Clﬂl’kﬁ, Modet SUPERINTENDENCIA DE INDUSTRIA ¥ COMERCIO)

coovars NIRRT R

Fecha: 201 0-09-13 15:37:41

. ) Tra » A De.?():‘ S\ 40
P-2610 2 PATENTES £ 2P 2020 DIR NUEVAS

FEGRERCZITS

Act 44y FtESPUEE;TAREC}UE Folios: 66

SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
DIVISION DE NUEVAS CREACIONES
E. S. D.

Ref.: Ixpediente No. 10.075.739
Solicitud de Patente a nombre de
BAJAJ AUTO LIMITED

Yo, DILIA MARIA RODRIGUEZ D’ ALEMAN, identificada como aparece al pie
de mi firma, domiciliada en la Carrera 11 No. S6-53, piso 6, obrando como
apoderada de la sociedad BAJA] AUTO LIMITED domiciliada en
Maharashtra, India , solicitante de la patente de la referencia, en respuesta
al oficio No. 09178 notificado por fijacidn en lista el dia 22 de julio de
2010, atentamente me permito presentar:

1. A pesar de que esa Superintendencia no requirié el documento de
cesion, presento el mismo donde consta la cesidn del derecho a la patente
otorgacla por los inventores a favor de mi mandante con la traduccién
oficial de lo pertinente.

2. Copia certificada de la priovidad reivindicada Nr. 1469/CHE/2009 de 23
de junio de 2009 de la India, con la traduccion de lo pertinente.

3. En relacién con el titulo de la solicitud informo que cambio el titulo de la
solicitud a: “MOTOR DE COMBUSTION INTERNA DE CUATRO TIEMPQOS#
CON DlESEMPENQ MEJORADO QUE COMPRENDE POR LO MENOS UN
MEDIO DE IGNICION”. .

Espero con esto haber dado cabal cumplimiento a lo solicitado por ese
despacho y de conformidad con lo indicado en los articulos 3°, incisa 3, 35
inciso 2 y 59 inciso 2 del CCA, al analizar este memorial, atentamente
ruego se traten todas las cuestiones planteadas con maotivo del mismo.

Senor Superintendente,
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SEPH, Abraham

KUMAR, Ganesan
%{HAN, Hariharan Mysore

L? A\ ar d\{tvl de inventor /disedador con
en: c¢/o Bajaj Auto Limited,
e, 411 035, India.
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os y cada uno de los derechos que
L's, yonden o puedan corresponderle
giguiente invencion , modelo de
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The undersigned (Helum S TN g
ASSIGNOR)
JOSEPH, Abraham
SIVAKUMAR, Ganesan

RAMNATHAN, Hariharan Mysore

lnventor /designor of domiciled at ¢ Jo
Bajaj Aute Limited, Alaurdi Pune, 411 035,
India.

¢/o Bajaj Auto Lirited, Alkurdi Pune, 411
035, India.

¢/o Bajaj Auto Limited, Akurdi Pune, 411
035, India.

do hereby declares that it assigns all and
cach of his rights and privileges on the
following invention, industrial design,

uility model No. A, O NS\
to Bajaj Auto Limited

with domicile in Akurdi Pune, 411 035,
India.
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assignment, both parties /X{:- IGNO Yo
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Granted and signed at 74/& \?};;ﬁ ’;0 / li a

on this - day of

JOSEPH, Abraham
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El Cedente /The Assignor

SIVAKUMAR, Ganesan

El Cedente /The Assignor

anesan /
e

SIVAK

El Cedente /The Assignor

A

HEFORE RARNATHAN, Hariharan Mysore
O./U{\ \0

El Ledeﬁte /The Assignor

RAMNATHAN, Hariharan Mysore

bk omi

VILAS ANA\ 'Mﬁwﬂgﬂx /The Assignor
ROTANY
UNION OF INOA
Vitthalwadi, Aburdi, Fuag-38, ~

El Cedente /The Assignor
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at Serial Number
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INTELLECTUAL PROPERTY
India

Gobierno de la India
OFICINA DE PATENTES
Ministeria de Cormercio e Industria
Departamenio de Politica y Promaecion Industrial
Se wcertifica por el presente que el adjunio ez una copia auténtica de la

Especificacion Provisional, Especificacion Completa, Resumen y Dibujos de la

solicitud de patente conforme se haya archivado y coma se detalla enseguida:

Fecha de solicitud: 23/06/2009
Fecha de radicacién de la

especificacién completa: 22/06/2010

Solicitud No. 1469/CHE/2009
Solicitanles: Senores Bajaj Auto Limited, Compafifa de la India, que

tiene su seds comercial en Mew Mo. 6, Old To. 157, I
Floor, Habibullal Poad, T. Magar, Chenna -600 017,
Lstado de Tarmil Hadu y su oficina registrada en

Alurdi, Pune-411 025, Estado de Maharastra, India.

En constancia de 1o anterior he puesto i firma.
Fechado este dia 15 de julio de 2010.

Dia 24 de Asadha, 1922(Saka)

Porautoridad del Contralor General de Patentes, Disefios y Marcas Registradas.

(Firmado) (V. Rengasamy) Subcontralor de Patentes y Disefios

Treductor a
JORGE E. SIERRA REYES
Liconcis 376 1993 Minjusticla
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HITELLECTUAL PROPERTY

INDIA

GOVERNMENT OF INDIA
PATENT OFFICE

MINISTRY OF COMMERCE AND INDUSTRY
Department of Industrial Policy and Promotion

It iz hereby certified  thal annered here to iz a tue copy of Provisional
Specification, Complete Specification, Abstract and Drawings of the patent
application as filed and as detailed below:-

Date Of Application  : 23/06/2009
Date of filing of : 22/06/2010
. Complete Specification
Application No : 1469/CHE/2009
Applicants : M/s. Bajaj Auto Limited, an Indian Company, having its

local business at New No. 6, Old No. 157, II Floor,
Habibullah Read, T. Nagar, Chennai — 600 017, State of
Tamil Nadu and its registered office at Akurdi, Pune -
411 035, State of Maharastra, India.

In witness there of
I have here unto set my hand

Dated this the 15" day of July 2010
24" day of Asadha, 1932(Saka)

By Authority of
THE CONTROLLER GENERAL OF PATENTS,
DESIGNS AND TRADE MARKS.

(V. RENGASAMY)

DEPUTY CONTROLLER OF PATENTS AND DESIGNS.

PATENT OFFICE

IMTELLECTUAL PEOPERTY FIGHTS BUILDING
G.S.T. ROAD, GUINDY

CHENNAI1—-600 032.
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THE PATENTS ACT, 1970
(39 of 1970)

&
The Patents Rules, 2003
PROVISICNAL SPECIFICATION

(SECTION 10)

TITLE

AN IMPROVED INTERNAL COMBUSTION ENGINE

APPLICANT

We, Bajaj Auto Limited, an Indizn Campany, having its local buzsiness al Hew Mo,

€, Old Ho. 157, 11 Floor, Hobibullah Foad, T. Magar, Chennai — &00 017, State of

Tarmil Hadu, and its regizizrad ofice ai Aburdi, Pune - 211028, Stale of Maharaszira,

Incia.

The following specification desarihes the nalure of this invention:-



This invention relates to an improved internal combustion engine using lean

fuel/air mixiures.

Internal combustion engines are known i which each cylindar is providad
with two or mare valva: namely inlst valve(s) and &-haust valve(s). These valves
open ina cavity in the oylinder head conventicnally bnown as 3 combustion
chamber. When twio valves ars used (i2 one inlet and one exhaust valve), these
valves ars typically sized and arranged “in ling” o oplinise power ouipui. Figure 1

shows a cylinder head 1000 with inlel and 2haust valves 1001 and 1002 arranged

i line for & gingle spark igniled enging, Figure 2 shows a aylinder head 1010 with
inlzt and exhaust valves 1011 and 1012 arranged for a dual spark ignited enging in

what is convantionally referrsd ta as a hemizpherical combuziion chamber. The
valvez 1011 and 1012 are necezsanly zmaller than valves 1001 and 1002 ¢a the
dual spark gnited engine may potentially deliver lzzs powsr for the same sized

engine.

Typically, such sngines use 2 homagenaouz air-lusl charge and are provided
with only one spark plug per cylinder,  Cne of ihe dizadvaniages of such an
arrangement iz that the process of combusiion from zpark iniliaton to cornpletion
takes a camparatively 1ong tirme. At highar angine speeds, the available combustion
duration may be insufficient, resulling in & nesd o uze non-optimal (ie increasingly
advanced) ignition tirming so a3 o avaid incomplets combustion and consequent loss
of power, fuel wastage and increaze in emiszions.  Further disadvantages accrue
from the need for richer fuel/air mistures o achieve beiter driveability and adequate
flame propagation in the combusion chamber and adequale power output and/or

redurad bnocking particulary if the fusl/air misture iz lzan.

These problams may be addreszed, lo zome extent, by employing an engine
having twd spark plugs. This is counter-inluilive for use in & amall bare engine,
where flame propagation distances ars relatively small and nonmzlly suficient to
enabls afficient combustion. Furdhermore, problerns also arise because of the 2mall
spaed available by accornmodale the two spark plugz. This could be addrszzed by

locatirg ane of ths twe spark plugs an the timing side of the engine az desaribad in

2



the Applicant's Indian Patent Mo, 125204 daied 96 July 2002 (correzponding to
Intermational Patzni Pubd'cation Hao, WO Z2005/04 2954 A1) which dizcloszs a small
bore twin spart. plug enging, cperaling on four sirobe principls, with inlel and s<hauz
valves in an “in-ling” configuration and which iz incarporatad hersin by reference. A
protective sleavis is provided for the spark plag to extend theough a timing chain
cavity so ihat i iz proiectad from fouling with lubricant ana ineflicient apsration.
Howevar, & compromise has o be mads in this snging since the “in-line”
corfiguration provides good powser ouiput but is substantially lezz beneficial where
fuel aconomy iz a bey objsct. There iz ample scope far improvernent in terms of

combustion effectiveness by usa of higher swirl ratas of the incoming air-fuel charga.

Tha Applicant has also described an engine with inlet and exhaust valves in
‘offset” configuration in itz International Patari Fublication He, WO 2007/020504 with
international publcation dated 19 July 2007, In thiz enging, ihe spark ignition means
are located diztal from the timing chain of the enging and sa no profective slseve
raquires 1o be pravided for ong of the spark plugs ag in Indian Patent No. 195904, In
addition, better charge miving is achievad through increszed swirl in ithe combustion

chamber which may be achisved, 23l leazt in pari, through he offizel valve

configuration. Therefore, this engine has baen highly advantageouz. However, a
tendzncy has been noticed for end gases to remain unburnt adversely affecting

emizsions and fuel efficisncy. A further lendency, arising fram the oregoing, is the
tendzncy for bnock to oocur.  Thersfore, there is still nesd for improving the
oorr bustion charber geometry and layot 26 a3 to suppress brock and increase

combustion sfficiency and fuel conomy.

It iz accordingly an objecl of the prezent invenlion to provide an intemal
cambuztion engine operating an the four alroke principle with improved performanze
aver prior enginez particularly when aperating in lean burn combustion made.

With thiz chjsct in view, the prezent invention pravidesz an inlermal combustion
engine aperating on the four stroke principle comprising:

(@) @ combustion chamber having a valve train comprising at least one

intet valve and at lzast one ehaust valve;

(b) at lzast twa igition maans bcated in the combustion charaber; and

3



(c)  drive means for driving the valve train
whersin #3aid ignition mzans are placed dizmetrically opposite each other and at
leazt one ignition racans is placad in line with the valve train.  This engine
arrangernsnd allows larther use of space within the combustion chamber and this
azzistz combustion efficiency and fuel econamy. Zill further improvernents may be

achieved by including other featuras within the enging as deacribed balow.

With the aboves ohject in view, the present inventian slao provides an internal
combuation &ngine aperating on the four siroks principle camprising a combuzstion
chamber; a valve train comprized of at lzast an inlel valve and at lsast an 2haust
valve located in the combustion chamber; at least two ignition means located in the
combustion chambear; and 2 reciprosating pizton with @ recess on its head whersin
zaid ignition means wre placed diametrically opposite @ach ather in the combustion
charnber 3 each generaie flarme bernels on ignilion of a mohile lean fuel air charge
present within the combuziion chamber, the motion of tha lzan fusl air charge and
propagation of the flame fronts through ihe canibustion chambeer bing influsnced by
the recess in the piston head and combuztion chamber surfa s geomelry to promate

cambustion efficiency.

The reliezz on the piston head may be shaped o create a combusion
chamber volume which increazes prograzsively in a direction towards anather
ignition source. Advantagecuzly the shaps and lncation of the recess in the pizicn is
of & nature that enhances swirl motion of ihe fuel air chargs within the eambuzstion
chariber, or at lsast minimize: any negative sifects on the swirl motion within the
combustion charmber  The recess may be elliptical, slipsaid, aval or avaid in shape.
Dezirably, the major aviz of the elliptical, slipscid, oval or ovoid recss: extends
across the head of the piston in a diraction betwsen the two spark plugs where two
spark plugs are provided.

Desirably, the combustion chamber has pent mof construction o geometry
and twa ignition means in the form of spark plugs are providad in it Prafzrably, the
mounting pointz of the spark plugs, which are desirably directed (owards each other,
carrezponid 10 ends of a joining plans locatsd al the baze of the iwo inclined suraces

of the pent rocf chamber. These geometric locations typically carespand to the
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portion of largezt dimension of the combustion chamber thus assisting optimisation
of the cambuztion process thraugh aptimisation of the shaps and uss of space in the
rombustion chamber as described below. Mare zpecifically, this may be representad
hy & ratio or proportion bstwesn distance batween the spark plugs and cylinder bore
diameter. Ui highly desirable that thiz raiio be 1 or dose o 1. 1E may be added that
guch location of the zpark plugs prevents the possibility of trapping of #nd gases
behind the spark plug(zs), thus reducing the propensity for bnocking noticed with a
prior art enging &% above described.  For clarity, a reference to “behind” i to be
wndersiood ag a reference to a direction which is away rom the region between ths

two plugs where twa plugs are used.

Prefarably, the projected aves of zaid igailion means and the major aqis of the
rececs on the pizton hesd inlersact al an obluge angle i 2ach other when viewed
frora lop dead cantre. This "open” arrangement aplimises combustion processes
ocourring within the combustion chamber Ly optimising use of (he space within the
combustion chambar, More specifizally, the flame frontz propagates and develop
thraugh a greater open space than in previous proposals, where — for evampls - the
spark plugs rather than being dirscled toward each other had an angled orientation
which pravided lesz opportunity for flame fronts propagating from the spark plugs to
intersect along & broad front rather than at a paint. This greaier use of combustion

chamber apace increazes combustion effliciency.

Thez engine, desirably a single oylinder anginz, haz a configuration of
companents in the combustion shamber which aptimizes the zhape and uze of
gpace within the combustion chamber increasing the armaont of 2paoe availabls for a
flame front o be iniliated by ignition of a fusl zir charges within the combustion
charmber and (o propagats and develop (o combugl the charge. The impariance of
even incramental increases in effective cornbustion chamber volume and shape by
aptimging the placsmeenl and arrangement of ignition means, or zpark plugs, is
difficult to oversstimatz, For example, in International Publication Ha, WO
2007/0820604, dizcuszed above, (he location and oreniation of the zpark plugs
neceesitale mounting on raised mounis of bosses. The Applicant has found that

rermoval of these mountz or boszes redaces the amount of cormbustion chamber
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vislume which ic behind the spark plug o the point where combustion performance
for lsan fuel/air mizturas ie appreciably impraved. To ihal end, ai lzast ons of the
ignition means or spaik plugs iz mounied lush with a surface of the cambustion
chambear Lz abiain this bensfil. Desirably, at least the spark plug closest (o the inlet
valve — paricularly in the swirl direction — iz mounted fluzh with the combustion

chamber surface.

The valves may, in zome embodimente of the engine, conveniently be
pozitionsd in an "offset” arrangement razulling in space availabls for the flame
kernzls to prograss towards each other duly assisted by the swirl created by
combusting  gases  within the above configured  cormbustion chambeer, Duoe

assistance is provided by a recess on lhe piston head having a beng of major axiz in
the direction of the line of interseciion of the planzs of the pent-rool shaped
combustion charabier. This results in & combustion chamber with the msjority of its
volume contained within a central volumes which could, for purposes of visualisatinn,
be described as an elongats volume, of for evample approsirmately circular cross
sestion though ancther poszible form iz prismadic, such asz tiangular priamatio

section, with the axis of such volume bzing in ths sarae direction a3 the recess in the

\_l',‘

piz'en, The chape and posiion of the recess in the pizton alzo provides for the
creation of one or more squizh Zanes betwaan the piston and the cylindsr head
reculting in the combusting gases being squeszed as the piston movss towards the
top dzad centre position bty cause a so-called “zquizh” riction. Such squish motion is
enhanced by provision of one or @ plurality of aquish zones or areag in the roof of the
combustion chamnber; for example, twe squish areas may be provided, these Zones
having an approvirmately crescan: shape, with the mesuling squish flow being

directed towards a cenlral region of the carabustion charmbear,

Othar motions of importance o the fluid dynamicza for the engine of tha
invention arz & combined turnble and swirl (“inclineed umble™). Tumible 2nd awirl ara
rotaticnal flows which sause mixing of fuzl and air within an engine.  Tumble is
induced in the Applicant’s engine by selecting an appropriaie sniry angle for the inlst
valve paﬁi-::ularly st the inlet port. Arrangerent of iha zirhox and the nature of fusl

delivary to the engine zre influsnczs an the entry angle and the engine i3 packaged

6
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such that the entry angle will permit formation of a tumbling Tow. Az parallel an
alignment of an axiz of the inlet port relstive w0 a longitudinal axis of the combustion
chamber az may be achiaved iz prefarred o maximise the umbling effect.  The
further swirl rotational flow iz inducad by offzel configuraiion of inlst and exhaust
valves. The combination of tumnbling and swirling flows in ithe Applicant’s engine

gnables enhancad charge miving and beilsr cambuzstion stabilily and driveability.

Thz Izan burn made of operation, whars the air fusl ratio 1z in the rangs 15:1
to 17:1 iz impartant for the engins. Lean bum promatss sngine fuel economy and
may alzo be usaful in the contral of certain types of engine emission. However, it iz
important that combustion duration be suffizienty rapid o ensure efficient angine

running. The mnltiphe spark plug configuration is imporiznt © thiz shjective a3 iz the

location of the twa or mare igniion msans, or spark plugs, in the combustion
chamber. The diametrically opposed placement of the spark plugs alsa ensures

sufficiently fazt flame propagation with the entirs cormbustion chamber valums
typizally being covered in less time, than for a gingle spark plug, with near cornplate
cormbuation of the lean fuel/air mixture and the ability (o uge optimal spark timing far

heet enging performance without inducing bnock or increasing emizsions culputs.

The enging of the invention is advaniageously a small bare engine.  Typical
characteristics of a zmall bare, zmall capacity or small dizplacement engine for uze
in the practice of the inveniion include a swepl eylinder volurne ranging from 76 oo ta
225 o, preferably in the rangs 100cc to 2000 (more praferably 1000c 10 150cs),
and cylindar bore dismeter 45 mm 1o 7O ram, employed 22 prime movers for
operation of two ar three wheeled vehicles or ather motarisad vehicles, particularly
matarzyclzs. Hotably, the small bore sngine of the invention advantageously doss
not require & waber conling system o operale effaatively.  Such an angine is
advantagesusly a singhe cylinder engins which rmay be a twe valve averhead cam

four stroke engine.

The drive means for the valves may ke a lming chain. The drive msans,
such &s & dming chain, may ke loeated in 5 drive means cavity provided with 2

kricant supply. Az a gpark plug ta bz located in the combusiion engine, libely being
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in line with the valve train, may advaniageously and typically nsed o s-i2nd through
the drive meanz cavity, given the very limited space available for accommodaiing the
spark plugs in a small bore angines, parlicularly, @ protective sleeve may be provided

for the zpark plug to avoid lubricant affecting spark plug function.

Az noisz and harshness may also affecl sngine pedormance, the spark plugs
may be operated in accordance with the strategy dascribed in the Applicant's co-
pending PCT Application ey, WO 2007032020, the contentz of which are haresby
incorporated by reference, and in which a contral unit for the engine retards or staps
cparation of an ignition reans, or spark plug, in responss W the rate of rige of
combustion preszure as provied by rale of rige of engine spead or engine

acceleration, or engine speed, fising above an accapiabla threzhold valua.

The engine may be fuel injectzd or carburetted and applied to any of a range

of applications. A typical application would be in a two whael vehicls such az a

motorcycle. The engine

7 advantagesusly a 2 valve engine,
The engine haz improved combustion efiiciency, as mezasured by lesser
acourrence of bnock, low emissions, and improved fuel eccnomy.  Improved

driveability iz sl an advantage of the engine. Theza advaniage: anze in no small

par from the mors opiimum arrangement of spark: plugs and valvesz, lagether with
the influense of geometry — as above described -~ within the combusiion chamber of

tha srall bars engine.

The intemal combustion engine of the prasent invention may be mors fully

understocd from the fallowing non-imiting description of a prefered embodimant

therenf made with reference to the accampanying Jrawings in which:

Figure 2 iz a bottorn view of the ‘aylinder head of a prioc art internal
combustion engine;
Figura 2a iz a top view of the cylinder head of a prior arl internal combustion

engine;
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Figure 4 is a botlory view of the cylinder head of an intemal combustion
engine in accordance with 2 praferrad embodiment of the invention;

Figure 4a is a saclional view ol cormbustion chambar illuzirating mounting of
the spark plugs according to prior art;

Figure: 4 is a sectional view o7 combuztion chamber illustrating mouniing the
spark plugs aceording to invention;

Figure & ig a bottom schematic sect'on view of (A) a price 20t engine; and (B)
an engine of one srbodiment of ihe present invention;

Figurz £ iz & side schermatic zection view of (8) 3 priar art angine; and (B) an
endins of one embodiment of the prazent invention; and

Figure 7 iz a sectional view through the piston of & praferred embodinent of
the invention.

Referring now to Figure 2, thers is shown the bottom of 2 cylinder head 14 of
a small bore intzrnal combugion sngine 100 of the kind above dezcribed wilh
referance to swept oylinder volumz and cylindar diameter. The cylinder head 14
includez a combustion chamber 110 having an inlet valve 22 and an exhaust valve
24 arranged in a offzet manner in ihe combuztion chamber and thersfore necassarily
of emaller 3iza than conventional. The smaller sized valvez deliver lezs power but to
the bensfit of generaling benzficial levialz of awirl 30 as o fasilitale zubstanially
irproved sl economy, perhags at leasl 5% over comparable vehiclss that do not

incorporate the oressnt invention,

Combustion charmbar 110 haz a pentroof construction. A pent-rocf
combustion charmber is a combustion chamber having an upper zurface in the zhape
of a slanted or sloped ool comprizing twa inclined and diverging surfaces. The
enging workz on the four strobe principls, with the infet valve 23 and echausi valve

24 timing bizing contralled by & tming chain (not shown).

Dual spark plugz 40 and 42 sach spart plug being of conventional
manufasture, ars fitted in ihe cylinder hiead 14, Spark plugs 40 and 42 are located in
the combustion chamber 110 and promade ignition and combugtion of kean fuel/aic

mixiures, ar charges, allowing operation of the engine 100 in a lean burn carmbuziion
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mode 1o inprove fusl zconomy. 1 may be noted that the spark plugs 40 and 42 are

roolntesd on raised mounts or hosses 43,

Az geen in Figure 3, the combuzion chamber 110 may be congiderad to be
dividsd into quadraniz.  The intake and exhaust valves 23 and 24 may be
aonsiderad Lo reside in diagonally opposed gquadrants notwithstanding soma avartap
of the valvaz 23 and 24 wiih ather quadranis. Such a valve configuration is an
“oifzet” configuration, normally associated with lseser power ouiput bui betier fual
econory than for “in lineg” valve configurations. Spark plugs 40 and 42 resids in the
remaining diagonally opposed quadranis of combustion chamber 110 and do ot
etend through the timing chain cavity and $o do not require to be designed or

fprotactsd to avold congact with lubricant in that cavity.

The inlet and edhaust valves 23 and 24 of 2nging 100 are acluatzd by a
rocker arn azsembly 12 as illustraled in Figure 22, more detail of which is described
in the Applicani's Iniernational Fatent Publication o, WO 2007/050604  with
international publication date 19 July 2007, the contenis of which are hersby
inzorperated hersin by referance. Thiz rocker arm assambly 12 03 configured to
provide a greater pace for location f the twin spark plugz 40 and 42 and facilitates
the lecation of spark plugs 40 and 32 digtal, away frorm, the ticming chain cavity

(Figure 3) of engine 100,

Referring now to Figure 4, the components located within combustion
chamber 110 are the zame as discuzzed for Figure 3 with the exception that, in
Figure 4, referznce numearals oiber than for the engine 100 and combusztion chamber
110 are precsdad by the numeral “1”. TI'|eré1"-:nre, two spark plugs 140 and 142 are
silll provided and theze spark plugs 140,142 play the same mals, in igniting a fusl/air
charge, as spark plugs 40 and 42, Inlet and exhaust valves 123 and 124 are still
prezent and are still locaizd in an offeet configuration. However, thers are some
significant differences in arrangement and looation of the spark plugs 140 and 142
from spark plugs 40 and 42, Theze differénces in jacalion are important ta

achievement of improved flames front propagation through improved use or
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optirnisation of the use of space within the cambastion chambar 110, These

differences will now be described.

First, both spark plugs 140 and 142 are mounted diameirically opposite, or

dismetrically appozed, to and facing lowards each other. Accordingly, zparks initiata
at twa diamiatrically opposad points, igniting the fusl air mizture and farming flame
frantz that propagats quickly thus providing an increazed combustion rats of the fual

air charge within the combustion chamber, certainly a3 somparsd b that for 3 gingle
spark. plug endine, and toward sach othar covering the entire volume of the
combustion charmber 110 achieving n2ar complete combustion of the lean fuel air
mixture. This iz valuablz o schievement of fuel economy which is the prime object
ol usz of a lsan fuel air mixture, In conirast, it powar colpul were the key concern,
az it is in the orior arl, a rich fusl air misture would be preferred bul would lead to

increased fuel consumption and most likely increazed emissions (sg hydrocarbon

emissions),
Zecond, neithsr of eparl plugs 140 and 142 are located on raized mounts or

bowzes, RPather, both of spark plugs 140 and 142 are mauntzd flush with the surface
of the acmbustion chamber 110, Thiz has the bensfit of masimising the arnount of
combnstion  chamber volume in front of the reszpeclive plug. The detailed
comparative views are illustrated in Figs. 4a and 4b wharein Fig. 4a shows ths zpark
plugs ars located on raized mounts of boszes 42 and Fig. b shows bath of apark
plugz 140 and 142 are mouniad flush with the surface of the combustion chamber
110 according o the invention. Thiz ensures that more of the combustion shamber
is forward of the zpark plug ignition point and that the flame front iz not required to
burn in a dirzction back behingd the spark plug and towards 2 combustion charnber
surface. Thiz e eufficient to chtain an improvement in the propagation and
development of flam: fronts initiated following ignition of & lean fuel/air misiurs at the
twa spark plugs 140 and 142, thiz being imporlant b the achievement of improvad
fuel economy and/or emigsions reduction 23 e 2ngine 100 iz oparated in bzan burn

combustion mode.
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Third, and by refersnce o Fgs. 4 W 7, it may be noied tha. spark plugz 140
and 142 are located at = greater distance from sach aiher — and directed lowards
@ach othier — in engine B, in accordance with a prefarred embodirment of the
invantion, than in engine A, Thiz separalion distance may approach the cylinder
bore diameter, it being noted that the mounting pointz of spark plugz 140 and 142
are locsted approvimately at the periphery of the cylinder bore in engine B,
Expreszad as a ratic, the ratio of this separation diztance to cylinder bare diameier

epproaches 1. Thiz iz o be comparad to the prier art arrangement whars it iz noled

that this separation Jdistance ratio iz noticeably below 1. Thiz azpect also ensures
that a maximurm proporiion of the combustion zong lies between the plugs. The

propagation and development of flame froniz progrezzing along cloze o the widest

evtent of the combustion chamber 110 allows for & graaier use of the space within
cambustion chamber 110 for the lame bermels end fronts i propagats, develop and

interzect, along a wide front rather than a point, with rezultant increaze in
combuztion efficizncy and fusl economy. To slaborate Turlher, thz flames frontz may
be conveniently vizualised o radiate from each of the spack plugs 140, 142 in the
farm of circular arcs centrad at each of the zpark plugs. By plasing the spark plugs
in accordance with the inveniion the radius of the flame front arcs, at the time that
the flarme frontz intersect approximalsly in the ceniral portion of the combustion
chambizr, is marimisad and tharefore approviriates a ling (or & plane il the analagy
is visualized in 2 dimensions) acrose the aombusiion chamber 110, This ensures
that there iz a shart time beiwsen the combusiion at the centre of the chamber and
at the zurrcunding combustion shamber surface. This can be conirasted to the
situation wherein the zpark plugs are daser togeihar (the comparizon is illustrated
by Figs. & and 6) and which are at a smaller radius al the time of intersection
resulting inan inilial intersection “point” rather than a line and wharein this
interzection point cantinuesz to migrate outwardly towards the combustion chambaer
surfaze at a noticeably zlower rate than is the case described above with raference
to the invantion. Alzo, in ending B, the spark plugs 140 and 142 may be visualised

as keing mounted at mounting points carresponding (o the ends of an irmaginary

combustion chamber 110, The spark plugz 140 and 142 may also be visuslized as

Leing keratzd at the base of a combustion chamber 110 of tiangular prizmatic ross
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sechion.  Such location, illwstratzd in Fig. 8, effactively prohibits trapping of end

gases behind the sr.var}: plugs 140 and 142, In zones 120 that might olberwise create

Fourth, spark. plug 140 iz locatad to exiend through the valve driving means or

timing chain cavity 150 %35 this allows an aptmised uze of space in ihe combustion
chambar 110 again aszisling the achievement of superior flame front development
and prograssion with impraved combustion performanes. Spark plug 140 may be

pravided with 2 =

cavity 150,

gave o protect it from lubricant present within the timing chain

Fifth, the pravision of a recess 162 in the pizton head 160, as conveniznlly
shown in Fig. 7, acts to enhance the combustion process and the fluid dynamics
during the cornbwusiion process. Pecess 162 0s of aval shaps. The major axis of the
oval recess 162 axiends acros: the piston head 160 in a direction beiween the two
spark plugs 140 and 142, Thiz serves to create a combuslion charmber valume that
increzzes from each of the spark plugs 142, 192 tawards the centre of the

combustion chamber.  The racess 182 alse assislz in maintaining effective zwirl

mwticn Sf the [zl sir charge, as piston 180 rizes, or 4t lzast minimises any adverze
affects resulting from having a recess in the pizlon head. In addition, recess 162 i3

of a nature that provides the formaiion of a “rquizh” zons batween the eylinder head

nd the surface of the piston &z indicated by regions 115 in Fig 7. As piston 160
nzez in the cylinder towards top Jdead cenlre (TDC), the fusl air charge is
compras2ed pardicularly irla the two crezcent zhaped squish areas or Zones 115
and the rezulting chargs iz “squizshed” towards the cenire of the combustion
chamber, thus pramoting increased mixing of ine fuel gir charge. Thug, the charge
rmotion, and propagation of the flame fronts thraugh the combustion chamber 110 is
influznoed by the genmeltey of the recess 162 in the pizlon haad 160 and combustion
charber surface geamelry, including ihe squish areaz 115 and the ramaindar of the
combuston chamber surface geamelry to promots combustion efficiancy. Az well
asz imnprovement in fuzl econcomy, the tendency fior bnock — caused by presence of

end gasas in the combuslion chaimber 110 — iz alzo reducad since there iz laas
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probadility of end gas irapping in a non-ignited zone of combustion chamber 110, for

exaripls behind one or both spark plugs 140 and 142,

Here again, the orien’aiion of the spark plugs 140 and 142, being dirscied
more wawards =ach ather than in the engine of Fig. 2, is important. Projected aves of
spark plugs 140 and 142 inlerszcl with an angle between the azes baing significantly
greater than in the prior art engine. Furthar, the projecied zwes of spark plugz 140

and 142 and the major aviz of the recess 162 on the piston head 160 intersect at a

high abtuss angle to each other whan viewsad from top dead centre, This “open’
arangernent opdingse: combustion pracesses occurming within the  combustion

chamber 110 by aptimizing uge of the space within the combustion chamber 110.
More specifically, the flams frontz propagats and develop through a greater space
thar in previcus proposals, wheres — for ecample — the spark plugs rather than being
directed  toward each otber had an angled orientztion which provided lzss
oppartunity for flame fronts to intersect sorozs a wids flame front. This greater vze
of combustion chamber spaca increazss combustion =fficiency and  reduces

tendency for knock.

Modificationz and variations to the internal combuztion enging of the present
invention may b apparent o the skilled rsader of this dizclosure. Such

moadificationg and variations are desrmsd within the scape of the pragant invention.

Dated on this the 23 day of June, 2009,

For BAJAJ AUTO LIMITED,
By its Attorney,

(ARUNACHALAM APPAJI MOHAN)
(BRINDA MOHAN)
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TITLE

AN IMPROVED INTERNAL COMBUSTION ENGINE
APPLICANT

We, Bajaj Auto Limited, an Indian Company, having its principal place of
businzss at Hew Ha, & O Ha, 1587, 1 Floor, Hahibullah Foad, T. Magar, Chennai -

F00 517, State of Tamil Hadu, India, and itz regiztered ofiice at Aburdi, Pune — 441
035, State of Maharastra, ndia.

The following speafication describes and ascertaing the nadure of this invention and
the manrisr in which it is to be perfarmed:-



This invention relates to an improved internal combustion engine particularly

suitable for operation using lean fual/air mixtures.

Iternal cormbustion engines are bnown in which each cylinder iz provided
with two or more valves namely inlet valve(s) and zxhaust valva(s). These valvas
apen in @ cavity in the aylinder head conventionally known az a combustion
chamber. When two valves ars uzed (s one inlel and ons e-haust valvs), these
valves are typically sized and arranged “in line” to oplirmize power output. Figura 1
shows a cylinder head 1000 with iniet and «xhauszt valves 1001 and 10062 arranged
in line for a single spark nited enging. Figurs 2 shows 2 oylinder head 1010 with
inlet and echaust valves 1011 and 1012 arrangad for @ dual spark ignitad enginz in

what is conventionally referrsd to as & hemispherical combustion chambsr.

Typically, such angines use a homeogeneous air-fuel charge and are provided
with only ane epark plug per cylinder.  On2 of the disadvantages of such an
arrangement is that the process of combuslion from spart initiation ta completion
takes a comparatively bong time. At higher engine speeds, the available combustion

duration may b insufficient, resulting in a need (o uze non-optimal (ie increasingly

advanced) ignition timing o a5 o avoid incomplels combustion and consequent loss
of power, fusl wastage and increase in emissions.  Further disadvaniages acarue

from the need for richer fuel/air mistures o achisvs better driveabilty and adequata
flame propagation in the combustion chamber and adequate power output and/or

reduced Enocking particularly if the fusl/air mi-turs is lean.

These problems may be addresaed, to some extent, by employing an engine
having twa spark plugs.  Thiz is counter-intuitive for use in a small bore anging,
whare flame propagation distances are relatively emall and normally sufficient to
enable afficient combustion, Furhennare, problemz alzo arise becauze of the small
gpace available Uy acoommodals the two spark plugs. This could be addressed by
locating ane of the twe sparl: plugs on the timing side of the engine as Jescribed in
the Applicant’s Indian Patent Ho. 195004 dated 16 July 2002 (woresponding o
International Patent Publication o, WO Z005/042051 A1) which disclozes & amail

bore twin spark plug anging, operating on four steoke principle, with inlst and exhaust
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valves in an “in-line” confguration snd which iz incarparatad hersin by reference
(and illustratzd in Fig. 2). A protsctive zlesve ie provided for the zpark plug
evtanding through 3 timing chain cavity o that & iz protected from fouling with
lubricant and resultant insfficient aperation. Howevar, a compromise has to be made
in thiz enging since tha “in-ine” configuration provides gaod powar autput but is
substantially less beneficial where fuel econany i3 a kay ohject. There iz amples
zcope for improvament in terms of combustion sffectivensss by use of higher swirl

rales of the incoming air-fuel charge.

The Applicant haz also described an engine with intet and exhaust valvas in
“oifset” configuration in itz International Patent Publization 1o, WO 2007/080e04 with
intsrnational publication dated 19 July 2007 and illusirated here in Fig. 2. In this
engins, the spark ignilion means ars located distal from the timing chain of the
zngine and so no protective sleeve requires to be provided for one of the spark: plugs
as in Indian Patent Mo, 195904, In addition, beller charge miking ig achisved
through increased swirl in the combuztion chamber which may b achieved, at least
in part, through the offsel valvs configuraion, Thereforz, this enging has been highly
advantagecous. However, & tandency has been noticed for end gases o rémain
unburmnt adverzely affecting emiszions and fuel efficiency. A fuither tendency, arising
fram the foregaing, is the tendancy for bnock ) acour. Therefore, there is ztill need
for improving the cambustion chamber gaometry and layoul o a3 to suppress knock

and increase oombustion sfficiency and fuel escnomy.

[t is accordingly an ohject of the pregent invention to provide an infernal
combustion enging cperating an the four stroke principle with impreved perdormarnces
GVer ﬁ-rior engines particutarly when cperating in lean burm combustion maod=2.

With this cbject in view, the prezent invention provides a four strobs intemal
combustion engine comprising:

a combustion chamber with at least one inlet valve and at lzast one ahaust
valve; and at lzast two ignition means; and

a cylinder bore, definad by & cylinder bore wall, having a piston reciprocabls

within said cylinder bore
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wharein said combuztion chamber is a valumetric extznzion of said sylinder
borg, the corbustion chamber being Jdefined by side wally and having an open
planar base contiguous with gaid cylinder bore wall and at least one ignilion means
i5 subztantially ocated at a first side wall at or adjacent o sxid base of zaid

cormbustion chambear.

Such an engine arrangement, and in particular the dezign of the combustion
chamber allows good use of space within the combusiion charmiber, Juring a

& assizting wombustion efficiency and fuel economy. Tha

combuztion process, th
combustion chamber iz a pent roof combustion chamber with combuztion efficiency
ernhanced through the particular location of the zpark plug(s). The combustion
chamber may also be slongate with a transverze axis being generally perpendicular

to a centre axis of the cylindsr bore.

The use of conveniently, two ignition means, o spark plugs, assist

CI)

combustion efficizncy to some edent. However, location of at least one of thosa
ignition meang at a first side wall at or adjacent the baze of the combwstion chariber
enhances combustion sficiency ztill further. Greatest advantage is achisved where
a gecond or further ignition means is ncated at a second side wall af or adjacent to
the base of the combustion chamber. The object i3 1o rmaximise the diztance acroes
which flame fronts propagats across the combustion chamber and enhances
utilisation of availablz combustion chamber voluras,  This enhances combustion

efficiznicy, paricularly where & combuslible fusl charge is lean.

Berefit iz also ashieved by having two, though more could be included,
igniticrs means, or spark plugs, localed diametrically opposite each  other.
Preferably, too, the mounting points of the ignition means, which are desirably
directed towards sach olber, corregpond to ends of & joining plane located at tha
base, the apen planar baze refarred Lo earliar, of the pent rool combwstion chamber.
These geomelric locations typically correspond to the porticn of largest dimension of
the combustion chamber thus assisting c-ptmu«atmn of the combustion process
through optimization of the shape and use of space in the combustion chamber as

escribed below, Maon: specifically, this may be represant=d by a ratic or propartion
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between separation distance between the ignition means and cylinder bore diameter,
It is highly dezirzble that this ratio ke 1 or cloze to 1. U may be added that such
location of the igniticn means prevents the possibility of trapping of end gazes
behind them, thus redocing the propensily for bnocking noticed with a prior art
engine as above desoribed. For clarity, 3 reference to “behind” iz to be understond
as a reference to a Jdirsction which iz away fram the region betwesn the tws plugs

where two plugs are used.

Combugtion &ficiency is alsos enhanced where a head of the piston is
provided with a recess. The recess on the piston head may b shaped to create an
additional combustion chamber volurme which increases progressively towards a
centre axis of the cylinder barg in a direction from one ignition msans towards the
other igniticn means. Advantageously, the zshape and lacation of the racesz in the
piston iz of a nature thal enhances swin molion of the fuel &ir charge within the

comnbustion chamber, or at lzast minimizes any negative efects on the swirl mction

within the combustion chamber. The reszss may be elliptical, eliipsoid, oval or ovaid
in shapé. ﬁ-sirably, the major aviz of the aliptical, ellipeaid, oval or owoid recess

extends across i head of the pizton in a directon betwaen two ignition means.

Preferably, the projected aves of said ignition means and the major asiz of tha
recess on tha piston head all intsrsect at an abtuse angle o sach other when viewed
from top dead centra. This “open” arrangement optimizes combustion processss
ocsurring within the combustion chamber by optimizsing use of the space within the
cormbustion chamber.  More zpecifically, the flanie fronts propagate and devslop
tarcough a greater open space than in pravious engines, where — for e-ample — the
ignition means rather than being direzted toward each othér had an angled
orientation whic I. provided less opportunity for flame fronts propagating fram the
spark plugs to intersect along a broad fronl rather than al a point. This greater use

of combustion charmber space increazes combustion afficiency.

Thiz engine, degirably & singls cylinder engine, has a sonfiguration of
components in the combustion chamber which optimises the shape and use of

space within the cambustion charmber increasing the amount of space available for a
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flarme front to be initiated Ly ignition of a fuzl air charge within the cormbustion
chamber and to propagate and develop 0 combusit the charge. The importance of

zyen incremenial increases in effective combugtion chamber volume and zhape by
f::,:»tirr.iaing ihe placermsnt and arrangement of ignition means, or spark plugs, i3
difiicult to oversstimate.  For esamiple, in Inlemational Publication Ne. WO
2007080604, discuzsed above, the location and orientation of the spark plugs
necesgitate mounting on raised mounds or bosses, The Applicant kas found that
removal of these mounts or bozses reduces the amount of combustion chamber
volumie which is behind the spark plug ta ths point where combustion performance
for lean fuel/air roistures is appreciably improved. To that end, at least one, but even
maore preferably both, of the igniiian means or spark plugs iz (are) mounted flush with
a surface of one of the side walls of the combustion charmber to abtain this benefit.
Cesirably, at least the ignition means or spark plag casest to the inlet valve —

particularly in the swirt direction - is mourted flugh with the combostion chamber

surface.
The valves may, in some embodiments of the engine, conveniently be
positicnzd in an "offsel” arrangerent resuling in spacs available for the flame

kamals to pregress lowards each olther duly assisted by the swirl created by
combusting gasse within the  above configured combustion chamber.  Due
assistance is provided by a recess on the piston head having a long or major axiz in
the direction of the line of intersection of the planes of the pentroof shaped
combustion charmber. This resulls in @ combustion chamber with the majority of its
volumi contained within a cantral volumes which could, for purpases of vizualisation,
be desoribed a5 an dongate volume, with the axis of such central volume being in
the same direction as the recess in the pizton, The shape and pozition of the reteszs
in the pislon also provides for the creation of one or more squizsh zones between the
piston and the cylinder hesd rezulting in the combusting gases being squeezed a

the piston moves lowards the lop dead cenire position o cause a so-caillsd "squish"
rclicn. Such squish motion is enhanczd by provision of cne o a plurality of squish
zones in the roof of the combustion chamber; for evample, two aquish zones may be
provided, these zone: having an approzimatsly crescent shape, with the resulting

squish flow being dirscled towards a central region of the combustion chamber.

6
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Dther motiong of imponiancs o the fluid dynamics for the engine of the
invention are a cormbined tumble and swirl Cinclinsd lumble”). Tumble and swirl are
ratational flows which cauze miving of fusl and air within an engins. Tumbla is
induzed in the Applizant's enging by elecling an appropriate entry angle for the inlet
valve particulary at the inlet port. Arrangement of the aidvay & the naturs of fuel
delivery to the enging are influences on the entry angle and the engine is packaged
such that the entry anglz will permit formation of a tumbling flow, Az parallel an
alignment of an axis of the inlet port mlative 1 & langitudingl aviz of the combustion
chamber a: may be achisved is prefarred to masimise the tumbling affect. The
further swirl rotational flow, which may be in dockwise dirsction, is induced by offsat
configuration of inlel and exhzuzl valves, The sombination of umbling and swirling
flows in the Applicant's engine enables enhanced oharge miving and better

combustion stakility and driveability.

The lzan burm mode of aperation, where the air fuel ratic iz in the range 151
to 171 is important for the engine. Lean burn promates endgine fuel economy and
may alzo be uzeful in the control of cerlain types of enging emission. Howeaver, it is
irnportant that combustion duration be sufficizntly rapid 12 ensure efficiznt engine

running. Tha multiple spark: plug configuration is important to this objective as is th

[0

location of the two or more ignition mesans, or spark plugs, at the hase of the
combuztion chamber.  Diametrically opposed placement of the ignition means at
opposed eide walls at or adjacen! to the baze of the combustion chamber alzo
ensurzs cufficiently fast flarme propagation with the antire combustion chamber
volume typizally being oovered in less tirme, than for a single ignition means, with
near cormplate combuastion of the lean fusl/zir miture ard the ability to use optimal
spark timing for best engine parformance without inducing knock or increasing
emissions nutputs.
In ancther aspec, the present invention provides an  internal

combusticn engine operating an the faur stroks principls comprising:

(@) 3 combuztion chamber having a valve train comprizing at least one

inlet valve and at lzast one exhaust valve;

(b)  atleast two ignition means located in the combustion chamber; and

(e} drive rrzane for driving the valve train
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wherzin said ignition means are placed diametrically opposgite zach other at @ hass
of the cormbustion chamber and at least ang ignition raeans is placed in ling with the
valve train.  This engine arrangerment allows further uvze of fpace within the

combustion chamber and this azsisiz combustion efficiency and fusl economy.

The engine of the invention is advantageouzly a small bore engine. Typical
characteristice of a small bore, small capadcity or smail displacement angine for use
ir. the practice of the invention include a sawepl aylindzr volumee ranging from 75 oo to
228 oa, preferably in the range 100cc to 200c: (more praferably 100cs o 15008),
and cylinder bore diametar 45 mm o 70 mm, employed as prime mavers for
operation of two or thres wheeled vebicles or other motorised vehicles, particularly
motorcysles.  Notably, the small bore engine of the invention advantagecously dozs
not require a water cooling syzlem to operate effeclively.  Such an angine iz
advantagecuszly a single oylindar enging which may be a twa valve averhead ~am

four stroke engine.

The drive means for the valves may be a timing chain,  The drivie nmeans,
such as a timing chain, may be located in a drive means cavity provided with a
lubricant supply. As an ignition maans o be lacated in the combustion engins, likely
being in line with the valve train, may advantageously and typically need to extenid
through  the drive means cavity, given the very limited space available far
accommadating the igniticn means in a small bore enging, particularly, a protective
slzzve may be provided for the ignition means ~ here in the form of a spark plugy —to

avoid lubricant affecting spark plug function.

As noise and harshness may also affect engine performarice, the spark pligs
may be operaied in accordance with the strategy Jdescribad in the Applizant’s co-
pending PCT Application Mo, WO 2007022020, the contents of which are hereby
incorporated by reference, and in which a condrol unit for the engine retards or stops
cperation of an ignition means, or spark plug, in response to the rate of rize of
combustion pressure az provied by rale of rize of engine speed or engine

zooeleration, or engine spesd, rizing abave an acosplable threshiold valus.
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The enginz may be foel injected or carburetied and applied to any of a ranga

af vehicle applicaticns. A typical application would be in & twe whesl vehicle 2ush

az a medorayahs bul use in 3 ar even 3 wheeler vehicle types is posstile. The angine
iz advantageously a 2 valvie engine though thiz daes not evclude a greater number

of valves.

The 2znging has improved combustion effisiency, as meisured by lesser
ocourrenc: of knock, low emissionz, and improved fuel economy.  Improved
driveahilily iz alzo an advantage of the angine. Theses advantages arice in no small
part frony the more aptimurs arrangement of spark plugs and valvas, together with
the influgnes of gesmetry — as above described — within thiz c.-:-n'.bustion chamber of
the small bore engine.

The internal combustion snging of the prezent invention may be morz fully
understood from the following non-limiting description of a preferred embodiment
thereof made with reference to the accormpanying drawings in which:

Figure 2 is a bottorn view of the cylinder head of 2 prior art intarmal
combustion engins;

Figure 2a is a top view of the cylinder head of & prior art intermal cambustion
engine;

Figure 4 iz a bottom view of the cylinder head of an internal combostion
enging in acsordance with a preferred ermbodirnant of the invention;

Figurs 4a iz a sectional view of cormbusztion chamber illustrating maunting of
the spark plugs according to prior art;

Figure 4b is a sectional view of combustion chamber illustrating mounting the
spark plugs according to the preferred embediment of the invention;

Figurz 5 is a boltom schematic gention view of (A) a pricr art engine; and (B)
an engine of the preferred embodiment of the prezent invention, the views being
provided for the purposes of comparison;

Figura £ is a side achematic section view of (A) a prior art engine; and (B) an
enging of the preferred embodiment of the present invention, the views being
pravided for the purposes of comparison; and

Figure 7 iz a sectional view through the pision of the praferrsd embodimant of

the invention.



Figure & provides a range of izameatric schematic views (a) to (d) of a
comnbustion chamber used in an enging in accordance with the prefarsd
embaodirment of the present invention and showing compaonants including spark plugs
and valves.

Figure 9 provides a rande of izometric 2ohematic views (a) O (1) of the
combustion chamkber illustrated in Figure 2 but withaut eormponents for further and

better illustration of the shape of the combustion chamber.

Referrirny now to Fig. 3, there is shown the boltom of a cylinder head 14 of a
small bore four stroke internal combustion 2ngine 100 of the Find above described
with referance to swept aylindzr volume and cylindsr diameter. The cylinder head
14 includes a combustion chamber 110 having an inlet valve 23 and an exhaust
valve 24, The inlel valve 23 and axhaust valve 24 timing is controllzd by & timing
chain (not shown).

Combustion  chamber 110 has a pent-roof construction. A pent-roof
combustion chamber is a combustion chamber having an upper surface in ths shaps
of a slanted of sloped roof comprizing at least two inclined and Jownwardly
divergent, or upwardly convergent, surfaces or side walle. The side walls do not
mest at a sharp apex, that is they Jo not converge along a line, but ars rather are
each of curved geormetry that may tenminats in @ planar or slightly rounded surface

at the top of combustion chamber 110,

Dual spark plugz 40 and 42, each spark pluy being of conventional
manufacture, are fitted in the cylinder head 14, Spark plugs 40 and 42 are located in
the combustion chamber 110 ard promate ignition and comibbustion of lean fuel/sir
mixtures, or charges, allowing aperation of the engine 100 in a lean burn combustion
maodde to imnprove fusl economy. It may be noted that the spane plugs 40 and 42 are

mounted on raized mounts or bozses 43.

Az zeen in Fig. 3, the somboztion chamber 110 may be considered to ba
divided into quardranie.  The intab= and evhaust valves 23 and 24 may ba
considered o reside in diagonzlly opposed quadrants notwithstanding some overlap

of the valves 23 and 24 with other quadrants.  Such a valve canfiguration iz an
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“off2et” configuration aszociated with betier fuel sconomy than for “in ling” valve
configurations because of the ability to generale bensficial levals of “swirl”.
Substantially iriproved fuel economy, perhaps at least 5% over comparable vehiclzs
that do not incorporate offzet zoniiguration, may be achisved. Spart plugs 40 and 42
reside in the remaining diagonally oppossd quadrants of combustion chamber 110
and do not exddend through the timing chain cavity and 2o do not require to be

designed or protected (o avoid contact with lubricant in thal cavity.

The inlet and exhaust valves 22 and 24 of angine 100 are actuated by a
racker arm assembly 18 az illustrated in Fig. 3a, more detail of which iz desoribed in
the Applicant's  International Patent Publicstion Mo, WO 2007/020604 with
internatiznal publization Jdale 19 July 2007, the contents of which are hereby
incorporated hersin by referzncs. This rocker arm aszembly 12 iz configurad ta
provide a greater space for ocation of the twin gpark: plugs 40 and 42 and facilitates
the lucation of epark plugs 40 and 42 distal, away from, the timing chain cavity (Fig.
3) of engine 100.

Riaferring now to Figs. 4 1o 8, the componanis located within combustion
chambar 110 - of pent roof conzstruction - are the same as discussed for Fig. 3 with
thie meseption that, in Fig. 3, reference numerals other than for the 2ngine 100 and
combugtion chamber 110 are preseded by the numeral “1". Combustion chamber
1190, which forms & volumetric exenzion of cylinder bore 108, has side walls 112
contiguous with the cylinder bore wall 109,

Two spark plugs 140 and 142 are provi-;ied and these spark plugs 140,142
play the came role, in igniting = fuel/air charge, as spark plugs 40 and 42 described
above, Intel and evhaust valves 123 and 124 are still prasent and are still located in
an cffsat configuration. Howaver, there are some  significant  differences in
arrangernent and localion of the spark plugs 140 and 142 fror spark plugs 40 and
42, Thesa diferences in location are imporiart 10 achievemeni of improved flame
front propagation through improved uze or optimization of the uze of space within
the combustion chamber 110.Theze differences will now be degoribed with referance
o Figs. 4 to 8.

Firzt, both spark plugs 140 and 142 are mounted diametrically oppogite, or

diarnetrically cpposed, 1o and facing towardz each Sther ag shown in Figs. 3 and 3,
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The spark plugs 140 and 142 are dirzcted towards sach other, Accordingly, sparks
initiate al two diametrically opposed points, igniting the fuel air misture and farming
flame fronis that propagale quickly thus providing an increassd combustion rate of
the fuel air chargs within the combugtion chamber 110, cerlainly 33 compared io that
for @ single spark. plug engines, and toward each other covering the entire volurne of
the combustion chamber 110 and achieving near aomplele combustion of the lean
fael air miziure. This is valuable to achisvernent of fuel ecanomy which is the prime
object of use of a lean fuel aic mi<lurs.  In contrast, i powsr output wers the key
concern, as it is in the prior ant, a rich fuel ir micture would be preferrad but woold
lead to increased fusl consumiption and most likely increased emissions (&g
hydrocarbon emissions).

Secand, naither of apark Wugz 140 and 142 are lecatad on raiged mounts ar
bosses,  Father, both of spark plugs 140 and 142 are mountzd at dewnwardly
diverging, or upwardly converging, side wallz 112 of the cambustion chamber 110,
these side walls 112 having the same curved geometry as noled in the ase of Fig.
3. These side walls 112 are conliguous with a cylinder bare wall 109, combustion
chamber 110 forning a volurretric exlenzion of the cylinder bore 103, 1t may alsa be
observed thal spark plugs 140 and 142 are mounted at ar very closely adjacent to
the kase 111 of the cormbustion chamber 113, This hase 111 is planar, and being
contiguous with the cylinder bore wall 103, and cormmunicating cyiinder bore 108
with combustion chamber 110 i Spen.

The spark plugs 140 and 142 aie alzo mounted Nush with the side walls 112
of the ombustion chamber 110 as shown in Fig. 4b.

This arrangement for zpark plugs 140 and 142 has the benefit of maximising
the amount of combuztion chamber volume in front of the spark. plugs. The detail=d
comparative views are flustrated in Figs. 4a and 4b whersin Fig. 4a shows the spark:
plugs are located on raised mounts or biosses 42 while Fig. b shows that the spark:
plugs 140 and 142 are located fluzh with the combustion chamber side walls 112,

Thiz preferred embudiment enzures that more of the combustion chamber 110 is

forward of the spark: plug ignition point and thal the flarme front is not required to burn
in a direction bask bizhind each epark plug 140, 142 and back lowards a aombustion

chamber aurface at side walls 112, Thiz iz suffisient bz obtain an improvement in the

propagation and development of flame fronts initiated follswing ignition of a l2an
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fuslfair miziure al ths twa spark plugs 140 and 142, this being importani 1o the
achievemant of improved fuel economy and/or emizsionz redustion as the engine
100 is opsrated in lean burn combustion madse.

Third, and by reference to Fig. 6 in particular, it may be noted that spark plugs
140 and 142 are localed at a greater sepacation Jdistanes from each other - and
diracted towards esch other — in angine B, in accordance with a preferred
embediment of the invendion, than in engine A, This aeparation distancs may
approach the dimension of the cylinder bore diameter, it being noted that the
mounting pomis of spark plugs 140 and 142 are ocated approsimately at the
periphery of the cylinder bare in angine B, Expreseed ag a ralic, the ratio of this
eeparation distance to cylinder bore 102 dizrmetlsr approaches 1. This i3 to be
cornpared (o the prior art arrangement whers it ie notad thai this separation distance
ratio is notizeably below 1. This aspect alzo enzures that & mavimum proportion of
the combustion zones lies belween the gpark plugs 140 and 142, The propagation
&nd develzprment of flames fronts progreasing from each zpark plug 140 and 142
along cloge to the widsst extent of the cambustion chamber 110 allaws far a greater
use of lhe space within combustion chamber 110 for the lame kernasls and frontz to
propagats, develop and intersect, along s wide front ratheer thar a point, with
rezultant increage in combustion efficiency and fusl ecanomy. The shape of the
combustion charmber 110, illustrated particularly in Figs. 2 and 2 promeates such
flame frent propagation. Te slaborate further, the flame frants may be convenizntly
visualised ty radiate from sach of the spark plugzs 140, 142 in the form of circular
arcz centresd at each of the spark plugs. By placing the spark plugs 140, 142 in
gcosrdance with the invention the radius of the flame front arcs, &t the lme that the
flarme fronts intersizct approvimately in the central portion of the combustion chamber
110, is maximised and therefore approximates a line (or a plane if the analogy is
visuatisad in 2 dimenzicng) asross the combustion chamber 110, Thie ansures that
there is a short time belw=en the combustion at the centre of the chamber 110 and
combustion at the zurounding combustion chamber surface 112, This can ke
contrasied to the siiuation wherein the spart, plugs 140, 142 are dloser togather (the
comparison iz illustratad by Figs. 5 and 6) and which are at a smaller radius at tha
time of intersection reculting in an initial intersection “point” rather than a line and

wherein  this intersection poinl conlinues ko migrats  outwardly  towards  tha
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combuztion chamber suface at a noticeably lower rate than iz the caze desoribed
above with referznoe to the invention, Alsc, in engine B, the zpark plugz 140 and

142 are mounted at mounting poinis 117 corresponding {o the ends of an imaginary

jeining plane located at the baze 1171 of the side walls 112 of pent rool combustion
chamber 110, the shapz of which is particularly illugtrated in Figs. S and 9.

The lacation of spark plugs 140 and 142 substantially =t, or very clozaly
adjacent, the baze 111 of a combuztion chamber 110 is relevant to achisvement of
the benalits of the described engine, Such location, llustrated in Fig. 6, affectively
prohibita trappirig of end gases behind the spark plugs 140 and 142, in 2ones 130
that might stherwise creats & (sndency for knocking.

Fourth, spark plug 140 is located ts extend through the valve driving means or
timing chain cavity 180 az thiz allows an oplimized use of space in the cambustion
chamber 110 again assistirgg the achieverment of supsrior flame front development
end progression with improved combustion peformance.  Spark plug 140 may be
provided with a zleeva to protect it from lubricant present within the timing zhain
cavity 150.

Fiflh, the provision of a recess 162 in the pizton head 160, as coriveniently
shown in Figz. 7 (2) and (b), acts 1o enhance the combustion process and the fluid
cynamics during the combustion process. Recess 162 is of aval shape. The majar
gwis 162 of the oval recess 182 extends acrose the piston head 169 in a direction
bistwean the two spark plugs 140 and 142 (which is also a direction “in-ling” with the
valve drivalrain, i, in line with the camshaft axiz).  This sscves to oreate a
combusiion chamber volume that increases from each of the spark plugs 140, 142
towards the centrz of the combustion chamber 110, The recess 162 alzo assists in
raintaining effective swirl rmotion of the fuel air chargs, as pizton 161 rises, or at
ezt minimise: any adverse affects resulting from havireg a recess 162 in the pistan
head 160. A clockwise swirl reiational flow direction is indicaled in Fig. 5.

In addition, recess 162 is of a natura thal provides the formation of a “squish”
zone hetween the cylinder head and the surface of the pizlon 181 ag indicated by
arsas 115 in Fig 7 (k). Az piston 160 rises in the cylinder towards top dead centra
(TDC), the fuel ar charg is compressed particularly into the two creacent shapzd
squish zones or areas 115 and the resulting charge iz "squished” with a resulting

squish flow towards the central ragice of the combustion chambar 110, thus
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promoling increasad miding of the fusl air charge. Thus, the charge motion, and

prapagation of the flame fronts through the combustion chamber 110 is inflluzncsd
by the geametry of the racess 182 in the piston head 160 znd combiustion chambeer
surface gesomelry, including the squish arzaz 112 and the remainder of the

combustion chamber surface geomsly to promatle combustion sfficency. Az well
as improvem=nt in fuel economy, the tendency far knock - caused by pressnce of
end gases in tha combustion chiamber 110 - is alzo reduced zincs thers iz less
probability of end gas trapping in a non-ignited zone of cormbustion chamber 110, for
gxample hahind one or both spark plugs 140 and 142,

Here again, the arientation of the spark: pluga 140 and 142, being directed
mors towards each other than in the engine of Fig. 3, iz important. Projacted axes of
spark plugs 140 and 142 intersest with an angle between the axes, an obtuse angle,
heing significantly greatsr than in the prior art engine. Further, the projected axes of
spark plugs 140 and 142 and the major axis of the recees 162 on the piston head
160 interzect at a high obtuge angle to each other when viewed from top dead
centre. Thiz “open” arrangement optimizes combustion processes woourring within
the cormbustion chamber 110 by optimizsing use of the space within the combustion
chamber 110. More specifically, the flarms fronts propagats and Jevelop through a
creater effective volume of the combustion chamber 110 than in previous
combustion chamber designs, where — for &xample — the spark plugs rathar than
being directed toward each cther had an angled orientation which provided lzss
cppartunity for flame fronts o intersect across a wide flanme front. This greater use
cf combwsztion chamber space increazes combuztion efficiency and reduces
tendency for knock.

Medifications and variationz 1o the interrial combusiion engine of the prisent
invention may be apparsnt to lhe skilled reader of thiz disclosure.  Such
modifications and variations are deamed within the scops of the present invention,
For example, although the combustion chamber 110 may have a sharper geometry
than the curved geometry imparted by the curving upwardly convergent side walls
112 discussed above.  In zuch case, the combustion chamber 110 could take 2

prizmatic shaps, fior eéxamplz a fiangular prismatic shage.
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WE CLAIM:

1. A four stroke intsrmal combusztion enging comprising:
a combustion chamber with at least one inlet valve and at lzast
one axhaust valve; and at least two ignilion means; and
a cylindar Gore, defined by a cylinder bore wall, having a piston
reciprocabls within said cylinder bors
wharzin said combustion chamhber iz & volumestric ectension of said eylindar
hore, the combustion chamber being dzfined by a plurality of sichz wallz  and

an open planar base contiguous with said oylinder bore wall and at least ane ignition

means i¢ substantially located at a first side wall &t or adjacent 1o said base of

said combustion chamber.

[p%]

[¥%)

An engine of claim 1 wherein said combustion chamber is of pent roof
design.

An enginé of claim 1 or 2 whergin a second hynition means is located at a
second gide wall at or adjacent to the baze of the combustion charber.

Ar engine of cdairm 2 wherein gaid ignition means are located in said
first and gecond side walls diametrizally appozite each athar,

An engine of any ons of the preceding claims whersin mounting points «f
gaid ignition means correspond 1o ends of a joining plane lucated at
said base of said combustion chamber.

An enging of any ane of the preceding caims wharein at (zast twe said
ignition means are dirscted towards each other,

An engine of any one of the preceding claims wherzin a ratio or propartion
hatween separation distance between tha ignition mesans and cylinder bare
diameter is 1 or close to 1.

An engine of any one of the preceding claims wherein the head of the
pisten is provided with a recass.

An engine of claim & wherein said r

aeess on the piston head iz shapsd to
create  an additional  combastion  chamber  volime  which  increases

progressivaly towardz 3 cenfre a«is of the cylindse bare in a direstion from

onz ignition means towards another ignition means.
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13.

14.

17.

An zngine of claim 2 wharein shape and location of the recess in the stan
enhancess awirl motion of the Tuel air chargs within the combustion chamber.
An engine of claim 10 wherein @aid recess iz elliplical, allipsaid, oval or
ovoid in shape.

An enging of claim 11 whzrzin a major axis of zaid elliptical, ellipsaid, aval or
ovaid rece ~lendz across the head of the piston in a direction betweaen two
ignition means.

An gngine of any ons of claims 9 1o 12 wherein projectad a-2s of said ignition
means and the major axis of the recssz on the pision head inlersect at an
obtuse angle to each other when viewsd from bop dead centra.

An enging of any one of the preceding claims whearsin at least one of the
ignition means is mounted flush with a surface of a zaid side wall of  the
cormbustion charmber.

An enging of claim 14 wherein at least the ignition means closast o the
inlet valve is mounted flush with said surface of a said side wall <f zaid
combustion chamber.

An engine of claim 15 whergin said igrition means closest to the inlst valve
is closest in the swirl rotational flaw dirsction,

An engine of any one of the preceding claims wharzin said inlel and
exhauzt valves are positionsd in gaid combustion chamber in an offset
arrangement,

An engine of any one of claims § to 17 wherain shape and rosition of said

recess in gaid piston head creates squish zone(z) between piston and
cylinder head.

An engine of clairn 18 wherein two squish zones are provided, these zones
having an approsimately crescent shaps so thal resulting squish flow s
directed tawards a central region of said combustion chamb.er.

An internal combuztion enging operating on the four strake principlz
comprising:

(&) a cylinder head comprizing a combusiion charmber and a valve train
comprizing at lzast one inlet valve and at least ane exhaost valve,

()  atleast two ignition means lacated in the combustion chamber; and

(c) drive means for driving the valve train
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whearein said ignition means are placed diametrically copposite sach other at a
kaza of said combustion chamber and at lzast one igniton meanz is placed in line

with the valve train.

21.  An engine of any one of the preceding claims whersin zaid side walls are

upwardly canvergent.

220 An engine of any one of the preceding claims being a single oylinder

engine.
22, Anengine of claim 22 operated in bzan burn mads.
24, Anengine of any one of the preceding daims being a amall bore engine,

25 An engine of any one of the preceding cairm:s whergin an ignition means is

a spark plug.

26. A vehicle incorporating an engine as claimed in any one of ths preceding

claims.

Dated this the 227 day of June 2010,

For BAJAJ AUTO LIMITED,
By its Attomay,

/BA_);«-/\*..-.-» zf C L’\—~---.. >

(ARUNACHALAM APPAJI MOHAN)
(BRINDA MOHAN)
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Applicant's Narns | BAJAJ AUTO LIMITED
Application no.: 1469/CHE/Z002

ABSTRACT:

A Tour strob e internal combustion engine comprises:

a combustinn chamber (110) with 3t least one inlel valve (122) and
alleasl one e-hausi valve (124); and at least two ignition means (140,
142); and

a cylinder bore (108), defined by a cylinder bore wall (109), having a

piston reciprocable within said oylindsr boee (108),

The combuztion shamber (110) is a volurnetric extensicn of the cylinder bare
(108) and is defined by a plurality of side walls (112). The combustion chamber (11)
has an open planar base (111) contiguous with the cylinder bare wall (109). At least
one ignition means (140, 142) iz substantially Iocated at & first side wall (112) at or
adjacent 1o the base (111) of the combuztion shamber (110). The geometry of the
combustion  chamber (110) ogelher with the location of the at l=ast one spark plug

(130, 142) promotes combustion efficiency and fuel 2oonamy.
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REIVINDICACIONES

oz

1. Un mnotor de combustidn interna Jde cuatro tismpos  Jque
conprende:

5 una cémara de combustidn con por lo menos una valvula de

erntrada y por lo menos una vélvula ds ezcapz; y por lo

nenos dos medios de ignicidn; vy

inids por  una ared de

agujers de cilindro, que tiene un pistdn alternante

10 dentro dicho agujero de cilindro
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A=l cle combnst idin

volumétrica de diche agujero de cilindreo, la camara de

15 pared de agujero de cilindro

y por lo menos unos medios de ignicién qus 33 ubican

adyacente a dicha base de dicha cémara dez combustidn.

20 . Un motor ds la reivindicacidén 1 donds dicha cémara de

3. Un notor de la reivindicacidn 1 o 2 an donde un segunda

medis de  ignicién se ubicada en una zegundz  pared

2e Jde la cimara de

'_l

25

ateral en o adyacente a la b

combustidn.
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Un motor de la reivindicacidn 2 en donde dichos medics de
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Un motor de una cuvalguiera de  las reivindicacicones
precedentes en donde puntos de montaje d: dichos medios
de ignicidn correzponden a ewtremcs dz un planc de unidn
ubicados en dicha base dz dicha cimara de combustidn.

Un motor de una cualgquiera de  las reilvindicaciaones

precedantes en donde por lo menos dos de dichos medios

)
0]

Un motor de una cualguiera ds las reivindicacione
pracedentes en dondes una tasa o proporcidn entrs  la

re los medics de dgnicidn y

el didmetro de agujero de cilindro es 1 o cerca de 1.

Un motor Jde una cualguisra de  las  reivindicaciones

precedzsntes zn donde la cabeza del pistén sstd provis

Un nmotor de la reivind ién 8 en Jdonds dicha cavidad en
la cabeca del pistdin es aguda para crezar un volumen d2

camara Jde  combustidén  adicional  que  se incremanta

n una direccidén de loz medicz de ignicidn
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Un motor de la reivindicacién 9 en donde la forma y la

1—
Q

ubicacién de a cavidad en el pistéin wejora el

I_I
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]
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O
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gt
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movim turkulencia de la carga de combustible

2

Un motor de la reivindicacidén 10 en donde dicha cavidad

tigne formar eliptica, elipsoide, ovalada u ovoide.

mots

)
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T

de  la reivindicacidén 11 en donde <&l eje

i
s
—

¢

principal de dicha cavidad eliptica, elipscoide, ovalada

u ovolde s8& extiends a través de la caleza del pistédn zn

Un motor de una cualguiera Jde las reivindicacior

del pistdén se intersectan en un angulo obtusoe uno al

otro cuando se ven desde el centro muerto sSupsricor.

Un motor de una cualguiera de las reivindicaciones

4

ced n donde por lo menoes uno de los madios de

)17 ¢ Cl
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e

ignicién 3& monta a ras con una superficie de dicha

al de la camara de combustidn.
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Un motor de la reivindicacidn 14 =n donde por lo menos

los medios de ignicidn més cercanocs a la vilvula de
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17. Un motor de una cualguiera de  las velvindicaciones

10 nrecedentes en donde dicha valvula de zantrada v o escape
-

18. Un motor de una cualguiera de las vaivindicacionss 8 a 17

15 en donde la fomma y la position de Jdicha cavidad en

o =

19. Un motor de la reivindicacidn 18 en donds ze proporciconan

20 doz zonas

25 20, Un mctor de combustidn interna gue opsra en ¢l principio

de cuatro tiempos Jque comprende:
(a) una cakeza de cilindro que comprends una cémara de

combustién vy un tren de védlvulaz que comprende por lo



10

15

[o(Ra]

25

b

30

My

32

por lo menos una valvula

(b) por lo dos medics de ig Lé4n ubicadozs en la

menos
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cémara de combustidn; y

medios de ignicidn s

hass de

une al

=
[}
l_’ -
[§]
o
! )

Un motor de una cualguiera de las  reivirn iones

donde dichas son

praecadentss an
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cualguizra de  las reivindicac

de un cilindro.
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Un motor ds 1

quema de combustible delgado.

Un motor d& una cualquizra de las raivindicacionss
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precadante medio ds ignicidn zs
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