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(57) Abstract: The electrical system for a piston engine (1) comprises a first power source (8) and a second power source (9) for
supplying electric energy, a first control module (4, 5), which is connected to both power sources (8) for receiving electric energy, the
control module (4, 5) comprising a plurality of driver outputs (12) and being contigured to supply electric energy to engine components
(3) connected to the driver outputs (12) and to control operation of said components (3), and a second control module (15). The electrical
system further comprises at least one device (11) that is connected to a driver output (12) of the first control module (4, 5) for receiving
electric energy and to the second control module (15) for receiving a control signal and/or for transmitting a measurement signal.
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Electrical system for piston engine and method for operating electrical
device

Technical field of the invention

The present invention relates to an electrical system for a piston engine in ac-
cordance with the preamble of claim 1. The invention also concerns a method
for operating an electrical device of a piston engine as defined in the preamble
of the other independent claim,

Background of the invention

For safety reasons, redundancy is required from electrical systems of engines
that are used in marine applications. Electric energy is supplied to the critical
components of the engine, such as different control modules, from two inde-
pendent power sources. This ensures that the engine can be kept running
even when one of the power sources fails. Figure 1 shows an example of a
prior art electrical system of a piston engine. The electrical system comprises
two independent power sources 8, 9, which supply electric energy to various
control modules, such as a cylinder control module 4, an input/output module 5
and a main control module 6. Also the user interface 7 of the engine is con-
nected to both power sources 8, 9. Engines are also provided with many de-
vices, which are important for optimal operation of the engine, but which are
not necessary for keeping the engine running. These devices include, for in-
stance, a waste gate valve and different sensors, such as a humidity sensor.
These devices can be connected to only one of the power sources. A draw-
back of this kind of arrangement is that if the power supply from the power
source to which the device is connected fails, the device does not work. The
operation of the engine may thus not be optimal. It is also possible to connect
the device to both power sources, which ensures functioning of the device in
case one of the power sources is lost. Figure 1 shows an arrangement, where
a device 11 not requiring redundant power supply is connected to both power
sources 8, 9. A fuse 14 is arranged between the device 11 and the power
sources 8, 9. However, if the device 11, which is designed for connection to a
single power source, experiences a short circuit failure, it can cause shut-down
of the whole electrical system until the fuse 14 between the device 11 and the
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power sources 8, 9 is triggered. The engine can thus experience shut-down in
spite of the redundancy of the electrical system.

Summary of the invention

An object of the present invention is to provide an improved electrical system
for a piston engine. The electrical system comprises a first power source for
supplying electric energy, a second power source for supplying electric ener-
gy, a first control module, which is connected to both the first power source
and the second power source for receiving electric energy, the control module
comprising a plurality of driver outputs and being configured to supply electric
energy to engine components connected to the driver outputs and to control
operation of said components, a second control module, and at least one de-
vice that is connected to the second control module for receiving a control sig-
nal and/or for transmitting a measurement signal. The characterizing features
of the electrical system according to the present invention are given in the
characterizing part of claim 1. Another object of the invention is to provide an
improved method for operating an electrical device of a piston engine. The
characterizing features of the method are given in the characterizing part of the
other independent claim.

According to the invention, the device that is that is connected to the second
control module for receiving a control signal and/or for transmitting a meas-
urement signal is connected to a driver output of the first control module for re-
ceiving electric energy.

In the method according to the invention, electric energy is supplied to the de-
vice via a driver output of a first control module of the engine and a control sig-
nal is transmitted to the device from a second control module and/or a meas-
urement signal is transmitted from the device to a second control module.

At least one driver output of the first control module is thus used for supplying
power to a device, which is controlled by another control module. Since the
first control module is connected to two power sources, power supply to the
device is secured even when one of the power sources fails. An advantage
compared to a device that is connected directly to both power sources is that a
short-circuit failure of the device does not shut down the whole electrical sys-
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tem. Also the need for mechanical fuses can be eliminated. The connection to
the driver output also allows better monitoring of the device connected to the
driver output.

According to an embodiment of the invention, the driver output to which the
device is connected is provided with an electronic fuse. The fuse can have a
variable current limit. An electronic fuse can be configured to have a suitable
current limit for the device connected to the driver output. It is also possible to
have different limits in different operating conditions. For instance, the limit can
be higher during start-up of the device to allow temporary current peaks.

The device connected to the driver output can be a sensor, such as a humidity
sensor. The device could also be a valve actuator, such as an actuator of a
waste gate valve.

According to an embodiment of the invention, the first control module is a cyl-
inder control module that is configured to control operation of one or more fuel
injectors. Instead of a cylinder control module, the first control module could be
an input/output module that is configured to receive measurement signals and
to perform specific control functions of the engine.

A piston engine according to the invention comprises an electrical system de-
fined above. The engine can be, for instance, a marine engine.

Brief description of the drawings

Embodiments of the invention are described below in more detail with refer-
ence to the accompanying drawings, in which

Fig. 1 shows a schematic view of a prior art electrical system of a piston en-
gine,

Fig. 2 shows a schematic view of an electrical system of a piston engine ac-
cording to an embodiment of the invention, and

Fig. 3 shows schematically a cylinder control module of the electrical system of
figure 2.
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Description of embodiments of the invention

Figure 2 shows a simplified view of an electrical system of a piston engine 1.
The engine is a large internal combustion engine. The engine 1 can be a main
or an auxiliary engine of a ship or some other marine engine. The engine 1
could also be used for some other purpose in an application where reliable
running of the engine 1 is important and redundancy is required from the elec-
trical system. The engine 1 can be a diesel engine, gas engine, dual-fuel en-
gine or multi-fuel engine. The engine 1 can be either a compression ignition
engine or a spark ignition engine.

The engine 1 comprises a plurality of cylinders 2. Four cylinders 2 are shown
in figure 2, but the engine 1 can comprise any reasonable number of cylinders
2. Each cylinder 2 is provided with a fuel injector 3 for injecting fuel into the cyl-
inder 2. The fuel injectors 3 can be either main fuel injectors of a diesel engine
or a dual-fuel/multi-fuel engine or pilot fuel injectors of a gas engine or a dual-
fuel/multi-fuel engine.

The electrical system comprises various control modules. A main control mod-
ule 6 handles the strategic control functions of the engine 1. These include, for
instance, start/stop functions and speed/load control of the engine 1. In the ex-
ample of figure 2, the electrical system comprises two cylinder control modules
4. In the embodiment of figure 2, each of the cylinder control modules 4 con-
trols fuel injection into two cylinders 2. The cylinder control modules 4 thus
control the cylinder-specific air-fuel ratio by adjusting the admission of fuel into
the cylinders 2. An input/output module 5 handles measurements and limited
control functions in a specific area. The electrical system also comprises a us-
er interface 7. The user interface 7 can comprise a display and/or input means
for local engine control. The input means can comprise a keyboard, push but-
tons and/or switches. The input means could also be integrated to a touch dis-
play. The various control modules and the user interface are connected to
each other via a CAN-bus 10. The CAN-bus 10 is physically doubled for
providing redundancy.

Electric energy is supplied to the control modules 4, 5, 6 and to the user inter-
face 7 from a first power source 8 and a second power source 9. The power
sources 8, 9 are independent and failing of one of the power sources 8, 9 does
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thus not shut down the engine 1, but the critical functions of the engine 1 work
as long as at least one of the power sources 8, 9 can supply power.

Figure 3 shows a schematic view of a cylinder control module 4 of figure 2.
Each cylinder control module 4 is provided with a plurality of driver outputs 12.
The driver outputs 12 are configured to supply power and to control the opera-
tion of the fuel injectors 3. Each fuel injector 3 is provided with a solenoid 13
for actuating the fuel injector 3. The fuel injectors 3 are current-controlled and
the driver outputs 12 are responsible for both supplying the energy required for
the operation of the solenoids 13 of the fuel injectors 3 and for controlling the
fuel injection timing and duration.

An electrical system according to the invention comprises at least one device
11 that is connected to a driver output 12 of a control module 4, 5 for receiving
electric energy and to another control module 15 for receiving a control signal
and/or transmitting a measurement signal. In the embodiment of the figures,
electric energy is supplied to the device 11 from a driver output 12 of a cylinder
control module 4. However, the device 11 could also be connected to the in-
put/output module 5. Since the cylinder control modules 4 and the input/output
module 5 are connected to both power sources 8, 9, the power supply to the
device 11 is secured even when one of the power sources 8, 9 fails. If the de-
vice 11 was connected directly to the power sources 8, 9, a short-circuit failure
of the device 11 could shut-down the whole electrical system, if a fuse between
the device 11 and the power supplies could not disconnect the device 11 from
the system fast enough. With the arrangement according to the invention, this
problem can be avoided.

The device 11 can be, for instance, an actuator of a valve or a sensor. The de-
vice 11 could thus be an actuator of a waste gate valve of the exhaust system
of the engine 1 or a humidity sensor that is used for measuring the moisture
content of the intake air of the engine 1. The device 11 could also be some
other non-critical actuator or sensor.

Each driver output 12 of the cylinder control module 4 is provided with an elec-
tronic fuse. The current supply to the device 11 can thus be limited. The elec-
tronic fuse can be easily configured to take into account the characteristics of
the device 11 connected to the driver output 12. The current limit of the elec-
tronic fuse can also be made variable. The fuse can thus have different current



WO 2018/158491 PCT/FI12017/050136

6

limits for different operating states of the device 11. For instance, during start-
up of the device 11, the current limit can be higher for allowing temporary cur-
rent peaks.

The electrical system according to the invention allows better monitoring of the
5 device 11 connected to the driver output 12 of the control module 4, 5. For in-
stance, the current supplied to the device 11 can be easily monitored.

It will be appreciated by a person skilled in the art that the invention is not lim-
ited to the embodiments described above, but may vary within the scope of the
appended claims.
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Claims

1. An electrical system for a piston engine (1), the electrical system com-
prising
- afirst power source (8) for supplying electric energy,
- asecond power source (9) for supplying electric energy,
- a first control module (4, 5), which is connected to both the first power
source (8) and the second power source (9) for receiving electric ener-
gy, the control module (4, 5) comprising a plurality of driver outputs (12)
and being configured to supply electric energy to engine components
(3) connected to the driver outputs (12) and to control operation of said
components (3),
- asecond control module (15), and
- at least one device (11) that is connected to the second control module
(15) for receiving a control signal and/or for transmitting a measurement
signal,
characterized in that said device (11) is connected to a driver output (12) of
the first control module (4, 5) for receiving electric energy.

2.  An electrical system according to claim 1, wherein the driver output (12)
to which the device (11) is connected is provided with an electronic fuse.

3.  An electrical system according to claim 2, wherein the electronic fuse has
a variable current limit.

4.  An electrical system according to any of claims 1-3, wherein the device
(11) connected to the driver output (12) is a sensor, such as a humidity sensor.

5. An electrical system according to any of claims 1-3, wherein the device
(11) connected to the driver output (12) is a valve actuator, such as an actuator
of a waste gate valve.

6. An electrical system according to any of the preceding claims, wherein
the first control module (4, 5) is a cylinder control module (4) that is configured
to control operation of one or more fuel injectors (3).

7.  An electrical system according to any of claims 1-6, wherein the first con-
trol module (4, 5) is an input/output module (5) that is configured to receive
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measurement signals and to perform specific control functions of the engine

(1).

8. A piston engine (1) comprising an electrical system according to any of
the preceding claims.

9. A piston engine (1) according to claim 8, wherein the engine (1) is a ma-
rine engine.

10. A method for operating an electrical device (11) of a piston engine (1),
characterized in that electric energy is supplied to the device (11) via a driver
output (12) of a first control module (4, 5) of the engine (1) and a control signal
is transmitted to the device (11) from a second control module (15) and/or a
measurement signal is transmitted from the device (11) to a second control
module (15).

11. A method according to claim 10, wherein the electric current supplied to
the device (11) is limited by means of an electronic fuse.

12. A method according to claim 11, wherein the current limit of the electron-
ic fuse is varied according to the operating state of the device (11).
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