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TWO-STROKE INTERNAL COMBUSTION ENGINE

TECHNICAL FIELD

The subject matter as described herein, in general, relates to engines, and in particular

to a two-stroke internal combustion (IC) engine.

BACKGROUND

Conventionally, internal combustion (IC) engines find use in industrial, transport, and
marine applications. The IC engines may be classified based on the number of strokes per
working cycle of the IC engine. For example, IC engines are classified as two-stroke engines
or four stroke engines. The two-stroke engines complete various phases of the working cycle,
i.e., intake, compression, combustion and expansion, and exhaust, in two strokes of a piston
between its extreme positions. The various phases of the working cycle are accomplished in
two strokes of the piston by performing‘ the intake and exhaust stroked simultaneously during
the end of the expansion and the beginning of the compression strokes. Owing to a power
stroke for every two strokes of the piston in contrast to a power stroke for every four strokes
in the case of the four stroke engines, such engines have an inherent advantage of high power-

to-weight ratio as compared to the four stroke engines.

To achieve the intake of charge during the intake stroke and to expel the combustion
product during the exhaust stroke, the conventional two-stroke engines are usually provided
with ports in a cylinder wall. Due to layout of the ports in the cylinder wall and the
simultaneous intake and exhaust strokes, a mixing of the charge and the combustion products
occurs in the cylinder bore, Further, because of the overlapping intake and exhaust strokes,

some amount of the charge may leak out from the cylinder bore during the exhaust stroke.
SUMMARY

The subject matter described l::rein relates to a two-stroke internal combustion (IC)
engine. The two-stroke IC engine irc.: 1os a cylin fer head and a cylinder block on which the
cylinder head is mounted. The cylinder i:cad include an avxiliary combustion chamber to
achieve a first combustion of charge The cylinder block includes at least one cylinder bore
having a piston reciprocating therein to drive a crankshaft, and a main combustion chamber to

achieve a second combustion of charge. The main combustion chamber is formed between the

1
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piston and the cylinder head. The cylinder block further includes a plurality of transfer ports
provided annularly in a cylinder wall along a periphery of the cylinder wall to induct a

scavenging fluid into the cylinder boic.

These and other features, aspects, and advantages of the present subject matter will be
better understood with reference to the following description and appended claims. This
summary is provided to introduce a selection of concepts in a simplified form. This summary
is not intended to identify key features or essential features of the claimed subject matter, nor

is it intended to be used to limit the scope of the claimed subject matter.

BRIEF DESCRIPTION OF DRAWINGS

The above and other features, aspects, and advantages of the subject matter will be
better understood with regard to the following description, appended claims, and

accompanying drawings where:

Fig. 1a illustrates a front sectional view of a two-stroke IC engine, according to an

embodiment of the present subject matier.

Fig. 1b illustrates a sectional view of a cylinder head and a cylinder block of the two-

stroke IC engine, according to an embodiment of the present subject matter.

Fig. 2 illustrates a sectional view of the cylinder block of the two-stroke IC engine,

according to an embodiment of the present subject matter.

Fig. 3a illustrates a sectional view of a cylinder bore of the two-stroke IC engine along

section plane A-A’ shown in Fig. 1, according to an embodiment of the present subject matter.

Fig. 3b illustrates a sectional view of a cylinder bore of the two-stroke IC engine
along section plane A-A’ shown in Fig. 1, according to another embodiment of the present

subject matter.

Fig. 4 illustrates a front view of a cylinder head assembly of the two-stroke IC engine,

according to an embodiment of the present subject matter.

Fig. 5a and 5b illustrate s=ctional views of a fuel supply pump of the two-stroke IC

engine, according to an embodiment or the present subject matter.
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Fig. 6 illustrates a chain drive assembly of the two-stroke IC engine, according to an

embodiment of the present subject matter.

DETAILED DESCRIPTION

Conventional two-stroke engines are provided with ports in a cylinder wall for intake
of charge and for the expulsion of the combustion products of the combustion of charge. In
such a design of the two-stroke engines, the discharge of the combustion products from the
ports causes thermal loading and distortions of the ports and of the cylinder wall. The
distortion of the cylinder wall may lead to high friction between the piston and the cylinder

wall and seizure of the piston.

Further, due to their design and layout, the conventional two-stroke engines are
associated with certain characteristics, such as incomplete combustion of charge and leakage
of charge. Leakage of charge occurs due to short circuiting when some of the charge is
expelled along with the exhaust gases during scavenging and results in high unburnt fuel in
the emissions and low fuel economy. The incomplete combustion of charge is attributed to
dilution of charge because of ine ective scavenging of the combustion products. These
characteristics may adversely affect the performance of the two-stroke engines in terms of the

output power and the fuel economy.

Conventionally, to overcome the effects of the short circuiting and the dilution of
charge, the charge supplied into the combustion chamber of these engines is usually rich with
respect to the stoichiometric composition. Further, the air and fuel is premixed to form charge
in a crankcase of the two-stroke engine, for example, a spark ignition two-stroke engine,
before being supplied for combustion. However, such premixing results in incomplete
disintegration of the fuel component in the charge, which in turn may aggravate the
incomplete combustion of the charge and thereby causing emission of unburnt fuel. As a

result, such engines suffer from a low fuel economy and a high emission of pollutants

The embodiments of the two-stroke IC engine, interchangeably referred to as an
engine hereinafter, that are disclosed hercin will help address the aforementioned issues in

addition to providing several other advantages over the existing two-stroke engines.
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The engine includes a crankcase housing a crankshaft and having a cylinder block
mounted thereon. A piston, operably coupled to the crankshaft, is moveably disposed in a
cylinder bore of the cylinder block. A mc}tion of the piston is transmitted to the crankshaft
through a connecting rod. In the cylinder bore, the piston reciprocates between two extreme
positions — a top dead centre position (TI>C) and a botfom dead centre position (BDC). The
piston completes the various strokes of the working cycle, i.e., intake, compression,
combustion and expansion, and exhaust, two strokes of the piston; one stroke from the TDC

to the BDC and the other stroke from the BDC to the TDC.

According to an embodiment of the present subject matter, an auxiliary combustion
chamber is formed in a cylinder head of the engine. In an implementation, the auxiliary
combustion chamber directly receives the charge, through an inlet port. In said embodiment,
the inlet port is provided with an inlet valve to regulate the opening and closing of the inlet
port. Further, the cylinder head includes an exhaust port for the emission of combustion
products. The exhaust port is provided with an exhaust valve to regulate the opening and
closing of the exhaust port. In said embodiment, the inlet valve and the exhaust valve are

actuated by a valve drive mechanism.

In an embodiment, the auxilia’; combustio'r chamber is in fluid communication with a
fuel supply pump. The fuel supply pump =ceives the charge from a fuelling device, such as a
carburettor, and pressurizes the charge sufficiently to atomize and mix the fuel with the air in
the charge. The atomization and mixing achieve a substantially homogenous mixture of air
and fuel in the charge, which is then inducted into the auxiliary combustion chamber through
the inlet port. In one implementation, a substantially small quantity of rich charge, as
compared to the stoichiometric composition, is inducted into the auxiliary combustion

chamber.

The induction of charge into the auxiliary combustion chamber is achieved after the
exhaust port is closed, when the piston is moving from the BDC to the TDC and is
substantially close to the TDC than to the BDC, The fuel supply pump described in the
present subject matter can be a low-pressure fuel supply pump, and hence, has low wear and

low maintenance and therefore a long life.
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In an embodiment, an ignition element, such as a spark plug, is provided in the
auxiliary combustion chamber to effect ignition of the charge. In an implementation, a partial
combustion, also referred to as a first combustion, of the charge takes place in the auxiliary
combustion chamber. The flame front of the expanding charge propagates into a main
combustion chamber of the engine and a substantially complete combustion, also referred to
as a second combustion, of the charge is achieved in the main combustion chamber. The main
combustion chamber includes a compressed scavenging medium, for example, air or a lean
mixture of charge, from the crankcase, at end of the compression stroke of the piston and this

scavenging medium assists in the secord combustion of the charge.

The scavenging medium in -the inain combustion chamber and the small quantity of
rich charge supplied into the auxiliary combustion chamber by the fuel supply pump leads to
the formation of layers of the charge of varying air fuel ratios inside the two combustion
chambers, a phenomenon termed as stratification of the charge. The stratification of the
charge inside the combustion chambers allows the engine to operate on an overall lean

composition of the charge and, hence, reduces fuel consumption of the engine.

Further, according to an embodiment of the present subject matter, a plurality of
transfer ports is provided annularly in the wall of the cylinder bore. The transfer ports are in
fluid communication with the crankcase of the engine. In an implementation, the scavenging
fluid, such as air or a lean mixture of the charge,l is inducted into the crankcase which is then
redirected into the cylinder bore at about the end of the expansion stroke through the transfer

ports for scavenging the exhaust gases from the cylinder bore.

In said embodiment, the transfe: ports are provided at an angle, both horizontally and
vertically, to the wall of the cylinder Lore thereby imparting a swirling motion to the
scavenging fluid. The swirling motion of the scavenging fluid allows effective scavenging of
the burnt gases without allowing the scavenging fluid to escape and, thus, helping in reduction
of loss of scavenging fluid due to short circuiting. Therefore, a substantially large amount of
the scavenging fluid is retained in the cylinder bore after the scavenging is complete The
scavenging continues until the exhaust valve is open during the compression stroke of the
piston, that is when the piston is moving towards the TDC from the BDC, and is substantially
halfway between the TDC and the BDC.
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As the compression stroke continues, scavenging fluid retained in the cylinder bore is
compressed and is in a state of swirling motion, thereby causing turbulence. As the piston
approaches the TDC position, the main combustion chamber is formed between the piston and
the cylinder head, and the scavenging fluid is compressed in the main combustion chamber.
The turbulence of the scavenging fluid in the main combustion chamber influences the charge
in the auxiliary combustion chamber and facilitates effective mixing and combustion of the
charge in both the combustion chambers. Furthermore, the provision of the exhaust port and
the exhaust valve in the cylinder head of the engine allows uniflow scavenging of the exhaust
gases. This causes the power output and the fuel economy of the engine to be high, and

reduces the amount of unburnt fuel in the emissions from the engine.

Fig. 1a illustrates a front secticnal view cf a two-stroke internal combustion engine
100, according to an embodiment of thc present subject matter. The two-stroke internal
combustion engine 100, referred to 25 an engine 100 hereinafter, includes a crankcase 102
connected to a charging device (not shown in figure) through an induction valve 104, for
example, a reed valve. According to an implementation, the induction valve 104 allows a
unidirectional induction of a scavenging fluid, such as fresh air, into the crankcase 102. In
another example, the scavenging fluid may include a lean composition of charge formed by
mixture of air and fuel. The crankcase 102 houses a crankshaft 106. Further, a cylinder block
108 having a cylinder bore 110 is mounted on the crankcase 102. The cylinder bore 110 has a
piston 112 disposed therein, such that the piston 112 is capable of reciprocating inside the
cylinder bore 110. It may be understood that the engine 100 may have more than one cylinder
bore 110. In one embodiment, the cylinder block 108 includes the induction valve 104 to
induct scavenging fluid into the crankcase 102. Further, the piston 112 is connected to the

crankshaft 106 through a connecting ra¢ 114 to driva the crankshaft 106.

Inside the cylinder bore 110, the piston 112 has two extreme positions--a top dead
centre (TDC) position when the engir.c 100 has completed a compression stroke and a bottom
dead centre (BDC) position from where the piston 112 commences actuation at the beginning

of the compression stroke.

According to an embodiment of the present subject matter, the cylinder bore 110 has a

plurality of transfer ports 116 provided annularly along a periphery of a cylinder wall 118.
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The cylinder wall 118 is a wall of the cylinder block 108 that defines the cylinder bore 110
therein. In said embodiment, the transfer ports 116 are disposed in the cylinder wall 118 in
such a way that the transfer ports 116 are closer to the BDC position than they are to the TDC
position of the piston 112. According to an embodiment, an axis of each of the transfer ports
116 is inclined to the cylinder wall 118 of the cylinder bore 110 at an angle, the angle being
measured in a horizontal plane. In another embodiment, the angle between the axes of the
transfer ports 116 and the wall of the cylinder bore 110 may also be measured in a vertical
plane. Each of the plurality of transfer ports 116 is connected to the crankcase through an
induction passage 120. Through the transfer ports 116, the scavenging fluid is inducted into
the cylinder bore 110 from the crankcase 102 during movement of the piston 112 from the
TDC position to the BDC positior. The inclination of the transfer ports 116 to the wall of the
cylinder bore 110 provides a swirling motion of the scavenging fluid during the induction of
the scavenging fluid into the cylinder bore 110. The swirling motion of the scavenging fluid
in the cylinder bore facilitates in scavenging and purging the cylinder bore 110 of combustion
products during a movement of the piston from the BDC position to the TDC position.
Further, opening and closing of the transfer ports 116 is controlled by the movement of the

piston 112 in the cylinder bore 110.

The scavenging fluid inducted from the crankcase 102 entering the cylinder bore 110
may also include lubricant from the crankcase 102 entrained along with it. According to an
embodiment, the engine 100 includes a filter element (not shown in the figure) to filter the
scavenging fluid and separate the lubricant before the scavenging fluid enters the cylinder
bore 110. Due to the provision of the filter element, the scavenging fluid entering the cylinder
bore is substantially free from the lubricant. Hence, during combustion of charge, the
lubricant is not burnt, which improves the quality of exhaust emitted from the engine 100. In
said embodiment, the filter element is previded in the cylinder block 108 of the engine 100.
However, it may be understood that the filter element can be provided at other locations, for
example, in the crankcase 102 or in a passage connecting the crankcase 102 to the transfer

ports 116.

Further, a plurality of piston rings 122 are provided on the piston 112 for providing a
seal between the piston 112 and the cylinder bore 110. The piston rings 122 also facilitate

scraping of excess oil deposits off an inner wall of the cylinder bore 110.

7
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Further, a cylinder head assembly 124 is mounted on the cylinder block 108 to close
one end of the cylinder bore 110. The cylinder head assembly 124 includes a cylinder head
126 and a cylinder head cover 128. A main combustion chamber 130 is formed between the
cylinder head 126, the cylinder walls 118, and a crown of the piston 112 when the piston 112
is at the TDC position inside the cylinder bore 110 during a combustion cycle. In an
embodiment, the cylinder head 126 has an exhaust port 132 for expelling combustion
products from the main combustion chamber 130 during exhaust stroke. In other

embodiments, the cylinder head 126 may have more than one exhaust port 132.

Further, the cylinder head 126 includes an inlet port 134. In an embodiment, the inlet
port 134 is smaller in size than the exhaust port 132. Bigger size of the exhaust port 132
facilitates effective exhaust of the combustion products from the exhaust port 132 as well as
scavenging of the combustion prodncts from the cylinder bore 110. According to an
embodiment, an auxiliary combustion cheirber 136 is formed in the cylinder head 126 of the
engine 100. The auxiliary combustion chamber 136 is provided with an ignition element 138
to achieve combustion of the charge in the auxiliary combustion chamber 136. In other
embodiments, more than one ignition element 138 may be provided in the auxiliary
combustion chamber 136 and the main combustion chamber 130 to facilitate the combustion
of the charge. In an embodiment, the ignition element 138 is disposed substantially
perpendicular to a vertical axis of the piston 112. In another embodiment, the ignition element
138 is disposed substantially perpendicular to a central axis of the auxiliary combustion

chamber 136.

In one implementation, a partial combustion, referred to as first combustion, of charge
takes place in the auxiliary combustion chamber 136. The auxiliary combustion chamber 136
opens into the main combustion chamber 130 such that during the expansion stroke, a flame
front produced by the combustion of :harge in the auxiliary combustion chamber 136 spreads
into the main combustion chamber 136 and the combustion of charge is substantially
completed in the main combustion chamber 130. The substantially complete combustion of
charge in the main combustion chamber 130 is interchangeably referred to as second
combustion of charge. In an embodiment, the auxiliary combustion chamber 136 includes
about 70% of a total combustion chamber volume and the main combustion chamber 130

includes about 30% of the total combustion chamber volume.

8
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During the movement of the pision 112 from the TDC to the BDC, at about the end of
the expansion stroke, the transfer pu.ts 116 arc uncovered and the swirling scavenging
medium scavenges the combustion products. Further, during the movement of the piston 112

from the BDC to the TDC, the scaverging medium is compressed in the cylinder bore 110.

In addition, the auxiliary combustion chamber 136 is in fluid communication with a
fuel supply pump 140 through an inlet passage 142. The fuel supply pump 140 inducts a
pressurized charge of air and fuel for combustion into the auxiliary combustion chamber 136
through the inlet port 134. In one embodiment, the inlet passage 142 is formed in the cylinder
head 126 in substantial proximity of the combustion chambers 130 and 136. In said
embodiment, a substantially complete vaporization of the fuel in the pressurized charge is
achieved in the inlet passage 142 because of the proximity to the combustion chambers 130
and 136. In addition, the pressurization of charge facilitates substantial atomization and
disintegration of the charge before it is supplied to the engine 100 for combustion. Such
pressurization assists in complete burning of the charge and hence improves the efficiency of

the engine 100.

In said embodiment, the fuel supply pump 140 is housed in the cylinder block 108 of
the engine 100 and obtains a drive fromn the crankshaft 106. The fuel supply pump 140 may be
integrated with other parts of the engine 100 as well, such as the crankcase 102 or the cylinder
head 122. The fuel supply pump 140 may obtain the drive from the engine 100. In an
embodiment, the fuel supply pump 140 obtains the drive from the crankshaft 106 of the
engine 100 through a chain drive assembly (not shown in the figure). In said embodiment, a
crankshaft sprocket wheel (not shown in the figure) is mounted on an end of the crankshaft
106 to provide a drive to the fuel supply pump 140. A phase difference may be provided
between the drive of the crankshaft 106 and the drive of the fuel supply pump 140 so that the
induction the charge into the auxiliary combustion chamber 136 is achieved substantially

before the piston 112 reaches the TDC position.

In operation, the fuel supply pump 140 inducts the charge into the auxiliary
combustion chamber 136 when the pisior 112 is compressing the air inducted in the main
combustion chamber 130 through the transfer ports 116. During this phase, the piston 112 is

said to be in a compression stroke and lies approximately midway in the compression stroke.
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Accordingly, during this phase, the main combustion chamber 130 has the scavenging fluid,
such as fresh air or a lean composition of charge, while the auxiliary combustion chamber 136
has a small quantity of relatively rich ~omposition of the charge as compared to that in the
main combustion chamber 130 creting layers or strata of the charge with different

compositions of air and fuel.

Due to this stratification of chirge, a plurality of strata of charge is formed in the two
combustion chambers 130 and 136. The different strata of charge differ in the composition of
the air and fuel. This allows the engine 100 to operate on an overall lean composition of

charge. Hence, the overall fuel consumption of the engine 100 is low.

In addition, the cylinder head assembly 124 includes a valve train assembly 144. In
one embodiment, the valve train assembly 144 is formed in the cylinder head 126 and housed
inside the cylinder head assembly 124. The valve train assembly 144 is described in detail in

the description of Fig 3.

Fig. 1b illustrates a sectional view of the cylinder block 108 and the cylinder head
126, according to an embodiment of the present subject matter. Fig. 1b illustrates the position
of the piston 112 during the exhaust stroke. The piston 112 is shown in proximity of the BDC
position, moving towards the TDC p-ésitifm, when the plurality of transfer ports 116 is not

covered by the piston 112.

During the exhaust stroke, the scavenging medium enters the cylinder bore 110
through the transfer ports 116 and expels the combustion products from the cylinder bore 110
through the exhaust port 132. According to an embodiment, the piston 112 is a deflector type
piston, having a conical head. The deflector shape of the piston 112 directs the scavenging
medium in the direction of the auxiliary combustion chamber 136 and facilitates the expulsion
of the combustion products from the auxiliary combustion chamber 136. Hence, the deflector
type shape of the piston 112 improves scavenging of the cylinder bore 110, and hence,
enhances burning of the charge in the main combustion chamber 130 and the auxiliary

combustion chamber 136.

Fig. 2 illustrates front sectional view of the cylinder block 108 of the engine 100,
according to an embodiment of the rresent sutject matter. During the induction of the

scavenging fluid into the cylinder borc 11 from the crankcase 102, some lubricant particles

10
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may be entrained along with the scavenging fluid. In an embodiment, a filter element 202 is
provided in the cylinder block 108 such that the scavenging fluid inducted from the crankcase
into the cylinder bore 110 passes through the filter element 202 before entering the cylinder
bore 110. The filter element 202 filters excess lubricant particles in the scavenging fluid in the
crankcase 102 and prevents the entry of lubricant particles into the cylinder bore 110 that may
otherwise be burnt during combustion. Hence, the provision of the filter element facilitates

low pollutants in exhaust emissions from the engine 100.

As mentioned earlier, in one embovdiment, the induction valve 104 is provided in the
cylinder block 108. In said embodimc:it, the filter element 202 may be integrated with the
induction valve 104, and the scaveryi..3 fluid is i.acucted into the crankcase 102 through the
induction valve 104 and the filter elemcnt 202. In such a case, the stream of incoming
scavenging fluid may clean the filte- element 202 by drawing the lubricant particles in the
filter element 202 back into the crankcase 102. This ensures longevity of the filter element

202.

It may be understood that in other embodiments, the filter element 202 may be
provided separately from the induction valve 104 and in different locations, such as the
crankcase 102 or in a passage connecting the crankcase 102 to the transfer ports 116. Further,
as mentioned earlier, the induction valve 104 may be disposed in other positions, for example,

in the crankcase 102.

Fig. 3a and 3b illustrate sectional views of the cylinder block 108 of the engine 100
along a section plane A-A’ shown in Fig. 1a, according to two different embodiments of the
present subject matter. In Fig 3a and 3b, the cylinder bore 110 in the cylinder block 108 is

shown.

The sectional view 300 depicts the plurality of transter ports 116-1, 116-2,.....116-n,
collectively referred to as the transfer ports 116. As mentioned earlier, the transfer ports 116
are formed in the cylinder wall 118 and are provided to induct the scavenging fluid, for

example, fresh air, from the crankcase 102 into the cylinder bore 110.

According to an embodiment, each of the transfer ports 116 is formed in the shape of a
truncated cone, for example, a right cone or an oblique cone. In one embodiment, shown in

Fig. 3a, each of the transfer ports 116, formed in conical shape, has an apex angle a and has a

11
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base at an opening of the induction passage 120 into the respective transfer port 116. The apex
angle a may be defined as the included angle of the lateral surface of the cone, the angle being
measured on a plane passing through an imaginary apex and the base of the truncated cone. In
said embodiment, the apex angle is about 10° to 30 to provide a swirling motion to the
scavenging fluid entering the cylinder bore 110. Further, in said embodiment, an axis of each
of the transfer ports 116 can be inclined to the cylinder wall 118 in a horizontal plane, in a

vertical plane, or in both the planes.

In another embodiment, shown in Fig. 3b, the plurality of conical transfer ports are
formed in the cylinder wall 118 as two sets transfer ports, namely, a first set of transfer ports
306-1, 306-2,...306-n and a second set of transfer ports 308 -1, 308-2,....308-n. The first set
of transfer ports 306-1, 306-2,...30+-1 2re collectively referred to as the first set of transfer
ports 306, and the second set of transfer ports 308 -1, 308-2,.. .308-n are collectively referred
to as the second set of transfer ports 508. Each transfer port in the first set of transfer ports
306 has a first apex angle a; and each transfer port in the second set of transfer ports 308 has
a second apex angle a;. In an embodiment, the first apex angle (a;) is about 17° and the
second apex angle (az) is about 32°. Further, the first set of transfer ports and the second set

of transfer ports are positioned alternatively with respect to each other, as shown in Fig. 3b.

Further, each of the plurality of transfer ports 116 in Fig. 3a and each transfer port in
first set of transfer ports 306 and the second set of transfer ports 308 in Fig. 3b, formed as a
truncated cone, includes a first aperture 302 and a second aperture 304. The first aperture 302
is provided at the cylinder wall 118 and the second aperture 304 is provided at an opening of
the induction passage 120 into the respective transfer port 116. According to an embodiment,

a diameter of the first aperture 302 is s:ialler than a diameter of the second aperture 304.

As a result of the geometry of ihe transfer ports 116, 306, 308 shown in Fig. 3a and
3b, the scavenging fluid inducted from the crankcase 102 enters the cylinder bore 110 in a
swirling motion. The swirling moticn of the scavenging fluid allows for retention of large
amount of scavenging fluid in the cylinder bore 110 after scavenging of the cylinder bore 110,
and reduces loss of scavenging fluid due to short circuiting. Further, the swirling motion of
the scavenging fluid creates turbulence inside the cylinder bore 110 and facilitates effective

mixing and combustion of charge.
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Fig. 4 illustrates a front view of the cylinder head assembly 124 of the engine 100,
according to an embodiment of the present subject matter. As mentioned earlier, the cylinder
head assembly 124 includes the valve train assembly 144, housed inside the cylinder head 126
and the cylinder head cover 128 of the cylinder head assembly 124. In an embodiment, the

valve train assembly 144 is mounted on the cylinder head 126.

In one embodiment, the valve train assembly 144 includes an exhaust valve 402 and
an inlet valve 404. In said embodiment, the exhaust valve 402 is provided at the exhaust port

132 in the cylinder head 126, and the inlet valve 404 is provided at the inlet port 134.

The exhaust valve 402 and the inlet valve 404 regulate the opening and closing of their
respective ports, i.e., the exhaust port 132 and the inlet port 134, at which they are provided.
According to an embodiment, the valvc train assembly 144 further includes a camshaft 406 to

actuate the exhaust valve 402 and th- i.ict valve 40,

The camshaft 406 may obtain a drive from the engine 100, for example, through a
chain drive. In such a case, a camshait sprocket wheel (not shown in the figure) mounted on
the camshaft 406 receives a drive from the crankshaft 106 through the crankshaft sprocket
wheel and a chain (not shown in the figure). In said embodiment, the exhaust valve 402 is
operably coupled to the camshaft 406 via a first push rod 408 and a first rocker arm 410
(partially shown in Fig. 1a).

Similarly, the inlet valve 404 is operably coupled to the camshaft 406 via a second
push rod 412 and a second rocker arm 414, respectively. In said embodiment, the exhaust
valve 402 and the inlet valve 404 are spring loaded valves. In said embodiment, the camshaft
406 includes a plurality of cam lobes (not shown in the figure), corresponding to each of the

exhaust valve 402 and the inlet valve 404, to actuate the valves 402 and 404.

Further, the first rocker arr: 410 and the second rocker arm 414 include a first
follower (not shown in Fig. 1a) and & secund follower 416, respectively. In one embodiment,

the first follower and the second follower 416 are roller type followers.

The operation of the inlet valve 404 is explained as follows. The second follower 416
is operably coupled to the corresponding lobe of the camshaft 406 for actuating the second

rocker arm 414 and the second push rod 412. The actuation causes the second push rod 412 to
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push the inlet valve 404. As the inlet valve 404 is pushed, it is lifted of an inlet valve seat 418
in the cylinder head 126 to oper the inl:t port 134. As the inlet port 134 is opened, the
pressurized charge from the fuel supply pump 140 enters the auxiliary combustion chamber
136 through the inlet passage 142 and the inlet port 134. As mentioned earlier, the combustion
of charge is achieved in the auxiliary combustion chamber 136. During the combustion in the
auxiliary combustion chamber 136, a substantial amount of lateral thrust due to a high
pressure of the combustion products is borne by theauxiliary chamber walls, and not by the
piston. Since, the piston 112 bears a small amount of the lateral thrust due to combustion, the

vibrations and the noise of the engine 100 are low.

The operation of the exhaust valve 402 may be understood in a similar manner. The
actuation of the first follower of the first rocker arm 410 by the corresponding lobe of the
camshaft 406 causes the first push rod 408 to actuate the exhaust valve 402. On such an
actuation, the exhaust valve 402 is lifted off an exhaust valve seat 420 in the cylinder head
126 to open the exhaust port 132. The opening of the exhaust port 132 allows the expulsion of
the combustion products from the cylin ler bore 110. The expulsion of the combustion
products from the cylinder bore 116 is aided by the swirling of scavenging fluid entering the
cylinder bore 110 through the transfer ports 116. The provisica of the exhaust port 132 in the
cylinder head 126 of the engine 100 allows uniflow scavenging of the cylinder bore 110 by
the scavenging fluid. Such a scavenging facilitates a thorough purging of the cylinder bore

110 and enhances fuel economy and efficiency of the engine 100.

Further, the provision of the exhaust port 132 and the exhaust valve 402 in the
cylinder head 110 makes it possible to have a piston 112 of a relatively small skirt length.
Since, the piston 112 of the engine 100 has a small skirt length and has less area of contact
with the wall of the cylinder bore 110, it facilitate to reduce friction between the piston 112
and the wall of the cylinder bore 110, thus ensuring longevity and durability of the engine.
Further, the piston 112 with small skirt length has a small weight and therefore less inertia.
Hence, the engine 100 expends less thrust of combustion in overcoming the inertia of the

piston 112.
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In addition, with the provision of the exhaust port 132 in the cylinder head 126, the
thermal loading and distortions due to the combustion products occurs in the cylinder head

126 and not at the cylinder walls 118, hence, ensuring durability of the engine 100.

Fig. 5a and Fig.5b illustrate a front and side sectional view, respectively, of the fuel
supply pump 140 of the engine 10U, according o an embodiment of the present subject
matter. In one embodiment, the fuel supply pump 140 is & reciprocating type pump and
includes an auxiliary piston 502 reciprocating inside an auxiliary bore 504. In an embodiment,
the auxiliary piston 502 has a small skirt length to reduce contact surface of the auxiliary
piston 502, and hence friction between the piston and a wall of the auxiliary bore 504. Such a
design of the auxiliary piston 502 ensures durability of the fuel supply pump 140. The
auxiliary bore 504 is formed in an auxiliary cylinder block 506 of the fuel supply pump 140.
In an embodiment, the auxiliary cylinder block 506 is formed from the cylinder block 108 of
the engine 100, and hence the fuel supply pump 140 is integrated in the cylinder block 108. In
another embodiment, the auxiliary bore 504 is formed in the crankcase 102 of the engine 100.
In yet another embodiment, the fuel supply pump 140is formed in the cylinder head 126 of the
engine 100.

The fuel supply pump 140 further includes an auxiliary crankshaft 508 housed in an
auxiliary crankcase 510. The auxiliaty niston $U2 is operably coupled to the auxiliary
crankshaft 508 through an auxiliary connecting rod 512 sucl: that a rotational motion of the
auxiliary crankshaft 508 is transforraed into a reciprocatory motion of the auxiliary piston

502.

In an implementation, the auxiliary crankshaft 508 of the fuel supply pump 140
obtains a drive from the crankshaft 106 of the engine 100. In one embodiment, the auxiliary
crankshaft 508 obtains the drive from the crankshaft 106 through a chain drive assembly (not
shown in the figure). Similarly, other drive mechanisms may also be used to provide a drive

from the crankshaft 106 to the auxiliary crankshaft 508.

In case of a chain drive assembly providing the drive to the auxiliary crankshaft 508,
an end of the auxiliary crankshaft 508 has an auxiliary sprocket wheel 514 mounted and fixed

thereon, as shown in Fig. 5b. The auxiliary sprocket wheel 514 is coupled to the sprocket
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wheel mounted on the crankshaft 106 of the engine 100 to achieve the drive. The mechanism

of a chain drive assembly is explained in further detail in Fig. 6.

Further, the fuel supply pump 140 includes an auxiliary cylinder head 5§16 mounted on
the auxiliary cylinder block 506. The nuxiliary cylinder head 516 includes an auxiliary inlet
port 518 and an auxiliary exhaust poit 520. In an ¢mbodiment, the auxiliary inlet port 518 is
connected to a fuelling device (not shown in the figure), such as a carburettor, and receives a
charge of fuel and air from the fuelling device through a charging valve 522. In one example,
the charging valve 522 is a reed valve, which allows a unidirectional flow of the charge from
the fuelling device into the auxiliary bore 504 of the fuel supply pump 140 through the
auxiliary inlet port 518. In one implementation, a small quantity of the charge is received by
the fuel supply pump 140 from the fuelling device. In said implementation, the charge is
richer in composition as compared to the corresponding stoichiometric composition of the

charge for an operation, for example, full load operation or part load operation, of the engine.

In another embodiment, the auxiliary bore 504 of the fuel supply pump 140 includes
an inlet port (not shown in the figure) connected to the fuelling device for the induction of
charge. In said embodiment, the inlet port is formed in the auxiliary cylinder block 506
slightly above a BDC position of the auxiliary piston 502 in the auxiliary bore 504. The
charge is inducted into the fuel supply ;vmp 140 v i.en the auxiliary piston 502 is approaching
the BDC position. Hence, the reciprocatiry motion of the auxiliary piston 502 regulates the

opening and closing of the inlet port for the induction of charge.

The charge entering the auxiliary bore 504 is pressurized by the reciprocating motion
of the auxiliary piston 502. In one embodiment, the fuel supply pump 140 is a low-pressure
pump and has a compression ratio of about 5:1. The compression ratio may be understood as
ratio of volume of auxiliary bore 504 when the auxiliary piston 502 is at a BDC position to
the volume of the auxiliary bore 504 when the auxiliary piston 502 is at a TDC position. In an
embodiment, a volumetric capacity of the fuel supply pump 140 is about 20% a volumetric
capacity of the engine 100. In said embodiment, the capacity of the fuel supply pump 140 is in
a range of about 10 cubic centimeters (cc) to 20 cubic centimeters (cc). However, it will be
understood that the capacity of the fuel supply pump 140 can be varied according to the

engine size and capacity.
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Further, the auxiliary exhaust port 520 is connected to the inlet passage 142 leading to
the inlet port 134 of the engine 100. In one embodiment, the auxiliary exhaust port 520
includes a discharge valve (not shown in the figure) to regulate the induction of pressurized
charge from the fuel supply pump 140 into the inlet passage 142. In an implementation, the
discharge valve is a pressure-regulated check valve and is calibrated in such a way that it
allows the pressurized charge to enter the inlet passage 142 when the pressure of the charge is

above a predetermined value.

Furthermore, the fuel supply pump 140 is cooled by a fluid coolant flowing through a
fluid passage 524 formed in the cylinder block 108 of the engine 100. In Fig. Sa, the flow of
the coolant through the fluid passage £24 is depicted by arrows.

Fig. 6 illustrates a chain drive assembly 600 of the engine 100, according to an
embodiment of the present subject matter. Fig. 6 shows the chain drive assembly 600 in a
rear-end view of the engine 100. In said embodiment, the chain drive assembly 600 includes a
crankshaft sprocket wheel 602, a camshaft sprocket wheel 604, and the auxiliary sprocket
wheel 514. As mentioned earlier, the crankshaft sprocket wheel 602, the camshaft sprocket
wheel 604, and the auxiliary sprocket wheel 514 are mounted on the crankshaft 106, the
camshaft 406, and the auxiliary crankshaft 508, respectively. The crankshaft sprocket wheel
602, the camshaft sprocket wheel 604, and the auxiliary sprocket wheel 514 of the chain drive
assembly are coupled to each other by a chain 606. In an embodiment, the chain 606 serves as

a timing mechanism of the chain drive asse:nbly 600.

The crankshaft sprocket wheei 602 obtains its drive from the crankshaft, which obtains
its drive from the piston 112 reciprocating in the cylinder bore 110 as a result of the
combustion of charge in the combustion chambers 130 and 136. The crankshaft sprocket
wheel 602 then transmits the drive, through the chain 606, to the camshaft sprocket wheel 604
to drive the camshaft 406 for actuating the exhaust valve 402 and the inlet valve 404, and to
the auxiliary sprocket wheel 514 to drive the auxiliary crankshaft 508 for operating the fuel

supply pump 140.

In one embodiment, the chain drive assembly 600 is a step-less chain drive assembly,
that is, the sprocket wheels 602, 604, and 514 are coupled to each other through the chain 606

without any reduction in the drive ratio. This facilitates synchronization of the rotation of the
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crankshaft 106, the opening and closing of the exhaust valve 402 and the inlet valve 404, and
the rotation of the auxiliary crankshaft 508 of the fuel supply pump 140, for effective

functioning of the engine 100.

Further, the chain drive assembly 600 includes a plurality of chain tensioners 608,
collectively referred to as tensioners 608. The tensioners 608 maintain proper tension in the
chain 606 to reduce vibrations and noise generated by the chain 606 during operation. The
tensioners 608 achieve a compensation for the wear that the chain 606 undergoes and, hence,
facilitates avoiding errors, such as tooth-skip, during the transmission of drive through the
chain 606. The tensioners 608 also help in reducing synchronization errors between the
crankshaft sprocket wheel 602, the camshaft sprocket wheel 604, and the auxiliary sprocket

wheel 514, which may occur due to !oss in tension cf the chain 606.

It may be understood that in other embodiments, the chain drive assembly 600 may
include more than one chain 606 to separately drive the auxiliary crankshaft 508 and the
camshaft 406. Similarly, in other embodiments, the chain drive may include sprocket wheels
other than the crankshaft sprocket wheel 602, the camshaft sprocket wheel 604, and the

auxiliary sprocket wheel 514.

The described subject matter and its equivalent thereof have many advantages,
including those which are described below. The provision of the auxiliary combustion
chamber 136 in the engine 100 facilitates the stratification of charge in the combustion
chambers 130, 136 and as a result the engine 100 is capable of operating on a substantially
lean composition of charge as compared to the stoichiometric composition. Such an operation
of the engine 100 facilitates in the engine 100 in achieving high fuel economy and low

pollutant emissions in the exhaust.

In an embodiment, the pressﬁre ir. the auxiliary combustion chamber 136 is less than
the pressure in the fuel supply pump 140 during the injection of charge into the auxiliary
combustion chamber 136, which occurs at about 100° before TDC position. Hence, the fuel
supply pump 140 may be a low pressure pump. Such a pump is less susceptible to wear and
tear and is durable. Further, the disintegration and atomization of fuel by the fuel supply pump
140 helps in substantially complete combustion of the fuel in the charge. This helps the

engine 100 in achieving high fuel efficiency and low unburnt fuel in the exhaust.
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Further, the provision of transfer ports 116 inclined to the wall of the cylinder bore
110 facilitates a swirling motion of th scavenging fluid entering the cylinder bore 110. The
swirling motion of the scavenging fluid allows retention of large amounts of scavenging fluid
prior to the removal of combustion products from the cylinder bore 110. This improves the
fuel economy by facilitating combustibility of the charge. Further, the exhaust port 132 and
the exhaust valve 402 in the cylinder head 126 allow uniflow scavenging of the cylinder bore
110. The uniflow scavenging facilitates in effective removal of combustion products during
the scavenging of the cylinder bore 110 and also prevents dilution of charge by combustion
products, facilitating combustion of charge. The provision of the exhaust port 132 in the
cylinder head 126 allows use of a piston 112 with small skirt length. The small skirt length
reduces the contact surface of the piston 112 with a wall of the cylinder bore 110 and hence

reduces the friction between the two. This ensures durability and longevity of the engine 100.

Additionally, the filter elemew' 292 facilit:4:s in removal of lubricant particles in the
scavenging fluid entering the cylinder tore 110, and which may otherwise participate in
combustion. The removal of the lubricant particles from the scavenging fluid provides low

pollutants in the exhaust emissions from the engine 100.

Although the present subject matter has been described in considerable detail with
reference to certain embodiments thereof, other embodiments are possible. As such, the spirit
and scope of the appended claims should not be limited to the description of the embodiments

contained therein.
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[/We claim:
1. A two-stroke internal combustion (IC) engine (100) comprising:

a cylinder head (126) having an auxiliary combustion chamber (136) to

achieve a first combustion of charge; and

a cylinder block (108) having at least one cylinder bore (110), wherein the
cylinder head (126) is mounted on the cylinder block (108), the cylinder block (108)

comprising,
a piston (112) reciprocating therein to drive a crankshaft (106);

a main combustion chamber (130) formed between the piston (112) and

the cylinder head (126), to achieve a second combustion of the charge; and

a plurality of transfer ports (116, 306, 308) provided annularly in a
cylinder wall (118) 2!oi.g a periphery of the cylinder wall (118) to induct a
scavenging fluid into the cytinder bore (110).

2. The two-stroke IC engine (100) as claimed in claim 1, wherein each of the plurality of

transfer ports (116, 306, 308) is inclined to the cylinder wall (118).

3. The two-stroke IC engine (100) as claimed in claim 1, wherein each of the plurality of
transfer ports (116) is formed in a shape of a truncated cone having an apex angle (a), and
wherein each of the plurality of transfer ports (116) comprises a first aperture (302) at the
cylinder wall (118) and a second aperture (304) at an opening of an induction passage (120).

4, The two-stroke IC engine (100) as claimed in claim 3, wherein the apex angle (a) is in

a range of about 10° to 30°.

5. The two-stroke IC engine (100) as claimed in claim 1, wherein the plurality of transfer
ports (306, 308) are formed as a first et of transfer ports (306) and a second set of transfer
ports (308), and wherein the first set )¢ transfer ports (306) are provided alternately to the
second set of transfer ports (308) in the cyiinder wall (118).

6. The two-stroke IC engine (10G) as claimed in claim 5, wherein each transfer port from

the first set of transfer ports (306) and the second set of transfer ports (308) comprises a first
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aperture (302) at the cylinder wall (118) and a second aperture (304) at an opening of an
induction passage (120).

7. The two-stroke IC engine (100) as claimed in claim 3 or 6, wherein a diameter of the

first aperture (302) is smaller than a diameter of the second aperture (304).

8. The two-stroke IC engine (100) as claimed in claim 5, wherein each transfer port from
the first set of transfer ports (306) has a first apex angle (a;) and each transfer port from the

second set of transfer ports (308) has a second apex angle (a2).

9. The two-stroke IC engine (100) as claimed in claim 8, wherein the first apex angle

() is about 17° and the has a second apex angle (a;) is about 32°.

10.  The two-stroke IC engine (100) as claimed in claim 1, wherein the piston (112) is a

deflector type piston.

11.  The two-stroke IC engine as claimed in claim 1 further comprising an ignition element
(138) is disposed in the auxiliary combustion chamber (136), wherein the ignition element
(138) is disposed substantially perpendicular to a central axis of the auxiliary combustion

chamber (136).

12.  The two-stroke IC engine as claimed in claim 1 further comprising an ignition element
(138) is disposed in the auxiliary combustion chamber (136), wherein the ignition element

(138) is disposed substantially perpendicular to a vertical axis of the piston (112).

13.  The two-stroke IC engine (100) as claimed in claim 1, wherein the cylinder head (126)

comprises:

an inlet port (134) provided at the auxiliary combustion chamber (136) for

induction of the charge; and

an inlet valve (404) provided at the inlet port (134) to regulate the induction of
the charge into the auxiliary combustion chamber (136) through the inlet port (134);

14. The two-stroke IC engine (100) as claimed in claim 1, wherein the cylinder head (126)

comprises:

an exhaust port (132); and
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an exhaust valve (402) provided at the exhaust port (132) to regulate opening
and closing of the exhaust port (132).

15.  The two-stroke IC engine (100) as claimed in claim 1, wherein the cylinder head
comprises an inlet port (134) and an exhaust port (132), wherein a size of the exhaust port

(132) is greater than a size of the inlet port (134).

16. The two-stroke IC engine (100"; as claimed i1 claim 15, wherein an area of the exhaust

port (132) is at least twice an area of the iniet port (134).

17.  The two-stroke IC engine (109) as claimed in claim 1, wherein the cylinder head (126)
comprises a valve train assembly (144), and wherein the valve train assembly (144) obtains a

drive from the crankshaft (106).

18. The two-stroke IC engine (100) as claimed in claim 17, wherein the valve train
assembly (144) obtains a drive from the crankshaft (106) through a chain drive assembly
(600).

19.  The two-stroke IC engine (100) as claimed in claim 1 further comprising a fuel supply

pump (140) to induct the charge into the auxiliary combustion chamber (136).

20.  The two-stroke IC engine (100) as claimed in claim 19, wherein the fuel supply pump
(140) is in fluid connection with the av:iliary combustion chamber (136) through an inlet port

(134).

21.  The two-stroke IC engine (100) as claimed in claim 1S, wherein the fuel supply pump
(140) is in fluid connection with th: auxiliary combustion chamber (136) through an inlet

passage (142) in the cylinder head (126).

22.  The two-stroke IC engine (100) as claimed in claim 19, wherein the fuel supply pump

(140) is a low pressure pump.

23.  The two-stroke IC engine (100) as claimed in claim 19, wherein the fuel supply pump
(140) obtains a drive from the crankshaft (106).

24.  The two-stroke engine (100) as claimed in claim 19, wherein the fuel supply pump

(140) obtains a drive from the crankshaft (106) through a chain drive assembly (600).

25.  The two-stroke IC engine (100) as claimed in claim 1 comprising:
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an induction valve (104) to allow unidirectional flow of a scavenging fluid into

a crankcase (102) of the two-stroke IC engine (100); and

a filter element (202) to filter the scavenging fluid entering a cylinder bore

(110) of the two-stroke IC engine (100).

26. A two-stroke internal combustion (IC) engine (100) comprising:
a cylinder block (108); and
a cylinder head (126) mourzied on the cylinder block (108), the cylinder head
comprising,
an auxiliary combustion chamber (136) to achieve a combustion of a
charge; and
an inlet port (134) provided at the auxiliary combustion chamber (136) for
induction of the charge, wherein an inlet valve (404) is provided at the inlet port (134)
to regulate the induction of the charge into the auxiliary combustion chamber (136)
through the inlet port (134).
27.  The two-stroke IC engine (100) as claimed in claim 26, wherein the cylinder head
(126) comprises:
an exhaust port (132); and
an exhaust valve (402) provided at the exhaust port (132) to regulate opening
and closing of the exhaust port (13z).
28. A two-stroke internal combustion {'C) engine (100) comprising:
an induction valve (104;') to induct a scavenging fluid into a crankcase (102) of
a two-stroke IC engine (100); and
a filter element (202) to remove contaminants from the scavenging fluid
entering a cylinder bore (110) of the two-stroke IC engine (100).
29. The two-stroke IC engine (100) as claimed in claim 28, wherein the valve (104) is

disposed in a cylinder block (108).
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30. The two-stroke IC engine (100) as claimed in claim 28, wherein the filter element
(202) is disposed in the cylinder block (108).

24



WO 2012/117418

PCT/IN2011/000636
1/8
124
100 144 128 . /
\\
4
\ A
.\ //
' s
138
126 el ‘\ / 134
\ // 136 140
132 = y 130
14://
\]
[
R~ {
122
12 {
108 l: s
A . v
YRR g f g AN\ P
120 -' '
‘ h
' !
118
10— | | N
lq—-
114 ——
116
106
1 ‘ 102
104

Fig 1a



WO 2012/117418
2/8

108

120

112

PCT/IN2011/000636

~—— 110

L~ 116

yAV4

Fig. 1b



WO 2012/117418 PCT/IN2011/000636

3/8
126 e - 108
=3 = 02
112 ——-/J = ]
o 104
116 o) ©
S
O o
., <
110 ]
118
7
j  Q—
102 ] %
l NN =7
106

ey
-
L]
[ 8]



WO 2012/117418 PCT/IN2011/000636

4/8
108
\’
116-1 ¢ 116-2
"
116-N
\ i / 116-3
b / 304
A / 302
— / - -
70 I TN
r
7~ /'l\ N 116-4
A Y ~
7 1 \
l 110
118

Fig 3a



WO 2012/117418 PCT/IN2011/000636
5/8

108

110

Fig 3b



WO 2012/117418 PCT/IN2011/000636

6/8
124
128
410 ws 16 414
144 412
~
408 74 @
"

\ / 404 142
402

;
420 Fig. 4 418



WO 2012/117418 PCT/IN2011/000636
7/8

522
320
324
{
N7
NN e
_ N7
i
| T
108
Fig. 3a

e e e e e e s o

NN

Fig. 5b




WO 2012/117418 PCT/IN2011/000636
8/8

600

604

606

608

106




INTERNATIONAL SEARCH REPORT

International application No

PCT/IN2011/000636

A. CLASSIFICATION OF SUBJECT MATTER

ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

INV. FO02B19/06 FO2B19/12 FO2B25/04 FO2B25/14 FO2B25/20

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

FO2B

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y DE 41 02 037 Al (VOLKSWAGEN AG [DE])

8 August 1991 (1991-08-08)

column 1, line 67 - column 2, line 30;
figures 1-2

Y GB 2 422 873 A (DABORN JOHN [GB])

9 August 2006 (2006-08-09)

page 3 - page 4; figures 1-4

Y GB 2 223 802 A (KIORITZ CORP [JP])

18 April 1990 (1990-04-18)

page 8, line 25 - page 9, line 24

Y DE 21 13 050 Al (TREIBER OTIS DANIEL)
21 September 1972 (1972-09-21)

page 8, line 10 - page 11, line 9; figures
1-11

_/__

1-30

1-30

1-30

1-30

Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not
considered to be of particular relevance

"E" earlier document but published on or after the international
filing date

invention

which is cited to establish the publication date of another
citation or other special reason (as specified)

"T" later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the

"X" document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
"L" document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone

"Y" document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040,

"O" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu-
other means ments, such combination being obvious to a person skilled
"P" document published prior to the international filing date but inthe art.
later than the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
23 February 2012 02/03/2012
Name and mailing address of the ISA/ Authorized officer

Fax: (+31-70) 340-3016 Raposo, Jorge

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/IN2011/000636
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 6 101 990 A (GREEN EDWARD [US]) 1-30

15 August 2000 (2000-08-15)
column 8, line 26 - Tine 56; figures 13-16

Form PCT/ISA/210 (continuation of second sheet) (April 2005)



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/IN2011/000636
Patent document Publication Patent family Publication
cited in search report date member(s) date
DE 4102037 Al 08-08-1991  NONE
GB 2422873 A 09-08-2006  NONE
GB 2223802 A 18-04-1990 AU 609639 B2 02-05-1991
AU 4128489 A 19-07-1990
DE 3934278 Al 19-04-1990
GB 2223802 A 18-04-1990
JP 1671109 C 12-06-1992
JP 2108815 A 20-04-1990
JP 3037007 B 04-06-1991
US 4995350 A 26-02-1991
DE 2113050 Al 21-09-1972  NONE
US 6101990 A 15-08-2000  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - wo-search-report
	Page 36 - wo-search-report
	Page 37 - wo-search-report

