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Method and device to measure temperature of an intermediate circuit capacitor

The present invention relates to a method and a device for determining a temperature
progression of a link capacitor of a link converter that contains at least one n-phase
inverter, wherein the link capacitor is modeled as a series interconnection of an
equivalent capacitance and an equivalent series resistance. Furthermore, the use of the
methods according to the invention to determine the remaining service life of the link
capacitor from the temperature progression is described.

Link converters are used in a large number of circuits, including servo amplifiers,
frequency converters, converters, feeders/feedback devices, etc., particularly for electric
motor drives, for example stepper motors or brushless direct-current motors, etc.
Capacitors, particularly electrolytic capacitors (e-caps), are often installed in links as
energy-storing elements, wherein these link capacitors are used to smooth the link
voltage. In some systems, only a limited number of such capacitors can be installed
because of desired space saving. The service life of the whole circuit or of circuit parts is
often dependent primarily on the service life of the capacitor of the link. Because thermal
problems can occur in the link capacitors in the case of high power requirements, it is
advantageous if the remaining service life of the link capacitor is known. In turn, the
capacitor service life can be determined from a temporal temperature progression of the
capacitor in a known manner by means of the Arrhenius formula. The ambient
temperature and/or the ripple current load of the capacitor is often used for this purpose.
Therefore, it is usually possible to determine the capacitor service life only in the
laboratory, because only there can defined conditions (ambient temperature, current
progression, etc.) be created. This approach is often used for the a priori design and
optimization of capacitors. In the case of known requirements, capacitors having desired
properties can then be used.

However, especially in the case of requirements not known beforehand, it is often
desirable that the (remaining) service life of a capacitor can be predicted or determined
also during ongoing operation, and in particular while the capacitor is installed in a link
converter. KR 2013 0110553 A provides such an approach, wherein in the document the
converter supplies an electric motor. The total electrical power of the converter circuit is
calculated on the basis of the torque of the electric motor and the angular velocity of the
associated rotor. Subsequently, the ripple current is estimated on the basis of the voltage
present at the link capacitor and the determined total power. Then the progression of the
temperature of the link capacitor is determined from the progression of the estimated
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ripple current on the basis of stored characteristic curves, and subsequently the service
life of the link capacitor is determined. A disadvantage in this case is that the determined
total power of the converter does not correspond to the power consumed at the link
capacitor and therefore subsequently the estimated ripple current does not actually
correspond to the current through the link capacitor. Therefore, the determined
temperature progression also is highly inaccurate. Furthermore, additional sensors are
required to determine the torque and the velocity.

The capacitor current and the capacitor voltage or the power consumed at the link
capacitor or the capacitor temperature could be determined by measurement. However,
the entire additional measurement equipment required for this purpose is often undesired
in a link converter for reasons of cost of space. In particular, the measurement of the
capacitor temperature (i.e., the temperature inside the link capacitor) would require
special link capacitors that are equipped with integrated temperature sensors and are
therefore expensive. Maddula et.al.: “Lifetime of Electrolytic Capacitors in Regenerative
Induction Motor Drives”, Power Electronics Specialists Conference, 2005, PESC '05. IEEE
36th, pages 153-159 266/5000, for example, discloses a link capacitor, which is modeled
as a series interconnection of an equivalent capacity and an equivalent series resistance.
A capacitor current is determined, from which power and further a capacitor temperature
are calculated.

Therefore, the objective of the invention is determine the temperature of a link capacitor in
a link converter circuit more accurately with less expenditure, wherein in particular the

aforementioned disadvantages should also be avoided.

This objective is achieved in that a modeled capacitor current flows across the equivalent
series resistance, a modeled capacitor power loss is calculated from the modeled
capacitor current and the value of the equivalent series resistance by means of a first
relationship of the form P, = f (i, ESR), from which modeled capacitor power loss the

capacitor temperature is determined by means of a specified temperature model.

In the model with the equivalent capacitance and the series resistance, the modeled
capacitor power loss occurs at the series resistance. Therefore, the capacitor current
flowing through the series resistance and thus through the link capacitor is itself modeled
and, on the basis thereof, the modeled capacitor power loss at the link capacitor is
calculated. On the basis thereof, the capacitor temperature can be determined by means
of a known temperature model, for example a PT1 model.
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A calculating unit can be provided for the calculation of the capacitor temperature in

accordance with the invention.
Advantageously, P = i2,, ESR is used as the first relationship.

The modeled capacitor current can be modeled by using a measured capacitor voltage
and the equivalent capacitance CS, wherein a second relationship of the form i.,, =
f(uc, CS) is used.

Advantageously, i¢py, = CS%uC is used as the second relationship.

For this purpose, a voltage-measuring unit and a differentiating unit can be present,
wherein the voltage-measuring unit determines a capacitor voltage present at the link
capacitor and feeds said capacitor voltage to the differentiating unit, and the differentiating
unit determines the modeled capacitor current after multiplication by the equivalent

capacitance.

Advantageously, the modeled capacitor current is split into a low-frequency component
and a high-frequency component, wherein the low-frequency component of the modeled
capacitor current is used to determine a first modeled power loss and the high-frequency
component of the modeled capacitor current is used to determine a second modeled
power loss. The modeled capacitor power loss is calculated from the sum of the first and
the second modeled power losses.

The split into a high-frequency component and a low-frequency component of the
modeled capacitor current can depend on the switching frequency of the inverter of the
link converter. If a PWM control system is used, the PWM switching frequency can
therefore be used to determine the limit between the high-frequency component and the

low-frequency component of the modeled capacitor current.

Advantageously, the low-frequency component of the modeled capacitor current is
determined by mean-filtering the capacitor voltage and/or a time derivative of the
capacitor voltage and/or the modeled capacitor current. High-frequency components are
thereby cut off and subsequently have no influence on the first modeled power loss. If the
capacitor voltage is mean-filtered, only low-frequency components of the capacitor voltage
are processed further. In accordance with the second relationship, for example by taking
the time derivative and multiplying it by the first capacitance, the low-frequency
component of the modeled capacitor current is inferred. If the second relationship is used
first, however, the modeled capacitor current having high-frequency and low-frequency
components is first calculated and thereafter mean-filtered to cut off the high-frequency
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component and to obtain the low-frequency component. However, a very high sampling
frequency is necessary for this purpose.

The low-frequency modeled capacitor current can be calculated in a low-frequency unit,
wherein low-pass filters are provided before and after the differentiating unit to perform the
mean-filtering. Furthermore, the low-pass filter is used to avoid aliasing problems and to
smooth the signal.

The high-frequency component of the modeled capacitor current can be calculated from
an inverter current caused by the inverter, and this is advantageously performed in a high-
frequency unit. Here, the link-side inverter current should be regarded as the inverter
current. The inverter current can be directly measured or calculated from the phase-side
phase currents of the converter, or of the inverter, wherein the measurement of two phase
currents would be sufficient, because the third phase current can be calculated from the
two first phase currents. If several inverters are present, the high-frequency component of
the modeled capacitor current can be determined from the sum of the (link-side) inverter

currents.

Subsequently, the square of the high-frequency component of the modeled capacitor
current can be calculated by determining the square of the arithmetic mean of the inverter
current and the arithmetic mean of the squared inverter current and subtracting the square
of the arithmetic mean of the inverter current from the arithmetic mean of the squared

inverter current. A number of mean calculators can be present for this purpose.

The arithmetic mean of the inverter current can be calculated in a time-discrete manner by
sampling the inverter current at a first sampling rate in a first time span, wherein a first
number of sample values of the inverter current is produced and the sum of the sample

values of the inverter current is divided by the first number.

Similarly, the arithmetic mean of the squared inverter current can be calculated by
sampling the squared inverter current at a second sampling rate in a second time span,
wherein a second number of sample values of the squared inverter current is produced
and the sum of the sample values of the squared inverter current is divided by the second

number.

The determined capacitor temperature can be recorded over time, for example in a
memory unit provided for this purpose.

The device can be used for the monitoring and processing of the capacitor temperature,
particularly the switching-off of an element, preferably at least part of the link converter,
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when a maximum temperature, such as a preset maximum temperature, is exceeded.
This can serve to avoid overheating of the capacitor or to minimize the duration of the
elevated temperature.

Furthermore, a problem addressed by the present invention is that of determining the

5 remaining service life of a capacitor of a link of a link converter. This is solved by using the
method according to the invention also to determine the temporal progression of the
capacitor temperature and furthermore to determine the remaining service life of the link
capacitor from the temporal progression of the capacitor temperature by means of a
specified relationship, preferably by means of the Arrhenius formula.

10  If the Arrhenius formula is used, the temporal progression of the capacitor temperature is
used, and the ambient temperature of the link capacitor can also be incorporated, for
which purpose a temperature sensor can be used. Advantageously in comparison with the
prior art, the capacitor current and subsequently the capacitor power loss are therefore
directly modeled instead of merely the total current of the link converter being calculated

15  from the total power consumption and being used to determine the temperature.

The present invention is illustrated in more detail below with reference to figures 1 to 6,
which schematically show advantageous embodiments of the invention, which serve as

examples and are not restrictive.

Figure 1 shows a simplified circuit diagram of a link converter in the form of a servo

20 amplifier.
Figure 2 shows an equivalent circuit diagram of a link capacitor.
Figure 3 shows a calculating unit having a model component.
Figure 3a shows a thermal model of the link capacitor.

Figure 4 shows a general pulse pattern of an inverter with associated phase

25 currents.

Figure 5 shows a structure of the calculating unit for calculating the capacitor

temperature and the remaining service life.

Figure 6 shows part of the calculating unit for calculating the high-frequency
component of the modeled capacitor current.

30 As an example of the use of a link converter 1, a simplified circuit diagram of a servo
amplifier is shown in figure 1. The link converter 1 is connected to the supply network 2 on
the input side and to an electric motor 3 on the output side, wherein the supply network 2
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supplies the phase currents i, i2', is' to the link converter 1 and the link converter 1
supplies the inverter currents iy, i, iz to the electric motor 3. The link converter 1 could
also be supplied by a different voltage source, for example by using link terminals. A
rectifier 4 is installed on the side of the supply network 1 and converts the input-side m-
phase alternating voltage into a direct voltage, which feeds a direct-voltage link 6 (DC
link). If the link converter is supplied by means of a different voltage source, a rectifier 4
can also be unnecessary under certain circumstances. On the output side, on the side of
the electric motor 3, an n-phase inverter 5 is provided, which is controlled, e.g., by a PWM
control system (for purposes of clarity, only shown for one power switch of the inverter 5).
The present invention concerns inverters 5 having an arbitrary number n of phases. An
inverter having n = 3 phases is presented as an example. In figure 1, the supply network 2
is also designed with three phases with m = 3, as are the rectifier 4 and the

electric motor 3, but this should be understood as only an example, because the numbers
of the phases of the supply network, of the rectifier 4, and of the electric motor 3 do not
have to match. In the present example, the rectifier 4 is designed as a half-bridge for each
of the m phases in a known manner and consists of two diodes per phase. Of course, the
rectifier 4 could also be present in a different design, for example as an active front end
(AFE) of a feeder/feedback device. The inverter 5 is realized, in a likewise known manner,
by means of power switches S, for example IGBTs or MOSFETSs. A link capacitor C, for
example an electrolytic capacitor (e-cap), is installed as an energy-storing element of the
DC link 6. Of course, with respect to circuitry, the link capacitor C can also be designed as
a combination interconnection (series interconnection, parallel interconnection) of several
individual link capacitors. The rectifier 4 provides the rectifier current irec, and the

inverter 5 draws the current inv in accordance with the electrical load. The

capacitor current ic flows across the link capacitor C.

Figure 2 shows the equivalent circuit diagram of the link capacitor C that is used in the
invention. The link capacitor C is modeled by means of an equivalent capacitance CS and
an equivalent resistance ESR, which is assumed to be in series and which is generally
frequency-dependent. The modeled capacitor current icm flows across the

equivalent resistance ESR, which is usually a few milliohms and which can be assumed to

be known.

In a calculating unit BE, a modeled capacitor power loss Pc is calculated in a power-
calculating unit 10 from the modeled capacitor current icm and the value of the
equivalent series resistance ESR by means of a first, specified relationship of the form

P. = f(ic,ESR), for example P, = i-2ESR. Furthermore, according to the invention, the
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present capacitor temperature Tc is determined from the modeled capacitor power loss Pc
by means of a known temperature model 11 implemented in a model component M, as
shown in figure 3. Therefore, the goal is to approximate the capacitor current ic by means
of the modeled capacitor current icn in the first step so that the modeled

capacitor power loss Pc and then also the capacitor temperature Tc dependent thereon
can be calculated.

Figure 3a shows a possible temperature model 11 of the link capacitor C, which
temperature model makes it possible to calculate the capacitor temperature T¢ of the

link capacitor C from the modeled capacitor power loss Pc. Here, the

temperature model 11 is presented as a model having a 1st-order lag element, a PT1
element, wherein of course other temperature models also can be used. In the
temperature model 11, the modeled capacitor power loss Pc is a thermal current source in
the thermal network. Because of a thermal capacitance Ci and a thermal resistance R, a
thermal voltage arises at the thermal capacitance Ci, corresponding to the

capacitor temperature Tc. For this purpose, as shown in figure 1, the

ambient temperature Ta of the link capacitor, which ambient temperature is presented as a
thermal voltage source in the temperature model 11, is measured by means of the
temperature sensor TS. Alternatively, the ambient temperature Ta could also be estimated
by means of a suitable method, for example from a specified (maximum) ambient
temperature. The ambient temperature Ta and the modeled capacitor power loss Pc are
fed to the temperature model 11 and the capacitor temperature Tc is calculated therefrom.

The modeled capacitor current icm can be modeled, for example, by using the measured
capacitor voltage uc and the equivalent capacitance CS, wherein a second relationship of

the form i = f(uc, CS), for example icp, = CS%uC , €an be used.

The time derivative can, for example, be in the form of a discrete derivative over a discrete
time span AT with a time index k:

. d Uck — Uck—1
icm = Csauc = CST

The discrete time span AT thus corresponds to the inverse sampling rate and generally
lies far above the inverse of the PWM switching frequency. Expressed in frequencies, the
sampling frequency lies far below the PWM switching frequency, and therefore high-
frequency components of the modeled capacitor current icm would be cut off undesirably.
Therefore, to calculate the modeled capacitor current icm directly by means of this
approach, a sampling frequency as a multiple of the PWM switching frequency would be
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necessary in the case of the discrete implementation of the derivative, thus resulting in a
sampling frequency in the MHz range. Although this would be technically possible, it
would in general often be uneconomical because of the necessary components and
additionally might cause further problems, such as problems regarding electromagnetic
compatibility (EMC).

Therefore, an advantageous embodiment of the determination of the modeled
capacitor current icm is described below on the basis of figures 5 and 6.

The modeled capacitor current icm is advantageously split into a low-

frequency component ic. and a high-frequency component ice (also called pulse-frequency
component), wherein the low-frequency component ic. of the capacitor current icn is used
to determine a first power loss Pc. and the high-frequency component icp of the capacitor
current is used to determine a second power loss Pcp. The capacitor power loss Pc is
calculated from the sum of the first power loss PcL and the second power loss Pce.

PC = PCL + PCP - lCZESR - iCLZESRL + iCPZESRP

Strictly speaking, the squares of the high-frequency component ice? and of the low-
frequency component ic.? of the capacitor current are processed. The splitting of the
square of the capacitor current ic? into the sum of the squares of the low-

frequency component ic.?2 and of the high-frequency component ice? is possible for all
signals (including aperiodic signals) that are split into a direct component (zero-mean) and
into an alternating component in the interval in which the mean calculation has occurred.
In the case of sinusoidal oscillations, the product icLice is integrated, for example over one
period, and is equal to zero because of the orthogonality of the sinusoidal oscillations.
Quantitatively, the first power loss PcL and the second power loss Pcp are approximately
equal, and the equivalent series resistance ESR is split into the equivalent series
resistances ESR. and ESRp, which in turn are known in advance and can be obtained, for
example, from the data sheet of the link capacitor.

A low-frequency unit BL preferably arranged in the calculating unit BE performs the
calculation of the low-frequency component of the capacitor current ic. by mean-filtering
the capacitor voltage uc and/or the time derivative of the capacitor voltage %uc and/or the
modeled capacitor current icm. For this purpose, a low-pass filter TP can be arranged
before a differentiating unit D, as shown in figure 5, in order to mean-filter the

capacitor voltage u.. Of course, it would also be (additionally) possible to install a (further)
low-pass filter TP after the differentiating unit D in order to mean-filter the time derivative
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of the capacitor voItage%uC. Mean-filtering of the determined modeled

capacitor current ic would also be possible. What is important is that the high-frequency
components are cut off. As indicated in figure 1, the capacitor voltage uc is measured by
means of a voltmeter V and fed to the low-frequency unit BL. The measurement of the link
voltage, corresponding to the capacitor voltage uc, is usually implemented in a

link converter 1 and therefore is not an additional expenditure. The low-frequency
component of the modeled capacitor current ic. is then squared and multiplied by the low-
frequency equivalent resistance ESR. to calculate the first power loss PcL.

The cause of the low-frequency component of the modeled capacitor current ic. should be
sought primarily on the side of the rectifier 4, wherein low-frequency processes such as
load changes on the side of the inverter 5 also exhibit influences. The high-frequency
component of the modeled capacitor current ice is generally caused by the high-frequency
switching in the inverter 5. If a PWM control system is used, the high-frequency frequency
component is the PWM switching frequency and above, thus usually 5 kHz and above.
Accordingly, frequencies below the PWM switching frequency should be regarded as the
low-frequency component. Because the capacitor voltage uc at the link capacitor C is
measured, low-frequency components from the electric motor 3 are also taken into

account, in essence, and not only low-frequency components from the rectifier 4.

If a link converter 1 is fed by the supply network 2 (for example, a 50-Hz three-phase
network, as shown in figure 1), a ripple having a frequency of 300 Hz (network ripple,

6 half-waves per period) arises after rectification. Superposed on said ripple are the
reactions of the electric motor 3 resulting from the process currently being performed
(process ripple). In practice, this frequency lies below 1000 Hz. Therefore, the first
power loss Pc. consists of the network ripple and the process ripple. Said network ripple
could be reduced by means of an additional choke installed in the rectifier, resulting,
however, in additional costs and increased space requirement. If the link converter 1 is
supplied by means of a direct voltage by a link terminal instead of by the

supply network 2, there is no network ripple and only the component of the process ripple
remains for the first power loss Pc.. If, furthermore, the electric motor 3 is operated in the
S1 mode (i.e., the load does not change), a first power loss Pc. of zero arises.

The high-frequency component of the modeled capacitor current ice is calculated in a
high-frequency unit BP, as described on the basis of figure 6, from the inverter current inv
caused by the inverter 5. For this purpose, the (link-side) inverter current inv caused by
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the inverter 5 is advantageously first calculated as the sum of the phase currents i, iz, i3 of

the inverter.

For a general pulse pattern of the upper switches S+, Sz, Ss of a 3-phase inverter 5, the
phase currents iy, iz, iz of the inverter 5 according to the following table result:

S1]S2|Ss| Inv
0 |0 |0 |O

0 [0 |1 |is
0 [1 (0 |i
0O (1 |1 |-
110 [0 |i
110 |1 |-
111 |10 |-is
111 |1 ]0

For easier illustration, the general pulse pattern is also shown in figure 4. Especially
advantageously, the inverter current inv caused by the inverter 5 results from the
measured first and second phase currents i; and iz, wherein the third phase current iz is
determined by means of Kirchhoff's first law with iz = -i1 -i2, with the aid of the pulse pattern
presented in the table above and in figure 4:

vy = S10p + 530, + 53 (—i1_i2)

Of course, all phase currents i1, iz, i3 or the inverter current inv could also be measured
directly. The phase currents iy, iz, iz are usually measured in a link converter 1 and
therefore are available. The high-

frequency component of the modeled capacitor current ice (or the square of the high-
frequency component icp?) can be calculated from the inverter current inv by means of the

following method:

The square of the high-frequency component of the modeled capacitor current ice? is

calculated by determining the arithmetic mean i;y,, of the inverter current iy

(corresponding to the direct component) and the arithmetic
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mean of the squared inverter current iy, > and subtracting the

, : —2 . -
square of the arithmetic mean iy, from the mean of the squared inverter current i;yy>.

The calculation of the mean of the inverter current advantageously occurs in a time-
discrete manner. With a first sampling rate Ts4, a first number Ny of sample values of the
inverter current inv arises in a first time span T+. Furthermore, the N1 sample values of the

inverter current inv are summed and divided by the first number N;.

Similarly, with a second sampling rate Tsz in a second time span T, a second number Nx
of sample values of the squared inverter current inv? can be produced in a time-discrete
manner. Furthermore, the Ny sample values of the squared inverter current inv? are

summed and divided by the second number Na.

The arithmetic mean of the inverter current i,y is calculated in a time-discrete manner by
sampling the inverter current inv at a first sampling rate TS1 in a first time span T1,
wherein a first number N1 of sample values of the inverter current iny is produced and the
sum of the first number N1 of sample values of the inverter current inv and are divided by
the first number N1.

In figure 5, these mean calculations occur in two mean calculators MWB located in the
high-frequency unit BP. Of course, it would also be possible that merely one mean
calculator MWB takes on this task, in that said mean calculator is connected to the

particular branch in a logically correct manner.

Therefore, for the arithmetic mean calculation, N sample values of the inverter current inv

in the time span T are summed and then divided by the number of recorded sample

values. To determine the arithmetic mean of the square iy, ?, the
square of the inverter current inv? in the time span T is summed and divided by the
number N of recorded sample values.

The square of the high-frequency component of the modeled capacitor current icp is then
multiplied by the high-frequency equivalent resistance ESRe to calculate the second
power loss Pcp. The first power loss Pc. and the second power loss Pce are added to
obtain the capacitor power loss Pc.

In figure 5, the temperature model 11 is implemented in a model component M, to which
the ambient temperature Ta of the link capacitor C and the capacitor power loss Pc are
fed. The capacitor temperature Tc is output as a result.
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In figure 5, the low-frequency unit BL, the high-frequency unit BP, the
model component M, and the power-calculating unit 10 are advantageously provided in
the calculating unit BE.

As shown in figure 5, a remaining service life unit RE can be provided, which processes
the determined capacitor temperature Tc as a capacitor temperature progression Tc(t).
For this purpose, the present capacitor temperatures Tc determined in each time
increment are recorded as a temporal progression. For this purpose, the capacitor
temperature progression T¢(t) can be stored in a memory unit SE. In the

remaining service life unit RE, the remaining service life RL of the link capacitor C is
estimated by means of the capacitor temperature progression T¢(t), with the aid of the
known Arrhenius formula. The Arrhenius formula says that the remaining service life RL of
the link capacitor C is doubled for each approximately 10°C temperature reduction.
Therefore, one can proceed from the remaining service life RL at maximum temperature
and convert said remaining service life to the present capacitor temperature Tc. As an
example, a total service life of a capacitor of 1000 hours at a maximum temperature of
105°C is assumed. If the link capacitor C is always operated at 95°C, said link capacitor
has a total service life of 2000 hours. The total service life and the

remaining service life RL, when specified in hours, should always be regarded in relation
to an assumed capacitor temperature Tc. Therefore, it is helpful to specify the

remaining service life RL in percent. If the aforementioned link capacitor C is operated for
500 hours at a capacitor temperature of 95°C, a remaining service life RL of 1500 hours at
95°C remains, corresponding to a remaining service life of 750 hours at 105°C, or,
alternatively presented, a remaining service life RL of 75%. If the link capacitor C is
operated further for 100 hours at 105°C, the remaining service life RL is reduced to

650 hours at 105°C, or 1300 hours at 95°C, or also in general to 65%. Advantageously, an
action is performed after a specified minimum remaining service life RL is reached. A
signal can be output, for example at a remaining service life RL of 20%, to bring about a
replacement of the link capacitor C.

It is expressly noted that the method according to the invention can also be applied to
link converters 1 having several inverters 5 on the output side. Here, several inverters 5
are connected in parallel to the DC link 6. In this case, the high-frequency component of
the modeled capacitor current ice can be calculated in a manner similar to that described

above, wherein the currents i;yy; are summed over the i inverters 5 to calculate the

current inv. This sum is used for the further calculation of the arithmetic mean i,y and of
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the square of the effective value i;y,* and subsequently the high-frequency component of
the capacitor current Ice and finally the progression of the capacitor power loss Pc and of
the capacitor temperature Tc.
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Abstract

To determine the temperature of a link capacitor (C) of a link converter (1) more
accurately with less expenditure, a device and a method are described, in which the

link capacitor (C) is modeled as a series interconnection of an

equivalent capacitance (CS) and an equivalent series resistance (ESR), wherein a
modeled capacitor current (icm) flows across the equivalent series resistance (ESR). A
modeled capacitor power loss (Pc), from which the capacitor temperature (Tc) is
determined by means of a specified temperature model, is calculated from the modeled
capacitor current (icm) and the value of the equivalent series resistance (ESR) by means
of a first relationship of the form P; = f(icm, ESR). Direct measurement of the

capacitor temperature (Tc), of the capacitor current (ic), or of the capacitor power loss (Pc)
is not required. For example, a measurement of the capacitor voltage (uc) and a further
calculation of the modeled capacitor current ic and finally of the capacitor power loss (Pc)
are sufficient. The method can be used for the monitoring and processing of the capacitor
temperature (Tc), particularly the switching-off of an element, preferably at least part of the
link converter (1), when a maximum temperature, such as a preset maximum
temperature, is exceeded. The method can also be used to determine the

temporal progression of the capacitor temperature (T¢(t)) and also to determine the
remaining service life (RL) of the link capacitor (C) of a specified relationship, preferably
by means of the Arrhenius formula.

Figure 5
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Patentkrav

1. Fremgangsmade til bestemmelse af en kondensatortemperatur (Tc) for en
mellemkredskondensator (C) af en mellemkredsomformer (1), der indeholder
mindst en n-fase-vekselretter (5) hvor mellemkredskondensatoren (C) modelleres
som en serieforbindelse af en a&kvivalent kapacitet (CS) og en akvivalent
seriemodstand (ESR), hvor en modelleret kondensatorstrgm (iCm) strgmmer
henover den a&kvivalente seriemodstand (ESR) og

kendetegnet ved, at et modelleret kondensatoreffekttab (Pc), fra hvilket
kondensatortemperaturen (Tc) bestemmes ved hjzelp af en forudbestemt
temperaturmodel, beregnes fra den modellerede kondensatorstrgm (icm) 0g
vaerdien af den akvivalente seriemodstand (ESR) ved hjeelp af en fgrste

sammenhaeng af formlen Pc = f(icm,ESR).

2. Fremgangsmade ifglge krav 1, kendetegnet ved, at den fgrste sammenhaeng

pc = m Pc ESR anvendes.

3. Fremgangsmade ifglge krav 1 eller 2, kendetegnet ved, at den modellerede
kondensatorstrgm (icm) modelleres under anvendelse af en malt
kondensatorspanding (uc) og den aekvivalente kapacitet (CS), hvor en anden

sammenhaeng af formlen icm = f(uc,CS) anvendes.

4. Fremgangsmade ifglge krav 3, kendetegnet ved, at den anden sammenhaeng

i = CS Ly
cm a ¢ jem anvendes.

5. Fremgangsmade ifglge et af kravene 1 til 4, kendetegnet ved, at den
modellerede kondensatorstrgm (icm) opdeles i en lavfrekvenskomponent (icL) og
en hgjfrekvenskomponent (icp), hvor lavfrekvenskomponenten af den modellerede
kondensatorstrgm (icL) anvendes til bestemmelse af et fgrste modelleret effekttab
(PcL), og hgjfrekvenskomponenten af den modellerede kondensatorstrgm (icp)
anvendes til bestemmelse af et andet modelleret effekttab (Pcp), 0g det
modellerede kondensatoreffekttab (Pc) beregnes fra summen af det fgrste
modellerede effekttab (PcL) og det andet modellerede effekttab (Pcp).
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6. Fremgangsmade ifglge krav 5, kendetegnet ved, at lavfrekvens-
komponenten af den modellerede kondensatorstrgm (icL) bestemmes, mens

kondensatorspandingen (uc) og/eller en tidsafvigelse af kondensatorspandingen

d

G ue) og/eller den modellerede kondensatorstrgm (icm) middelveerdifiltreres.
7. Fremgangsmade ifglge krav 5 eller 6, kendetegnet ved, at hgjfrekvens-
komponenten af den modellerede kondensatorstrgm (ice) beregnes fra en af

vekselretteren (5) forarsaget vekselretterstrgm (imv).

8. Fremgangsmade ifglge krav 7, kendetegnet ved, at kvadratet af
hgjfrekvenskomponenten af den modellerede kondensatorstrgm (icr?) beregnes,

mens kvadratet af det aritmetiske gennemsnit af vekselretterstrammen (i,y,*) 0g

det aritmetiske gennemsnit af kvadratet af vekselretterstrammen (i, ?)

bestemmes, 0g kvadratet af det aritmetiske gennemsnit af vekselretterstrammen

(i;w?) treekkes fra det aritmetiske gennemsnit af kvadratet af

vekselretterstrgmmen (i;yy?).

9. Fremgangsmade ifglge krav 8, kendetegnet ved, at det aritmetiske
gennemsnit af vekselretterstrammen (i,y,) beregnes pa en tidsdiskret made ved
at sample vekselretterstrammen (imnv) med en fgrste samplingsfrekvens (Ts1) i et
fgrste tidsrum (T1), hvor et fgrste antal (N1) samplevardier fra
vekselretterstrammen (i) dannes og summen af samplevardierne fra

vekselretterstrammen (i) og divideres med det fgrste antal (N1).

10. Fremgangsmade ifglge krav 8, kendetegnet ved, at det aritmetiske

gennemsnit af kvadratet af vekselretterstrgmmen (m) beregnes pa en
tidsdiskret made ved at sample kvadratet af vekselretterstrgmmen (imv2) ved en
anden samplingfrekvens (Ts2) i et andet tidsrum (T2), hvor et andet antal (N2)
sampleveerdier af kvadratet af vekselretterstrammen (imnwv?) dannes og summen af
samplevaerdierne af kvadratet af vekselretterstrammen (imnw?) og divideres med
det andet antal (N2).



10

15

20

25

30

DK/EP 3199929 T3

3

11. Indretning til bestemmelse af kondensatortemperaturen (Tc) for en
mellemkredskondensator (C) i en mellemkreds (6) i en mellemkredsomformer (1),
hvor en beregningsenhed (BE) er tilgeengelig, som modellerer
mellemkredskondensatoren (C) som en serieforbindelse af en a&kvivalent
kapacitet (CS) og en akvivalent seriemodstand (ESR), hvor en modelleret
kondensatorstrgm (icm) strammer henover den akvivalente seriemodstand (ESR)
og kendetegnet ved, at et modelleret kondensatoreffekttab (Pc) beregnes fra
den modellerede kondensatorstrgm (icm) 0g vaerdien af den akvivalente
seriemodstand (ESR) ved hjaelp af en sammenhaeng af formlen Pc = f(icm, ESR),
og kondensatortemperaturen (Tc) bestemmes derfra ved hjalp af en
forudbestemt temperaturmodel (M).

12. Indretning ifglge krav 11, kendetegnet ved, at en differentieringsenhed (D)
og en spandingsmaleenhed (V) er tilgangelige, hvor spaendingsmaleenheden (V)
bestemmer en for mellemkredskondensatoren (C) tilstgdende
kondensatorspanding (uc) og tilfgrer differentieringsenheden (D), og
differentieringsenheden (D) bestemmer den modellerede kondensatorstrgm (icm).

13. Indretning ifglge krav 11, kendetegnet ved, at en lavfrekvensenhed (BL) er
tilgeengelig, hvilken er udformet til at beregne en lavfrekvenskomponent af den
modellerede kondensatorstrgm (icL), mens et antal lavpasfiltre (TP) er tilvejebragt
fagr og/eller efter differentieringsenheden (D).

14. Indretning ifglge et af kravene 11 til 13, kendetegnet ved, at en
hgjfrekvensenhed (BP) er tilgeengelig, hvilken beregner en hgjfrekvenskomponent
af den modellerede kondensatorstrgm (ice) fra en af vekselretteren (5) forarsaget
vekselretterstrgm (imv)

15. Indretning ifglge krav 14, kendetegnet ved, at et antal gennemsnitsdannere
(MWB) er tilgaengelige, hvilke beregner et gennemsnit for vekselretterstrammen

(i,w) eller et gennemsnit for kvadratet af vekselretterstrammen (i;y,?).

16. Anvendelse af en fremgangsmade ifglge et af kravene 1 til 9 til overvagning
og bearbejdning af kondensatortemperaturen (Tc), isaer en afbrydelse af et
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element af mellemkredsomformeren (1), nar en maksimaltemperatur overskrides.

17. Anvendelse af en fremgangsmade ifglge et af kravene 1 til 9 til bestemmelse
af kondensatortemperaturens (Tc(t)) tidsmaessige forlgb og til bestemmelse af
mellemkredskondensatorens (C) restlevetid (RL) fra kondensatortemperaturens
(Te(t)) tidsmeessige forlgb ved hjzelp af en forudbestemt sammenhang, fortrinsvis

ved hjaelp af Arrhenius-formlen.
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Fig. 6



