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specific element arranged to monitor the fault situation of a data communication bus and the statuses of the switches of the electric
power transmission network and to compare the status data concerning the same switch. In case of a fault situation the generators
change into droop control only if there are no other possibilities to continue with the normal adjustment of the generator.
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FAULT SITUATION PROCESSING ARRANGEMENT OF A LOAD DISTRIBUTION
SYSTEM OF A LOCAL ELECTRIC POWER TRANSMISSION NETWORK

Field of invention

The present invention relates to a local electric power transmission network to
which electricity-producing devices and loads can be connected, and to a load
distribution arrangement of the network. The invention especially relates to electrical

power transfer networks in power plants and ships.

Background art

The electric power transmission networks of ships and power plants are
relatively small. Generators are connected thereto for supplying the ship’s demand of
electric power. Each generator is driven by a power source, such as a diesel engine.
The generators run in the electric network at the same speed so as to have the same
frequency in all places of the electric network. It is not possible to economically store
electricity, so the production of electricity must correspond to the consumption of
electricity of the network. Thus there must be some kind of arrangement in the power
transmission network for distributing the load among the generators.

A known way is to use droop adjustment, i.e. deviation adjustment. Each generator
has a power production line as a function of the frequency of the network. When the
load is large, the frequency of the network tends to increase, and when the load is
small, the frequency tends to increase. Thus, the disadvantage is that the frequency
of the constant state of the system depends on the load of the system.

Another way is to use so-called isochronic load distribution. In this method the
average load of the system is used for establishing the set values for the generators
for distributing the load. The principle of isochronic adjustment is similar to deviation
adjustment, but it does not depend so much on the load of the network. In an
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isochronic load distribution the generators of the network are made to run well so that
they produce the same frequency regardless of the load of the network.

Use of digital data communication buses for replacing the older analogue buses
used for load distribution among generators has become more common. The
advantages of digital buses are their accuracy, reliability and robustness. With a
digital solution, it is, however, difficult to mimic an analogue power transmission
network. Currently the digital data bus solution is the prevailing solution. Often a CAN
bus is used as the data communication bus. Usually isochronic load distribution is
used. Each generator of the network updates its process values which are presented
in a data vector in its generator-specific part. The data vector is broadcast to other
generators of the network. The updated part of the vector contains generator-specific
signal and parameter data needed for isochronic load distribution. If one or more
generators of the network is unable to send updated data, the load distribution

arrangement can not execute load distribution.

The power transmission network comprises switches the state of which can be
changed, if necessary, either automatically or manually. If switch is incorrectly open
or closed, the generator might send incorrect data for the isochronic load distribution.

Brief description of the invention

The aim of the invention is to reduce the above-mentioned disadvantages. The
aim is achieved as described in the main claim. The dependent claims describe the

various embodiments of the invention.

A fault situation processing arrangement of a load distribution system of a local
electric power transmission network comprises a fault situation processing element
18 designed to be installed into each generator of the electric power transmission
network, each generator of the network being connectable to other generators via two
separate connection routes provided with switches 2, 3. The power transmission

network is a line or a loop and the generators have consecutive identifiers. The
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generators are connected to each other via a data communication bus. The fault
situation processing element is arranged to monitor the fault situation of the data
communication network/bus and the statuses of the switches of the electric power
transmission network, to compare the status data concerning the same switch, to
change into droop control in case the status data of a switch do not correspond in the
comparison and when there is no fault situation in the data communication bus or if
data communication faults occur in connection with adjacent generators or in
connection with the first and last generator of the network and to replace the status
data of a switch with the status data of the adjacent generator concerning the same
switch when there are no data communication faults in connection with adjacent
generators or in connection with the first and last generator of the network and the
status data of the switch do not correspond in the comparison. The purpose of the
arrangement is to have the generators change into droop control only if there are no
other possibilities to continue with the normal adjustment of the generator.

List of figures

In the following the invention is described in more detail by reference to the figures

in the appended drawings, in which

Figure 1 llustrates an example of the power transmission network

connection of the generator according to the invention,

Figures2and 3 illustrate the possible network topologies,
Figure 4 illustrates the outlining of the network,
Figure 5 is an example of a data communication vector sent in the

communication bus,
Figure 6 is an example of the inventive arrangement.

Figure 7 is an example of the inventive arrangement during a fault

of the data communication bus.
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Figure 8 is an example of the inventive method.

Description of the invention

Figures 1 — 3 illustrate the structures and networks of the local electric power
transmission network into which the invention is designed to be installed.

Figure 1 illustrates an example of a generator 1 and its connection to a power
transmission network 4. As can be seen, the generator is connected to the power
transmission network by two switches 2, 3. Thus, the part between the switches can
be interpreted as being a part of the power transmission network, because electric
current can flow via it when at least one switch is closed. Due to two switches, electric
power can be fed from the generator to both directions of the power transmission
network 4 or to either direction only i.e. to belong to the desired part of the electric
network. Generator 1 is driven by, for example, an internal combustion piston engine
or a gas turbine. Due to the use of two generator-specific switches the power
transmission network is very adaptable. Thus, each generator has two connection

routes to the rest of the network.

Figures 2 and 3 illustrate the possible network topologies. The power transmission
network 4, 5 can be a line or a loop. Only these network topologies are possible. In
relatively small networks, local networks such as in ships or power plants, this is not a
disadvantage. In fact, this can facilitate planning of the network. Even though the
figures do not show the loads, it is obvious that loads can be connected to the electric

power transmission network.

Each generator 1 — 1G has its own identifier. Consecutive machines in the network
have consecutive identifiers. If a new generator is added to a point in an existing
network, it and the generators after it must be given a new identifier. Thus the
identifier of the generator can be used for outlining the position of the generator, as is

shown later.
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In order to make isochronic load sharing possible, a number of parameters/signals
must be transmitted between generators. A CAN bus (Controller Area Network) 6 is
used for transmitting the data. The transmission takes place as a broadcast
transmission, i.e. all generators see the same data. The data are sent in, for
example, a data vector (figure 5) comprising generator-specific elements 12.
Preferably the generator-specific element begins with the generator identifier 13,
subsequent to which there are fields for various signal data, parameters 15, 15A and

status data 14 of the switches. Each generator updates the element directed to it.

The statuses of the switches of the power transmission network are also
determined. The determining is made by measuring, for example, wave impedance
from the power transmission network for determining whether the switches are closed
or open. The determining process is started in one direction in the network. It is
preferable to determine the checking directions and sequence in order to utilize the
generator-specific identifiers. In this text the directions are determined either “forward”
or “backward”. In the situation of figure 4 the generator N+1 starts determining the
statuses of the switches “backwards”, whereby the first encountered switch 8 is
observed to be closed, i.e. its status value is 1 in this example. The network
determining element 7 can from this measurement detect that the generator N
belongs to the same area of the power transmission network belonging to the same
electric circuit. The determining of status is continued “backwards", until the switch 9,
being open, is detected. Such a switch gets a status of 0. An open switch means that
the following generator does not belong to the same area of the power transmission
network and the checking in that direction can be ended. All switches that have been
detected to be closed simultaneously indicate the generators (the generator following
the switch) belonging to the same group. This is possible by using consecutive

generator-specific identifiers.

When one direction has been checked, the opposite direction will be checked, i.e.

in the case of figure 4, "forward". It is detected that the first switch 10 to be checked is
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open, i.e. it receives a status of zero, and the check in direction "forward" is ended.
Thus the switch 11 is no more checked.

With the measured status data of the switches the network determination element
can model the area of the power transmission network forming a common electric
circuit. The status data of the switches are positioned in the field 14 of the generator-
specific element 12 of the data vector reserved for the status data of the switches.
See figure 5. The data vector is broadcast via the CAN bus to other generators. All
generators can, when necessary, receive the information about the status data
checks of the switches made by other generators through the broadcast data vector.

Load distribution can not be correctly carried out in isochronic mode if the data
communication does not for some reason succeed via the data communication bus,
such as the CAN bus. Already the lack of data for one generator is sufficient for
carrying out the load distribution. It is also possible that the switch has a fault and its
status data are incorrect. In this case the load distribution is incorrect and it disrupt
the network or a part of the network.

Figures 6 and 7 illustrate an example of the arrangement according to the
invention. In figure 6 the generators monitor the status of the switches 16, 17, 19 of
the network. The statuses of the switches are marked in the data vector as shown in
figure 4. The data vector is sent to other generators via the CAN bus whereby all
generators receive the information about the statuses of all switches of the network.
In the figures it can be seen that two status data measurements can be made for
each switch. If these measurements differ from each other and the reason for the
difference is not a fault of the data communication bus (i.e. the generator has
received status data about the same switch from another generator), the fault
situation processing element 18 located in connection with the generator transfers the
generator from normal adjustment to droop adjustment. Normally the adjustment of

the generator is made as an isochronic adjustment.
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For example, if the status data based on measurements made by generators N -1
and N of the switch 16 differ from each other, load distribution is not made in this area
of the network and all generators of the network area are changed over to droop
adjustment. This is possible, because the status data of the switches are broadcast
20 to all generators. In other words, not only the generators adjacent to switch 16 are
changed to droop adjustment, but also the generator N+1 is changed, as it belongs to
the same part of the network when the switch 17 is closed. If switch 17 were open,
the generator N+1 would belong to a different area/part of the network and it would

continue normally in isochronic adjustment.

Figure 7 illustrates an example of the data communication bus. The CAN
bus/network fault in the example prevents the generator N from sending a data
vector. Other generators update the data communication bus fault vector 21 being in
connection with the fault situation processing element. The fault vector contains a
position for each generator of the network. If one generator does not send the data,
the applicable position of the fault vector receives a certain value, such as true. In
case there is a fault in the data communication bus, the system will determine
whether adjacent generators or the first and last generator of the bus have faults. For
example, if there is one fault in the bus or the faults are not in adjacent generators or
in the first and last generator of the bus, the missing status data of the bus/network
can be replaced by the data based on a measurement made for the switch by
another adjacent generator. Thus, in the example of the figure the status data
regarding the switch of generator N is replaced by the status data of generator N-1
regarding the same switch. The status data of switch 17 are correspondingly replaced
by the status data of generator N+1 regarding the switch 1. Thus the network can
continue normal operation. The processing arrangement of the fault situation thus
comprises a generator-specific fault vector of the data communication bus wherein
space has been reserved for indicating the status of the data communication bus fault
of each generator. The fault vector can also comprise a separate part of the
processing arrangement of the fault situation, but connectable to the processing
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arrangement for updating and reading the fault vector. The fault information can, of
course, be arranged in other than vector format. The processing element 18 of the
fault situation is arranged to also use the identifiers of the generators.

If there are faults in adjacent generators of the network or in the first and last
generator of the network, the missing status data of the generator can not be
replaced and the part of the network is changed over to droop adjustment.

The terms first and last generator of the network mean generators having the first
and last identifier. If the network is a loop, the first and last generator are obviously
adjacent. If the network is a line and the data communication faults prevent the first
and last generator from sending the information, it is not possible to determine
whether the network is a line or a loop.

Figure 8 illustrates a flow chart example of the operation according to the
invention. The method comprises the steps of: monitoring 81, 83, 85 the fault
situation of the data communication network/bus and the statuses of the switches of
the electric power transmission network, comparing 82 fault information regarding the
switch, changing 84, 89 into droop control in case the status data of a switch do not
correspond in the comparison and when there is no fault situation in the data
communication bus or if data communication faults occur in connection with adjacent
generators or in connection with the first and last generator of the network 87,
replacing 88 the status data of a switch with the status data of the adjacent generator
concerning the same switch when there are no data communication faults in
connection with adjacent generators or in connection with the first and last generator

of the network and the status data of the switch do not correspond in the comparison.

The example of figure 8 only illustrates one embodiment of the invention, the same
steps can also arranged for another kind of execution. The flow diagram of figure 8
simultaneously illustrates a possible software/IC board design. Steps 81-84 are
arranged into a different unit than steps 85-88. The idea has been that the monitoring

and processing of the status data of the switches is carried out in a dedicated unit
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and the data communication bus fault situations are carried out in another unit. The
data communication fault is monitored in both units, so the example of figure 8
comprises a link between the units. It is, of course, possible that the units are totally
separate from each other or that they are integrated into one, larger unit. The
monitoring step 81, 83, 95 and the step of comparing the status data of the switches
are arranged recurring. The apparatus carrying out the method also performs these
steps recurrently.

The sub-steps of the method can also be carried out in a number of ways. In the
embodiment of figure 8 the system checks 86 during a data communication bus fault
situation whether there is only one fault. If there is only one fault, the missing switch
data can be replaced by a status data provided by the adjacent generator regarding
the same switch. If there are a number of faults, the system must check whether the
faults are located in connection with adjacent generators or the first and last
generator of the network.

In this disclosure the processing fault situation element 18 is shown as one unit,
but it is obvious that it can also be carried out as a distributed, multi-part system. The
fault situation processing element can be realized as a software or an electric circuit.
The software can be loaded into the memory of the generator and executed in a
processor suitable for the purpose. An embodiment for this is an ASIC circuit
(Application Specific Integrated Circuit).

In practice, each generator performs the fault situation processing independently.
Thus no central unit is needed.

As can be seen, the embodiment according to the invention can be carried out by
means of a number of solutions. Thus, it will be apparent that the invention is not
limited to the examples mentioned in this text. Thus, any inventive embodiment can

be carried out within the scope of the invention.
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Claims

1. Fault situation processing arrangement of a load distribution system of a local

electric power transmission network,

characterized in that the arrangement comprises a fault situation processing
element (18) designed to be installed into each of generators of the electric power
transmission network, each generator (1) of the network being connectable to other
generators via two connection routes having equipped with different switches (2, 3),
the power transmission network being a line or a loop and the generators having
consecutive identifiers, the generators being connected to each other via a data

communication bus, the processing element being arranged to

- monitor fault situation of the data communication bus and statuses of the

switches of the electric power transmission network,
- compare the status data concerning the same switch,

- change into droop control if the status data of some switch do not correspond in
the comparison and when there is no fault situation in the data communication bus or
if there are data communication faults in connection with adjacent generators or in

connection with the first and last generator of the network.

- replace the status data of the switch with the status provided by the adjacent
generator concerning the same switch when there are no data communication faults
in connection with the adjacent generators or in connection with the first and last
generator of the network, and the status data of the switch do not correspond in the

comparison.

2. An arrangement according to claim 1, characterized in that the arrangement is

arranged to repeat the monitoring and the comparing tasks.

3. An arrangement according to claim 2, characterized in that the fault situation

processing arrangement comprises a generator-specific data communication bus
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fault vector having space reserved therein for indicating the status of the data

communication bus fault of each generator.

4. An arrangement according to claim 2 or 3, characterized in that the fault

situation processing element (18) is arranged to use the identifiers of the generators.

5. An arrangement according to claim 4, characterized in that the fault situation

processing element (18) is carried out by means of software.

6. An arrangement according to claim 4, characterized in that the fault situation
processing element (18) is carried out by means of an ASIC circuit or other electrical

circuit.

7. An arrangement according to claim 5 or 6, characterized in that the fault

situation processing element (18) is installed in a generator.

8. An arrangement according to claim 7, characterized in that the generator is

installed in a power transmission network.

9. A method of processing a fault situation of the load distribution system of a local
electric power transmission network, characterized in that the method is designed to
be carried out in each generator of the electric power transmission network, each
generator (1) of the network being connectable to other generators via two
connection routes having equipped with different switches (2, 3), the power
transmission network being a line or a loop and the generators having consecutive
identifiers, the generators being in connection with each other via a data
communication bus and the method comprising the steps of:

- monitoring fault situation of the data communication bus and the statuses of the
switches of the electric power transmission network,

- comparing the status data concerning the same switch,

- changing into droop control if the status data of some switch do not correspond in

the comparison and when there is no fault situation in the data communication bus or
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if there are data communication faults in connection with adjacent generators or in

connection with the first and last generator of the network.

- replacing the status data of the switch with the status provided by the adjacent
generator concerning the same switch when there are no data communication faults
in connection with the adjacent generators or in connection with the first and last
generator of the network, and the status data of the switch do not correspond in the

comparison.

10. A method according to claim 9, characterized in that prior to replacing the
status data of the switch the method comprises substeps for determining whether the
data communication bus comprises one fault and in case there is, going to the step of
replacing the status data of the switch.

11. A method according to claim 9 or 10, characterized in that the monitoring step

and the comparison step are arranged to repeat.
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