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DESCRIPTION

Description

FIELD OF THE INVENTION

[0001] The present invention relates in general to conveyor systems, such as elevators,
escalators, and moving walkways. In particular, however, not exclusively, the present invention
concerns detection of an abnormal operating condition, such as a loss or an undervoltage
condition of phase, of an electric converter unit utilized in a conveyor system for operating the
conveyor, such as an elevator car, steps, or moving track, thereof.

BACKGROUND

[0002] It is desirable that the electric converters, such as included in the electric drives, for
operating electric motors can survive abnormal operating conditions like loss of phase so that
they will not become dangerous or cause a fire hazard. Electric converters which do not have
functionality for detecting such conditions, are ought to be designed so that they will not
become too hot, or even damaged. even if operating in such abnormal conditions.

[0003] There are, however, known attempts for detecting, for example, loss of phase condition
in electric drives. Thus, if the converter unit thereof would detect the loss of phase situation by
itself and give a fault code to prevent the running of the motor, the abnormal operating
condition can be dealt safely. Running the motor without one phase can lead to unstable
operation of the converter, increased stresses of the components thereof, and quality
problems, for instance. Many known solutions, however, tend to be unable to detect the loss of
phase reliably in different operating conditions. CN 110 171 765 A discloses a method for
detecting a loss or an undervoltage condition of phase of an electric converter unit according to
the preamble of claim 1.

SUMMARY

[0004] An objective of the present invention is to provide a method for detecting a loss or an
undervoltage condition of phase of an electric converter unit, a conveyor control unit, and a
conveyor system. Another objective of the present invention is that the method, the conveyor
control unit, and the conveyor system enable detecting the loss or the undervoltage condition
reliably and in a robust manner in various operating conditions.



DK/EP 3992133 T3

[0005] The objectives of the invention are reached by a method for detecting a loss or an
undervoltage condition of phase of an electric converter unit, a conveyor control unit, and a
conveyor system as defined by the respective independent claims.

[0006] According to a first aspect of the invention, a method for detecting a loss or an
undervoltage condition of phase of an electric converter unit according to claim 1 is provided.
The method comprises determining an extremum value, such as a maximum and/or a
minimum value, of a phase voltage of the electric converter unit for at least one fundamental
period of the phase voltage. The method also comprises comparing the extremum value to a
first threshold value, and if, based on the comparison, a first threshold criterion related to the
first threshold value is satisfied, then determining the loss or the undervoltage condition of
phase.

[0007] The fundamental period refers herein to the length of one cycle of the alternating
voltage and/or current. For example, in case of an electrical grid characterized by a frequency
of 50 Hz or 60 Hz, the fundamental period is 20 milliseconds or about 16.7 milliseconds,
respectively.

[0008] In various embodiments, the determination of the extremum value may comprise
removing an average value or a DC (direct current) component of the phase voltage during the
at least one fundamental period from the extremum value.

[0009] The determination of the extremum value may comprise determining the maximum
value and the minimum value of the phase voltage for the at least one fundamental period of
the phase voltage, and calculating the average value based on the maximum value and the
minimum value.

[0010] Furthermore, the first threshold value may be less than a nominal amplitude of the
phase voltage, such as less than 50 percent of the nominal amplitude of the phase voltage.

[0011] In various embodiments, the satisfying of the first criterion may include satisfying the
criterion during at least two, such as at least five or ten, consecutive fundamental periods.

[0012] Furthermore, the method may comprise performing the method steps also for one or
several other phase voltages.

[0013] Still further, the method may comprise determining if the electric converter unit has a
current path to a main power supply.

[0014] According to the invention, the method further comprises determining absolute values
of phase currents of the electric converter unit during at least one fundamental period,
integrating the absolute values of phase currents with respect to time or determining ampere-
second balances of the phase currents, and comparing the integrated absolute values or the
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ampere-second balances to a second threshold value. Furthermore, if, based on the
comparison, a second threshold criterion related to the second threshold value is satisfied,
then the method comprises comparing the integrated absolute value or the ampere-second
balance of one of the phase currents to the integrated absolute value or the ampere-second
balance of one or several other phase currents. Further still, if, based on the comparison, a
third threshold criterion is satisfied, the loss of the phase is determined.

[0015] Furthermore, the method may further comprise performing the comparison of the
integrated absolute value or the ampere-second balance also for said one or several other
phase currents.

[0016] In various embodiments, the satisfying of the second threshold criterion may relate to or
occur if any one of the integrated absolute values or the ampere-second balances is higher
than or equal to the second threshold value.

[0017] In various embodiments, alternatively or in addition, the satisfying of the third threshold
criterion may relate to or occur if the integrated absolute value or the ampere-second balance
of one of the phase currents is less than the integrated absolute value or the ampere-second
balance of one other phase current. Furthermore, in some embodiments, the satisfying of the
third threshold criterion may relate to the integrated absolute value or the ampere-second
balance of one of the phase currents being less than 50 or 25 percent of the integrated
absolute value or the ampere-second balance of the one other phase current.

[0018] In various embodiments, the satisfying of the second threshold criterion and/or the third
threshold criterion may include satisfying the criterion during at least two, such as at least five
or ten, consecutive fundamental periods.

[0019] Furthermore, the extremum value and/or the absolute values of phase currents may be
determined by a voltage or current measurement device or devices, respectively, arranged to
an input phase or phases of the electric converter unit. Still further, the extremum value and/or
the absolute values of phase currents may be determined with a sampling rate of one sample
in a millisecond.

[0020] According to a second aspect of the invention, a conveyor control unit according to
claim 15 is provided. The conveyor control unit comprising a processing unit and a memory.
The conveyor control unit is configured to perform a method in accordance with the first
aspect.

[0021] According to a third aspect of the invention, a conveyor system according to claim 16 is
provided. The conveyor system, such as an elevator system, an escalator, or a moving
walkway, comprises a conveyor, such as an elevator car, moving steps or track. The conveyor
system further comprises a conveyor control unit in accordance with the second aspect.

[0022] The present invention provides a method for detecting a loss or an undervoltage
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condition of phase of an electric converter unit, a conveyor control unit, and a conveyor
system. The present invention provides advantages over known solutions in that it enables
detecting the loss of phase and/or the undervoltage condition of the phase of the electric
converter unit reliably and in robust manner in different operating conditions, thus making the
electric converter unit safer to operate. Some embodiments, in which there are voltage and
current related steps being run simultaneously, at least partly in parallel, or time-wisely close to
each other, provide advantages in that the method makes detection of loss or undervoltage of
phase more reliable and effective in different operating conditions.

[0023] Various other advantages will become clear to a skilled person based on the following
detailed description.

[0024] The terms "first", "second", etc. are herein used to distinguish one element from other
element, and not to specially prioritize or order them, if not otherwise explicitly stated.

[0025] The exemplary embodiments of the present invention presented herein are not to be
interpreted to pose limitations to the applicability of the appended claims. The verb "to
comprise” is used herein as an open limitation that does not exclude the existence of also
unrecited features. The features recited in depending claims are mutually freely combinable
unless otherwise explicitly stated.

[0026] The novel features which are considered as characteristic of the present invention are
set forth in particular in the appended claims. The present invention itself, however, both as to
its construction and its method of operation, together with additional objectives and advantages
thereof, will be best understood from the following description of specific embodiments when
read in connection with the accompanying drawings.

BRIEF DESCRIPTION OF FIGURES

[0027] Some embodiments of the invention are illustrated by way of example, and not by way
of limitation, in the figures of the accompanying drawings.

Figures 1A and 1B illustrate schematically conveyor systems according to some embodiments
of the present invention.

Figure 2 illustrates schematically a conveyor control unit according to an embodiment of the
present invention.

Figures 3A-3C illustrate schematically electric drive units or at least portions thereof according
to some embodiments of the present invention.

Figure 4 shows a flow diagram of a method according to an embodiment of the present
invention.
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Figure 5 shows a flow diagram of a method according to an embodiment of the present
invention.

DETAILED DESCRIPTION OF SOME EMBODIMENTS

[0028] Figures 1A and 1B illustrate schematically conveyor systems 100 according to some
embodiments of the present invention. In Fig. 1A, the conveyor system 100 is an elevator
system 110. The elevator system 110 (which may comprise one, such as depicted in Fig. 1A,
or several elevators, that is being an elevator group) may comprise an elevator car 10, that is
the conveyor of the conveyor system 100, arranged to be moved or movable in an elevator
shaft 12. The moving of the elevator car 10 may be implemented, preferably, by a hoisting
rope or belt 13 in connection with a traction sheave 14 or the like. Furthermore, the elevator
system 110 comprises an electric motor 20 arranged to operate, such as rotate by the rotor
thereof, the traction sheave 14 for moving the elevator car 10, if not essentially directly coupled
to the hoisting rope 13. The traction sheave 14 may be connected, via a mechanical
connection 22, directly or indirectly via a gear to a shaft of the motor 20. The elevator system
110 may comprise a machine room or be machine roomless, such as have the motor 20 in the
elevator shaft 12. In some embodiments, the elevator car 10 may be arranged to be moved by
a linear motor comprising a stator beam fixed and extending in the elevator shaft 12, and at
least one mover of the linear motor being coupled to the elevator car 10 for moving thereof.

[0029] The elevator system 110 may preferably comprise landings 19 or landing floors and, for
example, landing floor doors and/or openings, between which the elevator car 10 is arranged
to be moved during the normal elevator operation, such as to move persons and/or items
between said landings 19. The landings 19 may be served by one or several elevator cars of
the elevator system 110.

[0030] The elevator system 110 may preferably comprise at least one, or at least two, hoisting
machinery brake(s) 16 configured for resisting or, preferably, preventing the movement of the
motor 20, that is the rotor thereof, directly or via the traction sheave 14 or components thereof
and/or therebetween. Furthermore, the elevator 100 may comprise a brake controller 25
configured to operate at least one of the at least one hoisting machinery brake 16. The brake
controller 25 may further be in connection with other elements of the elevator 100, such as an
elevator control unit 1000. The brake controller 25 may comprise an actuator (not shown) for
operating the brake 16 or at least be in connection with such an actuator. In case of utilizing
linear motor or motors, there may, preferably, also be brake(s) arranged to hold and/or provide
deceleration of the elevator car 10.

[0031] There may additionally be, at least in some embodiments, a counterweight 18 arranged
in connection with the elevator car 10 such as is known to a person skilled in the art of
elevators. Still further, the elevator system 110 may additionally comprise a guide rail 17 or
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rails 17 arranged into the elevator shaft 12 for guiding the movement of the elevator car 10.
The elevator car 10 may comprise guide shoes, rollers or the like in moving in contact with the
guide rails 17.

[0032] The elevator system 110 may further comprise an electric drive unit 35, such as
comprising at least a converter unit 30, for example, including a switched-mode power
converter, and preferably the motor 20. The converter unit 30 may be a controllable converter
unit 30, such as capable of adapting its input and/or output substantially continuously.

[0033] In various embodiments, the elevator drive unit 35, such as the converter unit 30
thereof, may comprise an input for receiving absolute position and speed information of an
elevator car 10, such as from an encoder mounted to the elevator car 10 and/or to the motor
20, and a processing unit configured to calculate a motion profile of an elevator car 10. The
elevator car 10 may be configured to be driven by the elevator drive unit 35 according to the
motion profile. The motion profiles may differ depending on the operating condition of the
elevator system 110.

[0034] Furthermore, the converter unit 30 may comprise, or substantially be, an inverter or a
frequency converter, for connecting to, and controlling the operation of, the motor 20, and a
controller in connection with the converter unit 30, wherein the controller is configured to
operate the converter unit 30 to provide electrical power (signals), such as having variable
voltage and variable frequency, to the electromagnetic components, such as to the windings, of
the motor 20. The controller may be a separate controller device or be comprised in the
converter unit 30, for instance. In various embodiments, the controller may represent the
conveyor control unit 101. In some embodiments, the conveyor control unit 101 may be
separate or comprised in an elevator control unit 1000.

[0035] Still further, the converter unit 30 may be arranged to be fed by an electrical power
source 150, such as of the elevator 100, for example from an external electrical power grid or
mains power supply, or another power source, for example, a battery system. Additionally, the
electrical power source 150 may intake electrical power from the converter unit 30.

[0036] In various embodiments, the elevator system 110 comprises an elevator control unit
1000. The elevator control unit 1000 may be disposed in a door frame of a landing 19 or in a
landing door frame. The converter unit 30 may be disposed in the elevator shaft 12 or the
hoistway 12. The converter unit 30 may be arranged to supply power from mains to the electric
motor 20 of the hoisting machine to drive an elevator car 10. The elevator control unit 1000
may be, for example, configured to implemented or perform at least one of the following: to
receive service requests from elevator passengers, such as via an elevator call request
system, and calculate a motion profile for the elevator car 10 to serve the service requests. In
various embodiments, the elevator control unit 1000 may represent the conveyor control unit
101.

[0037] Figure 1B illustrates schematically a conveyor system 100 according to an embodiment
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of the present invention. In Fig. 1B, the conveyor system 100 is an escalator 120. The
escalator 120 may comprise at least a first, or upper, landing and a second, or lower, landing
as well as an electric drive system 35 for moving the steps thereof. Furthermore, the escalator
120 preferably comprises a balustrade 122 for supporting the steps 125 and various other
components, and other elements of escalators 120 which are known to a skilled person per se,
such as moving handrail and components and/or devices related to thereto, and driving
means, such as a chain, a drive wheel and/or sprocket, for moving the steps 125 by the drive
system 35.

[0038] In accordance with still another embodiment, the conveyor system 100 may be a
moving walkway. The moving walkway may be substantially similar to the escalator 120 in Fig.
1B except that there is arranged a moving track instead of the moving steps 125. The moving
walkway may comprise at least two landings, a first and a second landing, as well as an electric
drive system 35 for moving the track thereof. The moving walkway may be horizontal or
inclined. The moving walkway may also comprise other elements of moving walkways which
are known to a skilled person per se, such as moving handrail and components and devices
related to thereto, and means, such as a chain, a drive wheel and/or sprocket, for moving the
track by the drive system 35.

[0039] Even though in Fig. 1B, the elements of the electric drive system 35 are shown to
reside at the upper landing, it should be noted that they could, alternatively or in addition, be
arranged in various other positions of the system 100 as well.

[0040] Figure 2 illustrates schematically a conveyor control unit 101 according to an
embodiment of the present invention. The conveyor control unit 101 may comprise one or
more processors 204, one or more memories 206 being volatile or non-volatile, or non-
transitory, for storing portions of computer program code 207A-207N and any data values, and
optionally one or more user interface units. The mentioned elements may be communicatively
coupled to each other with e.g. an internal bus. Furthermore, the conveyor control unit 101
may comprise a communication interface 208 for receiving and/or transmitting data and or
command signals, etc. from/to outside of the conveyor control unit 101. Thus, for example, the
measurements by sensors, such as voltage and/or current sensors, may be received by the
communication interface 208. Further, preferably, the conveyor control unit 101 may be
configured to send command signals to one or several devices of the conveyor system 100 via
the communication interface 208. The communication interface 208 may be based on wireless
and/or wired technology, and utilize one or several communication protocols, such as utilizing
communication bus(es).

[0041] The processor 204 of the conveyor control unit 101 is at least configured to implement
at least some method steps as described herein, for example, hereinbelow with respect to
Figs. 4-6. The implementation of the method may be achieved by arranging the processor 204
to execute at least some portion of computer program code 207A-207N stored in the memory
206 causing the processor 204, and thus the conveyor control unit 101, to implement one or
more method steps as described. The processor 204 is thus arranged to access the memory
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206 and retrieve and store any information therefrom and thereto. For sake of clarity, the
processor 204 herein refers to any unit suitable for processing information and control the
operation of the conveyor control unit 101, among other tasks. The operations may also be
implemented with a microcontroller solution with embedded software. Similarly, the memory
206 is not limited to a certain type of memory only, but any memory type suitable for storing the
described pieces of information may be applied in the context of the present invention.

[0042] Figures 3A-3C illustrate schematically electric drive units 35 or at least portions thereof
according to some embodiments of the present invention.

[0043] In Fig. 3A, the electric drive units 35 comprises the electric converter unit 30, such as a
switched-mode power converter unit, and connected thereto the motor 20. The electric
converter unit 30 may be a frequency converter which input may be connected to the electrical
power source 150, such as a single-phase, a two-phase or a three-phase electrical grid, and
its output to the motor 20, such as, optionally, to three phases thereof. The optional three-
phase connection between the electric converter unit 30 and the motor 20 is shown in Fig. 3A
with a single line having three short intersecting lines.

[0044] In various embodiments, the electric drive unit 35 may comprise a first current 31
and/or a first voltage 32 sensor(s) arranged to determine current and/or voltage), such as
phase currents and voltages of the three-phase connection, at the input of the electric
converter unit 30.

[0045] Furthermore, the electric drive unit 35 may, preferably, comprise speed and/or position
determining means 38, such as a speed and/or position measurement device, for determining
the speed, such as rotational speed and angle, or linear speed and linear position, of the motor
20. Furthermore, there may be second current 36 and/or second voltage 34 sensors arranged
to determine current and/or voltage at the output of the electric converter unit 30 and/or at the
input of the motor 20.

[0046] In Figs. 3B and 3C, as well as in various other embodiments of the present invention,
the motor 20 is a three-phase motor having 20 having motor phases U 301, V 302, and W 303
connected to the output of the electric converter unit 30. The motor 20 may be a permanent
magnet motor, for instance.

[0047] In Fig. 3B, the electric converter unit 30 is a frequency converter 30A which may be
capable of converting, for example, a voltage and/or a current having a first frequency to a
voltage and/or current with a second frequency, wherein the amplitudes of the converted
signals and/or the second frequency is the same or different with respect to the first frequency.
The frequency converter 30A may comprise a rectifier phase capable of operating in one or
more quadrants. The rectifier phase may be capable of converting the alternating current (AC)
voltages and currents of the electrical power source into direct current (DC) currents and DC
voltages in DC link, optionally of the intermediate circuit, of the frequency converter 30A. The
frequency converter 30A may also comprise an inverter phase capable of converting the DC
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voltages or currents into AC voltages or currents, thus controlling the operation of the motor
20, and capable of operating in one or more quadrants. There may also be an intermediate
circuit connected between the rectifier and inverter phases. The intermediate circuit may
comprise an electrical storage element such as a (super)capacitor or an inductor for smoothing
a DC voltage or current, and at least temporarily storing electrical energy therein.

[0048] As can be seen in Figs. 3A-3C, the operation of the electric drive unit 35 may be
controlled by the conveyor control unit 101. In various embodiments, however, there may be
arranged a converter controller 39 for controlling the operation of the electric converter unit 30,
which the converter controller 39 is at least communicatively connected to the conveyor control
unit 101 and, thereby may be a separate device with respect to the conveyor control unit 101.
Alternatively, the converter controller 39 may be substantially comprised in the conveyor
control unit 101.

[0049] In the embodiment of Fig. 3C, a portion of the electric drive unit 35 is shown, which the
portion may be an inverter 30B. The inverter 30B is, preferably, capable of converting the DC
voltages or currents into AC voltages or currents, thus controlling the operation of the motor
20, and capable of operating in one or more quadrants. There may also be an input circuit
connected to the DC link of the inverter 30B. The input circuit may comprise an electrical
storage element such as a capacitor or an inductor for smoothing a DC voltage or current, and
at least temporarily storing electrical energy therein. The inverter 30B may be fed electrical
power from a DC source or by a rectifier or from a battery (bank).

[0050] Figure 4 shows a flow diagram of a method according to an embodiment of the present
invention.

[0051] Step 400 refers to a start-up phase of the method. Suitable equipment and
components, such as current and/or voltage measurement devices, and/or an electric
converter unit 30 and a motor 20, are obtained and related systems assembled and configured
for operation, preferably, for driving the conveyor of a conveyor system 100.

[0052] Step 410 refers to determining an extremum value, such as a maximum and/or a
minimum value, of a phase voltage of the electric converter unit 30, preferably that of the input
side of the electric converter unit 30, for at least one fundamental period, or for several
(preferably consecutive) periods, of the phase voltage. A sampling rate of 1 millisecond may be
used, for instance.

[0053] In various embodiments, the determination of the extremum value may comprise
removing an average value or a DC component of the phase voltage during the at least one or
several fundamental periods from the extremum value.

[0054] Furthermore, alternatively or in addition, the determination of the extremum value may
comprise determining the maximum value and the minimum value of the phase voltage for the
at least one or several fundamental periods of the phase voltage, and calculating the average
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value based on the maximum value and the minimum value. Thus, the logic may be as follows:
if (U_a>Max_a)then Max_a=U_a;if (U_b>Max_b) then Max_b=U_b;if (U_c>Max_c)
then Max_c=U_c; if (U_a < Min_a) then Min_a = U_a; if (U_b < Min_b ) then Min_b = U_b;
and if ( U_c < Min_c ) then Min_c = U_c; where U_a to U_c are values of the phase voltages
(phases a, b, c; or first, second, and third phase), and Max_a to Max_c and Min_a to Min_c
are the determined maximum and minimum values of the phase voltages during the chosen
time period of one or several fundamental periods. Then the averages may be calculated by
Avg_a =(Max_a + Min_a) / 2, Avg_b = (Max_b + Min_b) / 2, and Avg_c = (Max_c + Min_c) / 2.
Thereby, the average component, and/or the DC component, may be removed from the
maximum values based on the following: Max_a = Max_a - Avg_a, Max_b = Max_b - Avg_b,
and Max_c = Max_c - Avg_c.

[0055] Step 420 refers to comparing the determined extremum value to a first threshold value,
and determining, based on the comparison, if a first threshold criterion related to the first
threshold value is satisfied. In some embodiments, the first threshold value may be less than a
nominal amplitude of the phase voltage, such as less than 50 percent of the nominal amplitude
of the phase voltage.

[0056] If the first threshold criterion is satisfied, then step 430 may be performed. Otherwise,
the method execution may be stopped or another extremum value may be determined.

[0057] Step 430 refers to determining the loss or the undervoltage condition of phase. This
may, for example, further include providing a command signal to the electric converter unit 30,
or the converter controller 39 thereof, for changing the operation mode thereof accordingly,
such as stopping the operation.

[0058] Method execution may be stopped at step 499.

[0059] In preferable embodiments, the method steps described hereinabove related to Fig. 4,
especially at least steps 410 and 420, may be performed also for one or several other, or for
each one of the other phase voltages.

[0060] Furthermore, the method may, in accordance with various embodiments, comprise
determining if the electric converter unit 30 has a current path to a main power supply 150.
This may be performed, for example, by monitoring the status of main contactor(s) or relay(s)
of the electric converter unit 30. It should be noted that there may be additional
components/devices, that is in addition to the current 31 and/or voltage measurements 32,
arranged between the power supply 150 and the electric converter unit 30, such as filters,
being an LCL-filter, for instance, through which the current path may be established. In some
embodiments, the step of determining the current path may be performed prior to the steps in
connection to Fig. 5 as described hereinbelow.

[0061] Figure 5 shows a flow diagram of a method according to an embodiment of the present
invention. The steps in Fig. 5 may, preferably, be performed substantially simultaneously or at
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least partly in parallel, or at least timewise closely to each other, such as right after the other,
with respect to method steps of Fig. 4 or one or more steps as described hereinabove in
connection to Fig. 4.

[0062] Step 500 refers to a start-up phase of the method. This may, in various embodiments,
be essentially similar to step 400, or be even performed simultaneously to step 400. However,
at least current measurements 31 may be arranged, preferably, to the input of the electric
converter unit 30, if not done already in step 400.

[0063] Step 510 refers to determining absolute values of phase currents, preferably of input
currents, of the electric converter unit 30 during at least one or several fundamental periods. A
sampling rate of 1 millisecond may be used, for instance.

[0064] Step 520 refers to integrating the absolute values of phase currents with respect to time
or determining ampere-second balances of the phase currents. The integration may be
performed, for example, by summing the consecutive absolute values of the currents to each
other. Thus, the values as a result of the integration are positive values.

[0065] Step 530 refers to comparing the integrated absolute values or the ampere-second
balances to a second threshold value, and determining, based on the comparison, if a second
threshold criterion related to the second threshold value is satisfied.

[0066] In various embodiments, the satisfying of the second threshold criterion may relate to
any one of the integrated absolute values or the ampere-second balances being higher than or
equal to the second threshold value.

[0067] Specifications for a non-limiting exemplary elevator frequency converter 30A (3-input
phases without neutral) may be as follows: input nominal voltage 400 V AC, input nominal
current 12.5 A@ 400 V AC, output nominal voltage 0 - 360 V, and max. DC link voltage 800 V
DC. As is clear to a skilled person, these values may vary depending on the sizing and/or
design of the frequency converter 30A, for instance. Thus, in some embodiments, relating to
the first threshold value, a peak phase voltage based on the above non-limiting specifications
is V2 / V3 * 400V, that is, about 326 V, in which case, a 50 % of the peak value, or the nominal
amplitude of the phase voltage, would be about 163 V to serve as the first threshold value.

[0068] If the second threshold criterion is satisfied, then step 540 may be performed.
Otherwise, the method execution may be stopped or another set of absolute values may be
determined.

[0069] Step 540 refers to comparing the integrated absolute value or the ampere-second
balance of one of the phase currents to the integrated absolute value or the ampere-second
balance of one or several other phase currents, and determining, based on the comparison, if
a third threshold criterion is satisfied. In various embodiments, the comparison of the
integrated absolute value or the ampere-second balance may also be performed for the one or
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several, even each one of, other phase currents. The third threshold criterion and the
corresponding comparison may relate to, for example, the following: if (area_a < area_b*0.25)
or (area_a < area_c*0.25), that is, if determined area_a is smaller than 0.25 of area_b or 0.25
of area_c, it may be concluded that loss of phase situation active in the corresponding phase,
that is supply phase "a". Same comparison may be performed for other phases as well.

[0070] In various embodiments, the satisfying of the third threshold criterion may relate to the
integrated absolute value or the ampere-second balance of one of the phase currents being
less than the integrated absolute value or the ampere-second balance of one other phase
current. For example, the satisfying of the third threshold criterion may relate to the integrated
absolute value or the ampere-second balance of one of the phase currents being less than 50
or 25 percent of the integrated absolute value or the ampere-second balance of the one other
phase current.

[0071] Step 550 refers to determining the loss of the phase or the undervoltage condition of
phase.

[0072] Method execution may be stopped at step 599.

[0073] In various embodiments, the satisfying of the second threshold criterion and/or the third
threshold criterion may include satisfying the criterion during at least two, such as at least five
or ten, consecutive fundamental periods.

[0074] Furthermore, the extremum value and/or the absolute values of phase currents may,
preferably, be determined by a voltage or current measurement device or devices,
respectively, arranged to an input phase or phases of the electric converter unit 30.

[0075] By having the method steps related to Figs. 4 and 5 being run simultaneously, at least
partly in parallel, or timewise close to each other, provides advantages in that they make
detection more reliable and effective in different operating conditions. For example, the method
steps of Fig. 4 may be utilized to detect phase missing as soon as electric drive unit 35, or at
least the electric converter unit 30 thereof, is powered or standing, and the method steps of
Fig. 5 during running when current is flowing.
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PATENTKRAV

1. Fremgangsmade til detektering af et tab eller en underspaendingstilstand for fasen i

en elektrisk konverterenhed (30), hvilken fremgangsmade omfatter:

- bestemmelse (410) af en ekstremumveerdi, sdsom en maksimum- og/eller mini-
mumveerdi, af en fasespaending for den elektrisk konverterenhed (30), over i det
mindste én fundamental periode for fasespaendingen,

- sammenligning (420) af ekstremumveerdien med en ferste taerskelveerdi og om,
baseret pa sammenligningen, et ferste teerskelkriterie relateret til den farste taer-

skelveerdi er opfyldt,

kendetegnet ved, at fremgangsmaden yderligere omfatter:

- bestemmelse (510) af absolutveaerdier af fasestrsmme for den elektriske konver-
terenhed over i det mindste én fundamental periode,

- integrering (520) af absolut veerdierne af fasestremmene over tiden for bestem-
melse af amperesekund-balancer for fasestrammene,

- sammenligning (530) af de integrerede absolutveerdier eller amperesekund-
balancerne med en anden taerskelvaerdi, og hvis, baseret pd sammenligningen, et
andet teerskelkriterie relateret til den anden teerskelvaerdi er op fyldt, sa

- sammenligning (540) af den integrerede absolutvaerdi eller amperesekund-balan-
cen for én af fasestrammene med den integrerede absolutveerdi eller ampere-
sekund-balancen for én eller adskilige andre fasestremme, og hvis, baseret pa
sammenligningen, et tredje teerskelkriterie er opfyldt,

- bestemmelse (560) af tabet eller underspaendingstilstanden for fasen.

2. Fremgangsmade ifglge krav 1, hvor bestemmelsen af ekstremumvaerdien omfatter
fiernelse af en gennemsnitlig veerdi eller en DC-komponent for fasespaendingen over

den i det mindste ene fundamentale periode fra ekstremumvaerdien.

3. Fremgangsmade ifelge krav 1 eller 2, hvor bestemmelsen af ekstremumvaerdien
omfatter bestemmelse af maksimalveerdien og minimalveerdien for fasespaendingen
over den i det mindste ene fundamentale periode for fasespaendingen, og beregning af

gennemsnitsvaerdien baseret pa maksimalveerdien og minimalveerdien.
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4. Fremgangsmade ifelge ethvert af kravene 1-3, hvor den ferste teerskelveerdi er
mindre end en nominel amplitude for fasespaendingen, sdsom mindre end 50% af den

nominelle amplitude for fasespezendingen.

5. Fremgangsmade ifglge ethvert af kravene 1-4, hvor opfyldelse af det farste kriterie
inkluderer opfyldelse af kriteriet over i det mindste to, sdsom i det mindste fem eller ti

efter hinanden folgende fundamentale perioder.

6. Fremgangsmade ifalge ethvert af kravene 1-5, omfattende udfgrelse af fremgangs-

madetrinnene ogsa for én eller adskillige andre fasespeendinger.

7. Fremgangsmade ifelge ethvert af kravene 1-6, omfattende bestemmelse af om den

elektriske konverterenhed (30) har en stremve;j til et forsyningsnet (150).

8. Fremgangsmade ifelge ethvert af kravene 1-7, omfattende udfgrelse af sammen-
ligningen af den integrerede absolutveerdi eller amperesekund-balancen yderligere for

én eller adskillige andre fasestremme.

9. Fremgangsmade ifglge ethvert af kravene 1-8, hvor opfyldelsen af det andet teer-
skelkriterie relaterer til en vilkarlig af de integrerede absolutveerdier eller amperesekund-

balancer, som er hgjere end eller lig med den anden teerskelvaerdi.

10. Fremgangsmade ifglge ethvert af kravene 1-9, hvor opfyldelsen af det tredje
teerskelkriterie relaterer til den integrerede absolutveerdi eller amperesekund-balancen
for en af fasestremmene, som er mindre end den integrerede absolutvaerdi eller am-

peresekund-balancen for én anden fasestrem.

11. Fremgangsmade ifelge krav 10, hvor opfyldelsen af det tredje taerskelkriterie rela-
terer til den integrerede absolutveerdi eller amperesekund-balancen for én af fase-
stremmene, som er mindre end 50 eller 25% af den integrerede absolutveerdi eller am-

peresekund-balancen for den ene anden fasestrem.

12. Fremgangsmade ifelge ethvert af kravene 1-11, hvor opfyldelsen af det andet
teerskelkriterie og/eller det tredje teerskelkriterie inkluderer opfyldelse af kriteriet over i
det mindste to, sdsom i det mindste fem eller ti efter hinanden fglgende fundamentale

perioder.
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13. Fremgangsmade ifglge ethvert af kravene 1-12, hvor ekstremumvaerdien og/eller
absolutveerdierne for fasestremmene bestemmes af en spaendings- eller stremmale-
indretning eller -indretninger (31, 32), hver iseer anbragt for en indgangsfase eller -faser

for den elektriske konverterenhed (30).

14. Fremgangsmade ifglge ethvert af kravene 1-13, hvor ekstremumvaerdien og/eller
absolutveerdierne for fasestremmene bestemmes med en samplehastighed pa én

sampling pr. millisekund.

15. Transportgrstyreenhed (101) omfattende en bearbejdningsenhed (204) og en
hukommelse (206), kendetegnet ved, at transportarstyreenheden (101) er konfigureret

til at udeve en fremgangsmade i overensstemmelse med ethvert af kravene 1-14.

16. Transport@rsystem (100), sdsom et elevatorsystem (110), en rulletrappe (120) eller
et rullefortov, omfattende en transporter, sdsom en elevatorstol (10), bevaegede trin
(125) eller en bane, kendetegnet ved, at transportgrsystemet (100) omfatter trans-

porterstyreenheden (101) ifglge krav 15.
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