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(57) Abstract

Four—stroke diesel engine with unit injectors (6) and
a catalytic converter (24) in the engine exhaust system (23)
for catalytic reduction of nitrogen oxides in the exhaust.
The umit injectors have pump pistons, each driven by an
individual cam element (12, 13) with a cam curve (B,
C), which has a first cam ridge (20) effecting injection
of fuel during the crdinary injection phase of the engine,
and a second cam ridge (21, 22) which achieves so~called
post-injection in the engine combustion chamber during the
exhaust phasc of the engine, for supplying vaporized fuel
to the catalytic converter.

(54) Tifle: FOUR-STROKE DIESEL ENGINE WITH CATALYTIC CONVERTER
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Four-stroke diesel engine with catalytic converter

The present invention relates to a four-stroke internal combustion engine comprising
one or more cylinders each having a combustion chamber, a fuel injector opening
into each cylinder room, a fuel pump device for feeding fuel to the respective
injector, an exhaust line leading from the respective combustion chamber and
opening into a catalytic converter device for catalytic reduction of NOy in the

exhaust, and means for supplying fuel to the catalytic converter device,

It is known to use so-called DENOX catalytic converters for catalytic reduction of
nitrogen oxides in diesel engine exhaust. It is also a known fact that such catalytic
converters have a relatively low efficiency and a narrow temperature range within
which they function and that addition of hydrocarhons can increase the efficiency
and broaden the temperature range. This can be effected by adding extra diesel fuel
in such a manner that it reaches the catalytic converter in vapour form. Where the

fuel is supplied is of no consequence as long as no combustion occurs prior to the

catalytic converter.

Different methods and systems for supplying fuel to the catalytic converter are
known. One method uses a separate fuel system which injects fuel into the exhaust
line prior to the catalytic converter, In another method, which is known by
WQ096/03572 for exampie, the ordinary fuel injector of the engine is to inject, after
the ordinary fuel injection phase, a small amount of fuel directly into one or more of
the engine combustion chambers during the exhaust phase, so that the fuel in vapour
form is transported with the exhaust to the catalytic converter. For this purpose 2
fuel injection system is used in the engine which is known as “common rail” and
comprises a high-pressure vessel which is kept confinually under high pressure with
the aid of a high-pressure pump between thé vehicle fuel tank and the high-pressure
vessel and which communicates with all of the injectors via electronically controlled

valves cooperating with the respective injectors, Since the system is under constant
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pressure, fuel can be theoretically injected at an arbitrary number of times any time
during the work cycle of the engine. The control of the injection both at the ordinary
injection phase and at the extra post-injection phase is achieved with the aid of a
control unit (control computer), which opens and closes the valves depending on
various engine data fed info the control unit. With 2 commeon rail fuel injection
system, the post-injection phase can be freely selected since the system does not
have a varying fuel pressure cycle to take inte account, as would be the case in

usually occurring cam shaft-driven fuel injection systems.

The purpose of the present invention is to achieve, in an internal combustion engine
of the type described by way of introduction, the above mentioned post-injection

without using the known common rail system or any other separate dosage system.

This is achieved according to the invention by virtue of the fact that the fuel pump
device comprises individual fuel pump means for each injector, and a cam shaft
driven by the engine crankshaft, and having a cam element for each fuel pump
means, said cam element having a first cam ridge, which is arranged to effect, once
per work cycle, a first pump stroke in the associated furel pump means, and at least
a second cam ridge which is arranged to effect, once per work cycle, a second pump
stroke in the associated fuel pump means, a predetermined number of crankshaft
degrees after the first pump stroke, and that an electronic control unit is arranged to
contro! & by-pass valve, cooperating with each injector, to regulate the amount of
injection and the time during the respective pump stroke, depending on various

control parameters fed into the control unit.

The time interval for the second injection phase is in this case determined by the
geometric position of the second cam ridge relative to the first while the exact
injection time and injection amount from each injector can be varied depending on

the operational state of the engine with the aid of by-pass valves which are also used
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to determine if any injection should occur at all, i.e. the amount can be controlled to

ZEr0.

In one embodiment of the engine according to the invention with at least two
cylinders, a cam element has a second cam ridge with a cam curve which achieves
a second pump stroke a certain number of crankshaft degrees from the first pump
stroke, and a second cam element has a second cam ridge with a cam curve which
achieves a second pump stroke at another predeteﬁnmed number of crankshaft
degrees after the first pump stroke. The control unit is in this case arranged to
control the by-pass vaives of the injector depending on the engine load, so that extra
fuel to the catalytic converter is injected through an injector having an earlier post-
injection when the engine load is low (partial load) and through an injector with a
later post-injection when the load is high (full load). In this manner a system is
achieved which in practice provides essentially the same freedom as regards the

injection time as a common rail system.

The invention will be described in more detail below with reference to examples
shown in the accompanying drawings, where Fig. 1 shows a schematic representa-
tion of one half of a multicylinder straight engine, Fig. 2 shows schematically the
cam profiles in Fig.1 on a larger scale, and Fig. 3 shows a diagram of the lift curves

of the fuel injection pump for the cam profiles shown in Fig. 2 together with the lift

curves of the intake and exhaust valves,

In Fig. 1, 1 and 2 designate two cylinders in a four-stroke diesel engine. The dashed
lines indicate additional cylinders 3 and 4, which can be the third and fourth

cylinders in a four-cylinder engine.

Into the combustion chamber 5 in each cylinder there opens a fuel injector, generally
designated 6, which comprises an injector portion 7 and a pump portion 8 with an

associated electronically controlled by-pass valve 9. A fuel injector 6 of this type is
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usually called an electronic unit injector since the pump 8 and the injector 7 form a

unit. The pump 8 is a piston pump and the piston movement is achieved in a known

manner with the aid of a cam shaft 11 driven by the engine crankshaft 10, the cam

shaft having a cam element 12 or 13 for each injector 6.

In a conventional engine with a unit injector 6, all of the cam elements have
identical cam curves with one lift ridge which achieves the pump piston stroke.

The lift ridges are displaced relative to each other in accordance with the ignition
sequence and their positions determine the possible injection interval in the
respective cylinder, while the actual fucl amount and time is regulated by the by-
pass valves 9, which are electromagnetically operated and are controlied by an
electronic control unit 15. A sensor 16 and a sensor 17 provide signals to the control
unit 15 which represent the rotational speed of the crankshaft 10 and the angular
position of the cam shaft 11. Furthermore, signals 18 are fed into the control unit 15
representing the accelerator position. Additional sensors, connected to the control

unit 15 which are irrelevant to elucidating the invention, have been left out.

The cam elements 12 and 13 have identical first lift ridges 20, which achieve the
ordinary pump stroke for injecting fuel into the combustion chamber during the end
of the comptession stroke and the beginning of the expansion stroke. According to
the invention, the cam elements 12 and 13 are made so that second lift ridges are
formed, which are designated 21 and 22, respectively, in the example shown. As
can be been in Figs. | and 2, the lift ridge 21 of the cam element 12 is located at a

greater angular distance from the ordinary lift ridge 20 than is the Lift ridge 22 of the

cam element 13,

" With the aid of the Iift ridges 21 and 22, a second shorter pump stroke after the first

pump stroke is provided for injecting a small amount of fuel into the combustion
chamber at a time before the cylinder exhaust valve is closed. The injection time is

selected so that fuel is vaporized but is not ignited in the cylinder, which means that
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the vaporized fuel will be transported with the exhaust through the exhaust line 23
of the engine to the catalytic converter 24.

In Fig. 3, the curve B illustrates the pump stroke cansed by the lift ridge 21, and the
curve C illustrates the pump stroke caused by the lift ridge 22. In Fig. 3, the lift
curves I and F, respectively, of the intake valve and the exhaust valve, respectively,
are shown. As can be seen from the diagram in Fig, 3, the lift ridge 21 provides
injection at a later point in time than the 1ift ridge 22. The pump strokes in the

diagram are designated 20a, 212 and 22a.

With the aid of the signals fed into the control unit 15, the control unit calculates
when the injection of the extra amount of fuel should take place and selects
activation of the by-pass valve belonging to the cam element 12 or 13. The cam
profiles providing the various lift curves B and C have been given the corresponding

designations B and C in Fig. 2.

A four-cylinder engine of the design described has an additional cam element
corresponding to the cam element 12 and has a a corresponding cam element 13,
while a six-cylinder engine has two additional cam elements corresponding to the
cam element 12 and two additional cam elements corresponding to cam element 13,
Each of the cam elements can be disposed to achieve an extra pump stroke of the
associated injection pump which provides maximum required fuel amount to the
catalytic converter. In such a case, the control unit 15 can be arranged to control the
injection so that it alternates between the different injectors to provide for even
wear. This design also makes possible exact dosage of the fuel amount, since the
effect of the relatively slow reaction of the by-pass valves will be small. In another
embodiment, the can elements can be disposed to provide an extra pump stroke
which gives half (in a four-cylinder engine) or a third (in a six-cylinder engine) of

the maximum required fuel amount. Here, the control unit 15 is arranged to conirol
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the injection of fuel through two (four-cylinder engine) or three (six-cylinder

engine) injectors during one work cycle.

Alternating between the injectors can be done in a number of different ways, With
a six-cylinder engine and two groups of three identical cam profiles, the alternation
between different injectors can be done as follows:

- 720° between extra injections (the same injector for each cycle)

- 480° between extra injections (different injectors)

- 960° between extra injections (different injectors)

- generally a multiple of 240° between extra injections.

Tt is, of course, possible within the scope of the invention to make the cam elements
so that more than two different injection times for post-injection are obtained. A
four-cylinder engine can have four and a six-cylinder engine six different injection
times to make possible still better adaption of the fuel injection timing to the Ioad of
the engine. Here, each cam element must be made to provide a pump stroke which
gives the maximum required fuel amount to the catalytic converter. It is also
conceivable to have a six-cylinder engine with three different post-injection times,
where the cam elements are made so that a pump stroke provides half of the
maximum required fuel amount and so that the control unit 15 during one work

cycle of the engine divides the injection between two injectors.

The invention has been described above with reference to an example of a multi-
cylinder engine with so-called unit injectors, but it can also be used in a single-
cylinder engine and in an engine with so-called unit pump injectors, i.e. an engine
with a fuel system where the injectors and the pump device are separate but where
each injector has its own pump piston driven by a cam element. Theoretically, the
pump can be a straight pump, a radial piston pump or an axial piston pump. Further-
more, it is also possible within the scope of the basic idea of the invention to arrange

more than one extra cam ridge for the extra injection.



10

15

20

25

30

WO 98/41753 PCT/SE98/00474

7

Claims

. Four-stroke internal combusticn engine comprising one or more cylinders (1,2,3)

each having a combustion chamber (5), a fuel injector (7) opening into each
cylinder room, a fuel pump device (8) for feeding fuel to the respective injector,
an exhaust line (23) leading from the respective combustion chamber and
opening into a catalytic converter device (24) for catalytic reduction of NOy in
the exhaust, and means for supplying fuel to the catalytic converter device,
characterized in that the fuel pump device comprises individual fuel pump
means (8) for each injector (7), and a cam shaft (11) driven by the engine
crankshaft (10), and having a cam element (12,13) for each fuel pump means,
said cam element having a first cam ridge (20) which is arranged to effect, once
per work cycle, a first pump stroke in the associated fuel pump means, and at
least a second cam ridge (21,22) which is arranged to effect, once per work cycle,
a second pump stroke in the associated fuel pump means a predetermined number
of crankshaft degrees after the first pump stroke, and that an electronic control
unit (15) is arranged 1o control a by-pass valve (9) cooperating with each injector,
to regulate the amount of injection and the time during the respective pump

stroke, depending on varicus control parameters fed into the control unit.

. Internal combustion engine according to Claim 1, with at least two cylinders,

characterized in that the second cam ridge (21,22) on the respective cam
element (12,13) has a cam curve (B,C) which is made to effect a second pump
stroke, which makes possible injection of the maximum required fuel amount
from an injector (7), and that the control unit (15) is arranged to control the

respective by-pass valve, so that fuel is injected alternatingly by one and the other

injector.

. Internal combustion engine according to Claim 1 with at least two cylinders,

characterized in that the second cam ridge (21,22) on the respective cam
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element (12,13) has a cam curve (B,C) which is made to effect a second pump
stroke, which makes possible injection of an amount of fiiel which is less than the
maximum required fuel amount, and that the control unit (15) is arranged,
depending on the required fue] amount, to control the by-pass valves for injecting

through more than one injector (7) during a work cycle.

. Internal combustion engine according to Claim 2 or 3, characterized in that a

cam element (12) has a second cam ridge (21) with a cam curve (B), which
achieves a second pump stroke a predetermined number of crankshaft degrees
after the first pump stroke, and that a second cam element (13) has a second cam
ridge (22) with a cam curve (C) which achieves a second pump stroke at another
predetermined number of crankshaft degrees after the first pump stroke, and that
the control unit (15) is arranged to control the by-pass valves (9) of the injectors
depending on the engine load, so that the injection caused by the second pump

stroke occurs af an earlier point in time at low load than at high load.

. Internal combustion engine according to Claim 4 with at least four cylinders,

characterized in that said second cam ridges in all cam elements are made with

different cam curves.

. Internal combustion engine according to Claim 4, characterized in that the cam

elements are grouped in at least two groups, where the cam curves of said second
cam ridges are identical within the respective group, but different between the

groups.

. Internal combustion engine according to one of Claims 1-6, characterized in that

each injector (7) with associated pump means (8) forms an integrated unit, a so-

called unit injector (6) arranged in the cylinder head of the engine.
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8. Internal combustion engine according to one of Claims 1-6, characterized in that
each injector communicates with a fuel pump means which is separate from the

injector.
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