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Description

The invention relates to a method for determining a phase failure in an electrical
device and to an electrical device by means of which a phase failure in the elec-

trical device can be determined.

Electrical devices such as, for example, soft starters, overload protection relays
or motor starters are employed in the industrial automation field for the purpose

of controlling or monitoring a three-phase alternating-current (AC) motor.

In addition to 3-phase controlled soft starters (three-phase power controllers), 2-
phase controlled soft starters are also used in electrical soft starter devices for
three-phase AC motors. In the case of the 3-phase controlled soft starters, three
current transformers are present in most cases for the purpose of controlling
and measuring the current in the three conductors (phases) of the soft starter
device. In 2-phase controlled soft starters, one of the three conductors (phases)
of the soft starter device is bridged and in principle one current transformer can
be dispensed with (in the bridged conductor) in order to perform the soft start of
the motor. The energy supply for the three-phase AC motor connected to the
soft starter device is conducted and controlled by way of the three conductors of
the soft starter device so that for example a defined startup behaviour of the

three-phase AC motor can be achieved.

The current measurement signals of the current transformers of the soft starter
device can also be used inter alia for detecting a phase failure. However, it is
problematic in this case if no current transformer is present in a conductor
(phase) of the current transformer. This means that a phase failure in the con-
ductor in which no current transformer is present cannot be detected and the
motor would continue running on two phases until it was switched off by another
protection mechanism. What is present in particular in the case of a phase failu-

re is an interruption of a current that is to be transmitted inside the conductor.
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A phase failure can also be detected with the aid of an analogue voltage mea-
surement. The absence of a voltage can be detected relatively easily if the vol-
tage in a conductor falls below a specified threshold value. However, the corre-
sponding hardware and firmware are necessary for this purpose so that said de-

tection can be realised.

Phase failure detection on the basis of the current has hitherto been accompli-
shed by means of three current transformers. If a current in a conductor falls be-
low a specified threshold value, it can be assumed that no voltage is present at

the conductor.

An electricity meter is known from EP 1 107 010 A2. In this electricity meter a
phase failure is detected by means of an analysis of two phase-to-phase volta-

ges detected. Two voltage sensors are used for this purpose.

A self-powered, voltage-amplitude-independent network monitoring device for
diagnosis of phase failures and phase amplitude diminutions in multiphase po-

wer supply systems is known from DE 10 2005 016 720 A1.

It is the object of the present invention to detect a phase failure in a conductor in
a three-phase electrical device, in particular in a soft starter.

It is aimed herein in particular to be able to determine, solely on the basis of an
analysis of two conductors (phases) of the electrical device, a phase failure in

the other conductor (phase) of the electrical device.

This object is achieved by means of a method according to claim 1and by

means of a device according to claim 8.

Advantageous developments of the invention are disclosed in dependent claims
2to7and 9to 11.
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The electrical device is preferably a soft starter, an overload protection relay or
a motor starter. The energy supply for the three-phase AC motor connected to
the electrical device is conducted via the first, second and third conductor
(phase) of the electrical device. The method finds application in particular during
the operation of the three-phase AC motor and consequently during the opera-

ting state of the electrical device.

In the three-phase electrical device, which for example possesses a current
measuring means only in two phases (of the first and second conductor), a
phase failure in the third conductor (phase) can be detected on the basis of an
analysis of the two currents in the first and second conductors and in particular

their phase shift with respect to each other.

In the normal case (no phase failure in any of the conductors) all three line vol-
tages are applied and the currents in the three conductors are phase-shifted by

120° in each case.

In the event of a phase failure in one of the two conductors in which current
measurement is present, the phase failure can be detected on the basis of the
level of the current and by the unbalance of the two currents. If the voltage is
now absent in the third conductor (phase failure in the third conductor), in which
no current transformer is present, no unbalance can be detected. The two cur-
rents are now phase-shifted by 180°. This means that a phase failure in the
third conductor can be deduced based on an analysis of the phase shift of the
currents in the first and second conductor. In this way it is possible, simply on
the basis of an analysis of two conductors of the electrical device, to determine

a phase failure in the other conductor of the electrical device.

As soon as it is detected on the basis of the analysis in respect of the phase
shift between the first and second conductor that no correct phase shift is pre-
sent, but that a phase shift is present which characterises a phase failure in the
third conductor, a signal is output so that a higher-level system will be notified

about the phase failure. Preferably the value characterising a phase shift which
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characterises a phase failure in the third conductor and consequently lies within
the value range must be present over a specific period of time to ensure that a
temporary deviations which does not persist over the duration of the time period
do not lead to a signal being output which indicates a phase failure.

For phase monitoring purposes the electrical device accordingly does not need
to have one sensor per phase for monitoring a phase failure and can therefore

be manufactured at lower cost and be embodied in a more compact design.

In the analysis in respect of the phase shift between the current in the first and
second phase it is not necessary to determine the actual phase shift between
the current in the first and second conductor. It is also sufficient if a value cha-
racterising the phase shift is determined which can be compared with the value
range so that information concerning a phase failure in the third conductor can
be communicated. The value range consequently forms a range in respect of
the determined value which characterises a phase failure in the third conductor.
The value characterising a phase shift between the current in the first and se-
cond conductor reproduces in particular immediate information about the phase
shift present in relation to the current of the first and second phase. Preferably
the characterising value directly reflects the phase shift between the current in
the first and second conductor.

In an advantageous embodiment variant of the invention the value range cha-
racterises a phase shift of 150° to 210° between the first and second conductor.
Consequently, if there is a phase shift of 150° to 210°, in particular 180°, pre-
sent between the first and second phase, then the determined value characteri-
sing a phase shift falls into the value range which characterises a phase shift in
the third conductor. A signal is consequently output which indicates a phase

failure in the third conductor.

In another advantageous embodiment variant of the invention the phase failure
in the third conductor is determined solely on the basis of an analysis of the first

and second conductor. Accordingly the third conductor does not need to include
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a sensor in order to determine a phase failure. Cost savings can be made as a

result.

In another advantageous embodiment variant of the invention the value charac-
terising a phase shift between the current in the first and second conductor is
determined by means of measurements taken at the time of the zero crossing
and/or peak value of the current in the first and second conductor. The phase
shift or, as the case may be, the characterising value can be determined for
example on the basis of a time difference between the times of the zero cros-
sings or peak values of the current of the first conductor with respect to those of
the current of the second conductor. Equally, the phase shift can be deduced on

the basis of an observation of the current at these times.

In another advantageous embodiment variant of the invention the value charac-
terising a phase shift between the current in the first and second conductor is
determined a number of times within a time window and the determined value is
compared against the value range. The time window, which is preferably preset
to a default, is for example a cycle duration of the current. The value characteri-
sing a phase shift is therefore determined several times within the current cycle
of the first or second conductor. Preferably the value, and hence the phase
shift, is determined at least five times within the preset time window. The re-
spective determined values are preferably compared with the value range in

each case.

In another advantageous embodiment variant of the invention the signal is not
output until the determined value characterising a phase shift which lies in the
value range satisfies a further parameter. The parameter characterises for
example the frequency of occurrence of matching determined values of the
phase shifts lying in the value range as compared with the values determined
within a time interval (e.g. a cycle duration of the current). If a frequency of oc-
currence present is sufficient, the signal will be output. Equally, the parameter
can represent a threshold value relating to the number of matching determined

values of the phase shifts lying in the value range. If a sufficient number of
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matches are present, the signal is output. The analysis in respect of the para-
meter is preferably performed repeatedly within a defined time interval. The pa-
rameter can equally define a time interval within which a match of the repeated
determinations of the characterising values of the phase shift is to lie in the va-
lue range in each case. It is likewise conceivable for the analysis in respect of
the parameter to be formed from a combination of a plurality of these and other

criteria.

In another advantageous embodiment variant of the invention the analysis

comprises the following steps of:

a) determining the flow direction of the current in the first and second
conductor simultaneously,

b) determining the number of differences in which the flow direction of
the first conductor determined under step a) differs from the simultane-
ously determined flow direction of the second conductor,

c) establishing the number of determinations performed under step a),
d) outputting a signal if the ratio of the number of differences in relation
to the number of determinations performed within a time window lies
between 0% and 10% or 90% and 100%.

The concept of simultaneously determining the flow direction is also to be un-
derstood as determining the same with a slight offset in time. The greater the
synchronicity in determining the flow direction in the two conductors, the more

precisely the analysis will ultimately be performed in the electrical device.

Current sensors are preferably used in each case in the first and second con-
ductor in order to determine the flow direction. If the individual current sensors
for determining the flow direction are installed identically in this arrangement
(i.e. an identical orientation of the flow direction is considered in relation to the
flow direction of the first and second phase), then a deviation between 90 and
100% will be present in the event of a phase failure. If, on the other hand, the

two current sensors are installed in opposition (i.e. an opposite orientation of the
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flow direction is considered in relation to the flow direction of the first and se-
cond phase), then a deviation between 0 and 10% will be present in the event
of a phase failure.

If a phase shift of 180° is present, and consequently a phase failure in the third
conductor, then except for the zero crossing the flow direction has an opposite
orientation. The phase shift present, and in particular a phase failure present in
the third conductor can be deduced by means of the analysis of the flow direc-

tion of the current within the first and second conductor.

In another advantageous embodiment variant of the invention the analysis

comprises the following steps of:

a) determining the flow direction of the current in the first and second
conductor simultaneously,

b) determining the number of matches in which the flow direction of the
first conductor determined under step a) matches the simultaneously
determined flow direction of the second conductor,

c) establishing the number of determinations performed under step a),
d) outputting a signal if the ratio of the number of matches in relation to
the number of determinations performed within a time window lies be-
tween 11% and 89%.

In another advantageous embodiment variant of the invention the electrical de-
vice comprises a processing unit and a current measuring means, wherein step
a) is performed with the aid of the current measuring means, and steps b), c)
and d) are performed by means of the processing unit. For each phase/conduc-
tor the current measuring means preferably includes at least one current sensor
which can determine the flow direction within the conductor. Preferably the cur-

rent measurement is also performed by the current measuring means.
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In another advantageous embodiment variant of the invention step a) is perfor-
med at least five times within the time window. Given a line frequency of 50 Hz,
step a) is preferably performed at least every 400 microseconds.

In another advantageous embodiment variant of the invention the number deter-
mined under step b) and the number of determinations performed under step a)

are reset, preferably after the time window has elapsed.

In another advantageous embodiment variant of the invention the processing
unit comprises a first and a second counter, the number determined under step
b) being counted by means of the first counter and the number determined un-

der step c¢) being counted by means of the second counter.

In another advantageous embodiment variant of the invention the time window
is equal to at least one cycle duration of the current in the first or second con-
ductor. The time window is preferably preset to a default at the factory. It will

therefore last for at least one cycle duration of the current.

In another advantageous embodiment variant of the invention the electrical de-
vice can perform a current measurement in the first and second conductor only.
Preferably, except for the current measurement in the first and second conduc-
tor, no further current and/or voltage measurements are performed on the indi-

vidual conductors in the electrical device.

In another advantageous embodiment variant of the invention the flow direction
of the current in the first and second conductor can be determined simulta-
neously with the aid of the current measuring means, and the processing unit

can be used:

- to determine the number of differences in which the flow direction of
the first conductor determined by the current measuring means differs
from the simultaneously determined flow direction of the second con-

ductor,
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- to establish the number of simultaneous determinations of the flow di-
rection of the current in the first and second conductor performed by the
current measuring means, and

- to output a signal if the ratio of the number of differences in relation to
the number of determinations performed within a time window lies be-
tween 0% and 10% or 90% and 100%.

In another advantageous embodiment variant of the invention the flow direction
of the current in the first and second conductor can be determined simulta-
neously with the aid of the current measuring means, and the processing unit

can be used:

- to determine the number of matches in which the flow direction of the
first conductor determined by the current measuring means matches
the simultaneously determined flow direction of the second conductor,

- to establish the number of simultaneous determinations of the flow di-
rection of the current in the first and second conductor performed by the
current measuring means, and

- to output a signal if the ratio of the number of matches in relation to
the number of determinations performed within a time window lies be-
tween 11% and 89%.

The number of determined matches and/or differences as well as the number of
simultaneous determinations of the flow direction of the current in the first and
second conductor performed by the current measuring means can preferably be

reset by the processing unit after the time window has elapsed.

In an advantageous embodiment variant of the invention the processing unit in-
cludes at least one counter by means of which the number of determined mat-
ches and/or differences as well as the number of simultaneous determinations

performed by the current measuring means can be counted.
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The time window, which is preferably preset to a default at the factory, is prefer-
ably equal to at least one cycle duration of the current in the first or second

conductor.

In another advantageous embodiment variant of the invention the electrical de-

vice is a soft starter.

The invention and embodiments of the invention are described and explained in
more detail below with reference to the exemplary embodiments illustrated in

the figures, in which:

FIG. 1 is a schematic representation of an electrical device which is connected
to a three-phase AC motor,

FIG. 2 is a schematic representation of the currents in the first and second

conductor when all three voltages are present, and

FIG. 3 is a schematic representation of the currents in the first and second

conductor when a phase failure is present in the third conductor.

FIG. 1 is a schematic representation of an electrical device 1 which is connec-
ted to a three-phase AC motor 2. Three phases of the three-phase AC motor 2
are connected by way of the electrical device 1 to a power supply network so
that the three-phase AC motor 2 can be supplied with energy. The electrical de-
vice 1 depicted here is a soft starter device 1. The soft starter device 1 has a
connection point 3 on the input side and a connection point 4 on the output side
for each phase, wherein the connection points can be connected to each other
in an electrically conductive manner by means of an internal conductor 6, 7 of

the soft starter device.

The energy provided for the three-phase AC motor is fed in from a power supply
network to the soft starter device 1 via the conductors 5 connected on the input

side. The energy is passed on to the three-phase AC motor 2 by way of the ex-



10

15

20

25

30

DK/EP 2619599 T3

11

ternal conductors 5 connected to the connection points 4 on the output side.
The soft starter device 1 consequently has three phases. In this arrangement
the first conductor 6 of the soft starter device 1 reflects the first phase of the
system (soft starter device 1 and three-phase AC motor 2). The second conduc-
tor 7 reflects the second phase of the system. The third conductor 8 reflects the

third phase of the system.

The soft starter device 1 additionally comprises a current measuring means 9
and a processing unit 10. The current in the first and second conductor 6, 7 is
measured by way of the current measuring means 9. No operative connection
exists in the soft starter device 1 between the third conductor 8 and a current
sensor, meaning that the current in the third conductor 8 cannot be measured
by the soft starter device 1. Consequently, if a phase failure is present in the
third conductor 8, the third conductor 8 includes no current sensor that can de-
tect a phase failure. Furthermore the soft starter device 1 includes no voltage
sensor which can determine a voltage in respect of the first, second and third
conductor 6, 7. The current measuring means 9 comprises a first and second
current sensor, the first current sensor being able to determine a current in the
first conductor 6 and the second current sensor being able to determine a cur-
rent in the second conductor 7. The flow direction of the current in the first and
second conductor 6, 7 can also be determined by way of the current measuring
means 9 and its current sensors. The current measuring means 9 is connected
to the processing unit 10 in such a way that the determined measured values of
the current measuring means 9 can be passed on to the processing unit 10.
The processing unit 10 is able to deduce the phase shift of the current that is
present between the first and second conductor 6, 7 from the measured values
determined by the current measuring means 9. The current measuring means 9
consequently supplies a value characterising a phase shift between the current
in the first and second conductor 6, 7. The processing unit 10 can compare this
determined value with a value range. This value range characterises a phase
failure in the third conductor 8. Consequently, if the determined value lies within
this value range, a phase failure is present in the third conductor 8. Since the

determined value characterises a phase shift between the current in the first
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and second conductor 6, 7, a phase failure in the third conductor 8 is conse-
quently determined on the basis of the phase shift between the current in the
first and second conductor 6, 7.

In the normal case (i.e. no phase failure is present and the line voltages are ap-
plied to all three phases 6, 7) the currents in the three phases 6, 7 are phase-
shifted by 120° in each case. The phase shift between the current in the first
and second conductor 6, 7 consequently equals 120°. The value determined in
normal operation and characterising a phase shift between the current in the
first and second conductor 6, 7 consequently reflects a phase shift around 120°.
A comparison of the determined value with the value range would yield as result
that the value does not lie within the value range and therefore no phase failure

is present in the third conductor 8.

If, on the other hand, a phase failure is present in the third conductor 8, then a
phase shift around 180° is present between the current in the first and second
conductor 6, 7. A determination of the value characterising a phase shift be-
tween the current in the first and second conductor 6, 7 consequently leads to a
different value than in the case of the determination during normal operation. If
this determined value is compared with the value range, the processing unit 10
will detect that the determined value, which characterises a phase shift around
180° between the first and second conductor 6, 7, lies within the value range
and therefore a phase failure is present in the third conductor 8. The value

range preferably lies between 150° and 210°.

The advantage of a soft starter device 1 of said type consists in particular in the
fact that a phase failure in the third conductor 8 can be deduced simply by
monitoring the first and second conductor 6, 7. The device 1 can be embodied
in @ more compact design and in addition cost savings can be achieved be-
cause there is no need to provide measurement means for the third conductor 8

in order to check for a phase failure in the third conductor 8.
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If a phase failure occurs in the first and second conductor 6, 7, this phase failure
can be detected on the basis of the level of the current and by the unbalance of
the two currents. These values can be determined by the current measuring

means 9.

The following method for determining a phase failure in the third phase 8 has
proven particularly advantageous. The flow direction of the two currents in the
first and second conductor 6, 7 is evaluated repeatedly with the aid of analo-
gue/digital sampling while the three-phase AC motor 2 is switched on. Each cur-
rent is sampled e.g. every 400ms and the sign of the sample value is evaluated.
For this purpose there are two counters which are set to zero at the start of a
current cycle (of the first or second phase). One counter counts the total num-
ber of sample values taken within a cycle and the second counter is increment-
ted by 1 during the sampling whenever the two currents have a different sign
(opposite flow direction). At the end of a current cycle (i.e. every 20ms at 50Hz)
these counters are converted into a ratio and evaluated. This takes place within
the processing unit 10. If a phase failure is present in the third conductor 8 (of
the third phase), this ratio lies between 0 and 10% (overlap) or between 90 and
100% (no overlap) within a cycle. The two different percentage ranges are de-
pendent on how the current sensor of the first conductor 6 is installed with re-
spect to the current sensor of the second conductor 7, since the manner of in-
stallation of the current sensor determines the flow direction and therefore the
sign of the current of the corresponding conductor 6, 7. Through the targeted
evaluation of the two current curves of the current present in the first and se-
cond conductor 6, 7 by the current measuring means 9 and the processing unit
10 it is possible to dispense with a third current sensor for the third conductor 8.
Furthermore no analogue voltage measurement is required in all three conduc-
tors 6, 7. A phase failure can therefore be detected in all three phases 6, 7 with
the aid of just two current sensors (current transformers), without need of further

aids.

FIG. 2 is a schematic representation of the currents in the first and second con-

ductor when all three voltages are applied to the three phases of the electrical
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device. There is therefore no phase failure present in the first, second and third
conductor. The characteristic curve of the current of the first and second con-
ductor over time is visualised by way of the depicted Cartesian coordinate sy-
stem. The variation with time of the current (ordinate axis) is represented by
way of the abscissa axis. The coordinate system shows the first current curve
11 of the first conductor and the second current curve 12 of the second conduc-
tor. The current of the first conductor is phase-shifted by 120° relative to the cur-
rent of the second conductor. In a three-phase system this is indicative of cor-
rect operation. In the case of the current curves 11, 12 the peak value 16 and
the zero crossing 15 of the respective current curve 11, 12 are depicted in some
cases by way of example. The time window 13 denotes a cycle of the first cur-
rent curve 11. The time window 14 denotes a cycle of the second current curve
12. The zero crossing 15 of the first and second current curve 11, 12 has a time
offset 17. The phase shift between the first current curve 11 and the second
current curve 12 reflects the normal state of the soft starter device in the case of
a correct energy supply for the three-phase AC motor. In other words, no phase

failure is present in any of the phases of the soft starter device.

FIG. 3 is a schematic representation of the currents in the first and second con-
ductor when a phase failure is present in the third conductor. Compared with
FIG. 2, the first current curve 11 now exhibits a phase shift of 180° relative to
the second current curve 12. The status of the third conductor (third phase) can
be deduced on the basis of an analysis of the phase shift between the current in
the first conductor and the second conductor, and therefore of a comparison of
the first current curve 11 with the second current curve 12. Since the phase shift
between the first current curve 11 and the second current curve 12 is not 120°,
but 180°, a phase failure must be present in the third conductor. Because the
soft starter device conducts an analysis of the phase shift or of a value charac-
terising the phase shift by means of a value range which characterises a phase
failure, the correct operation of the third phase can be deduced simply on the
basis of the analysis of the first and second conductor of the soft starter device.
When the flow directions of the first and second current curve 11, 12 are deter-

mined simultaneously and the two flow directions are compared, the flow direc-
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tion is always embodied in opposition with a 180° phase offset except for the
zero crossing 15. Consequently, the status of the third phase can be deduced
on the basis of an analysis of the flow direction of the first current curve 11 with
respect to the flow direction of the second current curve 12. A phase failure of
the third conductor can be detected for example by means of a percentage
evaluation of the differences of the flow directions with respect to the determina-

tions.
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Patentkrav

1.  Fremgangsmade til bestemmelse af et faseudfald i et elektrisk apparat (1)
til styringen eller overvagningen af en trefaset drejestramsmotor (2), hvorved
det elektriske apparat (1) omfatter en fgrste, en anden og en tredje ledning (6,
7, 8) og et strammalemiddel (9), og der via strammalemidlet (9) kan forega en
strommaling af stremmen i den forste og anden ledning (6, 7), hvorved be-
stemmelsen af faseudfaldet i den tredje ledning (8) kun foregéar ved en analyse
af de ved hjaelp af strammalemidlet (9) registrerede stramme i den fgrste og

den anden ledning (6, 7), hvorved analysen omfatter fglgende trin:

a) samtidig bestemmelse af strammens lederetning i den farste og anden
ledning (6, 7),

b) bestemmelse af et antal af differenser, i hvilke den forste lednings (6)
under trin a) bestemte lederetning adskiller sig fra den anden lednings (7)
samtidigt bestemte lederetning eller bestemmer et antal af overensstem-
melser, i hvilke den fgrste lednings (6) under trin a) bestemte lederetning
stemmer overens med den anden lednings (7) samtidigt bestemte lederet-
ning,

c) bestemmelse af et antal af de under trin a) foretagne bestemmelser,

d) nar under trin b) antallet af differenser blev bestemt, afgivelse af et sig-
nal safremt forholdet imellem antallet af differenser og antallet af gennem-
forte bestemmelser inden for et tidsvindue ligger i et veerdiomrade, som ka-
rakteriserer et faseudfald i den tredje ledning (8), eller nar under trin b) an-
tallet af overensstemmelser blev bestemt, afgivelse af et signal, safremt
forholdet imellem antallet af overensstemmelser og antallet af gennemfarte
bestemmelser inden for et tidsvindue ligger i et veerdiomrade, som karakte-
riserer et faseudfald i den tredje ledning (8).

2. Fremgangsméade ifglge krav 1, hvorved veerdiomrédet karakteriserer en fa-

seforskydning imellem den fgrste og anden ledning (7, 8) pa 150° til 210°.

3. Fremgangsméde ifglge et af de foregéende krav, hvorved
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- nar under trin b) antallet af differenser blev bestemt, foreligger veerdiom-
radet, safremt forholdet imellem antallet af differenser og antallet af gen-
nemfgrte bestemmelser inden for et tidsvindue ligger imellem 0% og 10%
eller 90% og 100%, eller

- n&r under trin b) antallet af overensstemmelser blev bestemt, foreligger
veerdiomradet, safremt forholdet imellem antallet af overensstemmelser og
antallet af gennemforte bestemmelser inden for et tidsvindue ligger imel-
lem 11% og 89%.

4. Fremgangsmade ifalge krav 3, hvorved det elektriske apparat (1) omfatter
en forarbejdningsenhed (10) og et strammalemiddel (9), hvorved trinnet a) fore-
gar ved hjeelp af strammalemidlet (9), og trinnene b), ¢) og d) foregar ved hjeelp

af forarbejdningsenheden (10).

5.  Fremgangsméade ifolge et af kravene 3 til 4, hvorved det under trin b) be-
stemte antal samt antallet af de bestemmelser, der blev bestemt under trin a),

fortrinsvis tilbageseettes efter tidsvinduets udlgb.

6. Fremgangsmade ifolge et af kravene 3 til 5, hvorved forarbejdningsenhe-
den (10) omfatter en forste og en anden teller, hvorved det under trin b) be-
stemte antal teelles med den forste teeller, og det under trin ¢) bestemte antal

telles med den anden taller.

7. Fremgangsmade ifglge et af de foregdende krav, hvorved tidsvinduet i det
mindste udger en periodeleengde af strammen i den fgrste eller anden ledning
(6, 7).

8. Elektrisk apparat (1) til styringen eller overvagningen af en trefaset dreje-
stramsmotor (2), hvorved det elektriske apparat (1) omfatter en fgrste, en an-
den og en tredje ledning (6, 7, 8), samt en forarbejdningsenhed (10) og et
strommalemiddel (9) til bestemmelse af en strom i den farste og den anden

ledning (6, 7), hvorved der med strammalemidlet (9) samtidigt kan bestemmes
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strommens lederetning i den forste og anden ledning (6, 7) og med forarbejd-
ningsenheden (10):

- er bestemmeligt et antal af differenser, i hvilke den ved hjeelp af stramma-
lemidlet (9) bestemte lederetning i den forste ledning (6) adskiller sig fra
den samtidigt bestemte lederetning i den anden ledning (7), eller er be-
stemmeligt et antal af overensstemmelser, i hvilke den ved hjeelp af strom-
malemidlet bestemte lederetning i den fgrste ledning (6) stemmer overens
med den samtidigt bestemte lederetning i den anden ledning (7),

- er bestemmeligt et antal af de ved hjeelp af strammalemidlet (9) foretagne
samtidige bestemmelser af strammens lederetning i den fgrste og den an-
den ledning (6, 7), 0g

- kan afgives et signal, safremt forholdet imellem antallet af differenser eller
overensstemmelser i forhold til antallet af gennemfgrte bestemmelser in-
den for et tidsvindue ligger i et veerdiomrade, som karakteriserer et faseud-

fald i den tredje ledning (8).

9. Elektrisk apparat (1) ifelge krav 8, hvorved det elektriske apparat (1) kun

kan gennemfgre en strammaling i den fgrste og anden ledning (6, 7).

10. Elektrisk apparat (1) ifelge et af kravene 8 til 9, hvorved der foreligger et
vaerdiomrade ved en bestemmelse af antallet af differenser, safremt forholdet
imellem antallet af differenser og antallet af gennemforte bestemmelser inden
for tidsvinduet ligger imellem 0% og 10% eller 90% og 100%, eller der ved en
bestemmelse af antallet af overensstemmelser foreligger vaerdiomradet, sa-
fremt forholdet imellem antallet af overensstemmelser og antallet af gennemfor-

te bestemmelser inden for tidsvinduet ligger imellem 11% og 89%.

11. Elektrisk apparat (1) ifalge et af kravene 8 til 10, hvorved det elektriske ap-

parat (1) er et soft-start-apparat (1).
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