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(57) Abstract: The invention relates to a fail-safe power control apparatus (3) for supplying power between an energy source (4)
& and the motor (5) of a transport system. The power control apparatus comprises a power supply circuit (6), which comprises at
least one converter (7, 8) containing controllable change-over switches (32), and the power control apparatus comprises means (24)
for controlling the converter change-over switches, a data transfer bus (10), at least two controllers (1, 2) adapted to communicate

controlling a second braking device.

O with each other, and a control arrangement (11) for controlling a first braking device, and possibly a control arrangement (43) for



10

15

20

29

30

e o R S o N Sl N

CA 02681780 2010-12-03

FAIL-SAFE POWER CONTROL APPARATUS
Field of the invention

The present invention relates to a fail-safe power control apparatus.
Back ground of the invention

Transport systems, such as elevator systems, are traditionally provided with
a separate control system for controlling the transport system and a separate
safety system for ensuring the safety of the transport system.

The control system of an elevator system comprises at least an elevator mo-
tor, an elevator controller and a power control apparatus for supplying power
to the elevator motor. The elevator controller comprises an elevator group
control function and functions for the handling of car calls and landing calls.

The safety system of an elevator system comprises a safety circuit, which
comprises a series circuit of one or more safety contacts that open in a fail-
ure situation, and safety devices activated upon opening of the safety circuit,
such as a machine brake or a car brake. Moreover, the safety system may
comprise, among other things, an overspeed governor which, in the case of
an overspeed, activates the safety gear of the elevator car, and terminal buf-
fers at the ends of the elevator shaft.

During recent years, the safety regulations concerning transport systems
have changed and it has become possibie in terms of regulatory technology
to replace various mechanical safety devices with corresponding electric
safety devices.

US 6,170,614 discloses an electronic overspeed governor which can be used
to replace a mechanical, centrifugally operated overspeed governor in an
elevator system. The electronic overspeed governor measures the velocity or
position of the elevator car and, upon concluding that an overspeed of the
elevator car is occurring, activates a stopping device, such as a safety gear,
of the elevator car to stop it.

EP 1,159,218 discloses an electronically implemented safety circuit for an
elevator system. The traditional elevator-system safety circuit
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with a series connection of safety contacts has been modified by using an
arrangement whereby the state of the safety contacts or corresponding sen-
sors is measured and transmitted by serial transfer to a separate controller.
This modification of the safety circuit is approved in the new elevator-system
safety standards concerning electric safety equipment, in the so-called
PESSRAL standards.

Replacing separate mechanical safety devices, or safety devices implement-
ed using mechanical switches, such as relays, with corresponding electronic
safety devices does not essentially reduce the number of safety devices. The
basic function of the safety devices is still based on measuring specific
transport system parameters, such as the velocity or position of the transport-
INng equipment, and inferring from the measured parameters whether a failure
of the transporting equipment may have occurred. For example, if a danger-
ous failure occurs in a power control apparatus, such as an inverter control-
ling the motor of the transporting equipment, this failure i1s only detected after
a delay e.g. by the overspeed governor when the speed of the transporting
equipment has increased to a dangerous level exceeding the limit value of
the highest allowed velocity.

US 2003/0150690 A1 discloses a fail-safe control apparatus provided with
two channels for monitoring the speed of a transport system and for stopping
the system.

US 2006/0060427 A1 discloses fail-safe control apparatus provided with two
controllers for monitoring the speed of a transport system and for stopping
the system.

Summary of the invention

An aspect of the present invention provides a failure-safe power control ap-
paratus which is so arranged that a possible failure situation of the transport
system can be detected substantially earlier than is possible when prior-art
transport system safety systems are used. At the same time, an aspect of the
invention provides an apparatus that will enable the safety system of a
transport system to be made considerably simpler than prior-art safety sys-
tems. A safety system containing a fail-safe power control apparatus accord-
Ing to the invention contains fewer separate safety devices than prior-art
safety systems do.
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The present invention concerns a fail-safe power control apparatus for a
transport system. Fail-safe in this context refers to an apparatus which 1s so
designed that failure takes place safely in such manner that the failure of the
apparatus will in no circumstances cause a danger to the users of the
transport system controlled by the power control apparatus.

The transport system concerned by the invention may be e.g. an elevator
system, an escalator system, a moving walkway system or a crane system.
The term ’transport system’ here refers to the entire system Intended for
transportation, such as an elevator system, whereas the term ’‘transporting
equipment’ refers to a system component, such as an elevator car, used for
actual transportation.

According to an aspect of the present invention, the power control apparatus
for supplying power between an energy source and the motor of a transport
system comprises a power supply circuit comprising at least one electronic
power converter containing controllable change-over switches. The power
control apparatus comprises at least a first and a second controller adapted
to communicate with each other, which controllers comprise altogether at
least one converter control function. The power control apparatus comprises
the control of at least one braking device. At least the first and the second
controllers comprise inputs for transporting-equipment motion signals, moni-
toring of the motion of the transporting equipment, and outputs for control
signals for at least one braking device. "Transporting equipment motion sig-
nal’ refers to a signal indicating a maotional state of the transporting equip-
ment, such as acceleration, velocity or position of the transporting equipment.
Such a signal may be e.g. the measurement signal of an encoder or acceler-
ation sensor measuring the motion of the transporting equipment. Corre-
spondingly, ‘'monitoring the motion of the transporting equipment’ refers to
monitoring of the motional state, such as acceileration, velocity or position, of
the transporting equipment. 'Determination of a motion reference for the
transporting equipment’ means determining a reference value / set of refer-
ence values for the motional state, such as acceleration, velocity or position,

of the transporting equipment.

In an embodiment of the invention, at least the first controller comprises in-
verter control, while at least the second controller comprises adjustment of
the speed of the transporting equipment. In this case, the first and second
controllers comprise inputs for measurement signals indicating transporting
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equipment velocity and / or position, as well as monitoring of the velocity and
/ or position of the transporting equipment.

In a power control apparatus according to the invention, the first and second
controllers contain safety diagnostics. ‘Safety diagnostics’ refers to monitor-
Ing or control designed according to a specific safety procedure, such as a
computer program, and / or control electronics designed in accordance with a
safety procedure.

In an embodiment of the invention, a failure situation of the aforesaid safety
diagnostics is determined on the basis of motion monitoring of the transport-
iIng equipment.

In an embodiment of the invention, a failure situation of the aforesaid safety
diagnostics is determined on the basis of the communication between the
first and the second controllers.

In a power control apparatus according to the invention, at least the first and
the second controllers comprise outputs for control signals for a first and a
second braking device. In this case, the first braking device may be a ma-
chine brake mechanically engaging the axle or drive sheave of the motor of
the transporting equipment. The second braking device may also be a ma-
chine brake engaging the said motor, or e.g. a brake which is mechanically
engaged between the elevator car and a guide rail of the elevator car, such
as a rail brake or an overspeed-governor wedge brake.

In a power control apparatus according to the invention, a communication
bus is arranged between the first and the second controllers. The second
controller is adapted to send to the first controller a message at predeter-
mined time intervals, and the first controller is adapted to send upon receiv-
ing the message a reply message to the second controller within a predeter-
mined period of time. Upon detecting a deviation of the interval between
messages or reply messages from the predetermined limit values, both con-
trollers are adapted to perform independently of each other an action to stop
the transport system.

In a power control apparatus according to the invention, both the message
and the reply message contain at least the following data items: velocity
and/or position measurement data read by the controller sending a message
or reply message; notification regarding a fault detected by the controller
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sending a message or reply message; and a control command to at least one
braking device. Upon detecting a deviation between the control commands to
a braking device or between the velocity and/or position measurement data
of the controllers, or upon receiving a message regarding a fault detected,
both controllers are adapted to perform an action independently of each other
to stop the transport system.

A power control apparatus according to the invention comprises interruption
of the power supply circuit, in which case at least the first and the second
controllers comprise an output for a control signal for interrupting the power
supply circuit.

A power control apparatus according to the invention comprises control
means for controlling the change-over switches of the converter, said control
means comprising a power source at least for control energy controliing the
positive or negative change-over contacts. In this case, the interruption of the
power supply circuit comprises two controllable switches fitted in series with
the power source for interrupting the supply of control energy, and the first
controller is adapted to control the first switch and the second controller is
adapted to control the second switch to interrupt the supply of control energy.

In an embodiment of the invention, the contro! of at least one braking device
comprises two switches fitted in series in a brake control circuit, the first con-
troller comprises an output for the control signal of the first switch and the
second controller comprises an output for the control signal of the second
switch, and both the first and the second controliers comprise inputs for data
indicating the positions of the first and the second switches.

In a power control apparatus according to the invention, the first controller
comprises an output for a first pulse-shaped control signal and the second
controller comprises an output for a second pulse-shaped control signal. The
first controller comprises an input for the measurement of the second pulse-
shaped control signal, and the second controller comprises an input for the
measurement of the first pulse-shaped contro! signal. In this embodiment of
the invention, the control of at least one braking device comprises an input
for the first and second pulse-shaped control signals, and the control of the
said braking device is adapted to supply control power to the braking device
only via simultaneous control by the first and the second pulse-shaped con-
trol signals.
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A power control apparatus according to the invention comprises a data frans-
fer bus, which comprises at least a first data bus, in which the first controller
Is adapted to communicate. Another power control apparatus according to
the invention comprises, in addition to the first data bus, a second data bus,
In which the second controller is adapted to communicate. In this case, the
power control apparatus further comprises a transmitter connected to the first
data bus for the transmission of a first motion signal of the transporting
equipment and a transmitter connected to the second data bus for the trans-
mission of a second motion signal of the transporting equipment. In this em-
bodiment of the invention, the first and the second controllers are adapted to
compare the first and the second motion signals read by them parallelly from
the data buses and, upon detecting that the signals differ from each other by
more than a certain limit value, to perform an action to stop the transport sys-
tem. The aforesaid first and second data buses may be wired or wireless
buses. In wireless data buses, data can be transferred in the form of e.g. an
electromagnetic signal or an uitrasound signal.

In an embodiment of the invention, the data transfer bus comprises a trans-
mitter connected to the first data bus for the transmission of status data of a
safety contact of the transport system and a transmitter connected to the
second data bus for the transmission of status data of a safety contact of the
{ransport system.

In a power control apparatus according to the invention, the converter control
comprises a motor driving mode, and at least the first controller is adapted to
switch alternatively the positive or the negative change-over contacts of the
converter to a conducting state for dynamic braking of the motor in a situation
where the state of the converter control differs from the motor driving mode.

In a power control apparatus according to the invention, the monitoring of the
velocity and / or position of the transporting equipment comprises in connec-
tion with the first controller an envelope curve of a first maximum allowed ve-
locity and in connection with the second controlier an envelope curve of a
second maximum allowed velocity. In this case, the first and the second con-
trollers are adapted to compare the measured velocity with the value of the
corresponding envelope curve of the maximum allowed velocity and, upon
detecting a difference exceeding a predetermined limit value between the
measured veloclity and the envelope curve value, to perform an action to stop
the transport system.
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In an embodiment of the invention, the second controller, upon detecting a
difference exceeding a predetermined limit value between the measured ve-
locity and the value of the envelope curve of the maximum allowed velocity,
IS adapted to send to the first controller 2 motor-torque set value to stop the
transport system with predetermined deceleration.

A power control apparatus according to the invention is adapted, upon de-
tecting a difference exceeding a predetermined limit value between the
measured velocity and the value of the envelope curve of the maximum al-
lowed velocity, to stop the motor by converter control with predetermined de-
celeration.

In a power control apparatus according to the invention, the first controller
comprises mains converter control.

In a power control apparatus according to the invention, at least the first con-
troller is adapted, upon detecting a failure situation, to interrupt by mains
converter control the supply of power from the energy source to the direct-
voltage intermediate circuit of the power supply circuit.

A power control apparatus according fo the invention is adapted to supply
power between an energy source and the motor of an elevator system.

Using the power control apparatus of the invention, power can be supplied
between any energy source and any transport system motor. The motor may
be an electric motor of any type, either a rotating or a linear motor. The ener-
gy source may be e.g. a mains supply or an electricity generator. The energy
source may also be a direct voltage source, such as a battery or supercapa-
citor.

The power supply circuit of the power control apparatus of the invention
comprises at least one converter which comprises controllable switches and
which may be e.g. an inverter supplying a voltage of varying frequency and
amplitude to a motor. The power supply circuit may also comprise other con-
verters, such as a mains converter. In this case, the mains converter con-
verts the alternating voltage of a mains supply into a direct voltage to the di-
rect-voltage intermediate circuit of the power supply circuit, and an inverter
again converts the voltage of the direct-voltage intermediate circuit into an
alternating voltage for the motor.
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In an embodiment of the invention, a communication bus is provided between
the first and the second controliers. The second one of the controllers is
adapted to send to the first controlier at predetermined time intervals a mes-
sage, whose length and content may be predetermined. The first one of the
controllers is adapted to send a reply message to the second controller within
a given predetermined period of time. If the first controller detects that no
message arrives from the second controller within the predetermined time
interval, then it concludes that the second controller has failed. Similarly, if
the second controller detects that the first controller does not send a reply
message within the predetermined period of time, it concludes that the first
controller has failed. [n such a case, the controller having detected a failure
situation is able to perform an action to stop the transport system on its own
accord, independently of the other controller, which it has concluded to have
failed. An ‘action to stop the transport system’ refers to stopping the transport
system in a controlled manner with predetermined acceleration or stopping
the transport system by actuating at least one stopping device, such as a
machine brake or a braking device of an elevator car. The action to stop the
transport system may also comprise an action to prevent restarting of the
transport system, e.g. by setting at least the first or the second controlier into
an operating state where release of the brake and / or starting of the motor is
inhibited. The time interval between successive messages to be transmitted
and the allowed time delay of the reply message are typically so short that a
failure of a controller can be detected essentially before this could cause a
danger situation in the transport system. The time interval between succes-
sive messages may be e.g. 10 milliseconds.

In an embodiment of the invention, the change-over switches used in the
converter are IGBT transistors. In this case, ‘means for controlling the
change-over switches of the converter’ refers to signal paths for the control
signals controiling the change-over switches and to means for amplifying the
control signals. These means comprise at least a power source for control
energy for the gate controliers of the IGBT transistors and an amplifier circuit
for amplifying the control signals to the gate of the IGBT transistor. The
change-over switches used may also be controllable switches other than
|GBT transistors, e.g. prior-art MOSFET transistors or GTO thyristors. In this
case, too, the control means may comprise a signal path, a power source for
control energy for controlling the switches and an amplifier circuit for amplify-

ing the control signals.
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In an embodiment of the invention, the power control apparatus comprises a
function for interrupting the power supply circuit. In an embodiment of the
invention, the interruption of the power supply circuit is implemented by inhi-
biting the supply of power to the amplifier circuit comprised in the means for
controlling the change-over switches. This supply of power is inhibited by
means of two controllable switches connected mutually in series, which are in
series with the power source supplying power to the amplifier circuit. The first
one of these switches is controlled by the first controller and the second one
by the second controller. It is thus possible to interrupt the power supply cir-
cuit by either one of the controllers independently to the other one. In addi-
tion, the state of the control signal of the second switch can be measured by
the first controller and the state of the first switch by the second controller,
and so the operating state of the power-supply-circuit interruption function
can be verified for correctness via crosswise measurement. The controilable
switches used for the interruption may preferably be MOSFET transistors.

In an embodiment of the invention, the power control apparatus comprises a
brake control circuit and two controllable switches fitted in series with each
other in the brake control circuit. When at least one of the these switches Is
open, the brake control circuit is in an interrupted state and no current is flow-
ing to the brake coil. The brake Is thus engaged, preventing movement of the
transporting equipment. In this embodiment of the invention, the first switch is
controlled by the first controller and the second switch by the second control-
ler, and thus the brake control circuit can be interrupted by either controller
independently of each other.

The apparatus of the invention may also comprise one or more control func-
tions for controlling a braking device, which comprise an input for a first and a
second pulse-shaped control signal. The first controller may supply a first
pulse-shaped control signal and the second controller a second pulse-
shaped control signal to each one of the aforesaid braking device control
functions. Each braking device control function is adapted to supply power to
the braking device only upon receiving both the first and the second pulse-
shaped control signals. If either one of the pulse-shaped control signals
ceases, i.e. if the control signal changes into a DC signal, then the control
function controliing the braking device immediately stops supplying power to
the braking device. The braking device now starts braking, thus preventing
movement of the transporting equipment.
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In an embodiment of the invention, the power control apparatus comprises a
data transfer bus consisting of two separate data buses. The first controller is
adapted to communicate over the first data bus and the second controlier is
adapted to communicate over the second data bus. The controllers are able
to read data simultaneouSIy from the separate data buses of the data transfer
bus, to send the data they have read to each other via the communication
bus between the controllers, to compare the simultaneously read data items
to each other and thus to verify the correctness of the data. For example,
there may be fitted to the first data bus a first measuring unit, which meas-
ures the acceleration, velocity or position of the transporting equipment and
sends via its transmitter the measured data regarding the acceleration, veloc-
ity or position of the transporting equipment over the first data bus to the first
controller. Fitted to the second data bus there may be a second measuring
unit, which measures the acceleration, velocity or position of the transporting
equipment and sends via its transmitter the measured data regarding the ac-
celeration, velocity or position of the transporting equipment over the second
data bus to the second controller. The controllers can perform a mutual com-
parison between the measurement data of the first and the second measur-
Ing units and, upon detecting between the measurement data a difference
exceeding a maximum allowed limit value, conclude that one of the measur-
iIng units has failed. In this case, the power control apparatus can perform an
action to stop the transport system and prevent restarting of operation, e.g.
by stopping the transporting equipment with predetermined acceleration and /
or by actuating at least one stopping device.

In an embodiment of the invention, the power control apparatus is adapted to
read the status of at least one safety switch of the transporting equipment.
Fitted in conjunction with the safety switch is an electronic reading unit, which
reads the status of the safety switch and transmits it separately into the first
and the second data buses. The first and the second controliers read the sta-
tus of the safety switch and compare the status data to each other. In this
way, by comparing the status data, it is possible to verify the correctness of
the safety switch status data. Safety switches like these include e.g. landing-
door safety switches in an elevator system and comb-plate safety switches In
an escalator system.

At least the first controller in the power control apparatus according to the
iInvention comprises a converter control stage. The converter control may
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comprise different operating modes, such as a motor driving mode, which
means a mode wherein at least the first controller adjusts the torque of the
motor of the transport system according to the speed reference as far as
possible. The converter control may also comprise a dynamic braking mode,
and the converter control may be adapted to enter the dynamic braking mode
each time upon exiting the motor driving mode. In the dynamic braking mode,
at least the first controller can control alternatively the positive or the negative
change-over contacts of the converter to the conducting state, thus activating
prior-art dynamic braking of the motor.

In this context, ‘change-over switch’ refers to two controllable switches fitted
In series between the positive and negative current rails of the direct-voltage
intermediate circuit in the power supply circuit. ‘Positive change-over contact
means the one of the switches which is fitted to the positive current rail and
‘negative change-over contact’ means the switch fitted to the negative current
rail.

In an embodiment of the invention, the first and the second controllers com-
prise envelope curves for the maximum allowed velocity. The values of the
envelope curve of the maximum allowed velocity may vary as a function of
position of the transporting equipment, e.g. in such manner that the limit val-
ues are smalier in absolute value when the transporting equipment is ap-
proaching the end limits of movement. Further, the limit values may vary ac-
cording to the desired velocity of the transporting equipment, i.e. according to
the speed reference, in such manner that the limit values are always higher
In absolute value than the absolute value of the speed reference, according
to either a predetermined constant value or a scaling factor greater than uni-
ty. In an embodiment of the invention, the first and the second controllers
make separate comparisons between the velocity of the transporting equip-
ment and the value of the envelope curve of the maximum allowed velocity. If
the first or the second controller detects that the measured velocity of the
transporting equipment differs by more than a predetermined limit value, they
can perform an action to stop the transport system independently of each
other.

The controllers mentioned in the invention may be e.g. microcontrollers or
programmable FPGA (field programmable gate array) circuits. The control-
lers may also be implemented using discrete components, such as logic cir-
cuits.
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The advantages achieved by aspects of the invention include at least one of

the following:

the number of separate safety devices is reduced, the overall system
being thus simplified. The reliability of the overall system 1s improved
and the costs are reduced.

as the stopping devices are not directly controlled by mechanical
switches but the switch statuses are measured and the measurement
data may be filtered, system reliability problems due to transient inter-
ruptions of the switches are reduced.

as the power control apparatus takes care of safe stopping of the ele-
vator in a centralized manner, the apparatus can, based on the infer-
ence it has made, bring the elevator car to a standstill with a prede-
termined deceleration and e.g. park the elevator car at the nearest
floor, thus letting the passengers to leave the elevator car, or, if the
situation so requires, the power control apparatus can actuate at least
one stopping device to stop the elevator car as quickly as possible.

the controllers included in the power control apparatus can monitor
each other's operation and, upon detecting a failure situation, control
the elevator car so as to bring it immediately to a standstill, the reac-
tion time of the system in the case of a faillure of the power control ap-
paratus being thus shortened.

when the motor is to be controlled by the power control apparatus, the
controllers need to calculate a set value, 1.e. a motion reference, for
the elevator car movement as a function of distance or time. When the
extreme limits of allowed movement are to be monitored, forming the
extreme limits from this motion reference does not require much calcu-
lation. For example, the envelope curve of the maximum allowed ve-
locity used in overspeed control can be easily generated from the set
value of velocity as a function of distance or time, i.e. from the speed
reference, e.g. via linear scaling in a prior-art manner, so the calcula-
tion of the envelope curve can be performed faster, which again saves
calculation capacity of the controllers.
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Brief description of drawings

In the following, the invention will be described in detail by referring to the
attached drawings, wherein

Fig. 1 represents a power control apparatus according to the invention;

Fig. 2 illustrates the timing of messages transmitted over the communication
bus of the power control apparatus of the invention;

Fig. 3 represents a converter used in the power control apparatus of the in-
vention;

Fig. 4 illustrates interruption of a power supply circuit according to the inven-
tion;

Fig. 5 represents a change-over switch in a power supply circuit according to
the invention;

Fig. 6 illustrates a technique according to the invention for controlling a brak-
ing device;

Fig. 7 illustrates another technique according to the invention for controlling a
braking device,

Fig. 8 illustrates a technique for controlling two braking devices according to
the invention;

Fig. 9 illustrates another technique for controlling two braking devices accord-
ing to the invention;

Fig. 10 represents a data transfer bus according to the invention;

Fig. 11 represents an envelope curve according to the invention for the max-
imum allowed velocity of the transporting equipment and a velocity reference;
and

Fig. 12 illustrates the operation of the safety diagnostics.
Detailed description of the invention

The foliowing example is a description of an elevator system provided with a
fail-safe power control apparatus according to the present invention.
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Fig. 1 represents a fail-safe power control apparatus according to the inven-
tion. The power supply circuit 6 comprises a mains converter 8 and an In-
verter 7. The mains converter 8 converts a sinusoidal mains voltage 4 into a
direct voltage, which is passed to the direct-voltage intermediate circuit 23 of
the power supply circuit. The direct-voltage intermediate circuit 23 comprises
an energy storage 22 for smoothing the voltage. The inverter 7 converts the
direct voltage Into a variable-frequency and variable-amplitude voltage for
feeding a motor 5. The mains supply is additionally provided with a main
switch 16.

A second controller 2 measures the motor speed 13 and adjusts the meas-
ured speed according to a speed reference 59 as far as possible by transmit-
ting via a communication bus 17 a motor-torque set value corresponding to
the difference between the speed reference 59 and the velocity measure-
ment to a first controller 1. The first controller 1 adjusts the motor torque via
its converter control function by controlling the change-over switches 32 of
the inverter 7.

The second controller 2 sends the velocity value it has measured to the first
controller 1 as a message via the communication bus 17. The first controller
1likewise measures the velocity 12 and sends the velocity value thus ob-
tained as a reply message to the second controller via the communication
bus. Both controllers compare the velocity measurements to each other and,
upon detecting a difference exceeding a predetermined limit value between
the measurements, perform an action to bring the elevator system to a safe
state independently of each other. An ‘action to bring the elevator system to a
safe state’ here means stopping the elevator car with a predetermined accel-
eration or by actuating at least one braking device. The first and the second
controllers independently calculate an envelope curve 58 of the maximum
allowed velocity. This is accomplished by scaling the set value of velocity, i.e.
the velocity reference of the elevator car by a constant value greater than
unity. In addition, the first and the second controllers compare the measured
velocity values 12, 13 to the envelope curve of the maximum allowed velocity
and, If the velocity measurement exceeds the value of the envelope curve,
then the controllers perform independently of each other an action to bring
the elevator system to a safe state.

In this embodiment of the invention, the velocity of the elevator car is meas-
ured by two encoders engaging the traction sheave of the elevator motor 5,
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but the measurement of elevator movement can also be arranged e.g. iIn
such manner that the first controller 1 measures the maotion of the elevator
car e.g. by means of an acceleration sensor or encoder attached to the ele-
vator car while the second controller 2 measures the motion of the motor 5 by
means of an encoder coupled to the rotating axle or traction sheave. It is thus
possible to detect via comparison of the measurements of elevator car
movement e.g. the occurrence of an elevator rope breakage. However, it Is
also possible for both the first 1 and the second 2 controller to measure the
elevator car movement, e.g. by means of sensors connected directly to the
elevator car or to a rope pulley of the elevator overspeed governor.

To bring the elevator system to a safe state, either one of the controllers can
actuate at least one braking device 44, 45 independently of each other. The
control of the braking devices is so arranged that, for the brake to be re-
leased, a congruent control command is required from each controller. If no
control command is obtained from either one of the controllers, then the

brake I1s not released.

If bringing the elevator system to a safe state does not require immediate
closing of the brake, then the second controller 2 may send to the first con-
troller a set value of the torque of the elevator motor to stop the elevator car
with a predetermined deceleration 60. The first controller 1 can also stop the
elevator car with a predetermined deceleration independently of the second
controller 2 by controlling the motor torque via converter control.

The fail-safe power control apparatus also comprises a data transfer bus 10.
Via the data transfer bus 10, the first 1 and the second 2 controllers can read

sensors, such as the positions of safety switches 57, in the elevator system.
The first and second controllers 1, 2 can compare the said position data and
thus verify the operating condition of the measurements. Based on the
measurements, the first and / or the second controller can perform an action
to bring the elevator system to a safe state when necessary.

The first 1 and the second 2 controllers can independently interrupt the pow-
er supply circuit 6 by inhibiting the control of the negative 34 and / or positive
33 change-over contacts of the change-over switches of the inverter 7. In
addition, the second controller can prevent the mains converter 8 from sup-
plying power from the mains supply 4 to the direct-voltage intermediate circuit
23 by sending an inhibition command to the first controller. The first controller
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can inhibit the supply of power from the mains to the direct-voltage interme-
diate circuit by controlling the mains converter 8 via mains converter control
In such manner that no power flows into the direct-voltage intermediate circuit

23.

The mains converter 8 may be a thyristor bridge, in which case the first and
second controllers 1, 2 can interrupt the supply of power from the mains 4 to
the direct-voltage intermediate circuit 23 by preventing the flow of current to
the gates of the thyristors in the thyristor bridge.

F1g. 2 visualizes the timing of the messages in the communication bus 17
between the first 1 and the second 2 controllers. The second controller 2
sends a message 19 to the first controller 1. The message is transmitted at
regular intervals 18. The first controller 1 sends a reply message 20 to the
second controller 2 within a predetermined period of time 21 after receiving
the message 19. If the first controller 1 detects that no message 19 arrives
from the second controller 2 at predetermined regular intervals 18, the first
controller can infer that the second controller 2 has failed and perform an ac-
tion to bring the elevator system to a safe state. Similarly, if the second con-
troller 2 detects that the first controller 1 does not send a reply message 20
within the predetermined period of time 21, the second controller can infer
that the first controller has failed and perform an action to bring the elevator
system to a safe state.

Fig. 4 represents the interruption of the power supply circuit 6. The interrup-
tion circutt comprises two controllable switches 25, 31, which can be used to
prevent the supply of power to the amplifier circuit 29 amplifying the contro}
signals 30 of the change-over contacts. The first controller 1 controls switch
25 by means of control signal 26, and the second controller 2 controls switch
31 by means of control signal 27. Since the switches 25, 31 are in series,
both the first 1 and the second 2 controller can independently interrupt the
power supply circuit 6 by opening the switch and thus preventing the supply
of power to the amplifier circuit 29.

Fig. 6 illustrates the control of a braking device. The braking device is con-
trolled by supplying a magnetizing current to a magnetizing coil of the braking
device 36. The brake is released when current is flowing in the coil. The
brake control circuit 39 contains two controllable switches 37, 38 arranged in
series. When either one of the switches is opened, the flow of current to the
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magnetizing coll is interrupted, thus preventing release of the brake. The first
controller 1 controls the first switch 37 by means of control signal 40, and the
second controller 2 controls the second switch 38 by means of control signal
41. Each controller can independently open the brake control circuit and thus
prevent release of the brake. In other words, for the brake to be released,
congruent control is required from both controliers 1, 2.

Fig. 7 represents a brake control arrangement 11. The brake control ar-
rangement comprises a transformer 50 with two magnetizing coils on the
primary side and one output coil on the secondary side. The currents in the
magnetizing coils is controlied by alternately switching the switches 51, 42
controlled by a pulse-shaped control signal, the first switch 51 being con-
trolled by the first controller 1 and the second controilable switch 42 by the
second controller 2. For the output coil to feed power to the magnetizing caoil
44 of the braking device, the transformer 50 must be alternately magnetized
and demagnetized by the magnetizing coils. For this reason, the pulse-
shaped control signals 14, 15 from the first and second controllers must be in
opposite phase so that the switches 51 and 42 are alternately turned on and
off. If either one of the controliers starts producing a DC signal instead of a
pulse-shaped control signal, thereby ceasing to control the magnetization,
then the supply of power to the magnetizing coil 44 of the braking device
ceases and the brake is engaged.

Fig. 8 illustrates control arrangements 11, 43 used to control the magnetizing
coils of a first 44 and a second 45 braking device. The first 1 and the second
2 controllers control the first 11 and the second 43 brake control arrange-
ments simuitaneously in such manner that, for power to be supplied to the
magnetizing coils 44, 45 of the braking devices, the first and second control-
lers are required to produce a pulse-shaped control signal 14, 15. In addition,
the first controiler 1 has an input 48 for the measurement of the pulse-shaped
control signal produced by the second controller 2, and the second controller
2 has an input 49 for the measurement of the control signal produced by the
first controller. In this way, the controllers can measure the operating state of
the brake control and verify the operating reliability.

Fig. 9 illustrates the control of the magnetizing coils 44, 45 of the braking de-
vices. The first controller 1 has outputs for a control signal 14 for the first
brake control arrangement 11 and for a control signal 46 for the second
brake control arrangement 43. The second controller 2 has outputs for a con-



10

15

20

25

30

35

CA 02681780 2010-12-03

18

trol signal 15 for the first brake control arrangement 11 and for a control sig-
nal 47 for the second brake control arrangement 43. in this embodiment, the
first and second magnetizing coils 44, 45 can be controlled independently of
each other by pulse-shaped control signals.

Fig. 10 represents the data transfer bus 10 of the power control apparatus.
The data transfer bus comprises a first data bus 52, over which the first con-
troller 1 is fitted to communicate, and a second data bus 83, over which the
second controller 2 is fitted to communicate. Connected to the data transfer
bus are transmitters, such as a transmitter 54 for transmitting a first mea-
surement 12 of elevator car velocity into the first data bus 52 and a transmit-
ter 58 for transmitting a second measurement 13 of elevator car velocity into
the second data bus 53. In addition, there may be connected to the data
transfer bus e.g. transmitters 55, 56 for transmitting position data indicating
the positions of safety switches in the elevator system into the first and
second data buses. Examples of such safety switches of the elevator system
are the landing-door safety switches.

Fig. 12 illustrates the operation of the safety diagnostics of the controller. The
controller 1,2 determines a first error situation 70, such as a failure signal or
functional deviation. The controlier 1,2 then makes an inference 71 as to
whether the error situation involves a hazard. If necessary, the controller sets
the program execution into operation inhibition mode 78, In which case an
action for stopping the transport system is carried out and in addition restart-
iIng of the transport system is inhibited. If the error situation does not require
a transition into operation inhibition mode 78, the controller can still either
stop the transport system 72, in which case the program execution enters a

stopped state 79 where restarting of the transport system is allowed, or it can
allow the transport system to continue operating in the normal manner. If the
controller subsequently detects a second error situation 80, it again performs
an inference in a corresponding manner {o determine whether the error situa-
tion involves a hazard 73, 74, whereupon the controller either sets the trans-
port system into operation inhibition mode 78, performs normal stopping 79
of the transport system, or allows normal operation of the transport system.
After a third error situation 81, a similar inference procedure 75, 76 is re-
peated once more, and if after this a new error situation 82 foliows, the trans-
port system is stopped and the program execution is set either into an opera-
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operation inhibition mode 78 as defined in the safety diagnostics software or
iInto a stopped mode 79 permitting restarting.

The invention has been described above with reference to a few embodiment
examples. The scope of the claims should not be limited by these embodi-
ments, but should be given the broadest interpretation consistent with the

description as a whole.
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THE EMBODIMENTS OF THE PRESENT INVENTION IN WHICH AN EX-
CLUSIVE PROPERTY OR PRIWILEGE IS CLAIMED ARE DEFINED AS
FOLLOWS:

1. A power control apparatus for supplying power between an energy
source and the motor of a transport system, said power control appa-
ratus comprising a power supply circuit which comprises at least one
electronic power converter containing controllable change-over
switches, said power control apparatus further comprising at least a
first and a second controller adapted to communicate with each other,
saild controllers comprising altogether at least one converter control
function, and said power control apparatus comprising the control of at
least one braking device, wherein at least the first and the second con-
trollers comprise inputs for motion signals of the transporting equip-
ment, monitoring of the motion of the transporting equipment, and out-

puts for control signals for at least one braking device.

2. The power control apparatus according to claim 1, wherein at least the
first controller comprises the converter control function and at least the
second controller comprises adjustment of transporting equipment ve-
locity, and that the first and the second controllers comprise inputs for
measurement signals indicating the velocity and / or position of the
transporting equipment and that said controllers also comprise moni-

toring of the velocity and / or position of the transporting equipment.

3. The power control apparatus according to claim 1 or 2, wherein the

first and the second controllers comprise safety diagnostics.

4. The power control apparatus according to claim 3, wherein an error
situation in the safety diagnostics is determined on the basis of the

monitoring of the motion of the transporting equipment.

5. The power control apparatus according to claim 3 or 4, wherein an er-
ror situation in the safety diagnostics is determined on the basis of

communication between the first controller and the second controller.
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6. The power control apparatus according to any one of claims 1 to 5,
wherein a communication bus is provided between the first and the
second controllers, the second controller is adapted to send to the first
controller a message at predetermined time intervals, the first control-
ler is adapted to send a reply message to the second controlier within
a predetermined period of time upon receiving the message, and both
controliers are adapted to perform independently of each other an ac-
tion to stop the transport system upon detecting that the intervals be-
tween messages or reply messages deviate from predetermined limit

values.

7. The power control apparatus according to claim 6, wherein both the
message and the reply message contain at least the following data
items:

e at least one of the velocity and position measurement data read
by the controller sending the message or reply message

o notification regarding a fault detected by the controller sending

the message or reply message
e a control command to at least one braking device

and that both controllers are adapted to perform an action indepen-
dently of each other to stop the transport system upon detecting a

deviation between the braking-device control commands or between
the velocity and position measurement data of the controllers, or upon
receiving a message regarding a fault detected.

8. The power control apparatus according to any one of claims 1 to 7/,
wherein the power control apparatus comprises interruption of the
power supply circuit, and that at least the first and the second control-
lers comprise an output for a control signal for interrupting the power
supply circuit.
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The power control apparatus according to claim 4, wherein the power
control apparatus comprises control means for controlling the change-
over switches of the converter, said control means comprising a power
source at least for control energy controlling the positive or negative
change-over contacts, the interruption of the power supply circuit
comprises two controllable switches fitted in series with the power
source for interrupting the supply of control energy, and that the first
controller is adapted to control the first switch and the second control-
ler is adapted to contro! the second switch for interrupting the supply
of control energy.

10. The power control apparatus according to any one of claims 1 to 9,

11

wherein the control of at least one braking device comprises two
switches fitted in series in a brake control circuit, the first controller
comprises an output for a control signal of the first switch and the
second controller comprises an output for a control signal of the
second switch, and that both the first and the second controllers com-
prise inputs for data indicating the positions of the first and the second
switches.

. The power control apparatus according to any one of claims 1 to 5,

wherein the first controller comprises an output for a first pulse-shaped
control signal, the second controlier comprises an output for a second
pulse-shaped control signal, the first controller comprises an input for
the measurement of the second pulse-shaped control signal, and the
second controller comprises an input for the measurement of the first
pulse-shaped control signal, the control of at least one braking device
comprises an input for the first and second pulse-shaped control sig-
hals, and that the control of the said braking device is adapted to
supply control power to the braking device only via simuitaneous con-
trol by the first and the second pulse-shaped control signals.

12. The power control apparatus according to any one of claims 1 to 11,

wherein the power control apparatus comprises a data transfer bus



CA 02681780 2010-12-03

23

comprising a first data bus, over which the first controller is adapted to
communicate, and a second data bus over which the second controller
iS adapted to communicate, a transmitter connected to the first data
bus for transmitting the first motion signal of the transporting equip-
ment and a transmitter connected to the second data bus for transmit-
ting the second motion signal of the transporting equipment, and that
the first and the second controllers are adapted to compare the first
and the second motion signals read by them paralielly from the data
buses and, upon detecting the signals to differ from each other by
more than a certain limit value, to perform an action to stop the trans-
port system.

13.The power control apparatus according to claim 12, wherein the data
transfer bus comprises a transmitter connected to the first data bus for
the transmission of status data of a safety contact of the transport sys-
tem and a transmitter connected to the second data bus for the trans-
mission of status data of a safety contact of the transport system.

14. The power control apparatus according to any one of claims 1 to 13,
wherein the converter control comprises a motor driving mode and
that at least the first controller is adapted to switch alternatively the
positive or the negative change-over contacts of the converter to a
conducting state for dynamic braking of the motor in a situation where
the state of the converter control differs from the motor driving mode.

15. The power control apparatus according to any one of claims 1 to 14,
wherein the monitoring of the velocity or position of the transporting
equipment comprises in connection with the first controller an
envelope curve of a first maximum allowed velocity and in connection
with the second controller an envelope curve of a second maximum al-
lowed velocity, and that the first and the second controllers are
adapted to compare the measured velocity with the value of the cor-
responding envelope curve of the maximum allowed velocity and,
upon detecting a difference exceeding a predetermined limit value be-
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the measured velocity and the envelope curve value, to perform an ac-

tion to stop the transport system.

16.The power control apparatus according to claim 15, wherein the se-
cond controlier, upon detecting a difference exceeding a predeter-
mined limit value between the measured velocity and the value of the
envelope curve of the maximum allowed velocity, is adapted to send
to the first controller a motor-torque set value to stop the transport sys-

tem with a predetermined deceleration.

17.The power control apparatus according to claim 15 or 16, wherein the
first controller is adapted, upon detecting a difference exceeding a
predetermined limit value between the measured velocity and the val-
ue of the envelope curve of the maximum allowed velocity, to stop the

motor by converter control with predetermined deceleration.

18. The power control apparatus according to any one of claims 1 to 17/,

wherein the first controller comprises mains converter control.

19. The power control apparatus according to claim 14, wherein at least
the first controller is adapted, upon detecting a failure situation, to In-
terrupt via mains converter control the supply of power from the ener-
gy source to the direct-voltage intermediate circuit of the power supply

circuit.

20. The power control apparatus according to any one of claims 1 to 15,
wherein the said power control apparatus is adapted to supply power

between the energy source and the motor of an elevator system.
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