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(57) The tip 61 of a fuel injector 60 of a direct injection i.c.
engine 2C is coated with a catalytic material 65 and the

52 5
electronic controller (40, fig.1) can operate the engine in N
a heating mode of operation whenever heating of the fuel ! 8 a
injector tip portion 61 is required, eg when the tip “ NP

temperature is below the light-off temperature of the
catalytic material. Heating the tip portion 61 removes
carbon deposits which would otherwise collect on it and
affect the precise spray pattern, eg from eight apertures
64, which are necessary to minimise particulate
production, eg from a gasoline direct injection (GDI)
engine. Various methods for heating the fuel injector tip 0
61 are proposed including operating the engine on a

reduced number of cylinders; varying one or both of fuel

injection timing and quantity of fuel injected and varying

ignition timing in order to increase the temperature of Fig.2A
combustion. The temperature of the injector tip 61 may

be measured, estimated or inferred. Scheduling of the

heating mode may be based not solely on injector tip

temperature but also on a model of coke accretion.
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An Engine System and a Method of Operating
a Direct Injection Engine

This invention relates to direct injection engines and
in particular to the operation of such an engine in a manner

to minimise particulate emissions from the engine.

Various government and international regulations are in
force or are being investigated to minimise particulate
generation. For gasoline direct injection (GDI) it is
particularly important to obtain a very precise spray

pattern in order to minimise particulate production.

One problem with direct injection and GDI in particular
is that deposits build up on a tip portion of each fuel

injector due to its exposure to the combustion process.

In order to obtain the precise spray patterns required
the fuel injectors have to be produced with very detailed
structures such as sharp edges and these are affected by the
build-up of coke deposits on the tip portion of the fuel
injector resulting in increased soot production. The coke
deposits are generally of a carbon based nature and are

produced as by-products of the combustion process.

In addition, because the coke deposits are porous in
nature, fuel can soak into the coke deposit and is then
burnt late in the combustion process resulting in the

production of soot.

In order to reduce or eliminate such coking it is known
from, for example, Japanese Patent Publication JP-A-59041662
to provide a catalytic coating on the injector tip portion
of a fuel injector to promote the reduction in the build-up

and/or removal of the coke deposits.
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The applicants have found that under normal working
conditions when the engine is under load such a catalytic
coating is effective in reducing coke build-up and in
facilitating the removal of such deposits during operation

of the engine.

It is however a problem that the catalytic material is
not very effective at light loads or in repetitive stop
start conditions where coking can form due to the relatively
low temperature of the tip portion of the fuel injector in

such conditions.

It is an object of the invention to provide a direct
injection engine system and a method of operating such an
engine system that provides for the efficient use of such

catalytic material at all operating loads.

According to a first aspect of the invention there is
provided an engine system comprising a direct injection
engine having a cylinder in which a piston is slidingly
supported to form in combination with a cylinder head a
combustion chamber, a fuel injector for the cylinder having
a catalytic coated tip portion that projects into the
combustion chamber and an electronic controller to control
the operation of the engine wherein the electronic
controller is operable to operate the engine in a heating
mode of operation if heating of the fuel injector tip is

required, .

If heating of the injector tip portion is not required,
the electronic controller may be operable to operate the

engine in a normal mode of operation.

Heating of the fuel injector tip may be required if the
temperature of the catalytic coated tip portion is below a

light-off temperature of the catalytic material.
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Heating of the fuel injector tip may be required if the
temperature of the catalytic coated tip portion is below a
light-off temperature of the catalytic material and de-

coking of the injector tip is required.

Operating the engine in the heating mode may comprise
increasing the temperature of combustion by using the
electronic controller to adjust at least one of the timing
the injection of fuel and the quantity of fuel injected into

the combustion chamber.

The engine may be a multi-cylinder engine. In which
case, operating the engine in the heating mode comprises
using the electronic controller to disable at least one of
the cylinders of the engine so as to increase the loading on

each cylinder still operating.

The cylinders of the engine may be disabled in a

predetermined sequential order.

Fach disabled cylinder may be arranged to pump air
while it is disabled.

Operating the engine in the heating mode may comprise
operating at least one cylinder rich of stoichiometric and
at least one cylinder lean of stoichiometric so as to
promote an increased combustion temperature and an oxidising

environment in the at least one lean operated cylinder.

Operating the engine in the heating mode may comprise
operating at least one cylinder lean of stoichiometric and
at least one cylinder leaner than the at least one lean of
stoichiometric operating cylinder so as to promote an
increased combustion temperature in the at least one leaner

operated cylinder.
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The engine may be a spark ignited engine and operating
the engine in the heating mode may comprise increasing the
temperature of combustion by using the electronic controller
to adjust the timing of the ignition to one of retarded and

advanced relative to a normal timing position.

According to a second aspect of the invention there is
provided a motor vehicle having an engine system constructed

in accordance with said first aspect of the invention.

According to a third aspect of the invention there is
provided a method of operating a direct injection combustion
engine, each cylinder of the engine having a fuel injector
with a catalytic coated tip portion that is exposed to the
products of combustion wherein the method comprises
operating the engine in a heating mode of operation if

heating of the fuel injector tip is reguired.

If heating of the fuel injector tip portion is not
required, the method may comprise operating the engine in a

normal mode of operation.

Heating of the fuel injector tip may be required if the
temperature of the catalytic coated tip portion is below a

light-off temperature of the catalytic material.

Heating of the fuel injector tip may be required if the
temperature of the catalytic coated tip portion is below a
light-off temperature of the catalytic material and de-

coking of the injector tip is required.

Operating the engine in the heating mode may comprise
adjusting at least one of the timing the injection of fuel
and the guantity of fuel injected into each operating

cylinder.
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The engine may be a multi-cylinder engine. In which
case, operating the engine in the heating mode may comprise
disabling at least one of the cylinders of the engine so as

to increase the loading on the cylinders still operating.

The cylinders of the engine may be disabled in a

predetermined sequential order.

Fach disabled cylinder may be arranged to pump air
while it is disabled.

Operating the engine in the heating mode may comprise
operating at least one cylinder rich of stoichiometric and
at least one cylinder lean of stoichiometric so as to
promote an increased combustion temperature and an oxidising

environment in the at least one lean operated cylinder.

Operating the engine in the heating mode may comprise
operating at least one cylinder lean of stoichiometric and
at least one cylinder leaner than the at least one lean of
stoichiometric operating cylinder so as to promote an
increased combustion temperature in the at least one leaner

operated cylinder.

The engine may be a spark ignited engine and operating
the engine in the heating mode may comprise adjusting the
timing of the ignition to one of retarded and advanced
relative to a normal timing position for each operating

cylinder.

The invention will now be described by way of example

with reference to the accompanying drawing of which:-

Fig.1 is a block diagram showing an engine system

according to a first aspect of the invention;
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Fig.2A is a schematic cross-section through one
cylinder of a direct injection inline three cylinder engine
forming part of the engine system according to the first

aspect of the invention;

Fig.2RB is an enlarged cross-section through a tip
portion of a fuel injector used in the engine shown in

Fig.2;

Fig.3 is a high level flow chart of a method of
operating a direct injection engine in accordance with a

second aspect of the invention.

With particular reference to Figs.l 2A and 2B there is
shown a motor vehicle 1 having an engine system 5 comprising
a direct injection three cylinder reciprocating piston
internal combustion engine 20, an exhaust aftertreatment
device 21 for the engine 20, an electronic controller 40, an
operator demand input device in the form of an accelerator
pedal 15 and an associated accelerator pedal position sensor
16.

It will be appreciated that the electronic controller
40 may comprise of several interlinked electronic
controllers, control units or electronic processors such as
an ignition controller, a fuel injection controller and a
powertrain controller and is shown as a single unit for the

purpose of illustration only.

The engine system 5 also includes an exhaust gas
temperature sensor 18 to provide an output indicative of the
temperature of the exhaust gas entering the aftertreatment
device 21 and an engine speed sensor 31 associated with a

toothed ring on a flywheel 9 of the engine 20.

It will be appreciated that other means for measuring

engine speed could be used and that the invention is not
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limited to the use of a toothed ring and engine speed
sensor. It will further be appreciated that the exhaust

temperature could be modelled and need not be measured.

The engine 20 comprises in this case of three cylinders
11, 12 and 13 arranged inline, therebeing two outer
cylinders 11, 13 and a centre cylinder 12 interposed between

the two outer cylinders 11, 13.

An exhaust manifold 6 directs exhaust gas leaving the
engine 20 through an exhaust conduit 7 to the aftertreatment
device 21 and a tailpipe 8 conducts exhaust gas from the
aftertreatment device 21 to atmosphere as indicated by the
arrow ‘E’. It will be appreciated that the aftertreatment
device 20 can be of any known type suitable for reducing the
emissions from the engine 20 and that there may be more than
one type of exhaust aftertreatment device connected to the
exhaust conduit 7. It will also be appreciated that one or
more devices to reduce exhaust noise may be fitted into the
tailpipe 8 downstream from the aftertreatment device or

devices 21.

An intake manifold 17 directs air from the atmosphere
into the engine 20. 1In some cases the air entering the
intake manifold 17 may be of increased pressure if a
turbocharger or other form of air intake booster is fitted

to the engine 20.

The position of the accelerator pedal 15 is sensed by
the accelerator pedal position sensor 16 and the output from
the sensor 16 is supplied as an input to the electronic
controller 40 where it is processed to provide an indication

of operator engine torgque demand.

The output from the engine speed sensor 41 is used by
the electronic controller 40 as an indication of current

engine speed.
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FIG.2A is a cross-section of one of the cylinders 11 or
12 or 13 of the engine 20 illustrating in more detail the

construction of the engine 20.

The engine 20 includes an engine block 22 having in
this case three of cylinder bores 24 defining the cylinders
11, 12, 13. Each cylinder 11, 12, 13 has a respective
combustion chamber 30 and each combustion chamber 30 is
defined by a cylinder head 28 of the engine 20, the

respective cylinder bore 24, and a regpective piston 10.

Each piston 10 is slidingly supported by a respective
cylinder bore 24 along a longitudinal axis 42 of the
respective cylinder 11, 12 and 13. Each piston 10 is
disposed for reciprocating movement within its respective
cylinder bore 24 and is coupled in a conventional manner to
a crankshaft (not shown) by a connecting rod (not shown).
Each piston 10 includes a domed top having a combustion bowl
14 formed therein to produce a desired air-fuel mixture

cloud formation.

The cylinder head 28 includes various exhaust ports 46
and intake ports 48 to admit and discharge gas from the
three cylinders 11, 12 and 13. 1In the disclosed embodiment
each cylinder 11, 12 and 13 includes two intake ports 48 and
two exhaust ports 46 (only one of each being shown in FIG.
27A). It will be appreciated by those of ordinary skill in
the art that alternative configurations could have a

different number of intake ports and exhaust ports.

FEach combustion chamber 30 includes an intake wvalve 50
for each intake port 48 and an exhaust valve 52 for each
exhaust port 46. Each intake wvalve 50 selectively couples
the respective combustion chamber 30 to the associated
intake manifold 17 (not shown on Fig.2A). Similarly, each

exhaust valve 52 selectively couples the respective
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combustion chamber 30 to the associated exhaust manifold 6

(not shown on Fig.2Ad).

It will be appreciated that, the intake manifold 17
and/or the exhaust manifold 6 may be integrally formed with
the cylinder head 28 or may be separate components depending

upon the particular application.

The intake valves 50 and exhaust valves 52 of the
engine 20 may be operated using any of a number of known
strategies including a conventional camshaft arrangement,
variable camshaft timing and/or variable 1lift arrangements,

or using electromagnetic wvalve actuators, for example.

FEach combustion chamber 30 also includes an ignition
source which in this case is in the form of a respective
spark plug 62 that extends through a roof of the respective
cylinder 11, 12 and 13.

FEach combustion chamber 30 further includes an
associated fuel injector 60 mounted in cylinder head 28.
Each fuel injector 60 has a tip portion 61 that is located
within the respective combustion chamber 30 and which in use
is exposed to the products of combustion. In the case of a
side mounted fuel injector 60 as shown, a longitudinal axis
of each fuel injector 60 is disposed at an angle relative to
the cylinder longitudinal axis 42 of the respective cylinder
11, 12 and 13 and this angle will depend upon the particular
application and implementation. It will be appreciated that
the fuel injector 60 need not be side mounted and could be
top mounted so as to spray downwardly rather than side
mounted and that the invention is not limited to any

particular fuel injector position or orientation.

FEach tip portion 61 includes at least one aperture,
hole or jet through which in use fuel is injected into the

respective combustion chamber 30. In this case, each tip
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portion 61 has eight apertures 64 which when activated
produce eight cone shaped sprays of fuel into the respective
combustion chamber 30. It will be appreciated that the
invention is not limited to use with a multi-hole injector
configuration and that other injector configurations such
as, for example, an outwardly opening valve configuration
such as the injector shown in published European Patent
Application EP-A-1854995 would also benefit by the use of

this invention.

Each tip portion 61 has a catalytic coating 65 applied
to it to minimise the build-up of carbon based deposits
often referred to as coke on the tip portion 61. In this
case the catalytic coating 65 is applied only to an end face
of the tip portion 61 but in other embodiments other coating

arrangement could be used.

During operation, in response to one or more
corresponding fuel injection signal (s8) generated by the
engine controller 40, each fuel injector 60 sprays fuel
substantially simultaneously through its eight apertures 64
directly into the respective combustion chamber 30 to create

a desired fuel spray pattern.

Therefore the engine system 5 comprises in this case a
three cylinder direct injection engine 20 having three
cylinders 11, 12 and 13 in each of which a respective piston
10 is slidingly supported to form in combination with the
cylinder head 28 a combustion chamber 30. Each cylinder 11,
12, 13 has a respective fuel injector 60 having a catalytic
coated tip portion 61 that extends through the cylinder wall
22 of the respective cylinder 11, 12 and 13 so as to project

into the combustion chamber 30.

The electronic controller 40 is arranged to control the

operation of the engine 20 and can operate the engine 20 in
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at least a normal mode of operation and a heating mode of

operation.

In the normal mode of operation the engine 20 is
operated so as to satisfy torque demands made by an operator
as indicated by the position of the throttle pedal 15. When
operated in the normal mode of operation the timing and
quantity of fuel injected are those required to meet the
requested torque demand in an efficient manner without
producing high levels of exhaust emissions. Similarly, the
ignition timing is set to a normal position so as to produce
efficient combustion within the respective combustion

chambers 30 of the engine 20.

When the engine 20 is operating in low load conditions
such as idling in traffic or the vehicle 1 is moving at low
speed requiring very little torque output or is subject to
repetitive and frequent stopping and starting, the
temperature of the fuel injector tip portions 61 of the
respective fuel injectors 60 will tend to fall to a
temperature similar to that of the surrounding material of
the engine 20 which is typically in the region of 100°C.
Because the catalytic material with which the injector tip
portion 61 is coated operates effectively only above a
light-off temperature, which in this case is 200°C,
operating below this light-off temperature will produce
little or no beneficial catalytic effect thereby allowing
coking to occur. It will be appreciated that the actual
light-off temperature will depend upon the composition of
the catalytic material and that 200°C is provided by way of

example only.

The electronic controller 40 is therefore operable to
determine whether heating of the fuel injector tip 61 is
required and, if heating is required, operate the engine 20

in the heating mode of operation.
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The electronic controller 40 can determine whether
heating is required by using a direct measurement of
temperature and comparing the measured temperature with a
low temperature limiting value such as, for example, 200°C.
In this case a temperature sensor would need to be located
on each of the fuel injectors 60 and the output from the
respective temperature sensors would be received by the
electronic controller 40 and compared with the low
temperature limit as discussed above. It will be
appreciated that the temperature of the tip portions 61 need
not be actually measured it would be possible to measure the
temperature close to the tip portions 61 and then use
experimentally produced conversions which could be stored in
a look-up table in the electronic controller 40 or could be
in the form of an executable equation to convert from

measured temperature to tip portion temperature.

As a further option the temperature could be modelled
based upon various engine sensors such as engine coolant
temperature, cylinder head temperature, engine speed, engine
load or ignition timing which could provide estimates for
combustion temperature and/ or exhaust temperature from
which it could be deduced when heating of the tip portions

is required.

As an alternative to direct temperature measurement or
modelled temperature the temperature of the tip portions 61
could be inferred from the duty cycle of the engine 20.

That is to say, the speed of the engine 20 and the torque
demand from the throttle pedal or other combustion variables
such as air charge, spark timing, intake air temperature and
cam timing could be used to determine when the engine
operating conditions are such that heating of the injector
tips 61 is likely to be required in order for the catalytic

material to operate effectively.
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In addition to the above, the scheduling of the heating
mode may be based not solely on the temperature of the tip
portions 61 but also upon a model of accretion. That is to
say, it may be the case that the heating mode is not used
every time the temperature of the tip portions 61 is
measured or estimated to be below the light-off temperature
it may be that the heating mode is only employed when the
temperature of the tip portions 61 is measured or estimated
to be below the light-off temperature and the coke build up
predicted from an accretion model is estimated to be likely
to significantly and adversely affect the fuel spray

pattern.

Whenever heating of the injector tip portions 61 is not
required, the electronic controller 40 is operable to
operate the engine 20 in the normal mode of operation

discussed above.

Several methods can be used to increase the temperature

of the tip portions 61l.

In a first approach, operating the engine in the
heating mode comprises increasing the temperature of
combustion by using the electronic controller 40 to adjust
the timing of the ignition to one of retarded and advanced
relative to the normal timing position. The first approach
is therefore based on spark adjustment away from optimal
timing for best torque. This adjustment affects mass flow
of air and fuel through the engine 20 and gas temperatures

during the combustion process.

Using spark retard increases mass flow and can increase
total energy expended in the combustion chamber, however
spark retard will tend to lower peak temperature and peak
pressure. Extreme levels of spark retard can be facilitated
by injecting some portion of the fuel synchronised with the

spark ignition event to create stable ignition.
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Using spark advance that is to say, an ignition timing
that is more advanced than the timing for best torque, will
increase mass flow and increase combustion temperature and
pressure. Thus spark advance is more likely to promote
rapid heat rise at the injector tip portions 61 as more of
the waste energy is expended within the combustion chamber
whereas with spark retard the excess energy tends to be
expelled from the combustion chamber 30 and will increase
the temperature of the exhaust gasses flowing to the
aftertreatment device(s) 21. Therefore spark retard may be
useful if the engine 20 is started from cold and spark
advance might be more beneficial if the engine 20 has been
operating for some time and the aftertreatment device(s) 21

are operating efficiently.

If large levels of spark advance are used then
combustion stability and feed-gas emissions may be improved
by adjusting some portion of the fuel injection event in

harmony with the spark event.

Operating the engine in the heating mode could also
comprise increasing the temperature of combustion by using
the electronic controller 40 to adjust at least one of the
timing the injection of fuel and the quantity of fuel

injected into each combustion chamber 30.

For example, by operating one cylinder lean while
others are operated rich to compensate. This would keep
stoichiometric operation in the exhaust (good for
aftertreatment) but increase the temperature in the cylinder
in which decoking is occurring. It will be appreciated that
running a cylinder slightly lean will increase the
combustion temperature in that cylinder and create an
oxidising environment. In the case of a single cylinder
engine, the cylinder could be modulated between lean and

rich such that the mean exhaust over time 1s stoichiometric.
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This would keep stoichiometric operation in the exhaust
(good for aftertreatment) but increase the temperature in
the cylinder in which decoking is occurring. Such a
technique would however require torque compensation to avoid
surge. Torgue compensation could be achieved on a spark

ignited engine via spark timing adjustment.

In a second approach which is applicable only to engine
having more than one cylinder such as multi-cylinder
engines, heating of the fuel injector tip portions 61 can be
achieved by selectively disabling one of more cylinders of
the engine 20. Therefore in this case operating the engine
20 in the heating mode comprises using the electronic
controller 40 to disable at least one of the cylinders 11,
12 and 13 of the engine 20 so as to increase the loading on

each cylinder 11, 12 and 13 still operating.

The cylinders 11, 12 and 13 of the engine 20 are
disabled in a predetermined segquential order which depend
upon the firing order of the cylinders 11, 12, 13 so as to
minimise torque fluctuations. It will be appreciated that
in engines having more than two cylinders more than one
cylinder could be disabled at the same time so as to further

increase the load on the cylinders remaining in operation.

In the case of the three cylinder engine 20 provided
herein by way of example the cylinders 11, 12, 13 are
disabled one at a time in the order 11, 12, 13; 11, 12, 13
etc. The cylinder disabled may remain disabled for a
predetermined number of cycles of the engine 20 or may
remain disabled until the catalytic coatings 65 on the
respective fuel injector tip portions 61 of the operating

cylinders have been sufficiently heated to activate them.

It will be appreciated that when a disabled cylinder
11, 12, 13 is re-activated the rapid heating will have a

beneficial effect in loosening or removing any coke deposits
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that have accumulated on the respective fuel injector tip
portions ©61. The cooling associated with a deactivation
event may also have a positive effect on loosening coke

deposits.

Preferably each disabled cylinder 11, 12, 13 is
arranged to pump air while it is disabled which can be
achieved by simply not supplying fuel to the respective
disabled cylinder 11, 12, 13.

It will be appreciated that the use of ignition
adjustment could also be applied to the non-disabled
cylinders 11, 12, 13. So that for example the cylinders
still operating could be operated using an advanced or a

retarded ignition timing setting.

Referring now in particular to Fig.3 there is shown a
method 100 used by the electronic controller 40 to control

the operation of the engine 20.

The method 100 starts at step 110 which is an engine
running event for the vehicle 1. That is to say, the method

starts when the engine 20 is running.

The method 100 then advances to step 120 where it is
determined whether heating of the fuel injector tips 61 is
required. As discussed above this can be based upon
temperature measurement or modelling or can be deduced from

the duty cycle of the engine 20.

If it is determined that heating is not required then
the method 100 advances to step 135 where a normal mode of
engine operation is used to control the operation of the
engine 20. That is to say, the ignition timing and fuelling
are those required to meet the requested torque demand in an

efficient and low emission manner.
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The method then advances from step 135 to step 140
where it is determined whether the engine 20 is still
running. If the engine 20 is not running then the method
ends at step 200 but otherwise it returns to step 120 to

recheck whether heating is required.

Returning to step 120 if heating is required then the
method 100 advances to step 130 where the electronic
controller 40 operates the engine 20 in a heating mode of
operation. In the heating mode of operation as discussed
above various techniques are employed to increase the
temperature of the fuel injector tip portions 61 from their
current temperature to a temperature where the catalytic
coating 65 applied to each of the fuel injector tip portions
6l is activated to assist with the removal of coke from the

fuel injector tip portions 61.

As referred to previously, the scheduling of the
heating mode may be based not solely on the temperature of
the tip portions 61 but also upon a model of accretion. In
such a case the method step 120 would be replaced by a step
in which a combination of temperature and a predefined level
of accretion from an accretion model would need to be

present for the heating mode to be entered.

For example the step 120 could take the form:-

Tf Tiip < Tiignt-orr AND A > Aji,i: then enter heating mode;

ELSE use normal mode.

Where: -
Ti;p = measure or estimate injector tip temperature;
Tiight-orr = Light-off temperature of catalytic material;
A = estimated accretion from accretion model; and
Ajinit = Accretion level above which a significant adverse

effect on spray pattern can be expected.
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As yet further alternatives the step 120 could be
replaced by a combination of injector tip temperature and
time since the last decoking event took place or the time
could be a variable time limit based upon a predicted level

of coke build up from an accretion model.

As discussed above, the heating mode can use ignition
timings that are advanced or retarded from the ignition
timing that would be used in the normal mode of operation
and can include adjusting the timing of the fuel injected

and/ or the quantity of fuel injected.

Alternatively or in combination with such approaches
the electronic controller 40 can, 1in the case of a multi-
cylinder engine, operate the engine 20 in the heating mode
by disabling at least one of the cylinders 11, 12, 13 of the
engine 20 so as to increase the loading on the cylinders 11,
12, 13 still operating. As referred to above the cylinders
11, 12, 13 of the engine 20 are disabled in a predetermined
sequential order and each of the cylinders 11, 12, 13 not
disabled is operated lean of stoichiometric so as to produce
an oxidising environment within the respective cylinder 11,
12, 13. Preferably, each disabled cylinder 11, 12,13 is

arranged to pump air while it is disabled.

The method then advances from step 130 to step 140
where it is determined whether the engine 20 is still
running. If the engine 20 is not running then the method
ends at step 200 but otherwise it returns to step 120 to

recheck whether heating is required.

Although the invention has been described by way of
example with reference to a three cylinder gasoline direct
injection engine it will be appreciated that it is not
limited to use on such an engine and could be applied to

engines having a differing number of cylinders.
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It could also be applied to direct injection engine

utilising other types of fuel.

In the case of a direct injection compression ignition
(diesel) engine it will be appreciated that injection timing
can be used to increase the temperature of combustion rather
than varying the spark timing. In a diesel engine operation
slightly lean of stoichiometric is normal and so in this
case heating can be enhanced by operating at least one
cylinder normally that is to say, lean of stoichiometric and
operating at least one cylinder of the engine leaner than
the at least one lean of stoichiometric operating cylinder
SO0 as to promote an increased combustion temperature in the

at least one leaner operated cylinder.

It will be appreciated by those skilled in the art that
although the invention has been described by way of example
with reference to one or more embodiments it is not limited
to the disclosed embodiments and that alternative
embodiments could be constructed without departing from the

scope of the invention as defined by the appended claims.
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Claims

1. An engine system comprising a direct injection
engine having a cylinder in which a piston is slidingly
supported to form in combination with a cylinder head a
combustion chamber, a fuel injector for the cylinder having
a catalytic coated tip portion that projects into the
combustion chamber and an electronic controller to control
the operation of the engine wherein the electronic
controller is operable to operate the engine in a heating
mode of operation if heating of the fuel injector tip is

required, .

2. An engine system as claimed in claim 1 wherein, if
heating of the injector tip portion is not required, the
electronic controller is operable to operate the engine in a

normal mode of operation.

3. An engine system as claimed in claim 1 or in claim
2 wherein heating of the fuel injector tip is required if
the temperature of the catalytic coated tip portion is below

a light-off temperature of the catalytic material.

4. An engine system as claimed in claim 1 or in claim
2 wherein heating of the fuel injector tip is required if
the temperature of the catalytic coated tip portion is below
a light-off temperature of the catalytic material and de-

coking of the injector tip is required.

5. An engine system as claimed in any of claims 1 to
4 wherein operating the engine in the heating mode comprises
increasing the temperature of combustion by using the
electronic controller to adjust at least one of the timing
the injection of fuel and the quantity of fuel injected into

the combustion chamber.



10

15

20

25

30

35

_21_

6. An engine system as claimed in any of claims 1 to

5 wherein the engine is a multi-cylinder engine.

7. An engine system as claimed in claim 6 wherein
operating the engine in the heating mode comprises using the
electronic controller to disable at least one of the
cylinders of the engine so as to increase the loading on

each cylinder still operating.

3. An engine system as claimed in claim 7 wherein the
cylinders of the engine are disabled in a predetermined

sequential order.

9. An engine system as claimed in claim 7 or in claim
8 wherein each disabled cylinder is arranged to pump air
while it is disabled.

10. An engine as claimed in claim 6 wherein operating
the engine in the heating mode comprises operating at least
one cylinder rich of stoichiometric and at least one
cylinder lean of stoichiometric so as to promote an
increased combustion temperature and an oxidising

environment in the at least one lean operated cylinder.

11. An engine as claimed in claim 6 wherein operating
the engine in the heating mode comprises operating at least
one cylinder lean of stoichiometric and at least one
cylinder leaner than the at least one lean of stoichiometric
operating cylinder so as to promote an increased combustion

temperature in the at least one leaner operated cylinder.

12. An engine system as claimed in any of claims 1 to
6 wherein the engine is a spark ignited engine and operating
the engine in the heating mode comprises increasing the
temperature of combustion by using the electronic controller
to adjust the timing of the ignition to one of retarded and

advanced relative to a normal timing position.
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13. A motor vehicle having an engine system as claimed

in any of claims 1 to 12.

14. A method of operating a direct injection
combustion engine, each cylinder of the engine having a fuel
injector with a catalytic coated tip portion that is exposed
to the products of combustion wherein the method comprises
operating the engine in a heating mode of operation if

heating of the fuel injector tip is required.

15. A method as claimed in claim 14 wherein, if
heating of the fuel injector tip portion is not required,
the method comprises operating the engine in a normal mode

of operation.

16. A method as claimed in claim 14 or in claim 15
wherein heating of the fuel injector tip is required if the
temperature of the catalytic coated tip portion is below a

light-off temperature of the catalytic material.

17. A method as claimed in claim 14 or in claim 15
wherein heating of the fuel injector tip is required if the
temperature of the catalytic coated tip portion is below a
light-off temperature of the catalytic material and de-

coking of the injector tip is required.

18. A method as claimed in any of claims 14 to 17
wherein operating the engine in the heating mode comprises
adjusting at least one of the timing the injection of fuel
and the guantity of fuel injected into each operating

cylinder.

19. A method as claimed in any of claims 14 to 18

wherein the engine is a multi-cylinder engine.
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20. A method as claimed in claim 19 wherein operating
the engine in the heating mode comprises disabling at least
one of the cylinders of the engine so as to increase the

loading on the cylinders still operating.

21. A method as claimed in claim 20 wherein the
cylinders of the engine are disabled in a predetermined

sequential order.

22. A method as claimed in claim 20 or in claim 21
wherein each disabled cylinder is arranged to pump air while
it is disabled.

23. A method as claimed in claim 19 wherein operating
the engine in the heating mode comprises operating at least
one cylinder rich of stoichiometric and at least one
cylinder lean of stoichiometric so as to promote an
increased combustion temperature and an oxidising

environment in the at least one lean operated cylinder.

24. A method as claimed in claim 19 wherein operating
the engine in the heating mode comprises operating at least
one cylinder lean of stoichiometric and at least one
cylinder leaner than the at least one lean of stoichiometric
operating cylinder so as to promote an increased combustion

temperature in the at least one leaner operated cylinder.

25. A method as claimed in any of claims 14 to 18
wherein the engine is a spark ignited engine and operating
the engine in the heating mode comprises adjusting the
timing of the ignition to one of retarded and advanced
relative to a normal timing position for each operating

cylinder.

26. An engine system substantially as described herein

with reference to Figs. 1 and 2 of the accompanying drawing.
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27. A motor vehicle substantially as described herein

with reference to Fig.l of the accompanying drawing.

28. A method substantially as described herein with

5 reference to Fig.3 of the accompanying drawing.
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