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(54) System and method for controlling fuel injection

(57) The invention relates to a method for controlling
fuel injection in a vehicle combustion engine comprising
at least one combustion chamber and means for sup-
plying fuel into the combustion chamber. The invention
is characterized by the steps of detecting a first signal

comprising information indicating a desire to start the
engine and controlling fuel supply to said combustion
chamber in dependence of a second signal, said control
being performed before the engine is cranked up by a
starter.
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Description

[0001] The present invention relates to a method for
controlling fuel injection in a vehicle combustion engine
comprising at least one combustion chamber and
means for supplying fuel into the combustion chamber.
[0002] The present invention also relates to a motor
vehicle comprising an internal combustion engine com-
prising at least one combustion chamber, means for
generating a first signal comprising information about a
desire to start the engine, an electronic control unit
adapted to control fuel supply to said combustion cham-
ber.
[0003] The present invention further relates to a com-
puter program for carrying out a method for controlling
fuel injection in a vehicle combustion engine.

Background of the invention

[0004] In motor vehicle engines there are, after the
engine is shut off, some residual fuel in one or several
combustion chambers or intake system. This fuel re-
mains in the combustion chambers or intake system
during the time when the engine is not in use.
[0005] When a user of the vehicle is starting up the
engine again after a period of time some of the residual
fuel is pumped out from the engine to the vehicle ex-
haust system when cranking up the engine with a start-
er.

Summary of the invention

[0006] An object of the invention relates to the prob-
lem of achieving an improved operation of a combustion
engine of a motorised vehicle.
[0007] A further object of the invention is to provide a
combustion engine with reduced exhaust emissions, es-
pecially with reduced HC emissions during start of the
engine.
[0008] These objects are achieved by a method ac-
cording to the above mentioned kind, further comprising
the steps of:

- detecting a first signal comprising information indi-
cating a desire to start the engine;

- controlling fuel supply to said combustion chamber
in dependence of a second signal, said control be-
ing performed before the engine is cranked up by a
starter.

[0009] Advantageously the method, according to an
embodiment of the invention, will reduce the number of
pump-outs when starting up the engine. Preferably the
number of pump-outs when starting up the engine is
minimised. Consequently this results in less hydro car-
bons (HC) in an exhaust system of the vehicle. This may
further have a positive effect on the environment of the
vehicle.

[0010] A favourable aspect of the invention is that a
part of the residual fuel in the combustion chambers will
be used for combustion as purposed.
[0011] Further, according to an embodiment of the in-
vention, there is provided a shorter activation time for a
starter of the engine and, thus, quicker reving-up in start
is achieved.
[0012] Advantageously a more stable voltage will be
achieved in a power supply system of the vehicle due
to no starter is activated during the fuel supply. The fuel
supply bears upon pre-injections.
[0013] The method provides an improved control of
fuel injection due to the possibility to await a correct fuel
pressure value. A starter of the engine is not activated
as early as in prior art, and there is therefore no need
to quickly inject fuel in combustion chambers when there
is too low pressure in a fuel rail.
[0014] Even further, a more stable fuel pressure in the
fuel rail of the engine is achieved due to that the pre-
injections do not necessarily have to be performed si-
multaneously but one by one.
[0015] According to a preferred embodiment of the in-
vention, the second signal comprising information about
cylinder status in response to said first signal is ac-
quired. This provides a positive effect relating to the con-
trol of fuel supply to the combustion chambers.

Brief description of the drawings

[0016] The invention will now be described in greater
detail with aid of the enclosed drawings in which:

Figure 1 is a schematic diagram depicting a vehicle
drivetrain and a control system therefore according
to an embodiment of the invention.

Figure 2 is a schematic diagram illustrating a motor
vehicle engine in greater detail according to an em-
bodiment of the invention.

Figure 3 is illustrating a part of the motor vehicle
engine in greater detail according to an embodi-
ment of the present invention.

Figure 4 is illustrating a sequence schedule accord-
ing to an embodiment of the invention.

Figure 5 is a flowchart describing a subroutine for
controlling fuel supply in a vehicle combustion en-
gine executed by a control unit according to an em-
bodiment of the invention

Figure 6 is a flowchart describing in greater detail a
subroutine for controlling fuel supply in a vehicle
combustion engine executed by a control unit ac-
cording to an embodiment of the invention.

Figure 7 is a block diagram illustrating an appara-
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tus, according to an embodiment of the invention.

Detailed description of the preferred embodiments

[0017] Figure 1 shows schematically a vehicle drive-
train 10 and a control system therefore. The drivetrain
comprises an internal combustion engine 120 and a
drivetrain member in the form of a gear unit 140. A shaft
150 is coupled between the engine 120 and the gear
unit 140, which shaft 150 works as force transmitting
means. A transmission output shaft 170 drives wheels
(not shown) of the vehicle for its propulsion.
[0018] An electronic control unit 180, such as an En-
gine Control Unit (ECU), is adapted to receive signals
from an accelerator member 190 of the drivetrain, said
member 190 may be an accelerator pedal, and to re-
ceive condition parameters, such as engine condition
parameters, from sensors 114 and/or 110. The sensors
114 are adapted to communicate with the control unit
180 and a control unit 100 by means of a cable 160 and
a cable 155, respectively. The sensors 110 are adapted
to communicate with the control unit 180 by means of a
cable 152. The sensors 110 are adapted to detect vari-
ous engine parameters, such as engine temperature, or
other parameters, which may be used in a calculation
or simulation performed in the control unit 180, so as to
perform a pre-injection of fuel into one or several com-
bustion chambers of the engine. The sensors 110 are
provided at adequate positions in the engine, so as to
detect or measure a certain parameter's quantity or
quality. The accelerator member 190 is adapted for
communication with the control unit 180 via a cable 153.
The electronic control unit 180 is adapted to send sig-
nals to a plurality of devices as to control the operation
of the engine. The control unit 180 is adapted to process
received signals from said sensors. The electronic con-
trol unit 180 is programmable.
[0019] The electronic control unit 100 is adapted to
receive signals from a gear selecting unit 116 via a cable
158, said gear selector unit may be a manual electronic
gear selector. Alternatively the vehicle 10 has a manual
gear shift lever. The control unit 100 is adapted to control
gear changes of the gear unit by means of control sig-
nals sent to the gearbox via a cable 159.
[0020] The control unit 180 and the control unit 100
are adapted for communication with each other by
means of a cable 156. When in the later it is depicted
that a subroutine is performed in the control unit 180 it
may alternatively be performed in the control unit 100.
[0021] A start device 112 is adapted for communica-
tion with the control unit 180 by means of a cable 154.
The start device is arranged for generating a start signal
in response to an action taken by a user of the vehicle.
The start device is further arranged for sending the start
signal to the control unit 180. Preferably the start device
comprises a key hole adapted to closely receive a key.
The start device may generate the start signal when the
user turns the inserted key from a first position to a sec-

ond position.
[0022] The control unit 180 is adapted for communi-
cation with a starter 185 via a cable 183. The starter 185
is arranged for cranking up the engine when starting the
engine. The control unit 180 is adapted to control the
starter. Typically the control unit controls the starter in
dependence of the start signal generated by the start
device 112. A control procedure of the starter performed
after a pre-injection of fuel into combustion chambers of
the engine will be described in more detail below.
[0023] An emission system is arranged downstream
the engine 120. The emission system comprises a first
pipe 122, which is adapted to lead emission products
from the combustion chambers of the engine to a house
124. The house may comprise a catalyst (not shown).
A second pipe 126 is adapted to lead emission products
from the house 124 out of the emission system.
[0024] Figure 2 is illustrating the engine 120 of the ve-
hicle 10 and a control system therefore according to an
embodiment of the invention. The engine 120 is com-
prising a plurality of cylinders, five cylinders 235a, 235b,
235c, 235d and 235e of which are shown in Figure 1,
are controlled by the electronic control unit 180 via the
cable 157. The electronic control unit 180 is adapted for
communication with engine members, e.g. spark plugs
232a, 232b, 232c, 232d and 232e, via the cable 157.
The cable 157 may comprise a plurality of independent
signal paths, as indicated in the figure. In an alternative
embodiment, the control unit 180 is adapted for commu-
nication with a spark plug via a separate cable. Accord-
ing to one embodiment, inlet- and outlet valves are con-
trolled by the control unit 180, which is illustrated by a
cable 211, which is connected between the control unit
180 and the inlet valve 230e. According to one embod-
iment, the inlet- and outlet valves are controlled by a
camshaft (not shown), which is in mechanical commu-
nication with a crankshaft 240. It should be noted that
the figure is a simplification, which schematically illus-
trates parts of the engine. For example the form of the
crankshaft is simplified for illustrative purposes.
[0025] The control unit is adapted to control the spark
plugs 232a-e. The spark plugs are adopted to generate
sparks in combustion chambers 234a, 234b, 234c, 234d
and 234e, respectively, so as to initiate combustion of
fuel injected to combustion chambers, which are corre-
sponding to the cylinders 235a, 235b, 235c, 235d and
235e. The cylinders have cylinder walls 231a, 231b,
231c, 231d and 231e, respectively. Each cylinder is pro-
vided with a piston 237a, 237b, 237c, 237d and 237e,
respectively, positioned therein and connected in one
end to crankshaft 240 by means of a connecting rod
238a, 238b, 238c, 238d and 238e. Each connecting rod
having a fastening device 239a, 239b, 239c, 239d and
239e fixedly secured in a second end with the crankshaft
240.
[0026] Alternatively, the engine may be configured
such that the fuel is injected directly into the cylinder of
the engine, which is known to those skilled in the art as
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a direct injection engine.
[0027] Figure 3 is illustrating a part of the engine 120
in greater detail. Shown in Figure 3 is the engine cylinder
235a comprising the combustion chamber 234a. The
control unit 180 is adapted to receive various signals
from sensors coupled to engine 120 (also see Fig. 1).
For example, the control unit 180 is adapted to receive,
via a cable 311a, a crankshaft position signal (CPS) from
a sensor 310a coupled to the fastening device 239a, or,
alternatively, to the crankshaft 240 (not shown).
[0028] Combustion chamber 234a is known commu-
nicating with intake manifold 245a and exhaust manifold
246a via respective intake valve 230a and exhaust valve
242a. The control unit 180 is adapted for communication
with a fuel injector 243a, the intake valve 230, the spark
plug 232a and the exhaust valve 242a. The control unit
180 is adapted to control the fuel injector 243a via a ca-
ble 253. The control unit 180 is adapted to control the
spark plug 232a via a cable 251. The cables 251 and
253 are in this embodiment parts of the cable 157.
[0029] Intake manifold 245a is shown communicating
with throttle body 248 via throttle plate 247. Intake man-
ifold 245a is also shown having fuel injector 243a cou-
pled thereto for delivering liquid fuel in proportion to the
pulse width of a signal fed via the cable 253 from the
control unit 180. Fuel is delivered to fuel injector 243a
by means of a conventional fuel system (not shown) in-
cluding a fuel tank, fuel pump, and fuel rail.
[0030] In the above arrangements for the cylinder
235a is described. Equivalent arrangements are provid-
ed for the cylinders 235b-235e as indicated in Figure 2.
[0031] Figure 4 is illustrating a sequence schedule in
time T, according an embodiment of the invention. When
a user of the vehicle is giving an engine start indication
s450, using for example an ignition key, the start position
of the pistons of the cylinders, respectively, is detected
either by means of an angular crankshaft detector or an
angular cam detector. Alternatively, information being
stored in the control unit 180 indicating the start position
may be used. This information could be obtained in en-
gine shut of phase, and stored in a non-volatile memory
for engine start position. By this alternative, a unique
position sensor is not necessary. By knowing the start
position of the pistons, the amount of rest fuel can be
estimated using for example a fuel estimation model
provided in the control unit 180. The information implic-
itly indicating rest fuel value, in each of the cylinders of
the engine, is processed s455 by the control unit 180,
so as to obtain syncronization set-up data.
[0032] In a next step, syncronization set-up s460 is
implemented by the control unit 180. Fuel injection s465
in accordance with the preceding steps s455 and s460
is thereafter performed in one or several combustion
chambers of the engine. Fuel injection is, according to
an embodiment, performed individually in each of the
cylinders of the engine. After the pre-injection in step
s465 is performed the starter of the engine is activated
in a step s470 and the engine thus cranked up.

[0033] In the next step engine reving-up s475 injec-
tion is syncronized to normal injection. Compensation
for the pre-injections in step s465 could be made to one
ore more of the first syncronized injections.
[0034] Figure 5 is illustrating a flowchart depicting a
method for controlling fuel injection in a vehicle combus-
tion engine comprising at least one combustion cham-
ber and means for supplying fuel into the combustion
chamber. The method is characterized by the steps of
detecting a first signal comprising information indicating
a desire to start the engine and controlling fuel supply
to said combustion chamber in dependence of a second
signal, said control being performed before the engine
is cranked up by a starter.
[0035] According to one embodiment of the invention
said at least one combustion chamber preferably being
several combustion chambers.
[0036] According to another embodiment of the inven-
tion the information about cylinder status preferably be-
ing dependent on a piston position in a cylinder corre-
sponding to said at least one combustion chamber.
[0037] According to one embodiment of the invention
a method for use in a motorised vehicle comprising an
internal combustion engine comprising at least one
combustion chamber is characterized by the step of per-
forming a pre-injection of fuel into at least one of said
combustion chamber before a starter cranks up the en-
gine.
[0038] Figure 6 is illustrating a flowchart depicting a
subroutine of a method for controlling fuel supply in a
vehicle combustion engine in greater detail according to
one embodiment of the invention.
[0039] In a first step s610 the control unit 180 is re-
ceiving a first signal from the starting device 112 com-
prising information about that a user wants to start up
the engine.
[0040] In a next step s620 the control unit 180 is re-
ceiving a second signal, for example crankshaft position
signal (CPS), from a sensor 310a. The second signal
comprising information, which can be used so as to es-
timate the amount of rest fuel in respective cylinder of
the engine. Alternatively, the second signal comprises
information about piston positions in respective cylinder
of the engine.
[0041] According to one embodiment crankshaft po-
sition signals, from sensors 310a-310e, are received in
the control unit 180 in the step s620. According to an-
other embodiment there are information relating to ac-
tual crankshaft positions stored in the control unit 180,
which data substantially immediately can be used in cal-
culations performed by the control unit 180 when a user
wants to crank up the engine again by using the start
device.
[0042] In a step s630 a response to the received sig-
nals is generated. The response comprising information
about a procedure of injecting fuel into a combustion
chamber of the engine. According to one embodiment
of the invention, the response comprising information
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about a procedure of injecting fuel into a plurality of com-
bustion chamber of the engine. In this embodiment the
injected amount of fuel in the respective combustion
chamber are mutually different. According to one em-
bodiment of the invention, the response comprising in-
formation about a procedure of injecting fuel into a plu-
rality of combustion chamber of the engine in a sequen-
tial manner. According to one embodiment of the inven-
tion, the response comprising information about a pro-
cedure of injecting fuel into a plurality of combustion
chamber of the engine substantially simultaneously.
[0043] The response is generated in the control unit
180 by means of a computer program stored therein, as
described below.
[0044] In a next step s640 the control unit 180 is send-
ing at least one control signal, so as to control fuel in-
jection and combustion in a combustion chamber. The
control unit 180 is sending at least one control signal,
so as to control devices, such as the intake valve 230a
and the spark plug 231a. According to one embodiment
the control unit controls fuel injection and combustion in
a plurality of cylinders of the engine.
[0045] In a next step s650 the starter 112 of the engine
is activated. The starter cranks up the engine.
[0046] In the next step s660 injection is syncronized
to normal injection and the engine is reving up. Com-
pensation for the pre-injection in the step s630 could be
made to one or more of the first injections. Thereafter
the subroutine ends.
[0047] With reference to Figure 7 there is shown a di-
agram of one way of embodying an apparatus 700. The
above mentioned control unit 180 may include an appa-
ratus 700. The apparatus 700 comprises a non-volatile
memory 720, a data processing device 730 and a read/
write memory 740. The memory 720 has a first memory
portion 750 wherein a computer program, such as an
operating system, is stored for controlling the function
of the apparatus 700. Further, the apparatus 700 com-
prises a bus controller 770, a serial communication port
771, I/O-means 772, an A/D-converter 773, a time date
entry and transmission unit 774, an event counter 775
and an interrupt controller 776. Even further, the appa-
ratus 700 comprises a data port 799.
[0048] The data processing device 730 may be em-
bodied by, for example, a microprocessor.
[0049] The memory 720 also has a second memory
portion 760, where a program for reducing fuel dis-
charge in a vehicle combustion engine is stored. In an-
other embodiment the program for reducing fuel dis-
charge in a vehicle combustion engine is stored on a
separate non-volatile recording medium 762. The pro-
gram may be stored in an executable manner or in a
compressed state.
[0050] When, in the following, it is described that the
data processing device 730 performs a certain function
this is to be understood that the data processing device
730 performs a certain part of the program which is
stored in the memory 760 or a certain part of the pro-

gram which is stored in the recording medium 762.
[0051] An internal clock 777, which is adapted to gen-
erate clock cycle pulses having a frequency of F MHz.
The internal clock 777 is coupled to the data processing
means 730 by means of a data bus 781, and to the bus
controller 770 by means of a data bus 780. The data
processing device 730 may communicate with a data
port 799 by means of a data bus 783. The memory 720
is adapted for communication with the data bus 783 via
data bus 785. The separate non-volatile recording me-
dium 762 is adapted to communicate with the data
processing device 730 via data bus 789. The read/write
memory 740 is adapted to communicate with the data
bus 783 via a data bus 785. Internal features 771-775
is fed by the internal clock 777 via a data bus 787 con-
nected to the data bus 780, respectively (only showed
for 775 in the figure). The bus controller 770 is fed di-
rectly by the data bus 780. Further, the internal features
770-775 are adapted to communicate with the data bus
783 via a data bus 788 (only showed for 775 in the fig-
ure). The internal features 771-775 are adapted to com-
municate with the data bus 782 and each of the internal
features 770-775 are adapted for communication with
an external unit by a bus 790, respectively (only showed
for 775 in the figure).
[0052] The methods described with reference to Fig-
ures 4, 5 and 6, respectively, can be performed by the
apparatus 700 by means of the data processing device
730 running the program stored in the memory portion
760. When the apparatus 700 runs the program the
method described with reference to Figure 4, 5 and/or
Figure 6 is executed. Thereby the data processing de-
vice 730 is set up to wait for reception of a first signal
comprising information indicating start of the engine and
a second signal comprising information about cylinder
status, such as piston positions in respective cylinder of
the engine, on the data port 799, or in the I/O unit 710.
When the data is received on the data port 799 said input
data is temporarily stored in the read/write memory 740.
When all the received input data have been temporarily
stored, the data processing device is set up to perform
the calculations in a manner described above, so as to
control fuel supply in a vehicle combustion engine.

Claims

1. A method for controlling fuel injection in a vehicle
combustion engine comprising at least one com-
bustion chamber and means for supplying fuel into
the combustion chamber; characterized by the
steps of

- detecting a first signal comprising information
indicating a desire to start the engine;

- controlling fuel supply to said combustion
chamber in dependence of a second signal,
said control being performed before the engine
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is cranked up by a starter.

2. A method according to claim 1 characterized by
the step of:

- acquiring the second signal comprising infor-
mation about cylinder status in response to said
first signal.

3. A method according to claim 1 or 2 characterized
by controlling said fuel supply to several combus-
tion chambers.

4. A method according to claims 1-3 characterized by
using a piston position in at least one cylinder as
the information about cylinder status.

5. Motor vehicle comprising an internal combustion
engine comprising at least one combustion cham-
ber, means for generating a first signal comprising
information about a desire to start the engine, an
electronic control unit adapted to control fuel supply
to said combustion chamber,
characterized by
said electronic control unit being adapted to control
the fuel supply, in dependence of a second signal,
before the engine is cranked up by a starter.

6. Motor vehicle according to claim 5 characterized
by means for generating the second signal compris-
ing information about cylinder status is arranged for
communication with the control unit, said second
signal is acquired in dependence of the first signal.

7. Motor vehicle according to claim 5 or 6 character-
ized by a computer readable medium is adapted to
temporarily store said information comprising cylin-
der status thereon.

8. Motor vehicle according to claims 5-7 character-
ized by that said at least one combustion chamber
is a plurality of combustion chambers.

9. A computer program for causing a computerised
apparatus (180; 700) to control fuel supply to a com-
bustion chamber of a combustion engine, compris-
ing
computer readable code means which, when run on
a computerised apparatus (8, 700), causes the
computerised apparatus (8; 700) to perform the
steps according to any one of claims 1-4.

10. A computer program product comprising
a computer readable medium; and
a computer program according to claim 9,
said computer program being recorded on said
computer readable medium.

11. The computer program product according to claim
10, characterised by said computer readable me-
dium comprising a memory chip.

12. A computer program comprising computer readable
code means for causing a computer to perform the
steps of any of the claims 1-4 when said program
is run on a computer.

13. A computer program product comprising a compu-
ter readable medium; and
a computer program according to claim 9,
said computer program being recorded on said
computer readable medium.

14. A computer readable medium according to claim 12
and 13, characterised by said computer readable
medium being a propagated signal.

15. The medium according to claim 14, characterised
by said propagated signal being a carrier wave.
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