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(57) Abstract: The invention relates to a method of reducing
emissions in the exhaust gases of an internal combustion engine
(1) which comprises at least one cylinder (2) to which an air/fuel
mixture is supplied when a crankshaft (3) of the internal combus-
tion engine (1) is to be made to rotate, at least one intake valve
(4), at least one exhaust valve (6), control members (8) for con-
trolling the opening and closing of the intake and exhaust valves
(4, 6), and a piston (10) reciprocating between a top dead-centre
position and a bottom dead-centre position in the cylinder (2).
The method comprises the following steps: an air/fuel mixture
with a lambda value greater than 1 is supplied to the cylinder (2),
the intake valve (4) is controlled so that it opens after the piston
(10) has passed the top dead-centre position, the exhaust valve
(6) is controlled so that it opens before the piston (10) has passed
the bottom dead-centre position and the exhaust valve (6) is con-
trolled so that it closes before the intake valve (4) opens.
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Method of reducing emissions in the exhaust gases of an

internal combustion engine

The present invention relates to a method of reducing
emissions in the exhaust gases from an internal
combustion engine which comprises at least one cylinder
to which an air/fuel mixture is supplied when a
crankshaft of the internal combustion engine is to be
made to rotate, at least one intake valve, at least one
exhaust wvalve, control members for controlling the
opening and closing of the intake and exhaust valves,
and a piston reciprocating between a top dead-centre
position and a bottom dead-centre position in the
cylinder, which exhaust valve is controlled so that it
opens before the piston has passed the bottom dead-
centre position and closes before the intake valve

opens.

In internal combustion engines, it is desirable to
reduce the undesirable emissions present in the exhaust
gases of the internal combustion engine in order thus
to reduce pollution of the surrounding environment and
to satisfy legal requirements for internal combustion
engines. The undesirable emissions present in the
exhaust gases include inter alia carbon monoxide co,
hydrocarbon compounds HC and nitrogen oxides NOx.

In order to reduce these emissions in the exhaust
gases, the internal combustion engine is provided with
a catalytic converter which, by means of a chemical
reaction, burns the abovementioned emissions
completely. The chemical reaction in the catalytic
converter occurs only when the catalytic converter has
reached a predetermined working temperature which is
reached after a predetermined operating time of the
internal combustion engine. When the internal
combustion engine is cold-started, there is therefore
no reduction of the abovementioned emissions in the

catalytic converter.
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There are known arrangements which heat the catalytic
converter when the internal combustion engine is cold-
started for the purpose of rapidly reaching a desirable
working temperature of the catalytic converter so as
thus to make it possible to reduce said emissions in
the exhaust gases of the internal combustion engine at
an early stage. In such a known arrangement, an
electric heating element is arranged in the catalytic
converter. This arrangement makes the catalytic

converter complicated and expensive to produce.

Another problem which arises when internal combustion
engines are cold-started is that a comparatively great
amount of fuel in relation to the air supplied, that is
to say a rich air/fuel mixture, has to be supplied to
the internal combustion engine in order that the
internal combustion engine will start and the internal
combustion will be capable of working at an essentially
constant speed during idle running. This rich air/fuel
mixture is also supplied in order that the internal
combustion engine will be ready to provide increased
torque when the accelerator is operated. The
drivability of the internal combustion engine is thus
ensured before the internal combustion engine has

reached its operating temperature.

The absence of emission control in the catalytic
converter and the rich air/fuel mixture result in the
content of carbon monoxide CO, hydrocarbon compounds HC
and nitrogen oxides NOx emitted from the internal
combustion engine being high when the internal

combustion engine is cold-started.

Attempts have previously been made to reduce the
quantity of fuel in relation to the air supplied, that
is to say to run the internal combustion engine with a
leaner air/fuel mixture when the internal combustion
engine is cold-started. This has nevertheless led to
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the internal combustion engine working very unevenly
when idling and also the drivability of the internal
combustion engine being poor. The reason why the speed
varies during idle running is that the torque generated
by the internal combustion engine is very sensitive to
variations in the lambda value of the air/fuel mixture
supplied to the «cylinder space of the internal
combustion engine when the air/fuel mixture is lean.
The definition of the lambda value, or the excess air
factor as it is also known, is the actual air quantity
supplied divided by the air quantity theoretically
necessary for complete combustion. If the lambda value
is greater than 1, the air/fuel mixture is lean and, if
the lambda wvalue is smaller than one, the air/fuel

mixture is rich.

The fuel supplied from a fuel injection valve can be
controlled accurately by means of the fuel injection
system of the internal combustion engine in order thus
to obtain an essentially constant lambda value for the
air/fuel mixture supplied. When the internal combustion
engine is cold, however, fuel will condense on the
comparatively cold walls in the intake duct and in the
cylinder. The fuel condensed on the walls will be
vaporized during idle running and accompany the
air/fuel mixture which is flowing in the intake duct
and being supplied to the cylinder space. If the
vaporization of the fuel condensed on the walls is
uneven, on account of pressure variations, temperature
gradients, or the flow rate of the air/fuel mixture in
the intake duct, a variation of the lambda value of the
air/fuel mixture supplied to the cylinder space will

occur.

As the torque generated by the internal combustion
engine will vary during idle running when cold-started,
the speed of the internal combustion engine will vary.
In this connection, the speed of the internal
combustion engine means the speed of rotation of the
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crankshaft of the internal combustion engine. When the
speed varies, the pressure in the intake duct will also
vary, which in turn leads to the vaporization of the
condensed fuel wvarying, so that a wvariation of the
lambda value of the air/fuel mixture supplied to the
cylinder space occurs. The uneven speed of the internal

combustion engine is thus intensified.

The object of the present invention is to reduce carbon
monoxide CO, hydrocarbon compounds HC and nitrogen
oxides NOx in the exhaust gases from an internal

combustion engine when cold-started.

Another object of the invention is to make it possible
for an internal combustion engine to work with a lean

air/fuel mixture.

A further object of the invention is to reach the
working temperature of the catalytic converter as

rapidly as possible.

This is achieved by a method of the type indicated in
the introduction, which comprises the steps: an
air/fuel mixture with a lambda value greater than 1 is
supplied to the cylinder, the intake wvalve 1is
controlled so that it opens, during the intake stroke,
after the piston has passed the top dead-centre

position.

By supplying an air/fuel mixture greater than 1 to the
cylinder, said emissions in the exhaust gases emitted
from the internal combustion engine are reduced. The
internal combustion engine will work at an essentially
constant speed during idle running when the intake
valve is controlled so that it opens after the piston
has passed the top dead-centre position and when the
exhaust valve 1s controlled so that it closes before
the intake 'valve opens. Exhaust gases are thus
prevented from flowing into the intake duct, as a
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result of which even vaporization of the fuel condensed
on the walls of the intake duct is obtained. By opening
the intake valve after the piston has passed the top
dead-centre position, powerful swirling of the air/fuel
mixture supplied to the cylinder space is also
obtained. By controlling the exhaust valve so that it
opens before the piston has passed the bottom dead-
centre position, the expansion stroke of the piston in
the cylinder is interrupted, and very hot exhaust gases
flow out through the exhaust duct and on to the
catalytic converter which will thus be heated rapidly.

The invention is described in greater detail below by
means of an exemplary embodiment shown in the appended
drawings, in which

Fig. 1 shows a section through an internal combustion
engine,

Fig. 2 shows a diagram of the opening and closing times
of both intake and exhaust valves, and

Fig. 3 shows a diagram of the heating time of the
catalytic converter for a conventionally controlled
internal combustion engine and an internal combustion
engine controlled according to the method according to

the present invention.

Fig. 1 shows an internal combustion engine 1 which
comprises at least one cylinder 2 to which an air/fuel
mixture is supplied when a crankshaft 3 of the internal
combustion engine 1 is to be made to rotate. At least
one intake valve 4 is arranged so as to open and close
intake ducts 5 which are connected to the cylinder 2
and through which an air/fuel mixture is supplied when
the engine 1 is working. At least one exhaust valve 6
is arranged so as to open and close exhaust ducts 7
which are connected to the cylinder 2 and through which
burnt fuel in the form of exhaust gases is removed when
the engine 1 is working. The internal combustion engine
1 also comprises control members 8 arranged so as to
control the opening and closing of the intake and
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exhaust valves 4, 6. In the exemplary embodiment shown
in Fig. 1, the control members 8 consist of camshafts
which can be adjustable so that the opening and closing
time of the intake and exhaust valves 4, 6 can be
varied. This 1is brought about by, for example, a
regulating arrangement 9 which is shown
diagrammatically in Fig. 1 and in a manner known per se
rotates the camshafts hydraulically. Other control
members 8 are also possible, such as
electromagnetically controlled valves. A piston 10,
which reciprocates between a top and a bottom dead-
centre position in the cylinder 2, is mounted on the
crankshaft 3 by means of a connecting rod 11. The
internal combustion engine 1 is preferably of the four-

cylinder four-stroke type.

An exemplary embodiment of the method according to the
present invention 1is shown in Fig. 2 which shows a
diagram of the opening and closing times of both intake
and exhaust valves 4, 6. During the intake stroke, an
air/fuel mixture with a lambda wvalue greater than 1 is
supplied to the cylinder 2. The lambda value lies
essentially in the range 1.1 - 1.4 and preferably in
the range 1.1 - 1.2. The content of carbon monoxide CO,
hydrocarbon compounds HC and nitrogen oxides NOx in the
exhaust gases depends on inter alia the mixing ratio of
the air/fuel mixture supplied to the cylinder 2. This
mixing ratio is usually indicated by a lambda value.
The definition of the lambda value, or the excess air
factor as it is also known, is the actual air quantity
supplied divided by the air gquantity theoretically
necessary. If the lambda value is greater than one, the
air/fuel mixture is lean and, if the lambda value 1is
smaller than one, the air/fuel mixture is rich. The aim
is to supply a lean air/fuel mixture when the internal
combustion engine is «c¢old, so that the content of
carbon monoxide CO, hydrocarbon compounds HC and

nitrogen oxides NOx which are emitted from the internal
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combustion engine 1 in the form of exhaust gases 1is

low.

In order that the operation of the internal combustion
engine 1 does not become uneven when a lean air/fuel
mixture is supplied, for the reasons indicated in the
introduction to the description, the intake valve 4 is
controlled so that it opens after the piston 10 has
passed the top dead-centre position. By controlling the
intake valve 4 so that it opens, during the intake
stroke, at a crankshaft angle of 20° -~ 100° after the
top dead-centre position, preferably at a crankshaft
angle of 30° after the top dead-centre position, a
negative pressure is brought about in the cylinder 2. A
prerequisite for a negative pressure being formed in
the cylinder 2, however, is that the exhaust valve 6 is
controlled so that it closes before the intake valve 4
opens. The exhaust valve 6 is preferably controlled so
that it closes when the piston 10 1is at top dead
centre. Both the exhaust valve 6 and the intake valve 4
are thus closed at the same time as the piston 10 moves
downwards in the direction of the bottom dead-centre
position, as a result of which a negative pressure is
formed in the cylinder 2. It is possible, however, to
close the exhaust wvalve 6 after the piston 10 has
passed the top dead-centre position, as the intake
valve 4 is controlled so that it opens after the piston
10 has passed the top dead-centre position. When the
intake valve 4 1is then opened, the air/fuel mixture
flows into the cylinder 2 at a great flow rate on
account of the negative pressure in the cylinder 2.
This great flow rate contributes to a desirable
swirling and thus mixing of the air/fuel mixture. By
opening the intake valve 4, as described above, exhaust
gases are also prevented from flowing into the intake
duct 5. If exhaust gases were to flow into the intake
duct 5, it would affect the vaporization of fuel
condensed in the walls of the intake duct 5, which
would lead to a change in torque of the crankshaft 3 of
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the internal combustion engine 1, and thus uneven
operation of the internal combustion engine 1. In this
connection, crankshaft angle means the angle through
which the crankshaft 3 has rotated since the piston 10
was located in the top dead-centre position. When the
piston 10 is located in the top dead-centre position,

the crankshaft angle is therefore zero.

The intake valve 4 can be controlled so that it closes
after the piston 10 has reached the bottom dead-centre

position.

When a cold internal combustion engine 1 is started, a
catalytic converter 12 arranged in the internal
combustion engine 1 is also cold. As mentioned in the
introduction to the description, the catalytic
converter 12 has to reach a certain working temperature
in order for the catalytic converter 12 to be capable
of effectively reducing the toxic emissions in the
exhaust gases of the internal combustion engine 1.
Ignition of the air/fuel mixture supplied to the
cylinder 2 is carried out at a crankshaft angle of 10°
before to 30° after the top dead-centre position,
preferably at a crankshaft angle of 0° - 10° after the
top dead-centre position. By controlling the exhaust
valve 6, as the method according to the present
invention proposes, so that it opens before the piston
10 has passed the bottom dead-centre position during
the expansion stroke, expansion is interrupted, and
very hot exhaust gases will thus flow through the
exhaust duct 7 and on to the catalytic converter 12.
The catalytic converter 12 will therefore be heated
very rapidly to the desired working temperature by the
hot exhaust gases. It has been found that if the
exhaust valve 6 1is controlled so that it opens at a
crankshaft angle of 90° - 130° after the top dead-
centre position, preferably at a crankshaft angle of
100° after the top dead-centre position, the working

temperature of the catalytic converter 12 will be
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reached very rapidly. The opening time of the exhaust
valve 6 will therefore be relatively long. Fig. 3 shows
a diagram of the heating time of the catalytic
converter 12 for a conventionally controlled internal
combustion engine and an internal combustion engine 1
controlled according to the method according to the
present invention. The solid curve in Fig. 3 relates to
the heating time of the catalytic converter 12 for an
internal combustion engine controlled according to the
method according to the present invention, and the
broken 1line relates to the heating time of the
catalytic converter for a conventionally controlled
internal combustion engine. As can be seen from the
diagram in Fig. 3, the catalytic converter 12 of the
internal combustion engine controlled according to the
method according to the present invention will reach
the working temperature To more rapidly than the
catalytic converter of the engine controlled

conventionally.

The internal combustion engine 1 can be supercharged by
means of an exhaust turbo or a mechanical compressor
(not shown). In a supercharged internal combustion
engine 1, energy is supplied from the compressor or the
turbo, so that the combustion temperature after
expansion in the cylinder increases further. - The
catalytic converter can thus also be heated more

rapidly.

The method according to the invention is preferably
used when the temperature of the catalytic converter 12
is lower than its working temperature To. A sensor (not
shown) can be arranged on the catalytic converter 12 in
order to determine the temperature of the catalytic
converter 12. Alternatively, the temperature of the
engine 1 can be measured so as thus to estimate the
temperature of the catalytic converter 12. When the
working temperature To of the catalytic converter 12

has been reached, the intake and exhaust valves 4, 6
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and the ignition are controlled so that the engine 1
works optimally for the prevailing operating

conditions.
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Patent Claims

1. Method of reducing emissions in the exhaust gases
of an internal combustion engine (1) which comprises at
least one cylinder (2) to which an air/fuel mixture is
supplied when a crankshaft (3) of the internal
combustion engine (1) is to be made to rotate, at least
one intake valve (4), at least one exhaust valve (6),
control members (8) for controlling the opening and
closing of the intake and exhaust valves (4, 6), and a
piston (10) reciprocating between a top dead-centre
position and a bottom dead-centre position in the
cylinder (2), which exhaust wvalve (6) is controlled so
that it opens before the piston (10) has passed the
bottom dead-centre position and <closes before the
intake wvalve (4) opens, characterized in that the
method comprises the following steps: an air/fuel
mixture with a lambda value greater than 1 is supplied
to the «cylinder (2), and the intake valve (4) 1is
controlled so that it opens, during the intake stroke,
after the piston (10) has passed the top dead-centre

position.

2. Method according to Claim 1, characterized in that
the exhaust valve (6) is controlled so that it opens at
a crankshaft angle of 90° - 130° after the top dead-
centre position, preferably at a crankshaft angle of
100° after the top dead-centre position.

3. Method according to Claim 1 or 2, characterized in
that the exhaust valve (6) 1is controlled so that it
closes when the piston (10) is located in the top dead-
centre position.

4. Method according to any one of the preceding
claims, characterized in that the intake valve (4) is
controlled so that it opens at a crankshaft angle of
20° - 100° after the top dead-centre position,
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preferably at a crankshaft angle of 30° after the top

dead-centre position.

5. Method according to any one of the preceding
claims, characterized in that ignition of the air/fuel
mixture supplied to the cylinder (2) is carried out at
a crankshaft angle of 10° before to 20° after the top
dead-centre position, preferably at a crankshaft angle

of 0° - 10° after the top dead-centre position.

6. Method according to any one of the preceding
claims, characterized in that the lambda value of the
air/fuel mixture supplied to the cylinder (2) lies
essentially within the range 1.1 - 1.4 and preferably
within the range 1.1 - 1.2.

7. Method according to any one of the preceding
claims, <characterized in that the method 1is wused
essentially when cold-starting the internal combustion

engine (1).

8. Method according to any one of the preceding
claims, characterized in that control members (8) for
controlling the opening and closing of the intake and
exhaust wvalves (4, 6) are adjustable, so that the
opening and closing time of the intake and exhaust

valves (4, 6) can be varied.
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