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METHOD AND DEVICE FOR DIAGNOSE OF VALVES OF AN

INTERNAL COMBUSTION ENGINE

FIELD OF THE INVENTION
The present invention relates to a method and a device for diag-
nosis of at least one valve in at least one cvlinder in a combus-

tion engine.

BACKGROUND

There is a constant aspiration {o achieve control of a combustion
engine, in such a manner that fuel used therein is burned in the
engine’'s cylinders, while generaling a maximum amount of en-
ergy/tuel mass output from the engine and a minimum amount of
emissions of environmentally hazardous pollutants. It is of deci-
sive importance in such aspiration to have constant knowledge of
the combustion engine’s operating conditions, such as the oper-
ating condition of the in- and outlet valves of the engine’s cylin-

ders.

Al a prolonged use of the engine, such valves and therefore the
valve seats interacting with them, may be worn so that problems
arise, such as when the opening and closing times of the valves
do not coincide with those in a newly produced engine. Such
valve problems may sometimes lead o increased fuel consump-
tion in the engine and increased emissions. Valves in the engine
should thus, to prevent that for example statutory emission val-
ues are exceeded, be adjusted or replaced before they are worn

to a critical extent.
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Usually, diagnosis of valves in combustion engines is not carried
out during operation, but instead the valves are examined by a
mechanic, when for example the vehicle is taken to a service ga-
rage. This procedure is lime consuming and expensive, since
there is a risk that the engine must be taken apart to check ths
valves even though they may not need to be replaced. Con-
versely, at the use of such engines there is also a risk that, for
example, a vehicle may drive long distances without maximum
energy exiraction from the fuel and with unnecessarily high

emissions.

One reason why a mechanic is often responsible for diagnosis of
the valves in combustion engines may be that the methods avail-
able o diagnose such valves during operation often are complex
and costly to carry out, since they may, for example, comprise
use of expensive sensors and data processing units installied for

this purpose.

SUMMARY OF THE INVENTION
The objective of the present invention is to provide a method and
a device, which are improved in al least some respect in relation

to prior art methods and devices.

This objective is achieved according to the invention through the

method and the device according to the enclosed claims.

it has been shown that when a piston moves in said cylinder, by
detecting movements propagating in a cylinder head in the cylin-
der or in parts adjacent thereto in the engine, and comparing the

values resulting from the detection with at least one setipoint
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value, said stale in said at least one valve may be reliably de-

termined.

Accordingly, it becomes possible 1o diagnose, in a simple man-
near, the valves in the cylinders of a combustion engine, while the
latter is in operation. As g result, this may be carried out without
any risk that the engine is dismantied unnecessarily or is operat-
ing with unnecessarily high tuel consumption. Further, cost sav-
ings thus achieved may be achieved without arranging expensive
instaliations, which are especially adapted to detecting valve er-

rors.

The movemenis that may be detected and used at diagnosis of
said at least one valve may, for example, be vibrations, noise,
i.e. gas movements, and various types of shape changes, such
as protrusions, in said cylinder head or in parts adjacent thereto

in the engine.

According to one embodiment, a method for diagnosis of at least
one valve in at least one cylinder in a combustion engine is
achieved. The method comprises the steps, at a movement of a
piston in said cylinder,

- detecting propagating movements in a c¢ylinder head of the cyl-
inder or in paris adjacent thereto in the engine,

- comparing values resulting from steps with at least one stored
seipoint value, and

- determining the state of said at least one valve, based on the

result of said comparison.
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According to one embodiment of the invention, movements
caused by at least oneg of the following events in said cylinder ars
detected: positional change in at least one valve and pressure
change in a cylinder chamber. It has been shown that said
movemenis caused by one of said evenis are suitably detected
and used for a reliable diagnosis of one or several valves of the

type specitied above.

According to another embodiment of the invention, at least
movements caused by a positional change in at least one valve
of said cylinder are delected, wherein said movements are de-
tected at least at one crank angle. Information about such
movements and at what crank angle they are detectad has been
shown o be suitable for use, in order to guickly and compara-
tively unproblemaltically determine a state in the at least one

valve.

According to another embodiment of the invention, the value of
said at least one crank angle is compared with a setpoint value
for a crank angle, at which said movements should be detected.
Through such a comparative step, diagnosis of one or several
valves in an enging may be provided in an uncomplicated man-

ner.

According to ancther embodiment ot the invention, movemenis

caused by at least both said events are detected,.

According to another embodiment of the invention, values which
result from movements caused by a positional change in at least

one valve, a pressure change in a cylinder chamber and a turn of
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a piston in said cylinder, which — through a value calculated with
information about these and about the current speed of the en-
gine, comprising information about at least a crank angle at
which said movements caused by said positional change are de-
tected — are compared with said at igast one ssaipoint value for a
crank angle, at which said movements caused by said positional

change should be detected.

Tesis have been carried out and shown that it is possible to de-
tect such movements with cost effecltive means, and that, with
the help of information about the engine’s current engine speed,
such movements may be used, through comparison with at least
one stored setpoint value, to advantageously determine a stale in

said atl least one valve.

According to another embodiment of the invention, said move-
ments caused by said positional change in at least one valve,
preferably such movements caused by opening and closing of

said valve, are detected at least at two different crank angles.

According to another embodiment of the invention, values resull-
ing from movemenis caused by a positional change in at least
one valve and a pressure change in a cylinder chamber are com-
pared — through a value calculated based on information about
these and about the engine’s current engine speed, in the form of
a period length of a valve period of said valve — with said at least
one setpoint value for such a period length. it has been shown
that it is possible, with information about said events and about
the engine’s current engine speed, o diagnose said at least one

valve with reliable resulis.
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According to another embodiment of the invention, an error state
is determined when said value of said at least one crank angle
and/or period length is not within a predetermined interval around
said setpoint value, and a normal state is determined when said
value of said at least one crank angle and/or period length is
within a predetermined interval around said seipoint value. By
determining either an error state or a normal state in the valve or
valves diagnosed, clear information about the state of said
valves is provided, and suitable measures may quickly be ifaken

where needead.

According to another embodiment ot the invention, at least
movemenits caused by a pressure change in a cylinder chamber
in said cylinder are detected, wherein said movements are de-

tected at least at one crank angle.

According to another embodiment of the invention, a stored set-
point value in the form of a normal pressure in said cylinder
chamber at least one specific crank angle, is compared with said
value of said detected movements at the at least one specific
crank angle, wherein said value of said detected movements
comprises information about the pressure in said cylinder cham-
ber.

Through a comparison of the measured pressure at a crank angle
in said cylinder chamber, in the form of said detected movemenis
caused by a pressure change in the cvlinder chamber, and a set-

point value for the pressure at this crank angle, the valves in a
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cylinder may be reliably diagnosed with respect to, for example,

leakages at one of these.

According to another embodiment of the invention, an error state
is determined when said valug of said detected movemaents at the
at least one crank angle is not within a predetermined inlerval
around said setipoint value, and a normal state is determined
when said value of said detected movements at the at least one
crank angle is within a predetermined interval around said set-
point value. Thus, it becomes possible to take direct corrective
measures when the diagnosis of the valve or valves shows such

a need.

According to another embodiment of the invention, an error state
comprising at least two, preferably al least three, different types

and/or degrees or error is determined.

According to another embodiment of the invention, the method
also comprises the step of sending a warning signal, and/or pre-
venting fuel injection into the cylinder chamber of the relevant
cylinder, when the state of said valve is determined to be an er-
ror state. Accordingly, it is possible directly to itake suitable
measures based on the type and/or degree of error that is deter-

mined.

According to another embodiment of the invention, the resulls of
the diagnoses are used during several different valve periods, in
order to diagnose at least one valve. Accordingly, for example
the results of 100 diagnoses during 100 valve periods may be

used, and at for example more than 3, 5 or 10 determined error
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states out of 100, the diagnosis of a valve is determined as a fi-

nal error state, or an error state of a more serious degree or

type.

The invention also relates 1o a device for diagnosis of at least
one valve in at least one cylinder of a combustion engine accord-
ing to the enclosed independent device claims. The function of
such a device and the possibilities it offers are described in the

discussion above of the innovative method.

The invention also relates to a computer program, a computer
program product, an electronic control device, a combustion en-

gine and a motor vehicle, which functions as describead above.

The invention is not limited to any specific type of combustion
engine, but encompasses Otto 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 pelrol, 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 boals and crawlers or

similar vehicles.

Other advantageous features and advantages with the invention

are set out in the description below.
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BRIEF DESCRIPTION OF THE DRAWINGS

Below are descriptions of example embodiments of the invention,

with reference to the enclosed drawings, in which:

Fig. 1a

Fig. 1b

Fig. 2

Fig. 3

Fig. 4

Fig. 5

is a schematic view tllustrating a part of a combustion

engine according to one embodiment of the invention,

shows a possible location of a sensor element,

is an enlarged view corresponding to the dashed area
in Fig. 1a, illustrating valves and valve seats in a cyl-

inder head of a cylinder of an engine

is a diagram showing on the one hand the pressure in
the cylinder chamber of a cylinder in a combustion
angine according to the invention over time, and on
the other hand several signals generated over time by
sensor elements of the combustion engine according
to Fig. 1, as a result of detection of movements in the

cylinder head,

is a flow chart showing a method according {o one

embodiment of the invention, and

is a fundamental diagram of an electronic control de-
vice for implementation of one or several methods ac-

cording to the invention.
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DETAILED DESCRIPTION OF EMBODIMENTS ACCORDING TO
THE INVENTION

Fig. 1a illustrates very schematically a combustion engine 1 ac-
cording to one embodiment of the invention, which is here ar-
ranged in an implied motor vehicle 2, for example a truck. The
engine is equipped with a device 3, indicated with a dashed line,
adapted to detect operating conditions in the engine, and such
device has a schematically drawn device 4 which is adapted to
detect e.g. pressure changes in the cylinder chambers 5 of the
combustion engine’s cylinders 61-66, of which there are six in

this case, but of which there may be any number.

The device 4 has, in order to be able to detect said pressure
changes in the cylinder chambers, one sensor element 7 per cyl-
inder 61-66, and this is arranged separately from the associated
cylinder chamber 5 on the respective cylinders’ cylinder heads 8.
The sensor elements in this case consist of piezo resistive sen-
sors adapted to detect pressure changes, for example in the form
of vibrations, generated by movements propagated in the cylin-
der head, caused by the turns of a piston 14 in the respective
cylinders 61-66 or by positional changes in the valves 10, 11, ar-

ranged in the respective cylinder heads 8.

The fact that said at least one sensor element 7 is arranged
separately from the cylinder chamber 5, i.e. the cylinder's 61-66
combustion chambers, means that it does nol come into direct
contact with the inside volume of the cylinder chamber, but is
completely separate therefrom. However, some form of external
recess could be adapied in the wall of the cylinder chamber 5, in

which a sensor element 7 could be arranged.
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The device 3 also comprises a unit 89, which may consist of ths
vehicle's 2 electronic control device, adapted to receive informa-
tion about the detected movements from the sensor elements 7,
and to compare such information, or information calculated
based on such sensor informaltion with stored values, and to de-
liver measurings of the state of the engine 1 and its component
parts and/or proceasses in the engine, such as positions in inlet-
10 and/or outlet valves 11 and the period length for an opening in
any of these. Thus, information about the engine’'s 1 operaling
conditions or divergences from these, which suitably provide the
bases for control of various components in the combustion en-
gine, such as for example {fuel injection or an indication of ad-
justment or service reguirements, may be obtained based on the

sensor elements’ 7 detection.

it has been shown that, by arranging such sensor elements in the
manner described, so that they have the ability to detect move-
ments propagating in the cylinder head 8 or in parts adjacent
thereto in the engine 1, derived from pressure changes in the cyl-
inder chamber 5, turns of said piston 14 and/or positional
changes in said valves 10, 11, high quality signals may be ob-
tained, which signals do not require filtering or further process-
ing, or alternatively, which require a simple filtering or process-
ing, in order to be used at the diagnosis of at least one valve 10,

11 in the at least one cylinder 61-66 of the engine 1.

Fig. 1b shows another placement of the sensor element 7. The
sensor element is here placed on a section adjacent to the cylin-

der head. In this example, the sensor element is placed on the
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engine, specifically on the engine block. The sensor ele-
menis/sensors 7 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 {o the
cutliet of the exhaust channel from a cylinder. For example, i
may be placed on a surface on the engine block next to the out-
let, on the engine, of the exhaust channel from a cylinder. The
surface where the sensor 7 is placed may be substantially verti-
cal. The sensor may be arranged to detect movements, which are
perpendicular to the movementis of the pision. The sensor may
also be arranged to detect movements, which are perpendicular
both in relation to the piston’s direction of movement and in rela-
tion to the engine’s longitudinal direction. In one embodiment,
the sensor is located on the engine’s long side. The sensor may
be arranged 1o detect movements in g direction, which is perpen-

dicular in relation to the surface on which it is placed.

in another embodiment {(not displayed) the sensor element 7 may
be placed in a corresponding manner as when placed on the en-
gine at the outlet of the exhaust channel from a cylinder, but in-
stead placed in a corresponding location on the engine at the

suction channel’'s inlet to a cylinder.

The signal detected by the sensor element 7 may be treated in
various ways. For example, the following signal treatment steps
may be carried out. First the sensor’'s electrical signal is entered
into a control device/signal treatment device. The signal is fil-
tered with a bandpass filter in order to remove supertluous infor-
mation, which does not belong to the frequency range around

which information is required. The signal is evened out by way of
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filtering, averaging or by being replaced with one or several con-
tinuous function{s) with good likenass. Subssaqguently, the signal
is scaled, e.g. with the help of the correlation between pressure
and velume at compression. Subsequently, (a) suitable pari(s) of
the signal is/are transtormed to the pressure domain. Supple-
mental modelling closes gaps in the signal's religbility, in order to
form a pressure curve. The thus formed pressure curve is used to
calculate different values alt engine conirol. In some embodi-

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

Fig. 2 tlustrates an inlet 10 and exhaust valve 11, respectively,
and valve seals 15 and 18, respectively, interacting therewith, in
a cylinder head 8 of a cylinder 61 in the engine 1. The inlat valve
10 and the associated valve seat 15 are in a normal state, corre-

sponding to the state in newly produced such paris.

The exhaust valve 11 and the associated valve seat 16 are in an
error state. This is illusirated by the dashed areas 21, 22 in the
valve lid 13 of valve 11 and in the valve seatl 16, illustrating worn
corners in these, as a result of numerous openings and closings
of the valve. When the mentioned areas 21, 22 are worn away,
the valve's 11 opening and closing times will be impacted, as will
its sealing capacity facing the valve seat. As a consequence of
such wear, for example the engine’s 1 fuel consumption and ex-

haust emissions may increase.

Fig. 3 illustrates in a diagram the development of the pressure P
over the time t during a working cycle in a cylinder chamber 5,
without combustion in the engine 1 that uses diesel as fuel dur-

ing operation and works in four strokes, which are referred to



10

15

20

25

30

WO 2015/195036 PCT/SE2015/050698

14

hereafter as the suction stroke, the compression siroke, the
combustion stroke and the exhaust stroke, and jointly constituts

one said working cycle.

The markings BDC1, TDCH, BDC2, TDC2 on the time axis show
at what points the piston 14 of a cylinder 81 turns, i.e. is located
at a top and bottom dead cenire, respectively, where BDC1 re-
fers to the piston’s turn at a first bolttom dead centre at the end of
the suction stroke, DC1 refers o the piston’s turn at a first top
dead centre at the end of the compression siroke and the begin-
ning of the combustion stroke, BDC2 refers to the piston’s turn at
a second bottom dead centre at the beginning of the exhaust
stroke and TDC2 refers to the piston’s turn at a second top dead
cenire at the end of the exhaust stroke and the beginning of the

suction stroke.

The curve in the diagram shows clearly how the pressure in the
cylinder chamber 5 increases between BDC1 and TDCH, reduces
between TDC1 and BDC2 and remains substantially constant be-
tween BDC?2 and TDC?2, and between TDC?Z2 and BDCO1. At differ-
ent points along the curve, there may also be noise in the form of
noise VO, VO illustrating detected vibrations caused by the
opening and closing, respectively, of the inlet valve 10, noise
AVO, AVC illustrating detected vibrations caused by the opening
and closing, respectively, of the exhaust valve 11, and noise a-d

ittustrating detected vibrations caused by a turn of said piston 14,

The noise VO, VO, AVO, AVC illustrating detected movementis
caused by a positional change of a valve 10, 11 will hereafter be

referred to, for the sake of clarity, as valve noise and the noiss
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a-d illustrating detected movementis caused by a turn of said pis-

ton 14 will, for the same reason, be referred to as piston noise.

The pressure as well as the respective noise in the diagram are
examples of movements propagating in a cylinder head 8 of the
cylinder 81 or in paris adjacent thereto in the engine 1, detected
by the sensor element 7. Altempts have shown that such a sen-
sor element may be used both to detgct the pressure and thus {o
generate signals which correspond, with greatl reliability, with
signals generated by a conventional pressure sensor, and {o de-
tect other said movements such as vibrations, which are illus-
trated by way of said noise a-d, IVO, IVC, AVO, AVC.

The movements and noise thus showed VO, IVC, AVO, AVC
thus shown, deriving from posilional changes in said valves 10,
11, are causead by their valve lids 12, 13 hitling against or repel-
ling parts, such as valve seats 15, 16 in the cylinder head 8 at
closing and opening, respectively, of said valves, through which

vibrations spreading in the cylinder head are created.

The movements, which are shown in the diagram as noise a-d
and are derivaed from turns of said piston 14, are caused because
parts of the piston, at turns, come into contact with parits of the
cylinder 81 connecting the piston and the crankshaft 23, so that

vibrations spreading in the cylinder are created.

The measuring values displayed in the above described diagram
may be used in various ways with the help of the device 3, at di-
agnosis at least one valve 10, 11 in at least one cylinder 81-66 of

the enging 1, according to one innovative method.
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When a valve noise is detectad in a cylinder chamber 5 in a cyl-
inder 61, the device 3 may, with the help of for example a crank-
shaft positional sensor, determine at what crank angle the noise
was detected. The noise in combination with the crank angle is
compared with a seipoint value, which comprises information
about the crank angles at which the valve noise should be de-
tected, and an error state or a normal state is determingad for the
at least one valve 10, 11 in the cylinder 81, depending on
whether or not the noise was detected at an accepted crank an-
gle. An error state may in this case for example entail wear of a

valve 10, 11 or a valve seat 15, 18.

Another way of using valve noise for diagnosis of at least one
valve is to detect movements resulting in noise VO, AVQO caused
by the opening of a valve 10, 11, and movements resulting in
noise VG, AVC caused by the closing of said valve 10, 11. With
the help of, for example, a crank angle positioning sensor, the
device 3 may determine the crank angles at which said noise was
detected and therefore also the period length of the opening of
said valve 10, 11. The measured period length is compared with
a setpoint value and a normal state or an error state is deter-
mined for said at least one valve 10, 11, depending on whether
or not said measured period length is within a predelermined in-

terval around the setpoint value.

An error state may in this case, for example, entall an incorrect
valve clearance between a valve 10, 11 and its interacting valve
seal 15, 16, because of wear of said valve or valve seal. Too

small a valve clearance results in the valve 10, 11 opening too
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soon and closing too late, and conversely, too large a valve
clearance resulis in the valve opening too late and closing too
soon. Both these cases may be devastating for the capability of
the engine’s 1 processes functioning in a desirable manner, and
the valves 10, 11 and valve seats 15, 16 or cylinder head 8
should therefore be adjusted as quickly as possible, or replaced

by a service technician.

in order to diagnose one or several valves 10, 11 in a cylinder
61-66 according to another embodiment of the invention, move-
ments caused by a pressure change in the cylinder chamber 5,
such as a pressure increase, may be detected at a crank angle,
which is determined by for example a crankshalft positional sen-
sor. The detected pressure at the determined crank angle is then
compared with a seipoint value, which comprises information
about the pressure that should prevail in the cylinder chamber 5
at said determined crank angle, and a normal state or an error
state is determined for the at least one valve 10, 11 in the cylin-
der 81, depending on whether or not the deslected pressure is

within a predetermined interval around the setpoint value.

An error state may in this case, for example, entail a leakage at
one valve 10, 11 and the error may also be diagnosed by meas-
urements of the pressure at difference crank angles via the sen-
sor 7, and a comparison of these measured values with setpoint

values for said crank angles during the engine’s 1 working cycle.

in the absence of a crankshafl positioning sensor of the engine
1, the device 3 may instead use valve noise VO, IVC, AVO, AVC

resulting from movements detected by the sensor 7, as well as
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pressure and piston noise a-d, and a value of the engine’s actual
engine speed, measured with for example some commonly ocour-
ring speed sensor, in order to calculate the crank angle at which
a valve noise was detected. By detecting the pressure, for exam-
ole at a determined distance before and after a detected valvs
noise and a piston noise, the identity of these noises may be de-
termined, for example as an VO noise and an a noise. As an ex-
ample of how this method functions, the identity of the noise is
determined as IVC, i.e. closure of the inlet valve 10, when the
pressure before the valve noise is substantially constant, and the
subsequent pressure increases. In order to determine this, the
pressure may be measured at several points before and after the
noise. When the piston’s 14 turn in the first boltom dead centre
BDC1, iHustrated with a piston noise a, occurs at a specific crank
angie, the device 3 may, with the help of the engine’s current en-
gine speed determine at what crank angle said valve noise IVQ

was detected.

The noise IVC at the determined crank angle is compared with a
setpoint value, which comprises information about the crank an-
gle at which said valve noise should be detected, and an error
state or a normal state is determined tor the relevant valve 10 in
the cylinder 61, depending on whether or not the noise was de-

tected at an accepted crank angle.

A determined error state in for example a valve 10, 11 preferably
comprises several, such as two or three, different types and/or
degrees of error, which facilitates the decision as to what meas-

ures must be taken to correct the error.
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Al, for example, an error stale comprising three different degrees
of error, a first degres may represent a less serious error, e.g. in
the form of detected valve noise at a crank angle, which is only
one crank angle degree or so oulside a predetermined interval
around a setpoint value, as a consequence of for example wear
of a valve 10, 11, which may e.g. result in a signal such as an
information error code being sent {o the engine’s 1 service ga-

rage.

A second degree of error may in this example represent a more
serious error, e.g. in the torm of a detected pressure at a crank
anglie being a litlle oulside the interval around a setpoint value,
which interval comprises accepted values of a pressure around
this crank angle. Such an error may, for example, indicate a
smalier leakage in a valve 10, 11. Said degree of error siate
may, for example, result in a warning signal being sant to a
driver or an operator who is in charge of the engine's 1 opera-
tion, e.g. in the form of lighting of a warning lamp, and the latter
may accordingly ensure that the sngine 1 is examined within a

near future by a service technician.

A third degree of error may in this example represent an ex-
tremely serious error, for example in the form of a detecied pres-
sure at a crank angle, which is not in the vicinity of a said inter-
val around a setpoint value, as a consequence of, for example,
the fact that an exhaust valve 11 is constantly in an open slate.
Such an error state may, for example, result in the countermea-
sure that combustion in the relevant cylinder 61-86 is directly

preventied, because the fuel injection to the cylinder's cylinder
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chamber 5 is siopped or because the relevant cylinder is com-

oletely disconnected from the engine 1.

The unit 9 in the device 3 may, through the frequency of a noise,
determineg whether this derives from a turn of said piston 14,
which event resulls in noise a-d with a first frequency, or from a
positional change of a valve 10, 11, which event resulls in noise
VO, IVC, AVO, AVC with a second, higher frequency.

Fig. 4 shows a flow chart illusirating an embodiment of a method
according to the present invention, to diagnose at least one valve
in at least one cylinder of a combustion engine, when a piston in
said cylinder moveas. In a first step 5, propagating movements in
a cylinder head of the cylinder or in parts adjacent therelo in the
engine are delected, in a second step S, the values resulting
from step 5, are compared with at least one stored setpoint
value, and in a third step S; the state in said at least one valve is

determined, based on the result of said comparison.

A computer program code for the implementation of a method ac-
cording to the invention is suitably included in a computer pro-
gram, loadable into the internal memory of a computer, such as
the internal memory of an electronic control device of 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 data 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 bVD, etc., a magnetic data storage medium in the
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form of a hard disk drive, a disketie, a cassetie, elc., or a Flash
memaory or a ROM, PROM, EPROM or EEPROM type memory.

Fig. 5 very schematically illusirates an electronic control device 9
comprising execution means 17, such as a central processor unit
(CPL), for the execution of computer sofiware. The execution
means 17 communicates with a memory 18, e.g. a BAM memory,
via a data bus 19. The control davice 9 also comprises a data
storage medium 20, e.g. in the form of a Flash memory or a
ROM, PROM, EPROM or EEPROM type memory. The execution
means 17 communicates with the data storage means 20 via the
data bus 19. A compuler program comprising compuier program
code tor the implementation of a method according to the inven-

tion is stored on the data storage medium 20.

The invention is obviously not limited in any way to the embodi-
ments described above, but numerous possible modifications
thereof should be obvicus 1o a person skilled in the area, without
such pearson departing from the spirit of the invention as defined

by the appended claims.

For example, the combustion engineg could have another number
of cylinders than displayed. A sensor element to detect move-
menis derived from the cylinder chambers in all cylinders is also
unnecessary, and it is even plausible that the device may have
only one sensor element, intended 1o detect movements derived

from pressure changes in only one of the engine’s cylinders.

The sensor elements may be adapted {o detect said movements

also when there is no combustion in the engine’s cylinders, but
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when there are still changes in the pressure inside the cylinder
chambers, for example when starting the combustion engine with
a starting engine, or when combustion occurs in the engine’s cyl-

inder chamber.

The diagram displayed in Fig. 3 is prepared for illusirative pur-
poses and thus the information that may be derived therefrom is
not necessarily realistic with respect to scales etc. Correspond-
ing diagrams for different types of engines may also differ in
terms of appearance, as a consequence of, for example, different
timing of opening and/or closing of a valve in these. For example,
valve periods for different valves may overlap each other or fol-

low each other without overlapping.

Detection of movements caused by a pressure change also re-
lates to comprising detection of the absence of such movements,
in a sensor element adapted o detsct such movements when
pressure changes arise. This detected absence then indicates
that the pressure is substantially unchanged during a certain
time, which indicates that we are currently in, for example, the

stction stroke or the exhaust stroke.

A piston which, at a turn, gives rise to movementis, such as vibra-
tions, relates to a piston which, when the engine is in operation,
carries out a forward and backward movement in the cylinder and

therefore operates a crankshaft connected with the pision.

A crank angle at which movements are detected by a said sensor
element may be determined with some type of conventional crank

angle sensor, such as an inductive crank angle positional sensor,
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but may also be calculated by the innovative device, based only

on the movements detected by said sensor elements.

The described manners in which the innovative device may use
movemenis detected by the sensor slement to diagnose at least
one valve are examples thereof, and thus not intended to limit

the area of use ¢of the invention.

The values described in step S: as “resulting from step 8¢ and
which are compared with a seipoint value may, in addition o be-
ing direct values of movements detected by the sensor slement,
also be composite values, for example calculated values, of such
direct values and of values obtained in another manner than as

described in step $¢, for example from an engine speed sensor.

A setipoint value may be a value, for example, for a crank angle
determined at the manufacture of the engine, at which a certain
event should occur, or a value measured and determined previ-
ously during the operation of the engine, and also a combination

of these.

An interval around a seipoint value specifies accepted valuss, for
example for a crank angle at which a valve is gpened, the period
length of a valve, or a pressure in a cylinder chamber at such a
certain crank angle. As an example, when the setpoint value for
such a period length is 220 crank angle degrees, the interval of
acceptad values may be 216-224 crank angle degreeas. Accepted
values around a setpoint value, specitying the crank angle at

which a valve should be opened, may for example consist of the
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seipoint value for said opening plus/minus two crank angle de-

grees.

The number of valves per cylinder may vary from only one inlet
valve and outlet valve, respectively, up to three or four of such
respective valve itypes, or even more, The valves in a cylinder
that may be diagnosed simultaneously with an innovative method
may be one, several or all of said valves, and valves in different

cylinders of the engine may also be diagnosed simultaneously.

A valve period relates to the period which begins when the open-
ing of a valve from a closed state takes place, and ends when
the valve is in the closed state again. The period tength of such a
valve period accordingly relates to the distance between the be-
ginning and the end of the period, i.e. the opening and closing of
the valve, and is suitably provided as a number of crank angle

degrees.
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Claims

1. Method for diagnosis of at least one valve (10, 11} in at least
one cylinder {81-686) of a combustion engine (1) characier-
ised in that it comprises the steps, at a movement of a pis-
ton {14} in said cylinder (61-66)

Sy, detecting propagating movements in a cylinder head (8)
of the cylinder {81-86) or in parts adjacent thereto in the

engine {1},

S, comparing values resulting from siep 8 with at least

one siored setpoint value, and

53 determining the state of said at least one valve (10, 11)

based on the result of said comparison.

2. Method according to claim 1, characterised in that the de-

tection is carried out in or on said cylinder head (8).

3. Method according to claim 1, gharaclerised in that the de-

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

the outlet of the exhaust channel from a cylinder.

4. Method according claim 1, ¢haraclerised in that the detec-
tion is carried out on the engine, in an area adjacent o the suc-
tion channel’'s inlet to a cylinder.

5. Method according to any of claims 1 - 4, characlerised in

that, in step 8, movemenis caused by least one of the following

gvents in said cylinder (61-66) are detgcted: positional change in
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at least one valve {10, 11} and pressure change in a cylinder

chambaear (5).

6. Method according to claim 5, characlerised in that at least

movemenis caused by a positional change in at last one valve
{10, 11} in said cylinder {61-68) are detected in step S, wherein

said movements are detected at least at one crank angle.

7. Method accerding to claim 8, characlerised in that in step 5,
the value of said at least one crank angle is compared with a
setpoint value for a crank angle, at which said movements should
be detected.

8. Method according to claim 5, characlerised in that in step S,

movements caused by at least both said evenis are delected.

9. Method according to claim 8, characlerigsed in that in step 5;

values resulting from movemenis caused by a positional change
in at least one valve {10, 11}, a pressure change in a cylinder
chamber (5} and a turn of a piston {14} in said cylinder {61-66)
are compared — by way of a calculated value based on informa-
tion about these and about the engine’s (1) current engine
speed, comprising information about at least one crank angle at
which said movements caused by said positional change was de-
tected — with said at least one setpoint value for a crank angle, at
which said movements caused by said positional change should
be detected.

10. Method according to claim 8, characlerised in that said

movemenis caused by said positional change in at least one

valve (10, 11) are detected at least at two different crank angles,
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and preferably such movements caused by opening and closing

of said valve (10, 11} are detacted.

11. Method according to claim 10, characterised in that in step

S, values resulting from movemenis caused by a positional
change in at least one valve (10, 11) and a pressure change in a
cylinder chamber {(5) are compared - based on information about
these and about the engine’s (1) current engine speed, in the
form of a period length of a valve period in said valve (10, 11} -

with said at least one setpoint value tor such a period length.

12. Method according to claim 7, 9 or 11, characierised in that

in step S; an error state is determined, when said value of said at
least one crank angle and/or period length is not within a prede-
termined interval around said setpoint value, and a normal state
is determined, when said value of said at least one crank angle
and/or period length is within a predetermined interval around

said setpoint value.

13. Method according to claim 5, characlerised in that in step 5,

at least movements caused by pressure changes in a cylinder
chamber {5} of said cylinder {81-68) are detected, wherein said

movements are detected at least at one crank angle.

14. Method according to claim 13, characterised in that in siep

S, a stored setpoint value in the form of normal pressure in said
cylinder chamber {5), at ieast at one determined crank angle, is
compared with said value of said detected movements at the at
least one determined crank angle, wherein said value of said de-
tected movements comprises information about the pressure in

said cylinder chamber (5).
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15. Method according to claim 14, ¢characlerised in that in step

53 an error state is determined, when said value of said detected
movemenis at the at lgast one crank angle is not within a prede-
termined interval around said setpoint value, and a normal siate
is determined, when said value of said detecied movements at
the at least one crank angle is within a predetermined interval

around said setpoint value.

16. Method according to claim 12 or 15, ¢haraclerised in that an

grror state comprising at least two, preferably at lgast three, dif-

ferent types and/or degrees of error is determined.

17. Method according to any of the previcus claims, characier-

iged in that it also comprises the following step

5S4, sending a warning signal and/or preventing fuel injection
into the cylinder chamber (5) of the relevant cylinder
(61-686), when the state of said valve {10, 11) is deter-

mined as an error state.

18. Device (3) for diagnosis of at least one valve (10, 11} in at
feast one cylinder (61-66) of a combustion engine {1}, ¢char-
aclerised in that it comprises at least one sensor element
{7}, arranged separately from a cylinder chamber (5) in said
cylinder (61-66}) on a part of a cylinder head (8) or on paris
adjacent thereto in the engine (1), and adapted to detect, at
a movement of a piston {(14) in said cylinder chamber (5),
movements propagating in said cylinder head (8) or said

parts.
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19. Device according to claim 18, ¢haraclerised in thatl said

sensor element (7) is arranged in or on said cylinder head

(8).

20. Device according to claim 18, gharacterised in that said

sensor element (7) is placed on the engine, in an area adja-
cent to the outlet of the exhaust channel from a cylinder.

21. Device according to claim 18, characlerised in that said

sensor element (7) is placed on the engine, in an area adja-

cent to the inlet of the suction channel to a cylinder.

22. Combustion engine (1)}, characterised in that it comprises a

device (3} according to any of claims 18 - 21.

23. Computer program which may be downloaded directly into the
internal memory of a computer, which computer program com-
prises a computer program code in order to make the computer
control the steps according to any of claims 1-17 when said com-

puter program is executed in the computer.

24. A computer program product comprising a durable data stor-
age medium (20}, 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 (20).

25. Electronic control device (8) for a combustion engine (1},
comprising an execution means {17}, a memory {18} connected
to the execution means (17} and an executlion means (17} con-

nected to the data storage medium (20), the computer program
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code in a compuier program according to claim 23 being stored

on said data storage medium (20).

26. Motor vehicle, gharacierised in thal it comprises a combus-

tion engineg (1) according to claim 22.

27. Motor vehicle according to claim 26, gharacterised 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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