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CLAIMS 

1. A method for detecting a deterioration state of a load bearing capacity in a 

suspension member arrangement (9) for an elevator (1), the suspension member 

arrangement comprising at least one suspension member (11) having a plurality of 5 

electrically conductive cords (23), the method comprising: 

providing a multi-phase alternating current circuitry (31) including multiple electrically 

conductive legs (27); 

applying at least one phase of a multi-phase alternating current to at least one of the cords 10 

(23) of the suspension member (11) by being electrically connected to one of the legs (27) 

of the multi-phase alternating current circuitry (31); 

applying at least one other phase of the multi-phase alternating current to at least one of 

another at least one cord (23) of the suspension member (11) and at least one separate 

resistor (49) being electrically connected to at least one other leg (27) of the multi-phase 15 

alternating current circuitry (31), wherein a peak current in each phase is shifted by a 

phase angle with respect to a peak current in another phase; 

measuring an electric indicator current (In) being at least one of a net sum of all phases of 

the multi-phase alternating current and an electric bypass current through a neutral wire 

(37) being connected in parallel to the multi-phase alternating current circuitry (31); 20 

determining the deterioration state based on the measured indicator electric current. 

2. The method according to claim 1, wherein the deterioration state is determined 

based on a deviation of the measured indicator current from a reference current value. 

25 

3. The method according to claim 2, wherein a critical deterioration state is detected 

upon the measured indicator current deviating from the reference current value by more 

than a predetermined difference value. 

4. The method according to one of the preceding claims, wherein the indicator 30 

current is measured using a measuring arrangement comprising a measuring device (39) 

for contactless measuring of an electrical current in a conductor arrangement. 

5. The method according to one of the preceding claims, wherein the indicator 

current is measured using a measuring device (39) being one of a current transformer (41) 35 

and a Hall effect current sensor.  
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6. The method according to claim 5, wherein the measuring device (39) is arranged 

at one of the multi-phase alternating current circuitry (31) and the neutral wire (37). 

7. The method according to one of the preceding claims, wherein the multi-phase 

alternating current circuitry (31) is provided in a Wye-configuration. 5 

8. The method according to one of the preceding claims, wherein the neutral wire 

(37) is connected between common points of a supply side (33) of the multi-phase 

alternating current circuitry (31) and a load side (35) of the multi-phase alternating 

current circuitry (31), respectively. 10 

9. The method according to one of the preceding claims, wherein each of the phases 

of the multi-phase alternating current is applied to at least one of the cords (23) of the 

suspension member (11). 

15 

10. The method according to one of the preceding claims, wherein, in an initial state 

before deterioration, electrical resistances within each of the legs (27) of the multi-phase 

alternating current circuitry are adapted to be substantially equal. 

11. The method according to one of the preceding claims, wherein several cords (23) 20 

of the suspension member (31) are connected in at least one of a parallel arrangement and 

a series arrangement. 

12. The method according to one of the preceding claims, wherein the suspension 

member arrangement (9) comprises a plurality of suspension members (11) and wherein 25 

cords (23) of one suspension member (11) are connect in in at least one of a parallel 

arrangement and a series arrangement to cords of another suspension member (11). 

13. The method according to one of the preceding claims, wherein the phases of the 

multi-phase alternating current are supplied with an even phase offset from each other.  30 

14. A device for detecting a deterioration state of a load bearing capacity in a 

suspension member arrangement (9) for an elevator (1), the suspension member 

arrangement (9) comprising at least one suspension member (11) having a plurality of 

electrically conductive cords (23), wherein the device is configured to perform a method 35 

according to one of the preceding claims, 
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further comprising: 

- a multi-phase alternating current circuitry (31) comprising multiple legs (27), each leg 

comprising an AC voltage supply (Va, Vb, Vc) such as to apply each of multiple phases 

of a multi-phase alternating current to one of the legs (27); 

- a connector arrangement for electrically connecting the multi-phase alternating current 5 

circuitry (31) to the suspension member (11) such that at least one phase of the multi-

phase alternating current is applied to at least one of the cords (23) of the suspension 

member (11) and such that at least one other phase of the multi-phase alternating current 

is applied to at least one of another at least one cord (23) of the suspension member (9) 

and at least one separate resistor (49); 10 

- a measuring arrangement configured for measuring an electric indicator current being at 

least one of a net sum of all phases of the multi-phase alternating current and an electric 

bypass current through a neutral wire (37) being connected in parallel to the multi-phase 

alternating current circuitry (31); 

- a determination arrangement for determining the deterioration state based on the 15 

measured electric indicator current. 

15. The device according to claim 14, wherein the measuring arrangement comprises 

a measuring device (39) for contactless measuring of an electrical current in a conductor 

arrangement.  20 

16. An elevator comprising a device according to claim 14 or claim 15. 

17.  A method for detecting a deterioration state in a suspension member arrangement 

(9) for an elevator (1), the suspension member arrangement (9) comprising at least one 25 

suspension member (11) having a first and a second group (24a, 24b) of electrically 

conductive cords (23);  

the method comprising: 

- applying a first alternating voltage U1 to a first end (25a) of the first group of cords of 

the suspension member; 30 

- applying a second alternating voltage U2 to a first end (25b) of the second group of 

cords of the suspension member; 

wherein the first and second alternating voltages have same waveforms and a phase 

difference of 180°; 

- determining at least one of  35 
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 (i) a summed voltage U+ correlating to a sum (U3 + U4) of a third voltage U3 

between a second end (27a) of the first group of cords and a common electrical potential 

and a fourth voltage U4 between a second end (27b) of the second group of cords and the 

common electrical potential; 

  (ii) a differential voltage U- correlating to a difference (U3  - U4) between the 5 

third voltage U3 and the fourth voltage U4; 

- determining the deterioration state based on at least one of the summed voltage U+ and 

the differential voltage U-. 

18.  The method according to claim 17, wherein the second end of the first group of 10 

cords and the second end of the second group of cords are electrically connected via a 

connecting electrical resistance (R5). 

19.  The method according to one of the preceding claim 17 and 18, wherein the 

deterioration state is determined based on both the summed voltage U+ and the 15 

differential voltage U-.  

20.  The method according to claim 19, wherein any deviation from a state in which 

the summed voltage U+ comprises no alternating voltage component U+,AC  and the 

differential voltage U- comprises a alternating voltage component  U-,AC  is interpreted 20 

as indicating a deterioration in the suspension member arrangement. 

21.  The method according to one of the preceding claims 19 and 20, wherein a state 

in which the summed voltage U+ comprises an alternating voltage component and the 

differential voltage U- comprises no alternating voltage component is interpreted as 25 

indicating that at least one of the cords comprised in one of the group of cords is 

interrupted and none of the cords comprised in the other group of cords is interrupted. 

22.   The method according to one of the preceding claims 19 to 21, wherein a state in 

which the summed voltage U+ comprises no alternating voltage component and the 30 

differential voltage U- comprises no alternating voltage component is interpreted as 

indicating at least one of the following deterioration states: 

- at least one of the cords comprised in one of the group of cords is interrupted and at 

least one of the cords comprised in the other group of cords is interrupted; and 

- the voltage supplies of the first alternating voltage U1 and of the second alternating 35 
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voltage U2 are both interrupted. 

23.  The method according to one of the preceding claims 19 to 22, wherein a state in 

which the summed voltage comprises an alternating voltage component and the 

differential voltage comprises an alternating voltage component is interpreted as 5 

indicating an electrical connection to ground of at least one of the cords in the suspension 

member. 

24.  The method according to one of the preceding claims 19 to 23, wherein a state in 

which the summed voltage comprises no alternating voltage component but a direct 10 

voltage component and the differential voltage comprises no alternating voltage 

component is interpreted as indicating that one of the cords comprised in one of the 

groups of cords is short circuited with a cord comprised in the other group of cords in a 

symmetrical manner. 

15 

25.  The method according to one of the preceding claims 19 to 24, wherein a state in 

which the summed voltage comprises an alternating voltage component and a direct 

voltage component and the differential voltage comprises no alternating voltage 

component is interpreted as indicating that one of the cords comprised in one of the 

groups of cords is short circuited with a cord comprised in the other group of cords in an 20 

asymmetrical manner. 

26.  The method according to one of the preceding claims 19 to 25, wherein the 

suspension member arrangement is moved along pulleys of the elevator during 

determining the summed voltage and the differential voltage. 25 

27.  The method according to claim 26, wherein a position where at least one of a 

connection to ground of one of the cords and a short circuit between cords of both groups 

of cords is present is determined based on a point in time when a respective state is 

determined. 30 

28.  The method according to one of the preceding claims 17 to 27, wherein 

information about the deterioration state is derived based on an analysis of a phase in an 

alternating voltage component U+,AC , U-,AC, of at least one of the summed voltage U+ 

and the differential voltage U- . 35 
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29.  The method according to one of the preceding claims 17 to 28, wherein initial 

values of the summed voltage and the differential voltage are determined and stored in an 

initial state of the elevator and wherein subsequent values of the summed voltage and the 

differential voltage are determined in a subsequent state of the elevator and wherein the 

deterioration state of the suspension member is determined during the subsequent state 5 

based on a comparison of the initial values of the summed voltage and the differential 

voltage with the subsequent values of the summed voltage and the differential voltage, 

respectively. 

30.  The method according to one of the preceding claims 17 to 29, wherein, 10 

additionally,  initial values of the applied first and second alternating voltages U1, U2 are 

determined and stored in an initial state of the elevator and wherein subsequent values of 

the applied first and second alternating voltages U1, U2 are determined in a subsequent 

state of the elevator and wherein the deterioration state of the suspension member is 

determined during the subsequent state taking into account a comparison of the initial 15 

values of the applied first and second alternating voltages U1, U2 with the subsequent 

values of the applied first and second alternating voltages U1, U2, respectively.  

31.  The method according to one of the preceding claims 17 to 30, wherein the 

suspension member arrangement comprises multiple suspension members, wherein the 20 

first and second alternating voltages U1, U2, are applied and the summed voltage U+ and 

the differential voltage U- are determined at the various suspension members in a timely 

offset sequence. 

32.  A device (17) for detecting a deterioration state in a suspension member 25 

arrangement (9) for an elevator (1), the suspension member arrangement (9) comprising 

at least one suspension member (11) having a first and a second group (24a, 24b) of 

electrically conductive cords (23);  

the device comprising: 

- an alternating voltage generator arrangement (G, G1, G2) for applying a first alternating 30 

voltage U1 to a first end (25a) of the first group of cords of the suspension member and 

for applying a second alternating voltage U2 to a first end (25b) of the second group of 

cords of the suspension member; 

wherein the alternating voltage generator arrangement (G, G1, G2) is configured to 

generating the first and second alternating voltages with same waveforms and a phase 35 

difference of 180°; 
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- at least one of  

   (i) a first voltage measurement arrangement (31) for determining a 

summed voltage U+ correlating to a sum (U3 + U4) of a third voltage (U3) between a 

second end (27a) of the first group of cords and a common electrical potential and a 

fourth voltage (U4) between a second end (27b) of the second group of cords and the 5 

common electrical potential; and 

   (ii) a second voltage measurement arrangement (33) for determining a 

differential voltage U- correlating to a difference (U3  - U4) between the third voltage 

(U3) and the fourth voltage (U4); 

- a determination unit for determining the deterioration state based on at least one of the 10 

summed voltage and the differential voltage, 

further comprising a connecting electrical resistance (R5) electrically connecting the 

second end of the first group of cords and the second end of the second group of cords. 

33.  The device according to claim 32, comprising both the first and the second 15 

voltage measurement arrangement. 

34.  The device according to claim 33, wherein the determination unit is adapted to 

determine a deterioration in the suspension member arrangement based on any deviation 

from a state in which the summed voltage comprises no alternating voltage component 20 

U+,AC  and the differential voltage comprises a non-zero alternating voltage component 

U-,AC  . 

35.  The device according to one of the preceding claims 32 to 34, wherein at least 

one of the first voltage measurement arrangement and the second voltage measurement 25 

arrangement is adapted for measuring both an alternating (AC) voltage component and a 

direct (DC) voltage component. 

36.  The device according to one of the preceding claims 32 to 35, wherein at least 

one of the first voltage measurement arrangement and the second voltage measurement 30 

arrangement comprises a transformation unit for transforming a voltage measurement 

from a time domain to a frequency domain. 

37.  The device according to one of the preceding claims 32 to 36, wherein the 

determination unit is adapted for deriving information about the deterioration state based 35 
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on an analysis of a phase in an alternating voltage component U+,AC , U-,AC, of at least 

one of the summed voltage U+ and the differential voltage U- . 

38.   The device according to one of the preceding claims 32 to 37, wherein at least 

one of the first voltage measurement arrangement and the second voltage measurement 5 

arrangement comprises a frequency filter for transmitting only alternating voltage 

components with a frequency corresponding to a frequency of the first alternating voltage 

U1. 

39.  The device according to one of the preceding claims 32 to 38, wherein the 10 

alternating voltage generator arrangement (G, G1, G2) comprises at least one 

microcontroller (49) generating an alternating voltage using pulse width modulation 

(PWM). 

40.  The device according to one of the preceding claims 32 to 39, wherein the 15 

alternating voltage generator arrangement (G1, G2) is adapted for generating an 

alternating voltage with a frequency that is neither an integer multiple nor an inverse 

integer multiple of one of 50 Hz and 60 Hz. 

41.  The device according to one of the preceding claims 32 to 40, wherein the 20 

suspension member arrangement comprises multiple suspension members, the device 

further comprising a multiplexer arrangement (51) for connecting the alternating voltage 

generator arrangement (G1, G2) and at least one of the first and second voltage 

measurement arrangements to the various suspension members in a timely offset 

sequence. 25 

42.  The device according to one of the preceding claims 32 to 41, further comprising 

a direct voltage (DC) pull-up voltage source electrically connected to each of the first 

ends of the first and second group of cords via a highly resistive electrical resistance (R1, 

R2). 30 

43.  The device according to one of the preceding claims 32 to 42, further comprising 

a third voltage measurement arrangement for measuring the first alternating voltage (U1) 

and a fourth voltage measurement arrangement for measuring the second alternating 

voltage (U2). 35 
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44.  The device according to one of the preceding claims 32 to 43, further comprising 

a connector arrangement for establishing a series connection of all even numbered cords 

in the suspension member and a series connection of all odd numbered cords in the 

suspension member and for establishing an electrical connection for applying the first and 

second alternating voltages (U1, U2) to first ends of the series connection of even 5 

numbered cords and the series connection of odd numbered cords, respectively.  


