScylidgérdL® I The inlet and
conbustloni%asses are displaced with pressurized air.

| pxhapgt, posts 4oand vigaare il elased, dn Fi6r BCatt 13 o thgeaperajional cycle,
t h‘l% (ﬁbsﬁi%d]i%a o\f’{?h% Els{ogel His%ggegf fag%ﬁodg%n(gft olflt eppﬁﬂl er 10 to

due to the phase set descri ove a exp alne
i opemthe ﬂéhast | pave h8Wwhilir dheyénleti port @t is nutidlsclbgedb&he products of

forced into the, cylinder t hrough th | et port .
FRTP R PONGEIT 1 TPbSEE! the PERUSRACT TS HBICOBPB G g Fyele i
Stere&l Redi Blw-dwnl IPFIA. 3 eatolFS@‘s a ﬂfé'@era@%ﬁil fycﬁehﬁi@rlnlet and
in FIG 3F, the pistons 12 and 14 are near

t ehaugthpartse 6 a0drisr ercsopam and: pressurizad abfoﬂhWﬁ hetm whleeqyllnder 10
H‘% lﬁxhﬁﬁs})leggr }ttrs146ff10ve A V\Igﬁsgeqrﬁ(léu%légq) codtgblg ion ?lr(])ws out of the
exhaust port 48. Scavenging now occurs as residual combustion gasses are displaced
with pressurized air. In FIG. 3E, at 193° the exhaust port 48 is closed by the piston 12,
while the inlet port 46 is still open due to the phase offset described above and
explained in more detail below. Charge air continues to be forced into the cylinder 10
through the inlet port 46 until that port is closed, after which the compression stroke
begins. At 270° in the operational cycle, shown in FIG. 3F, the pistons 12 and 14 are

near halfway through their compression stroke, and both the inlet and exhaust ports 46

11



center positions, and the cycle is continually
repeated so long as the engine operates. FIG 4 is a
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during the representative operational cycle just
descri bed. Piston phase nmay be neasured at  either
crankshaft referenced to the top dead center of each
piston. In FIG 4, the axis AA represents the distance
crLo f o) ead cent :
pos(lS P‘ |%oanre ‘ 588 Eﬁe %(S?% Eglgf r ed;?églé%lt gé’aug PN t?ﬁ@ﬁ{ their top dead

poete mltﬁfnstzﬁﬁ the Sfcleis Tantirfuallp tépeated @lo yhgtdsghd d:rigﬁle&ib,erates
while that of the piston 14 is indicated by the |ine

52. At FH@p4diead p&érﬁt@wueothebmqﬁewf hfe Pistosis ol?s ang d4j during the
d?%ﬁ@seﬁﬁ vb tb‘f)eﬁltleﬁ:ﬁgﬁca@ stl% c2iBdd. LR a§9 "H’%}J Ye [measured at

tant fromt center 0
_1@ith¢ks:rarﬂ<shaﬂ:) safaenadab th:q/tdpedepd ceredsf, eat:h epxsm:s tlo mcnz4 the axis

ook iR eneEts s iRianoc. B e Ceor PAA istoartia e fdrapater posicion,
ORRA del RIABB G¥frkents f‘l‘ﬂéé: FhePosioPér th@ Isédn iR nlcﬁ@ated by the line

poi nt, the piston 14 passes through its bottom dead
céht whllepthahpf 8@ pasten be i indicated battathlingSniAtiop Headuestant§0, both

t|| h S a n hase
66 Wb MR Hetsf P FACLD 1 BERIGT g rom
t hige mn%itﬁdilﬁallé’enwtdoﬂ.t‘hel dyllindér 80.eMs ithe bpératidnat Rgblegsroceeds, the
the desired sequencing of the_inlet and exhaust ports

481881H1 4 icrqagingly; lgaqsetgd)[hase yiiid i sepchepdts jbgttpmcdead center point 61,
" E&%’t Befond $86N fl)xlg%gtet?@iﬂn fcyu%e ifdi Yy .69. Tﬁggrt ﬁl'vgm\gge point, the

e port contro e pi §ton opers ,
t Ipestarl bs pabsenthrdizh 1tsfbdtﬂ0m (adtconted oinc 62 hrd begdins fwotanth up with

resented 64 on. CC, the exhaust port Ly Rhegin
¢ SRREN 1 et R v G pisian atenet pepn pise g SHlhn HELER.
noves %@bs&h@tn@%lﬁ&e bRk s&%t&dteq)\fst@& @ar@q41h9§tfhted in FIG. 4
ports are open and scavengl nghta es Iace At on

cenablercthe dpsitedsegipneingjof gesin m%gnhan%@pﬂaﬂé amhéti dhnnlgs regard,
tilokh

CHRIR P b SR GEBH0% RIS DL BRBLyne e por

c eopraRdi bn tllmeglstm opéniss THessi wiadnl ther €16sddt et 1l 3@ of fth®piston 12

the fact that the co cting rods for the respective
pir%atc{a?%th@r%%t repfﬁﬁ%ﬁfﬂ %M.Cf"f & &t thaerkavgt peiipnly begins to open.

Cﬁﬁﬁ@fﬁéﬂ f |
¢ SohiepRE clost@LAd 1 Aot e T ol bt B0 i WBesdrif by 65 on

béiG, mlopontsheresmm aod acdkvehgihg takes pddveuld 66 e)nr@fleﬁhewxhaust port

t.hat. the res i ve oenln
o SERET ond &inedy ik elfing (el IR bie' BioPReL Hatspches the poin
negréeeated! by 68 6n @WT tWRn LI poitd Sreadlékell Al dohfidssion begins. This
relati ve opening and cl osing phases may differ from
t HesiEablaeowt arises from the fact that the connecting rods for the respective pistons
travel through different paths during crankshaft rotation; while one rod is going over
the top of one crankshaft, the other is rotating under the bottom of the same
crankshaft.
It should be noted with respect to FIG. 4 that the respective opening positions
for the exhaust and inlet ports may not necessarily lie on the same line and that their
relative opening and closing phases may differ from those shown.

As seen in FIGS. 2A, 2B, and 5A, the cylinder 10 includes a cylinder tube 70

with opposing axial ends and annular exhaust and intake manifolds 72 and 74, each

12



As seen in FIGS. 2A, 2B, and 5A, the cylinder 10

i ncludes a cylinder tube 70 with opposi ng axi al ends
waoasamied ar exhaust and i ntake manifol ds 72 apdr/vg2005/020553

eacht hreaded, wel ded, or otherwise joined to a

respective axial end of the cylinder tube 70. The

mani fol ds 72 and 74 may be denom nated the "cylinder

exhaust manifol d" and the ' cylinder inlet nanifold

| SRRl Yk, oL EPRE &Pl o SR RS woe 70

t Mae exdndfotds ENshd m elaysy dehonfiRAEE tHel “¢9lidder RxBAE aldhifold” and

each of the gallerles 76 and 78 has the shape of a
s dheofqylipder dplgk mapioldngigsrectygly | Tl?f'gmamf@}é&g%@nd 7@ liamey respective

g\%ﬁ%@%ng&k{ﬂ% EWIEAeg ’Mﬂig@"}g ttééflg&hén{hen%ﬁiaﬂ& and inlet ports,

ressuri zed air acl tates scavengl ng

5 am@kpeaﬂva}yc é’sefembbumChmf thé ghld)dr'@sdyﬁ anfih’#8 had tha d;hape of a scroll in

foId 2 als c udes an ann sa
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10 The alernstively ithgayps@tdis |sta@nztmrairl, nﬁebdl %&bagﬂabxvy &¥ech€ fnanifold 72.
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SS plstons (pistons wt hout are used,

t Imat@h the diameter df ther pibtonsl gésandphh rand ghd: pistqerand, cyanderamay be

veny. &l gs oIeran be o ed hetween the out
abfistist s ok FRTRS pURY cAmuthle. Prte tNansoh: aradapstios. If
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|
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20 PAlsbSra@fitafRNHL FornRARA AT He WhthikE ARRMOAT 746 /Y grkgxgﬁ 1H<f_iucmg shape

openings to the tube 70, thereby providing br

S lamimst a sdrellt ifaors tte asherttaedy the gsstqmsetre mmlmﬂr wah n‘ﬁglaes will be

th lin 72 and
oBERET dou R e Pl s Gt B 1-8uli3r PaaBRgwith annular
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25 194\’3 b 1(98\/\22 élse{n%ﬂﬁxr égllé%g:g nlﬁt 78t Lﬂa%\rldlhgsggﬁetchxg between

posi I ons e oper at’l
the exhaust and 1n1et ports and respective exhaust and inlet manifolds.

FIG. 5A is an enlarged side sectional view of the cylinder 10 with opposed

pistons 12 and 14 at their respective positions when the operational cycle is near its

180° point. As shown in these figures, the pistons 12 and 14 are provided without

30 piston rings, although they may be provided with rings if dictated by design and

operation. Piston rings are optional elements in this engine, for two reasons. First,

piston rings accommodate radial distortion of pistons and cylinders in order to assist
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and operation. Piston rings are optional elenments in

this engine, for two reasons. First, piston rings
accommodat e radial distortion of pistons and cylinders

in order to assistin controlling the cylinder/piston
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cool the piston during engi ne operation. However,
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( becqus®t dadhlepisfonoiy petiedieally rsdbgtaritillyt emfrelys withdedvgh from (or
its bottom dead center position so that |iquid coolant,

c &FetpKles fiom)dhe eylindes ag i wpYes theneh discbotigar deadcgsntey position so

3 ' ' : ' t oRf :
SR el 988 AL BET B 20 00 s
t dhibecgded cAs bpdyonvmiplesaouti afuind baobolitn ttheoylirder, autseshowered (by

surface of Jits skirt. |.n addition, liquid coolant i.s .

2 PR 1o, P TP vt s HoG' <oy g e Sy iRk skt In
ala@éigioh,! 1Fquik tédlantls hsplRALbY Bidpehas 2i4tod 26§ WMs infieF surface along
exanple, in FIGS. 5A and 6A, each piston 12 and 14 is

s ity skigtrun talang ingledigg Bseromnom t he cylinder 10 near its

bott om t I £hon. Kj . j . .
repres gﬁ F g? ZII v@g er Fgé ?rbg}%sg}}dh%\—'?i Egvl\i%t é]lgrt%ﬂ gf 22 %ng({; éézlcse ﬁsgbstantlally
12dthdfavirth éropi siteodyliidendrneah dts isttemn detglecafert ition. Taking the
annul ar gallery 76, the skirt 12s of the giston 12 i

] 2.0s .
s PRI ASTIPYESERIEH Y (10)S FRepAt thatuvith s ciosed epd il hdief thegpiston 12

Whkhe tRNbiterdt BEeeP BF thed AnMflart Qﬁlalw( zﬁs)rﬂ%egrsﬁwlé@%fktﬁé Weksh 12 is

the outside edge 760 of the ga y and the outside
edybestatpiollpfentitety wxthdasin frami the lcpilifrder ri®mehibs onlly thbigoortion of the
exhaust manif.old 72 fitted on t of., t he cyl . nder .

oM tralB 2 BePrsbR g Ol s 1o Mhe sty o B btsice cdge
Pi72b @ tHee:xAbst Iar$fols 2 vaidihy in"BY @EhAREahiibld A2NRited on the end
cylinder 10 to the extent that it is substantially

eroé thesedinggr tthes deseribrbbelay. Wsbouldbemotadhidat ¢ach pistpn 12 and 14
d%ﬂﬁ’seﬁ@éﬁtt@rmgs)&' BdcRMnto the cylinder 10 to the extent that it is substantially

enclosed by the cylinder 10 when it reaches its top dead center position.

Thus, at its bottom dead center position, substantially the entire skirt of each
piston 12 and 14 protrudes from the cylinder 10 and is exposed for cooling. The
detailed description of how that occurs in this illustrative example is not meant to
limit the scope of this feature; what is required is that enough of the outside surface of
the skirt of each of the pistons 12 and 14 be periodically outside of the cylinder 10

during engine operation to be sufficiently cooled by application of a coolant to the
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cooling. The detailed description of how that occurs
inthis illustrative exanple is not neant to limt the
scope of this feature; what is required is that enough
of the outside surface of the skirt of each of the
14 L odi de of
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operation. An elongat®e ense

abxlllwatsan(gaﬂm rredrifoldsxT2ahhd/ 74 Bowy zamallya@aceds!sermlhmular dispensers

o 3o s FoF o o o R bR Lyt ey tinder 10,

8&*1% BHenseaRga 86 PofiérRAbutB A b endBRitdrad fthé WRRaust manifold 72,
hal fway around the cylinder 10. The di spenser 86a is

pdeart the radside edgm’dosothet tvew dispenserso86l hed Stpanetlocated over the
CROBRE Jo B3 RO 2o TG0 OReS0 G B Brigpver o e

16yllix&iem9ﬂn bhder mﬁplpgld)poﬁ%nag@ mMére lp;[miif ec?jcﬂhityo ﬂﬁaa{ottest region
aX| center of the cylinder 10 in order to

E laﬂﬁ-;rt thps ta,pther, ICP%ﬂGT reassIngater thy marfelds ?%g'{u? 7X and the

r 99;?91%6:9%6@1 he 1&)&&%%&@%&* th® ceﬁt@ﬁ bf t&ogﬁ&rm&ﬁﬂil&”ﬁ near the

nearer the manifolds 72 and 74; and I spenser

| sulsaleatdgd Mot o secdnd fdispeasec emmﬁOICbtuheh% cxtlemds at least generally
near ut,Si edge ,749. A.secon

PRl afbnd and RERF MO 6 EiEENA e RS GRRG oy 72 and 74.

a¥oat hMaldy gﬂﬁe@ﬁﬁni@ﬁ&hlﬂﬁﬂlsﬁé}@e@)@%nm 886,041d288H extend from the
exhaust and inlet manifolds 72 and 74. Four axially

sw@efalds@hﬁ S8 alifway arpuik fiseerdindera 0.y, digprnseraplp Bgppsitioned
I und
gr Jf?g& Ee%ierr%%ef %ngtqg gu%?d l?%‘,or{c’e}g?%e 2%1%% edtglél 9720; the two

I spenser
dlspensers 88b and 88c are located over the cylinder between the manifolds 72 and

74, preferably near the axial center of the cylinder 10 in order to apply proportionately
more liquid coolant to the hottest region of the cylinder than to other, cooler regions
nearer the manifolds 72 and 74; and the dispenser 88d is located outboard of the
center of the inlet manifold 74, near the outside edge 740. Opposing dispensers are
linked together as at 89 for structural integrity. Alternatively, the dispensers may be

entirely circular and connected to a single manifold tube. Further, fewer or more
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mani folds 72 and 74, preferably near the axial center
of the cylinder 10 in order to apply proportionately
nmore liquid coolant to the hottest region of the
cylinder than to other, cooler regions nearer the

namspemlsds 178 b grotddedand mbe bei BRGBAEY pgﬁfioﬁe%l JhQ& %E %H'own Still
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aﬁﬁﬂ“ﬁﬁ??on el enents nmay be rep03|t|oned in order to

di spen q 0 t to s

per cen?lgg fetgs ?@E%d %Autﬁeqlq:&ég‘f é’IT %g}spﬁfgfséﬁatﬁﬁﬂyalé@ld coolant to

atlmlts)ﬂe surfacekof the piskas aad apRhder atd vl &%@in@%%pﬂﬁ% elements;
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41 QP PO dispenseayag alyp bsrintpgy mthtth%C)dmdat manifolds 72
| emgyh nﬂfddﬁﬁﬁﬂoPéﬁﬁQEhd dfnthgls ate e Aleg'ﬂ;c ts 3 %1 IPI%e t&llelf%éll d

cool ant di spensers that appl I qu
out si d& aypltesaate embodmnpsmvanm Bl 58y Imsn:d& lof a6&lingB¥Bylinder

SRS, ST SR T By et o
rrpmuvfdel alsooling E}jadsagél 90 arcifhdithé eiddar tH}Buqu%Bf%ﬁdché) t:ool!uﬁ%nay be

aragf el ements _shown in the figures.
dn thinerserdlisRensarowauldrstiflibe usedio qonl;the epdst@fs

c 00| | Nghd Qﬁencs)(ﬂubt'ﬁpeg(gf tgé‘ ?a%d?egc}%yan agfg lggelt %gee/nrg:? g>rf'%vnstp1ns in the

cylinder tube nmay I Spose
pPlé@n@IEemltmﬂﬂrDV@ (fossa}gﬂhc&ﬁbxﬁdiﬂllmﬁd tdRar ¥ tHeABlernal surfaces of

tttﬂr %ugonsm@n this }eggrdcgso éh%g\}n in ];/IGS 2A, 2B, and 5A, the pistons 12 and 14
are continuously cooled during engine operation by application of liquid coolant
through dispensers 24 and 26 to their interior surfaces including their crowns along
their skirts to their open axial ends. Each of the coolant dispensers 24, 26 may be
constituted of one or a plurality of individual Jets, in which each jet is for delivering a

stream of coolant aimed at the crown of a piston.
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circulated. In this case, dispensers would still be
used to cool the pistons. The open structure of the
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pi stons permt inproved direct application of |iquid
coolant to the internal surfaces of the pistons. In
this regard, as shown in FIGS. 2A, 2B, and 5A, the
pi stons 12 and 14 are continuously cool ed during

en! e 2RRG A Ohof P38 R oo a0 B e e
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piteyivdedng Qlenﬁ&m& copllindeter pisfons, Bxlaiges, ecrahiBafidjedtc.) are received
injector 94 is coupled to the at |east one injection

s.upsn gsstrugturgloundt rofhe, fospefsa dtagies poRassiysi stechsd redements fitted
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b@af chdheinsi rtﬁm@ﬁmaafé ﬁfé?ci%ﬁn@ci AR loBRr qﬁsglaé Isaﬁetuﬁu Glements.
as conpressive forces between the crankshafts. In

c Sionseguently, tthe gplindepsr 4o mog passivgostergsiral, el@ppm.ts of ﬂpﬁ engine. Each

tGE 21;1, J]Ofeeg }Snsélg Sorf etyI 15??%6&?81%;%%@\%“&??5@{ t& %‘f’ 1s ons Afsposed in

ConsEse witly ,thé Rkceptionn 8L rcomdustionochipaba ﬁ&c@t rthétdylllﬁﬂers are
el ements of the engi ne. Each Wﬁll I nder, is, sup orted in

t Héc%‘ﬁbﬁdrf@m therpeqinisal yste; indpeed By fuctions! climagnis and from the
6jafl' dhd Rherrjﬁgfj%treﬁ%s ftiie eﬁ n€ pBl'leE‘. ggn&:o rmélscﬁ’llﬁﬁers are

charﬁoer orces, the cy ers ar decoupl fromthe
messeatmllyabnlyt pressses vessels.c €biis bangingneaanistruetione¢lanigates ,non-uniform

d.fromthe nech d. t | of .an .
o il ERpiieR oTigin patons nd gy lindic pemufe S BRaeHaifigh interface to
0 'BE Vel @SseLiteny, @58 @hsblesTé18scanstichifg ©P el théketal GRaracteristics of the

el i mnates non-uni form
materials from which the cylinders and pistons are made. Advantageously, with

improved piston cooling, this characteristic affords the option of an engine design that
dispenses with piston rings.

FIGS. 6A and 6B are side perspective views showing increasingly complete
assembly of a single-cylinder engine mechanism 100 for an opposed-piston engine
with side-mounted crankshafts based on the cylinder/piston arrangement of the
previous figures. The engine mechanism 100 can be scaled to engines of any size and
engines having from one to multiple cylinders. In FIG. 6A, the mechanism 100

includes a single cylinder 10 having the construction illustrated in FIG. 5A, with
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radi al distortion of the pistons and cylinders,
permts the cylinder-piston interface to be very
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thermal characteristics of the materials from which
the cylinders and pistons are nade. Advantageously,
with inproved piston cooling, this characteristic
affords the option of an engi ne design that di spenses
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ﬂﬁl es the sgrdd e 16 to the crankshaft . The

B2 PPHRUOH I u Psams bl G angh | ks arersbowa du IFéGléAtfor tdference. The
Cb@d’ikslli‘@fhﬁs §90%é}ﬁ§%t1 h’.?tlﬁ‘ &’LfGH Ih %gﬁlfélét%u g4 can be connected

coupl e the sad to t crank
diespreris énletrraanifobd thot sievigBindad ophieinglil $9 &b dorde&in ng. the fuel

o O o BB T st e bt | Ahbis  oRspUZaH( through
mavhidhhél n8ifoliwabd sl $é’cd?lﬂg&§@g) & LGR0R %aélgj)oﬂisgngp Hown) and

of which is indicated by reference nuneral
f B9 ARG }(Qnté\rqggh,wm@h a fubefogn copechatethes tfadliihjeatat (10 seen) to a

dgkyﬂgnﬁag(%?sgggp tion. Two beans 110 and 112 are

shown I n reference. The beam 110 has an
openi nip FIG. 6By au@.ima\hblc thet brgrifie ficcRArfsrh Ul% ﬁéluG@sn t»b@ support

| et fold (not shown)
CRURFRES 2D iEbsE fonBsnastiRsiden T tthe oy lindor M), dogeherouith the
t f has ,a
o&sﬁ?sn”@ff%‘a?‘% e Bullen & O Heceill End SAMC e 1 3%uihants 30 and
g rfaeh bylkheadh h2Qe sichudes allrﬁ-lble:flmlsdct(dmOHZSahﬂvmbramgrtsﬁ Rection 124.
OB LBt Kb, B R A cnohgs foin enin

The Edze(ﬁn B ardl f 128418 aft&dhell RS tRNHIO O MRS secti
id(s)png_])ggl udes t\/\?o suapport bulakheaeds 120 dlgsposg%ﬁﬁ sections

¢ Frreksdfie aredupporteddor fotation inthe It-lrmgat shaenomn m Uyhearings
b?l%”@aéﬁ‘-@ulﬁﬂ&d]ﬁ]lélug ;;% Q'grléli( hﬁedﬁjr?g \:al'vztg 2 short astomenc cylinder 132

support the cran
that receives alignment pins 99 of adjacent cylinders. Threaded holes 134 are

provided in each support bulkhead for attachment of additional components, for
example, a gearbox.

Assembly of a single-cylinder opposed piston engine module from the engine
mechanism 100 of FIGS. 6A and 6B is shown in FIGS. 7A-7D. In the single-cylinder
engine module, light aluminum end plates 160 and 162 are attached to respective
bulkheads 120 and to each of the beams 110 and 112. The end plate 160 has openings
163 and 164 to receive the liquid coolant manifolds 96 and 98 to feed lines (not
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32. Each bul khead 120 i ncludes an | -beam section 122
and a transverse section 124. The |-beam secti ons

w@emgilzla24 he princi pal support for the crankshed1/852005/020553

during engine operation. The beans 110 and 112 are
attached to the ends of the transverse sections 124.
The crankshafts are supported for rotation in the
| -beam sections 122 by bearings 128. Each bul khead

i ncl ude n openi i4-h a shor | ast ric. .
cJRHEF I R BACRGRDY 0T BuR PP bl a BT Bl Seen in these
aiigaesNthraphi thel ettside Bhffecdatthd ehd plaies3¥o (R Mhe ReaBbL U0 hBuses an

~ each support bul khead for attachnent of additional
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receive the liquid coolant manifolds 96 and 98 to feed
| cimewmierance hdhald a katgd quisidocistvanierenee AfdH @ segin these figures,
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t he opposing rotational notions of the crankshafts are .

c igppeigide ciEumderepsn 143 iof ghe rparut geae vawgs 149 at rasother location
cr 2 : di

cuapiaBaly oy O REERITL 0o IR, SRBERN 1y e 1720n
t Ithe imside efrcuhferancarlk g madyt be38B3/ahovith MEHR 4vtbatielon tESinmet pear and
a toothed . outer rimis fixed to the end gf the

¢ PO RSKE Ty Iergce, Q‘fl‘blﬁtthﬁ &5 Baorenie fssOul gt gend the
1%6tsetdircBmi@eidead 8imai Ble3 3765 Gl MOENS €eellY dn BHehider gear and the
toot hed outside circunference 178. As seen in these

f oyisidescircumderengce Thisi arranempet ofegnars\prrslits thQ opprfégerptations of

g_!;lﬂge Jéﬁgrﬁ%sggﬁf 56 %tféi‘%% "t§ %g q'[a%%lc?lteafinttohtﬁe %Hltlt?ﬁ‘i{o g%g}é%g}f{‘ &F {he output

ocatl on an outer ri 0]

waes wieéB 1 25 gathem dddenumbes oflgears (thterf R thivcaasd)/ Fithfa ddmeintegral
out put gear wheel 175 at anot her | ocation

diggtfefatioc fnfly WERQH s#tVe ItEENSGHAEY | Rsdtat £BAINS, ToFe OFisR torque  transfer

I dlenRnRETHERBuL 16 iRMPRY siRfbuthfizeaithifhe i nsi de
circunference 177 may be 33/65 with MOD 4 teeth on the

i nner desemblydfithe singktaydindérr appofek pistoe,engine| vodiuie is completed
gear, ratio ep.the outer r. 173 and the outsid

075 Suhfb PORRE YRe Ry BB en T anh Aipiim e, Pas R0 to the
Ofifafife HARI upA6ithé B cMBledi ik HehdCahANRAMBLA coVdt 182 is fastened to the

arrangenment of gears permts the opposi n%dr ot ati ons of
t IBearben hk& Hdrrcevaol Sgrincigdestan ayput bsrringalScthptreeeivesehe axle 186

C%Nﬂe”&ﬂb’& é'egxt Qviljaé?nlﬁfthﬁ;]&agﬂﬁg e frame to support the output gear 175

for rotation. The resulting assembled single-cylinder opposed-piston engine module is
indicated by reference numeral 190 in FIG. 7C. The axle 186 constitutes the output
drive of the engine module 190. It may be coupled to an intermediate transmission or
directly to the driven component by one or more gears, belts, chains, cams or other
suitable torque transfer element or system (not shown).

FIGS. 8A-8C illustrate assembly of a multi-cylinder, opposed-piston engine

module with three engine mechanisms 100 disposed in a row. Note that the front and
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gear wheel 175 with an odd nunber of gears (three, in
this case), with a non-integral gear ratio, and

wowdokazti2any i ntermedi ary belts, chains, or otPer/us2005/020553
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torque transfer elenents. The result is a sinple,
short output gear train. Assenbly of the

si ngl e-cyl i nder opposed piston engine nodule is
conpl eted as shown in FIGS. 7A-7D by attachnment of

of X ru AR LR PO kA bR Tt RS ) U have re

f sgt@nedaltcady NRugRAIIORXFIGY). 6 A hd 6B, edndl 8idcusted iflespadt of the
out put bearing 185 that receives the axle 186 of the
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resul ttng ass si ngle-cyli nder “oppose ston
e igiludes nelongdated beamdildat adl By2 riefedr enclee nianeveade iQ0iohd of the

ek B! Mats 10 S oh Eoet fi<ag bbhgrsneine module. The

| e8¢ BH RER thaiPRSTIbSSHAYoP Fotstidreinlthy gbRb&N €761 " THEuid coolant
conmpohent by one or hore gears, belts, chalins, cans or

ontmifokisi $@bind 9% g elangated f tlor spane thenthreg engioe eme¢haoisms 100.

. FI.GS, 8A-8C il bl v . of .
Ry 41 e st G ERSRRc R e iy completed by

t Bft@hneng bﬂﬁgﬁfﬁﬁhﬁﬁhﬁlm&siﬁ? gaﬂéls? PR RCkhé frathe! AV%ovOI82 is fastened
that the front andrear bul kheads are renoved from FI G

810 fher gearhaxi V1P. Thaeonerckianingides g oniaykbeasiagskBsibatyseecives the
alLRARe dl dlé‘fsa{pgi géiu'whegll' %‘s ;fh%éeﬁéﬁiingghe #a eﬂkﬁgg@pg‘ﬁﬂle output

in respect o e~ prece I'gures. “Four bu
126arawhegir RS d@dratatidinh&her @rwtiog dskuinsbled gnuidplewglihder opposed-
each su ortig Fth.e cr ts in res

R e {f&g%n@rl‘aﬁggﬁ%lvlﬁg'a%- Theyaxle 186

aR@nskitded th¥ %thhpdﬁ%FtB@ & ®8d@eebpons of the
bul kheads 120. .The end plates 160 and 162 cl ose the

ends ofPrefhrablyn feurddensigal eonnFeiing: tode @rqypravidgdifor eaahgpipton. This

IS supgorted fqr rotati in th ear b 7 Th
| Fat s, Yool B B S T PR TIIG B, i st por
Spike of e dyhihé& 19N tenwoBakwthS reids DOA and\36cirIsyacell apdreand each
mul ti pl e-cylinder opgosed pi ston engi ne nodul e i

I S
c shpneedgd Bl ong enddp ttaddie 16 ik atdhe, apnasits ead fonte crankshaft 30.
panel Sy f
PBE cBnrciling Qo il OATinprfiof QPEbulite tots) B84 BRAHedIfn shape and
betmétng td 8ife toldaf0a sreklOceThe bmnnasting 108 Hawf20b lirecapmeqied at one end

ar, wheel 175 thus enablin he fra upport the .
ok s =agee; 6ot pt oS et o 1% PR S OBIEY fget poi sice of
asieFRlRer M0 thi RIvE-OYhédHEAL ro@PPTS AP 3¢ QR §ABEd8part and each is
nodul’e is indicated by reference nuneral 290 in FlIG

geonmistedznk oge eabiactbaseddlad @gnd aethe wppesitednil ye thsfcrashaft 32 on
e%gh&esi&o&qhg cgtglgcting rod pair 20b. The connecting rod pair 22a comprises two

abutting rods, each identical in shape and structure to the rods 22b and 22c. The
connecting rod pair 22a is connected at one end to the saddle 18, and at the other end
to the crankshaft 30, between the connecting rods 20a and 20c. Thus, on each of the
crankshafts, the connecting rod pairs of the pistons on one end of the cylinders are
interleaved with the two connecting rods of the pistons on the other end of the

cylinders, as shown in FIG. 6A. This provides an optimum balance of forces on the
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Preferably, four identical connecting rods are
provi ded for each piston. This node of practice is

whemb/i1sgen in FIG 6A. In the view of FIG 6A, pONUS1v65/020553
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exhaust port side of the cylinder 10, the two

connecting rods 20a and 20c are spaced apart and each

is connected at one end to the saddle 16 and at the
opposite end to the crankshaft 30. The connecting rod

nRIL L Ses tii each i.denti cal

P Bistond g EREREdBER s B Y ot s 355 SRfe S8 Mot rocs atso
C @syike i mathtdivitlg Raiforn? Herh sl expayesit sfdhéfodederi %Qnglﬂe dpegation.
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uni formther si on of thgﬂrods

o BRI Tor o TR EABRE ¥ G Pme Haue gt I eige dratibution line

stmelto Phe trlahfBidd6 s DO IEKeIe Qﬁ%lﬂ%lcﬁtﬁitjbﬁ 395 high volume of liquid
alum numsilicon alloy with chrone-plate T nder

bee@ant af layupresswotoathe disnensersi24gind 126rmad te thvf ispeasing manifolds 86
t ub& RY bf gnéj of rrn%pekggg flgsS (SU Ttno 51%1(1)1?1 ﬁogPaHF isnceo ﬁ‘fte‘gﬁ}' Sﬁgmp 315 in

Englne rane parts

s usbho@ﬁsai-pnmoﬂwmgmA aqmpﬁp/ 3 sy sbaiec3a Qo ftHJer suaﬂlp phmpm theacollected
quid cool ant to be dispensed_on and st on

qu% Goptaat %ngha?nﬁks?fp%@ad@' réélewrérhaubﬁ@ torhe st 3 f0. As seen
CoorIGﬁ' YA, rdq £32b $ndy! 66333 \33%(1:% :Fb lﬂ ?ltg% radf3for 3'19('*j‘fnths case, a

nt rmay e any eing applie
t Nalvpi33t ml@c@twb htluldgoblaehﬂwftlﬁmugleﬂklrydlﬁmr 3i1%end a valve 322

o SRl rRBR Lo oS Ry frrgranahe igs, 526 Hor Bl gpgyton, only the

| valve 42 ¢ b be 313&1 Eérrﬁlﬁﬁfgelﬂlﬁ(ﬂ cdSarft th AWPTHESHM tBe radiator 319,
hi gh-vol unme punp The pu 312 may conprise, for

eﬂmﬁqhyehssa)a@@gtthq lmgaf the mﬁpoq@ ragd pmlulrrqgrs vig thedradiatsir . For short
|nt(1:1h 805@99% glfatlgnt ﬁlelgalggg t3glr s ndgf’,Zfl (ﬂ'q{q #E)tﬁ rl%' nfenn ethereby

punps |qU|d cool an ug ion
.dissipating the heat of the pistons and the cylinders via the radiator 319 and absorbing

some of the heat in the reservoir of liquid coolant in the source 310. Finally, during
emergency operation in the event of radiator failure the valve 321 would be closed
and the valve 322 would be open, thereby temporarily diverting the heat of the pistons
and cylinders into the reservoir of liquid coolant.

If an opposed-piston engine is operated as a compression-ignition engine, fuel

injection is the method of delivering diesel fuel to the cylinders for combustion. In
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313 to the manifolds 96 and 98. These manifol ds supply
a high volune of liquid coolant at |ow pressure to the

wale@pandes s 24 and 26 and to the di spensing nmapdT/Oobm95/020553
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86 and 88 of one or nore nodul es 100. The liquid
coolant is collected by a sunp 315 in the
opposed- pi ston engi ne. A punp 317 connected to the
sunp punps the collected Iiquid coolant through a

fij.ter 3 rn. 319 bac ot oyrce 310. .
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the pistons. It is therefore possible to conbine t
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d
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(0]
ORARL S} WA, nOSHIBLFY LERUIFRLER IR 4, el whos
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completely adequate for their lubrication.

Thus, by way of the pump 412, the system 400 may deliver diesel fuel as a
lubricant for all bearings of the engine, save those in the gearbox 170. In this regard,
as diesel fuel supplied from the dispensers, the diesel fuel is churned into a mist

within the engine that spreads throughout the engine and works its way between the
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back to the source 410. A return line 420 parallel to

the radiator 419 is provided. Valves 421 and 422
w@onsnoiiz4 he use of the radiator 419 and ret urPCT/USm®05/020553

420 as expl ai ned above in connection with the val ves

321 and 322 in FIG 9A. A pre-punp 423 connected to

the source 410 punps diesel fuel through a filter 424,

and to a highpressure punp 426 mhich boosts the

pressure f £ deliv d.to ector
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HP engine. As seen in FIG. 9C, a thermal valve 372 is connected in parallel with the

radiator 369 between the output of the filter 368 and the feed line 370. The state of the

thermal valve 372 is controlled by the temperature of the liquid coolant or by an

emergency circuit 373. The emergency circuit 373 is also connected to the source

30  valve 359. A level valve 375 has an input connected in common with the output of the

filter 368, the input of the radiator 369, and the input of the thermal valve 372. The

output of the level valve 375 is connected through a feed line 377 to the supply tank
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emtted by the above-descri bed di spensers is
collected. The liquid coolant collected in the sunp

wo e@saomi13b7 has a nominal operating fluid | evePCBEB2008$020553
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source valve 359 is nounted in the engine enclosure. A
| evel sensor 360 in contact with the liquid cool ant
collected in the sunp region 357 controls a |inkage
361 that selects the state of the source val ve 359.
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9 r

o, 29T (BETAL LAl L6 SR A RISy A AR fom i
sslhwd:y sank36a. $heiexess bquidfceokauhﬂxa@ﬁ@umddﬁar intthe ssmppegion 357
regi on 357 r t.he supply tank 366, e operatin

| LB retevsdy PRI RERYG iaRthanet ioubRddr! Sasd o For fmporary
Cﬁﬁkfrﬂim'ﬁe%ﬁﬁﬁw%6 fhet iehACRINS75 WkkBed ah¥8by Mtilif8g the full
state where it draws |'i qui d cool ant only fromthe sunp

r efgia@ﬁy ghthe ratietoneh, adnileithpustete ob Bleanurce yalya 398 ds 4oy tat dlfew fluid
DHER AR ARG 1 20 10, ihe radiator Seo
t enper at sysemS 00t foe providing charge air to and discharging exhaust gasses from
an opposed-piston engine is illustrated in FIG. 10. The system may scale to serve one
or more cylinders 10. In the system 500, an air inlet manifold line 534 and an exhaust
outlet manifold line 532 are respectively connected to the inlet port tubes 84 and the
exhaust port tubes 82 of one or more modules. These manifold lines are preferably
mounted outside the engine enclosure. The engine schematically illustrated in FIG. 10
is a turbo-supercharged or supercharged engine. Thus, the manifold lines are

connected to a turbo-supercharger 536. Specifically, the exhaust gases moving
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liquid coolant is achieved, the thermal valve wl|
close partially or fully to nodulate the flow of
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regul ati ng the engi ne tenperature. The flow of liquid
cool ant continues through the feed Iine 370 to the

di spensers where the liquid coolant is applied to
renove heat fromthe engi ne conponents. If the |evel
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OExﬁfﬁlﬁﬂaﬁé APt GRI PR ided that'a $aH5ERE Rfbrichnt'T Sy ﬂ)gedl.Th €
Sys ale 1 P RdBr

emnmay s serve one or nore cyl 0. In
t he sy#it eriob6eiinan asithe BMER imeeasdsolfidctidnnat thd$isaend riag/cylinder
exhayst outlet mapifold |line 532 are respecgtively . .
c BRFFEACE etfCiegsesnang {redntpdpde fpResatye HRes- ¢ &?ﬁ%ﬁ@g interface

PRIntpetdtieulBRaly RE8AtOM HRY RoWRFWaBR intd MRS FistRMdR itk interface
lines are preferably nounted oufside the engine

erathayshanefrommitke pisigh tethedhierfate. dglal opnidquenser dieahgs no longer cool

FI.G .10 i s a t.urbo-supercharged .or. super.charge .
o5 O e SRR PP SouR, 188 1A ifiess of e piston
t s am8 WRBYIE kg @y réddinin@pistor sutflcby/to dobBareXheaesdérior surfaces of
gases novi ngt hrough the exhaust manifold |ine 532

dihevekig angd sraven. chiee exterignsurfacs ah thecpwn i me componegt of the

gg%h@ﬁgti%ﬂlchymgéri and i?oﬁl?'mirglﬁ%ﬁ\}e tcécﬁlg% ‘te);r ggxgﬁ%h%ﬁ§ @Xpansion and

draws alr in on an-air
psavenging esflowpthisdunfaee @i othdyeliwriracdesséudt tonexterinal doolihgndn prior

inlet manifold |line 534 b y .of an.|ntercooler 9. .
CHRBRIEO ) Sreriote it i e g St Rt Dgsseie to piston
MBYoIRR BERNSCHRI phedneeentdied | At BleConlRier. SA8waRY, Wifh periodic
mani fold |ine 534 to provide scavenge air for starting

t pepashigi ofethe exiemal swdrageofdthe pistansska tbyi substankéadlyi withdrawing the

i Hs%%t ﬁ&%itf?@gyl%fde} Q&lrg, tfnhtr s%ttfagmoaqiaﬁrgb% for cooling. As a result, on the
order of twice the amount of heat transfer is achievable when compared with cooling
only the inside surfaces of the piston skirt and crown.

A Second Engine Embodiment

In an opposed-piston internal combustion engine, the cylinder is subjected to
non-uniform thermal stresses as a consequence of combustion during engine
operation. Consideration of the first embodiment described above has lead to the

realization that such stresses may not be adequately controlled in all cases by directly
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will be provided according to specific circunstances
of each application of this opposed-piston engine. In
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selflubricated by oil or nmay be |ubricated separately
fromthe rest of the engine. Alternately, it could be
| eft open and lubricated by the cool ant/| ubricant used
to cool and lubricate the pistons, provided that a
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surfaces of the piston skirt and crown.” A Second

Enfithecpifton stiweat high BAMED p@ﬁ@ﬁem putlghtim comfradled it between cylinder
nmbusti on .en e, theclln ect

ng’ﬂreu ﬁ‘l“# & 1%”% %"Qﬂlrm g rePs[%‘gso a asgesc oérité"léa‘quetﬁ% ecy?lf1 der and pistons
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| iegbio mm@ldamnb@é atbﬁée bTé@v@rtbahemcf@r gharityhangjeaseonf understanding,

ClefMknts of the second embodiment are numbered independently of the numbering of

corresponding elements of the first embodiment.

FIGS. 11A-11D illustrate a cylinder 1100 useable in the second embodiment
of an opposed-piston internal combustion engine. The cylinder 1100 has four parts: a
cylinder liner 1102 formed as an open cylindrical tube with a cylindrical bore 1103,
an exhaust manifold 1104, an inlet manifold 1106, and a cylinder sleeve 1140.
Preferably, the cylinder 1100 is made from aluminum, such as a high-temperature

aluminum alloy, and it may be cast as a single piece, or assembled by fixing the
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These insights have lead to the design of a second
enbodi nent of an opposedpi ston internal conbustion

we@egsnstizsar whi ch thermal non-uniformties occupPCT/I§RNFI020553
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the cylinder that vary in direction and areal density
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corresponding el enments of the first enbodi ment. FIGS.
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wth a CY| i ndrical bore 1103, an exhaust nanifold .

1 ppanings 1116 for reeaivingofugl mestors.ang operipg il h e forgpesayiag a pressure

114%0r RLEHRE éﬁérbfng ihﬁi t%#éc@i@ﬁ{ éé&?eﬂaﬁr@?&%oi rom
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I onghl tudinal axis AO of the cylinder liner 1102 is

alveith reprect tonid tongitusimal axiss The cyheder JingmUé2 hpg @to greatest heat load

in its central portion 1114, where combustion occurs. Also, the end portion of the
cylinder liner with the exhaust port 1105 experiences a greater heat load than the end
portion with the inlet port 1107. Thus, in order to minimize non-uniformities in the
temperature of the cylinder 1100 and resulting cylindrical non-uniformity of the bore
1103, the cylinder 1100 should be cooled in a tailored manner that accommodates the
non-uniform ways its portions are heated during engine operation. That is to say, a
system for cooling the cylinder 1100 should provide a greater cooling capacity to the

portion of the cylinder from near its axial center to the exhaust end than the portion
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As best seen in FIG HA, the cylinder liner 1102 has

an exhaust port 1105 constituted of a series of
w@2osarfisr enti al | y- spaced openi ngs 1108 near aPCEKIMOZ020553

end 1109 of the cylinder |iner 1102. The cyli nder

liner 1102 also has an inlet port 1107 constituted of
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near an inlet end 1112. Each opening 1108 of the
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coolim
of a groove in or near the central portion 1144, along the spiral of the groove toward a

respective end of the cylinder liner 1102, through a channel in the cylinder liner, and

out of a hole in an edge of the cylinder liner 1102. Each group 1122, 1126 of grooves

conducts an aggregate flow of liquid coolant from the central portion 1114 to an end

30  portion of the cylinder liner 1102, enabling cooling of the respective corresponding

portion of the cylinder liner, and thereby, of the cylinder 1100 itself. There is a pitch,

or spacing, (which may be constant or varying) between the grooves of each group
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capacity to the central portion of the cylinder. In
addition to mnim zing the non-uniformties in
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of the cylinder 1100 caused by the varying heat flux

along that axis, -there exists a potential for a
circunferential tenperature variation in the cylinder
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1116. Consequently, each groove 1135 provides a greater capacity for cooling at the
hottest parts of the central portion 1114, near the openings 1116. The cooling capacity

provided for the central portion 1114 varies with the circumferential distance to the

nearest opening 1116 in the central portion. The cooling in the grooves 1135 is a very
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portion of the cylinder liner, and thereby, of the
cylinder 1100 itself. There is a pitch, or spacing,
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of each groupand the pitch for the grooves of the
group 1122 extending fromthe central portion 1114
toward the exhaust end 1109 is less than the pitch for
the group 1126 of grooves extending fromthe centra
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f lir? %ﬁ%ﬁlg't%fggﬁ E}FQ{lﬁgg\é?e l;o:l‘t??gnshﬂ§7 ato tﬂggt?cfs 1 113§V\f-18fa£ 1?143'} provided

eac groove, n ear
through the cylinder sleeve 1140 are positioned at the t1ps of the ends 1138 to permit

liquid coolant to flow out of the grooves 1135. As best seen in FIG. 11C, the ports
1142, 1144 and 1145 receive couplings 1148 mounted on liquid coolant supply lines
1149 that connect to a liquid coolant supply system as explained below in connection
with FIGS. 16A and 16B. Three liquid coolant supply circuits may be provided in a
liquid coolant supply system to supply liquid coolant for the three groups of grooves.

Each circuit is connected to a respective group of grooves by way of the ports that
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1116. Consequently, each groove 1135 provides a
greater capacity for cooling at the hottest parts of

w0 bmsasne4 al portion 1114, near the openi ngs 1AABUSINF020553
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cool ing capacity provided for the central portion 1114
varies with the circunferential distance to the '
nearest opening 1116 in the central portion. The
cooling in the grooves 1135 is a veryeffective
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peyﬂmnmeM140of the cylinder liner 1102, and floms in

t th | |
T126- crepnin groSh A FRATES tae SUindiF sfievee B fgBidkE oRe or more
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H?J ehondted B8 gﬂﬁ}%ﬁ; li] (%Jg{l] %Iﬁ? t%eah%ﬁﬁﬁq%bg Hgs }111460 Each fuel

are positi one I pS” O he en permt
injector 1158 is coupled at 1159 to a high-pressure fuel line 1160 and may be

provided with fuel by a system such as the system of FIG. 9B. The cylinder 1100 is
provided with mounting tabs 1164 that are received in a frame (not shown in these
figures) when the cylinder 1100 is assembled into an opposed-piston engine.

FIGS. 13A-13E illustrate a piston 1300 useable in the second embodiment of
an opposed-piston internal combustion engine. The piston 1300 is preferably ringless.

The piston 1300 has a cylindrical section 1302 with a closed end that forms the piston
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liquid coolant to flow out of the grooves 1135. As
best seen in FIG HC, the ports 1142, 1144 and 1145
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supply lines 1149 that connect to a |iquid cool ant
supply system as- expl ai ned bel ow i n connection with
FI GS. 16A and 16B. Three liquid cool ant supply
circuits may be provided in a liquid coolant supply
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1106 to a system argi ng e gas
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threaded opening 1116 in the cylinder liner 110 One

obrowghtetotbgat on thie seaver durines@nehushion for the dleiet and qtlnes elements of the
nBi%ﬁ)neW%ﬂl efficient cooling of the crown 1300, it becomes less important to transfer

heat through the piston skirt 1302. As a result, the skirt 1302 may be made thinner,
than otherwise would be necessary thereby lowering the mass of the piston and
enhancing engine PWR.

Further benefits may also be realized by allowing the piston support structure
to deform elastically in some manner during engine operation for the purpose of
regaining and/or maintaining axial alignment between the piston and the cylinder as

the piston reciprocates in the bore of the cylinder.
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are mounted to the cylinder 1100 by being threaded
into openings 1116. Each fuel injector 1158 is coupl ed

w@e003A5Q24 0 a hi gh-pressure fuel line 1160 andPemySines/020553
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provided with fuel by a system such as the system of

FIG 9B. The cylinder 1100 is provided with nounting

tabs 1164 that are received in a frane (not shown in

these figures) when the cylinder 1100 is assenbl ed
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| oad- [ el e r

bﬁﬁf rer}gmng tgeﬁtG%. ol3A-13E, the cylindrical boss 1326 has an internal
fluid accumulation space 1328. A number of holes open through the wall of the
cylindrical boss 1326. The holes include circumferentially spaced first holes 1329.
Each first hole 1329 is positioned between a respective pair of ribs 1322 and is axially
inclined so as to open through the cylindrical boss 1326 at a slant toward the back
surface 1316. The holes also include a plurality of circumferentially spaced, radially

disposed second holes 1330 that are longitudinally spaced from the first holes 1329
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menbers that extend between the crown 1308 and the
skirt 1310 to transfer the |oad brought to bear on the

wa@e@dn2gdes i ng conbustion to the skirt and ot hePCT/US2005/020553

10

15

20

25

30

el enents of the piston. Wth efficient cooling of the
crown 1300, it becones less inportant to transfer heat
t hrough the piston skirt 1302. As a result, the skirt
1302 may be made thinner, than otherw se would be

necessary, t t he t.he
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80 mm the thickness of the crown 1308 at x-x nm

be
| BrUckée plargereofs mownted by, aothfﬁ%ﬂedrﬁéntfﬁl Piesh 1p4ado the threaded end
| (0]
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spaced . circunfer lally about the |ongitudinal axis
%ﬂgﬂQQP ﬁﬁUPHES%+Iy froma cylindrical boss 1326 to

t he | NI mey IbE 3pBredatdl Rith tr%reabéwmeé" hgsct iahs 13@2%e rod 1331
abut the back surface 1316 of the crown 1308 and al so

eﬂ@@ﬁ@tﬁm@mdu tnakhyerwt teastroneidirepied jerof 23 QOid gagtant pe the back

bac r t | nsi de .
aitactel 3 o SEn LR The Bl Ror O RR L0 celfbiftpates win
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reach the open end 1309, The ribs 1322 al so have an
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nunber, of ribs 1322 may vary according to engine
d@g@lgrmt Giflgwe paially ithrgugh the bore 1332 of the rod 1331, coolant is diverted out
of the cylindrical boss 1326 and through each first hole 1329 in an axially inclined jet
J1 directed toward a portion of the back surface 1316 in one of the chambers 1351.
As coolant C enters the internal accumulation space 1328 of the cylindrical boss 1326,
it impinges axially on and cools the central portion of the back surface 1316. The
coolant C is diverted radially across the central portion of the back surface 1316, and
flows out through each first hole 1329 in a jet J2 directed substantially radially with

respect to the longitudinal axis A,. Each chamber 1351 receives a turbulent axially

inclined jet J1 of liquid coolant ejected through a respective first hole 1329 and
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specifications. The crown 1308, the upper portion of
the skirt 1310, the ribs 1322, and the cylindrical

whows/ 114826 are forned as a single crown unit, PET/OS1008020553

| ower portion of the skirt 1310 forned as a single
cylindrical unit and joined to the crown unit at 1325.

The crown and cylindrical units nay be made by casting
and/ or machi ni ng hi ght enperature al um num or stee
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s haflacw a8 16 16f betrweercthowtbs 1308, ahe viesdity ARAGHWIRY 6F the coolant
t? C Ililn rical bposs 1326 joins the back surface 1316.
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1268 By 1B e Sy PR AR 008 SRt bl aand the sides of the
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1 53 S %re
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teﬁ%@ﬁalt s@%ngeonr'} oft tlh)étpysrtoen 1300 is thereby maintained at high BMEP, which
supports ringless piston construction and operation. According to an exemplary
piston design utilizing such jets to control thermal distortion, the differential
expansion of the crown relative to the lower cylindrical portion of a 3.8” diameter
piston can be maintained at less than 0.001”.

The construction of the piston 1300 also mitigates another consequence of an

opposed-piston engine of the Bird type that arises from the rigid interconnection of
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1350 flows through the bore 1332, into the
accunul ati on space 1328, and out of the first and
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Referring now to FIGS. 13A and 13E, the application of
cool ant to the back surface 1316 of the crown 1308 nay
be understood. The ribs 1322 define a radially

symmetrical ring of chanbers 1351 on the back surface
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t Rgndorde 8bohe&iatedl By lfah@f QHE § &Hgﬁu&ﬁfe@ of either the
first hole 1329 in a jet J2 directed substanti al

r aflider pr Vhetmstomslpébls regard,ﬁ‘@omﬁgmqe a¢fiaes| to dié grnpqmt of extension
anber 51, recei v a tur

AL RRERED: 3F BIpaRS e hetl Rt Pk, T\ Aaarison, tq Bird, the

[ @ORRGLIME 1lfusfr§tbd o IFeGS 329A ABEAi @4 eshsideysdly nidhe comphance in

section of the back surface 1316 within the chanb

18w suppat StrepdF et theamston | bypermitting dlexmgt ofrthe |tla_1mlar rod 1331 in
d
[ PitpBhee1oUrdREAGH ilsat]gnfitnc piedh 8 A0RuHE Aot the piston

J2300 aridt(heilcdagdiﬂdilnaln{xxs ofthe ggimaler 1 1. secti on of the

back suyrface 1316 vv|t n.the .cha 351. The.ejegted
1 qui d A ooHoaRETS | eRosel-Bisipy e 0. SopRbisfoR nieings fustated in

sutHeafatic 1R4A andridle14ACisndoWUHEREBED. ofrhishaegchpﬁoﬁ%asumes a
defining the chanber 1351, and then out of the chanb

1351111)&5@%1%@11 mumfefomm st qmmstcﬁtlmmdmmlel@ﬂw. It could
Thu?eag%br | 4] Q(? er‘leéJ 123r ajl"floﬁ%sci'leed gnl(gﬁ’ttleloﬂ c%r:);sg%tgg Io ﬁi least one

610]0) Irecte

t eglindet in kfﬁlchhﬁerbﬁl: Ko unifarafitids3ake eldh&ta%ﬂecﬁ shbﬁaﬁtiaﬂls' reduced by
1322, The vyi scosi tfy and pr essure of the coolant C an
t ﬁBPléﬁag%PBF%eaHF‘ ftreliqyid gpo a?fdné%@ﬁan%&e&l EéZ‘chaWéPeCt to the

1%919? o @(?5 ilvRtrhed ih ¥188S {£-1h 8 U r 8f h}ﬁ%gnélﬁe %@ésﬁj pair of

t he owoft e coolant wit
awppaesgdi nmgless hestbas; kinseach aﬁeWhﬁh&hemmll(kefmmmn is eliminated or

t ur,bul h t it f th | ant . :
c SHRRTTAE ST Y TPBATRE B2 SUMPE 15 306 T gglant in the
S ingpgeradest i dohidiTRepsct 1S3 b pistbe 1800uestAb&] i@fcohh&tion with FIGS.

coolant Cis raised to a level to assure a high rate
ofl3AeB¥E.r enoval fromthe crovvn 1308. The jets J | and

J2 are tz’flsl ﬁ%@n i I}I@pllﬂge e - Etﬂ)(f)km gésa&gleéﬁ ]oge &ylinder 1100

Thus, e cool 1’ ng capac and 'secon

hetiths ofpb3ed pistons 1300A and 1300B disposed in it for reciprocating opposed
motion toward and away from each other and the center of the cylinder 1100. The
longitudinal axis A. of the cylinder is collinear with the longitudinal axes A, of the
pistons 1300A and 1300B. The pistons 1300A and 1300B are coupled to first and
second side-mounted counter-rotating crankshafts 1430 and 1432 which, in turn, are
coupled to a common output (not shown in this figure). Saddles 1345 are mounted to

the pistons 1300. Each of the saddles 1345 connects ends of a plurality of connecting
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1330 is settable over a wi de range by varying any or
all of the nunber of holes, the dianeter of the hol es,

wo bwsaxiiad orientation of the holes, and the vPEDUS100¥020553
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pressure and flow rate of the coolant Cinto the

pi ston 1300. Preferably, the coolant C flows out of

the open end 1309 of the piston 1300 to be collected

with quuid cool ant flow ng out of the cylinder 1100
a thi

. Th - fi : .
oY B ekt S BRI TR BsRBfee of i g tlusates
Cof é/atWo ddnh&tin@dods 1447efoP8adh Sistoh a6 il 516 tefundb@tdotd AWt one or
1308 assure unlforn1coollng of the crown duri ng engi ne

omgﬁdcbhowah goriecHng gads argpotsyipiblea fonegeting redsuldd’ are connected

AR AR P R L G0 B CRiRn Phod P n i,
of t he The swo Bidd-30dhnted drineishifys MB30RNdi1A82] a&tdxip'ogéd BitERheir axes
mhicg supportg r|n | ess piston constructlon an

opRPEE! 1B FACHREET YN dn &iTORRARTIane, thel kgonds grlinder 1100 at
UB$ héa%"1ﬁgo§${ﬁfalﬂaﬂ:§1t&oarﬂq{ﬁtr i9 |pew3ﬁ{hg§1|a & &k %ﬂglfﬁaﬁlaf Bis A, of

ferential expansion of own relative
I dwecrylmgldzn Ate icakshafis rotate infoppogtedliredtionseTbe conrertmg rods 1447
at les

C Bk Y A St B RaBg R 83 hind [EeEaclssrmgsting rod

CORSERURSPoSed o fBFin QR ROSE dngle i re§ht@t fHethebxdsh@ndBtietides) of the
type that arises fromthe rigid interconnection ofthe

peylinsies 1 lftiandifbe pistonr RBIA and &3¢ dhe ﬁames;tl@g rqdsd 447 are linked
e'&gh{% dhfgs @'3598?(” anks%ﬁ élfe?(ﬂg I?)egﬁfésl ng ax‘l:(P ﬁl%t ggnkt fhrows by

-nmounte s by a
nm&ﬂsoﬁﬁlladjmangs rg8rods. The yoke is |nt egral with

or fix to the outer skift of the piston a
of t he%gslssomemedﬁ%e@w Bg‘ﬁwswé they cappPeing; 03% lmssag@es 1345,
OBfd elfanmﬁﬁg r1 aﬁtk sﬂm 43 FId hF4A3 xbéagqﬁé ca,r&ebmg)mdk infifGphily under

an engine b a result, translational
menailé gﬁmrﬂs ﬂbetmﬂelts 1390 r0¢ 13008 heow Bl the @rhmdtmlleO with a

tai ni ng the annot acco
oyl RSt s Piest Bl AT ntl sRCG RS B ot hieh
cyhgin€epeeds. THIS g@érﬁétﬁ)ﬂehdlﬁlafeblo‘i at Qe ﬂxbstaﬁ@d’l@l tediices' SIde forces
refers to the anount of extension or |splacenent of a

| Befnean hernigtong @Oﬁéranériﬁ@OB 384 the hore ohha cylinsier 4 10G; r d,
the Coﬂ?‘tF"Iﬁc 4 hgn aHJhltlUI? lr@ettﬁg énﬂi Fe{?%es %?'%ﬁel ggtlrﬂfe; qu6§ and the

consi derabl'y not e conpliance in e support ructu
obistdms B0SAcandb Y3 (jHE anet ghomap. fIIhemyhgde:flItOlOemtlmbed an exhnilst port

1 in resppns to transl at al i n et wee
LRE0S apedaphate oty mpisof di6h Sevsfampamdie broducts of

| eHebhdtidh TRIw SiticF t&fcythhﬂerclyll()b N@Rking L pd%vetr‘ﬁ?el‘éﬁ&ll 61 the engine

opposed- pi ston internal combustion-engine illustrated

i 4400, for example at BMEP = 150psi, the average external temperature of the exhaust
manifold 1104 and the duct 1153 may reach or exceed 375°C, a high enough
temperature to coke diesel fuel. The average temperature of the manifold 1104 and
duct 1153 is reduced considerably from the high initial exhaust gas temperature by the
large subsequent flow of scavenging air. Accordingly, the exterior surfaces of
exhaust manifold 1104 and the duct 1153 may be covered with an insulating coating
such as a high temperature paint. Silicone-based compositions are useful for this

purpose. One such composition is a metal oxide filled paint with a thermal

conductivity (K) of less than 1 W/meter-°K sold under the trade name Corr-Paint
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schematic formin FIG 14A is now described. This
description presunes a conpression-ignition engine for

wo bwsaaes of illustration and exanpl e only. |tPCDURTH05/020553
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i nstead be a spark ignited engine. The descri bed
engine is constituted of at |east one cylinder in
whi ch thermal non-uniformties are elimnated or
substantially reduced by application of streans of a

(ﬂ%@h (tloliozgnétpgrus ? 8&?8& {.l_.?r?%d c‘l\’}qa rqg rfcferBRffa ed E}Q mixing

cyﬂl%ﬂd ephe@fcalt hi@olﬁlﬂgblﬁ]ﬁsdlldiby Eaped PlagticsPRROSEthidrbsileRs Bf glass
|stons in each of which thermal deformation is

o Itiby Hogarsdrurepmwith Ausilisong bpsed binder system spidemdeiothe gde name
e i I

ez, BB, o Aferfo; Anis) SoshiRAl (3idhS o, D5 Mibing  thermal
¢ contlacti vipn(Kpi df hesE It 1@8. 0. AW/ hater-°Ks shovvn in FIG 14A,

t he engi ne 1400 inc)udes at | e one i nder 1100

W eh o8RG of 368 sRindsh I b B85 1L b B! pii idden by the
f @llet’ REhHiIRS1QCRI0ENGr AR AR "Bess@Az4 P WRT Hows Gntd RY Jﬂnﬁﬁ%r 1100.
each other and the center of the cylinder 1100

| Baegusei@f Heir lagatipnagvids resprst &y thesriperts, ghq:mstoméé%%andq 1300B

g 00 B A o v s o

f thesdylifdet 1900 areckimilaity ﬁﬁmm eﬁ léz&tl Gﬁcefue[ Bijettdrd 58 injects fuel into
crankshafts 1430 and 1432 wh rn, are coupl ed
t theLyligderold 08ub st 1 {49ed %@m 11ﬂ5 Fﬂ‘ildé‘cf llgluﬂépolasfawléﬂ Eespective

1§§>§F%fﬂ tRdnd eutteinalr fﬂﬂ% c% 1Fggh of the

345 connects en urallty of
connecfisrigsaded idAonhectian rWE1$lp det finse embedmient hthe relation between

iS s. .The rs e of. this f| l.ustr
Rl et g B R s SAinses Soordiipiaatisie affrbes between
| thet Sistdfls UBOEA ShAOKBObBAds BBE tANerd® tRei BHitbrh Akal center ?osmons
connecting rods are not visible. Connecting rods

amedulgtmpart eperations anddgneentg A @afreqtlyewﬁb@mt@h qvep@oérhus the

oy SRS AL A0 RS TR v
péreadxhebist tporteHOB apehe wham thd glxhagstl pistan GOOWD rmqnlea Mear its bottom

that. intersects the cylipder 110Q at or near
3  SSET s tioan e 6 inleh 2ot L1 ePRsEAdYRam B it pigon 13008

I BIRGES Hlir R boRSinSdedd RendeP Boditibi, rfgﬁém hehi€lk m fidt ort closes
S

rotate in opposite directions. The connectli ng
14t the exbashpistondnoesavaykirom ritsvisotiom tiéesl cmwmlp@buabn,sand then

f B inl2h Pl 107 TG0 P RE Sl BistoR Lt B BY S bottom
Sd&ﬁﬁ%nﬁipbﬁﬁb§y|lnder 1100 and the pistons 1300A and

1300B. _The connectin% rods 1447 are linked to the
saddl e¥ithsrpderprcente di&iSefl 3G and| 14 A dwp irpigsvoin J@ 60 Arandt I460B are

t Bl%v?d'eﬂ%tﬂolaf&)x\ﬁhg%pen ends of the pistons 1300A and 1300B. Each reservoir
has a fixture 1461 from which liquid coolant for cooling the associated piston 1300A
or 1300B is fed to the fixture 1350 mounted on the threaded end 1334 of the piston
rod 1331. The fixture 1350 is aligned with a nozzle 1461 on the reservoir 1460A or
1460B. Liquid coolant fed into a reservoir 1460A or 1460B is forced out of a nozzle
1461 in a projected stream that enters the bore 1332 of a corresponding rod 1331
through a fixture 1350. The force of the projected stream and motion of the piston
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means of roller bearings 1438. The geonetric
rel ati onshi p between the connecting rods 1447, saddl es

wdas24amd crankshafts 1430, 1432 in FIG 14A ReBpPS20051€20553
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connecting rods principally under tensile stress as

t he pi stons 1300A and 1300B nove in the cylinder 1100,
wth alimted | evel of conpressive stress resulting
frominertial forces of the pistons at hi gh engi ne

S or 134 L east o
SOREPar 0B RFALY ofol (b E e Hha RaaL AP 3honmaredng direted
1300Ahabatk kaad? @ucerowe 108 ﬂlr@fghtﬁlet £l se@siRIolek0329 hiad 1330.

FIG 14A. additional details and features of the
cyl i ndEIG. 114@0811% at&wée pArtalbnsectiomd Xiexhef q@@é@caﬁl@ of the second

Sgﬁmﬂdlg{EEy . e i ]‘&e@lgcél ?\o#fj?e%[i%ﬁs m%é ten w%oémh the

covere aust mani t hr ough
pexwtptors obhavingralteshate pistdnowpport and codlmgesyiuic tuskest Ith]G 14B, the

Du h eration of the e
v 100 iesbosBGhdt WY aBbosytlr n§E e gatAand 14808 in which
t emhem@w N83eA of MasER hadbupledBitbuinal i slddd t@aqeépE@tnﬁé%adle 1482
may reach or exceed 375C, a hi gh enough

t emhemmnumedqsmlzed@om &g ghe firs bmbcrﬁmeat/en@rges In this regard see the

t re. of I 110
- SORERE YRR atctEr PPt R o e 5 B2 s, and
t 6Bp eInaidtﬁ@orb)thé hfbvhﬁr D806 WheE] tpmtnsf 148NAOﬁndS ¢ 3808 gt thin and
air. Accordi ngt?ﬂ‘fljl he exterjor surfaces of exhaust

rTﬁ‘FHPPBP‘i‘i on flir bask sireceg U486 By 58S (o) Sb@”‘@d@éh‘éﬂlawqf [of ghe piston
R Co'Ho%v&o?ﬁéC QtondGRsER #hdM420B! fg@i}oﬂgeg%ﬁ{@nea' B¥ss 1326 and

ne- basé nposI tions are use
tubptas god Ofi¢hs prstonc bififosFor eachi pistan E86A, 6)4(8(1133 therblled cooling

nt wt rmal cond ' K) of s t han
CthiktP 480 s T GesGERE B0y Bnd B o ronpi i, gf ibes 1492
bmaAf&ertme bAYROSuREe md abine ;ﬁaamasdA @Hd i13868. C%Elouqet of each
formul ated by mixing sil-cell spherical m croball oons

stibg 12 rhirgets @mbulﬁréslet pﬁeoolmt betweeensp Frspestivefpaiy efsebs 1488.
S‘ﬁl% l?é/ aE gfeql}%e 300%§Ee¥%dt Iﬂeﬁclﬂn{n ?a?g%a)pgtggg @ t%(il?ﬁls tube 1493

em so t'he name Arenco

Afmm:the dehiral mmosftheolﬁacprsmfa&em&s eDabistgh Lfrawmnlglsac Liquid
t her mal gonductlwty (K). of less than 0.36 Wne

peodanifed rrgon @achy peaervpHel 4001 s 400ED ghigqugh theagssaﬁlated annular
:mﬂlllr@ eRBfdes Ml 8 Rked Ii‘@?! Nko3 ag% fn%llér %Ssr H?é‘géo’cggt the back

pressurized air flows into
Beur&spsd486 of hgiiston coatn BAEdc as the pletspemlpnooatemtrsﬂae cylinder 1100

pg t he (g)l sttons 1300A and 13008 may be respectively
'l“é?g}eé’&l o PA¥"He "exhaust” and "inlet" pistons, and

the ends &fscﬁﬁ%ﬂ Aolve Al @ondetlOn avith %Henﬁfs@'éhﬁboﬂi%f@n@ a fWo-stroke,

| east one fuel injector 1158 injects fuel into
opposed-piston engine according to the second embodiment has working elements
(cylinders, pistons, linkages, crankshafts, etc.) received upon a structural unit in the
form of a frame of passive structural elements fitted together to support the working
elements. The frame bears the stresses and forces of engine operation, such as
compressive forces between the crankshafts, and the cylinders are neither cast in a
block nor formed with other passive structural elements. Each cylinder is supported in
the engine frame and is decoupled from the mechanical and thermal stresses of an

engine block. Hence, as with the first embodiment, the cylinders in the second

embodiment are essentially only pressure vessels. This engine construction, together
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the cylinder 1100. Ports 1142, 1144, and 1145 conduct
liquid coolant into respective groups of grooves on

wo bwsoutiesr surface of the cylinder 1100. As deBCr/URmds/020553
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in connection with the first enbodi nent, the relation
bet ween piston length and the | ength of the cylinder,
coupled with a phase difference between the pistons
1300A and 1300B as they traverse their bottom dead

5oL, BB IREE 0 o8 BR A034 ge im p maer

pldasgibed his@le, EléhineRE nbh-@niiorin tmmal dastortion bethe9tihddrang swelling
produces a sequence in which the exhaust port 1105

PEfS Ritten CWSe@uﬁIﬁwtbr@whn@mﬁoww&% épe very close-fitting.
b%dvgﬁﬁhv\gegﬁlglyc %mhe 2ilBRY &Jo‘ﬂ'ﬂg, 1%&8 Eh&rgaeﬁﬁiceﬁfﬁﬁﬁ% tihel §ft{on of an

opens he |n et piston noves near
betgioedeezdtheedisensgsosith piston ringkl owi ng whi ch t he

exhaus r l.ases af.ter the exhaust piSston npve

vy § FMS AR B NS RetBRBF VIBRS ShORISongreragly complete

t E%ehiblyebf e %bpé&@%lﬁ&t?é@gﬁn@i AR with Qideth&int® ShRhafts based on
nmoves away fromits bottom dead center position.

V\»tltehcylmﬂelr anscpiston cohstRictiogTof figured Al At I ped dBAoli3Es The engine

L1008, B A RSO B b FRFAEAT . i

f icani be &caldbio Eigineswfl aly dizeand elﬁ‘giﬁﬂsalﬂivnfgoénd; @®@bioiGhieB&r more
aSSOCIatedé% i ston 1300A or 1300B is fed to the fixture

188ndesu e Gont ¥h ethe (enging el 0Onimctudes twe qyladgss dil@f having the
r ansjn%gﬁorh-mﬁtrgt%&tlﬁ‘f%§3§pA'1§Da1|v44168(§51) E\é& El %n&‘% 6&tand 1300B

on the reservoir 1460A or Ccoo
f dobppsedoinaits Ehesadslles 1NBIOAS the dpR&1 pﬁstdrxsrared/mbﬂb iof FI&. 15A.

zl e 1461 | ect tr t hat ters t bor
1$%5mGiing oty P BRI TEF R 1350 e smpmcaars didf and 1532, The
1 3RkhustTdiets @ISBear@freée’i‘@dﬁh%oﬁ%&;ﬁ%dﬁigh%@ﬂh@@(iln Hﬁ’teh?ﬁe ?ﬂate 1510,
the pistonl300A or 1300B force |iquid coolant ou

t |ad thednleducty are srvsived imepreespendingippeninas of enenginhplate 1520.

back s cg f g [ n

ol es 1395 35 13 5€haw Hiey DO Mo EVRERR) T 100 ana

s esseivoiral 1460. e%@fengnaﬂdl)ﬁimgtai ﬁrﬁlmercohii’tﬁuiﬁléaﬁ‘l’tdld plates 1522 and
nte ine that is, identical in all respects

wn?ﬁf Ag 2 Hﬂ%élam@?é RAsitPreR eieen e e Riatehhid2gd 1524. Slots

all@% DRt Bsgissd 8R oppERRY Lidegr fhe(ﬂlétaglﬁf Y5541 ra‘ﬁﬁ 15b@ The plates

FIG 14B, the cylinder 1100 has disposed in’it
oppasi 1r5@4 pid 1 fifshave dearizgsd 534 QB otatabl stquoetmghhp csmbshaﬂ 1430

1480A or. LS C led around its .sl.e tQ a .
ré%%é’é?“‘%ﬁé B3 afeR S Suteae nksnpgs B2 dthedpg and middle

latdshES 2RI 1524, eimbodi2ERRE heliU{ogethet Bn Ak SideCBRhhud®Rr of engine
t e coupllng of pi ston sl eeves 12s and 14s to saddl es

1 6latgsdnglpding epgimsplagen] 5 19@nd gauntgipgrt engine plate 1511, and on a second
side by engine plate 1520 and counterpart engine plate 1521. One reservoir 1460 is

mounted to one side of the frame between engine plates 1520 and 1511, the other to
the other side of the frame between engine plates 1510 and 1521.

A gearbox 1570 houses an output gear train through which the opposing
rotational motions of the crankshafts 1530 and 1532 are coupled to an output drive
shaft. The ends of the crankshafts 1430 and 1432 extend into the gearbox 1570. A
gear wheel 1572 with a toothed outer rim is fixed to the end of the crankshaft 1430
and a gear wheel 1573 with a toothed outer rim is fixed to the end of the crankshaft
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6B. In addition, the crowns 1480c of the pistons 1480A
and 1480B are thin and supported on their back

wGeosazass 1486 by ribs (not shown) in the nmanneeT/0820051€20553
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pi ston 1300. However, the pistons 1480A and 1480B | ack
the cylindrical boss 1326 and tubul ar rod of the

pi ston 1300. For each piston 1480A, 1480B, there is a
cooling structure 1490 fixed to a reservoir 1460 and

aii Sniradbliads ShedtLTs AR atRehr o e Hiped insic

oufrt@hfeRinc€ash7 tandea 14fBedbudeScitcuneRHEECNE78.€As Gken in these
cool ant between a respective pair of ribs 1488. There

i §ignres; thg |oeter gie ofl hgpear wheeleld 79 engraen thmimsida cirgumgyence 1577

t?? ttﬁ(‘;% #0e1 1873 af ¥Q§ é&cgéﬁ'é% agﬁgﬁotoﬁér G0 ﬁi%%&[rt WR%1 1573

sur ace n Ccrown

Lienghgds dﬁ&bt&ﬂﬂe tcurhfepanice d M8 o€ skey yeur rwHedb ®5V53mtdanother location
14608, through t he assaqci at ed annular array energ
t demetrelly qpeesiesdo ong deetign. The, geargptie Hetyeen dhesthner gear 1572

di 'aﬁ(ﬁE ﬁ'fqumt@% cfraﬁnfgﬁ:ﬁke $5F A& bd ‘@gﬁ%S%ltlﬂM@ﬁ YQABeth roﬂ\:ﬁ% inner gear

Oc as the piston reciprocates in the cyl |n
dancil thy insidg ciscuofercncd, avhile Alse ghas catiodetiverdnahie outar gear 1573 and the

ggﬁ%ﬁ%ffllrg\qlg%%{lhcshg‘?% fg{a&}tg 3?,@%00'%%9 éatg%ﬁ%hgﬁg guligl’ gear and the

egheiicrBRumEsn0 rrhsisrmm@llgeﬁelnt@f g¥d pdififits the BppdsRipSrotations of
| i nkages, crankshafts, etc.) received upon a

s theyerankshafts A#30 apd {1432 fte b temslated inta th?f cqylé@g@uﬁerotatlon of the

S BEELRE R DA AR TR 408, v rn
f mte@sl gdar eatig) el witheutanp mtemlﬁdiarﬁbelm) ohdins o vthef @irq&sStransfer

ween e crankshaffs, and the cylinders are neither
Lﬂtﬂ i {es@klsr?oﬁlmpfﬁﬁ@atw@lﬁ gse%éar Dpassive

St ruct Wnaalxlce bﬁ[@aﬂﬁﬁ is %ﬂﬁ&heﬁﬂg‘ fRel8hed &ré@?ﬁpfh%eaqnhlﬂs tlb% and a
englne frame and is decou fromthe nechani cal and

t kevarall582tis dastamed by tarﬁaéﬂg scrreWb lto the. endeplets, 1382, wiverhthe gearbox

et TR RSB i PRy G IS5E L 5V6 B2 g5 ap oveput

elbearn% CSBES tHati¢édebies th@ ARIENEFSM, tthusC obling thé fiafR to support the
cylinder 1100 and Elstons 1300A and 1300B in the
nﬁHWQF geped 673 fu gotabery heaxlend 334tcenstitutgs theiqusruidrixe phihe engine

d'lﬁbd”l‘t'n? Bé cB e ¥ R GGfe R s of SO driven
d Fﬁ g to

crowns, ts the cy er-piston inter
b eom_pogenc by me for tntdre1ghafid gems duoplts) udiams varhshort othbxonmdble torque

cool ing,, this charact ic affords the option of an
eﬂ@?ﬁ%%ﬂggﬁﬁn“F¥%ﬁn ‘gﬁbﬂgg% with piston rings. FIGS.
15A- 151G BSI5 kKtSvBE SRERE 1460 wltﬁwosclyﬁme?g 1100 mounted to the end
i ncreasingly conplete assenbly of thé opposed-pi ston

enpd m@dqln@dﬁtw 15225 il 84,randnk536 byr enghgdvadnt of itahseld 6drin slots 1528.

The slots 1528 provide for easy removal of cylinders from the engine 1400 for .
inspection, repair, or replacement of cylinders or pistons. The assembled engine 1400
is seen in FIG. 15E, with reservoirs 1460 mounted by threaded screws between the
end plates 1522 and 1524. The engine plates 1520, 1521, 1510, and 1511, reservoirs
1460, and cover plates 1580 are mounted by threaded screws and/or bolts to the end
and middle plates 1522, 1524, and 1526 of the frame.

The frame parts for the engine 1400 are preferably made of high temperature

aluminum alloy (such as 5454 aluminum) that is cast and/or machined as necessary
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the cylinder and piston constructions of figures 1l A-1I
I D and 13A-13E. The engi ne 1400 has two cylinders,

wa@bdokozgbd t his is nerely for the sake of ill usPeCBEUSIING/020553

In fact, it can be scaled to engines of any size and

" engi nes having one, two or three or nore cylinders. In
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FI G 15A, the engine 1400 includes two cylinders 1100
havi ng t he constructi on illustrated in FIGS. 1I A1 |ID,

wi.t h o sed pst 00A and_.1300 i SRosed i

T hsSARE 804 BoSrBPT pf B e Ree R fusl el SERG k] pistems may be
Fhédisd1oded 4600 @4thirBghettad Shel kY embodihnt. Pecfobl &R ligdkdtcoolant
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1100 and reservoi rs 1460. The engi ne 1400 has a frane
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plate ﬁ@%@&ﬁing 8N aaxiNeHBfind RBpAAGhs Dot Senkte? 1@@6j may be
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phaqlqafsoqcsmi;h m&fzmceaﬂ FIG8265ATHE. pFert axemph2 2, tuttdRHargerdl 590 is

ear|i r ot orting th
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supp» rahd rlﬂ sepeacHasdeal 159148 2mouikted ehdhandgiike dslhte 3Bt ﬁﬁ ease of
1522, 1524, and 1526 are hel d together on one side

acountierto sletedustsnbl S A &l injeqtioninvre K3 dsven by aammng belt
< ?lgn{:@g %éﬁ g)l? gréé pﬁﬂ? 'cﬁ%%ﬁg §430 4432, @Bglaﬁp llﬁ)n%gr‘r\t%ﬁ Sfavenglng

and cdounterpart engi ne
1p@hps (e sh@serare nfouhtedQo itis: baok roff dek ¢ngirgenBi0Si atd aocf dmm by the

fra bet in | at e 5 and, 151 1, the, oth

£ 67 REORR Fothe STaRgsHs qﬁgb fﬁ%ezlg@t%@ﬁ t RYgP rl?éo"b‘ii"étllé%“d coolant
1@91&;55%]15%% xrﬁfeﬁ"sl*é@% ilﬁz)oadmoﬂéstﬁé réNerRis NUk0 ASAE 1460B. A
trai n through t he opposing rotational notions of

t Hemp pampskHafis nmsa@dé@dielmnnpletecbi&@l dthopglanotbthoputin these
drlve shaf.lefhe ends of 14
el PR cbrepn, SR ofpgtihBs SASGARY T2l B8 ek pie 124

t mtyfwsd) weungiloyddto Idevé Ivi»tﬂihohﬂiahﬁbérs@iﬁd e@ifink Aecessories.
crankshaft 1430 and a gear wheel 1573 w.th a toothed
out er [Gopfrpkof ﬂs@e(éﬁhtvsr.‘/t plolighd coplaph by & Hawd replany supply system

o?(ﬁh?éﬁ)legﬁlafhemgﬁl n%rﬁgédlmﬁt f%nlllﬁgt%éédj?n li%7ﬁch§4ntahc Qiagram of

I nside circunterence 1577 a toot
oliGi deAciThe supglyesysteml 36@) inkdudee en pragranastae fangineemntrol unit

| RECEL Y0y i Bouh 0 0&3hescr Eiperafie of IACRT mgarrlog by way ofa

OﬁﬁlsbP(P@IO ﬁ@a&ﬂ%iohﬁxe%ﬂ the obbﬁl’hgsf ltf@wﬁ@rcy‘ﬁh@&' linkP 1302. The
engages the outside circunference 1578 of fhe %ear

16078 sxsensgsgemperatugrsafitiigcrowns of the pistons 1300A and 1300B by
way of sensors 1611A and 1611B mounted in the pistons 1300A and 1300B. Other

sensors (not all shown) may provide inputs indicative of vgrious engine operating
conditions to the ECU 1601. In the supply system 1600, a scavenge pump 1594
recovers coolant exhausted from the cylinder 1100 and pistons 1300A and 1300B and
pumps the coolant through an air separator 1630 and a filter 1631 to a (dry) sump
1632.

A cylinder coolant circuit pump 1634A pumps coolant collected in the sump

1632 through a heat exchanger 1635A and a bypass valve 1636A and into a manifold
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di anetrically opposite the one | ocation. The gear
rati o between the inner gear 1572 and the inside

wa@eoosazdier ence 1577 may be 33/65 with MOD 4 t eBthUS2005/020553
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the inner gear and the inside circunference, while the
gear ratio between the outer gear 1573 and the outside
circunference 1578 nmay be 33/65 with MOD 5 teeth on
the out er gear and the out si de circunference. This

é?é}?a Qélh %;cPr %;nllios l,ggo AREH ?Stlhg gyg c}e?tl !l&? % n?gintained
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enment’s res I's a sinple out put gea
t 1645 and\inta greovyek ainethé SBilsides swafacaafable oylitder dad@sdna ports 1142,

7 ALF o "Uy: eeneely okl P vEaS dRbe R T 340, and 1645 are

O\{&{mﬂj’égbgﬁﬁé‘pg@ p{0. The axle plate 1581 has a
central axle 1586. The cover 1582 includes an out put

bear i ngAmen phelantr @reaftviasnp hé3@<|pempsseolanhc@lected in the sump
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0fl638‘B€ qumﬁ&:obﬂiﬁo forl proRjond®d ﬂﬁlmb@idl}ﬂ @nthe plstons 1300A and
internedi ate transm ssion or directly to the driv

éﬁ%éﬁwmaWIeweat& s¢leted preasure in g@gpgqu;@lpgsla @Magoﬁgol of the

I
ﬁ%p%gﬁ% \NrY; L %@g 9§g}5§n<?15%§§sfs é: Sg}ﬁ%?ﬁgggﬁ 616 the manifold

Wil 636B wd:romi thedmamsifdld 0G3/BU Hieeliquid doblane Midwaritiravigh cﬁreportional

P RlFS B8R i 3508 i W 2N, g aLBRE 4t dfom the

Ofeseitoir d@kSugh! tAEHORS mglmhédc@&sﬁqm | J$dP @it b4RR, surfaces of the
repair, or replacenment of Cé i nders or pistons. The
n

aemlledlmgtpnfelmnds@@ AlhofthgvalygE] 636B; h660A, and 1660B

rese | ERYT by threaded screws between the
?ﬁS (’IOF)& ﬁgd%%g and1§§g4 The engi ne pl ates 1520,

1521 I'ht ECNE0 1 3l prbgrangaed b9 infidppingGle-calibratedwatues of cylinder
plates 1580 are mounted by threaded screws and/or
bang Pisten ¢ KEPERYTEH AN ?fa?re SHseYe datps sslicafiye 0f gngjne operating

]égﬁilﬁcf)ns B %of;l‘éﬁ‘%essﬁfb@ ahdi ABR BAL ES VaPibud Qf%l |eRfin %49&15 The

are preferab hi gh tenperature al'um num a
(ﬁ(fdh 1661 Senséls el gimd mmatlrtgrmndltwns asd cpimiieo landrptsmmtedlperatures

ERgRRE G dle <l Ceni e 808 rBRETa)? BaPhut AeGPRUBR pressures

akAY EloW fakes! fBF ﬂﬁcthrefe(hﬁchﬂs f)f ﬂ}‘étcyﬁﬁb&dl 10 Hnd the plstons 1300A and
Preferably, the liquid cool ant and the fuel used f

t 180@Bgi The BGHO! &M ethem cgrtrols g velMes 163A.al648, é@‘}“v@nésl645 to
pl‘é{}?&é E&Mnt to the coolant circuits of the cylinder 1100 as required to maintain

cylindrical symmetry at the current engine operating point. This control may be either
open loop or closed loop. For example, at full engine power, using diesel fuel as the
coolant, the pressure and flow rates provided to the ports 1142 and 1144 may be less
than 1 bar at 1 gallon per minute, and the pressure and flow rate provided to the ports
1145 may be less than 1 bar at 4 gallon per minute. At the same time, the ECU 1601
also sets the valves 1636B, 1660A, and 1660B to provide coolant to the coolant
circuits of the pistons 1300A and 1300B as required to control thermal distortion of
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for the pistons and other engine elenents. Preferably,
engi ne operations are controlled by way of an engi ne

weonsnpiizanit (ECU) with associ ated sensors aneCT/US2005/020553
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actuators, as needed. The nmounting of auxiliary engine
apparatus to the engi ne 1400 nay be understood wth
reference to FIGS. 15A-15E. For exanple, a

tur bocharger 1590 is nmounted to the engine plate 1510

e 200 3068 A B oS 5 e

1%8(%{ Ql%m@&ﬁ@sepffudl QYPhd BeblAR, tH&' ;ﬁbssdtécirﬁi fidwhated\ pfr(!#?hed to the
injection punp 1593 is dri ven aatlmk% belt from
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t RSCBIQS df46%eandf 14608 maarheslﬁéﬁ thgn Paby, at14g gallaps dresmpinute per
gﬁ&kcant and scavengi ng punps (not shown) are nounted

t e back of the engine 1400 and are driven by the

end of Congobéf thbdekivanks highidscodbthddby 24 ARerndfediEidtéslant supply
punp pr.ovides liquid coolJant to the ports_in the o
cyYsiFRdpod peeable in 1 ihecsesndl srEbadiaentas Ulipispted imthgspbesic diagram
1 [ t

L4850, [ TRATAL VTN £y LIS L OB (o
exylemisr dh@0 afd & sezond, atiferhalf doslahtidGbrivadt dridigsel firebfghexample) to

1 Bitotis Poh ap A0, 7Be Roele s W65 it Qi thF prgerammable

t Iaﬁglelelcbﬁﬁélquf éEcwu@oc%h&n& sBivsofs 116 00i 1518801a8At1611B in the
00 useable in the second enbodiment is

ovbster 3 and ieiaes & SHtand 5 UNERGF i opFYSMLbR ] wiges iquid
conak HEh B P! LAREHESRaR R RITET B3 HFin the cytinder

t elepas Atdlr ndothe hbkes Ay B3 atthe chd9Of the ovbivdaf1180s dediquid coolant

1610 t d t f th 16 in th .
c NGRS [ OTT02F Hch FRA ORI 608 g et the frt Tquid

t%H&Qﬁtfﬁdiﬁ% c%rﬁm&élel 190 WP Pesefvolr®eRi st ons 1300A and
1300B by way of sensors 161 IA and 161 IB nounted in

t he pi ¢t exlindecombandeitcdiBpaBp 166Henmpe theofirst ligwitd cablant collected

sho may .proyvj de | s.indicative of .various engi .

o SR relBYoDENY PP heay Rt g R iFS 1666 into
S Wedn€fo1dL 6680,  Frss igiiangelaptifae ptdddon s ow erSove® M &ietcylinder 1100
exhausted fromthe cylinder 1100 and |stons 1300A and

13pomingaed ahp seleeted PoessuRtintthe HiagHoln 1647 by epatreltafrthe bypass
Cy%llQ’ 3@@6 @%ftllrel ECU 1%6% ]an& 9 ﬁgesg%ééﬁp %’691%311?16 rr'%mfold 1667. From

nder c ant circult punmps coo
c thd mahdaldi 1667 hthesfimsp lig@id 2 oblant flgivs ahivaegh peopointéorge valves 1672,

1 a bypass val ve 1636A and in a ..

~3R7hsrR 1658 RiB BRiraon feioursde ariacs e Bylindep 1] ¢ through ports

01 99Y,a3 44 Nandha 48 Yreb Vel 1 AN dfihdIMs2i 6661672, 1674, and 1675 are
controlled by the ECU 1601.

The supply system 1650 also includes the piston coolant circuits of the supply
system 1600, which are constituted of the elements in sequence from the scavenge
pump 1594 through the reservoirs 1460A and 1460B to deliver the second liquid
coolant for cooling the pistons 1300A and 1300B as described above in connection
with FIG. 16A. As with the system 1600, the second liquid coolant is jetted into the
pistons 1300A and 1300B and rcovered by the scavenge pump 1594,

The ECU 1601 is programmed and operates the supply system 1650 in the

manner of the supply system 1600 to map pre-calibrated values of cylinder and piston
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at a selected pressure in the manifold 1638A by
control of the bypass valve 1636A by the ECU 1601 and

w@2psesdew e sensor 1639A in the mani fol d 1638APCHUSUD5/020553
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the mani fold 1638A, the liquid coolant flows through
proportional valves 1642, 1644, and 1645 and into

grooves on the outside surface of the cylinder 1100

via ports 1142, 1144, and 1145, respectively. Al of

the valves 1636A, 1642, 1644, and 1645 are control |l ed
by iR A g SETSPG} 4 LWIRaLRE OF FREIDY PPAgERE SaRdiens to firs

PURPSecoR@Ledlant GResk@es 8sll owirkes ﬁiﬂ%ﬁé&%f%ﬂ%%%ﬂé%ng loads, and to

heat exchanger 1635B and a bypass val ve into a
mapntfadithe pregeRn dfithgfitst arcbsesond figuid gpelentsabthoseprebsaire and flow
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d
1698m! the sRPYRE ofmths fs;ﬁlﬁraieaéég%%ndqﬁénﬁn&wﬁ s anigiaps 1300A and
I 9968 G ?&gl&lrikgH%%@gkkg%@iﬂggég\égﬁigﬁg6%e@@%g}ﬁﬁtﬂg cylthder 1100

the reserv romthe
r esctheqiistens 1300dughl 1309Booag be hdRaioéd bthdifferdoeenii@Bitures. One

SR04 TG RTER 1 S o Vi Sl Pt o e
18R ratR thaNiHeqidtess PyoohendFEE0B5 R lorddiB xﬁgﬂatfailxﬁé) brddstermined

progranmed by mapping pre-calibrated values of _
cybaciigebetamen phospong t idpandathgr eusside dliasnetern ok thespiptpns as engine
d% i{'i{}%i&gg ive of engine operating conditions to

coolant "pressures and flow rates for various engi ne

oper at Engink®ader The ECU 1601 senses engi ne operating
conditions and cylinder and_piston tenperatures, .
det er nifRBANCEH ENEINE PEHPIAANGE iereplizad. At the cesvlidhatgpgosed-piston

CQRRHL LSRRG LELbI RS B Iﬁ%ﬁ@&ﬁcaﬂf&g b QXﬁaBﬁtcg_sac{uQ(/in%n&iproved

three circurts of the cylinder 11 and 't he pi stons

1 BORP asptcifR00Bput] vad BWRL 6\0ien t doerpacasin wvithl prierhart vappesesl-piston
1636A 1,{0542, 1644, and 1645 to provide coolant to {l.he hi
cSOFAHY 97 ETIPRC o™ ( RROSSTRINGR el B0 ngswg“@i AELPIEIgE to this
Mgpdtifiiatiok Will RlérafeeBMEPTBTR [edstP00IE aflehdt @80 pSINGE MQeast 300 psi
operating point. This control may be either open | oop

odue [te J@pravgd rooking. Jyching epresedpifton engingds sapable of providing
3L 536, R RO B 5 B SPAAS B
| ¢29HPiah o drdeasatl 3ZDI-Q’ajlnF.o’nl_1efse fimptaveinents asndble tRis opposed-piston
Dengiae & pefiryess BAFR 2 o egsh 0 Sathsbi. ailst B0 e of adsast 1.0
t igp,. t he ECU 1601
The uses and applications of an opposed-piston engine set forth in this
specification are many fold. It can be scaled for any application using two-cycle
engines, including two-cycle diesel engines. The engine can be installed in or
mounted on a variety of powered vehicles, tools, devices, or other apparatus requiring
the delivery of rotary power. See FIGS. 17A-17D for examples in this regard. In FIG.
17A, this two-cycle opposed-piston engine 1100, 1400 is installed in a surface
vehicle, which can include wheeled or tracked vehicles, such as automobiles,
motorcycles, scooters, trucks, tanks, armored military vehicles, snow-mobiles, and all

equivalent and similar instances. In FIG. 17B, this engine is installed in a water-going
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al so sets the valves 1636B, 1660A, and 1660B to
provi de coolant to the coolant circuits of the pistons

wa3deeaand 1300B as required to control ther maPCT/US2005/020553
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di stortion ofthe crowns 1308 at the current engine
operating point. For exanple, at full engine power,
usi ng di esel fuel as the coolant, the pressure and
flow rates provided to the reservoirs 1460A and 1460B

may, .be | ess tha bar at 15 ons nm nu r .
o EglE suEh A b SR PoviRa fnuberie R tondl et SRR aHRE B cauivalent
aRndlsingilateficldsdH HIGOPI@ ﬁhlsfdhEHieyls SNSRI ih6D A xeth 62 Rt@ry-wing
in the second enbodinment is illustrated in the
s@ﬁéﬁ#ﬂt ile FdGadr Bt egme isenstallechin gypaweased épplement such as a
I f t

&§erl i%ﬁ' gﬁ%&sge(gg tﬁ]&%gles \grbgé &% %ﬂ'ﬁh %% fhd aﬁ?equxvalent
(Iaudbrsnmﬂart devicedi &sdHIGE UGE, thisrenginenigl jtalled iheanpéledtticd power
1300A and, 1300B. Th u Iy syst.em 1650 i ncl ydes the
pﬂﬁ@?%mﬁaftﬂvgeekgﬁlﬁb?ziﬁﬁg BREighisingigted)n 2 eymPHElavice-
sensor s\1h3ioh ti‘x@lmlvéntlcﬁﬁ‘ilag-%ethé&anW With | fé@&énc]cl%) specific
and pi stons 1300A and 1300B. The supply system 165
utillustratens| ansimxamptml Ashoulé baundérsioed tha Mncmmedllﬁedlons can be
convent. to 1147 in the cylinder
s g Vi ﬁ’ﬂfg 198, ‘”H&F“’eépl &%‘éﬂ“ﬁtpr{“ﬁﬁ’lees “BF“$‘H% Accordingly,
CYhd iRdlé&tioh §9 BmitddBnlyibyUhél fotRi@élain@ ur n I ines 1661
converge into a return manifold 1662 that returns the
first liquid coolant fromthe cylinder 1100 to a
reservoir 1663. A cylinder coolant circuit punp 1664
punps the first liquid coolant collected in the
reservoir 1663 through a heat exchanger 1665 and a
bypass val ve 1666 into a manifold 1667. First |iquid
coolant for provision to the grooves in the cylinder
1100 is maintained at a selected pressure in the
mani fold 1667 by control of the bypass val ve 1666 by
the ECU 1601 and a pressure sensor 1669 in the
mani fold 1667. Fromthe mani fold 1667, the first
l'iquid coolant flows through proportional valves 1672,
1674, and 1675 into grooves on the outside surface of
the cylinder 1100 through ports 1142, 1144, and 1145,
respectively. Al of the valves 1666, 1672, 1674, and
1675 are controlled by the ECU 1601. The supply system
1650 al so includes the piston coolant circuits of the
supply system 1600, which are constituted of the
el ements in sequence fromthe scavenge punp 1594
t hrough the reservoirs 1460A and 1460B to deliver the
second |iquid coolant for cooling the pistons 1300A
and 1300B as descri bed above in connection
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with FIG 16A. As with the system 1600, the second

liquid coolant is jetted into the pistons 1300A and
wa3e@dm4and rcovered by the scavenge punp 1594. pahestueisn20553

1601 i s programred and operates the supply system 1650

in the manner of the supply system 1600 to map

pre-calibrated val ues of cylinder and

pi st ont enper at ures and ot her sensory data indicative

of engi ne operating conditiegg tg first and second

cool ant pressures and fl ow 45 or various engi ne
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BEROVFS ehichst e&ﬁ@%&ﬁﬁ%}%&oﬁw 170 he CPREH BOBIPTERIprd the end

SBSﬁiofn's CarU Brblup o@rg%&\é\&oﬂmﬁe)&&{mafbgfanmwmafuhﬁéreaﬁéuy in the
opposed- pi ston engines. For exanple an opposed- pi ston
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w ||l toler.at
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arveOHe Suppl B t y3tene bgtindeted o thamb bem@fe poreyi di ng
specific power densities (SPD) relative to piston area
of at least 11.CHP/in2, at |east 12.0HP/in2, or at

| east §3 OHRAL NG 1n-gh@tsaafmr QY SIREE %%%ﬂ ggl fr{&lu%les a cyhndncal

opposed- pi ston eh gine to achieve a east
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The uses and applicati n posed n en
< diast By st e eaefreoptzor maERaREY B e srevty ahstem and
%oﬁﬁaah&ﬂf&r%e APRhdt Gk jeNotiBNE coVRNEKCIHR KOR sBESoe of the
i ncl udin cycl e di esel "engi nes. The engi ne can be

| eEIvEl dletge pﬁt@r

4. The engine of claim 3, in which the cylinder includes groups of
grooves which extend on the outside surface from the central portion toward the end
portions, and a group of grooves which extend substantially circumferentially in the
central portion, further including a cylinder sleeve covering the grooves and one or
more ports in the cylinder sleeve, each port in communication with a respective

groove, the supply system connected to the one or more ports.
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nounted on a variety of powered vehicles, tools,
devi ces, or other apparatus requiring the delivery of

wo etoangsipower . See FIGS. 17A- 17D for exanpl es PeI/UR1085/020553
regard. In FIG 17A, this two-cycle opposed- pi ston
engi ne 1100, 1400 is installed in a surface vehicle,
whi ch can include wheel ed or tracked vehicles, such as
aut onobi | es, notorcycles, scooters, trucks, tanks,
ar nmor ecs. m | i Tl shovihi Sk ' : Y
equi val ent and sig¥n | gfr:kliﬁ};ngt3éﬁqg\§g}f.m;laﬁéc§fpé8t@%%ah§ﬁaslongltudmal
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purpi nd" devild8 SnEineipd ﬁgﬂﬁmtﬂg“ iWE‘\‘Fé‘rﬁ"FB oplaat ¢hampel is mounted to a
desspedthepinbd.h reference to specific illustrations and

exanples, it should be understood that various
nodi ficati ons can be made w t hout departing fromthe

spiritgof t i.nci ples of .our engi.ne. Accordi ngly ,
the | ndont i dfe BhbF oPtln Sty SPRlaMech FERPrig WiicH the cylinder
clirmiluties @xRdU¥B add it ORBOIA bxhhst AhniOIE A dhe CRRRNBEAP Un inlet
engi conpri sing: . a cylinder with an outside

SB%PQS@, op dhg injet spdy apd @t peast iogpdab sndeash befr tlél_,e exhaust and inlet
S iRl Y15 Yk B b3 At ik ithh@?QJnX. streans of a liquid

cool ant on the outside surtface that flow fromthe

central portion toward the end portions; first and
secondyopposed pi.stons, adapted to reciprocate in the

bore, @ach Eﬁgte e 9 Icli’é‘flx further gpgludingiangingulpingcoating on the
sexHaast@nardfidd.t he supply system adapted to apply a

liquid coolant to an internal portion of each piston

on the back surface of the crown. 2. The engi ne of

claim in j | j nder..include roups of .. .
gr oov eiﬁ Whi gﬁ@g@%‘%@%&%x} hequ Sy sgeh Bﬁf@gﬂéu&%ﬁﬁhﬁgmal body
chatingib rpding,i anopemard) at desed hddDtinirdNs créWil MAY RIBR, the tube
of gi??r?vv&ls whi ch extend substantially .
PP Pathdhe pdmdyicplbadyand dayipgp fisgtrand gitactied te Hiarpiston near the
| Pk Ul faBe Bf G CRRGT | i ves, and
one or nore ports | naﬁg%\éﬁﬁ%@; E%}?%%H ,ﬂ%ég@h%beo??eq ﬁnd and
c¥ientediferbainmcanne¢ted ta expiprodatiog greobantsm ihhe sHpipk.y
system connected to the one or nore ports.

11. The engine of claim 10, in which the tube forms a coolant channel,

further including means for connecting the coolant channel to the supply system.
12. The engine of claim 11, in which the tube is flexible.

13. The engine of claim 1, wherein the liquid coolant provided to the

cylinder and pistons comprises the same liquid coolant.
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3. The engine of claim1, in which each piston

i ncludes a cylindrical body, an open end, and a cl osed
weasdsfiefni ng a crown, the engine further i ncledi/ngoa/020553

| east two cool ant channel s, each cool ant channe

connected to the supply system and positioned for

directing at |east one jet of liquid coolant to the

back surface of the crown of the piston. 4. The engine

of claim3, in which the cylinder includes groups of

grooves which extend on the outside surface fromthe

central portion toward the end portions, and a group

of grooves which extend substantially

ci r cunflér entlihgl anginenoft plaing dntwhereipothe j lsmid fcgplanteprovided to the

[ he grooves and

oggﬂ%ﬂr‘jﬂw& S%é%f&gﬁ fise (Lﬁgr\éﬁ l?cﬁ%(z‘r%dsi%ggeve geach port in

conmuni cation with a respective groove, the supply

systen1conne§ted to hhe one or npore ports.5. The

engi ne 16f cITAf gngine o claim dn whskem %étlmylswmac}@@u%ﬂs first means

I I iy n (W]? Sg

patobrptflbad FAKSUAN Dol T LNAGR, ahl Wockil bclth biffpted for

r BBlPiEIng a secortvkliquid godlanti differeax than tige fifhiqeidgioolanpto the first and

|mSi further including a frame, in which each

cS%%QﬂP ¥9%nnel is nounted to the frame. 7. The engine

of claimb5, in which each cool ant channel is npunted

to a respective piston. 8. The engine of claim]1,

furt hed6i ncThaienging of elaim |, Wherginieeph pistondy rihgHey piston lacking a
Q&ng es exhaust and inlet ends, an exhaust nanifold

on e exhaust end, an inl et nanifold on the inlet end

and at | east one tab on each of the exhaust and inl et

mani f ol ds, ch tab re eivaple in the fr . 9. The
engi ne gf cl Frﬁ“élnef‘Ifr ?53 APSigin e SHORIHSHPERY fgludes coolant

C%ﬁ&dn@& dMed S‘tech%mbfﬁﬁ%it%sd 10. The engine of
claim11, in which each piston includes a cylindrica

body having a radius, an open end, a closed end
deflnlqg a t he .t ube oax

e 01 18,2 8RO P SinchlS o RGP RRRAIH rhdBymenns o

t endim@inRigSthe BylRRf andisteask reipet decctepibefafifes:r own and a
second end extendi ng through the open end and adapt ed
for being connected to a reciprocating mechanismin

the engone. rhlendhe oPORInS, el ipritthe: 1 whi ch the

tube forns a coofant c
first and second 51de-mounted crankshafts; and

rods which connect the pistons to the crankshafts.

20.  The engine of claim 19, wherein the rods are subjected primarily to

tensile forces during operation of the engine.

21.  The engine of claim 19, wherein the cylinder has exhaust and inlet
ports and wherein the crankshafts, the rods, and the exhaust and inlet ports are
arranged such that the pistons are in phase in their top dead center positions and offset

in phase in their bottom dead center positions.
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further including nmeans for connecting the cool ant

channel to the supply system 12. The engine of claim
wdagositmeivhi ch the tube is flexible. 13. The enpCTESmN5/020553

claim1l1l, wherein the Iiquid coolant provided to the

‘cylinder and pistons conprises the sanme |iquid

cool ant.14. The engine of claim1, wherein the liquid

cool ant provided to the cylinder and pistons conprise

di fferegt |iquid .coolants.,15.,,The engine of cl

wher of 2% he B0 RGE 8GR P UFeEr T L RS gred to support
ARl Arhnkghants fof &dtationqui d cool ant to the cylinder and a
second neans adapted for applying a second |iquid

cool ant, different than the first liquid coolant, to

the fipst ardd.s d_pi gtan : engine ' :
1, whersi n° QheroTe; ob oPRLZ2 Herel et BARCe tnoht Yohpressive
wWforségbetwechihe dhaakshags.ne of clai m 15, wherein the

supply system i ncl udes cool ant channels ainmed at the

crowns of the pistons. 18. The engine of claima1l,

wher ei hat he"ﬂib’p%%néyéft &R ClK dGhefhANRe f Bhgine is a two-cycle
mai ntai ning the cylinder and pistons at respective

t eomppreasiom-egiticidengitiee engi ne of claim 1, further

conprising: first and second side-nounted crankshafts;

and rods which connect the pistons to the crankshafts.

20. ThesengiThe &igire! 8f Rlalfl, 20h@ketylindbe firde ia€lading manifolds,
subjected primarily to tensile forces during operation
ofwherpin thegixheust gnd infes porth gpereinsy regpegting manifolds raad ga¢hhmanifold
cyld . .qand inlet ports and wherein the
c%g%ggﬁgfggguﬁﬁgégﬁggﬁ and the exhaust and inlet ports

are arranged such that the pistons are in phase in

their top dead center_positions and offset in phase in
thei r BBt t orBEREMECH: @Pmbo‘si“f e5ie . the engifg Oé)ﬁ@?%eato? power-to-

Chaidhe #8tio dfk tda&o.seaPNbSi ng a frane adapted to
support the crankshafts for rotation. 23. The engine

of claim 22, wherein the frame supports conpressive
i ne . of

f or ces ,het n the crankshaits, 24..The en
claim 29 wiDF PRTER QA A Tkl 5 RplREostfud at a power.to-
C Qv $4ti0sTat Haktl0.NHeNBI ne.

28. The engine of claim 27, wherein the engine operates at a power-to-

weight ratio of at least 1.00 HP/Ib.
29. A machine powered by the engine of claim 1.
30. A vehicle powered by the engine of claim 1.
31. The vehicle of claim 30, wherein the vehicle is a water craft.
32. The vehicle of claim 30, wherein the vehicle is a surface vehicle.

33. The vehicle of claim 30, wherein the vehicle is a fixed-wing aircraft.
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25. The engine of claim 24, the cylinder further

i ncl udi ng mani fol ds, wherein the exhaust and inl et
w@osa24apen i nto respective nmanifol ds, and eackCT/US2005/020553

mani fol d has a shape that induces swirl. 26. The

engi ne of claim1l, wherein the engine operates at a

power-towei ght ratio of at least 0.50 HP/Ib. 27. The

engi ne of claim26, wherein the engine operates at a

power -t owei ght r.atio.of.at . least. Q. 67 HP/Lb. 28 The .

engi negg“f C&E? ?lr?}%le O\Rﬁlg‘}%ﬁﬂ’ ‘Fﬁ%"‘é‘gﬁ? Yfg"%lﬁ ésraalioi ﬁln%alrcraﬂ'

power-towei ght ratio of at least 1.00 HP/Ib. 29. A

machi ne_powered by the engine of claiml. 30. A

vehi cl 5-powdrrayves o meWéwgibaéhwngwqwf}ﬁlqlm B1. The

vehicle of claim30, wherein the vehicle is a water

craft. 32. The vehicle of claim 30, wherein the

vehi cl 86 s A pawer gesermehpevered B theldnginealfictdim 1of cl ai m

30, wherein the vehicle is a fixed-wing aircraft. 34.

The vehicle of claim30, wherein the vehicle is a

rotarysy ngTgL reﬁ%ﬁ&t:tof caim A, BEIRY doRflris@ s dn®%eddh counter

engine of claim1. 36. A power generator powered by

t hedatenpdranksbafis thei emgine f@Zher Thadudingsi ne of cl ai m 1,

further .conprising first and second.coynter rotating

cr anks ﬁ;ﬁliﬂffgf) adapted &pﬁgﬂfl?ﬁ?ﬁ@?‘sﬁ?fﬁscﬁoﬂ ﬁ‘ftiatbq.n’ a frame

adapt ed fir& peaROht firdiRrapksashafts for rotation; a

first gear on the first crankshaft; a second gear on

t he se@&prPndeasnasthe secopd grankshafl; anfl,gear supported on

the fr ' ' : W :

out si 8 iy BOsupbdrica e s A W3l A affbius with an

f butsidel cieaimferenen @ngaging shelefirsti gearmhtenefise locagiagi @yl an inside

the second gear . at a secgnd | ocation, 38. The engine

ofrRBierRnSs Engagiiedhe seorrd gear aha steoRd198Ho s opposi t e

the first | ocation39. An opposed-piston interna

conbusti on engine, conprising: a cylinder with a bore,

an out $Bde JThefeagive of cbaimt 374 Whasein the seconddremtiont is epgosite the

and an [.nlet end; a first group of grooves on the
oﬁf%??fghgﬁrface to conduct a liquid coolant from
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the central portion toward the exhaust end; a second
group of grooves on the outside surface to conduct a

wo egsitzikizool ant fromthe central portion towarRCT/6§2005/020553
inlet end; a third group of grooves on the outside
surface to conduct a liquid coolant circunferentially
in the central portion; first and second opposed
pi st ons adapted to reciprocate in the bore, each
pi St on,4 ncl ¢ east one cool ant. _channe
Po appy o A <agpdTan e SRThatite il SordiRe
i nter nalcynmdrlv@ml afbokd) @nf dutsile PhriceNa Qentaalt;ﬁ)etkors WhfexBgust end
of the crown; and at |east one cool ant channe
apisl 30 lediepdicted jet of a liquid coolant to an

cur 1 a0 5 R ol Gp TREARIAPUFRAC P ol lignid coolant from

f thetdentral pontion towagl thaeﬂhimlstfmd corrpl i ant adJ ust ment of

the first or secon i ston r ect to th

cyl i nddrsecond grmoga&ow o t ﬂ&%g‘“ afFdP épwﬁtcrqé liquid coolant
pﬁ%ﬁﬂﬂécé&ﬁﬂbbﬁﬂh@é@mﬁ%heﬁmﬁ%§§eﬁb|y for an opposed

plston i nternal conbustion engine, conprising: a

cyl i nderthird goup bbgrovemon thes pefsids suffagseto eorslapt a diquid coolant
ust %Srt and an inlet port; the

cyF?ﬂ%%Fm?%%Yﬂﬁﬁﬁﬁma YESlst manifol d over the

exhausfirddaind seaenddppotedt pistond bddpled v rediprocatdlifttthe bore, each
port; means for conducting a |iquid coolant on the

oDIstangBCluding 3CEOWH a direction fromthe centra
sectiop feg%/i‘anfn@ éolaﬁlnﬁ Rhétne PR ip ﬂ%ad}x%c{eﬁ ieCOPLY; go d&hofant to an

I iquid coolant on the outS|d face I a direction
f imemalritemof the fise pistanort obakdutfhee cff)thacmWnpand

means foy conduct|n | i UId ooI n th

Sur f act Ieastepre, conlaat shave] 19 esiediet pha i datant o an
S ffibrh@portiod ¢ atthagx«stoﬁe PR &p@%ﬁquﬁh&t&nﬁe adapt ed to

reci procate in bore, each piston including a

crown; at_Ieast one cool ant channel to apply a
direct 28 ] 80 %néigee o% ki %,%%ear%gmtpplsifalgz
means for compliant adjustment of the first or second piston with

respect to the cylinder.

41.  The engine of claim 39, wherein the pistons are ringless.
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internal portion of the first piston on a back surface

of the piston crown; and at | east one cool ant channe
waemptisd24 0 apply a directed jet of the |iqui dPCDUSAN/020553

to an internal portion of the second piston on a back

surface of the piston crown. 43. The assenbly of claim

42, further conprising: at |east one conpliant nenber

nmount ed on each piston to nmaintain alignnent between

42, andtel n A FREeF e opPiig cBSoR j8ieip cobRilh engine

opp@pRsn@i ston internal combustion engine, conprising:

a cylinder with an outside surface, central and end

porti oASylingar withy @rbore, Ansqyisids, surface ednceriEad thortiang ag shgust port
S gpﬁ f..a.1iquid coolant on the outside surface

t%%? g%Ppﬁbn1the central portion toward the end

por t i otig; cydinder inchitlingruh exhaust dnanifolisexkr pheséxiaastgabapireidan inlet
to recjiprocate in the bore.46. The engine of claim 45,

i MARHPPVEREICAREt PRIEr i ncl udes groups of grooves which

ext endQind G Qb 2 HghRC&NIR Bnt he Fuiidd &lrfe'ih!08irection
toward the end portions, ‘and a group of grooves which
efiognidie seteal aentioaltowarditheimhdt pognti al |y in the central
portion, further .including. a cylinder s|leeye caovering, .
bhe gr Bi57Rs Farringheling & Hgpis sssiant S the Rutids gy n ® direction
skeavee ce@tdl sftioh tbWardQheRNHaGd ot W th a respective
groove, the supply system connected to the one or nore
ports. means Tiee eqfisiuptangfa diquidn epolanfhen ethg @atsidepisytfage in a
[ . j . surface, the supply

oy R ey AR R RSt 30 O et to an

i nt er néilrst pakdt secondfoppesed psteho adared e rédpldocstarihathe bake, each
the crowﬂ..48. The engine of claim47, in which each
pPSPHnE eVﬁd%EO%Pcylindrical body, an open end, and a

cl osed epgstdrkicabRgt ﬁlaﬁflél%'ap{)@ea §inctdiBief BT i38lquid coolant to an
including at |east two cool ant "channel s, each cool ant

c intermel pastiemetcthe dirst pistereosupgskysusfpen efitheipigtonesowin;cmdd

for dirgcting at |l.east, one et of |iqyid coolant to o
the badk gy PugsoRy Rutl, teid (o aPhly & Bifecid jorrfl the liquid
eggblagt tof arCintdriialdfortion oftheC fecbhd® pisydn 86l @Qr badcRGuHEES of the piston
groups of grooves which extend on the outside surface
f FW he central portion toward the end portions, and
a group of grooves which extend substantially
circunferentially in the

43.  The assembly of claim 42, further comprising:

at least one compliant member mounted on each piston to maintain

alignment between the piston and the cylinder.
44.  The engine of claim 42, wherein the pistons are ringless.

45.  An opposed-piston internal combustion engine, comprising:

a cylinder with an outside surface, central and end portions, and a bore;

a supply system adapted to apply streams of a liquid coolant on the outside
surface that flow from the central portion toward the end portions; and

first and second opposed pistons adapted to reciprocate in the bore.
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central portion, further including a cylinder sleeve

covering the grooves and one or nore ports in the
wa@ylosnglae4 sl eeve, each port in communi cati on WETUS2005/020553

respecti ve groove, the supply system connected to the

one or nore ports. 50. An opposed-piston interna

conbustion engine, conprising: a cylinder wwth a bore;

first and second opposed pi stons adapted to

reci prgegat n the bore .each pisto ng. a

havi ho 18 badiedtfec 8t Sl 8 B BhER HE NP iPuGES Poups of
a[gedved Rdidl exit@ideor ﬂfea)uwid@sdrfaqel ifidnt 9elcentraltpdrtidietonaek the end
surface of the crown.51. The engi ne of claimb50,

WREFtians, a1idea EYAUPrfesroaves teh priend, sibstagtally eiseugaferentially in the

S c l. Ne

o S Dot i g e B HIE e T velid o or

Comirarliortsrunt the olindérdslesve; feade pO]ft ihh@noplnicatem tithta respective

flowfr n1tqﬁ centraémﬁgrtloqwtomard t he end portions;

5 BrooMetng SFRIL SR 64 to (e QRRiOE MAYHROTEY | | nder

i ncl udes groups of grooves which extend on the outside

surface fromthe central portion toward the end

por tiodd, affdhe &ngnng @ﬁ cloimgp owh@smwlaclcplsmuedudes a crown having a
ant. r ent in the centra

SoReh et e, Sueiy Ay iR ol Thrty % gl cRolans tp g interna

t pert@nsT\éach pitdn @RchObackBufadidtlthe trdwnhe cylinder
sl eeve, each port in conmunication with a respective

gr oove, the supply system connected to the one or nore

ports. EE\ (ﬁ ﬂ inf 43! [Hbé/glch' Jﬁcﬁ\’? it %‘?c‘fl![hes a cyhndrlcal

pi st on |ncI rical en end,
c Ibodg,chnespen aed,i amkingclasedrendmlgﬁmlng ae:mgwmethé engihe further 1nc1ud1ng at

includin t | east two coo nt channel s, each cool ant

cHEAThEre casins hamelso Sehecalish FYATSSLe PRl i e PR Gapstem and

f %sﬁbﬁ&?fdrrtgre@ﬁné ﬁta%stocﬁﬁ _]h?bf ﬁ&ulh'&leaﬁt ﬁpﬁle%hfcktsgrface of the
back surface of the crown of 'the piston. 54.

n@ﬂh@@oﬁmeoﬁéﬁatlng an internal conbustion englne
i ncluding at | east one cylinder with an outside
surface, central and end portions, and a bore and a

pai r of49oppasedergiriet oNsladdass, cid whichebe [ifyﬁﬁ&érembmdéth groups of
bore, each piston including a crown with a

s l&“?%i’@é whgheextenchistie Rt figface fiomy the geatml rpé’lm‘%& fogafg the end
oﬂlcl qéﬂdda %Hg B orbQels hﬂu&ytzghﬁ sutdfal gﬁglg}; tirctn fe{eﬁm%lly in the

om t cen portion towar € en
central portlon further including a cylinder sleeve covering the grooves and one or

more ports in the cylinder sleeve, each port in communication with a respective

groove, the supply system connected to the one or more ports.

50.  An opposed-piston internal combustion engine, comprising:

a cylinder with a bore;

first and second opposed pistons adapted to reciprocate in the bore, each
piston including a crown having a back surface; and

a supply system adapted to apply one or more jets of a liquid coolant to the

back surface of the crown.
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applying at |east one directed jet of a |iquid cool ant
to an internal portion of each piston on the back

waewosaca2of the crown. 55. The net hod of cl ai lPGBUS2005/020553

further including applying streans of a |liquid cool ant
circunferentially to the outside surface in the

central portion.56. The nethod of claim55, wherein

appl ying spiral streans of a liquid coolant, applying

at | east, onghéidhgmkest tRim 050, awhdreini theCOAINABE furdiddl includes an
applying streans of a liquid coolant to the outside

s Qutpide surface, Reentsa] tnostionpaid ¢nshpatipnss ang theswpplypivyieAyisadapted
fye f [ i '

t KSpontp SreulBLE B ERRL o e DR AR LA Ty B far low
pisinothe certiad potioh Rehearditheénddporgoran out si de surface, a
central portion, end portions and a bore, the first

and second pistons adapted to reciprocate in the bore,

each pistonTi | (M lisdek: fi t
nethodSgbnpgpgﬁﬁggkg%;??ﬁgQ?Eéﬁgﬁ@g?égggggégﬁéﬁggd?%gﬁmPsOf

c gtaomelewhichiemtpnd oni theiodtstlecsueface fomabe centrsbpaitivnanwatd the end

I 1 | i f t t | ong,.t he | t h :
Ratiens croreie & ot s B B SpPanln sl lifyy in me
t BéntRephrtionl hatRr MclRALY aRyEh@dt stdeQ¥RoWting the Grooves and one or
i npi ngenent with a liquid coolant. 58. The nethod of

cmorenports inttbe cylndaiesleavgupashcpst dmtcopgaunieaion owith tah gespective

AR g Wb s e ) LA B BRI Cr o are

the sane liquid coolant. 59. The nethod of claim57,
wherein_the_|iquid cqolant _used to cool the outside =
sur f acof Fh%%egw Mg lﬁe?vfwca Ghth Bt leeq syyindrical
c BQJ]y, taﬁ%tppﬁﬁllf(i, SHA haReQtn® ﬁ@ﬁhiﬂ%ﬁ CRSWE tREh g@Cfurther including at
ditf'erent |iquid coolants. 60. nmet hod of cooling an
opgaststad griotand nhasmglisneachivaplanhchandelscoanenydd toctbe saprdy system and

first and.second oppased pi.st .the cylingder

Rl g HERRT Bl SRl EPalf foT B ok gpoce of he
p@fdv{brpdj]&h@.ﬁﬂto@, bore, the first and second pistons

adapted to reciprocate in the bore, each piston

including a crowmn with a back surface, the method
g? ﬁ'tp L 'egké; Ig | ﬁ;glgr@thgg :o?] gﬁéa}ht?{rllg:%ﬁgk&&l BRbRston! eﬂﬁin% lfﬁélﬁ‘&‘iﬁg at least
one cylinder with an outside surface, central and end portions, and a bore and a pair of
opposed pistons adapted to reciprocate in the bore, each piston including a crown with
a back surface, the method including:
applying spiral streams of a liquid coolant to the outside surface that flow
from the central portion toward the end portions; and
applying at least one directed jet of a liquid coolant to an internal portion of

each piston on the back surface of the crown.

55.  The method of claim 54, further including applying streams of a liquid

coolant circumferentially to the outside surface in the central portion.
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coolant so as to obtain an at |east generally uniform
tenperature along the length and circunference of the

woeiosiizia2sur f ace. 61. A nmet hod of cool i ng an oppOBESR005/020553

pi ston engi ne that includes a cylinder and first and
second opposed pistons, the cylinder including an
out si de surface, a central portion, end portions and a
bore, the first and second pistons adapted to

reci r ate 0 i ston i ncl udi a cro .

i Ch o Thi ko S faint 38 ufe i it gl e @agh a" tiquid

t u&dnaﬂte fdlying lam@mgmb Qirscted jdt |oﬂki'lﬁ1u@éﬂo?dﬁt andappBing fiams of
sur faces of pl ston crowns. ﬁear traln

f érhqahi ¢apdant ﬁ@nh%mdgﬁurcﬁweenghm gentrad mpftloglu eomprisgrapplying a
aﬂglsecond gears adapted to be coupled to

counter-rotating crankshafts; and a third gear having

an annulus with an outside circunference engagi ng the

first gear at a_fir Iocatlon and .an i nsi de
ci r oundér ené\eméﬁha%@? AePlingenspetrd RidaR caging thapinshiges a cylinder

I 6 n
LSBT o oSN AT 1 Dl RN 8 bl G,

central portion, end portions and a bore, the first and second pistons adapted to
reciprocate in the bore, each piston including a crown with a back surface, the method
comprising:

cooling the outside surface of the cylinder using a liquid coolant so as to
obtain an at least generally uniform temper/ature along the length and circumference
of the outside surface; and

cooling the back surface of each piston crown by direct impingement with a

liquid coolant.

58. The method of claim 57, wherein the liquid coolant used to cool the
outside surface of the cylinder and the liquid coolant used to cool the back surface of

each piston crown are the same liquid coolant.

59. The method of claim 57, wherein the liquid coolant used to cool the
outside surface of the cylinder and the liquid coolant used to cool the back surface of

each piston crown are different liquid coolants.

60. A method of cooling an opposed piston engine that includes a cylinder
and first and second opposed pistons, the cylinder including an outside surface, a
central portion, end portions and a bore, the first and second pistons adapted to
reciprocate in the bore, each piston including a crown with a back surface, the method
comprising: .

non-uniformly cooling the outside surface of the cylinder using a liquid
coolant so as to obtain an at least generally uniform temperature along the length and

circumference of the outside surface.
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61. A method of cooling an opposed piston engine that includes a cylinder
and first and second opposed pistons, the cylinder including an outside surface, a
central portion, end portions and a bore, the first and second pistons adapted to
reciprocate in the bore, each piston including a crown with a back surface, the method
comprising:

directing turbulently flowing jets of liquid coolant against the back surfaces of

the piston crowns..

62. A gear train for an internal combustion engine, comprising:

first and second gears adapted to be coupled to counter-rotating crankshafis;
and

a third gear having an annulus with an outside circumference engaging the
first gear at a first location and an inside circumference engaging the second gear at a

second location.

63.  The gear train of claim 62, wherein the second location is opposite the

first location.
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