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DESCRI PTION An el evator apparatus with a safety circuit is known
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A testing device is proposed that serves the purpose of monitoring an elevator apparatus,
or a component of an elevator, in particular a composite resistor of an elevator apparatus.
This testing device comprises at least one hardware monitoring unit which is provided for
the purpose of monitoring at least one functionally relevant composite resistor.
"Hardware" shail be particularly understood as at least one material component, for
example a sensor. "Hardware monitoring unit' is particularly to be understcod as a unit
that in at least one operating mode performs a checking and/or analysis of at least one
characteristic of at least one component andfor a sensing of at least one physical
parameter and/or, particularly preferably, has a processing unit, a memory unit, and
contained in the memory unit an operating program for a monitoring. "Provided” shall be
particularly understood as specially equipped and/or designed andfor programmed. A
resistor shall be understood to be a material element that presents to an electric current
flowing through this element a resistance which is hereinafter referred to a resistance
value. A "functionally relevant resistor" shall be particularly understood as a resistor



el ement whose condition, particularly its resistance value, is
significant for at |east one function of a device that contains the
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Advant ageously, the hardware nonitoring unit or sensing unit has at
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t he saf et sersis cati keaslr ene oRdigtzinty echaracteristic variable that serves to determine the
resistance value of the safety circuit, or indicates its resistance value directly. By this
means, a constructionally simple monitoring of the condition of the safety circuit is

realised.

Advantageously, the resistance characteristic variable sensed by the sensing unit is the
resistance value of the entire safety circuit. In this manner, an inexpensive construction
can be realised. [n particular, an elaborate monitoring of individual resistors can be

obviated.
Preferably, the sensing unit comprises at least one current measuring unit and/or at least
one voltage measuring unit and/or at least one resistance measuring unit. By this means,

a constructive simple embodiment of the sensing unit can be realised.

It is further proposed that the current measuring unit be embodied as an induction current
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In one possible embediment of the invention, the current flow that occurs when the safety



Preferably, at |east one of the sensors of the safety circuit is

enbodi ed as a nechanical |imt switch by way of which a press el enent
actuates an electric output switching contact. By this neans, a

sinpl e construction of the sensor can be realised. The sensors can,
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el evator aP(Rﬁr ?rg ngmal elevator operation, the separate monitoring voltage source of the safety
circuit is decoupled from the safety circuit while the monitoring voltage described further
above that is taken from the elevator control is applied to the safety circuit. To perform a
measurement operation for monitering the condition of the hardware components of the
safety circuit, the separate monitoring voltage source is preferably connected with the
safety circuit at a point in time when all output elements of the sensors of the safety circuit
are conductive. Such a measurement operation advantageously takes place during a
stationary period of the elevator and lasts less than 10 seconds, preferably less than one
second. During the measurement operation, the said monitoring voltage, which in normal
operation is applied via the safety circuit, is decoupled from the safety circuit and

preferably prevents any movement of the elevator by the elevator control.

In this manner, in the at least one operating mode a separate monitoring voltage source
can be coupled to the safety circuit, which is more suitable for monitoring the condition of
the hardware components than the voltage source connected with the safety circuit when
the safety circuit is in operation. By this means, a usability of an adapted voltage, and in
particular an improved quality of the evaluation of the measurement operation for

monitoring the condition of the hardware components, can be realised.

Preferably, the hardware monitoring unit comprises at least one output unit which, upon a



shows a schematic representation of a conparison of a resistance
characteristic variable wwth a reference variable; Fig. 4shows a
time-ray that represents an operating tinme of the el evator apparatus;
Fig. 5shows a schematic representation of an alternative exenplifying
enbodi ment of an el evator apparatus witl¥ a separate nonitoring
vol tage source; and Fig. 6shows a further schematic representation of
an al t er ngétevtedexiarel dfthe goretiipdofring thakdvidne @0mbockis, e Pattidtlae Btchange in
reasurt ngthltjanrletsi'stance value of the series-connected output switching elements of the sensors of
the safety circuit, generates a signal. This signal serves to inform the elevator
maintenance personnel of a need for maintenance of the safety circuit. By this means, a
preventive maintenance of the safety circuit can be ensured. In particular, the risk of an
interruption in the operation of the elevator apparatus, and in particular of an elevator in
which the elevator apparatus is installed, can be reduced. The signal can also be
transmitted wirelessly, as for example by radio, and in particular alsc by SMS and/or e-

mail to a maintenance organisation.

it is further proposed that the elevator apparatus has at least one triggering unit that
activates the hardware monitoring unit. This triggering unit is preferably integrated into
the hardware monitoring unit belonging to the testing unit of the elevator apparatus. Since
the hardware monitoring can only be performed when all output switching elements
contained in the safety circuit are conductive, the activation preferably takes place at a
defined time of day at which usually only little elevator traffic occurs or when the safety
circuit has not been interrupted for a long period of time. By this means it can be realised
that the short interruption of operation of the elevator that is necessary for the hardware

monitoring is not perceptible as a disturbance.

Preferably, at least one of the sensors of the safety circuit is embodied as a mechanical
limit switch by way of which a press element actuates an electric output switching contact.
By this means, a simple construction of the sensor can be realised. The sensors can,
however, also be embodied as, for example, inductive or capacitive switches, magnetic

switches (reed switches), light sensors or light barriers, pressure switches, etc.

Further proposed is a monitoring method, in particular for monitoring at least part of an
elevator apparatus. In this monitoring method, in at least one operating mode at least one
functionally relevant condition of at least one hardware component of a safety circuit is
monitored. In particular, the said hardware component comprises at least two serially
connected output switching elements of sensors of the safety circuit. By means of the
monitoring method, a particularly reliable functioning of the safety circuit and therefore of

the elevator can be realised.

Furthermore, a hardware monitoring method, in particular with a testing device, is



Fig. 1 shows a schematic representation of an elevator apparatus 1

according to the invention, which conprises a safety circuit 10 with

three series-connected output switching el enments (output sw tching

contacts) 12.1, 14.1, 15.1 of sensors 12, 14, 15, and a testing

device 11 with a control unit 44 and a Wardware nonitoring unit 16. A

sensing 9 unit 20 of the hardware nonitoring unit 16 conprises a
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embodiment with an induction current measuring unit.

Fig. 1 shows a schematic representation of an elevator apparatus 1 according to the
invention, which comprises a safety circuit 10 with three series-connected output
switching elements (output switching contacts) 12.1, 14.1, 15.1 of sensors 12, 14, 15, and

a testing device 11 with a control unit 44 and a hardware monitoring unit 16. A sensing



when the sensor detects the safe state of the el evator conponent

(e.g. a door locking elenment) nonitored by it. By this neans it is
ensured that the series-connected output swtching el enents or output
switching contacts allow a current flow through the safety circuit 10
that is unequivocally detectable by the%ontrol unit 44. For this

pur pose, the output switching elements of the sensors 12, 14, 15,
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12 In principle, the safety circuit 10 can have further electrical
contacts which, for exanple, serve to nonitor a brake of the

el evator. The el evator apparatus 1 can also be retrofitted in an

al ready existing elevator or in existi n? el evat or systens.
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From the measured current strength and the measured voltage, the hardware monitoring

unit 16 determines the total resistance value 22 of the safety circuit 10.



14 CLAIM5 1. Testing device for checking an el evator apparatus (1;
la; 1 b) of an elevator, wherein the testing device conprises at

| east one hardware nonitoring unit (16; 16a; 16b) which is provided
for the purpose of nonitoring at |east one functionally rel evant
conposite resistor (17; 17a; 17b). 2. Tksting device according to
claim1, characterised in that the hardware nonitoring unit (16; 16a;
16b) contains at | east one sensing unit (20; 20a; 20b) which

conprises_at | east one.current uring unit 0; 30a; 30b) and/or .
P enst SR nobfbe FRUGTs S R e (e $34be 13 ghnigies caeadsrunit 24
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the sensors 12, 14, 15, in particular immediately after first commissioning of the elevator
apparatus. In the at least one operating mode, in particular immediately after the first
commissioning of the elevator apparatus, the reference value 26 is measured by the
hardware monitoring unit 16, which comprises a calibrating unit 28, and stored in a
memory unit 66 of the comparison unit 24. After a sensing of the total resistance value
22, which is performed after the measurement of the reference value 26, the comparison
unit 24 compares the measured total resistance value 22 of the safety circuit with the
reference value 26 and signals fo an output unit 40 integrated in the hardware monitoring
unit 16 a need for maintenance of the sensors 12, 14, 15 when the total resistance value
22 deviates by more than a certain percentage value from the reference value 26. After a
receipt of the need-for-maintenance signal, the output unit 40 notifies an elevator
mainienance organisation or a maintenance person by means of a telephone or radio
connection. The maintenance person can then remove a possible contamination and/or
oxidation and/or other impairment of the output switching contacts of the sensors 12, 14,
15 before a further rise in the fotal resistance value of the safety circuit 10 causes an

interruption of the elevator operation.

In the embodiment of the testing device according to Fig. 1, the sensing unit 20 senses
the resistance characteristic variable and/or the total resistance value 22 during all phases
of the operating time in which all output switching contacts of the sensors of the safety
circuit are closed, i.e. in all phases in which the current measuring unit detects a current
flow. Fig. 4 shows a time-ray which begins with completion of first commissicning of the
elevator apparatus. Immediately after the first commissioning, the reference value 26 is
measured at a time instant 68. For example, during the aforesaid phase 69 of the
operating time 67 after the time instant 68, the resistance characteristic variable or total

resistance value 22 is measured and compared with the reference value 26.

The hardware monitoring unit 16 of the testing device 11 comprises a processing unit, a

memory unit and an operating program, which is stored in the memory unit.



4. Testing device according to one of clains 2 and 3, characterised
in that the current neasuring unit (30; 30a; 30b) is constructed as
an induction current measuring unit. 5. Testing device according to
any one of the preceding clains, characterised in that the hardware
nonitoring unit (16; 16a; 16b) conprlseé at | east one conparison unit
(24; 24a; 24b) which is provided for the purpose of conparing a

resi stance characteristic variable (22) with at | east one reference
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devi ce accordi n to aw%one of t.he % characterised in

t hat the ha?rb% gyr%'ﬁ ?Ie\ﬁa&o ufhi 't e(( %éa 156’8 e"Z:Orrprl ses at | east
one output unit (40; 40a; 40b) which i s provi ded for the purpose of
emtting ﬁltustlré?tgg tin ?—‘E;% %'a%%aé are two alternative exemplifying embodiments of an elevator
apparatus. Components, characteristics and functions that remain essentially the same
are in principle indicated by the same reference numbers. However, to differentiate the
exemplifying embodiments, in Figs. 5 and 6 the reference numbers are suffixed with the
letters "a" and "b", respectively. The following description is essentially limited to the
differences relative to the exemplifying embodiment in Figs. 1 to 4, while for components,
characteristics and functions that remain the same, reference should be made to the

description of the exemplifying embodiment in Figs. 1 to 4.

The elevator apparatus 1a illustrated in Fig. 5 comprises a testing device 11a with a
control unit 44a and a safety circuit 10a, wherein the control unit and the safety circuit
preferably form a part of the elevator control 45a of an elevator. Furthermore, the testing
device 11a comprises a hardware monitoring unit 16a with a sensing unit 20a and a
switching relay 70a with two switching contacts 70.1a, 70.2a. During operation of the
elevator, a safety circuit voltage is applied to the safety circuit 10a via the control unit 44a
of the elevator control 45a. In a state in which the output switching elements of the
sensors 12a, 14a, 15a, which are embodied as elecfronic contacts, are closed, a current
flows through the safety circuit 10a which, for example, activates a safety relay 48a of the
control unit 44a, which signals to the elevator control 45a that transportation of persons
and/or goods by the elevator is possible without danger. The control unit 44a has a time
measuring unit 74 which measures a period of time during which the current flows
uninterruptedly through the safety circuit 10a. Should this period of time exceed a certain
value, a triggering unit 42a of the control unit 44a actives the hardware monitoring unit
16a and the switching relay 70a with the switching contacts 70.1a, 70.2a. The switching
contacts 70.1a, 70.2a thereupon decouple the safety circuit 10a from the control unit 44a
and connect one end 76a of the safety circuit 10a with one input 80a of the hardware
monitoring unit 16a, and another end 78a of the safety circuit 10a with an output 82a of
the hardware monitoring unit 16a. By this means, a voltage generated by a monitoring
voltage source 84a in the hardware monitoring unit 16a is applied to the safety circuit 10a.

A current measuring unit 30a and a voltage measuring unit 32a of the sensing unit 20a



8. Testing device according to any one of the preceding clains,
characterised in that the conposite resistor (17; 17a; 17b) to be
nonitored is forned by a safety circuit of the elevator. 15 9.

El evator apparatus (1; la; 1b) with a testing device (11; 1l1la; 11b)
according to any one of claims 1 to 8, a&hd at |east one safety
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an inadmissibly high total resistance value. After the preferably less than 10-seconds-
long sensing of the total resistance value, the switching relay decouples the safety circuit
10a from the sensing unit 20a and applies again to the safety circuit the safety circuit
voltage that originates from the control unit 44a of the elevator control 45a. |If the
hardware monitoring unit 16a is activated on the basis of the time period during which the
safety circuit is not interrupted, a measurement of the total resistance value takes place
preferably at night, because in this time period use of the elevator is rare. In principle, it is
also conceivable that the control unit 44a recognises in another manner that the elevator
is not in use and thereupon causes a decoupling of the safety circuit 10a from the safety
circuit voltage and a coupling to the monitoring voltage source of the hardware monitoring
unit 16a. It is further conceivable that the sensing of the total resistance value 22 is
limited to a fixed number of measurements per unit of time, for example to one
measurement per day at a time in which, according to experience, the elevator is hardly

used.

Fig. 6 shows a further exemplifying embodiment of an elevator apparatus 1b with a control
unit 44b, a safety circuit 10b, and a hardware monitoring unit 16b with a sensing unit 20b.
The manner of functioning of the elevator apparatus 1b is substantially the same as the
manner of functioning of the elevator apparatus described in connection with the elevator
apparatus described with Figs. 1 and 2. Here, the sensing unit 20b has a current
measuring unit 30b which is embodied as an induction current measuring unit. When a
current flows through the safety circuit 10b, a current is induced in the current measuring
unit 30b, by means of which the current measuring unit 30b calculates the current strength
of the electric current that flows through the safety circuit 10b. Ends 76b, 78b of the
safety circuit 10b are directly conductively connected with the control unit 44b.



11. Elevator apparatus (1; la; 1 b) according to one of clains 9 and
10, characterised by a nonitoring voltage source (84a). 12. Elevator
apparatus (1; la; Ib) according to any one of clains 9 to 11,
characterised by at |east one triggering unit (42b) which, in at

| east one operating process, after a spétific tine period of
uninterrupted current flowin the safety circuit (10b) activates the
har dwar e mbAIM®ring unit (16b). 13. Elevator apparatus (1; la; |Db)
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el evator control (45; 45a) is nonitored.
2, Testing device according to claim 1, characterised in that the hardware monitoring
unit (16; 16a; 16b) contains at least one sensing unit (20; 20a; 20b) which comprises at
least one current measuring unit (30; 30a; 30b) and/or at least one voltage measuring unit

(32; 32a; 32b) and/or at least one resistance measuring unit (34; 34a; 34b).

3. Testing device according to claim 2, characterised in that the sensing unit (20;
20a; 20b) is provided for the purpose of sensing at least one resistance characteristic
variable (22) that serves to determine, at specific time intervals or coniinuously,

functionally hazardous changes in property of the resistor.

4, Testing device according to one of claims 2 and 3, characterised in that the current

measuring unit (30; 30a; 30b) is constructed as an induction current measuring unit.

5. Testing device according to any one of the preceding claims, characterised in that
the hardware monitoring unit (16; 16a; 16b) comprises at least one comparison unit (24;
24a; 24b) which is provided for the purpose of comparing a resistance characteristic

variable (22) with at least one reference variable (26).

6. Testing device according to claim 5, characterised by at least one calibrating unit

(28; 28a; 28b) which is provided for the purpose of generating the reference variable (26).

7. Testing device according to any one of the preceding claims, characterised in that
the hardware monitoring unit (16; 16a; 16b) comprises at least one output unit (40; 40a;

40b) which is provided for the purpose of emitting at least one signal.

8. Testing device according to any one of the preceding claims, characterised in that
the composite resistor (17; 17a; 17b) to be monitored is formed by a safety circuit of the

elevator.
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9. Elevator apparatus (1; 1a; 1b) with a testing device (11; 11a; 11b) according to any
one of claims 1 to 8, and at least one safety circuit (10; 10a; 10b) having at least two
serially connected output switching elements (12.1, 14.1, 15.1; 12.1a, 14.1a, 15.1a; 12.1b,
14.1b, 15.1b) of sensors (12, 14, 15; 12a, 14a, 15a; 12b, 14b, 15b), characterised in that
the testing device (11; 11a; 11b) comprises at least one hardware monitoring unit (16;
16a; 16b) which in at least one operating mode monitors at least one functionally relevant
condition of at least one hardware component (18; 18a; 18b) of the safety circuit (10; 103;
10b).

10. Elevator apparatus (1; 1a; 1b) according to claim 9, characterised in that the
hardware monitoring unit (16; 16a; 16b) comprises at least one sensing unit (20; 20a; 20b)
which in the at least one operating mode senses at least one resistance characteristic
variable (22) which serves for ascertaining the total resistance value of the safety circuit

(10; 10a; 10b) or indicates the total resistance value thereof.

11. Elevator apparatus (1; 1a; 1b) according to one of claims 9 and 10, characterised

by a monitoring voltage source (84a).

12. Elevator apparatus (1; 1a; 1b) according to any one of claims 9 to 11,
characterised by at least one triggering unit (42b) which, in at least one operating process,
after a specific time period of uninterrupted current flow in the safety circuit {10b) activates

the hardware monitoring unit (16b).

13. Elevator apparatus (1; 1a; 1b) according to any one of claims 9 to 12,
characterised in that at least one of the sensors (12, 14, 15; 12a, 14a, 15a; 12b, 14b, 15b)
comprises an output switching element which is constructed as an electrical output
switching contact (12.1, 14.1, 15.1; 12.1a, 14.1a, 15.1a; 12.1b, 14.1b, 15.1b).

14. Hardware monitoring method, particularly with a testing device (11; 11a; 11b)
according to any one of claims 1 to 8, in which a functionally relevant composite resistor
(17; 17a; 17b) of a safety circuit (10; 10a; 10b) of an elevator control (45; 45a) is

monitored.



