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(57) Abstract: In a control system used for controlling the engine speed / torque of a combustion engine of a motor vehicle, the
system is set to operate in different modes at different modes of operation of the engine. In particular,the control system is adapted to
apply filter parameters providing a fast filter for filtering the signal(s) representing charging pressure and exhaust gas pressure of a
combustion engine when there is a need for a very accurate torque control / engine speed control. Hereby a faster and more accurate
control of the engine speed / torque is obtained which, for example, is beneficial when shifting gear.
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A METHOD OF CONTROLLING A COMBUSTION ENGINE

TECHNICAL FIELD
The present invention relates to a method and a system for controlling a combustion engine.
In particular the present invention relates to a method and a system for controlling the speed

/ torque of a combustion engine.

BACKGROUND

When controlling the engine speed of a motor vehicle such as a truck or bus or any other
type of motor vehicle, it is important that the electronic control unit ECU of the control
system controlling the engine of the motor vehicle is supplied with correct information
about different control parameters affecting the engine speed in order to issue correct
control signals for the engine to operate in accordance with the intentions of the driver of

the vehicle.

Equally important is that the ECU is programmed with a control model that provides an
accurate model of the parameters not directly measured by sensors onboard the vehicle. The
result of an incorrect model for modeling such parameters can result in undesired behavior
and a performance below what would otherwise be possible to achieve. In particular the

crankshaft torque will deviate from the set value of the control method used.

One parameter that is commonly used in engine speed control is the amount of fuel required
to compensate for losses related to an existing exhaust gas pressure and an existing charge
gas pressure, 1.e. the pumping work for overcoming the pressure difference between the
existing charge gas pressure and the existing exhaust gas pressure. Hence, if there is a
higher exhaust gas pressure than inlet/charger gas pressure fuel is required to generate the
“pumping” work for overcoming the pressure difference. For example in a diesel engine
provided with a turbocharger, the exhaust gas pressure will under typical operational

conditions be higher than the charge gas pressure, but can also during some conditions be



10

15

20

25

30

WO 2008/140405 PCT/SE2008/050522

-2

lower. For an engine with Exhaust Gas Recirculation (EGR) it is common to operate the
engine in a state where the exhaust gas pressure is higher than the charge gas pressure to
enable exhaust gas recirculation. To estimate the losses related to pumping work,
differences between inlet gas pressure and exhaust gas pressure are continuously sampled. If
the difference is incorrectly modeled, the crankshaft torque will differ from what is

intended.

In existing control methods for controlling engine speed and crankshaft torque, there is a

problem of correctly modeling the work required for compensating for losses related to the
difference between the current exhaust gas pressure and the existing charge gas pressure, in
particular when there is a rapid change in the difference between inlet/charger gas pressure

and exhaust gas pressure.

Hence there is a need for a control system that can provide optimal control signals both
during ordinary operation of the engine and during times when there is a rapid change in

inlet/charger gas pressure and/or exhaust gas pressure.

SUMMARY
It is an object of the present invention to provide a method and a system that is capable of

providing improved control for a combustion engine of a motor vehicle.

It is another object of the present invention to provide a method and a system that is capable
of providing a more accurate engine speed /torque control during phases of rapid changes in
inlet/charger gas pressure and/or exhaust gas pressure or other parameters affecting engine

speed/torque control such as rapid changes in engine speed.

These objects and others are obtained by the method, apparatus and computer program
product as set out in the appended claims. Thus, by realizing that there exist different
control needs at different modes of operation of a combustion engine, the control system can
be adapted to operate in different modes at different modes of operation of the engine. In
particular, the control system is adapted to apply filter parameters providing a fast filter for

filtering the signal(s) representing charging pressure and/or exhaust gas pressure of a
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combustion engine when there is a need for a very accurate torque control / engine speed
control. Such need is for example present when shifting gear or when slow driving and
during start/stop, while having clutch slip and other conditions when the drive line is not
fully engaged. When creep driving/crawling under such conditions there is a risk of stalling
the engine due to an erroneously calculated torque generated by the engine, which of course
is an undesired event. At times when there is no particular need for a very accurate engine
speed control or torque control, other control parameters are more important and the filter is

advantageously given parameters proving a longer response time.

In accordance with one embodiment an internal combustion engine powering a motor
vehicle control of the engine is performed using sensor input signals from at least an exhaust
gas pressure sensor and / or an inlet gas pressure sensor filtered through a filter having a
first response time. The control system is adapted to detect an event triggering a second
control mode. In the second control mode, the sensor signal from the exhaust gas pressure
sensor and/ or the inlet gas pressure sensor is filtered through a filter having second
response time where the second response time is shorter than the first response time. Hereby
the engine speed/ torque can be controlled with higher precision when such control is

advantageous.

In accordance with one embodiment, when the engine has a turbo charger, the charger gas
pressure sensor signal is also filtered using a faster filter while in the second mode, whereby
a more precise engine speed/ torque is obtained. Other signals such as an engine speed
sensor signal can also be filtered using a faster filter while in the second mode in order to

improve engine speed / torque control.

Using the method and system in accordance with the invention will provide faster and more

accurate control of the engine speed / torque.

BRIEF DESCRIPTION OF THE DRAWINGS
The present invention will now be described in more detail by way of non-limiting

examples and with reference to the accompanying drawings, in which:
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- Fig. 1 is a general view of an engine including a turbo charger.
- Fig. 2 is a flowchart illustrating steps performed when controlling engine speed / torque of

a motor vehicle.

DETAILED DESCRIPTION

In Fig.1 selected parts of an engine 100 of a motor vehicle 10 is schematically depicted. The
engine depicted in Fig. 1 can for example be designed to be part of a truck or any other
heavy vehicle such as a bus or the like. The exemplary engine 100 in Fig. 1 is a diesel
engine provided with a turbocharger and having five cylinders 105. The turbo charger can
be of any type for example a turbo charger having a Variable Turbine Geometry (VTG) also
termed Variable Geometry Turbocharger (VTG). The turbo charger comprises a compressor
102 driven by a turbine 103. Furthermore, a pressure sensors 115 is located downstream the

compressor 102, and another pressure sensor 116 is located upstream the turbine 103.

The engine is controlled by an electronic control unit (ECU) 106 and possibly also other
control units generally denoted 107. Both the ECU 106 and other control units 107 are
connected to the engine to control the engine. In addition sensors provided in association
with the engine provide sensor signals to the control units 106 and 107. Using the sensor
input signals obtained by different sensors located on the vehicle, the control units 106 and
107 exercise control of the engine using some programmed computer instructions or similar
means. Typically, the programmed computer instructions are provided in the form of
computer software in the form of a computer program product 110 stored on a readable
digital storage medium 108, such as memory card, a Read Only Memory (ROM) a Random
Access Memory (RAM), an EPROM, an EEPROM or a flash memory. The other control
units 107 can include other control unit receiving pressure sensor input signals either
directly or via digital communication such as via a serial bus. A common way of
communication sensor signal values and other information between different control units in
a heavy motor vehicle is via a Controller Area Network bus (CAN-bus). In the example
described herein the control units 106 and 107 are interconnected via a CAN-bus 109, but

may alternatively be connected via e.g. FlexRay and TTCAN.
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In operation the engine will experience many different modes of operation. For example, the
pressure drop over the engine, i.e. the pressure difference between the air intake of the
engine down stream the compressor 102 and the exhaust gas pressure upstream the turbine
103, will vary vastly depending on the mode of operation. If there is a higher pressure
upstream the turbine than downstream the compressor the engine will have to perform some
work, pumping work, to generate a gas mass flow through the engine. When controlling the
engine speed / torque, the work required to generate the gas mass flow need to be taken into
account to feed a correct amount of fuel to the cylinders 105 of the engine. In some
scenarios, there will be rapid changes in either pressure downstream the compressor 102 and
/or upstream the turbine 103 resulting in a transient change in the work required to generate

the gas mass flow.

If the filter used to filter the signals from sensors for pressure downstream the compressor
102 and upstream the turbine 103 have a relatively long response time, there will be a delay
in the control of the fuel provided to the cylinders. The result is that for a period of time
after such a transient event, the work required to generate the gas mass flow will be
incorrectly modeled and as a consequence the amount of fuel provided to the cylinders will
be incorrect. The ultimate result is that the engine speed / torque will deviate from the value

set by the control system for a period of time after such a transient event.

During most operation such a deviation of the engine speed / torque is acceptable because
the benefits of having a relatively slow filter by far outweigh the negative impact. For
example using a slow filter will generate a signal having a low noise level when
compensation for pumping work losses, which in turn will result in a more stable running of
the engine. Another advantage can be if the filtered exhaust gas pressure signal is used as
input signal for controlling other parameters. In such a scenario it may be advantageous to

use a signal having a low noise level.

However, in some scenarios it is important to provide an accurate control of the engine
speed / torque. When such a scenario is detected by a detection mechanism in the control
unit 106 and/or 107, the control system switches mode. In the new mode, the control system

applies a faster filter to the sensor signals received from the pressure sensor 115 located
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downstream the compressor 102 and the pressure sensor 116 located upstream the turbine
103 than the filter used in conventional operation of the control system. By switching
between two different filtering modes in response to detection of an event indicating that a
fast filter may be beneficial, the control system can better adjust to the current mode of
operation of the motor vehicle that the engine propels. Different events that may trigger a
mode where a fast filter is employed can for example be when conditions are such that there
is or will be a transient in the pressure sensor signals and the engine is operated in a state

where an accurate torque generated by the engine is required.

Because the gear box control unit knows when a gear shift is to take place it can be
programmed to issue a flag FLAG =True to the engine control unit when a gear shift is in
progress. When the engine control unit receives the flag FLAG = True from the gear box

control unit, the engine control unit operates in a mode where a fast filter is applied.

Other sensor signals that can be used to trigger the mode with fast filter filtering of the
pressure signal are signals indicative of clutch position and/or the accelerator pedal position.
When no signal is triggering the fast filter filtering mode of the pressure sensor signal, the

fast filter mode is un-trigged.

In Fig. 2, a flowchart illustrating some procedural steps performed when controlling the
engine of a motor vehicle in accordance with one embodiment of the present invention is
shown. Thus, first in an first step 201, the control unit operates in a first conventional mode
where the sensor signals from the pressure sensor located downstream the compressor 102
and from the pressure sensor 115 located upstream the turbine 103 in the exhaust gas
systemare filtered using a filter having a relatively long response time. Next, in a second
step 203 the control unit checks if an event has occurred that triggers a second control mode.
The events that will trigger the second control mode can for example include but are not

limited to the events listed above or can also be a subset thereof.

If in step 203, a trigger event is detected, the procedure depicted in Fig. 2 proceeds to a third
step 2035, else the procedure returns to step 201. In step 205 the control unit applies a second

mode of operation where the sensor signals from the pressure sensor located downstream
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the compressor 102 and from the pressure sensor located upstream the turbine 103 are
filtered using a fast filter having a relatively short response time. In particular the filter used
in the second mode of operation is faster than the filter used in the first conventional mode

of operation and hence has a shorter response time than the filter used in the first mode.

In the second mode also other signals may be filtered using a faster filter if that is
determined to be beneficial. An example of such another signal that may be adapted to
change filter when changing filtering mode is the engine speed signal, other signals may

also be set to change filter to a faster filter.

The filter used can be any suitable filter for example a Butterworth low pass filter. An example of a

filter, in this case a second order Butterworth low pass filter can be as follows

-1 -2
b +b,z7 +b,z
2

H(z)=

—1 —
I+a,z" +a,z
z 1s the z-transform

In the ECU the values of the filter parameters b1, b2, b3, a2, and a3 are changed in order to
achieve different bandwidths.

For example, using a 100Hz sample frequency and a low bandwidth (2Hz)
B1=0.0036

B2 =0.0072
B3 =0.0036
A2 =-1.8227
A3=10.8372

For example, using a 100Hz sample frequency and a higher bandwidth (20Hz)
B1 =10.2066

B2 =0.4131
B3 =0.2066
A2 =-0.3695
A3=0.1958

Thereupon, the procedure checks if an end condition has occurred in a fourth step 207. The
end condition may for example be the resetting of a flag initially triggering the second fast
filter mode or any other suitable end condition. If an end condition is determined to have
occurred in step 207 the control unit switches back to the first mode of operation using a

filter having a relatively long response time and the procedure returns to step 201. If, on the
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other hand, no end condition is determined to be fulfilled, the control unit remains in the

second mode and the procedure returns to step 205.

Using the method and system in accordance with the invention will provide faster and more
accurate control of the engine speed / torque. This is particularly useful to prevent incorrect
engine speed control /torque control. For example during gear shift it is important to quickly

generate a correct target engine speed in order to enable a quick and smooth gear shift.
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CLAIMS

1. A method of controlling of an internal combustion engine (100) powering a motor vehicle
(10), where control of the engine is performed using sensor signals from at least one exhaust
gas pressure sensor (116) and / or an inlet gas pressure (115) sensor filtered through a filter
having a first response time, characterized by the steps of:

- detecting (203) an event triggering a second control mode,

- entering (205) the second control mode, where the sensor signal from the exhaust gas
pressure sensor and or the inlet gas pressure sensor is filtered through a filter having second

response time where the second response time is shorter than the first response time.

2. The method according to claim 1, when the engine has a turbo charger, characterized by
the step of: filtering a charger gas pressure sensor signal using a faster filter while in the

second mode.

3. The method according to claim 1 or 2, characterized by the step of: filtering an engine

speed sensor signal using a faster filter while in the second mode.

4. The method according to any of claims 1 — 3, characterized by the step of: detecting an
event triggering a second control mode by identifying a condition that there is or will be a

transient in the pressure sensor signal as one input parameter.

5. The method according to any of claims 1 — 4, characterized by the step of: detecting an

event triggering a second control mode by receiving a signal indicative of a gear shift.

6. The method according to any of claims 1 — 5, characterized by the step of: detecting an
event triggering a second control mode by identifying a predetermined clutch position and

/or accelerator pedal position as input parameter(s).

7. A system for controlling of an internal combustion engine (100) powering a motor
vehicle (10), the control system adapted to control the engine using sensor signals from at
least an exhaust gas pressure sensor (116) and/or an inlet gas pressure sensor (115) filtered

through a filter having a first response time, characterized by:
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- means (106) for detecting an event triggering a second control mode, and
- means (106) for entering the second control mode, where the sensor signal from the
exhaust gas pressure sensor and or inlet gas pressure sensor is filtered through a filter having

second response time where the second response time is shorter than the first response time.

8. The system according to claim 7, when the engine is provided with a turbo charger,
characterized by means for filtering a charger gas pressure sensor signal using a faster

filter while in the second mode.

9. The system according to claim 7 or 8, characterized by means for filtering an engine

speed sensor signal using a faster filter while in the second mode.

10. The system according to any of claims 7 — 9, characterized by means for identifying a
condition that there is or will be a transient in the pressure sensor signal as one input

parameter connected to the means for triggering the second control mode..

11. The system according to any of claims 7 — 10, characterized by means for by receiving
a signal indicative of a gear shift and adapted to trigger the second control mode in response

to receiving a signal indicative of a gear shift.

12. The system according to any of claims 7 — 11, characterized by means for detecting an
event triggering a second control mode by identifying a predetermined clutch position and

/or accelerator pedal position as input parameter(s).

13. A computer program product (110) for controlling an internal combustion engine (100)
powering a motor vehicle (10), where control of the engine is performed using sensor
signals from at least an exhaust gas pressure sensor (116) and/or an inlet gas pressure sensor
(115) filtered through a filter having a first response time, characterized in that the
computer program product comprises program segments that when executed on a computer
for controlling the internal combustion engine causes the computer to perform the steps of:

- detecting an event triggering a second control mode, and
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- entering the second control mode, where the sensor signal from the exhaust gas pressure
sensor and or inlet gas pressure sensor is filtered through a filter having second response

time where the second response time is shorter than the first response time.

14. The computer program product according to claim 13, when the computer program
product is adapted to control an engine having a turbo charger, characterized by: program
segments for filtering a charger gas pressure sensor signal using a faster filter while in the

second mode.

15. The computer program product according to claim 13 or 14, characterized by program
segments for filtering an engine speed sensor signal using a faster filter while in the second

mode.

16. The computer program product according to any of claims 13 — 15, characterized by
program segments for detecting an event triggering a second control mode by identifying a
condition that there is or will be a transient in the pressure sensor signal as one input

parameter.

17. The computer program product according to any of claims 13 — 16, characterized by
program segments for detecting an event triggering a second control mode by receiving a

signal indicative of a gear shift.

18. The computer program product according to any of claims 13 — 17, characterized by
program segments for detecting an event triggering a second control mode by identifying a

predetermined clutch position and /or accelerator pedal position as input parameter(s).

19. A digital storage medium (108) having the computer program product according to any

of claims 13 - 18 stored thereon.



WO 2008/140405 PCT/SE2008/050522

172
109 ECU [ 110
U ) > D| /106
|
- L T0
107 08
O
—_— O Y —_—
O
113 =S 16 .
102 105 O /\‘00

Fig. 1



WO 2008/140405 PCT/SE2008/050522

2/2

20 1/\ Slow filter mode

No
Trigger event?
03
e Fast filter mode /\205
No
End condition?

Fig. 2



INTERNATIONAL SEARCH REPORT Internatonal application No.
PCT/SE2008/050522

A. CLASSIFICATION OF SUBJECT MATTER

IPC: see extra sheet
According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC: FO02D

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

SE,DK,FI,NO classes as above

Electronic data base consulted during the internationa! search (name of data base and, where practicable, search terms used)

EPO-INTERNAL, WPI DATA, PAJ

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*| Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 20030023367 Al (AVERY, JR, R M ET AL), 1-19

30 January 2003 (30.01.2003), paragraphs [0021],

[0036]
X DE 19534633 Al (ROBERT BOSCH GMBH), 1-19

5 December 1996 (05.12.1996), column 2,
1ine 19 - 1ine 55; column 3, line 38 - line 48

X US 5512024 A (BURTON, A ET AL), 30 April 1996 1-19
(30.04.1996), column 2, 1ine 26 - line 36, claim
18

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

*  Special catcgories of cited documents: "T* later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
E ?_?yxllxerd:{:ghcanon or patent but published on or afier the international "X" document of particular relevance: the claimed invention cannat be
L., g . o . o considered novel or cannot be considered to involve an inventive
L" document which may throw doubts on priority clzim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other . X N .
special reason (as specified) “Y" document of particular relevance: the claimed invention cannot be

considered 1o involve an inventive step when the document is

0" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination

np means . . . . . being obvious to a person skilled in the art

P”  document published prior to the international filing date but later than .

the priority date claimed "&" document member of the same palent family

Date of the actual completion of the international search Date of mailing of the international search report
28 August 2008 0 1 -09- 2008
Name and mailing address of the ISA/ Authorized officer
Swedish Patent Office
Box 5055, §-102 42 STOCKHOLM Sture Elnds /LR
Facsimile No. 146 8 666 02 86 Telephone No.  +46 8 782 25 00

Form PCT/ISA/210 (second sheet) (July 2008)



INTERNATIONAL SEARCH REPORT Intornational apphioation No.

PCT/SE2008/050522

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

21 August 2003 (21.08.2003), paragraphs [0019];
[0020], [0024]; [0247]; [0272]

—— o o o ot

Category*| Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 20020113439 Al (THOMAS, R J ET AL), 1-19
22 August 2002 (22.08.2002), paragraphs [0037]
A US 5595159 A (HUBER, W ET AL), 21 January 1997 1-19
(21.01.1997), column 5, Tine 8 - line 31
A US 6223728 B1 (HOSOKAWA, K ET AL), 1 May 2001 1-19
(01.05.2001), column 3, line 24 - line 35;
column 7, line 49 - 1line 54; column 10,
line 54 ~ line 67
A US 20030158649 Al (HASHIMOTO, K ET AL), 1-19

Form PCT/ISA/210 (continuation of second sheet) (July 2008)




INTERNATIONAL SEARCH REPORT International application No.
PCT/SE2008/050522

International patent classification (IPC)
F02D 41/04 (2006.01)

Download your patent documents at www.prv.se
The cited patent documents can be downloaded at www.prv.se by
following the linksg:
e In English/Searches and advisory services/Cited documents
(sexrvice in English) or
s e-tjanster/anfédrda dokument (service in Swedish).
Use the application number as username.
The password is DVPREOMPSR.

Paper copies can be ordered at a cost of 50 SEK per copy from
PRV InterPat (telephone number 08-782 28 85).

Cited literature, if any, will be enclosed in paper form.

Form PCT/ISA/210 (extra sheet) (July 2008)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

28/06/2008 | PCT/SE2008/050522
US 20030023367 Al  30/01/2003 CA 2448215 A 13/02/2003
DE 10296962 T 22/07/2004
GB 0401141 D 00/00/0000
GB 0516333 D 00/00/0000
GB 2395576 A,B 26/05/2004
GB 2414305 A,B 23/11/2005
JP 2004537672 T 16/12/2004
us 6708104 B 16/03/2004
WO 03012272 A 13/02/2003
DE 19534633 Al 05/12/1996 FR 2734866 A,B 06/12/1996
IT 1282988 B 03/04/1998
IT MI960950 A 10/11/1997
us 5512024 A 30/04/1996 DE 69318797 D, T 19/11/1998
EP 0595505 A,B 04/05/1994
GB 9222515 D 00/00/0000
JP 6229306 A 16/08/1994
US 20020113439 Al 22/08/2002 us 6876097 B 05/04/2005
GB 0204234 D 00/00/0000
GB 0500181 D 00/00/0000
GB 2375834 A,B 27/11/2002
GB 2406920 A,B 13/04/2005
us 5595159 A 21/01/1997 DE 4404668 A 17/08/1995
JP 3727968 B 21/12/2005
JP 7259584 A 09/10/1995
us 6223728 Bl  01/05/2001 DE 19855493 A,B 24/06/1999
JP 11159377 A 15/06/1999
us 0349704 B 26/02/2002
US 20010013335 A 16/08/2001
US 20030158649 Al  21/08/2003 CN 1231851 C 14/12/2005
CN 1439973 A - 03/09/2003
DE 10243589 A,B -~ 04/09/2003
JP 3842144 B 08/11/2006
JP 2003247453 A 05/09/2003
us 6732044 B 04/05/2004

O R S O bt i S Oy (Bt et Bt S G S e e PO e et (et A M P B e (e S G M St et SO B M e R B My e e et S M R W e P ot A B Y o o e P it S o P (i i o S S

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




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - claims
	Page 11 - claims
	Page 12 - claims
	Page 13 - drawings
	Page 14 - drawings
	Page 15 - wo-search-report
	Page 16 - wo-search-report
	Page 17 - wo-search-report
	Page 18 - wo-search-report

