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Description

Technical field of the invention

[0001] The present invention relates to a method for
determining the crank angle of a multicylinder internal
combustion engine, as defined in the preamble of claim
1. The invention also concerns an arrangement for de-
termining the crank angle of a multicylinder internal com-
bustion engine in accordance with the preamble of the
other independent claim.

Background of the invention

[0002] Large internal combustion engines that are
used for instance in ships and power plants are usually
started by using pressurized air that is injected sequen-
tially into the cylinders of the engine for rotating the crank-
shaft. It is desirable to minimize the amount of starting
air that is needed for starting an engine. Pressurized
starting air needs to be stored in large air receivers that
require a lot of space. The energy needed for pressurizing
the starting air is usually taken from the engine itself, and
it is therefore also desirable to minimize the energy con-
sumption for this purpose.
[0003] To minimize the consumption of starting air, it
is important to select the most suitable cylinder for the
initial starting air injection. To be able to do this, the crank
angle of the engine must be determined. Engines are
often equipped with crank angle sensors that can be used
for instance for determining correct fuel injection timing.
These sensors are usually incremental encoders, which
determine the crank angle on the basis of detection of a
reference mark and angular changes of the crankshaft.
This means that the crank angle cannot be determined
when the engine is at rest. One method for determining
the crank angle is to rotate the engine before start so that
a reference mark passes the crank angle sensor and the
absolute crank angle is thus known. Then the engine has
to be rotated further into a starting position. A drawback
of this method is that the method is time consuming and
a lot of energy is needed. Due to vibrations, the method
can also be inaccurate.
[0004] An alternative way is to use an absolute rotary
encoder to determine the crank angle of the engine. With
an absolute rotary encoder, the exact crank angle of the
engine can be determined even when the engine is at
rest. Patent application US 2007005222 A1 discloses an
air start-up system for an internal combustion engine.
The system comprises solenoid-controlled starting
valves in connection with each cylinder of the engine for
introducing starting air into the cylinders. An absolute ro-
tary encoder is used to detect the angular position and
rotational speed of the engine for determining the correct
timing and duration of starting air injection.
[0005] A problem with absolute rotary encoders is that
they are fragile and not intended for extended periods of
rotation at high speed. Therefore, the lifetime of an ab-

solute rotary encoder is often very limited.
[0006] EP1845250 discloses the determination of the
crank angle of a multi cylinder internal combustion engine
when the engine is at rest comprising the method steps
of introducing a predetermined amount of pressure me-
dium into one cylinder of the cylinders of the engine and
measuring the engine speed.

Summary of the invention

[0007] The object of the present invention is to provide
an improved method for determining the absolute crank
angle of a multicylinder internal combustion engine. An-
other object of the invention is to provide an improved
arrangement for determining the absolute crank angle of
a multicylinder internal combustion engine. The charac-
terizing features of the method and arrangement accord-
ing to the present invention are given in the characterizing
parts of the independent claims.
[0008] According to the present invention, the method
for determining the crank angle of a multicylinder internal
combustion engine when the engine is at rest comprises
the steps of introducing a predetermined amount of pres-
sure medium into at least two of the cylinders of the en-
gine, measuring pressure in the cylinders into which the
pressure medium has been introduced, and calculating
the crank angle of the engine on the basis of the pressure
measurements.
[0009] The present invention enables determination of
the crank angle of an internal combustion engine when
the engine is at rest without the use of absolute rotary
encoders that fail easily. Neither is it necessary to rotate
the crankshaft for determining the crank angle. The meth-
od can be used to reliably determine the crank angle
before starting the engine and the consumption of the
starting air is thus minimized.
[0010] According to an embodiment of the invention,
the pressure medium is introduced into the cylinders from
a starting air receiver. When starting air is used to deter-
mine the crank angle, no separate pressure medium
source is needed.
[0011] According to an embodiment of the invention,
the amount of the pressure medium introduced into the
cylinders is controlled by starting valves. When starting
valves are used to control the amount of pressure medi-
um that is introduced into the cylinders, no additional flow
regulation devices are needed.
[0012] According to an embodiment of the invention,
the crank angle is calculated in a control unit.
[0013] The arrangement for determining the crank an-
gle of a multicylinder internal combustion engine when
the engine is at rest comprises a pressure medium
source, means for connecting the pressure medium
source to at least two of the cylinders of the engine for
introducing a predetermined amount of pressure medium
into the cylinders, means for controlling the admission of
the pressure medium into the cylinders, means for meas-
uring pressure in the cylinders into which the pressure

1 2 



EP 2 614 248 B1

3

5

10

15

20

25

30

35

40

45

50

55

medium is introduced, and means for calculating the
crank angle of the engine on the basis of the pressure
measurements.
[0014] Embodiments of the arrangement according to
the present invention are described in the dependent
claims.

Brief description of the drawings

[0015] Fig. 1 shows schematically a simplified illustra-
tion of an internal combustion engine with a starting sys-
tem and an arrangement for determining the crank angle.

Detailed description of the invention

[0016] The invention is now described in more detail
with reference to the accompanying drawing. In Fig. 1 is
shown an internal combustion engine 1. The engine 1 is
a large four-stroke internal combustion engine that could
be used for instance in a power plant or as the main or
auxiliary engine of a ship. In the example described here
the engine 1 comprises four cylinders 4 that are arranged
inline. However, the engine 1 could comprise any rea-
sonable number of cylinders 4. The cylinders 4 can be
arranged inline, in a V-configuration or some other con-
figuration. The engine 1 can be either a spark-ignition
engine or a compression ignition engine.
[0017] The engine 1 is provided with an air receiver 2
for storing pressurized starting air. The air receiver 2 is
connected with a starting air duct 3 to the cylinders 4 of
the engine 1. Each branch of the starting air duct 3 is
provided with a starting valve 5 for controlling the admis-
sion of the starting air into the cylinders 4. The operation
of the starting valves 5 is controlled by a control unit 7.
The starting valves 5 can be actuated by any conven-
tional means well-known in the art. For instance electri-
cal, hydraulic or pneumatic actuators can be used. It is
also possible to utilize control valves that control the start-
ing valves 5. For instance solenoids can be used to ac-
tuate the control valves. In the embodiment of Fig. 1, all
the cylinders 4 of the engine 1 are connected to the air
receiver 2 and equipped with a starting valve 5. However,
it is possible that only some of the cylinders 4 are con-
nected to the air receiver 2.
[0018] The engine 1 is started by opening the starting
valves 5 in a suitable order and introducing thus pressu-
rized starting air into the cylinders 4. The starting air
moves the pistons inside the cylinders 4 and rotates the
crankshaft 8. Air injection is continued for reaching an
adequate starting speed and fuel is injected into the cyl-
inders 4 with appropriate timing so that the engine 1 even-
tually starts. When the engine 1 is running, the rotational
position and speed of the engine 1 can be determined
from the flywheel 9 that is attached to the end of the
crankshaft 8. The engine 1 is provided with a crank angle
sensor 10 for that purpose.
[0019] In order to minimize the consumption of the
starting air when the engine 1 is started, it is essential to

know the crank angle of the engine 1 For the purpose of
determining the crank angle, the engine 1 is provided
with pressure sensors 6 in connection with each cylinder
4. In the embodiment of Fig. 1, each cylinder 4 of the
engine is equipped with a pressure sensor 6. However,
if the engine 1 comprises a large number of cylinders 4,
it is not necessary to provide all the cylinders 4 with pres-
sure sensors 6.
[0020] For determining the crank angle of the engine
1 before starting the engine 1, at least two starting valves
5 are opened for a predetermined period of time for in-
troducing pressurized starting air into the respective cyl-
inders 4. The duration of the period of time is chosen so
that the pressure inside the cylinders 4 increases, but
remains low enough for not moving the piston. The pres-
sure of the air receiver 2 is kept constant, and the amount
of air that flows into the cylinders 4 can thus be deter-
mined. The pressure in the cylinders 4 is simultaneously
monitored by means of the pressure sensor 6. Based on
the measured pressure, the control unit 7 calculates the
position of the piston in the cylinder 4. The position of the
piston can be used to calculate the crank angle of the
engine 1.
[0021] For having a measurable pressure increase in
a cylinder 4, the gas exchange valves of that cylinder 4
must be closed. If the exhaust valves or intake valves of
the cylinder 4 are open, the starting air introduced into
the cylinder 4 can escape through the valve openings
and the pressure inside the cylinder 4 does not increase.
If the starting air is introduced into several cylinders 4
either simultaneously or consecutively, a pressure in-
crease can be measured at least in some of the cylinders
4 and the crank angle can thus be determined. Another
option would be closing the gas exchange valves in those
cylinders 4 into which the starting air is introduced. This
is possible if the valves can be actuated without a cam-
shaft and can be controlled independently. This could be
the case for instance with hydraulically actuated gas ex-
change valves. Still another option would be checking in
which cylinders 4 the gas exchange valves are closed
and to introduce the pressure medium into those cylin-
ders 4.
[0022] The invention is not limited to the embodiments
described above, but may vary within the scope of the
appended claims. For instance, the pressure medium
used for determining the crank angle does not need to
be starting air, but a separate source of pressurized gas
may be provided. It is also possible to equip the pressure
medium ducts with flow meters so that the amount of the
pressure medium introduced into the cylinders can be
determined directly. The invention can also be applied
to a two-stroke engine.

Claims

1. A method for determining the crank angle of a mul-
ticylinder internal combustion engine (1) when the
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engine (1) is at rest, characterized in that the meth-
od comprises the steps of

- introducing a predetermined amount of pres-
sure medium into at least two of the cylinders
(4) of the engine (1),
- measuring pressure in the cylinders (4) into
which the pressure medium has been intro-
duced, and
- calculating the crank angle of the engine (1)
on the basis of the pressure measurements.

2. A method according to claim 1, characterized in
that the pressure medium is introduced into the cyl-
inders (4) from a starting air receiver (2).

3. A method according to claim 2, characterized in
that the amount of the pressure medium introduced
into the cylinders (4) is controlled by starting valves
(5).

4. A method according to any of the preceding claims,
characterized in that the crank angle is calculated
in a control unit (7).

5. An arrangement for determining the crank angle of
a multicylinder internal combustion engine (1) when
the engine is at rest, characterized in that the ar-
rangement comprises

- a pressure medium source (2),
- means (3) for connecting the pressure medium
source (2) to at least two of the cylinders (4) of
the engine (1) for introducing a predetermined
amount of pressure medium into the cylinders
(4),
- means (5) for controlling the admission of the
pressure medium into the cylinders (4),
- means (6) for measuring pressure in the cylin-
ders (4) into which the pressure medium is in-
troduced, and
- means (7) for calculating the crank angle of the
engine (1) on the basis of the pressure meas-
urements.

6. An arrangement according to claim 5, characterized
in that the pressure medium source (2) is a starting
air receiver.

7. An arrangement according to claim 5 or 6, charac-
terized in that the means for controlling the admis-
sion of the pressure medium into the cylinders (4)
are starting valves (5).

Patentansprüche

1. Verfahren zum Bestimmen des Kurbelwellenwinkels

eines mehrzylindrigen Verbrennungsmotors (1),
wenn der Motor (1) im Ruhezustand ist, dadurch
gekennzeichnet, dass das Verfahren die nachfol-
genden Schritte umfasst:

- Einführen einer vorbestimmten Menge an
Druckmedium in mindestens zwei der Zylinder
(4) des Motors (1),
- Messen des Drucks in den Zylindern (4), in die
das Druckmedium eingeführt worden ist, und
- Berechnen des Kurbelwellenwinkels des Mo-
tors (1) auf der Basis der Druckmessungen.

2. Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, dass das Druckmedium von einem An-
lass-Druckluftbehälter (2) in die Zylinder (4) einge-
führt wird.

3. Verfahren nach Anspruch 2, dadurch gekenn-
zeichnet, dass die Menge des Druckmediums, die
in die Zylinder (4) eingeführt wird, durch Anlass-Ven-
tile (5) gesteuert wird.

4. Verfahren nach einem der vorhergehenden Ansprü-
che, dadurch gekennzeichnet, dass der Kurbel-
wellenwinkel in einer Steuereinheit (7) berechnet
wird.

5. Anordnung zum Bestimmen des Kurbelwellenwin-
kels eines mehrzylindrigen Verbrennungsmotors
(1), wenn der Motor steht, dadurch gekennzeich-
net, dass die Anordnung umfasst

- eine Druckmediumquelle (2),
- Mittel (3) zum Verbinden der Druckmedium-
quelle (2) mit mindestens zwei der Zylinder (4)
des Motors (1) zum Einführen einer vorbestimm-
ten Menge an Druckmedium in die Zylinder (4),
- Mittel (5) zum Steuern des Einlassens des
Druckmediums in die Zylinder (4),
- Mittel (6) zum Messen von Druck in den Zylin-
dern (4), in die das Druckmedium eingeführt
wird, und
- Mittel (7) zum Berechnen des Kurbelwellen-
winkels des Motors (1) auf der Basis der Druck-
messungen.

6. Anordnung nach Anspruch 5, dadurch gekenn-
zeichnet, dass die Druckmediumquelle (2) ein An-
lass-Druckluftbehälter ist.

7. Anordnung nach Anspruch 5 oder 6, dadurch ge-
kennzeichnet, dass die Mittel zum Steuern des Ein-
lassens des Druckmediums in die Zylinder (4) Start-
ventile (5) sind.
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Revendications

1. Procédé de détermination de l’angle de vilebrequin
d’un moteur à combustion interne multicylindres (1)
quand le moteur (1) est au repos, caractérisé en ce
que le procédé comporte les étapes suivantes :

- introduire une quantité prédéterminée de mi-
lieu pressurisé dans au moins deux des cylin-
dres (4) du moteur (1),
- mesurer une pression dans les cylindres (4)
dans lesquels le milieu pressurisé a été introduit,
et
- calculer l’angle de vilebrequin du moteur (1)
sur la base des mesures de pression.

2. Procédé selon la revendication 1, caractérisé en ce
que le milieu pressurisé est introduit dans les cylin-
dres (4) à partir d’un récepteur d’air de démarrage
(2).

3. Procédé selon la revendication 2, caractérisé en ce
que la quantité du milieu pressurisé introduit dans
les cylindres (4) est commandée par des soupapes
de démarrage (5).

4. Procédé selon une quelconque des revendications
précédentes, caractérisé en ce que l’angle de vile-
brequin est calculé dans une unité de commande (7).

5. Dispositif pour déterminer l’angle de vilebrequin d’un
moteur à combustion interne multicylindres (1)
quand le moteur est au repos, caractérisé en ce
que le dispositif comprend :

- une source de milieu pressurisé (2),
- un moyen (3) pour connecter la source de mi-
lieu pressurisé (2) à au moins deux des cylindres
(4) du moteur (1) pour introduire une quantité
de milieux pressurisés prédéterminés dans les
cylindres (4),
- un moyen (5) pour commander l’admission du
milieu pressurisé dans les cylindres (4),
- un moyen (6) pour mesurer une pression dans
les cylindres (4) dans lequel le milieu pressurisé
est introduit, et
- un moyen (7) pour calculer l’angle de vilebre-
quin du moteur (1) sur la base des mesures de
pression.

6. Dispositif selon la revendication 5, caractérisé en
ce que la source de milieu pressurisé (2) est un ré-
cepteur d’air de démarrage.

7. Dispositif selon la revendication 5 ou 6, caractérisé
en ce que le moyen pour commander l’admission
du milieu pressurisé dans les cylindres (4) sont des
soupapes de démarrage (5).
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