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(54) A safety controller for a hoisting machine
(67)  The invention relates to a safety apparatus for
an elevator. The safety apparatus comprises a message
bus, sensor interfaces for elevator related sensors and
at least one processor connected to the first message
bus. The at least one processor is configured to receive
sensor signals from the sensorinterface and to determine
a safe direction state based on the sensor signal, the
safe direction state indicating which directions are safe
for moving an elevator car of the elevator, to transmit a
downward direction power supply control signal in re-

sponse to the safe direction state indicating that down-
ward direction is safe, to transmit an upward direction
power supply control signal in response to the safe di-
rection state indicating that upward direction is safe. At
least one power supply control element is configured to
control the state of at least two power supply connections
based on the downward direction power supply control
signal and the upward direction power supply control sig-
nal.
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Description
BACKGROUND OF THE INVENTION
Field of the invention:

[0001] The invention relates to hoisting machines, and
hoisting machine safety. Particularly, the invention re-
lates to a safety controller for a hoisting machine.

Description of the Related Art:

[0002] Modern elevators are equipped with safety cir-
cuits. The safety circuits supervise elevator car and hoist-
way safety through a plurality of sensors installed in the
elevator car and the hoistway. In the elevator car the
sensors supervise, for example, elevator doors and a
stop button. In the hoistway, the sensors supervise, for
example, doors leading to the hoistway in each floor. Sen-
sors also supervise elevator car movement in the hoist-
way. There may be limit detector sensors which detect
when an elevator car has moved beyond a lower or a
higher limit set for the normal movement of the elevator
car. The limits may be exceeded, for example, in case
of elevator car overloading. In the case of brake failure
an elevator car may fall downwards with rapid accelera-
tion, if the elevator car has a load, which together with
the weight of the elevator car, exceeds the weight of the
counterweight. If the load together with the weight of the
elevator car is significantly lighter than the counterweight,
the elevator car may start rising upwards with rapid ac-
celeration. The balance also depends on the weight of
traction ropes and possible compensation ropes. Uncon-
trolled acceleration of an elevator car is limited by an
overspeed governor, which consists of an overspeed
governor wheel and at least one governor rope hung over
the governor wheel and connected to the elevator car on
one end and to the counterweight on the other end. In
case the speed of the governor wheel exceeds a prede-
fined threshold speed, the centrifugal force causes a me-
chanical device to stop the governor wheel rotation which
causes a pull of the governor rope thereby engaging el-
evator car brakes. To provide further safety the stopping
of the governor wheel may also cause a braking of the
traction sheave or traction means of the elevator car. The
overspeed governor may also be equipped with electron-
ic or electrical sensors connected to the safety circuit.

[0003] There are also hydraulic elevators where the
elevator caris hoisted using a hydraulic cylinder mounted
below the elevator car in the hoistway. The hydraulic el-
evators may be used in cases where there is not enough
room above the highest floor in the hoistway for an ele-
vator engine room wherein a traction sheave and a trac-
tion motor are placed. A hydraulic cylinder may also be
used to raise a traction sheave connected to an elevator
car. The hydraulic elevators differ from traction lift eleva-
tors in the sense that the use of the hydraulic cylinder
renders it impossible for the elevator car to move above
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a height in the hoistway. The hydraulic cylinder cannot
extend its maximum length. Hydraulic elevators are
equipped with pawl devices which prevent the elevator
car from falling down in case hydraulic pressure is lost
in the hydraulic cylinder. The pawl devices do not prevent
the moving of the elevator car upwards. The pawl devices
may be installed on every floor.

[0004] The current safety circuits are designed to stop
the elevator in error situations involving a fault indication
from many different sensors such as the limit detectors
or the overspeed governor. Depending on the severity
of the fault indicator, for example, from the limit detectors
or the overspeed governor it would be possible to recover
from the error situation by moving the elevator car to a
nearest floor. Therefore, it would be beneficial if there
were capabilities in the safety circuit to control the ele-
vator car in special circumstances in a restricted way that
does not jeopardize the security further.

SUMMARY OF THE INVENTION:

[0005] According to an aspect of the invention, the in-
vention is a safety apparatus for an elevator, the safety
apparatus comprising: a safety controller further com-
prising a first message bus, at least one sensor interface
connected to the first message bus and at least one sen-
sor in the elevator, at least one processor connected to
the first message bus, the at least one processor being
configured to receive a sensor signal from the at least
one sensor interface, to determine a safe direction state
based on the sensor signal, the safe direction state indi-
cating which directions are safe for moving an elevator
car of the elevator, to transmit a downward direction pow-
er supply control signal in response to the safe direction
state indicating that downward direction is safe, to trans-
mit an upward direction power supply control signal in
response to the safe direction state indicating that up-
ward direction is safe; and at least one power supply
control element configured to control the state of at least
two power supply connections based on the downward
direction power supply control signal and the upward di-
rection power supply control signal.

[0006] According to a further aspect of the invention,
the invention is a method comprising: receiving, by a
safety controller of an elevator safety apparatus, a sensor
signal from at least one sensor interface; determining a
safe direction state for the elevator based on the sensor
signal, the safe direction state indicating which directions
are safe for moving an elevator car of the elevator; trans-
mitting a downward direction power supply control signal
in response to the safe direction state indicating that
downward direction is safe; transmitting an upward di-
rection power supply control signal in response to the
safe direction state indicating that downward direction is
safe; and controlling the state of atleast two power supply
connections based on the downward direction power
supply control signal and the upward direction power sup-
ply control signal.
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[0007] According to a further aspect of the invention,
the invention is a computer program comprising code
adapted to cause the following when executed on a data-
processing system: receiving, by a safety controller of an
elevator safety apparatus, a sensor signal from at least
one sensor interface; determining a safe direction state
for the elevator based on the sensor signal, the safe di-
rection state indicating which directions are safe for mov-
ing an elevator car of the elevator; transmitting a down-
ward direction power supply control signal in response
to the safe direction state indicating that downward di-
rection is safe; and transmitting an upward direction pow-
er supply control signal in response to the safe direction
state indicating that downward direction is safe.

[0008] According to a further aspect of the invention,
the invention is a computer program product comprising
the computer program.

[0009] According to a further aspect of the invention,
the invention is a safety apparatus for an elevator. The
safety apparatus comprises a safety controller and at
least one power supply control element. The safety con-
troller further comprises a first message bus, at least one
sensor interface connected to the first message bus and
atleastone sensorin the elevator, at least one processor
connected to the first message bus, the atleast one proc-
essor being configured to receive a sensor signal from
the at least one sensor interface, to determine a safe
direction state based on the sensor signal, the safe di-
rection state indicating which directions are safe for mov-
ing an elevator car of the elevator, to transmit a downward
direction power supply control signal in response to the
safe direction state indicating that downward direction is
safe, to transmit an upward direction power supply con-
trol signalin response to the safe direction state indicating
that upward direction is safe. The at least one power sup-
ply control element is configured to control the state of
at least two power supply connections based on the
downward direction power supply control signal and the
upward direction power supply control signal.

[0010] In one embodiment of the invention, the safety
controller may be communicatively connected to the at
least one power supply control element. The safety con-
troller may transmit the upward direction power supply
control signal and the downward direction power supply
control signal to the at least one power supply control
elementvia the first message bus and at least one power
supply control element interface. The safety controller
may transmit the upward direction power supply control
signal and the downward direction power supply control
signal to the at least one power supply control element
via at least one power supply control element interface,
each power supply control element interface being con-
nected to a respective power supply control element.
[0011] Inone embodiment of the invention, the at least
one power supply control element may be connected to
the safety controller.

[0012] In one embodiment of the invention, a safety
controller may be referred to as a computer unit or a
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computer. The computer unit or the computer may exe-
cute an application for elevator safety, which responds
to elevator safety related sensor signals.

[0013] In one embodiment of the invention, a safety
controller comprises a computer unit or a computer con-
figured to control anumber of mechanical switch contacts
and relay contacts which may be in series. The at least
one sensor may comprise at least one of final limit sen-
sors, an emergency stop button sensor, an overspeed
governor based overspeed sensor, an elevator car door
open and closed position sensor. A signal from any of
these sensors may constitute a possible hazardous op-
eration of the elevator. The sensors may send signals to
the application for elevator safety.

[0014] Inone embodiment of the invention, the at least
one sensor interface is installed in the elevator hoistway
and the at least one processor are comprised in the el-
evator car.

[0015] In one embodiment of the invention, the safe
direction state is stored in a memory of the elevator safety
controller.

[0016] In one embodiment of the invention, the down-
ward direction power supply signal is a power supply en-
abling signal used to determine whether power may be
supplied for moving the elevator car in downward direc-
tion. The presence of the signal indicates that power may
be supplied.

[0017] Inone embodimentoftheinvention, the upward
direction power supply signal is a power supply enabling
signal used to determine whether power may be supplied
for moving the elevator car in upward direction. The pres-
ence of the signal indicates that power may be supplied.
[0018] In one embodiment of the invention, one of the
at least two power supply connection is for power supply
to a valve controlling flow of hydraulic fluid from a hy-
draulic cylinder supporting the elevator car.

[0019] Inone embodiment of the invention, the at least
one power supply control element comprises a down-
ward direction contactor and the downward direction
power supply control signal is a direct current voltage
transmitted to a control circuit of the downward direction
contactor.

[0020] In one embodiment of the invention, one of the
at leasttwo power supply connections is for power supply
to a pump for pumping hydraulic fluid to a hydraulic cyl-
inder supporting the elevator car.

[0021] Inone embodiment of the invention, the at least
one power supply control element comprises an upward
direction contactor and the upward direction power sup-
ply control signal is a direct current voltage transmitted
to a contactor control circuit of the upward direction con-
tactor.

[0022] Inone embodiment of the invention, the at least
one power supply control elementcomprises an electrical
power converter and the apparatus comprises a second
message bus connected to the electrical power converter
and the safety controller, the electrical power converter
further comprising a controller.
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[0023] In one embodiment of the invention, the down-
ward direction power supply control signal and the up-
ward direction power supply control signal are transmit-
ted over the second message bus to the controller of the
electrical power converter.

[0024] In one embodiment of the invention, the electri-
cal power converter further comprises a converter matrix
and the controller of the electrical power converter is con-
figured to control connections in the converter matrix
based on the downward direction power supply control
signal and the upward direction power supply control sig-
nal.

[0025] In one embodiment of the invention, the electri-
cal power converter further comprises an inverter and a
rectifier supplying power to the inverter and the controller
of the electrical power converter is configured to control
inverter output based on the downward direction power
supply control signal and the upward direction power sup-
ply control signal.

[0026] In one embodiment of the invention, the electri-
cal power converter supplies three phase alternating cur-
rent to an electrical motor rotating a traction sheave of
the elevator.

[0027] In one embodiment of the invention, the electri-
cal power converter supplies electrical current to a valve
controlling flow of hydraulic fluid from hydraulic cylinder.
[0028] In one embodiment of the invention, the electri-
cal power converter supplies electrical current to a pump
for pumping hydraulic fluid to a hydraulic cylinder sup-
porting the elevator car.

[0029] In one embodiment of the invention, the at least
one sensor in the elevator comprise a limit sensor for
detecting a vertical limit for the movement of the elevator
car. There may be an upper limit which corresponds to
the highest point where the roof of the elevator car may
be hoisted when the elevator car is hoisted or moved.
There may be a lower limit which corresponds to the low-
est point where the floor of the elevator car may be low-
ered when the elevator car is lowered or moved. A limit
sensor for detecting a vertical limit for the movement of
the elevator car may be located in the elevator car or in
the elevator hoistway. In response to a movement of the
elevator car beyond a vertical limit, a limit sensor for the
vertical limit may indicate the sensor signal to the safety
controller. The safety controller may be configured to de-
termine a safe direction state for the elevator based on
the sensor signal, the safe direction state indicating that
adirection opposite to the exceeded limit is safe for mov-
ing an elevator car of the elevator.

[0030] In one embodiment of the invention, the at least
one sensor in the elevator comprise an overspeed de-
tection sensor configured to transmit a signal in response
to an overspeed governor indicating overspeed.

[0031] Inone embodiment of the invention, the at least
one sensor in the elevator comprise a sensor configured
to detect a retracted or extended position of a pawl de-
vice. In response to the sensor indicating to the safety
controller that the pawl is extended, the safety controller
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may be configured to determine that upward direction is
safe.

[0032] Inone embodiment of the invention, the at least
one sensor in the elevator comprise a door sensor con-
figured to determine whether a floor landing door is
closed. In response to the door sensor sending a signal
to the safety controller indicating that the door is open,
the safety controller may be configured to determine a
safe direction state for the elevator based on the sensor
signal. The safe direction state may be determined so
that moving the elevator car further away from the open
door is safe.

[0033] Inoneembodimentoftheinvention,the elevator
car may also be referred to as elevator cage. The elevator
car may be elevator cage.

[0034] In one embodiment of the invention, the com-
puter program is stored on a non-transitory computer
readable medium. The non-transitory computerreadable
medium may be, but is not limited to, a removable mem-
ory card, a removable memory module, a magnetic disk,
an optical disk, a holographic memory or a magnetic tape.
A removable memory module may be, for example, a
USB memory stick, a PCMCIA card or a smart memory
card.

[0035] In one embodiment of the invention, an appa-
ratus comprising at least one processor and at least one
memory including computer program code, the at least
one memory and the computer program code are con-
figured to, with the at least one processor, cause the ap-
paratus at least to perform a method according to any of
the method steps.

[0036] The embodiments of the invention described
hereinbefore may be used in any combination with each
other. At least two of the embodiments may be combined
together to form a further embodiment of the invention.
A method, a safety apparatus, a computer program or a
computer program product to which the invention is re-
lated may comprise at least one of the embodiments of
the invention described hereinbefore.

[0037] Itisto be understood that any of the above em-
bodiments or modifications can be applied singly or in
combination to the respective aspects to which they refer,
unlessthey are explicitly stated as excluding alternatives.
[0038] The benefits of the invention are related to in-
creased safety of elevators and possibility of controlling
the elevator betterin fault situations, for example, by mov-
ing the elevator car to a floor so that passengers may
exit the elevator car.

BRIEF DESCRIPTION OF THE DRAWINGS:

[0039] The accompanying drawings, which are includ-
ed to provide a further understanding of the invention and
constitute a part of this specification, illustrate embodi-
ments of the invention and together with the description
help to explain the principles of the invention. In the draw-
ings:
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Fig. 1A illustrates a traction elevator system com-
prising a hoistway, an elevator car, traction means
and a safety controller in one embodiment of the in-
vention;

Fig. 1B illustrates a hydraulic elevator system com-
prising a hoistway, an elevator car, a hydraulic cyl-
inder and a safety controller in one embodiment of
the invention;

Fig. 2A illustrates an elevator safety controller con-
trolling a matrix converter using safe direction signals
via a message bus in one embodiment of the inven-
tion;

Fig. 2B illustrates an elevator safety controller con-
trolling a converter comprising a rectifier and an in-
verter using safe direction signals via a message bus
in one embodiment of the invention;

Fig. 3 illustrates an elevator safety controller con-
trolling power supply to elevator hoisting and lower-
ing apparatus with separate direction specific con-
tactors; and

Fig. 4 illustrates a method for safe elevator direction
control in one embodiment of the invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS:

[0040] Reference willnow be made in detail to the em-
bodiments of the present invention, examples of which
are illustrated in the accompanying drawings.

[0041] Figure 1A illustrates a traction elevator system
100 comprising a hoistway, an elevator car, traction
means and a safety controller in one embodiment of the
invention.

[0042] In Figure 1Athereis illustrated a traction eleva-
tor system 100. Elevator system 100 comprises a hoist-
way 102 in which an elevator car 104 is moved. In hoist-
way 102 there is also a counterweight 106 and traction
means 108 looped over traction sheave 132 and con-
nected to elevator car 104 on one end and to counter-
weight 106 on the other end. Traction means 108 may
comprise a plurality of traction ropes or a traction belt.
To elevator car 104 on one end and to counterweight 106
on the other end may also be connected at least one
governor rope 110. The at least one governor rope 110
may be looped over an overspeed governor wheel 130.
There may also be another governor wheel (not shown)
at the bottom of hoistway 102 under which another gov-
ernor rope also connected to elevator car 104 and coun-
terweight 106 is looped. Traction sheave 132 is rotated
by an electrical motor 134 to which power is fed by a
converter 136A via a power supply cable 135. Converter
136A may supply, for example, a tree-phase electrical
current to electrical motor 134. Electrical current may be
supplied to converter 136A from a further power supply
138, for example, an electrical grid. Converter 136A is
controlled in Figure 1A by a safety controller 140 via a
controlling connection 146. Safety controller 140 com-
prises interfaces 141 - 145 for receiving signals from a
plurality of sensors. The number of interfaces in Figure
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1Ais just forillustrative purposes and may vary from em-
bodiment to embodiment. Interface 141 may be connect-
ed to a sensor (not shown) associated with overspeed
governor wheel 130. The sensor may be used to detect
overspeed of overspeed governor wheel 130. Interface
142 may be connected to a lower limit sensor 118, which
detects if elevator car 104 is lowered below a lower limit
in hoistway 102. The lower limit may be supervised so
that a floor of elevator car 104 must not be moved below
the lower limit. Interface 145 may be connected to an
upper limit sensor 116, which detects if elevator car 104
is hoisted above an upper limit. The upper limit may be
supervised so that a roof of elevator car 104 must not be
moved above the upper limit in hoistway 102. Interface
144 may be connected to a floor door 114 leading to
elevator car 104 when elevator car 104 is in that floor.
Interface 143 may be connected to an elevator car door
112 within elevator car 104.

[0043] Safety controller 140 may maintain information
on a safe direction state in a memory (not shown). The
possible safe direction state values comprise "both di-
rections safe", "upwards safe" and "downward safe". In
normal conditions the safe direction state indicates that
both directions are safe. Based on the safe direction
state, safety controller 140 may provide regularly a safe
direction signal to converter 136A via controlling connec-
tion 146. In response to a signal from at least one of
interfaces 141 - 145 the safe direction state of safety
controller 140 may be changed from the state "both di-
rections safe" to either "upwards safe" or "downwards
safe". For example, if upper limit sensor 116 transmits a
signal that elevator car 104 has moved beyond the upper
limit, the safe direction state of safety controller 140 may
be changed to "downwards safe". Similarly, if lower limit
sensor 118 transmits a signal that elevator car 104 has
moved beyond the lower limit, the safe direction state of
safety controller 140 may be changed to "upward safe".
Further, if overspeed governor wheel 130 associated
sensor transmits a signal that elevator car 104 has ex-
ceeded a speed limit in downwards direction, safe direc-
tion state of safety controller 140 may be changed to
"downwards safe", which may enable that elevator car
104 is lowered with a lower speed to nearest floor in the
downwards direction. Depending on the safe direction
signal to converter 136A, converter 136A supplies elec-
trical power to electrical motor 134 for rotating traction
sheave 132 only in directions that correspond to the safe
direction state of safety controller 140.

[0044] Figure 1Billustrates a hydraulic elevator system
150 comprising hoistway 102, elevator car 104, a hydrau-
lic cylinder 126 and safety controller 140 in one embod-
iment of the invention. In Figure 1B elevator car 104 is
hoisted by hydraulic cylinder 126 in hoistway 102. Hy-
draulicfluid is pumped to hydraulic cylinder 126 by means
of a pump 125 to raise elevator car 104. Hydraulic fluid
is allowed to exit via a valve 124 to a reservoir 126 of
hydraulic fluid so that elevator car 104 is lowered. The
dropping of elevator car 104 in case of loss of hydraulic
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pressure in hydraulic cylinder 126 is prevented with at
least pawl devices 120 and 122. Pawl device 120 engag-
es a first support 121 in hoistway 102, whereas pawl de-
vice 122 engages a second support 123 in hoistway 102.
In Figure 1B interface 145 of safety controller 140 is con-
nected to a sensor (not shown) in pawl device 120,
whereas interface 142 of safety controller 140 is connect-
ed to a sensor (not shown) in pawl device 122.

[0045] Inamannersimilarto Figure 1A, safety control-
ler 140 may maintain information on a safe direction state
in a memory (not shown). The possible safe direction
state values comprise "both directions safe", "upwards
safe" and "downward safe". In normal conditions the safe
direction state indicates that both directions are safe.
Based on the safe direction state, safety controller 140
may provide regularly a safe direction signal to converter
136A via controlling connection 146. In response to a
signal from at least one of interfaces 142 - 145 a safe
direction state of safety controller 140 may be changed
from "both directions safe" state to either the "upwards
safe" state or the "downwards safe" state. If the safe di-
rection state of safety controller 140 is "both directions
safe", safety controller 140 transmits a signal to converter
136B via controlling connection 146 which allows con-
verter 136B to supply electrical power to pump 125 via
electrical power cable 135A and to valve 124 via electrical
power cable 135B. If the safe direction state of safety
controller 140 is "downwards safe", safety controller 140
transmits a signal to converter 136B via controlling con-
nection 146 which allows converter 136B to supply elec-
trical power to valve 124 via electrical power cable 135B,
but does not allow converter 136B to supply electrical
power to pump 125. Similarly, if the safe direction state
of safety controller 140 is "upwards safe", safety control-
ler 140 transmits a signal to converter 136B to supply
electrical power to pump 125, but does not allow con-
verter 136B to supply electrical power to valve 124. Sen-
sors associated with pawl devices 120 and 122 may
transmit signals to respective interfaces 145 and 142 re-
garding the current states of pawl devices 120 and 122.
If at least one of pawl devices 120 and 122 is in the ex-
tended position not allowing elevator car 104 to be low-
ered by hydraulic cylinder 126, the safe direction state
of safety controller 140 is set to "upward safe". If pawl
devices 120 and 122 are in the retracted position, sensors
associated pawl devices 120 and 122 transmit signals
regarding the retracted state to safety controller 140 via
respective interfaces 145 and 142. This causes the set-
ting of safe direction state of safety controller 140 to "both
directions safe", which enables elevator car 104 to be
hoisted or lowered.

[0046] Figure 2A illustrates an elevator safety control-
ler controlling a matrix converter using safe direction sig-
nals via a message bus in one embodiment of the inven-
tion.

[0047] In Figure 2A there is an elevator safety appa-
ratus 200. Apparatus 200 comprises a safety controller
210. The safety controller may 210 comprise a memory
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226, a first processor 224 and a second processor 222.
Memory 226, first processor 224 and second processor
222 may be comprised in a chipset 220. First processor
224 and second processor 222 provide redundancy, for
example, so that second processor 222 acts as a hot
standby processor for first processor 224. Memory 226,
first processor 224 and second processor 222 may be
communicatively connected to an input-output controller
230, for example, via chipset 220. Input-output controller
comprises interfaces 232, 233 and 234. Interfaces 232,
233 and 234 may be connected to a number of electrical
or electronic sensors associated with an elevator hoist-
way and an elevator car (not shown), for example, such
as illustrated in Figures 1A and 1B. Memory 228 stores
a safe direction state variable 228. Safe direction state
variable may have values comprising "both directions
safe", "upwards safe" and "downwards safe". Safety con-
troller 210 is connected to a converter 240 via a first mes-
sage bus 236 and a second message bus 238. First mes-
sage bus 236 and second message bus 238 provide re-
dundancy and fault tolerance for the case of message
bus failure. Converter 240 comprises a controller 242
and a matrix 244. Controller 242 comprises a first proc-
essor 248 and a second processor 246. First processor
224 and second processor 222 within safety controller
210 are configured to transmit a signal comprising a cur-
rentvalue of safe direction state variable 228 on first mes-
sage bus 236 and on second message bus 238. The
signalis transmitted to controller 242. Based on the signal
controller 242 is configured to control connections in ma-
trix 244. Matrix 244 switches incoming power supply lines
of three phases U1, V1 and W1 to outgoing power supply
lines of three phases U2, V2 and W2. Outgoing power
supply lines are connected to electrical motor 202, which
may be, for example, an induction motor. Based on the
signal controller 242 ensures that no connections are
made in matrix 244 that contradict the safe directions
indicated by the signal.

[0048] Figure 2B illustrates an elevator safety appara-
tus 250. Elevator safety apparatus 250 comprises safety
controller 210 controlling a converter 240 comprising a
rectifier 254 and an inverter 252 using safe direction sig-
nals via a message bus in one embodiment of the inven-
tion. In Figure 2B controller 242 controls inverter 252 to
which Direct Current (DC) power supply from an Alter-
nating Current (AC) rectifier 254 is connected. To rectifier
254 are connected three-phase lines U1, V1 and W1 of
AC power supply. Inverter 252 is controlled based on the
signal comprising the current value of the safe direction
state variable 228. Based on the signal controller 242
ensures that outgoing three phase lines U2, V2 and W2
are not supplied power by inverter 252 in a manner which
contradicts the safe directions indicated by the signal.
[0049] The embodiments of the invention described
hereinbefore in association with Figures 1A, 1B, 2A and
2B may be used in any combination with each other. Sev-
eral of the embodiments may be combined together to
form a further embodiment of the invention.
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[0050] Figure 3illustrates an elevator safety apparatus
300. Elevator safety apparatus 300 comprises safety
controller 210. The difference in Figure 3 is that safety
controller 210 comprises a first contactor 312 and a sec-
ond contactor 322. First contactor 312 comprises a first
control circuit 310. Second contactor 322 comprises a
second control circuit 320. First contactor 312 and sec-
ond contactor 322 are switched using circuit control sig-
nals from safety controller 210. The circuit control signals
to control circuits 310 and 320 are determined in safety
controller 210 based on a current state of safe direction
state variable 228. A switched on state of contactor 312
may correspond to "upwards safe" state of safe direction
state variable 228, whereas a switched on state of con-
tactor 322 may correspond to "downwards safe" state of
safe direction state variable 228. Contactors 312 and 322
may be normally open type of contactors. Thus, "upwards
safe" or "both directions safe" state of safe direction state
variable 228 may be indicated by supplying from control
circuit 210 a DC voltage signal to control circuit 310 which
causes contactor 312 to close. Similarly, "downwards
safe" or "both directions safe" state of safe direction state
variable 228 may be indicated by supplying from control
circuit 210 a DC voltage signal to control circuit 320 which
causes contactor 322 to close. Contactor 312 may be
used to supply electrical power for a hydraulic cylinder
pump or an electrical motor coupled with a traction
sheave. An electrical motor converter may be used to
ensure that power supply via contactor 312 allows only
rotating electrical motor in a direction corresponding to
upward movement of an elevator car. Contactor 322 may
be used to supply electrical power for a hydraulic cylinder
valve or the electrical motor coupled with the traction
sheave. The electrical motor converter may be used to
ensure that power supply via contactor 322 allows only
rotating electrical motor in a direction corresponding to
downward movement of an elevator car.

[0051] Figure 4 is a flow chart illustrating a method for
safe elevator direction control in one embodiment of the
invention.

[0052] At step 400 a sensor signal is received from a
sensor in the elevator. The sensor signal may be received
from a sensor in a hoistway of the elevator or a sensor
in the elevator car.

[0053] Atstep 402 a safe direction state is determined
based on the sensor signal.

[0054] In one embodiment of the invention, the safe
direction state is stored in a memory of an elevator safety
controller.

[0055] Atstep 404 adownward direction power supply
signal is transmitted in response to the safe direction
state indicating that downward direction is safe.

[0056] In one embodiment of the invention, the down-
ward direction power supply signal is a power supply en-
abling signal used to determine whether power may be
supplied for moving the elevator car in downward direc-
tion. The presence of the signal indicates that power may
be supplied.
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[0057] At step 406 an upward direction power supply
signal is transmitted in response to the safe direction
state indicating that upward direction is safe.

[0058] Inone embodimentoftheinvention, the upward
direction power supply signal is a power supply enabling
signal used to determine whether power may be supplied
for moving the elevator car in upward direction. The pres-
ence of the signal indicates that power may be supplied.
[0059] Atstep408the state of atleasttwo power supply
connections is controlled based on the downward direc-
tion power supply control signal and the upward direction
power supply control signal.

[0060] In one embodiment of the invention, the steps
may be performed in the order of numbering.

[0061] It is to be understood that the exemplary em-
bodiments are for exemplary purposes, as many varia-
tions of the specific hardware used to implement the ex-
emplary embodiments are possible, as will be appreci-
ated by those skilled in the hardware art(s). For example,
the functionality of one or more of the components of the
exemplary embodiments can be implemented via one or
more hardware devices, or one or more software entities
such as modules.

[0062] The exemplary embodiments can store infor-
mation relating to various processes described herein.
This information can be stored in one or more memories,
such as a hard disk, optical disk, magneto-optical disk,
RAM, and the like. One or more databases can store the
information regarding cyclic prefixes used and the delay
spreads measured. The databases can be organized us-
ing data structures (e.g., records, tables, arrays, fields,
graphs, trees, lists, and the like) included in one or more
memories or storage devices listed herein. The process-
es described with respect to the exemplary embodiments
can include appropriate data structures for storing data
collected and/or generated by the processes of the de-
vices and subsystems of the exemplary embodiments in
one or more databases.

[0063] All or a portion of the exemplary embodiments
can be implemented by the preparation of one or more
application-specific integrated circuits or by interconnect-
ing an appropriate network of conventional component
circuits, as will be appreciated by those skilled in the elec-
trical art(s).

[0064] As stated above, the components of the exem-
plary embodiments can include computer readable me-
dium or memories according to the teachings of the
presentinventions and for holding data structures, tables,
records, and/or other data described herein. Computer
readable medium can include any suitable medium that
participates in providing instructions to a processor for
execution. Such a medium can take many forms, includ-
ing but not limited to, non-volatile media, volatile media,
transmission media, and the like. Non-volatile media can
include, for example, optical or magnetic disks, magneto-
optical disks, and the like. Volatile media can include dy-
namic memories, and the like. Transmission media can
include coaxial cables, copper wire, fiber optics, and the
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like. Transmission media also can take the form of acous-
tic, optical, electromagnetic waves, and the like, such as
those generated during radio frequency (RF) communi-
cations, infrared (IR) data communications, and the like.
Common forms of computer-readable media caninclude,
for example, a floppy disk, a flexible disk, hard disk, mag-
netic tape, any other suitable magnetic medium, a CD-
ROM, CDRW, DVD, any other suitable optical medium,
punch cards, paper tape, optical mark sheets, any other
suitable physical medium with patterns of holes or other
optically recognizable indicia, a RAM, a PROM, an
EPROM, a FLASH-EPROM, any other suitable memory
chip or cartridge, a carrier wave or any other suitable
medium from which a computer can read.

[0065] While the present inventions have been de-
scribed in connection with a number of exemplary em-
bodiments, and implementations, the present inventions
are not so limited, but rather cover various modifications,
and equivalent arrangements, which fall within the pur-
view of prospective claims.

[0066] The embodiments of the invention described
hereinbefore in association with the figures presented
and the summary of the invention may be used in any
combination with each other. At least two of the embod-
iments may be combined together to form a further em-
bodiment of the invention.

[0067] A method, a safety apparatus, a computer pro-
gram or a computer program product to which the inven-
tion is related may comprise at least one of the embod-
iments of the invention described hereinbefore.

[0068] It is obvious to a person skilled in the art that
with the advancement of technology, the basic idea of
the invention may be implemented in various ways. The
invention and its embodiments are thus not limited to the
examples described above; instead they may vary within
the scope of the claims.

Claims

1. A safety apparatus for an elevator, the safety appa-
ratus comprising:

a safety controller further comprising

a first message bus,

at least one sensor interface connected to the
first message bus and at least one sensor in the
elevator,

at least one processor connected to the first
message bus, the at least one processor being
configured to receive a sensor signal from the
atleastone sensorinterface, to determine a safe
direction state based on the sensor signal, the
safe direction state indicating which directions
are safe for moving an elevator car of the ele-
vator, to transmit a downward direction power
supply control signal in response to the safe di-
rection state indicating that downward direction
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is safe, to transmit an upward direction power
supply control signal in response to the safe di-
rection state indicating that upward direction is
safe; and

at least one power supply control element con-
figured to control the state of at least two power
supply connections based on the downward di-
rection power supply control signal and the up-
ward direction power supply control signal.

The safety apparatus according to claim 1, wherein
one of the at least two power supply connections is
for power supply to a valve controlling flow of hy-
draulic fluid from a hydraulic cylinder supporting the
elevator car.

The safety apparatus according to claim 2, wherein
the at least one power supply control element com-
prises a downward direction contactor and the down-
ward direction power supply control signal is a direct
current voltage transmitted to a control circuit of the
downward direction contactor.

The safety apparatus according to claim 1 or 2,
wherein one of the at least two power supply con-
nections is for power supply to a pump for pumping
hydraulic fluid to a hydraulic cylinder supporting the
elevator car.

The safety apparatus according to claim 4, wherein
the at least one power supply control element com-
prises an upward direction contactor and the upward
direction power supply control signal is a direct cur-
rent voltage transmitted to a contactor control circuit
of the upward direction contactor.

The safety apparatus according to claim 1, wherein
the at least one power supply control element com-
prises an electrical power converter and the appa-
ratus comprises a second message bus connected
to the electrical power converter and the safety con-
troller, the electrical power converter further com-
prising a controller.

The safety apparatus according to claim 6, wherein
the downward direction power supply control signal
and the upward direction power supply control signal
are transmitted over the second message bus to the
controller of the electrical power converter.

The safety apparatus according to claim 6, wherein
the electrical power converter further comprises a
converter matrix and the controller of the electrical
power converter is configured to control connections
in the converter matrix based on the downward di-
rection power supply control signal and the upward
direction power supply control signal.



10.

1.

12.

13.

14.

15.

16.

17.

15 EP 2 813 459 A1 16

The safety apparatus according to claim 6, wherein
the electrical power converter further comprises an
inverter and arectifier supplying power to the inverter
and the controller of the electrical power converter
is configured to control inverter output based on the
downward direction power supply control signal and
the upward direction power supply control signal.

The safety apparatus according to claim 6, wherein
the electrical power converter supplies three phase
alternating current to an electrical motor rotating a
traction sheave of the elevator.

The safety apparatus according to claim 6, wherein
the electrical power converter supplies electrical cur-
rent to a valve controlling flow of hydraulic fluid from
hydraulic cylinder.

The safety apparatus according to claim 6, wherein
the electrical power converter supplies electrical cur-
rent to a pump for pumping hydraulic fluid to a hy-
draulic cylinder supporting the elevator car.

The safety apparatus according to any of the claims
1 - 12, wherein the at least one sensor comprises a
limit sensor for detecting a vertical limit for the move-
ment of the elevator car.

The safety apparatus according to any of the claims
1-13, wherein the at least one sensor comprises an
overspeed detection sensor configured to transmit
a signal in response to an overspeed governor indi-
cating overspeed of the elevator car.

The safety apparatus according to any of the claims
1 - 14, wherein the at least one sensor comprises a
sensor configured to detect a retracted or extended
position of a pawl device.

The safety apparatus according to any of the claim
1 - 15, wherein the at least one sensor comprise a
door sensor configured to determine whether a land-
ing door of the elevator is closed.

A method, comprising:

receiving, by a safety controller of an elevator
safety apparatus, a sensor signal from at least
one sensor interface;

determining a safe direction state for the eleva-
tor based on the sensor signal, the safe direction
state indicating which directions are safe for
moving an elevator car of the elevator;
transmitting a downward direction power supply
control signal in response to the safe direction
state indicating that downward direction is safe;
transmitting an upward direction power supply
control signal in response to the safe direction
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state indicating that downward direction is safe;
and

controlling the state of at least two power supply
connections based on the downward direction
power supply control signal and the upward di-
rection power supply control signal.

18. A computer program comprising code adapted to

cause the following when executed on a data-
processing system:

receiving, by a safety controller of an elevator
safety apparatus, a sensor signal from at least
one sensor interface;

determining a safe direction state for the eleva-
torbased on the sensor signal, the safe direction
state indicating which directions are safe for
moving an elevator car of the elevator;
transmitting a downward direction power supply
control signal in response to the safe direction
state indicating that downward direction is safe;
and

transmitting an upward direction power supply
control signal in response to the safe direction
state indicating that downward direction is safe.

19. The computer program according to claim 18, where-

in said computer program is stored on a non-transi-
tory computer readable medium.
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