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Abstract

The invention concerns a method of determining the dissipated
power of an electronic switch.
According to the invention it is proposed that the instantaneousmi
value of a physical quantity is detected, a value correlated with the
instantaneous value is polled from a first memory, the two values are

processed together in a predetermined manner and the result of the
processing operation is outputted.
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Measurement of dissipated power

The present invention concerns a method of and an apparatus for

~determining the dissipated power of an electronic switch. The invention

further concerns an inverter and a method of controlling an inverter and a
wind power installation.

The following documents are known as state of the art: US NoO
2004/0196678 A1, US No 2004/0125523 A1, US No 5 841 262 A, US No
2004/0085117 A1, DE 101 41 125 A1, DE 103 19 354 A1, DE 35 26 836
Al, DE 39 05 701 A1, EP 0 397 514 A2, WO 02/080343 A1, WO
2004/012326 A1, WO 03/065567 A1 and WO 02/07315 Al o

Inverters nowadays frequently use switches in the form of what are
referred to as IGBTs in order to produce an alternating current from a
direct current, th‘e structure of such inverters being known per se. The
switches quite inevitably suffer from switching losses which can be
calculated on the basis of known formulae. It is to be noted in that respect
that free-wheeling diodes associated with an IGBT are also to be embraced
by the term 'switch'. '

In designing an inverter therefore the operating parameters can' be
defined and used as the basis for calculation. So that calculation and reality
are in conformity those parameters must be maintained during operation of
the inverter.

‘ In practice control of the inverter is frequently effected with the
switch temperature being monitored. That control is based on the fact that
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the switches increase in temperature due to the losses and thus the
increase in temperature is a measurement of such losses. If now
temperature monitoring detects that a predetermined threshold value is
exceeded the inverter is then switched off in order to avoid damage. Added
to that is the fact that such switches which are constructed on the basis of
semiconductors react sensitivély to thermal overloading. The higher the
thermal loading of such a switch, the correspondingly greater is its thermal
ageing and the correspondingly earlier it has to be accordingly replaced.

If such an inverter is used in a wind power installation a consequence
of the inverter being switched off is that the wind power installation also
has to be shut down.

In order to be able to measure dissipation power it is necessary for
example to measure the collector-emitter voltage when the IGBT is in the
forward state. That is of a value in the lower single-digit range and must be
detected as accurately as possible in order to achieve a sUffi'ciently accurate
result when dealing with very high currents (several hundreds of amperes).
In the off state however the full intermediate circuit voltage (several
hundred volts) is applied to those terminals. -

Therefore the object of the present invéntion' |s to ”be able to
determine the dissipated power actually occurring in a switch.

In accordance with the invention that objéct is attained by_a method
of determining the dissipated power of an electronic switch which is
characterised in that the instantaneous value of a physical quantity is
detected, a value correlated with the instantaneous value is polled from a
first memory, the two values are processed together in a predetermined
manner and the result of the processing operation is outputted.

In that respect the invention is based on the realisation that values
which are associated with a measurement value ascertained by
measurement can be taken from the known data of the switch, which' are
nublished in data sheets. In the present example, in the case of a known
current through the switch it is possible to ascertain for example the
collector-emitter voltage (Vce) from the data sheet. Multiplication of the

current flowing, by that collector-emitter voltage gives the dissipation
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power for the current which is instantaneously flowing through the switch.
That also involves the switching losses when the switch is switched on and

Off.

' In order to be able to determine the dissipated power not only of a
switch but of a complete inverter, a development of the invention provides
that the physical quantities of a plurality of switches are detected and a
corresponding plurality of correlated value's IS read out of the memory.

Particularly preferably the measurement results and the intermediate
values of processing are stored. By virtue of that feature it is also possible
later to have access to those values, for example for statistical evaluations
or the like. .

For carrying out the inventioh there is provided an apparatus for
determining the dissipated power of an electronic switch, characterised by a

~ data input for detection of the instantaneous value of at least one physical

quantity of the electronic switch, a first memory in which data correlated
with the physical quantities are stored, a processing unit for processing the
physical quantity and a value called up from the memory in predetermined
fashion with each other, and a device for outputting the result of the
processing operation. . | '

This solution according to the invention enjoys the advantage that it
is possible to determine the actual dissipated power of a switch. That is not
only dependent on the current flowing and the characteristic values of the
switch. Rather, ambient influences such as for example ambient
temperature also play a part. Therefore the apparatus according to the
invention makes it possible to detect the actual dissipated power at a
desired moment in time. In that way therefore it is possible to determine
the actual loading of the switch much more accurately than with the
computational prognosis procedures known in the state of the art.

In a preferred development the 'apparatus includes a plurality of

inputs for detection of the instantaneous values of the physical quantities of

~ a plurality of switches. In that way it is possible to use the apparatus to

detect the dissipated power for example of an entire inverter.
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In order to be able to evaluate the variation in the dissipated power
over a prolonged period of time, a particularly preferred feature provides a
second memory for storing measurement values and intermediaté results.
That memory however can also be structurally combined with the first
memaory. _

As electronic switches have predetermined limit values for operation
thereof, beyond which they should not be operated, the apparatus is
preferably characterised by a device for comparing the result of' the
processing operation with a predetermined limit value and outputting a
signal when the limit value is reached or exceeded. In that case the
apparatus can advantageously be in the form of an autonomous unit which
if required can be easily transported to the respective location of use.
Alternatively the apparatus can also be integrated into the control of an
inverter or a wind power installation. '

Besides the output of the signal which can be USed for notifying for
example an operator or an operating organisation of such a unit the signal
can particularly preferably also be outputted to the control of the inverter
or the wind power installation to influence the control in a predetermined
fashion.

In the case of an inverter operating in accordance with the tolerance
band process, that influence can advantageously provide that the tolerance
band width is increased if the apparatus outputs a signal which indicates
the limit value has been exceeded. If therefore the dissipated power of a
switch is excessively high the tolerance band width can be enlarged. That
means that the switching frequency and therewith also the switch-on and
switch-off losses and consequently overall the dissipated power of the
switch (including the free-wheeling diodes) falls.

In a particularly preferred feature a wind power installation is fitted
with at least one such inverter. In that respect a method of controlling a
wind power installation is characterised in that the power generated by the
wind power installation is reduced by the signal which specifies that a

predetermined limit value has been exceeded. That provides that the power



10

15

20

25

30

CA 02616936 2008-01-28

5

to be processed by the inverter also becomes less and the dissipated power
in the switches is correspondingly reduced.

In that respect an apparatus according to the invention can be
connected to the control of the wind power installation in order in that way

to be able to influence control of the wind power installation directly and

not by way of an inverter.

The invention is described in greater detail hereinafter with reference
to the Figures in which:

Figure 1 shows a simplified view of an apparatus according to the
invention, |

Figure 2 shows an example of a use of the apparatus in relation to a
wind power installation,

Figure 3 shows a second example of use of the invention in relation
to a wind power installation, ‘

Figure 4 shows a simplified view of the method according to the
iInvention, .

Figure 5 shows a simplified view of a switch bridge foi* a phase of an
inverter, and

Figure 6 shows a view of the method according to the invention.

In the simplified view of an apparatus according to the invention as
shown in Figure 1 reference 10 denotes a conductor which is connected to a
switch 12 (such as for example an IGBT) and which delivers the alternating
current generated. The switch is actuated by a control 14. The current
measured in the conductor 10 is detected with a measuring transducer 16
and fed to a processing unit 18. The processing unit 18 also receives
actuation information from the control 14 as a trigger event in order to be
able to precisely determine the respective switching moments. In
accordance with the current ascertained by the measuring transducer 16 in
the conductor 10, there is called up from a table 20, 3 corresponding
voltage value for the collector-emitter voltage, and then the actual
dissipated power of the switch 12 can be ascertained from those véluest
The result can be displayed for example on a display 22. It will be
appreciated that those values can also be put into a memory (not shown in
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the Figure). That memory then makes it possible to collect data which can
be transferred to a computer for evaluation purposes for example by way of
an interface (also not shown).

The view shown in Figure 2 substantially corresponds to that of

- Figure 1. In addition this Figure shows a pod of a wind power installation 24

with a control 26 provided therein. Thus, depending on the result of the
computation operation in the processing unit 18, not only can the
computation result be displayed on the display 22, but simultaneously or
alternatively the control 26 of the wind power installation 24 can be
influenced in order for example in that way to be able to react to a limit
value being exceeded. Accordingly the wind power installation can be
caused to reduce the power generated. In the case of pitch-regulated wind
power installations that is possible by altering the pitch angle of the rotor
blades in known manner. ' '

Figure 3 is supplemented in comparison with Figure 2 by measuring
transducers and actuating arrangements. This Figure shows a plurality of
conductors 100, 101, 102 in which the current flowing is detected with
measuring transducers 161, 162, 163. The additional switches are not
shown, for enhanced clarity of the Figure. A line 169 indicates that here
naturally a plurality of measuring transducers can also be connected to the
processing unit 16, as an example of detecting a physical quantity.

In accordance with the number of lines, there are also provided

corresponding actuating arrangements 141, 142, 143. A line goes from

each of those actuating arrangements to the processing unit 18 so that a

respective trigger pulse can be delivered for each switch which feeds into
one of the lines 100, 101, 102. As described hereinbefore a corresponding
value for the collector-emitter voltage of the switch can be called up from
the table 20 in relatioh to each detected current value, and the
instantaneous dissipated power can be determined therefrom. The results
can then again be outputted to a display 22 or the control 26 of a wind
power installation 24. It will be appreciated that it is also possibie for

corresponding signals to be delivered to other devices such as mobile
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telephones, remote monitoring central stations and so forth in order to
trigger corresponding notifications. '

The view in Figure 4 shows a flow chart for the method according to
the invention. After the start the measurement value for a switch is firstly
ascertained. On the basis of that measurement value, the next step
involves reading the associated data value out of the table and thereafter
the two values are processed, in this case therefore multiplied together to
ascertain the instantaneous dissipated power of the switch. Thereafter a
checking operation can be effected to ascertain whether the value
determined is within a predetermined Iirnit. If not a signal can be
outputted. It will be appreciated that alternatively or additionally it is also
possible to implement a display. The measurement can then be repeated or
not. In that respect the repetition can be effected for the same switch or
also for another switch. '

Figure 5 Is a simplified view showing the arrangement of two
switches 12a and 12b with which the Current for a phase can be generated.
The free-wheeling diodes 12¢ and 12d also belong to the switches. The
tapping for the phase is disposed in the centre between the two switches
12a and 12b and the line 10 corresponds to the line 10 shown in Figures 1
- 3. A measuring transducer 16 detects the current which flows in the line
10 and is fed to a processing unit 18.

A control unit 14 controls the switches 12a and 12b. At the same

time it outputs corresponds trigger signals to the processing unit 18. Those

trigger signals can involve the actuating clock of the switches 12a and 12b.
The processing unit 18 reads the values associated with the current

values, for the collector-emitter voltage, out of the table 20 and outputs
the result at an output 19. That output can be for example a display, a
si‘gnal to @ monitoring means and/or a signhal which influences the inverter
or the wind power installation.

To understand the following description it is helpful to consider the
co-operation of the switch 12a and the free-wheeling diode 12c or the
switch 12b and the free-wheeling diode 12d respectively. That is shown in
the left-hand part of Figure 5 by way of example for the switch 12a and the



10

15

20

25

30

CA 02616936 2008-01-28

8

free-wheeling diode 12c. T'hree switching patterns 'illustrated one above the
other are shown there. The lower switching pattern which is identified at
the left-hand edge by a rectangle is assumed to be the switching clock for
the IGBT 12a, which is outputted by the control 14. In that respect a falling
edge leads to the IGBT being switched'on and a rising edge leads to the
IGBT being switched off and the free-wheeling diode being switched on.
While the clock from the control is at a high level at the beginning, the
IGBT is correspondingly switched off and the free-wheeling diode is
conducting. Accordingly, flow losses occur there. At the moment in time t1
the control signal has a falling edge. The IGBT is switched on and the diode
switched off. Accordingly the flow losses now occur at the switch, as can
also be seen in the middle one of the illustrations. For the sake of
completeness it should also be mentioned that corresponding leakage
losses also occur due to leakage currents in the diode in the off state.

At the moment in time t2 the clock signal has a rising edge.
Accordingly the IGBT 12a is switched off and the free-wheeling diode 12c is
in @ conducting state. At the moment in time t3 the clock signal falls, the
IGBT 12a is switched on and the diode is switched off. That is also further
shown up to the moment in time t8.

Figure 6 shows the relationship between the clock pulses which are
here once again shown as square-wave pu'lses, and the current in the
conductor 10. At the moment in time ta the clock signal has a falling edge.
Accordingly the switch is switched on and the current begins to rise within
the tolerance band until the switch switches off at the moment in time tb.
That switch-off of the switch 12a leads to the switch 12b switching on and
the current falls again somewhat until a lower value is reached. The switch
12a then switches on again, with the falling edge. It will be appreciated
that the switch 12b is then switched off and the current rises again. Those
switching 'operations continue until overall a sinusoidal current
COnfiguration IS produced.

As the switching times depend on the attainment of the

corresponding tolerance values the situation does not involve a fixed
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patterh. Rather thoSe switching times arise precisely out of the attainment
of the respective limit values. '
While the switch is switched on, at an interval of 25 us (that value is
by way of example, it can also be longer or shorter) the current in the
conductor is measured and the corresponding value for the collector-
emitter voltage is called up from the table. Accordingly it is possible to
precisely determine the loss for the instantaneous current flow.
| Overall a distinction is to be drawn between three kinds of losses in
respect of the IGBT. At the switching-on moment, switching-on losses
occur. They are detected. Equally, at the switching-off moment switching-
off losses occur, which are also detected. While the transistor is in the
switched-on condition, flow losses occur. They are also detected, and all
those values can be cumulated in order thus to arrive at the losses for the
IGBT.

Alternately with the current flow through the IGBT a current flow

through the diode occurs. This also involves flow losses as well as leakage

losses when the diode is in the blocked condition. Those values are also
detected, cumulated and combined with the values obtained for the IGBT
overall to give the switching Iossés.

Those switching losses can be ascertained for example for a period of
the mains frequency or also for another predeterminable period of time
such as for example a second in order then to be able to determine the
switching losses for a period or for example for greater ease of
convertibility for a second.

In that respect it is possible however to take account not only of the
switches of a phase (see Figure 5). Rather it is also possible to detect the
switches for three phases and for the switch for example in a boost
converter or in a chopper in the intermediate circuit. '
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CLAIMS

S

' 1. A method of determining the dissipated power of an electronic
switch characterised in that the instantaneous value of a physical quantity
is detected, a value correlated with the instantaneous value is polled from a
first memory, the two values are processed together in a predetermined

manner and the result of the processing operation is outputted.

2. A method according to claim 1 characterised in that the physical
quantities of a plurality of switches are detected and a corresponding
plurality of correlated values is read out of the memory.

3. A method according to claim 2 characterised in that the

measurement results and the intermediate values of processing are stored.

4. Apparatus for determining the dissipated power of an electronic
switch, characterised by a data input for detection of the instantaneous
value of at least one physical quantity of the electronic switch, a first
memory in which data correlated with the physical quantity are stored, a
processing unit for processing the physical quantity and a value called up
from the memory in predetermined fashion with each other, and a device
for outputting the resuit of the processing operation.

5. Apparatus according to claim 4 characterised by a plurality of
inputs for detection of the instantaneous values of physical quantities of a

plurality of switches.

6. Apparatus according to claim 5 characterised by a second memory

for storing measurement values and intermediate resuits.

7. Apparatus according to one of claims 4 to 6 characterised by a

device for comparing the result of the processing operation with a
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predetermined limit value and outputting a signal when the limit value is
reached or exceeded.

8. Apparatus according to claims 4 to 7 characterised by being in the
form of an autonomous unit.

9. Apparatus according to one of claims 4 to 7 characterised by being
integrated into the control of an inverter of a wind power installation.

10. Apparatus according to one of claims 4 to 9 characterised by the
output of the signal to the control of the inverter or the wind power

installation to influence the control in a predetermined fashion.

11. A method of controlling an inverter which operates in accordance
with the tolerance band process characterised in that the tolerance band
width is increased when the apparatus in accordance with one of claims 4
to 10 outputs a signal' which indicates the limit value has been exceeded.

12. An inverter for carrying out the method according to claim 11
wherein the inverter is controlled in accordance with the tolerance band
process, characterised by an increase in the tolerance band width when a
‘signal is applied which is outputted by an apparatus in accordance with one
of claims 4 to 10 when a predetermined limit value is exceeded.

13. A wind power installation comprising at least one inverter
according to claim 12. |

14. A method of controlling a wind power installation characterised in
that the power generated by the wind power installation is reduced by the

signal which specifies that a predetermined limit value has been exceeded.

15. A wind power installation comprising an apparatus according to
one of claims 4 to 10, which is connected to the control.
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