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Method and device for determining serviceability of an
auxiliary unit used al operalion of an internal combus-

tion engine

FIELD OF THE INVENTION
The present invention relates to a method and a device for de-
termination of the functionality of an auxiliary aggregate used at

the operation of a combustion engine.

BACKGROUND

At the operation of a combustion engine a number of so-called
auxiliary aggregates are used, such as for example one or sev-
eral compressors for supply of pressurised air io the combustion
engine’s cylinder chamber, a fuel pump arranged in the fuels
route from a tank to the injector of the combustion engine, a wa-
ter pump for cooling of the engine and a starter motor. Naturally,
having knowledge, all the time, of the functionality of these auxil-
iary aggregates is of great importance for ensuring that the com-
bustion engine funcltions optimally, i.e. that fuel used therein is
burned in the engine’s cylinders with a maximum amount of en-
ergy/fuel mass being generated out of the engine, and a resulting
minimum amount of emissions, and that this is done with mini-
mum wear of the component parts in the combustion engine and
said auxiliary aggregates, avoiding that unwanted stops of the
combustion engine become necassary. It is usually difficult to re-
liably diagnose, i.e. determine the functionality of such auxiliary

aggregates of combustion engines.
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US 2012/0330575 A1 describes a method for diagnosis of auxil-
iary aggregates of a combustion engine by assessing the pres-
sure detected by the pressure sensor that reaches into said cyl-
inder chamber of the combustion engine’s cylinders, via holes

bored through the engine walls.

SUMMARY OF THE INVENTION

The objective of the present invention is to provide a method and
a device for the determination of the functionality of an auxiliary
aggregate used at the operation of a combustion engine, which is
improved in at least one respect in relation to prior art such

methods and devices.

This objective is achieved with the invention as defined in the

enclosed claims.

According to one embodiment, a method is achieved for determi-
nation of the functionality of an auxiliary aggregate used at the
operation of a combustion engine. The method includes

» detecling movements generated in paris of the combustion
engine through the auxiliary aggregate’s function,

. comparing said movements with stored information about
possible movements when the auxiliary aggregate is functioning
properly, and

. determining the functionality of the awdliary aggregate

based on the result of said comparison.

Thus, the invention is based on the knowledge that the auxiliary
aggregates of a combustion engine generale movement in parts

of the combustion engine when they function properly, and that
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an analysis of such movements may lead, with good reliability, o

a determination of the functionality of an auxiliary aggregate.

A method according to the invention facilitates diagnosis of a
greater number of auxiliary aggregates with a greater reliability,
than what is possible with the method according {o the above
mentionad document, and additionally the innovative method may
be carried out without any holes having to be bored in the com-
bustion chamber, which resulls in a cost saving, and in addition
disruptions, which may be caused by pressure sensors intro-
duced in the cylinder chamber are also avoided thanks to the in-

vention.

According to one embodiment of the invention, movements in the
form of vibrations are detected. Auxiliary aggregates of a com-
bustion engine, when functioning properly, normally generate vi-
brations in parts of the combustion engine, such as the cylinder
heads or engine blocks or other parts, and such vibrations have
an appearance that is dependent on the auxiliary aggregate’s
function, so that by comparing these vibrations with stored infor-
mation about such vibrations, it is possible to determine whether

or not the auxiliary aggregate functions in the expected manner.

According to another embodiment of the invention, movements in
an engine block part or in a cylinder head in the combustion en-
gine are detected. According to an additional embodiment of the
invention, movements in the form of strains on screws in the en-
gine are detected, such as screws in main bearings, in connect-
ing rod bearings and in cylinder head bolts. The appearance of

such movements depends on the function of auxiliary aggregatses
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of a combustion engine, and may for example be detected by ap-

plying strain-sensors on such screws.

According to ancther embodiment of the invention, movements in
the form of strains on injector- and glow plug tixings are de-
tected, which constitutes another possibility of determining the

functionality of an auxiliary aggregate.

According to another embodiment of the invention, the detection
of said movements is carried out partly before and partly after
the activation or deactivation of said auxiliary aggregates, said
movemenis before and after said activation or deactivation are
compared with each other, and the funclionality of the auxiliary
aggregate is determined, based on the result of such compari-
son. Such differential diagnoses may advantageously be carried

out to determine the functionality of a said auxiliary aggregate.

According to ancother embodiment of the invention, the funclional-
ity of a compressor arranged in an air inlet conduit to the com-
bustion engine is determined. Other embodiments of the inven-
tion relate to the determination of the functionality of a water
pump for cooling of the combustion engine, and of a fuel pump
connected to an aggregate for injection of fuel into the cylinders
of the combustion engine. In the case of a determination of the
functionality ot a fuel pump, the development of the pressure in
at least one cylinder of the combustion engine may be measured
over time, the measured pressure development is compared with
stored intormation about such pressure development, and also
the result of such comparison is used {o determine the fuel

oump’s functionality. Thus, it may be reliably determined whether
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the fuel pump is functioning properly. The method may in this
case be carried out for a fuel pump comprising several pump
elements, and it is then determined that a pump element has
failed, when said movement expecied 1o be generated by such

pump element disappears.

According to another embodiment of the invention, the functional-
ity of a starter motor is determined, by detecling movemenis
propagated in a cylinder head of the engine or in adjacent paris
in the engine, generated by pressure changes in a cylinder
chamber of the engine, , a development over time of the gas
pressure in the cylinder chamber is calculated, based on informa-
tion in said detected movements, and the duration on a curve
showing said development is compared with stored information
about such a curve, in order o determine the functionality of the
starter motor. It has been shown that the development over time
of the gas pressure in the cylinder chamber of a combustion en-
gine may reliably be derived by detecting movemenis generated
in a cylinder head of the engine or in adjacent paris in the en-
gine, i.e. without the requirement of boring any holes in the com-
bustion chamber. Thus, it becomes possible to determine
whether the combustion engine’s starter motlor functions prop-

erly.

The invention also relates 1o a device, adapted to determing the
functionality of an auxiliary aggregate in a combustion engine
according to the enclosed independeant device claims. The func-
tion of such a device and embodiments thereot detfined in non-
independent claims, and the possibilities which they offer, are

explained in the discussion above of the innovative method.
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The invention alsoc relates to a compuler program, a computer
program product, an electronic control device, a combustion en-

gine and a motor vehicle which uses the above.

The invention is not limited to any specific type of combustion
engine, bul encompasses otio engines as well as compression
ignited engines, nor to any specific fuel, non-exhaustive exam-
ples of which may comprise fuel in the form of petlrol, ethanol,
diesel and gas.

Likewise, the invention comprises combustion engines intended
for all types of use, such as in industrial applications, in crushing
machines and various types of motor vehicles, wheeled motor
vehicles as well as trucks and buses, and boats and crawlers or

similar vehicles.

Other advaniageous features and advantages with the invention

arg set out in the description below.

BRIEF DESCRIPTION OF THE DRAWINGS
Below are descriptions of example embodiments of the invention,

with reference to the enclosed drawings, in which:

Fig 1a is a schematic view illustrating a combustion engine
with associated auxiliary aggregates and sensors, ar-
ranged in different possible positions for the detection
of movements generated through the auxiliary aggre-
gates’ function,
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Fig. 1b shows a possible location of a sensor element,

Fig 2 is a flow chart showing a method according toc one

embodiment ot the invention, and

Fig. 3 is a diagram of an electronic control device for the im-

plementation of a method according o the invention.

DETAILED DESCRIPTION OF EMBODIMENTS ACCORDING TO
THE INVENTION

Fig 1a illustrates very schematically a combustion engine 1 with
auxiliary aggregates, connected in a prior art manner, in the form
of a compressor 2, a water pump 3 and a tuel pump 4 in the form
of a high pressure pump, arranged o pump fuel at a high pres-
sure to an accumulator volume 5 with nozzles for injection of tuel
into the cylinders 6 of the combustion engine. An additional auxil-
iary aggregate in the form of a starter motor 7 is also indicated.
The combustion engine is here arranged in a schematically indi-

cated motor vehicle 20, for example a truck.

it is tllustrated how sensors 8-10 may be arranged to deiect
movements generated in paris of the combustion engine, through
the function of the different auxiliary aggregates. By arranging
such a sensor 8 on a part of a cylinder head 11 or on parts in the
engine adjacent thereto, pressure changes in the relevant cylin-
der chamber 12 may be detected through movements generated
thereby where the sensor is arranged. Such a sensor may, for
example, detect such movements optically or via piezo electricity

or piezo resistivity, and be used to produce a pressure curve
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generated by the starter motor 7, which may be compared with
stored information about such a curve, for the determination of

the tunctionality of the starter motor.

Other sensors 9, 10 may be arranged to detect vibrations or
strains, for example in screws of the engine, such as screws in
main bearings, in connecting rod bearings, and in cylinder head

bolts, or in an enging block part.

information aboutl the detected movements is sent {o a unit 13,
which may consist of an electronic control device for the combus-
tion engine and the vehicle, in cases where the combustion en-
gine is arranged in a vehicle. The unit 13 is adapted to compare
the appearance of the detected movements with stored informa-
tion about possible such movements when the respective auxil-
lary aggregates tunction properly, and o determine, based on
the result of such comparison, the tunctionality of the auwxliary

aggregale.

Fig. 1b shows another placement of a sensor element 8. The
sensor element is here placed on a section adjacent to the cylin-
der head. In this example, the sensor slement is placed on the
engine, specifically on the engine block. The sensor ele-
menis/sensors 8 may be of a suitable type, e.g. piezo resistive or
piezo electrical elements or optical sensors. The sensor element
may here be placed on the engine, in an area adjacent to the
cutiet of the exhaust channel from a cylinder. For example on a
surface on the engine block next to the outlet, on the engine, of
the exhaust channel from a cylinder. The surface where the sen-

sor 8 is placed may be substantially vertical. The sensor may bs
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arranged to detect movements, which are perpendicular to the
movemenis of the piston. The sensor may also be arranged to
detect movements, which are perpendicular both in relation to
the piston’s direction of movement and in relation to the engine’s
longitudinal direction. In one embodiment, the sensor is located
on the engine’s long side. The sensor may be arranged to detect
movements in a direction, which is perpendicular in relalion {o

the surface on which it is placed.

in another embodiment {not displayed) the sensor element 8 may
be placed in a corresponding manner as when placed on the en-
gine at the outliet of the exhaust channel from a cylinder, bul in-
stead placed in a corresponding location on the enging, at the

inlet channel’s inlet to a cylinder.

The signal detected by the sensor element 8 may be treated in
various ways. For example, the following signal treatment steps
may be carried out. First the sensor’s elecirical signal is entered
into a control device/signal treatment device. The signal is fil-
tered with a bandpass filter in order {o remove superfluous infor-
mation, which does not belong to the freguency range around
which information is required. The signal is svened out by way of
filtering, averaging or by being replaced with one or several con-
tinuous function{s) with good likeness. Subsequently, the signal
is scaled, e.g. with the help of the correlation between pressure
and volume at compression. Subsequently, {a) suitable part{s) of
the signal is/are transtormed to the pressure domain. Supple-
mental modelling closes gaps in the signal’s reliability, in order to

form a pressure curve. The thus formed pressure curve is used o
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calculate different values at engine control. In some embodi-

ments one or several of the steps above may be omittad.

Fig 2 shows a flow chart Hlustrating an embodiment of a method
according to the present invention, for determination of the func-
tionality of an auxiliary aggregale used at the operation of a
combustion engine. In a first step S, movements generated in a
part of the combustion engine by the function of an auxiliary ag-
gregate are detected. In a second step S: the detecied move-
ments are compared with stored information about such move-
ments, and in a third step S; the functionality of the auxiliary ag-

gregate is determined, based on the result of such comparison.

A computer program code tor the implementation of a method ac-
cording to the invention is suilably included in a computer pro-
gram, loadable into the internal memory of a computer, such as
the internal memory of an electronic control device ot a combus-
tion engine. Such a computer program is suitably provided via a
computer program product, comprising a data storage medium
readable by an electronic control device, which dala storage me-
dium has the computer program stored thereon. Said data stor-
age medium is e.g. an optical data storage medium in the form of
a CD-ROM, a DVD, efc., a magnetic data storage medium in the
form of a hard disk drive, a disketlie, a cassette, elc., or a Flash
memory or a ROM, PROM, EPROM or EEFPROM type memory.

Fig. 3 very schematically tllustrates an electronic control device
13 comprising execulion means 14, such as a central processor
unit {CPU), for the execulion of computer software. The execu-

tion means 14 communicates with a memory 15, 8.g. a RAM
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memory, via a data bus 16. The control device 13 also comprises
a data storage medium 17, e.g. in the form of a Flash memory or
a ROM, PROM, EPROM or EEPROM type memory. The execu-
tion means 14 communicates with the data storage means 17 via
the data bus 16. A computler program comprising computer pro-
gram code for the implementation of a method according to the

invention is stored on the data storage medium 17.

The invention is obviously not limited in any way to the embodi-
ments described above, but numerous possible modifications
thereot should be obvious to a person skilled in the area, without
such person departing from the spirit of the invention as defined

by the appendesd claims.

The innovative method could be used for the determination of the
functionality of auxiliary aggregates other than those mentioned

above.

it would also be possibie to use signal strength and time delay
between several different sensors to identity auxiliary aggre-
gates, which generate “noise” or which move in an abnormal

manner, it indicated,
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Claims

1. Method for the determination of the tunctionality of an auxil-

10
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30

tary aggregale (2-4, 7}, used at the operation of a combus-
tion engine {1}, characierised in

¢ detecting movements generated in parts {11} of the com-
bustion engine through the auxiliary aggregate’s func-
tion,

» comparing said movements with stored information about
possible movements when the auxiliary aggregale is
functioning properly, and

¢ determining the functionality of the awdliary aggregate,

based on the result of said comparison.

Method according to claim 1, characterised in that move-

ments in the form of vibrations are delecied.

Method according to claim 1 or 2, characlierised in that

movements in an engine block part or in a cylinder head (11)

ot the combustion engine are detected.

Method according to claim 1 or 2, characlerised in that

movements in the form of strains on screws of the engine {1)
are detected, such as screws in main bearings, in connecting

rod bearings, and in cylinder head bolis.

Method according to claim 1 or 2, characlerigsed in that

movements in the form of strains on injector- or glow plug

fixings are detected.
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G.

10.

1.

13

Method according to claim 3, ¢haraclerised in that the de-

tection is carried out in or on said cylinder head (11).

Method according to claim 3, characlerised in that the de-

tection is carried out on the engine, in an area adjacent to

the outlet of the exhaust channel from a cylinder.

Method according to claim 3, characterised in that the de-

tection is carried oul on the engine, in an area adjacent (o

the inlet of the inlet channel to a cylinder.

Method according to any of the previous claims, ¢haracler-
ised in that the detection of said movements is carried out
partly betore, and partly after the activation or deactivation
of said auxiliary aggregate, in that said movements before
and after said activation or deactivation are compared with
each other, and in that the functionality of the auxiliary ag-
gregate is determined, based on the result of such compari-

Son.

Method according to any of the previcus claims, ¢haracter-
ised in that the functionality of a compressor {2) arranged
inside an air inlet conduit to the combustion engine (1) is de-

termined.

Method according to any of claims 1-9, characterised in that

the functionality of a water pump (3} for cooling of the com-
bustion engine {1}, or of an oil pump for lubrication of the

engine’s moveable parls, is determined.
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12.

13.

14.

15.

14

Method according to any of claims 1-9, characterised in that

the functionality of a fusl pump {4) connected to an aggre-
gate for injection ot tuel into cylinders of the combustion en-

gine (1} is determined.

Method according to claim 12, characlerised in that the de-

velopment of the pressure in at least one cylinder (6) of the
combustion engine over time is measured, in that the meas-
ured pressure development is compared with siored informa-
tion about such pressure development, and in that the result
of this comparison is also used to determine the fuel pump’s

functionalily.

Method according fo claim 12 or 13, characlerised in that it

is carried out for a fuel pump (4) comprising several pump
glements, and in that it is determined that a pump slement
has failed when said movements expected {o be generated

by such pump element disappear.

Method according to any of claims 1-9, characterised in that

the functionality of a starter motor (7) is determined, in that
movements propagated in a cylinder head {11} of the angine
or in parts of the engine adjacent thereto, generated by
pressure changes in a cylinder chamber {12} of the engine,
are detected, in that a development over time of the gas
pressure in the cylinder chamber is calculated based upon
information in said detected movements, and in that the du-
ration in time ot a curve showing said development is com-
pared with stored information aboul such curve, in order o

determing the tunctionality of the starter motor.



10

15

20

25

WO 2015/195038 PCT/SE2015/050702

16.

17.

18.

19.

20.

15

Device adapted to determine the functionality of an auxiliary
aggregate {(2-4, 7) of a combustion engine (1), characler-
ised in that it comprises a sensor (8-10), arranged on a part
of the combustion engine and adapted to detect movements
generated in this part {11} through the function of the auxil-
tary aggregate, and a unit {13}, adapted to compare the ap-
pearance of said detected movements with stored informa-
tion about possible such movements when the auxiliary ag-
gregate is functioning properly, and, based upon the result of
said comparison, to determine the functionality of the auxil-

fary aggregate.

Device according to claim 16, characierised in that said

sensor {9, 10} is adapted to detect movements in the form of

vibrations.

Device according to claim 16 or 17, gharaclterised in that

said sansor {9, 10) is a strain sansor.

Device according to any of claims 16-18, characierised in

that it is adapted to determine the functionality of an awul-
tary aggregate in the form of a compressor {2}, a water pump

(3}, a fuel pump (4} and/or a starter motor (7).

Device according to any of claims 16-19, characlerised in

that a sensor selement (8) is arranged in or on said cylinder
head.
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21.

22.

23.

24,

25,

26,

16

Device according to any of claims 16 - 19, characierised in

that said sensor element {8) is placed on the engine, in an
area adjacent to the outlet of the exhaust channel from a cyl-

inder.

Device according to any of claims 16 - 19, characlerised in

that a sensor element (8) is placed on the engine, in an area

adjacent to the inlet of the inlet channel to a cylinder.

Computer program which may be downloaded directly {o the
internal memory of a computer, which computer program
comprises a computer program code in order to make the
computer control the steps according to any of claims 1-15

when said computer program is executed in the computer.

Computar program product comprising a data storage me-
dium {17} which is readable by a computer, the computer
program code of a computer program according to claim 23

being stored on the data storage medium.

Electronic conirol device for a combustion engine, compris-
ing an execution means (14}, a memory {15} conneacted o
the execution means and a data storage medium {17) con-
nected to the execution means, the computer program code
i a computer program according to claim 23 being stored on

said data storage medium,

Combustion angine comprising a device according to any of
claims 16-22.
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27. Motor vehicle, characierised in that it comprises a device

according to any of claims 16-22.

28. Motor vehicle according to claim 27, ¢haraclerised in that i

is a wheeled motor vehicle, such as a truck or a bus, or a

boat or a crawler.
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