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Concepts for detecting a deterioration state of a load bearing capacity in a

suspension member arrangement for an elevator

The present application relates to various concepts applicable upon detecting a
deterioration state of a load bearing capacity in a suspension member arrangement for an
elevator. The concepts I to V were disclosed in several prior patent applications
comprising

- US 62/199,375 filed on July 31, 2015 (applicants file number 1P2244US),

- US 14/814,558 filed on July 31, 2015 (applicants file number 1P2244US1),

- EP 16155357 Al filed on Feb. 11, 2016 (applicants file number IP2289EP),

- EP 16155358 Al filed on Feb. 11, 2016 (applicants file number IP2290EP),

-EP 16165431 filed on April 14, 2016 (applicants file number IP2319EP),

- EP 16167403 filed on April 28,2016 (applicants file number [P2324EP).

The present application claims the priorities of all these prior patent applications.
Furthermore, the content of all these prior patent applications shall be incorporated in its

entirety in the present application by reference.

The various concepts and the approaches described with respect thereto interrelate with
each other in that they all relate to detecting a deterioration state of a load bearing
capacity in a suspension member arrangement for an elevator. Specifically, concept 1
may be seen as defining basic ideas of an inventive method and device. Concepts 2, 3 and
5 may be seen as defining further developments of such idea. And concept 4 may help in

implementing such idea e.g. upon modernizing an elevator.

It shall be noted that ideas explained herein with reference to the further developed
methods and devices of each of concepts 2, 3 and 5 may be combined and/or adapted to
the basic principles and embodiments described in concept 1, and vice versa.
Furthermore, specific features described for the elevator to be modernized or being
modernized in accordance with the ideas of concept 4 in order to adapt it to an
implementation of an embodiment of the described methods may also be included in the

methods and devices of one or more of concepts 2, 3 and 5, and vice versa.

In other words, concept 1 may be seen as building the abstract technological foundation,
which may be concretized by the teachings of concept 2 and 3. Further, special
applications of the fundamental technological concept may found in combining any or all
of concepts 1 to 3 with any or all of concepts 4 and 5. Likewise, special applications

starting from concepts 4 and/or 5 may be implemented by combination with any or all of
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concepts 1 to 3. Accordingly, the combination of any subset of concepts or all concepts is

specifically disclosed in this document.
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3

CONCEPT I

Method and device for detecting a deterioration state of a load bearing capacity in a

suspension member arrangement for an elevator

The present invention according to concept 1 relates to a method and to a device for
detecting a deterioration state of a load bearing capacity in a suspension member

arrangement for an elevator.

Elevators typically comprise a cabin and, optionally, a counterweight which may be
displaced for example within an elevator shaft to different levels in order to transport
persons or items for example to various floors within a building. In a common type of
elevator, the cabin and/or the counterweight are supported by a suspension member
arrangement comprising one or more suspension members. A suspension member may be
a member which may carry heavy loads in a tension direction and which may be bent in a
direction transverse to the tension direction. For example, a suspension member may be a
rope or a belt. Typically, suspension members comprise a plurality of cords. The cords

may be made for example with a metal such as steel.

During operation of the elevator, suspension members have to carry high loads and are
typically repeatedly bent when running along for example a traction sheave, a deflection
sheave or other types of sheaves. Accordingly, substantial stress is applied to the

suspension member arrangement during operation.

However, as elevators may typically be used by people for transportation along very
significant heights, very high security requirements have to be fulfilled. For example, it
has to be safeguarded that the suspension member arrangement can always guarantee safe
support of the cabin and/or the counterweight. For such purposes, safety regulations rule
that any substantial deterioration of an initial load bearing capacity of a suspension
member arrangement can be detected such that for example counter-measures such as
replacing a faulty suspension member from the suspension member arrangement may be

initiated.

Generally, a load bearing capacity of a suspension member may be specified when
designing the suspension member and may then be physically tested upon completion of

the fabrication of the suspension member. Physical tests may comprise for example
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tensile loading of the suspension member and measuring the suspension member’s

reaction to an application of high tensile forces.

However, during actual operation of the elevator, it may be difficult or even impossible to
perform such physical tests. With conventional steel ropes serving as suspension
members, visual checking of a rope condition has been possible. However, in modern
suspension members, load bearing cords are typically enclosed in a coating or matrix and
are therefore not visible from outside. Therefore, alternative approaches for determining a
load bearing capacity in a suspension member arrangement or determining parameters

related thereto have been developed.

For example, elevator load bearing member wear and failure detection has been described
in EP 1 730 066 B1. A method and apparatus for detecting elevator rope degradation
using electrical resistance is described in US 7,123,030 B2. Electrical signal application
strategies for monitoring a condition of an elevator load bearing member are described in
US 2011/0284331 A1l and US 8 424 653 B2. Electrical signal application strategies for
monitoring a condition of an elevator load bearing member are described in US
2008/0223668 Al and US 8 011 479 B2. A simplified resistance based belt type
suspension inspection is disclosed in US 2013/0207668 Al. An elevator system belt type
suspension having connecting devices attached thereto is described in WO 2011/098847
Al. A method for detection of wear or failure in a load bearing member of an elevator is
described in WO 2013/135285 Al. Electrical signal application strategies for monitoring
a condition of an elevator load bearing member are described in EP 1 732 837 B1.
“Health Monitoring for Coated Steel Belts in an Elevator System” have been described in
aresearch article of Huaming Lei et al. in the Journal of Sensors, Volume 2012, Article
ID 750261, 5 pages, doi: 10.1155/2012/750261.

There may be a need for an alternative method and device for detecting a deterioration
state of a load bearing capacity in a suspension member arrangement for an elevator.
Particularly, there may be a need for such method and device which enable fulfilling high

safety requirements, simple implementation and/or low cost.

Such needs may be met with the subject-matter of the independent claims 1, 14 and 17
and of approaches of concept 1 defined hereinafter. Beneficial embodiments are defined
in the dependent claims and approaches of concept 1 defined hereinafter and in the

following specification.

A first aspect of the present invention of concept 1 relates to a method for detecting a

deterioration state of a load bearing capacity in a suspension member arrangement for an
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elevator, the suspension member arrangement comprising at least one suspension member
having a plurality of electrically conductive cords. These cords may be electrically
isolated from each other. The method comprises the following steps: a multi-phase
alternating current circuitry including multiple electrically conductive legs is provided. At
least one phase of a multi-phase alternating current is applied to at least one of the cords
of the suspension member by being electrically connected to one of the legs of the multi-
phase alternating current circuitry. At least one other phase of the multi-phase alternating
current is applied to another at least one cord of the suspension member and/or to at least
one separate resistor, wherein the cord and/or the resistor is electrically connected to at
least one other leg of the multi-phase alternating current circuitry. Therein, in the multi-
phase alternating current, a peak current in each phase is shifted by a phase angle with
respect to a peak current in another phase, such shifting phase angle being e.g. 180°,

120°, 90° or more generally 360°/n (with n being the number of phases). In such
arrangement, an electric current being named herein as “indicator current” and being a net
sum of all phases of the multi-phase alternating current and/or an electric bypass current
through a neutral wire being connected in parallel to the multi-phase alternating current
circuitry, is measured. Based on such measured electric indicator current, the

deterioration state is finally determined.

Without restricting the scope of the invention of concept 1 in any way, ideas underlying
embodiments of the invention of concept 1 may be understood as being based, inter alia,

on the following recognitions and observations:

In conventional approaches for detecting a deterioration state of a load bearing capacity in
a suspension member arrangement such as those approaches indicated in the above
mtroductory portion, electrical characteristics of cords included in a suspension member
have been taken as indicators for changes in the deterioration state. Generally, electrical
resistances within the cords have been measured and it has been assumed that an increase
of such electrical resistances indicates a deterioration of the load bearing capacity of the

suspension member.

However, such electrical resistance measurements, or alternatively impedance
measurements, may require substantial efforts in terms of, €.g., measuring devices,
measurement analyzing devices, circuitry, etc. For example, electrical resistances have to
be included, measured and compared within circuitry comprising cords of a suspension
member in order to thereby enable quantitative measurements of the electrical resistance

or impedance of the cords.
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The inventors of the present invention have found that measuring electrical
resistance/conductivity of cords, particularly measuring quantitatively such
characteristics, is not necessary in order to obtain sufficient information about a
deterioration state of a load bearing capacity in a suspension member to ensure safe

operation of an elevator.

As an alternative approach to conventional methods and devices, it is therefore proposed
to not necessarily measure any electrical resistance, resistivity or impedance within
conductive cords of a suspension member directly but to provide for a method which
allows for deriving sufficient information about a deterioration state by measuring one or
more electric currents which at least relate to electric currents flowing through cords of

the suspension member.

In such alternative approach, electrical resistances, resistivities or impedances do neither
have to be known quantitatively on an absolute scale nor in a relative manner. Instead, it
may be sufficient to simply measure an electric current, particularly a time-dependent
change in such electric current, without having any detailed knowledge about actual

resistances, resistivities and/or impedances through the cords of the suspension member.

Briefly summarized and expressed in a simpler wording than in the claims, but without
restricting the scope of the claims, an idea underlying the inventive method of concept 1
may be briefly summarized as follows: One or more of the cords of a suspension member
may be made part of a multi-phase alternating current circuitry by connecting it
preferably in series with at least one of the legs of such multi-phase alternating current
circuitry. Accordingly, at least one phase of a multi-phase alternating current is directed
through this leg (or these legs) and therefore flows through the respective cord(s). One or
more other phases of the same multi-phase alternating current are either directed through
other cords of the same or other suspension members of the suspension member
arrangement or are directed through one or more separate resistors by connecting these
other cords or separate resistors electrically to at least one other leg of the multi-phase
alternating current circuitry. Therein, the term “resistor” may be interpreted as
representing any type of electrical load including for example load with electrical
impedance. In other words, at least one of the phases of the multi-phase alternating
current flows through a portion of the suspension member arrangement by being applied
to at least one of its cords whereas at least one other phase may also flow through cords
of the suspension member arrangement or may be directed through separate resistors. In
such multi-phase arrangement, the phases of the multi-phase alternating current flow

through the various legs of the multi-phase alternating current circuitry with a specific
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phase relationship. Generally, physical characteristics of the suspension member directly
result in changes in its electrical characteristics, i.e. changes in electro-physical
characteristics of e.g. cords in the suspension member may result from e.g. a change in
the diameter of the cords, from any shorts or shunts, from breaks, etc. In case physical
characteristics of the suspension member and electrical characteristics relating to such
physical characteristics change over time, the phase relationship in a multi-phase
alternating current will generally change. The change in such phase relationship may be
measured relatively easily. In one approach, such phase relationship change may be
determined by measuring an electric indicator current resulting as a net sum of all phases
of the multi-phase alternating current. Such net sum directly depends on the phase
relationship between the various phases such that changes in the net sum electric current
allow deriving information about the electrical characteristics and therefore the
deterioration state of the load bearing capacity of the suspension member arrangement.
Alternatively, to measuring the net sum of all phases of the multi-phase alternating
current, an electrical bypass current through a neutral wire being connected in parallel to
the multi-phase alternating current circuitry may be measured. Such bypass current
through the neutral wire directly depends on the various phase currents flowing through
the legs of the multi-phase alternating current circuitry. Therefore, a change in such
bypass current may also enable deriving information about the electrical characteristics
and therefore the deterioration state of the load bearing capacity in the suspension
member arrangement. All these measurements do not require any direct or indirect
measuring of resistances within the cords of a suspension member but it may be sufficient

to measure an electric indicator current only.

Particularly, according to an embodiment, the deterioration state may be determined
based on a deviation of the measured electric indicator current from a reference current

value.

For example, an initial value of the measured indicator current may be determined upon
nstallation of the suspension member arrangement in the elevator in a non-deteriorated
state and such initial value can be taken as the reference current value. Alternatively, such
reference current value may be determined based on other measurements, calculations
and/or assumptions. During the operation of the elevator, the same or a corresponding
indicator current may be measured with the multi-phase alternating current circuitry
described herein. In case such subsequently measured indicator electric current
substantially deviates from the reference current value, this may be taken as indicating a

substantial deterioration in the load bearing capacity of the suspension member.
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Particularly, according to an embodiment, a critical deterioration state may be detected
upon the measured electric indicator current deviating from the reference current value by

more than a predetermined difference value.

In other words, a specific difference value may be predetermined. For example, physical
tests may be made in order to obtain information on how electrical characteristics of
cords in a suspension member change upon physical stress and current values may be
determined based on such physical tests. From such preceding experiments, the
predetermined difference value may be derived such that, in later normal operation of the
elevator, the electric indicator current being the indicator for the deterioration state may
be repeatedly or continuously measured and a critical deterioration state may be assumed
as soon as changes in this measured indicator current exceed the predetermined difference
value. Upon detecting such critical deterioration state, counter-measures such as for

example replacing the respective suspension member may be initiated.

According to an embodiment, the electric current is measured using a measuring
arrangement comprising a measuring device for contactless measuring of an electrical

current in a conductor arrangement.

One possible option for contactless measuring of an electrical current is based on
induction. Every electrical current in a conductor arrangement creates a magnetic field
and changes in the current result in variations in the magnetic field which may then be
used for inductively coupling the conductor arrangement in which the electrical current to
be measured flows with a conductor arrangement of the measuring device. Contactless
measuring of an electrical current enables a very simple measurement. For example, no
direct physical connection needs to exist between the measuring device and the conductor
arrangement. Instead, the measuring device may be arranged slightly spaced apart from
the conductor arrangement in which the electrical current to be measured flows and/or

may be electrically isolated therefrom.

In a specific embodiment, the electrical current may be measured using measuring device
being a current transformer or a Hall effect current sensor. Both, the current transformer
and the Hall effect current sensor may measure the electric current in a conductor
arrangement without physical contact. For example, a secondary winding of a current
transformer may be arranged adjacent to the, or surrounding the conductor arrangement in
which the electrical current to be measured flows such that changes in the electrical
current induce an electrical current within the secondary winding. Accordingly, the

electrical current in the conductor arrangement may be measured by measuring the



WO 2017/021263 PCT/EP2016/067966

10

15

20

25

30

9-

current in the secondary winding and thus without having direct electric contact to the

conductor arrangement.

According to an embodiment, the measuring device, i.e. the current transformer (CT) or
the Hall effect current sensor, is arranged at the multi-phase alternating current circuitry
or at the neutral wire connected in parallel to such circuitry. In this context, “arranged”
shall mean that the measuring device is arranged close enough to the multi-phase
alternating current circuitry or at the neutral wire such that the indicator current flowing
through one of these components may be measured without contact by e.g. inductive

coupling.

For example, a ring forming the secondary winding of the current transformer may
enclose all legs of the multi-phase alternating current circuitry such that the net sum of all
phases of the multi-phase alternating current transmitted through this circuitry may be
measured. In such arrangement, a single secondary winding arrangement may enclose all
legs of the multi-phase alternating current circuitry. Alternatively, the secondary winding
arrangement of the current transformer may comprise several separate sub-winding
arrangements, each sub-winding arrangement enclosing one of the legs of the multi-phase

alternating current circuitry.

Alternatively, a secondary winding of the current transformer may enclose the neutral
wire. As a current is induced in this neutral wire upon any changes in the phase
relationship between phases of the multi-phase alternating current flowing through the
various legs of the multi-phase alternating current circuitry, arranging the current
transformer at the neutral wire by for example enclosing the neutral wire with the
secondary winding of the CT may enable measuring an electric indicator current which is
indicating any changes in the phase relationships in the multi-phase alternating current

circuitry.

According to an embodiment, the multi-phase alternating current circuitry is provided in a
Wye-configuration. Such Wye-configuration is sometimes also referred to as Y-

configuration or star-configuration.

A Wye-configuration for the multi-phase alternating current circuitry may be beneficial
as it may provide for common neutral points on a supply side and on a load side of the
multi-phase alternating current circuitry such that a neutral wire may be provided by
connecting to these neutral points. At such neutral wire, the electric indicator current may

be measured particularly easily.
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However, it is to be noted that three-phase alternating current circuitry may be configured
in either, a Wye-configuration or a delta-configuration (A-configuration) and that. Any
Wye-configuration may be reconfigured to result in a delta-configuration, and vice versa.
It is also to be noted that multi-phase alternating circuits may be arranged with any
number of phase circuit legs or branches, where electrical power is applied to each phase
circuit branch and where the alternating voltage applied across each phase circuit branch

may also have a phase-angle that differs between them at any moment in time.

According to an embodiment, the neutral wire is connected between common points of a
supply side of the multi-phase alternating current circuitry and a load side of the multi-
phase alternating current circuitry, respectively. In a neutral wire connected to such
common points at the supply side and at the load side, an electric current flowing through
the neutral wire will vary upon any change of a phase relationship of multiple phases of
currents flowing through the various legs of the multi-phase alternating current circuitry.
In multi-phase power generation systems, current flowing between the neutral point of the
multi-phase power source and the neutral point of the electrical loads of each phase is

commonly called the unbalanced load current.

According to an embodiment, each of the phases of the multi-phase alternating current is

applied to at least one of the cords of the suspension member.

In other words, preferably none of the phases of the multi-phase alternating current is
directed through a separate resistor only, this separate resistor not forming part of the
suspension member. Instead, it may be preferable to transfer each of the phases of the
multi-phase alternating current at least partially to one of the cords of the one or more

suspension members of suspension member arrangement.

Accordingly, in such arrangement, for example temperature variations resulting in
varying electrical characteristics of the cords may not significantly alter the phase
relationship of the various phases of the multi-phase alternating current through the legs
of the multi-phase alternating current circuitry as each cord, and therefore each of the
legs, is subject to substantially the same temperature variations such that electrical
characteristics will change in a same manner in all legs and will therefore at least partially

be compensated.

According to an embodiment, in an initial state before deterioration, electrical resistances
within each of the legs of the multi-phase alternating current circuitry are adapted to be

substantially equal.
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In other words, the multi-phase alternating current circuitry and, particularly, the way in
that cords of the suspension member(s) are included in such circuitry may be designed
such that substantially equal electrical resistances are included in each of the legs of the
multi-phase alternating current circuitry. Due to such equal resistances, initially, a
balanced current distribution throughout the legs of the multi-phase alternating current

circuitry may be obtained.

In case, for example, electrical resistances provided by an inclusion of one or more
conductive cords of the suspension member(s) into one or more of the legs of the multi-
phase alternating current circuitry significantly differ between the various legs of the
circuitry, additional separate resistors may be included in one or each of the legs in order

to specifically adapt a total resistance throughout the one or each of the legs.

Therein, it may be sufficient to choose such additional resistors such that the total
resistance throughout each of the legs of the circuitry is substantially equal. It may be
emphasized that it is not necessarily required to know absolute values of the resistances
of such additional resistors but it may be sufficient to adapt the addition of such resistors
such that the phases of the multi-phase alternating current are applied to the cords, or to

the legs comprising the cords, respectively, in an evenly distributed manner.

With such an initial state and phases of the multi-phase alternating current being
distributed evenly throughout the various legs of the multi-phase alternating current
circuitry, an initial configuration may be obtained in which the net sum current of all
phases of the multi-phase alternating current as well as a potential electric bypass current
through a neutral wire will be substantially zero. Accordingly, when repeatedly
measuring one of these indicator currents during subsequent operation of the elevator, any
deviation of the indicator current value from such initial zero value may easily indicate a
change in the phase relationship between the phases throughout the legs of the circuitry

and therefore a change in the deterioration state of the suspension member arrangement.

According to an embodiment, several cords of the suspension member are connected in a
parallel arrangement and/or in a series arrangement or a combination of the two. In other
words, several cords of a same suspension member, or between cords of different
suspension members, may be connected in parallel with each other, may be connected in
series to each other or some cords are connected in series to each other and some of such
series connection are connected in parallel to each other. Each of the parallel or series
arrangements or combinations thereof may have its own advantages, as described in

further detail below.
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According to a further embodiment, the suspension member arrangement comprises a
plurality of suspension members and cords of one suspension member are connected in a
parallel arrangement and/or in a series arrangement to cords of another suspension
member. Again, both, the parallel arrangement and the series arrangement or a
combination thereof may have its own specific advantages as described in further detail

below.

According to an embodiment, the phases of the multi-phase alternating current are
supplied with an even phase offset from each other. For example, the multi-phase
alternating current may comprise two phases offset from each other by 180°. In another
example, the multi-phase alternating current may comprise three phases offset from each
other by 120°. An even offset between the phases of the multi-phase alternating current
may contribute to a balanced current distribution throughout the legs of the multi-phase

alternating current circuitry.

According to a second aspect of the present invention of concept 1, a device for detecting
a deterioration state of a load bearing capacity in a suspension member arrangement for
an elevator is described. The suspension member arrangement may be configured as
described above with respect to the first aspect of the invention of concept 1. The device
is configured to perform a method according to an embodiment as described above with

respect to the first aspect of the invention of concept 1.

According to an embodiment, the device comprises a multi-phase alternating current
circuitry, a connector arrangement, a measuring arrangement and a determination
arrangement. The multi-phase alternating current circuitry comprises multiple legs. Each
leg comprises an alternating current voltage supply such as to apply each of multiple
phases of a multi-phase alternating current to one of the legs. The connector arrangement
is adapted for electrically connecting the multi-phase alternating current circuitry to the
suspension member such that at least one phase of the multi-phase alternating current is
applied to at least one of the cords of the suspension member and such that at least one
other phase of the multi-phase alternating current is applied to another at least one cord of
the same or another suspension member and/or to one or more separate resistors. The
measuring arrangement is configured for measuring an electric indicator current being a
net sum of all phases of the multi-phase alternating current and/or an electric bypass
current through a neutral wire being connected in parallel to the multi-phase alternating
current circuitry. The determination arrangement is adapted for determining the

deterioration state based on the measured electric indicator current.
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According to an embodiment, the measuring arrangement may comprise a measuring
device for contactless measuring of an electric current in a conductor arrangement. For
example, such measuring device may be a current transformer or a Hall effect current
sensor. Particularly, the measuring device may be adapted for measuring the electrical
indicator current within the multi-phase alternating current circuitry and/or its neutral

wire inductively.

A further aspect of the present invention of concept 1 relates to an elevator comprising a
device as described according to an embodiment of the above-described second aspect of

the invention of concept 1.

It shall be noted that possible features and advantages of embodiments of the invention
are described herein partly with respect to a method for detecting a deterioration state in a
load bearing capacity of a suspension member and partly with respect to a device which is
adapted for performing or controlling such method in an elevator. One skilled in the art
will recognize that the features may be suitably transferred from one embodiment to
another, i.e. from the method to the device or vice versa, and features may be modified,
adapted, combined and/or replaced, etc. in order to come to further embodiments of the

invention.

In the following, advantageous embodiments of the invention of concept 1 will be
described with reference to the enclosed drawings of concept 1. However, neither the

drawings nor the description shall be interpreted as limiting the invention.

Fig. 1 shows an elevator in which a method and device according to an embodiment of

the invention may be applied.

Fig. 2 shows a suspension member.

Fig. 3 shows a Wye-configuration of a circuitry.

Fig. 4 shows a Delta-configuration of a circuitry.

Fig. 5 shows an example of a multi-phase alternating current circuitry.
Fig. 6 visualizes phases of a multi-phase alternating current.

Fig. 7 shows a first example of an arrangement for measuring an indicator current in a
multi-phase alternating current circuitry without physical contacts in the circuit to make

the indicator current measurement.
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Fig. 8 shows a second example of an arrangement for measuring an indicator current in a
multi-phase alternating current circuitry without physical contacts in the circuit to make

the indicator current measurement.

Fig. 9 shows a third example of an arrangement for measuring an indicator current in a
multi-phase alternating current circuitry without physical contacts in the circuit to make

the indicator current measurement.

Fig. 10 shows a first example of a wiring and measuring arrangement for implementing

the method or device according to embodiments of the present invention.

Fig. 11 shows a second example of a wiring and measuring arrangement for

implementing the method or device according to embodiments of the present invention.

Fig. 12 shows a third example of a wiring and measuring arrangement for implementing

the method or device according to embodiments of the present invention.

Fig. 13 shows a fourth example of a wiring and measuring arrangement for implementing

the method or device according to embodiments of the present invention.

The figures are only schematic representations and are not to scale. Same reference signs

refer to same or similar features throughout the figures.
BACKGROUND

Fig. 1 shows an elevator 1 in which the method and/or device according to embodiments

of the present invention may be implemented.

The elevator 1 comprises a cabin 3 and a counterweight 5 which may be displaced
vertically within an elevator shaft 7. The cabin 3 and the counterweight 5 are suspended
by a suspension member arrangement 9. This suspension member arrangement 9
comprises one or more suspension members 11. Such suspension members 11 may be for
example ropes, belts, etc. In the arrangement shown in Fig. 1, end portions of the
suspension members 11 are fixed to a supporting structure of the elevator 1 at a top of the
elevator shaft 7. The suspension members 11 may be displaced using an elevator traction
machine 13 driving a traction sheave 15. For example, at one end portion of the
suspension member arrangement 9, a device 17 for detecting a deterioration state of a

load bearing capacity in the suspension member arrangement 9 may be provided.

It may be noted that the elevator 1 and particularly its suspension member(s) 11 and its
device 17 for detecting the deterioration may be configured and arranged in various other

ways than those shown in Fig. 1.
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Suspension members 11 to be driven for example by the traction machine 13 may utilize
metal cords or ropes to support a suspended load such as the cabin 3 and/or the

counterweight that is moved by the machine 13.

Fig. 2 shows an example of a suspension member 11 which is embodied with a belt 19.
The belt 19 comprises a plurality of cords 23 which are arranged parallel and spaced to
cach other. The cords 23 are enclosed in a matrix material 21 forming, inter alia, a
coating. The cords 23 may typically consist of or comprise metal such as steel. The
matrix material 21 may typically consist of or comprises a plastic or elastomeric material.
Accordingly, the cords 23 are typically electrically conductive such that an electric
current can be fed through the cords without significant losses. Furthermore, the cords are
preferably electrically isolated from each other via the interposed matrix material 21
which is electrically insulating such that an electrical current between neighbouring cords

cannot be transmitted, i.e. no significant shunt current can flow from one cord to another.

Alternatively, suspension members 11 may have other shapes or configuration. For
example, a belt may have several cords included into a body formed of matrix material,
the body being non-profiled (i.e. flat) or having other shapes as those shown in Fig. 2.
Alternatively, each cord may be enclosed by matrix material forming a kind of coating
wherein the coated cords are separate from each other, i.e. not connected to each other via
common matrix material. Generally, the suspension members 11 may be provided as

coated steel suspension members.

Typically, wires or cords of the suspension member 11 have a specified minimum
strength to ensure an integrity of the suspension member arrangement 9 during its use in
an application within an elevator 1. In certain suspension applications, such as for lifts or
elevators, a factor-of-safety requirement for strength combined with other measures, such
as protective coating of the cords 23 for example within the matrix material 21, may
sustain an initial strength of a suspension member beyond an effective life of the

protective measures employed to retain strength.

Particularly in such cases, where the initial strength of the suspension member 11 is not
expected to change during its useful life in an application, a simple electronic method
may be employed and may be sufficient to detect an indication that for example initial
physical properties of the suspension members have unexpectedly changed and trigger for

example a replacement of the suspension member 11.
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PRIOR ART APPROACHES

In prior art, methods have been employed to ensure that suspension members do not fall
below a specified minimum strength, such methods involving for example visually
counting of broken wires of cords or wire rope strands over a length of the suspension
members. Alternatively, complex electronic methods that measure small changes in an
electrical resistance of for example metal cords and compare such measurements with

reference values or a rate of change in resistance have been proposed.

Although such methods may be effective, they may have certain disadvantages. For
example, counting broken wires may be a tedious task periodically performed by persons
maintaining the suspension members of an elevator and may be flawed by human error.
In cases where suspension members have an opaque coating on the metal cords or the
metal cords are incorporated into a matrix material, it is generally not possible to visually
count broken wires. Where methods employ monitoring a change in electrical resistance
or impedance of metal cords, the measurements are generally made across electrical
connections to the steel cords and may introduce, by nature of such electrical connections,
a significant source of possible errors due to for example very low electrical values of
resistances being monitored. Furthermore, over time, such electrical connections may
deteriorate due to effects of e.g. oxidation and/or contamination and may increase a
potential for errors by the monitoring method. Additionally, such methods typically
involve complex circuits necessary for measuring the very small changes in resistance or
impedance and comparing them for example to target reference resistance values that
may drift over time or due to effects of temperature. Furthermore, some prior art
approaches may require extensive correlation to map a change in resistance or impedance
of the steel cords with changes in a strength and/or physical deterioration of the steel

cord.
NEW APPROACH

Accordingly, there may be a need for a less complex and/or more effective monitoring
method for detecting a deterioration in suspension members, particularly, in case these
suspension members are expected to retain their initial strength over the life of their

application.

As described herein, a simple and reliable method may be achieved using a multi-phase
current monitoring of e.g. steel cords in a suspension member where only a significant
change in initial physical conditions of the cords need to be monitored. Such method may

also be useful for monitoring one or more physical properties related to both the strength
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of the cords and the electrical conductivity of the cords, such as the cords cross sectional

area, and/or with correlated data, if available.

In other words, an aim of embodiments of this invention may be to provide a novel and
improved method for monitoring physical characteristics of e.g. electrically conductive
steel cords in a suspension member in order to thereby detect a deterioration state of a
load bearing capacity of the suspension member. Based on such monitoring, a suspension
member may be replaced or retired when an allowable deterioration is exceeded. In such
monitoring or detecting procedure, electronic measurements are performed that are
related to electro-physical characteristics of cords comprised in a suspension member

arrangement.

Ideas underlying embodiments of the invention may provide for various advantages or
characteristics. For example, such ideas do not necessarily require correlation of physical
changes in the cords with electronic measurements to establish target values to retire a
suspension member. Furthermore, no elaborate signals are necessarily required to be
transmitted and monitored at physical connections to the cords. Retirement criteria for the
suspension members may be based on a change in an initial electronic measurement for
example of a net sum of a multi-phase current applied to the cord circuit arrangement of
the suspension member. All initial electrical conditions established with the power
applied to the cords, and related electrical loads in both circuits may be taken into
account. Measurements of a net sum of the multi-phase alternating current in the multi-
phase alternating current circuitry comprising cords of the suspension members in at least
one of its legs may be sensed for example without direct electrical connection, for
example by using a current transformer that is located with a monitoring electronics
and/or a processor. The method may take benefit of characteristics of the multi-phase
alternating current circuitry comprised therein, such multi-phase alternating current
circuitry enabling compensation of changes in temperature for example. Furthermore, a
correlation between electro-physical characteristics of cords of the suspension members
and the electronic measurement applied in the detection method according to
embodiments of the present invention may also be used to discern gradual or incremental
physical changes in the cords of the suspension members to trigger action for preparation

and eventual retirement of the suspension members.

Following hereto, possible details and features of the method and the device according to

embodiments of the present invention will be given.
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MULTI-PHASE ALTERNATING CURRENT CIRCUITRY

The multi-phase alternating current circuitry includes multiple electrically conductive
legs. The circuitry comprises a source side with voltage sources and a load side with
resistances and/or impedances. As used herein, “alternating current” shall mean a non-
constant current, i.e. a current strength or amperage varies over time. Particularly, the
current may vary periodically and, more particularly, may periodically reverse its
direction. Furthermore, “multi” shall mean “at least two”. L.¢. the circuitry may comprise
2, 3, 4 or more electrically conductive legs. A “leg” may comprise an electrically
conductive line or conductor connecting the source side of the circuitry with the load side
thereof. Furthermore, a leg may comprise one or more electrical devices, particularly

resistances or impedances, included in series with the line or conductor.

The multi-phase alternating current circuitry may be adapted such that multiple phases of
a multi-phase alternating current may be directed through each of the legs of the multi-
phase alternating current circuitry. For such purpose, the circuitry generally comprises
multiple voltage sources, one voltage source being comprised in each of the legs and
being adapted to apply an alternating voltage to an electrically conductive line within the
respective leg. Furthermore, the circuitry generally comprises electrical resistances which
may be generated by the resistivity of the electrically conductive line itself and/or by

resistors comprised in the respective leg.

Fig. 3 shows schematically a Wye-configuration of a portion of a multi-phase alternating
current circuitry. Fig. 4 shows a Delta-configuration. The configurations include electrical
components 25. Such components 25 may be various electrical elements, depending for
example on whether the circuit configuration shall be a source or a load. For example, in
a source, the components 25 may be voltage sources. In a load, the components 25 may
be electrical resistors. In the Wye-configuration, multiple electrical components 25 are
connected such that one side of each of the electrical components 25 of the Wye-
configuration is connected to a common point 29 whereas an opposite side of the
electrical component 25 is connected to one of the lines a, b, ¢ forming legs 27 of the
circuitry. In the Delta-configuration, the electrical components 25 are connected serially
in a ring-like manner and each of the lines a, b, ¢ forming the legs 27 of the circuitry is

connected in between of two neighbouring electrical components 25.

It shall be noted that, while embodiments of the invention are described herein with
reference to an example having three phases, i.e. being implemented with a three-phase

alternating current circuitry, other numbers of phases such as for example two phases,
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four phases or more phases may be applied when implementing embodiments of the

invention.

Fig. 5 shows an example of a multi-phase alternating current circuitry 31 comprising
three electrically conductive legs 27 wherein both, a source side 33 and a load side 35 are
configured in a Wye-configuration. Alternating voltage sources Va, Vb, Vc are provided
in a Wye-configuration at the source side 33. Resistors Zya, Zyb, Zyc are provided in a
Wye-configuration at the load side 35. Both Wye-configurations have a neutral point 29
at which the voltage sources Va, Vb, Vc or the resistors Zya, Zyb, Zyc, respectively, are
all interconnected. The alternating voltage sources Va, Vb, V¢ are connected via the lines
a, b, c forming the legs 27 to associated ones of the resistors Zya, Zyb, Zyc. Accordingly,
current phases I, I, I of a multi-phase alternating current may be applied to each line a,
b, ¢ of the legs 27.

Furthermore, in the exemplary multi-phase alternating current circuitry 31 of Fig. 5, a
neutral wire 37 is connected to each of the neutral points 29 at the Wye-configuration at
the source side 33 and the Wye-configuration at the load side 35. In other words, the
neutral wire 37 is connected between the common points 29 of the supply side and the
load side of the multi-phase alternating current circuitry, respectively. The neutral wire 37

comprises a resistance Zn. In the neutral wire, a bypass current [, may flow.
MULTI-PHASE ALTERNATING CURRENT

A multi-phase alternating current comprises at least two phases wherein in each phase the
current alternates over time. There is a phase-shift between the phases such that for
example a peak current strength in one phase is shifted by 2 n/n (n=2, 3, 4,...) with
respect to a peak current strength of another phase. The currents may alternate for
example in a sinusoidal manner. However, also other alternation patterns, such as digital,

stepwise, or others, may be applied.

In other words and in the example of three phases, in electrical circuit design, three-phase
electric circuits generally have three conductors for example formed by lines a, b, ¢
carrying voltage waveforms that are 2 /3 radians (i.e. 120° or 1/3 of a cycle) offset in

time as shown in Fig. 6.
MEASURING THE INDICATOR CURRENT

Where the three conductors carrying the voltage waveforms are “balanced”, a net sum of
phase currents throughout all legs 27 of the multi-phase alternating current circuitry 31,
i.e. a vector sum of I, I, I is O (i.e. I, + Iv+ 1. = 0, wherein L, Iy, L. shall be vector

currents and thus include information about their phases). In a balanced three-phase
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circuit, all three sources Va, Vb, Vc are generally represented by a set of balanced three-
phase variables and all loads Zya, Zyb, Zyc as well as lines a, b, ¢ within the legs 27 of
the circuitry have equal impedances. Furthermore, in such balanced circuit, not only the
net sum of the phase currents is 0, but also an electric bypass current I, through the

neutral wire 37 being connected in parallel to the legs 27 is 0 (i.e. I, =0).

Following Kirchhoff’s voltage law, when there is an imbalance in the conductor loads of
the three-phase circuit, any resulting imbalance of phase currents in the legs 27 of the
circuitry 31 will be resolved as a current I, in the neutral wire 37 and/or as a net sum
phase current throughout all phases a, b, ¢ of the multi-phase alternating current being no

more equal to 0.

Such deviation of the bypass current I, through the neutral wire 37 or of the net sum of all
other phase currents L, Iv, . may be interpreted and named herein as “electric indicator
current”. As soon as this indicator current deviates from a reference current value by
more than a predetermined difference value, this may be taken as signal indicating that
critical deterioration has occurred within at least one of the suspension members and
checking and, if necessary, replacing the suspension member may be initiated for
example. The reference current value may be, for example a current value of the bypass
current I, or a net sum of the phase currents I, Iy, I. measured with a non-deteriorated
suspension member arrangement such as for example directly after fabrication or

nstallation of a suspension member arrangement.

The indicator current may be measured in various ways. For example, a vector net sum of
all currents I, I, Ic throughout all of the legs 27 of the multi-phase alternating current
circuitry 31 may be measured together, i.e. with a common measuring circuitry.
Alternatively, each of the phase currents I, Iy, L. in the lines a, b, ¢ forming the legs 27
may be measured separately and a net sum of these separately measured phase currents
may then be determined subsequently, for example in a summing device. Alternatively,
the indicator current may be derived from the bypass current [, flowing through the
neutral wire 37 upon any imbalance within the multi-phase alternating current circuitry
31

For example, with reference to the circuitry 31 shown in Fig. 5, voltages Va, Vb, V¢ are
applied to lines a, b, ¢ forming the legs 37 and are held constant, i.e. equal to each other,
and 2 7/3 radians shifted apart. At least one of the lines a, b, c may comprise at least one
of the cords comprised in a suspension member of the suspension member arrangement of
the elevator. For a net sum (I, + I, + Ic) and/or a bypass current [, in the neutral wire 37 to

be equal to 0 under initial conditions, such as when the suspension member is newly
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installed, voltage drops across each of the lines a, b, ¢ plus voltage drops across each of

the loads Zya, Zyb, Zyc in each of the legs 27 must be equal.

In practical terms, the voltage drops across for example steel cords in a suspension
member will not necessarily be initially equal due to for example various small
differences and tolerances created by for example manufacturing tolerances of the steel
cords in the suspension member. In this case, the loads Zya, Zyb and Zyc may be adjusted
to compensate for such differences until a desired initial current condition for I, = 0, i.e.
no current flow in the neutral wire, is obtained. Alternatively the multi phase source
voltages Va, Vb, Vc 33 may be independently adjusted to likewise establish a desired
initial current condition for I,. Intuitively for those skilled in the art, an alternative to
adjusting the loads Zya, Zyb, Zyc and/or the multi phase source voltages Va, Vb, Vc¢ for
an initial zero [, current would be to capture a non-zero value of I, as the initial reference

current value.

Suspension members that contain multiple metal cords are generally capable of having
the cords acting as electrical conductors or lines. The suspension member may also be
construed with metal cords that are isolated electrically from each other by a physical
separation, such as with electrically non-conductive materials like an elastomeric coating.
Where the metal cords in suspension members are electrically isolated from each other,
they may be connected for example in a Wye-configuration or a Delta-configuration and
be part of various legs of a multi-phase alternating current circuitry. Each of the cords

may then become an electrical conductor in the circuitry.

For example, in the Wye-configuration of Fig. 5, three isolated cords in a suspension
member are represented by Zia, Zi, Zie. In an initially balanced state, the sums of
resistances Zix + Zyx (x =a, b, ¢) in each of the lines a, b, ¢ formed by the cords are
substantially equal. However, upon deterioration of one of the cords, the resistance Zix
created thereby in one of the lines changes and the entire multi-phase alternating current
circuitry 31 comes into imbalance. Such imbalance may then be determined by measuring
the indicator current I, or (I, + Iy + L¢). If this indicator current exceeds a certain
predetermined value, this may be taken as indication that at least one of the cords
comprised in a suspension member is significantly deteriorated and the suspension

member may have to be checked and/or replaced.

Instead of forming all lines a, b, ¢ or, more generally, all legs 27 of a multi-phase
alternating current circuitry 31 by including one of the cords of a suspension member, for
example only one or a few of those lines may include cords of the suspension member.

For example, as described further below with respect to various examples, all cords of a
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suspension member or of plural suspension members may be connected in series or in
parallel and may be included into only one of the legs 27 whereas the other legs 27 do not
comprise any cords but are formed only with the loads Zyx. These loads Zyx may be
fixed or dynamic. For example, dynamic loads may be implemented for setting up initial
conditions for I, and/or compensating any temperature effects modifying electrical
characteristics in the loads Zyx, the lines a, b, ¢, the cords comprised in the multi-phase

circuitry and/or other components of the multi-phase circuitry.

It may be noted that setting up initial conditions for I, and/or compensating for the effects
of temperature or other phenomena may also be accomplished by dynamically adjusting

the loads Zya, Zyb, Zyc and/or the multi phase source voltages Va, Vb, Vc.
CONTACTLESS MEASUREMENT OF THE INDICATOR CURRENT

In one preferred embodiment, the indicator current is measured in a contactless manner.
For such contactless measuring, a measuring arrangement comprising a measuring device
for contactless measuring of an electrical current in a conductor arrangement may be
used. Preferably, a current transformer (CT) may be used for such contactless measuring.

Alternatively, a Hall effect current sensor may be used.

For example, when an electric current passes through a line, this current creates both a
voltage drop across such line and a magnetic field. The magnetic field can be used to
sense a magnitude and direction of the current in the conducting line. Both, a voltage drop
and the magnetic field are created by electro-physical characteristics of the line.
Accordingly, if one or all of the lines forming legs of a multi-phase alternating current
circuitry comprise at least one of the cords of a suspension member, the voltage drop
there through and the magnetic field created thereby upon phase current application
allows deriving information about physical properties of the cord. These characteristics
are, at least in part, generally dependent upon the same physical properties of the cord
that also determine the strength of the cord, such as for example the cord diameter. The
magnetic field around a conductor is generally directly proportional to the current flowing
m it.

Accordingly, any wireless measuring device which may measure changes in the magnetic
field generated by changes in currents flowing through a conductor may be used for

contactless measuring the current flow through the conductor.

A current transformer is an example for one of such measuring devices. A current
transformer typically comprises windings or coils which serve as secondary windings.

These windings may be mounted on a core made e.g. from ferrite or iron. The windings
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may be used to couple by induction with the magnetic field generated by the current
flowing through one or more of the lines of the multi-phase alternating current circuitry
which, in such case, act as primary winding(s). An output at the secondary winding(s) is
generally proportional to the current through the primary winding(s). An operation of
such CT is in principle substantially identical to that of any step-up transformer or step-
down transformer. A number of secondary windings and their geometry may be adapted
to the current(s) to be measured, particularly to a magnitude, a frequency, phase
relationships, etc. of such currents. Furthermore, the number of secondary windings may
be adapted in order to obtain a desired output which may be easily measured and
analysed. Generally, the number Ns of secondary windings determines a transformation
ratio which directly depends on a ratio Ns/Np of the number Ns of secondary windings to

a number Np of primary windings.

The CT may be provided with various geometries, circuitries, etc. and may be provided
with a same or similar design like conventional transformers such as step-up
transformers, step-down transformers, Rogowski transformers, etc. The windings of the

CT may be arranged in an open loop or in a closed loop.

Measuring currents wirelessly, particularly measuring currents using a CT, may provide
for a number of advantages, especially when applied to measurements of an indicator

current in embodiments of the method described herein.

For example, such measuring methods allow for voltage isolation between the circuitry in
which the current to be measured flows and a circuitry of the measuring device. Such
voltage isolation may be particularly beneficial in case installation or monitoring personal
shall measure indicator currents within a suspension member arrangement of an elevator
as such personal can then be suitably protected against any direct contact if relatively

high voltages are applied to the suspension member arrangement.

Furthermore, no direct ohmic contacts between the measurement circuit and the circuitry
in which the current to be measured flows have to be established. This may save work
efforts and material costs. Furthermore, such ohmic contact may otherwise frequently

cause long-term problems such as corrosion, contact losses, etc.

Additional advantages may be typically low cost of contactless measuring devices, such
as a CT, and their high reliability. Furthermore, no external power supplies are required
for such measuring devices. Additionally, such measuring devices are particularly
beneficial in noisy environments as a current output is provided which may then be easily

converted into a voltage output.
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Particularly when applied to embodiments of the method described herein, using
contactless measurement devices such as a CT may enable simple, safe, reliable and/or
cost effective measuring of the indicator current as e.g. no direct physical and/or
electrical access to suspension members, particularly to the cords comprised in the

suspension member is necessary.

Figs. 7, 8, 9 show alternatives of measuring arrangements for measuring an indicator
current in a multi-phase alternating current circuitry 31 for application in the method

according to embodiments of the present invention.

Fig. 7 shows a multi-phase alternating current circuitry 31 similar to that one of Fig. 5.
Voltage sources Va, Vb, V¢ are provided on a source side 33 and loads Zya, Zyb, Zyc are
provided on a load side 35. Both, the source side 33 and the load side 35 are provided in a
Wye-configuration. Phases I,, Iy, Ic flow though each of the legs 27 of the circuitry 31. A
neutral wire 37 is connected to neutral points 29 of the Wye-configurations such as to be

parallel to the legs 27 of the circuitry 31.

A measurement device 39 for contactless measuring is provided external to the circuitry
31 and is arranged adjacent to the neutral wire 37. In the present example, the
measurement device 39 is a current transformer 41 having a secondary winding
arrangement 43 and an analysing arrangement 45. The secondary winding arrangement
43 encloses the neutral wire 37 thereby enabling inductively measuring any changes in a
bypass current I, flowing through the neutral wire 37. As the neutral wire 37 may be
separate to any suspension member, it may be simple to inductively measure the bypass
current I,. As this bypass current I, correlates to the net sum of all phase currents through
the multi-phase alternating current circuitry 31, any changes and imbalances therein may
be easily detected by monitoring the bypass current. With the multi-phase supply voltages
and loads in the multi-phase alternating current circuitry 31 held constant, a source of any
changes or imbalances would come from changes in electro-physical characteristics of the
suspension member cords included in the circuitry 31, including shorts, breaks and/or
reductions in cord diameter. A current in the neutral wire 37 may be dissipated e.g. by

adding a load in the neutral wire 37 or by including a power supply.

Figs. 8 and 9 each show a portion of alternative measuring arrangements. Therein, only

the legs 27 of the multi-phase alternating current circuitry 31 are depicted.

In the example of fig. 8, a large secondary winding arrangement 43 encloses all of the

lines a, b, ¢ included in the legs 27 together. Thereby, the CT 41 is enabled to simply
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measure a net sum current (I, + Iy, + Ic) through the multi-phase alternating current

circuitry 31.

For example, in case all lines a, b, ¢ forming the legs 27 include one or more cords of a
suspension member, a single secondary winding arrangement 43 may be clamped around
the suspension member such that a sum of the phase currents flowing through each of its

cords may be measured altogether.

In the example of fig. 9, several small secondary winding arrangements 43a, 43b, 43¢
each enclose separately one of the lines a, b, ¢ included in the legs 27. Thereby, the CT 41
is enabled to measure each of the phase current I, Ip, I. separately. From such separate
measurements, the analysing arrangement 45 may derive a net sum (I, + I, + Ic) of all

currents.

For example, in case some lines a, b, ¢ forming the legs 27 include one or more cords of a
suspension member whereas some other lines a, b, ¢ forming the legs 27 do not include
one or more cords of a suspension member, some of the secondary winding arrangements
43a, 43b, 43¢ may be clamped around the suspension member such that the phase
currents flowing through its cords may be measured whereas some others of the
secondary winding arrangements 43a, 43b, 43¢ may not be clamped around the
suspension member but around separate lines including for example separate resistors,
these lines forming other legs 27 of the multi-phase alternating current circuitry 31. The
analysing arrangement 45 may then calculate the net sum (I, + I, + L) of currents through
all legs 27.

The analysing arrangement 45 may comprise a monitoring unit with monitoring
electronics and a processor that may evaluate the net sum multi-phase current through the

circuitry 31 and/or the bypass current through the neutral wire 37.

It shall be noted that, while measuring the indicator current wirelessly e.g. with a CT,
other types of current measurements may be applied in alternative approaches. For
example, a resistor may be included into e.g. the neutral wire and a voltage drop at such

resistor may be determined in order to derive a value of the indicator current therefrom.
WIRING AND MEASURMENT ARRANGEMENTS

Figs. 10 to 13 show various alternatives of how to include cords 23 of suspension
members 11 into a multi-phase alternating current circuitry 31 in order to enable methods

in accordance with embodiments of the present invention.
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Generally, cords 23 of one or more suspension member 11 may be connected to each
other and to lines a, b, ¢ of a multi-phase alternating current circuitry 31 in various ways

of serial and/or parallel interconnection.

For example, if the number of cords 23 in a suspension member arrangement is identical
to a number of legs 27 in the multi-phase alternating current circuitry 31, each one of the
cords 23 may be included in one of the legs 27. In such configuration, altering electro-
physical characteristics in one of the cords 23 may result in an imbalance in the multi-
phase alternating current through the circuitry 31 such that a change in the indicator
current may be measured. A deviation in the indicator current from a reference value may

therefore indicate that at least one of the cords 11 is deteriorated.

Where the suspension member(s) comprise more cords 11 than there are legs 27 in the
circuitry 31, i.e. than there are phases in the multi-phase alternating current, various

wiring arrangements between the cords 23 and legs 27 of the circuitry 31 may be made.

For example, when there are four cords 23 present and the multi-phase alternating current
circuitry 31 comprises three legs 27, two of the cords 23 may be wired in series or in
parallel to create one conductor from the two and may then be connected to one of the
legs 27. An impedance difference between each of the combined two cords 23 to that of
the single conductor cords 23 in such an arrangement may be of no consequence to the
monitoring method because measuring the indicator current and using it as a reference

current value may take into account any such effects of cord combinations.

One skilled in the art may envision that any combination of 3, 4, 5, 6 or more cords
configured into multi-phase circuit arrangements may be possible in the monitoring
method proposed herein such that power supplies and loads are all connected e.g. on one
end of a suspension member 11 with connections made to the cords 23 on the opposite
end of the suspension member 11 to bridge and return the power from the supply to the

loads. Such configurations are shown in figs. 10 and 11.

In the configuration of fig. 10, a plurality of cords 23 in each of the suspension members
11 are connected in series and each suspension member 11 is included in one leg 27 of a
three-phase alternating current circuitry 31. The cords 23 of one suspension member 11
are connected in series using bridge members 47 alternately arranged at opposite ends of
the suspension member 11. Furthermore, optional resistive loads 49 Zya, Zyb, Zyc may
be included in the Wye-configuration of the circuitry 31. Alternating voltages Va, Vb, V¢
may be applied to each of the legs 27 on a supply side 33. A measuring device 39 and its
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analysing arrangement 45 may be used to measure an indicator current in a neutral wire

37.

In the configuration of fig. 11, a plurality of cords 23 in each of suspension members 11
are connected in parallel and each suspension member 11 is included in one leg 27 of a
three-phase alternating current circuitry 31. In this case, bridge members 47 connect all

cords 23 in a suspension member 11 in parallel.

Likewise, all cords 23 of multiple suspension members 11 may be connected into a single
series circuit such that this series circuit is one leg 27 of the multi-phase alternating
current circuitry 31 and other legs 27 constitute remaining legs 27 of the multi-phase
alternating current circuitry 31 are comprised of one or more separate resistors R1, R2

forming resistive loads. Such configurations are shown in figs. 12 and 13.

In the configuration of fig. 12, a plurality of cords 23 in all suspension members 11 are
connected in series using bridge elements 47 alternately arranged at opposite sides of the
suspension members 23 and, altogether, are included in one leg 27 of a three-phase
alternating current circuitry 31. Separate resistors R1, R2 are comprised in the remaining
legs 27. A virtual resistance R3 is formed as a total resistance by all of the cords 23 in
series. A measuring device 47 may be used for measuring the indicator current I, which

may be for example a resulting bypass current within the neutral wire 37.

In the configuration of fig. 13, a plurality of cords 23 in all suspension members 11 are
connected in parallel using bridge members 47 within each suspension member 11 and
the plurality of suspension members 11 is connected in series with each other in order to
constitute one leg 27 of the three-phase alternating current circuitry 31. Separate resistors
R1, R2 are comprised in the remaining legs 27. A resistance R3 is formed as a total

resistance by all of the suspension members 11 in series.

Depending on how the cords 23 and suspension members 11 are interconnected and
included into the multi-phase alternating current circuitry 31, different information may
be derived from a measured indicator current I,. For example, depending on how the
various cords 23 are comprised in the circuitry 37, a change in the indicator current may
indicate that electro-physical characteristics in one of the cords 23, in one of the
suspension members 11 or in an entirety including all of the suspension members 11
occurred. Accordingly, in reaction to such measured change in the indicator current,
counter-measures such as checking and/or exchanging one or all of the suspension

members 11 of a suspension member arrangement 9 in an elevator 1 may be initiated.
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EXEMPLARY CALCULATION OF EXPECTED INDICATOR CURRENT CHANGE

In the following, an exemplary result of a calculation of an expected change of an
indicator current I, to be measured according to embodiments of the method described
herein will be presented. It is to be noted that the assumptions, calculations and results

shall be exemplary only and shall not restrict the scope of the invention in any way.

With reference to the embodiment shown in fig. 12 having all cords 23 and all suspension
members 11 connected in series, it may be calculated that, for the specific suspension
member arrangement 9, changes of the indicator current resulting from substantial
deterioration of a load bearing capacity may be expected due to a reduction in the cross
sectional area of the cords, and can be easily measured with relatively simple measuring
devices 39. Furthermore, such changes in the indicator current due to critical deterioration
states may be easily distinguished from changes in the indicator current which are only

due to ¢.g. temperature effects.

A specific calculation of a predetermined difference value by which the indicator current
may change before any critical modification in the load bearing capacity of a suspension
member arrangement has to be assumed, may have to take into account a wide variety of
parameters such as, inter alia, a length, a diameter and/or material characteristics of the
cords, a manner in which the cords are interconnected and/or connected to legs of the

multi-phase alternating current circuitry in parallel and/or in series, etc.
SUMMARY REMARKS

Without restricting the invention as defined in the claims in any way, aspects of
embodiments of the invention may be summarized in an alternative wording to that used

in the claims as follows:

1.) Some prior art approaches require electrical measurement of resistances or

impedances to detect a change in a cross sectional area and strength of the cords.

Embodiments of the method described herein do not require any measurement of
resistance or impedance. Only a change in a net sum of a current flow in a multi-phase
(i.e. polyphase) circuit, which is a vector sum of currents in conductors supplied by a
multi-phase power source, is required. Load resistances 35 and/or multi phase source
voltages 33 may be selected and incorporated for the purpose of multi-phase circuit
design and may be adjusted or dynamic for other functional purposes such as load
balancing, but resistance is generally not monitored or measured for the purpose of
comparison with changes in resistance in the steel cords or for relating resistance (or

impedance) of the cords to a change in the physical properties (e.g. a cross sectional area)
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of the steel cords in the suspension.

As advantages, for example a change in physical characteristics of the steel cords is
proportional to a change in the net sum of the phase current and therefore can be derived
from the change in the net sum of the phase current. No measurement of resistances is
required to measure a change in the net sum phase currents. The steel cords can be
arranged in any manner as "phase conductors” and loads in the multi-phase circuits. The
measurements can be made "continuous” for monitoring a change in the electro-physical
characteristics of the steel cords. Furthermore, the measurements do not require a use of a
"test signal” in the cords for detecting a change in the electrical or physical characteristics

of the steel cords.

As for further possible advantages, manual and/or dynamically adjusted load resistors 35
and/or source voltages 33 may provide for the method described herein a means to adapt
to and be effective in detecting a deterioration in suspension members with varied
characteristics, for example, suspension length and/or the number of cords per suspension

member, or to any type of suspension with conductive cords.

2.) The net sum current flow of the multi-phase circuit is most easily obtained by
measuring a change in an unbalanced load current between the common point of the
supply-side and the load side of the multi-phase circuit, commonly called the neutral
wire, for example in a Wye-configured arrangement, but can of course be obtained by
measuring the current through each phase (phase current) and summing them together.
Although a three phase WY E-configuration may be a preferred embodiment, any multi-
phase configuration can be used where peak current in each phase is shifted by a phase

angle between them.

As advantages, for example multi-phase circuits allow for a least number of connections
to power the steel cords and all suspension members in an ¢levator, and to monitor the net
sum phase current. As few as two connections to the cords are required to power the
cords and none are required to be connected to the cords when a current transformer is
used to monitor the net sum of the phase currents. The loss of continuity of current flow

in any phase will cause a change in the net sum phase current

3.) Different methods and devices can be used for transformation of the net sum of the
multi-phase current flow into a signal that is proportional to, or triggers that there is a
change in the cross sectional area and strength of the steel cords comprised in the multi-
phase circuits. For example, there are various types of current transformers that can be

designed and arranged to provide secondary voltage and current that is proportional to the
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primary current developed in the multi-phase circuits comprising the steel cord

conductors being monitored.

Examples of current transformers include the Rogowski transformer and the step up, step
down, or one to one isolation transformer, where in the net sum of the current flow of the
steel conductors flows in the primary of the transformer and the secondary of the

transformer produces a current proportional to the primary current and is supervised as a

signal for the purpose of monitoring of the physical condition of the steel cords.

Another embodiment for measuring the net sum of the current flow is to use a Hall effect
generator (sensor) in combination with a magnetic core that surrounds the neutral wire

and an amplifier that provides a proportional output voltage signal.

There may be other embodiments for measuring the net sum of the phase currents that are

known, or can be developed by those skilled in the art who read this invention.

As possible advantages, no physical connection to the steel cords is required by the
monitoring device. Furthermore, electrical isolation may be provided, application of CTs
is ideal in "noisy" environments and is low cost and highly reliable. Furthermore,
advantage may be taken of transformer behavior, such as magnetic saturation, to create
signals in low complexity monitoring circuits. Furthermore, flexibility for arranging the

circuits in primary and secondary of the transformer may be obtained.

4.) The steel cords of the suspension members can be arranged to create "conductors” that

carry power in parallel, series, or a combination of the two in the multi-phase circuits.

As possible advantages, ability to optimize the physical arrangement of electrical
connections to conductor cords for suspension members with varied characteristics, for
example, suspension length and/or the number of cords per suspension member, or to any
type of suspension with conductive cords, while minimizing the number of unique
electrical connections: 1) between cord conductors, 2) between cord conductors and
multi-phase power, 3) between cord conductors and a common neutral point when used,

and between cords of all suspension members.

As further possible advantages, the monitoring of the net sum of phase current in all the
cord conductors can be resolved as proportional to the physical properties of the cords
(change in cross sectional area). The cords act only as power circuit conductors in the

multi-phase circuits when a CT is used for monitoring the net sum of the phase currents.

Furthermore, specifically in embodiments where all phases of the multi-phase alternating

current are fed through at least one of the cords of the suspension members, there may be
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no need or at least a relaxed need for any temperature compensation since equal changes
in temperature in each of the cords generally result in equal changes in electro-physical
characteristics of these cords such that all current phases are affected in similar ways and
the net sum current or bypass current through the neutral wire, i.¢. the indicator current,

5 remains unaffected by such temperature changes.
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List of reference signs

1
3
5
7
9
11
13
15
17
19
21
23
25
27
29
31
33
35
37
39
41
43
45
47
49

a,b,c

Ya, Yb,

I, I, L

elevator
cabin
counter-weight
elevator shaft
suspension member arrangement
suspension member
traction machine
traction sheave
device for detecting deterioration
belt
matrix material
cords
electrical component
leg
common point
multi-phase alternating current circuitry
source side
load side
neutral wire
measuring device
current transformer
secondary winding arrangement
analysing arrangement
bridge member

resistive load

lines of legs
Yc alternative voltages

alternating currents

Zya, Zyb, Zyc resistances in legs

I
/n

bypass current

resistance in neutral wire
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Approaches defining features of the concept 1 may be defined as follows:

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
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
(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
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 (I,) 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);

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

2. The method according to approach 1, wherein the deterioration state is
determined based on a deviation of the measured indicator current from a reference

current value.

3. The method according to approach 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 approaches, wherein the
indicator 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 approaches, wherein the
indicator current is measured using a measuring device (39) being one of a current

transformer (41) and a Hall effect current sensor.

6. The method according to approach 5, wherein the measuring device (39) is
arranged at one of the multi-phase alternating current circuitry (31) and the neutral wire
(37).



WO 2017/021263 PCT/EP2016/067966

10

15

20

25

30

-34-

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

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

8. The method according to one of the preceding approaches, 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.

9. The method according to one of the preceding approaches, 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).

10. The method according to one of the preceding approaches, 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 approaches, wherein several
cords (23) 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 approaches, wherein the
suspension member arrangement (9) comprises a plurality of suspension members (11)
and wherein 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 approaches, wherein the phases
of the multi-phase alternating current are supplied with an even phase offset from each

other.

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

according to one of the preceding approaches.

15. The device according to approach 14, 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
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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);

- 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

measured electric indicator current.

16. The device according to one of approaches 14 and 15, wherein the measuring
arrangement comprises a measuring device (39) for contactless measuring of an electrical

current in a conductor arrangement.

17. An elevator comprising a device according to one of approaches 14 to16.
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CONCEPTII

Method for detecting a deterioration state in a suspension member arrangement for

an elevator based on AC voltage measurements

The present invention according to concept 2 relates to a method for detecting a

deterioration state in a suspension member arrangement for an elevator.

Elevators typically comprise a cabin and, optionally, a counterweight which may be
displaced for example within an elevator shaft or hoistway to different levels in order to
transport persons or items for example to various floors within a building. In a common
type of elevator, the cabin and/or the counterweight are supported by a suspension
member arrangement comprising one or more suspension members. A suspension
member may be a member which may carry heavy loads in a tension direction and which
may be bent in a direction transverse to the tension direction. For example, a suspension
member may be a rope or a belt. Typically, suspension members comprise a plurality of
load carrying cords. The cords may be made for example with an electrically conductive

material, particularly a metal such as steel.

During operation of the elevator, suspension members have to carry high loads and are
typically repeatedly bent when running along for example a traction sheave, a pulley
and/or other types of sheaves. Accordingly, substantial physical stress is applied to the
suspension member arrangement during operation which may lead to deteriorations in the

suspension members’ physical characteristics such as e.g. their load bearing capability.

However, as elevators may typically be used by people for transportation along
significant heights, safety requirements have to be fulfilled. For example, it has to be
safeguarded that the suspension member arrangement can always guarantee safe support
of the cabin and/or the counterweight. For such purposes, safety regulations rule for
example that any substantial deterioration of an initial load bearing capacity of a
suspension member arrangement can be detected such that for example counter-measures
such as replacing a substantially deteriorated or faulty suspension member from the

suspension member arrangement may be initiated.

Generally, a load bearing capacity of a suspension member may be specified when
designing the suspension member and may then be physically tested upon completion of a
fabrication of the suspension member. Physical tests may comprise for example tensile
loading of the suspension member and measuring the suspension member’s reaction to an

application of high tensile forces.
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However, during actual operation of the elevator, it may be difficult or even impossible to
perform such physical tests. With conventional steel ropes serving as suspension
members, visual checking of a rope condition has been possible. However, in modern
suspension members, load bearing cords are typically enclosed in a coating or matrix and
are therefore not visible from outside. Therefore, alternative approaches for determining a
load bearing capacity in a suspension member arrangement or determining parameters

related thereto have been developed.

For example, elevator load bearing member wear and failure detection has been described
in EP 1730 066 B1. A method and apparatus for detecting elevator rope degradation
using electrical resistance is described in US 7,123,030 B2. Electrical signal application
strategies for monitoring a condition of an elevator load bearing member are described in
US 2011/0284331 A1l and US 8 424 653 B2. Electrical signal application strategies for
monitoring a condition of an elevator load bearing member are described in US
2008/0223668 Al and US 8 011 479 B2. A simplified resistance based belt type
suspension inspection is disclosed in US 2013/0207668 Al. An elevator system belt type
suspension having connecting devices attached thereto is described in WO 2011/098847
Al. A method for detection of wear or failure in a load bearing member of an elevator is
described in WO 2013/135285 Al. Electrical signal application strategies for monitoring
a condition of an elevator load bearing member are described in EP 1 732 837 B1.
“Health Monitoring for Coated Steel Belts in an Elevator System” have been described in
a research article of Huaming Lei et al. in the Journal of Sensors, Volume 2012, Article
ID 750261, 5 pages, doi: 10.1155/2012/750261. Most of these prior art approaches are
generally based on measuring electrical resistance characteristics upon applying an

electrical direct current (DC).

There may be a need for an alternative method for detecting a deterioration state in a
suspension member arrangement for an elevator. Particularly, there may be a need for
such method which enables fulfilling high safety requirements, simple implementation

and/or low cost.

Such needs may be met with the subject-matter of the independent claim 18 and
approaches of concept 2 defined hereinafter. Beneficial embodiments are defined in the
dependent claims and approaches of concept 2 defined hereinafter and in the following

specification.

An aspect of the present invention of concept 2 relates to a method for detecting a
deterioration state in a suspension member arrangement for an elevator. Therein, the

suspension member arrangement comprises at least one suspension member having a first
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and a second group of electrically conductive cords. The method comprises at least the
following steps, preferably in the indicated order:

A first alternating voltage Uy is applied to a first end of the first group of cords of the
suspension member and a second alternating voltage U, is applied to a first end of the
second group of cords of the suspension member. Therein the first and second alternating
voltages have same waveforms and a phase difference of substantially 180°.

Then,

(i) a summed voltage (Us + Us) correlating to a sum of a third voltage (Us) between the
second end of the first group of cords and a common ¢lectrical potential and a fourth
voltage (Us) between the second end of the second group of cords and the common
electrical potential and/or

(ii) a differential voltage (Us - Us) correlating to a difference between the third voltage
(Us) and the fourth voltage (Us)

are determined.

Finally, the deterioration state of the suspension member arrangement is determined

based on at least one of the summed voltage and the differential voltage.

Without restricting the scope of the invention of concept 2 in any way, ideas underlying
embodiments of the invention of concept 2 may be understood as being based, inter alia,

on the following recognitions and observations:

In conventional approaches for detecting a deterioration state of a load bearing capacity in
a suspension member arrangement such as those approaches indicated in the above
mtroductory portion, electrical characteristics of cords included in a suspension member
have been taken as indicators for changes in the deterioration state. Generally, electrical
resistances within the cords have been measured and it has been assumed that an increase
of such electrical resistances indicates a deterioration of the load bearing capacity of the

suspension member.

However, such electrical resistance measurements, or alternatively impedance
measurements, may require substantial efforts in terms of, ¢.g., measuring devices,
measurement analysing devices, circuitry, etc. For example, electrical resistances have to
be included, measured and compared within circuitry comprising cords of a suspension
member in order to thereby enable quantitative measurements of the electrical resistance

or impedance of the cords.

The inventors of the present invention have found that measuring electrical
resistance/conductivity of cords, particularly measuring quantitatively such

characteristics, is not necessary in order to obtain sufficient information about a
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deterioration state of a load bearing capacity in a suspension member to ensure safe

operation of an elevator.

As an alternative approach to conventional methods and devices, it is therefore proposed
to not necessarily measure any electrical resistance, resistivity or impedance within
conductive cords of a suspension member directly but to provide for a method and a
device which allow for deriving sufficient information about a deterioration state by
measuring one or more electric voltages which at least relate to a correlation of electric
voltages occurring at ends of two groups of cords of the suspension member when

alternating voltages are applied to opposite ends of these two groups of cords.

In such alternative approach, electrical resistances, resistivities or impedances do neither
have to be known quantitatively on an absolute scale nor in a relative manner. Instead, it
may be sufficient to simply measure electric voltages, particularly sums of electrical
voltages and/or differences of electrical voltages, without having any detailed knowledge
about actual resistances, resistivities and/or impedances through the cords of the

suspension member.

Briefly summarized and expressed in a simpler wording than in the claims, but without
restricting the scope of the claims, an idea underlying the inventive method may be

briefly summarized as follows:

The cords comprised in a suspension member may be divided into two groups of cords.
Preferably, both groups comprise the same number of cords. Further preferably, a first
group may comprise all even numbered cords and a second group may comprise all odd
numbered cords, such that each cord of one of the groups is arranged between two
neighbouring cords of the other group of cords (of course except for the two cords

arranged at the outer borders of the suspension member).

Then, alternating voltages U, U» are applied to a respective first end of each of the
groups of cords using an alternating voltage generator arrangement. The alternating
voltages Uy, Uz comprise an alternating voltage (AC) component in which a voltage
periodically varies between a minimum value Uiy and a maximum value Unpax.
Furthermore, the alternating voltages Ui, U may comprise a direct voltage (DC)
component Upc. The alternating voltage generator arrangement may comprise two
separate alternating voltage generators Gi1, G2 which are synchronized in a specific
manner with each other. Alternatively, the alternating voltage generator arrangement may
comprise a single alternating voltage generator G comprising a direct output and an

mverted output in order to provide the required two alternating voltages U, Us. Therein,
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it may be important that the waveforms of both alternating voltages Uy, U are
substantially the same, i.e. deviate from each other by less than an acceptable tolerance,
such tolerance being for example less than 5% or preferably less than 2%. Furthermore,
the alternating voltage generator arrangement shall generate the two alternating voltages
Ui, Uy with a phase shift of substantially 180°, particularly with a phase shift of 180° + an

acceptable tolerance of e.g. less than 5%, preferably less than 2%.

Then, at least one voltage measurement is performed using at least one voltage
measurement arrangement. Specifically, a voltage named herein “summed voltage” U-
and/or a voltage named herein “differential voltage” U.is determined. Both, the “summed
voltage” U+ and the “differential voltage” U.may be measured at least with their
alternating voltage components U+ ac , U_ac but preferably with both, their alternating
voltage components U ac , U_ac and their direct voltage component U pc , U.pc. In the
alternating voltage components U+ ac , U_ac, both an amplitude and phase may be
determined. As will be described further below, valuable information about the
deterioration state of the suspension member may be derived particularly from the phase
information included in the measurement of at least one of the alternating voltage

components Usac , U_ac.

Therein, the summed voltage U- correlates in a predetermined manner to a sum (Us + Uy)
of a third voltage (Usz) and a fourth voltage (Us) whereas the differential voltage U.
correlates in a predetermined manner to a difference (Us - Us) between the third voltage
(Us) and the fourth voltage (Us). The third voltage (Us) occurs between the second end of
the first group of cords and a common electrical potential such as ¢.g. a ground potential.
The fourth voltage (Us) occurs between the second end of the second group of cords and

the common electrical potential such as e.g. the ground potential.

The summed voltage U, and the differential voltage U. may be directly the sum (Us + Ua)
and the difference (Us - Us), respectively. Alternatively, the summed voltage U+ may
proportionally correlate to such sum (Us + Uy), i.e. may be a multiple of such sum such as
e.g. (Us + Us)/2. Analogously, the differential voltage U.may proportionally correlate to
the difference (Us - Uy), i.e. may be a multiple of such difference. As a further alternative,
the voltage measurement arrangement may measure voltages (U1), (Uz2) occurring at
opposite first ends of both groups of cords and may determine a sum (U; + U,) and/or
difference (Ui - Usz) or a multiple of such sum/difference which, due to the fact that (Uy),
(Uz) occur in the common circuitry with (Us), (Us), correlate in an unambiguous manner

to the sum (Us + Us) and to the difference (Us - Uy), respectively.
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Information about the deterioration state of the suspension member may be derived from
at least one of

(i) a phase determination in the alternating voltage components U+ ac , U_ac, of the
summed voltage U and/or the differential voltage U,

(i1) an amplitude determination in the alternating voltage components U+ ac , U_ac, of the
summed voltage U and/or the differential voltage U., and

(iii) a value determination in the direct voltage components U+ pc , U.pc, of the summed

voltage U+ and/or the differential voltage U..

In a normal state in which no deteriorations occur in the cords of the suspension member,
both the third and fourth voltage Us, U, should directly follow the applied alternating
voltages Ui, Us, i.¢. with a same phase but with a reduced amplitude, and should therefore
be both same in amplitude but with a phase shift of 180° such that the summed voltage U-
should be a constant direct voltage (DC) (i.e. U-.ac = 0) and the differential voltage U.
should be an alternating voltage (AC) (i.e. U_ac # 0) having double the amplitude than
each of the third and fourth voltages Us, Ua.

However, when any deterioration occurs in the cords of the suspension member, such as
one or more local breakages of cords, significant corrosion of cords, defects in an
electrically isolating cover enclosing and electrically separating neighbouring cords (such
defects potentially resulting in shorts between neighbouring cords and/or electrical
connections to ground of some cords), etc., the summed voltage U, and/or the differential
voltage U. generally significantly change. Such changes may be detected and may then be
mterpreted as indicating specific types and/or degrees of deteriorations in the suspension

member.

For example, an increase of an electrical resistance due to e.g. corrosion or even a
breakage in one of the cords will significantly change a respective one of the third and
fourth voltages Us, Us occurring at the second end of the respective group of cords
including the deteriorated cord. Accordingly, due to such voltage change, for example no

purely direct voltage (DC) is measured anymore for the summed voltage U-.

Other deteriorations of the suspension member and/or its cords generally result in other
deviations of the summed voltage U- and/or the differential voltage U. from their initial

“normal” behaviour, as will be described in more detail further below.

Accordingly, upon applying phase-shifted first and second voltages of same waveforms
to first ends of two groups of cords, valuable information about a current deterioration

state in the suspension member of the suspension member arrangement may be derived
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by measuring third and fourth voltages Us, Us at or between the second ends of both
groups of cords (or measuring any multiple thereof or any voltages correlating thereto)

and correlating them as the sum (e.g. Us + Us) and/or the difference (e.g. Us - Ua).

As will be described further below, additional information about a specific type, degree
and/or location of an occurring deterioration may be derived when measurements of both

the summed voltage U and the differential voltage U. are taken into account.

A possible advantage obtainable with the approach described herein is that, in contrast to
most prior art approaches, no electrical direct current (DC) is applied to the cords of a belt
but, instead, alternating currents (AC) are applied. Applying such alternating currents

may significantly reduce a risk of any electro-corrosion at the cords.

Embodiments of the invention of the method according to concept 2 will be described
further below with reference to the enclosed drawings as discussed with reference to the
invention of the related device according to concept 3. Neither the drawings nor the

description shall be interpreted as limiting the invention.
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Approaches defining features of the concept 2 may be defined as follows:

1. 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 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 Uj to a first end (25a) of the first group of cords of
the suspension member;

- applying a second alternating voltage U, 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

(i) a summed voltage U- correlating to a sum (Us + Us) of a third voltage Us
between a second end (27a) of the first group of cords and a common electrical potential
and a fourth voltage U, 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 (Us - Us) between the third
voltage Us and the fourth voltage Us;

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

the differential voltage U..

2. The method according to approach 1, wherein the second end of the first
group of cords and the second end of the second group of cords are electrically connected

via a connecting electrical resistance (Rs).

3. The method according to one of the preceding approaches, wherein the
deterioration state is determined based on both the summed voltage U+ and the

differential voltage U..

4. The method according to approach 3, 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 as

indicating a deterioration in the suspension member arrangement.
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5. The method according to one of the preceding approaches 3 and 4, 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
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.

6. The method according to one of the preceding approaches 3 to 5, wherein a
state in which the summed voltage U, comprises no alternating voltage component and
the 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 U; and of the second alternating

voltage Us are both interrupted.

7. The method according to one of the preceding approaches 3 to 6, 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
indicating an electrical connection to ground of at least one of the cords in the suspension

member.

8. The method according to one of the preceding approaches 3 to 7, wherein a
state in which the summed voltage comprises no alternating voltage component but 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 a

symmetrical manner.

9. The method according to one of the preceding approaches 3 to 8, 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

asymmetrical manner.
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10. The method according to one of the preceding approaches 7 to 9, wherein
the suspension member arrangement is moved along pulleys of the elevator during

determining the summed voltage and the differential voltage.

11. The method according to approach 10, 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.

12. The method according to one of the preceding approaches, 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. .

13. The method according to one of the preceding approaches, 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
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.

14. The method according to one of the preceding approaches, wherein,
additionally, initial values of the applied first and second alternating voltages U, U are
determined and stored in an initial state of the elevator and wherein subsequent values of
the applied first and second alternating voltages Ui, U 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
values of the applied first and second alternating voltages Ui, U, with the subsequent

values of the applied first and second alternating voltages Uy, U», respectively.

15. The method according to one of the preceding approaches, wherein the

suspension member arrangement comprises multiple suspension members, wherein the
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first and second alternating voltages Ui, U,, are applied and the summed voltage U, and
the differential voltage U. are determined at the various suspension members in a timely

offset sequence.
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CONCEPT IIT

Device for detecting a deterioration state in a suspension member arrangement for

an elevator based on AC voltage measurements

The present invention according to concept 3 relates to a device for detecting a
deterioration state in a suspension member arrangement for an elevator. The device may

be adapted for performing the method according to the above described concept 2.

A technical background relating to the concept 3 and some references to prior art
approaches are similar to those described in the introductory portions of the descriptions

of concept 2.

There may be a need for an alternative device for detecting a deterioration state in a
suspension member arrangement for an elevator. Particularly, there may be a need for
such device which enables fulfilling high safety requirements, simple implementation

and/or low cost.

Such needs may be met with the subject-matter of the independent claim 33 and
approaches of concept 3 defined hereinafter. Beneficial embodiments are defined in the
dependent claims and approaches of concept 3 defined hereinafter and in the following

specification.

An aspect of the present invention of concept 3 relates to a device for detecting a
deterioration state in a suspension member arrangement for an elevator. Therein, the
suspension member arrangement comprises at least one suspension member having a first
and a second group of electrically conductive cords. The device comprises at least an
alternating voltage generator arrangement, at least one voltage measurement arrangement
and the determination unit. The alternating voltage generator arrangement is adapted for
applying a first alternating voltage U to a first end of the first group of cords of the
suspension member and for applying a second alternating voltage U> to a first end of the
second group of cords of the suspension member. Therein, the alternating voltage
generator arrangement is configured to generating the first and second alternating
voltages with same waveforms and a phase difference of substantially 180°.

Furthermore, the device comprises a first voltage measurement arrangement and/or a
second measurement arrangement. Therein, the first voltage measurement arrangement is
adapted for determining a summed voltage (Us + Uy) correlating to a sum of a third
voltage (Us) between the second end of the first group of cords and a common electrical

potential and a fourth voltage (Us) between the second end of the second group of cords
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and the common electrical potential. The second voltage measurement arrangement is
adapted for determining a differential voltage (Us - Uy) correlating to a difference
between the third voltage (Us) and the fourth voltage (Us). The determination unit is
adapted for determining the deterioration state of the suspension member arrangement

based on at least one of the summed voltage and the differential voltage.

Without restricting the scope of the invention in any way, ideas underlying embodiments
of the invention may be understood as being based, inter alia, on the recognitions and

observations as described above with respect to the invention of concept 2.

It shall be noted that possible features and advantages of embodiments of the invention
are described herein partly with respect to a method for detecting a deterioration state in a
suspension member arrangement and partly with respect to a device which is adapted for
performing or controlling such method in an elevator. One skilled in the art will recognize
that the features may be suitably transferred from one embodiment to another, i.e. from
the method to the device or vice versa, and features may be modified, adapted, combined

and/or replaced, etc. in order to come to further embodiments of the invention.

In the following, advantageous embodiments of the invention of concepts 2 and 3 will be
described with reference to the enclosed drawings of concept 3. However, neither the

drawings nor the description shall be interpreted as limiting the invention.

Fig. 1 shows an elevator in which a method according to an embodiment of the invention

may be applied.
Fig. 2 shows a suspension member.

Fig. 3 shows a measurement arrangement for detecting the deterioration state in the

suspension member arrangement according to an embodiment of the present invention.

Fig. 4 shows time-dependent first and second voltages Ui, Us generated and applied at the
first end of a suspension member and a resulting third and fourth voltages Us, Us at a
second end of the suspension member in a case where no significant deterioration is

present at the suspension member.

Fig. 5 shows a measurement arrangement for detecting the deterioration state in the
suspension member arrangement according to an alternative embodiment of the present

invention.

Fig. 6 shows a measurement arrangement for detecting the deterioration state in the
suspension member arrangement according to a further alternative embodiment of the

present invention.
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Fig. 7 shows time-dependent first and second voltages Ui, Us generated and applied at the
first end of a suspension member and a resulting third and fourth voltages Us, Us at the
second end of the suspension member in a case where a cord in only one of the group of

cords is broken.

Fig. 8 shows the time-dependent voltages Ui, Us, Us, Us in a case where an electrical
connection between the suspension member and an alternating voltage generator
arrangement and/or measurement arrangements is interrupted or in a case where cords in

both groups of cords are broken.

Fig. 9 shows time-dependent voltages Ui, Us, Us, Us in a case where one or more of the

cords comprised in one of the groups of cords is electrically connected to ground.
Fig. 10 depicts a measurement arrangement of Fig. 3 in an idle mode.

Fig. 11 shows the flowchart visualising varieties voltage measurement results and their

correlation to varieties possible cases of suspension member deterioration.

Fig. 12 shows a device for detecting the deterioration state in a suspension member
arrangement comprising multiple suspension members according to an embodiment of

the present invention.

Fig. 13 shows a time dependence in the method for determining deterioration states in the
suspension member arrangement comprising multiple suspension members according to

an embodiment of the present invention.

Fig. 14 shows a time dependence in the method for determining deterioration states in the
suspension member arrangement comprising multiple suspension members according to

an alternative embodiment of the present invention.

The figures are only schematic representations and are not to scale. Same reference signs

refer to same or similar features throughout the figures.
BACKGROUND

Fig. 1 shows an ¢levator 1 in which a device according to an embodiment of the present

mvention may be implemented.

The elevator 1 comprises a cabin 3 and a counterweight 5 which may be displaced
vertically within an elevator shaft 7. The cabin 3 and the counterweight 5 are suspended
by a suspension member arrangement 9. This suspension member arrangement 9
comprises one or more suspension members 11. Such suspension members 11 may be for

example ropes, belts, etc. In the arrangement shown in Fig. 1, end portions of the
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suspension members 11 are fixed to a supporting structure of the elevator 1 at a top of the
elevator shaft 7. The suspension members 11 may be displaced using an elevator traction
machine 13 driving a traction sheave 15. An operation of the elevator traction machine 13
may be controlled by a control device 18. For example at opposite end portions of the
suspension member arrangement 9 components of a device 17 for detecting a

deterioration state in the suspension member arrangement 9 may be provided.

It may be noted that the elevator 1 and particularly its suspension member(s) 11 and its
device 17 for detecting the deterioration may be configured and arranged in various other

ways than those shown in Fig. 1.

The suspension members 11 to be driven for example by the traction machine 13 may
utilize metal cords or ropes to support a suspended load such as the cabin 3 and/or the

counterweight 5 that is moved by the traction machine 13.

Fig. 2 shows an example of a suspension member 11 which is embodied with a belt 19.
The belt 19 comprises a plurality of cords 23 which are arranged parallel to and spaced
from each other. The cords 23 are enclosed in a matrix material 21 forming, inter alia, a
coating. Such coating may mechanically couple neighbouring cords 23. The coating may
have a textured or profiled surface including longitudinal guiding grooves. The cords 23
may typically consist of or comprise wires made from a metal such as steel. The matrix
material 21 may consist of or comprises a plastic or elastomeric material. Accordingly,
the cords 23 are typically electrically conductive such that an electric voltage may be
applied to and/or an electric current may be fed through the cords without significant
losses. Furthermore, the cords 23 are preferably electrically isolated from each other via
the interposed electrically insulating matrix material 21 such that, as long as an integrity
of the coating is not deteriorated, an electrical current or voltage between neighbouring
cords cannot be transmitted, i.e. no significant shunt current can flow from one cord 23 to

another.

Alternatively, suspension members 11 may have other shapes or configurations. For
example, a belt may have several cords included into a body formed of matrix material,
the body being non-profiled (i.e. flat) or having other shapes as those shown in Fig. 2.
Alternatively, each cord may be enclosed by matrix material forming a kind of coating
wherein the coated cords are separate from each other, i.e. not connected to each other via
common matrix material. Generally, the suspension members 11 may be provided as

coated steel suspension members.
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Typically, wires or cords of the suspension member 11 have a specified minimum
strength to ensure an integrity of the suspension member arrangement 9 during its use in
an application within an elevator 1. In certain suspension applications, such as for lifts or
elevators, a factor-of-safety requirement for strength combined with other measures, such
as protective coating of the cords 23 for example within the matrix material 21, may
sustain an initial strength of a suspension member beyond an effective life of the

protective measures employed to retain strength.

Particularly in such cases, where the initial strength of the suspension member 11 is not
expected to change during its useful life in an application, a simple electronic method
may be employed and may be sufficient to detect an indication that for example initial
physical properties of the suspension members have unexpectedly changed and trigger for

example a replacement of the suspension member 11 or other counter-measures.
PRIOR ART APPROACHES

In prior art, methods have been employed to ensure that suspension members do not fall
below a specified minimum strength, such methods involving for example visually
counting of broken wires of cords or wire rope strands over a length of the suspension
members. Alternatively, complex electronic methods that measure small changes in an
electrical resistance of for example metal cords and compare such measurements with

reference values or a rate of change in resistance have been proposed.

Although such methods may be effective, they may have certain disadvantages. For
example, counting broken wires may be a tedious task to be periodically performed by
persons maintaining the suspension members of an elevator and may be flawed by human
error. In cases where suspension members have an opaque coating on the metal cords or
the metal cords are incorporated into a matrix material, it is generally not possible to
visually count broken wires. Where methods employ monitoring a change in electrical
resistance or impedance of metal cords, the measurements are generally made across
electrical connections to the steel cords and may introduce, by nature of such electrical
connections, a significant source of possible errors due to for example very low values of
electrical resistances being monitored. Furthermore, over time, such electrical
connections may deteriorate due to effects of e.g. oxidation and/or contamination and
may increase a potential for errors by the monitoring method. Additionally, such methods
typically involve complex circuits necessary for measuring the very small changes in
resistance or impedance and comparing them for example to target reference resistance
values that may drift over time or due to effects of temperature. Furthermore, some prior

art approaches may require extensive correlation to map a change in resistance or
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impedance of the steel cords with changes in a strength and/or physical deterioration of

the steel cord.
NEW APPROACH

Accordingly, there may be a need for a less complex and/or more effective monitoring
method for detecting a deterioration in suspension members in an elevator, particularly, in
case these suspension members are expected to retain their initial strength over the life of

their application.

As described herein, a simple and reliable method may be achieved using a two-phase
current monitoring of e.g. steel cords in a suspension member, particularly where only a

significant change in initial physical conditions of the cords need to be monitored.

Fig. 3 shows an exemplary embodiment of a device 17 for detecting a deterioration state
in a suspension member arrangement 9 for an elevator 1. Therein, the suspension member
arrangement 9 may comprise one or more suspension members 11 such as for example
belts as shown in Fig. 2 including a plurality of electrically conducting cords 23. In Fig.
3, the cords 23 are only indicated schematically as twelve elongate cords 23 being

arranged parallel to each other.

The multiplicity of cords 23 may be divided into two groups 24a, 24b of cords. For
example, a first group 24a of cords may comprise all odd numbered cords 23 whereas a

second group 24b of cords may comprise all even numbered cords 23.

The device 17 comprises an alternating voltage generator arrangement G which is
adapted for applying a first alternating voltage U; to a first end 25a of the first group 24a
of cords 23 and for applying a second alternating voltage U to a first end 25b of the
second group 24b of cords 23.

In the embodiment shown in Fig. 3, the alternating voltage generator arrangement G
comprises a first alternating voltage generator G; and a second alternating voltage
generator Go. The two alternating voltage generators G, G» may be separate devices and
may operate in principle independently from each other. However, the two alternating
voltage generators Gi1, Gz should be synchronized such as to operate with a stationary

phase relationship with respect to each other.

The alternating voltage generators G1, Gz are electrically connected, on their one side, to
an electrical ground potential, whereas, on their other side, they are electrically connected

to the first ends 25a, 25b of the first and second groups 24a, 24b of cords 23, respectively.
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The alternating voltage generators Gi, G2 generate first and second generated voltages

Uat, Uz, respectively.

An internal electrical resistance of each of the alternating voltage generators Gi, G2 is
represented in Fig. 3 by Rs, R4. Due to such internal resistances Rz, Ry, the actual first and
second voltages Uy, Uz applied to the cords 23 may generally be lower than the generated

voltages Uagi, Ug generated by the alternating voltage generators Gi, G2 themselves.

The alternating voltage generator arrangement G with its alternating voltage generators
Gi1, G is configured to generating the first and second alternating voltages Ui, Us with
same waveforms and with a fixed phase difference of essentially 180°. Therein, the
waveforms should differ from each other at most by an acceptable tolerance of for
example less than 5% and the phase difference should differ from 180° at most by an

acceptable tolerance of for example less than 10°, preferably less than 5° or less than 2°.

In examples and embodiments described herein below, it will be assumed that the
alternating voltage generator arrangement G has a specific exemplary implementation in
which it generates first and second generated voltages Ui, Us, having an amplitude of 6
V and oscillating around a DC voltage of 6 V. In other words, the first and second
generated voltages Uai, Ugs oscillate between Umin =0 V and Uma = 12 V. Therein, the
waveform is sinusoidal. An oscillation frequency is selected to be 280 Hz. The internal

resistances Rz, R4 are selected to be 450 Ohm.

However, it shall be noted that the alternating voltage generator arrangement G may be
implemented in various other manners. For example, the first and second generated
voltages Ugi, Ug may be generated with other waveforms such as rectangular waveforms
or triangular waveforms. Furthermore, the amplitude and/or frequency of the first and
second alternating generated voltages Uai, Ugz may be selected in various other manners.
For example, the generated voltages Ugi, Ug: may oscillate between other minimum and
maximum voltages Unmin, Umax. Specifically, the alternating voltages do not necessarily
have to oscillate around a fixed non-zero DC voltage but may also oscillate around 0 V,
i.e. oscillate between a negative voltage —Umax and a positive voltage +Umax. Such

implementation may be advantageous with respect to electro-corrosion characteristics.

Furthermore, the internal resistances R3, R4 may be selected in various manners and may
be specifically adapted to a specific application, for example depending on electrical
resistances generated by the cords 23 to which the first and second alternating voltages
Ui, U, shall be applied.



WO 2017/021263 PCT/EP2016/067966

10

15

20

25

30

35

-54-

Furthermore, instead of providing the alternating voltage generator arrangement G with
two separate alternating voltage generators Gi, Gz, a single alternating voltage generator
may be provided and this single alternating voltage generator may provide for a direct
output and an inverse output such that alternating generated voltages Ugi, Ug: may be
output with a phase-shift of 180°. For example, such single alternating voltage generator
may be coupled to a transformer including for example a primary and a secondary coil
wherein an inverse output voltage may be generated at a contact in a middle of the
secondary coil, such inverse voltage output being shifted by 180° to a direct voltage
output generated at outer contacts of the secondary coil. In such embodiment, the first and
second alternating voltages Uy, U» are automatically synchronized with a stationary
phase-shift of 180° such that, for example, no specific synchronization of two separate

alternating voltage generators Gi, G is required.

The first alternating voltage U is applied to the first end 25a of the first group 24a of

cords 23 of a suspension member 11 whereas the second alternating voltage U is applied
to a first end 25b of the second group 24b of cords 23 of the same suspension member 11.
Within one group of cords 24a, 24b, all cords 23 comprised in this group 24a, 24b may be

electrically connected to each other.

Preferably, the cords 23 of one group 24a, 24b are connected in series. In such series
connection, for example all odd numbered cords 1, 3, 5, etc. are electrically connected in
series to each other such as to form a kind of long single electrical conductor. Similarly,
all even numbered cords 2, 4, 6, etc. may be connected in series. In such implementation,
the first alternating voltage U; may be applied for example to a first end 25a of the first
group 24a of cords 23 being formed by a free end of a cord 23 number 1, an opposite end
of this cord number 1 being electrically connected in series to an end of a cord number 3,
an opposite end of this cord number 3 again being electrically connected to a free end of a
cord number 5 and so on. Accordingly, a second end 27a of this first group 24a of cords
23 is formed by a free end of a last odd numbered cord 23. Similarly, all even numbered
cords 23 may be connected in series such as to electrically connect a first end 25b of this
second group 24b of cords 23 to an opposite second end 27b via a single long conductor
formed by the series of even numbered cords 23. In such series connection arrangement,
both alternating voltages Ui, U, applied to first ends 25a, 25b of both groups 24a, 24b of
cords 23 are transferred throughout the entire series connections formed in both groups
24a, 24b by the respective cords 23 comprised therein. Accordingly, when no electric
current flows, the first and second alternating voltages Ui, U» also apply to the second

ends 27a, 27b of both groups of cords 24a, 24b. However, in case any electric current is



WO 2017/021263 PCT/EP2016/067966

10

15

20

25

30

35

-55-

flowing through the cords 23 as a result of the applied alternating first and second
voltages Uy, Us, such current has to be transferred through the respective group 24a, 24b
of cords 23 and thus experiences electrical resistances created by the respective cords 23.
As aresult, voltage drops occur throughout the respective cords 23. Accordingly, by
measuring third and fourth voltages Us, Us at opposite second ends 27a, 27b of each
group 24a, 24b of cords 23, information about a condition within the groups 24a, 24b of
cords 23 may be derived as it may be for example determined whether any electric
current flows through the cords 23 in each of the groups 24a, 24b and, if this is the case,

how such current “behaves”.

In order to connect the alternating voltage generator arrangement G to the suspension
member and suitably interconnecting all cords 23 in advantageous series connections, a
connector arrangement (not shown in Fig. 3 for clarity of visualization) 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 (Ui, Us) to first
ends of the series connection of even numbered cords and the series connection of odd

numbered cords, respectively, may be provided.

As a side note only, it shall be noticed that the first and second groups 24a, 24b of cords
23 may be arranged and electrically connected in various other ways. For example, while
it may be advantageous to include all even numbered cords and all odd numbered cords in
one of the groups 24a, 24b of cords 23, respectively, it may also be possible to include
each of the cords 23 of one or more suspension members 9 in other configurations to the
two groups 24a, 24b of cords 23. For example, all cords 1 to n may be comprised in the
first group 24a, whereas all cords n+1 to x may be comprised in the second group of
cords 24b. Preferably, both groups 24a, 24b of cords 23 comprise a same number of cords
23. Furthermore, while it may be beneficial to connect all cords 23 of one group 24a, 24b
in series to each other, also parallel electrical connections of all or some of the cords 23

comprised in one of the groups 24a, 24b may be possible.

At the second ends 27a, 27b of both groups 24a, 24b of cords 23, a first voltage
measurement arrangement 31 and/or a second voltage measurement arrangement 33 may
be provided as forming part of a determination unit 29. These components 29, 31, 33 are

shown in Fig. 3 only in a schematic manner.

The first voltage measurement arrangement 31 may be adapted for determining a summed
voltage U+ which correlates to a sum of a third volume Us and a fourth voltage Us.

Therein, the third voltage Us applies between the second end 27a of the first group 24a of
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cords 23 and a common electrical potential such as a ground potential. The fourth voltage
U, applies between a second end 27b of the second group 24b of cords 23 and the

common electrical potential.

The second voltage measurement arrangement 33 is adapted for determining a differential
voltage U. correlating to a difference between the third voltage Us and the fourth voltage
Us.

Therein, both the summed voltage U+ and the differential voltage U. shall “correlate” to
the sum and difference, respectively, of Us and Us in an unambiguous manner. For
example, the summed voltage U, may be equal to the sum Us + Uy and the differential
voltage U. may be equal to the difference Us - Us. Alternatively, the summed voltage U~
and/or the differential voltage U. may correlate to such sum Us + Us, Us — Us,
respectively, in other manners such as being for example a multiple thereof. For example,
U+ may be equal to x * (Us + Us) and/or U. may be equal toy * (Us — Ua), x and y being

possibly any rationale number, for example x =y =’ orx =y =2, etc.

In principle, it may be sufficient to provide the device 17 with only one of the first and
second voltage measurement arrangements 31, 33 as already from such single voltage
measurement arrangement determining only the summed voltage U- or the differential
voltage U., some useful information about a current deterioration state of the suspension
member 11 may be derived. However, in order to obtain more useful information about
the deterioration state, it may be beneficial to provide the device 17 with both the first
voltage measurement arrangement 31 and the second voltage measurement arrangement
33 in order to enable for example distinguishing between various types or degrees of

deterioration within the suspension member 11.

In the embodiment shown in Fig. 3, the device 17 is provided with both the first and
second voltage measurement arrangements 31, 33. Therein, the two voltage measurement
arrangements 31, 33 are implemented by including a first and a second voltage
determining unit 35a, 35b. These voltage determining units 35a, 35b and/or other voltage
determining units comprised in voltage measurement arrangements of the device 17 may
be e.g. electronic devices which are adapted for electronically and preferably
automatically measure electric voltages within a circuitry. Therein, the first voltage
determining unit 35a is connected on its one side to the second end 27a of the first group
24a of cords 23 whereas the second voltage determining unit 35b is connected with one
side to the second end 27b of the second group 24b of cords 23. An opposite side of both
voltage determining units 35a, 35b is connected to an electric ground potential.

Accordingly, the first and second voltage determining units 35a, 35b are adapted for
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measuring the third voltage Us and the fourth voltage Uy, respectively. Both voltage
determining units 35a, 35b are then connected to the determination unit 29 in which the
first voltage measurement arrangement 31 is adapted for determining the summed voltage
U and the second voltage measurement arrangement 33 is adapted for determining the

differential voltage U..

Additionally to the components of the circuitry explained herein before to be used during
actually measuring the summed voltage and the differential voltage, the device 17 shown
in Fig. 3 comprises a pull-up voltage source 36. This pull-up voltage source 36 may apply
a constant DC voltage to both first ends 25a, 25b of both groups 24a, 24b of cords 23
during an idle mode in which the alternating voltage generator arrangement G is
deactivated or couple-off. Such idle mode will be described further below. The constant
DC voltage may be substantially equal to the maximum voltage Unax of the alternating
generated voltages Uagi, Ugz generated by the alternating voltage generator arrangement

G. The pull-up voltage source 36 comprises internal electrical resistances Ri, Ro.

Furthermore, the device 17 may comprise a third and a fourth voltage determining unit
35¢, 35d for measuring the first and second voltages U, Us, respectively. Depending on
the current flowing through the entire circuitry of the device 17, voltage drops at the
mternal resistances Rs, R4 of the alternating voltage generator arrangement G may differ
such that the first and second voltages U, U, may differ accordingly. Thus, by measuring
the first and second voltages Ui, U with third and a fourth voltage determining unit 35c,
35d, information about the electrical current flowing through the circuitry may be
derived. This information then includes information about the deterioration state of the
suspension member 11 as the electrical current flowing through the circuitry strongly
depends on electrical resistances occurring within the cords 23 of the suspension member
11.

Next, a function principle of the device 17 and a method for detecting a deterioration state
in a suspension member arrangement 9 performed thereby shall be described in an
exemplary manner for a state where the suspension member 11 is non-deteriorated, i.e.
neither the cords 23 nor the cover 21 is deteriorated or even damaged in any manner and
therefore all cords 23 have same physical and electrical characteristics. Voltages, which
are generated or which are measured during such method will be described with reference

to Fig. 4.

In the method for monitoring the deterioration state, the alternating voltage generator
arrangement G generates two alternating voltages Ugi, Ug: which alternate in a sinusoidal

manner with a frequency of 280 Hz and an amplitude of 6 V around a base direct voltage
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of 6 V. Such generated voltages Ugi, Ugs result in first and second alternating voltages
U, Uz (not shown in Fig. 4 for clarity reasons) which are applied to first ends 25a, 25b of
the first group 24a and the second group 24b of cords 23 of the suspension member 11,
respectively. Of course, depending on whether or not an electric current is flowing
through the circuitry, the first and second alternating voltages Ui, U, may be slightly
lower than the generated voltages Uai, Uge due to a voltage drop in the electrical

resistances Rs, Ra.

The first and second voltages Uy, U, are then transmitted through the series connection of
odd numbered cords 23 of the first group 24a and the series connection of even numbered
cords 23 of the second group 24b, respectively, such that a third and a fourth alternating
voltage Us, Us occur at the opposite second ends 27a, 27b of both groups of cords 24a,
24b.

When there are no shunts and no electrical connection between these two second ends
27a, 27b, no electrical current will flow such that the third and fourth alternating voltages
Us, Us will be the same as the applied first and second alternating voltages Uy, Us. In
other words, as long as no deterioration occurs in the suspension member 11, the third
and fourth alternating voltages Us, Us will exactly follow the applied first and second
alternating voltages Ui, Us. Accordingly, upon determining such alternating voltage
behaviours for the third and fourth alternating voltages Us, Us, it may be determined that

the suspension member 11 is in a normal condition in which no further action is required.

In such non-deteriorated state, due to the 180° phase-shift between the third and fourth
alternating voltages Us, Ui, a summed voltage U, corresponding to the sum of the third
and fourth alternating voltages Us, U, is a constant voltage, i.e. a DC voltage being the
sum of the base DC voltages of the generated alternating voltages Ugi, Ugz (i.e. in the
given example: Us + Us=6 V+ 6 V =12 V). Accordingly, in such state, the summed
voltage U has no alternating voltage component (i.e. U+ ac = 0). A differential voltage U.
corresponding to a difference of the third and fourth alternating voltages Us, Uy alternates
with a same frequency as the generated voltages Ugi, Ugz and with double the amplitude
of these generated voltages Uai, Uge around a DC voltage of 0 V (i.e. in the given

example, U. alternates between -12 and +12 V).

As will be described in further detail below, in cases where the suspension member 11 is
deteriorated or even damaged, such initial conditions for the third and fourth voltage Us,
Us do no longer apply. Particularly, when at least one of the cords 23 in the suspension
member 11 is broken or if there is a short-circuit between cords 23 or if there is an

electrical connection to ground for at least one of the cords 23, either an electrical
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connection between the first ends 25a, 25b and the second ends 27a, 27b is partly
interrupted (i.e. in the case of a broken cord) or electrical currents will flow (i.e. in the
case of short-circuits or connections to ground). Accordingly, in such deteriorated
conditions, the third and fourth voltages Us, Us will no longer follow the generated
voltages Uai, U in the same manner as in the non-deteriorated state and, as a result, the

summed voltage U+ and/or the differential voltage U. will change their behaviour.

Accordingly, any deviation from a state in which the summed voltage U comprises no
alternating voltage component U+ ac and the differential voltage U. comprises an
alternating voltage being non-zero may be interpreted as indicating a deterioration or

even a damage in the monitored suspension member 11.

While, in principle, a simple circuitry of the device 17 in which the second ends 27a, 27b
of the first and second groups 24a, 24b of cords 23 are not electrically connected might be
sufficient for monitoring the suspension member 11 as it may at least detect whether or
not the suspension member 11 is deteriorated or not, it may be advantageous to modify
such open circuitry by connecting the second ends 27a, 27b of the two groups 24a, 24b of
cords 23 via a connecting electrical resistance Rs. Such connecting electrical resistance Rs
may have a resistance in a range of several tens or hundreds of Ohms, i.e. a resistance
which is significantly higher than resistances typically occurring throughout the series
connections of cords 23 in the suspension member 11 (such resistances being typically in
a range of some Ohms to a few tenth of Ohms, depending on the length of the suspension

member). In the example given in Fig. 3, Rs is assumed to be 100 Ohm.

Due to such electrical connection of the second ends 27a, 27b and the third and fourth
voltages Us, Us occurring at these second ends 27a, 27b, an electrical current may flow
through the entire circuitry of the device 17. As a result of such electrical current, voltage
drops will occur at all resistances included in such circuitry, thereby directly influencing
all voltages Ux (x = 1, 2, 3, 4) at the various positions within the circuitry. For example,
the first and second voltages Ui, U, will be lower than the generated voltages Uai, Uz
due to the internal resistances Rs, R4. The third and fourth voltages Us, Us at the second
ends 27a, 27b will be lower than the first and second voltages Ui, U; due to electrical

resistances within the series connections of cords 23 of the suspension member 11.

Such condition is shown in the diagram of Fig. 4. Therein, the third and fourth voltages
Us, Uy still follow the generated voltages Uai, Ugy, i.e. are alternating voltages with a
same frequency. However, both their amplitude and their DC voltage components are
reduced due to the voltage drops occurring in the circuitry. However, also under these

conditions, the summed voltage U- being the sum of the third and fourth voltages Us, Us
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is a constant DC voltage, i.e. its alternating voltage component U+ ac is zero. The
differential voltage U. being the difference between the third and the fourth voltages Us,
Us is again an alternating voltage having the same or inverse phase and the same

frequency as the generated voltages Ugi and Ugz, respectively.

Accordingly, also with such closed circuitry with the second ends 27a, 27b of both groups
of cords 24a, 24b being connected via the connecting electrical resistance Rs, a state in
which the summed voltage U- comprises no alternating voltage component and the
differential voltage U. comprises an alternating voltage component being non-zero may
be interpreted as indicating that the suspension member 11 is in a good condition whereas
any deviation from such state may be interpreted as indicating a deterioration or even

damage in the suspension member 11.

Next, two alternative embodiments or implementations of devices 17 for detecting the
deterioration state in a suspension member arrangement 9 will be described with
reference to Figs. 5 and 6. Therein, the devices 17 follow a same operation principle as
the device 17 shown in Fig. 3 but are implemented with a slightly differing circuitry. For
simplification of visualization, in both Figs. 5, 6, the series connection of cords 23 of the

first and second groups 24a, 24b of cords 23 is only represented as a simple line.

In the embodiment shown in Fig. 5, the alternating voltage generator arrangement G is
similar to the one shown for the embodiment of Fig. 3 and applies first and second
alternating voltages U, U> to first ends 25a, 25b of first and second groups 24a, 24b of
cords 23 of the suspension member 11. At opposite second ends 27a, 27b, third and
fourth voltages Us, Us apply. However, the determination unit 29 for determining the
summed voltage U- and the differential voltage U. is implemented in a different manner

than in the embodiment of Fig. 3.

Specifically, the second ends 27a, 27b are electrically connected to each other via two
separate connecting electrical resistances Rs, R7. A first voltage measurement
arrangement 31 comprises a first AC voltage determining unit 37a and a first DC voltage
determining unit 37b. Both first voltage determining units 37a, 37b are connected to a
centre point 38 between the separate connecting electrical resistances Rg, R7, on the one
side, and a ground potential, on the other side. Accordingly, these first voltage
determining units 37a, 37b may measure an alternating voltage component U+ ac and a
direct voltage component U-pc of a summed voltage U being proportional to the sum of
the third and fourth voltages Us, Us. Specifically, assuming that R¢ = R, the summed
voltage U. is in this case U; = (Us + Us) / 2. A second voltage measurement arrangement

33 comprises a second voltage determining unit 37¢ which is directly connected to each
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of the second ends 27a, 27b. Accordingly, this second voltage determining unit 37¢
measures a voltage difference between the second ends 27a, 27b. In other words, the
second voltage determining unit 37c measures a differential voltage U. corresponding to
Us — Ua. Specifically, it may be sufficient that this second voltage determining unit 37¢

only measures an alternating voltage component U_ac of such differential voltage U..

Fig. 6 shows an embodiment of the device 17 which largely corresponds to the
embodiment shown in Fig. 3. For simplification of visualization, letters “A” to “D” shall
represent voltage measurement arrangements for measuring the first to fourth alternating
voltages Ui, Us, Us, Us at respective locations at first ends 25a, 25b and second ends 27a,
27b of the groups 24a, 24b of cords 23 comprised in the suspension member 11.
Furthermore, the first ends 25a, 25b are capacitively connected to a ground potential via
capacitors 39a, 39b. Furthermore, the circuitry of the device 17 comprises switches 41a,
41b via which the alternating voltage generators G1, G of the alternating voltage
generator arrangement G may be selectively electrically connected to a remainder of the
circuitry including the cords 23 of the suspension member 11. When such switches 41a,
41b are in their open states, the entire circuitry is set to an idle mode and is pulled up to a

pull-up voltage via the pull-up voltage source 36.

Next, some deterioration states or even damage states in a suspension member 11 and
ways for detecting such deterioration states with the device and method proposed herein
will be described. For some of these cases, typically occurring voltages will be explained

with reference to Figs. 7 to 9.
1) Broken cord

A critical state to be determined in a suspension member 11 is a case where at least one of
the cords 23 comprised in the suspension member 11 is broken. Such broken cord may
reduce the load bearing capacity of the suspension member 11 such that the suspension

member 11 might have to be replaced.

In case a single cord 23 is broken or multiple cords comprised in either one of the first
and second groups 24a, 24b of cords 23 are broken, an ¢electrical connection between a
respective first end 25a, 25b and an associated second end 27a, 27b of one of the groups
24a, 24b of cords is interrupted. Accordingly, the entire circuitry of the device 17 is open,
i.e. there is no closed electrical circuit anymore, and no electrical current flows any more
through the connecting electrical resistance Rs. As a result, both the third and the fourth
voltages Us, Us are same and follow the respective one of the generated voltages Uai, Uaz

connected to the group of cords 24a, 24b that is not broken. Thus, the third voltage Us
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and the fourth voltage Uy are in phase (i.e. no phase-shift any more) and have the same

phase angle as the connected one of the alternating voltage generators G1, Go.

The occurring voltages are shown in the diagram of Fig. 7. While the first and second
voltages Ui, Us follow the generated alternating voltages Ugi, Uge (not visualized in Fig.
7 for simplification), it is assumed that at least one of the cords 23 comprised in the first
group 24a of cords is broken whereas no cord 23 in the second group 24b of cords is
broken such that the third and fourth voltages Us, U, are same and follow the second
alternating voltage U,. Accordingly, in such case, the summed voltage U- will become an
alternating voltage, i.e. the summed voltage U- has an alternating voltage component
Us.ac being non-zero. In the example given herein, the summed voltage U+ swings
between 2 * Unax and 0 V. Furthermore, the differential voltage U. will no more result in

a signal and becomes substantially constantly 0 V.
i) Suspension member not attached or both cord groups interrupted

In a next case, it will be assumed that an electrical connection between components of the
device 17 and the suspension member 11 is faulty or interrupted such that no voltages
may be applied to the cords 23 comprised in the suspension member 11. A same or
corresponding situation occurs when cords in not only one but in both groups 24a, 24b of
cords are interrupted. In such cases, no electrical current flows through the connecting
electrical resistance Rs. Instead, this connecting electrical resistance Rs will be floating
and both the third and fourth voltages Us, Us will be measured as being constantly
substantially 0 V. The first and second voltages Ui, U, will see no electrical load and may
follow the generated voltages Ugi, Ug with their maximum voltage amplitude Unax. In
such case, as indicated in Fig. 8, the summed voltage U+ as well as the differential voltage
U. will have no non-zero alternating voltage components U+ ac, U_ac and will generally

become constantly substantially 0 V.
ii) Single cord connected to ground

When a single cord 23 or only cords of one of the groups 24a, 24b of cords 23 are
electrically connected to a ground potential (as indicated by a faulty first connection to
ground 41), an electrical current will flow to ground. Accordingly, in such case of a
single cord fault, an asymmetrical load to the alternating voltage generator arrangement G
occurs. Since still electrical current flows through the connecting electrical resistance Rs,
the third and fourth voltages Us, Us generally both have the same phase and follow the
alternating voltage generator Gi or G attached to the group 24a, 24b of cords 23 not
having the ground fault.
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Fig. 9 shows voltage conditions for a case in which a ground fault is assumed to occur in
the second group 24b of cords 23, i.e. between the second voltage U» and the fourth
voltage Us. In general, the voltage closer to the ground fault will have the smaller
amplitude. Therefore, since the third and fourth voltages Us, Us have different amplitudes
but are in phase, both the summed voltage U- and the differential voltage U. will be
sinusoidal signals, i.e. will have non-zero alternating voltage components Ui ac, U-ac.
Therein, the summed voltage U- will have a bigger sinusoidal signal than the differential

voltage U..
iv) Cords in both groups connected to ground

In case, cords 23 in each of the groups 24a, 24b of cords are simultaneously connected to
ground (as indicated by a faulty first connection to ground 41 and faulty second
connection to ground 43 in Fig. 3), both the third and fourth voltages Us and U, are
permanently substantially 0 V. Accordingly, also the summed voltage U+ and the
differential voltage U. are substantially 0 V and no alternating voltage components U ac,

U_ac can be detected.

Furthermore, in such case, electrical current may be flowing to ground such that electrical
load will be put on the two alternating voltage generators Gi, G2, thereby resulting in

smaller first and second voltages Ui, U.

It may be noted that such a double or multiple ground connection generally only appears

when the suspension member 11 runs for example over a grounded pulley.

Furthermore, it shall be noted that electrical connections to ground can either be
permanent or may just occur when the elevator car is at certain locations, i.e. when the
suspension member arrangement is moved along pulleys of the elevator and when for
example a specific damaged location of the suspension member where the cords 23 are no
more isolated by the cover 21 electrically comes into contact with the grounded pulley. It
may therefore be necessary for specific embodiments of the detection method presented
herein to move the suspension member arrangement along pulleys of the elevator during
determining the summed voltage U~ and the differential voltage U.. In such cases, a
position where at least one electrical connection to ground of one of the cords 23 is
present may be determined based on a point in time where a respective deterioration state

is determined.

In other words, when the summed voltage U+ and the differential voltage U. are
permanently monitored during displacing the elevator car and, suddenly, a significant

change in the summed voltage U+ and/or the differential voltage U. is detected, such
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change indicating that a single cord is connected to ground or several cords comprised in
both groups of cords are connected to ground, a location where such ground connection
occurs may be identified based on a point in time at which such change is detected.
Therein, it may be used that, typically, an elevator control always knows precisely where
the elevator car is currently situated and therefore it is known where the suspension
members 11 of the suspension member arrangement 9 contact for example pulleys within
the elevator arrangement. Accordingly, knowing the point in time when a ground
connection is detected, the location of such ground connection within the suspension
member 11 may be identified. In such identification, several influencing parameters such
as a pulley diameter, an angle of wrap, a speed of the elevator and a roping factor may be

taken into account.

Furthermore, for obtaining more detailed information about a single or multiple ground
connections, various voltages may be measured and all first to fourth voltages Ui, Us, Us,
Us may be permanently monitored and compared against their initial values. Both, in case
of single ground failures as well as in case of multiple ground failures, these voltage
values will be different when compared to the initial values. From the occurring voltage
differences between actual values and initial values, additional information about the

type, number and/or degree of electrical ground connections may be derived.
V) Shorts between adjacent cords

Another deterioration state to be detected may be a case in which neighbouring cords 23
come into electrical contact with each other. This may occur for example when an
isolating cover 21 is locally damaged and portions of one or more cords 23 are locally
exposed. Then, either adjacent cords 23 may be getting into contact by mechanically
touching each other directly or by both coming for example into contact with a
conducting object such as a conductive pulley (which may be isolated from ground) such
that the adjacent cords 23 come into indirect electrical contact. For the indirect adjacent
connection of cords 23 via a pulley, it is obvious that the detection of the deterioration
state should take place when the elevator moves, i.e. when the suspension member

arrangement 9 is moved along the pulleys of the elevator.

As a result of such shorts between adjacent cords 23, an electrical current usually flowing
through the connecting electrical resistance Rs is bypassed by the fault. As a result, the
third and fourth voltage Us, Us will generally be the same since they measure a
connection point voltage to ground and therefore the differential voltage U. will generally

be zero.
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Generally, two types of shorts between adjacent cords 23 may be distinguished. In a first
situation named herein “symmetrical short” 45 (as visualized as a broken line in Fig. 3),
an electrical connection occurs between a first cord comprised in the first group 24a of
cords and a second cord comprised in the second group 24b of cords at a location where
the lengths of both the first and second cords up to the location of the shunt (or a series
connection of cords comprising each of the cords in one of the groups 24a, 24b up to the
location of the shunt) are same for both the first and second cords. In other words, in a
situation where the first group 24a of cords is formed by all odd numbered cords and the
second group of cords 24b is formed by all even numbered cords, the symmetrical
situation exists if the number of odd and even cords up to the fault is the same. In such
symmetrical situation, the alternating voltage component of the applied voltages generally
disappears in the connection point and the connection point will have a DC voltage of
generally Una/2. Accordingly, in such symmetrical situation, the summed voltage U, will
have no alternating voltage component, i.e. U+ ac = 0, and will have a direct voltage

component generally corresponding to the applied maximum voltage, i.e. U+pc = Upax.

In an asymmetrical situation called herein “asymmetrical shunt” 47 (as indicated in Fig.
3), an electrical connection occurs between neighbouring cords at a location where a
distance between this location and a first end 25a for the cord 23 comprised in the first
group 24a is different from a distance of such location from the first end 25b of the cord
23 comprised in the second group 24b. In other words, in the example mentioned above,
the asymmetrical situation exists if the number of odd and even cords to the fault is not
the same. In such asymmetrical situation, the asymmetry will create an alternating voltage
component in the connection point versus ground. Both the third and fourth voltages Us,
U4 will measure this voltage of the connection point and will therefore be in phase having
the same phase angle as the one of the generators Gi, G being closer to the fault.
Additionally to such alternating voltage component, the third and fourth voltages Us, Us
will have a DC voltage of generally Unma/2. Accordingly, the summed voltage U will
have a direct voltage component U, pc corresponding to the maximum voltage, i.e. U pc

= Unmax, and an alternating voltage component U= ac being non-zero.
vi) Damaged but non-interrupted cords (corrosion / rust)

A load bearing capacity of a suspension member 11 may, inter alia, be deteriorated when
cords 23 within the suspension member 11 are for example corroded. Rusty locations at
the cords 23 may reduce their cross-section thereby reducing their load bearing capacity.
It is generally assumed that such corrosion not only decreases mechanical properties of

the suspension member 11 but also changes its electrical properties. Particularly, it may
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be assumed that a diameter of a cord reduced by corrosion generally results in a reduced

electrical conductivity through such cord.

When the suspension member 11 is included into the device 17 proposed herein, such
reduced electrical conductivity in at least one of the cords 23 may significantly change at
least some of the first to fourth voltages Ui, Us, Us, Us. Accordingly, these voltages may
be measured for example in an initial state of the suspension member arrangement 9 and
measured initial reference values may be stored €.g. once a new suspension member
arrangement got installed and put into operation. During subsequent operation of the
elevator, some or all of these first to fourth voltages Ui, U, Us, Us may be measured and

compared to the initial reference values.

Detected differences may show different patterns. For example, when all values actually
measured changed in a same manner when compared to the initial reference values, it
may be assumed that a homogeneous damage or deterioration, i.e. for example a
homogeneous corrosion, occurred to all of the cords 23. Alternatively, if it is observed
that some of the actually measured values have changed with respect to the initial
reference values but other measured values have not changed, it may be assumed that just

certain cords or connection points are faulty.

For completeness, it shall be indicated that, additionally to a measurement mode in which
the device 17 may perform a method for detecting various deterioration states as

described herein before, the device 17 may also be set into a so-called “idle mode™.

Such idle mode is visualized in Fig. 10. Therein, the alternating voltage generator
arrangement G can also be switched off. Alternatively, the alternating voltage generators
G1, G2 may be disconnected from the rest of the circuitry via switches similar to those
switches 41a, 41b shown in Fig. 6. The device 17 may be set to such idle mode for
example in order to save energy when no measurement is required. Alternatively, when a
suspension member arrangement 9 comprises more than one suspension member 11, a
device 17 may be provided for each of the suspension members 11 and one of such
plurality of devices 17 may be set into its idle mode while another one of the devices 17
is currently in its measurement mode. As a further alternative, a single alternating voltage
generator arrangement G may be provided and may be alternately electrically connected
to each one of the plurality of suspension members 11 for performing the detection
method in this one suspension member 11 while other suspension members 11 are set into
an idle mode. In such idle mode, it may be interpreted that the alternating voltage
generators Gi, G2 have a high impedance output (and can therefore be ignored in the

schematic diagram of Fig. 10) and, since no electrical current flows due to voltage



WO 2017/021263 PCT/EP2016/067966

10

15

20

25

30

-67-

applied by the voltage generators G1, Gz, the pull-up voltage source 36 will lift up all of
the first to fourth voltages Ui, Us, Us, Uy to generally Unax.

However, in case of deteriorations occurring in the suspension members 11, such voltages
Ui, U, Us, Us may change. For example, when electrical connections to ground occur at
one or more of the cords 23, currents may flow to ground and depending on where the
connection to ground occurs, one or more of the first to fourth voltages Ui, Us, Us, Uy

may change and, particularly, may be less than Upax.

Summarizing, various deterioration states to be detected with the device 17 and the

method described herein may be identified as follows:

- a state in which the summed voltage U. comprises an alternating voltage component

(i.e. U+ ac # 0) and the differential voltage U. comprises no alternating voltage component
(i.e. U_ac = 0) may be interpreted as indicating that at least one of the cords 23 comprised
n one of the group of cords 24a, 24b is interrupted and none of the cords 23 comprised in

the other group of cords 24b, 24a is interrupted,

- a state in which the summed voltage U: comprises no alternating voltage component
(i.e. U+ ac = 0) and the differential voltage U. comprises no alternating voltage component
(i.e. U_ac = 0) may be interpreted as indicating at least one of the following deterioration
states:

cither: at least one of the cords comprised in one of the groups of cords is interrupted and
at least one of the cords comprised in the other group of cords is also interrupted,

or: the voltage supplies applying the first alternating voltage U; and the second

alternating voltage Us are both interrupted;

- a state in which the summed voltage U, comprises an alternating voltage component
(i.e. Usac # 0) and the differential voltage comprises an alternating voltage component
(i.e. U.ac # 0) is interpreted as indicating an electrical connection to ground of at least

one of the cords 23 in the suspension member 11;

- a state in which the summed voltage U: comprises no alternating voltage component
(i.e. U+,ac = 0) but a direct voltage component (i.e. U-pc # 0) and the differential voltage
comprises no alternating voltage component (i.e. U_ac = 0) is interpreted as indicating
that one of the cords 23 comprised in one of the groups 24a, 24b of cords is short-
circuited with a cord 23 comprised in the other group 24b, 24a of cords in a symmetrical

mannecr,

- a state in which the summed voltage comprises an alternating voltage component (i.e.

Usac # 0) and a direct voltage component (i.e. U pc = 0) and the differential voltage
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comprises no alternating voltage component (i.e. U_ac = 0) is interpreted as indicating
that one of the cords 23 comprised in one of the groups 24a, 24b of cords is short-
circuited with a cord 23 comprised in the other group 24b, 24a of cords in an

asymmetrical manner.

Particularly, it has been found that information about the deterioration state may
advantageously be 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.. In other words, when analyzing the summed voltage and/or the differential
voltage, also phase angles of the third voltage and the fourth voltage Us, Us and/or of the
first voltage and the second voltage Uy, Uz (or a mathematical combination thereof) may

be considered for simplifying a diagnostics.

Furthermore, for obtaining further detailed information about a current deterioration state,
initial values of the summed voltage U, and/or the differential voltage U. may be
determined and stored in an initial state of the elevator and subsequent values of the
summed voltage U- and the differential voltage U. may be determined in a subsequent
state of the elevator (i.e. during normal operation thereof). The deterioration state of the
suspension member may then be determined during the subsequent state based on a
comparison of the initial values of the summed voltage U- and the differential voltage U.
with the subsequent values of these summed and differential voltages U, U,

respectively.

Furthermore, for obtaining additional information about the deterioration state, initial
values of the applied first and second alternating voltages Uy, U, may be determined and
stored in an initial state of the elevator and subsequent values (e.g. during normal
operation) of the applied first and second alternating voltages Ui, U, may be determined
in a subsequent state of the elevator. Therein, the deterioration state of the suspension
member may be determined during the subsequent state taking into account a comparison
of the initial values of the applied first and second alternating voltages Ui, Uz with the
subsequent values of the applied first and second alternating voltages Ui, Ua,

respectively.

A brief overview of various possibilities of error detection or deterioration detection in a

measurement mode of the device 17 may be obtained from the following chart:

U. U. Phase angles | Comment

AC DC AC DC | Us | Us




the fault
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OK No signal | ~% Umax | Sinusoidal | OV | Gy G2
signal
Broken cord Sinusoidal | Umax Nosignal | OV | Gx No load on
signal side still Ui and Us
2Unmax peak connected
to peak
STM not No signal | 0V Nosignal | OV | - - No load on
attached or Ui and Us
both cord pairs
broken
Multiple No signal | 0V Nosignal | OV | - - Load on
connection to Uj and U,
ground Elevator
(measurement
must move to
modc) detect
all faults
Single Sinusoidal | <=% Upnax | Sinusoidal | <= | Gx Elevator
connection to | signal signal <= " side not must move to
ground Us+U, U having ground detect
(measurement fault all faults
mode)
Adjacent No signal | Upmax Nosignal | OV | - - Elevator
connection of must move
cords to detect
(symmetrical) all faults
Adjacent Sinusoidal | Upmax Nosignal | OV | Gx Load on
connection of | signal _side of the Uy and Us
cords generator Elevator
(asymmetrical) being closer to must move
to detect

all faults
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Fig. 11 shows a flow-chart indicating method steps and their temporal and/or logical
terconnection in a method for determining a deterioration state in a suspension member
arrangement of an elevator according to an embodiment of the present invention. While
the method steps including analyzing steps and decision steps and the resulting
indications about detected various types of deterioration states are self-explaining from
the flow-chart, it shall be mentioned that this flow-chart visualizes only one possibility
for implementing the method according to the invention. Various further possibilities
exist for performing the method steps including the analyzing steps and the decision
steps. Particularly, each of the steps may be further specified in order to enable
determining more detailed information about a deterioration state. For example,
additional phase analysis of alternating voltage components of one or more of the first to
fourth alternating voltages and/or the summed voltage and/or the differential voltage may

provide such additional information.

Next, some structural and/or functional details of possible embodiments of the device 17

for detecting the deterioration state will be described.

As indicated with reference to the embodiment shown in Fig. 3, it may be sufficient that
the device 17 comprises either the first voltage measurement arrangement 31 for
determining the summed voltage U- or the second voltage measurement arrangement 33
for determining the differential voltage U.. In principle, from each of the summed voltage
Us and the differential voltage U., valuable information about a current deterioration state
may be determined. However, it may be advantageous to provide the device 17 with both
the first voltage measurement arrangement 31 and the second voltage measurement

arrangement 33.

Each or at least one of the first voltage measurement arrangement 31 and the second
voltage measurement arrangement 33 may be adapted for measuring at least an
alternating voltage component U ac of the summed voltage U or an alternating voltage
component U_ac of the differential voltage U.. However, additional information may be
acquired if additionally to such ability for measuring the alternating voltage component,
the first voltage measurement arrangement 31 and/or the second voltage measurement
arrangement 33 are also adapted for measuring a direct voltage component U.pc of the

summed voltage and/or U_pc of the differential voltage U..
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Furthermore, it may be beneficial to provide the first voltage measurement arrangement
31 and/or the second voltage measurement arrangement 33 with a transformation unit
which is adapted for transforming a voltage measurement from a time domain into a
frequency domain. For example, such transformation unit may be adapted for performing
a Fast Fourier Transformation (FFT). Alternatively, the transformation unit may be
adapted for performing other transformations which enable transforming a time-
dependency of a voltage periodically varying over time into a frequency domain.
Accordingly, any change in a frequency of an alternating voltage component may be
easily identified in the representation of the alternating voltage component in the
frequency domain. Furthermore, it may also be possible to detect any phase-shift in such
alternating voltage component. Detected changes in a frequency or a phase-shift of
alternating voltage components U ac, U_ac of the summed voltage U- and/or the
differential voltage U. may therefore easily be identified and taken as indicating specific

types or degrees of deterioration in a suspension member.

Furthermore, the first voltage measurement arrangement 31 and/or the second voltage
measurement arrangement 33 may comprise a frequency filter for transmitting only
alternating voltage components with a specific frequency spectrum. For example, only
alternating voltage components with a frequency corresponding to a frequency of the first

alternating voltage U; may be transmitted.

For example, such frequency filter may be a band-pass filter. Such band-pass filter may
filter-out specific high and/or low frequencies and/or frequency-bands. Accordingly,
when analyzing any changes in the alternating voltage components of e.g. the summed
voltage U. or the differential voltage U., signals representing such alternating voltage
components may first be filtered such that only those frequencies are actually analyzed
which provide important information about the deterioration state of the suspension
member, such frequencies typically corresponding to the frequencies of the generated
voltages Uai, Ugs. Other frequency components such as for example high frequency
components being unintendedly coupled into the voltage measurement signals may be
filtered out. Thus, using such frequency filter, alternating voltage components of a

measured voltage may be analyzed in a simplified manner.

The alternating voltage generator arrangement G, possibly with its alternating voltage
generators Gi, G2, may comprise at least one microcontroller generating an alternating
voltage using pulse width modulation (PWM). Such PWM microcontroller may generate
digital or, preferably, binary signals which may be used for example for controlling

transistors. Possibly, a first PWM microcontroller may generate the signals for generating
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the first generated alternating voltage Ug: whereas a second microcontroller (or
alternatively an inverted output port of the same microcontroller) may generate the
signals for generating the second alternating generated voltage Ug,. By suitably turning
on and off for example two transistors with a first PWM signal and a second inverted
PWM signal, suitable digital PWM signals may then be transmitted through a low-pass
filter in order to, finally, generate an analogue generated alternating voltage Ug or Ugo.
The low-pass filters might be implemented as RC filters containing e.g. the two
capacitors 39a and 39b and the two resistors R3 and R4 as depicted in figure 6.

Preferably, the alternating voltage generator arrangement G, possibly with its alternating
voltage generators Gi, G2, may be 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. In other words, it may be preferable that the voltage generator arrangement
generates the alternating voltage with a frequency which is substantially different to the
frequency of a typical alternating power supply voltage. Expressed differently, the
alternating voltage generators should use a frequency that is different from 50 Hz and 60
Hz and their harmonics. Thereby, measurements of the alternating voltage components
may be made robust and immune against any EMC effects which otherwise could disturb
the proposed method for detecting the deterioration state in the elevator. Furthermore,
particularly when the frequency of the voltage generators significantly differs from any
frequency of the power supply voltage, for example a Fast Fourier Transformation or
similar algorithm may be used to transform the measured alternating voltage from its time
domain into a frequency domain. In such frequency domain, only the frequency matching
the alternating voltage generator’s frequency may be considered. Furthermore, phase
angles of the voltage measurement signal may be detected in order to determine the

source generator Gy or Ga.

Next, an implementation of the device 17 for an elevator having a suspension member

arrangement 9 comprising a multiplicity of suspension members 11 will be described.

Typically, a suspension member arrangement 9 for an elevator comprises at least two,
preferably three, four or more suspension members 11 such as multiple separate belts in
order to securely suspend the elevator car and/or the counterweight. The device 17 may
be adapted for detecting deterioration states in each of such multiple suspension members
11. Therein, in order to save device resources and costs, some components of the device
17 may not be provided for each of the suspension members 11 but, instead, are provided
only once and are therefore to be shared for detecting the deterioration state in each of the

multiple suspension members 11. For example, the device 17 may comprise a power
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supply, a microcontroller and its software, alternating voltage generators, analogue/digital
converters and/or serial communication interfaces to an elevator controller. Therein, such
components may be provided only once and may be shared for all of the suspension

members 11.

As shown in principle in Fig. 12, a multiplexer arrangement 51 may be connected for
example to a PWM microcontroller 49 forming the first and second alternating voltage
generators G, Gz. This multiplexer arrangement 51 may be a digital multiplexer. The
multiplexer arrangement 51 may be adapted for connecting the alternating voltage
generator arrangement G and/or at least one of the first and second voltage measurement
arrangements 31, 33 to each of exemplarily four multiple suspension members 11 in a
timely offset sequence. For such purpose, the multiplexer arrangement 51 may establish
an electrical connection to each of a multiplicity of drivers 53a, 53b, 53¢, 53d in a serial
time sequence, i.e. one after the other. Each of the drivers 53a, 53b, 53¢, 53d is then
connected to an associated low-pass filter 55a, 55b, 55c¢, 55d which is then finally
connected to one of the multiple suspension members 11 in order to apply the first and
second alternating voltages Ui, U, to the first ends 25a,b of the first and second groups

24a,b of cords 23 comprised therein.

Figs. 13 and 14 show timing diagrams for non-continuous detection of deterioration states
in a multiplicity of suspension members 11. The diagrams show a time dependence of the
first and second alternating voltages Ui, U, applied to groups 24a, 24b of cords 23 in each

of three exemplary suspension members.

Therein, as shown in Fig. 13, first and second alternating voltages Ui, U are applied to a
first suspension member 11’ during a first period of time t; using the multiplexer
arrangement 51. During such first period t;, the other suspension members 11°°, 11" are
not connected to the alternating voltage generator arrangement G and are therefore in an
idle mode in which the pull-up voltage Unmax is constantly applied to each of the groups of
cords comprised in these suspension members. Accordingly, during the period ti, voltage
measurements may be performed indicating a deterioration state in the first suspension
member 11°. Then, in a subsequent period of time t», the multiplexer arrangement 51
switches over to the second suspension member 11°°. Accordingly, during such second
period 1o, alternating voltages Ui, U, are applied to the cords 23 in the second suspension
member 117’ and resulting measured summed voltages and differential voltages may be
analyzed for determining the deterioration state in this second suspension member 11°".
Subsequently, the multiplexer arrangement 51 switches over to the third suspension

member 11°”" and repeats the measurement procedure for this third suspension member
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11°”’. Finally, the multiplexer arrangement 51 may switch back to the first suspension

member 11 and start a new sequence of measurement procedures.

As shown in Fig. 14, after having measured and detected deterioration states in all of the
suspension members 11°, 11°°, 11°°, the detecting device 17 may be set into a sleep
mode in which all suspension members 11°, 11”7, 11°°” are in an idle mode. Thereby,
energy may be saved. After a sleep time ts of for example several seconds, several
minutes or even several hours, a next measurement sequence may be started by
sequentially connecting an activated alternating voltage generator arrangement to each of

the multiple suspension members 117, 11°°, 11°”” in a timely offset manner.

It shall be noted that all measured or determined values, particularly all voltage values,
indicated herein are understood by one skilled in the art as “substantial” values. I.e. when
a measured or determined value is said to be a specific numeral value, insignificant
deviations of e.g. up to 2% relative or even up to 5% relative may still be included. For
example, if it is stated that no DC voltage and/or no AC voltage are measured this may
mean that within acceptable tolerances no such voltages are measured but that for

example due to noises some minor electric voltages may still occur.



WO 2017/021263

10

15

20

25

30

35

-75-

List of reference signs

1
3
5
7
9
11

13

15
17
18
19
21
23
24a
24b
25a
25b
27a
27b
29

31

33
35a
35b
35¢
35d
36
37a
37b
37¢c
38
39a,b
41

43

45

elevator

cabin

counter-weight

elevator shaft

suspension member arrangement
suspension member

traction machine

traction sheave

device for detecting deterioration states
control device

belt

matrix material

cords

first group of cords

second group of cords

first end of first group of cords
first end second group of cords
second end of first group of cords
second end second group of cords
determination unit

first voltage measurement arrangement
second voltage measurement arrangement
first voltage determining unit
second voltage determining unit
third voltage determining unit
fourth voltage determining unit
pull-up voltage source

first AC voltage determining unit
first DC voltage determining unit
second voltage determining unit
centre point

capacitors

faulty first connection to ground
faulty second connection to ground

symmetrical short
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47 asymmetrical short
49 PWM microcontroller

51 multiplexer arrangement

53 drivers

55 low pass filters

Usac

U_ac

Uspc

U_pc

Ri, Rz, R3, R4
Rs

R, R~

t1 —ts

sleep period

first alternating voltage

second alternating voltage

third alternating voltage

fourth alternating voltage

alternating voltage generator arrangement

first alternating voltage generator

second alternating voltage generator

first generated voltage

second generated voltage

summed voltage

differential voltage

alternating voltage component of the summed voltage U-
alternating voltage component of the differential voltage U.
direct voltage component of the summed voltage U-
direct voltage component of the differential voltage U.
electrical resistances

connecting electrical resistance

separate connecting electrical resistances

periods of time during multiplexing
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Approaches defining features of the concept 3 may be defined as follows:

1. A device (17) for detecting a deterioration state in a suspension member
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, Gi, G2) for applying a first alternating
voltage Ui to a first end (25a) of the first group of cords of the suspension member and
for applying a second alternating voltage U- to a first end (25b) of the second group of
cords of the suspension member;
wherein the alternating voltage generator arrangement (G, G1, Gz) is configured to
generating the first and second alternating voltages with same waveforms and a phase
difference of 180°;
- at least one of

(i) a first voltage measurement arrangement (31) for determining a
summed voltage U- correlating to a sum (Us + Us) of a third voltage (Us) between a
second end (27a) of the first group of cords and a common ¢lectrical potential and a
fourth voltage (Us) between a second end (27b) of the second group of cords and the
common electrical potential; and

(ii) a second voltage measurement arrangement (33) for determining a
differential voltage U. correlating to a difference (Us - Us) between the third voltage (Us)
and the fourth voltage (Us);
- a determination unit for determining the deterioration state based on at least one of the

summed voltage and the differential voltage.

2. The device according to approach 1, further comprising a connecting
electrical resistance (Rs) electrically connecting the second end of the first group of cords

and the second end of the second group of cords.

3. The device according to one of the preceding approaches, comprising both the

first and the second voltage measurement arrangement.

4, The device according to approach 3, 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
Us+ac and the differential voltage comprises a non-zero alternating voltage component U.

AC .
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5. The device according to one of the preceding approaches, wherein at least one of
the first voltage measurement arrangement and the second voltage measurement
arrangement is adapted for measuring both an alternating (AC) voltage component and a

direct (DC) voltage component.

6. The device according to one of the preceding approaches, wherein at least one of
the first voltage measurement arrangement and the second voltage measurement
arrangement comprises a transformation unit for transforming a voltage measurement

from a time domain to a frequency domain.

7. The device according to one of the preceding approaches, wherein the
determination unit is adapted for deriving information about the deterioration state 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. .

8. The device according to one of the preceding approaches, wherein at least one of
the first voltage measurement arrangement and the second voltage measurement
arrangement comprises a frequency filter for transmitting only alternating voltage
components with a frequency corresponding to a frequency of the first alternating voltage
Us.

9. The device according to one of the preceding approaches, wherein the alternating
voltage generator arrangement (G, G, G2) comprises at least one microcontroller (49)

generating an alternating voltage using pulse width modulation (PWM).

10. The device according to one of the preceding approaches, wherein the alternating
voltage generator arrangement (G, 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.

11. The device according to one of the preceding approaches, wherein the 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.

12. The device according to one of the preceding approaches, 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 (R, Ry).
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13. The device according to one of the preceding approaches, further comprising a
third voltage measurement arrangement for measuring the first alternating voltage (Ui)
and a fourth voltage measurement arrangement for measuring the second alternating
voltage (U>).

14. The device according to one of the preceding approaches, 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 (Ui, Us) to first ends of the series connection of even

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

Elevator arrangement with an electric isolation in an STM fixation arrangement

and method for modernizing an existing elevator arrangement

The present invention according to concept 4 relates to an elevator arrangement. More
particularly, the present invention relates to an elevator arrangement in which a
suspension traction means is attached to a fixation structure in an elevator shaft using a
specific fixation arrangement. Furthermore, the present invention relates to a method for

modernizing an existing elevator arrangement.

Elevator arrangements generally serve for transporting people or goods in a vertical
direction within a building. For such purpose, an elevator car may typically be moved
within an elevator shaft within the building. Therein, the elevator car is at least partly
carried by a suspension traction means (hereinafter also referred as “STM”). Such STM
may comprise for example one or more belts or ropes. The STM, on the one hand, holds
and supports the elevator car and, on the other hand, is held or fixed in a load carrying
manner at a fixation structure provided within the elevator shaft, the fixation structure
being provided ¢.g. at guide rails installed in the elevator shaft or at a ceiling of the
elevator shaft. For example, in one configuration, one end of an STM may be fixed to the
fixation structure using a fixation arrangement and the STM then carries the elevator car
by being wound around rotatable support media such as pulleys or the like provided at the

elevator car. Alternative STM fixation configurations are possible.

As the elevator shall transport persons to substantial heights, safety requirements for such
elevator are very strict. For example, regulations may rule that the integrity of the STM
has to be monitored. Various approaches for monitoring a state or deterioration condition
of an STM have been proposed. For example, sophisticated monitoring approaches have
been described, inter alia, in EP 15166033, US 14814558, EP 16155357 and EP
16155358 in which electrical characteristics of electrically conductive cords comprised in
the STM are monitored continuously or repeatedly. Therein, changes in such electrical
characteristics may be interpreted as resulting from changes in the STM which, in a worst

case scenario, may deteriorate a load bearing capacity of the STM.

For example, using such monitoring approaches, corrosion at the electrically conductive
cords and/or damages at an electrically isolating enclosure enclosing such cords may be
detected and interpreted in an intelligent manner. Particularly, in some of such

approaches, electrical shorts between neighbouring cords and/or electrical connections to



WO 2017/021263 PCT/EP2016/067966

10

15

20

25

30

81-

ground may be detected, such shorts or ground connections generally resulting from local
damages at the isolating enclosure which, due to such damages, may no more isolate
neighbouring cords or isolate between a cord and an electrically grounded other

component of the elevator arrangement, respectively.

It is generally intended to equip novel elevator arrangements with such STM monitoring
capabilities. When designing such novel elevator arrangements, all elevator components

may be specifically adapted for enabling various STM monitoring capabilities.

However, in many cases, it may also be intended or even be required by official
regulations to retrofit existing elevator arrangements with such STM monitoring
capabilities during modernisation measures. It has been observed that, particularly for
such retrofitting, problems may occur which may prevent efficient monitoring of an STM
arrangement or which allow only a subset of measurements to be enabled to determine a

subset of possible faults within an STM arrangement.

Accordingly, there may be a need for an elevator arrangement being adapted such that a
monitoring unit may determine specific types of possible faults within an STM while, at
the same time, keeping the components of the elevator arrangement simple, inexpensive
and/or easy to install. Particularly, there may be a need for an elevator arrangement in
which, inter alia, electrical connections to ground of electrically conductive cords in an
STM may be detected, thereby enabling a detection of damages within an isolating
enclosure enclosing the cords. Particularly, there may be a need for an elevator
arrangement which may be obtained by retrofitting an existing elevator arrangement
thereby enabling specific monitoring of characteristics of its STM. Accordingly, there
may be need for a method of modernizing an existing elevator thereby enabling at least

some monitoring capabilities concerning possible faults within an STM arrangement.

Such needs may be met with the subject-matter of the approaches of concept 4 defined
hereinafter. Advantageous embodiments are defined in the the subsequent specification

and approaches of concept 4 defined hereinafter.

According to a first aspect of the present invention according to concept 4, an elevator
arrangement is proposed wherein the elevator arrangement comprises an elevator shaft, a
suspension traction means, an elevator car and a fixation arrangement. The elevator shaft
comprises at least one fixation structure arranged for example at guide rails mounted in
the elevator shaft or at a ceiling or a top region of the elevator shaft. The suspension
traction means comprises a plurality of electrically conductive cords. The elevator car is

at least partly carried by the suspension traction means. The fixation arrangement is
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adapted for attaching the suspension traction means in a load carrying manner to the
fixation structure. Therein, the fixation arrangement is furthermore adapted such as to
provide for an electric isolation between the suspension traction means and the fixation

structure.

Ideas underlying embodiments of the present invention of concept 4 may be interpreted as
being based, inter alia and without restricting the scope of the present invention, on the

following observations and recognitions.

As briefly stated in the preceding introductory portion, safety supervision units (SSU)
may be used in an elevator arrangement in order to supervise the integrity of STMs by
inducing electrical currents within electrically conductive cords of an STM by applying
external electrical voltages and monitoring resulting occurring voltages at or within the
cords in order to thereby enable a determination of changes in electrical characteristics of
such cords. Particularly, such SSUs may detect when an electrical connection of the cords
to an electrical ground potential occurs. Such connection to ground typically occurs upon

damaging of an electrically isolating enclosure enclosing the cords.

Generally, such damages at the enclosure may represent severe deteriorations of the
quality of the STM. For example, such damages of the enclosure frequently result from
single wires in a cord being broken and then locally piercing through the enclosure.
Already the fact that a wire is broken is generally negative for the load bearing capacity
of the STM. Furthermore, for example humidity may enter into an inner portion of the

STM via the piercing and may then provoke corrosion.

While it may generally be difficult to detect damages to the enclosure of an STM directly,
for example via visual inspection, such damages coincide in many cases with a
continuous or temporary electrical connection of the cords of the STM with a ground
potential via for example an opening in the damaged enclosure. For example, a bear or
exposed portion of a cord may come into contact with an adjacent grounded component
of the elevator arrangement such as with a grounded pulley, a grounded traction sheave or

similar.

However, it has been observed that, in conventional elevator arrangements, an electrical
connection between cords in the STM and a ground potential frequently occurs in specific
situations which do not necessarily represent any significant risk for the integrity of the
STM. Particularly, it has been observed that an end of an STM is typically fixed to a

fixation structure within the elevator shaft using a fixation arrangement and that the
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fixation arrangement may be fixed to the STM in a way such that an electrical connection

between the cords of the STM and the fixation arrangement is established.

For example, in conventional fixation arrangements, a belt-like STM may be held by
being clamped or ripped using a clamping member such as a wedge clamp. Therein, a
wedge which is typically metallic and therefore electrically conductive, presses the STM
against a clamp housing such that the STM is bent into a curvature and clamped between
the wedge clamp and the housing. In such clamping configuration, due to high pressures
and due to the arrangement of the STM within the wedge clamp, it may be likely that
cords of the STM penetrate the enclosure or jacket and conductively connect to the
conductive clamp housing. When the fixation arrangement and, particularly, its clamp
housing are electrically connected to ground, the cords of the STM are connected to
ground in such cases. However, such electrical grounding of the cords occurring at the
fixation arrangement is in many cases not critical for the integrity and safety of the STM
and does therefore not need to be specifically detected. On the other hand, when such
electrical ground connection occurs at the fixation arrangement, no other ground
connections at other portions of the STM may be detected any more as, generally, the
SSU may not differentiate between various locations at which electrical ground

connections occur along the STM.

It is therefore proposed to modify the fixation arrangement of the elevator arrangement in
such a way that an electric isolation between the STM and the fixation structure, to which
the fixation arrangement is attached, is provided. Due to such electric isolation, no
electrical ground connection occurs between the fixation arrangement and the fixation
structure and therefore, no electrical ground connection may occur between the cords of

the STM comprised in the fixation arrangement and the grounded fixation structure.

According to an embodiment, the fixation arrangement comprises a separate isolation
member which is interposed in a load carrying path along which the suspension traction
means is mechanically attached via the fixation arrangement to the fixation structure.
Therein, the isolation member is adapted for electrically isolating the suspension traction

means from the fixation structure.

In other words, the intended electric isolation between the suspension traction means and
the fixation structure may be established using a separate isolation member which is
mterposed somewhere along the load carrying path between the STM and the fixation
structure. Thus, while the load carried by the STM may mechanically be transferred via
the load carrying path to the fixation structure, no electrical connection is established

along this load carrying path due to the intermediate arrangement of the isolation
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member. For example, the isolation member may be a simple component made from an

electrically isolating material such as plastics.

According to an embodiment, the fixation arrangement comprises a clamping member
clamping the STM, an upper support member supported at the fixation structure and a
longitudinal connection member mechanically connecting the clamping member and the

upper support member in a load carrying manner.

In other words, the fixation arrangement may comprise at least three components.
Therein, the clamping member may grip and clamp the STM such as to fixedly hold the
STM at the fixation arrangement. For example, the clamping member may comprise a
wedge clamp and a clamp housing between which the STM may be clamped. The
longitudinal connection member may be fixedly connected to the clamping member. For
example, the connection member may be a threaded rod which may be threaded into a
thread or screw nut provided at the clamping member. On an opposite end, the upper
support member may be provided at the longitudinal connection member. This upper
support member may be attached to or, more generally, supported at the fixation structure
provided in the elevator shaft. Such fixation arrangement has proven to be of high
reliability while at the same time enabling strong load bearing capacities as well as

relatively simple assembly and maintenance.

In such embodiment, the fixation arrangement may further comprise an upper isolation
member being interposed between the upper support member and a load carrying
structure at the fixation structure. The upper isolation member may be adapted for
electrically isolating the upper support member and/or the longitudinal connection

member from the fixation structure.

In other words, at a top portion of the fixation arrangement, the upper support member of
the fixation arrangement may be mechanically supported at the fixation structure but, in
order to prevent any electrical connection between the upper support member and the
fixation structure, an upper isolation member is interposed between those two

components.

Alternatively or in addition, the fixation arrangement may further comprise a lower
support member supporting the clamping member and a lower isolation member
interposed between the lower support member and a load carrying structure at the
clamping member. Therein, the lower isolation member may be adapted for electrically
isolating the lower support member from the clamping member and/or the longitudinal

connection member.
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Thus, similarly to the preceding embodiment, an electrical connection between the
clamping member and the lower support member supporting the clamping member may

be prevented using the lower isolation member.

Thus, the load carrying path between the STM clamped by the clamping member, on the
one side, and the fixation structure supporting the upper support member of the fixation
arrangement may be “interrupted” in terms of electrical conductivity by the interposed

upper isolation member or the interposed lower isolation member or both.

In such embodiments, at least one of the upper isolation member and the lower isolation
member may comprise a washer consisting of an electrically isolating material such as
plastics. The washer may be a very simple construction component which, on the one
hand, may be heavily mechanically loaded and which, on the other hand, may easily
provide for an electrical isolation between neighbouring components within the load

carrying path provided by the fixation arrangement.

According to a further specific embodiment, the fixation structure comprises an opening
through which the longitudinal connection member extends. The upper support member
is then attached to the longitudinal connection member upside of this opening. Therein,
an upper isolation member comprises an electrically isolating sleeve enclosing the
longitudinal connection member in a region where the longitudinal connection member

extends through the opening of the fixation structure.

In other words, the fixation structure within the elevator shaft may be established with a
component such as a load carrying plate through which a hole providing an opening is
formed. Through this opening, the longitudinal connection member of the fixation
arrangement may extend such that an upper portion of the connection member projects
over an upper surface of the fixation structure. The upper support member is then
attached to the connection member upside of the fixation structure, i.e. upside of the
opening. Accordingly, while the connection member is drawn in a downward direction
due to the load carried at the fixation arrangement, the fixation arrangement’s upper
support member is mechanically supported by an upper surface of the fixation structure.
In such configuration, it is relatively easy to interpose an upper isolation member between
the upper support member and the upper surface of the fixation structure. For example,

this portion of the upper isolation member may look like a plastic washer.

However, additionally, there may be a risk that the longitudinal connection member
comes into contact with a surface of the fixation structure within the opening. Generally,

a lateral distance between the cylindrical outer surface of the connection member and an
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mner surface of the opening is only in a range of a few millimetres, e.g. 1 to 2 mm, such
that upon any deflection or bending of the connection member, a mechanical contact and
therefore also an electrical contact between the connection member and the inner opening

walls of the fixation structure may be established.

In order to prevent such electrical connection, a sleeve enclosing the longitudinal
connection member in a region where this connection member extends through the
opening of the fixation structure may be provided. Such sleeve may avoid any electrical
contact between the connection member and the fixation structure in the region where the

longitudinal connection member extends through the opening of the fixation structure.

Similarly and alternatively or additionally, the clamping member may comprise an
opening through which the longitudinal connection member extends. Therein, the lower
support member may be attached to the longitudinal connection member downside of the
opening and a lower isolation member may comprise a sleeve enclosing the longitudinal
connection member in a region where the longitudinal connection member extends

through the opening of the clamping member.

In such embodiments, the sleeve may consist of an electrically isolating material such as
plastics. Such plastic sleeve may be easily produced, may be inexpensive and/or may be

simply mounted to the fixation arrangement.

Particularly, the upper isolation member and/or the lower isolation member may comprise

a washer having the sleeve extending therefrom in an axial direction.

Expressed in a different manner, the upper and/or lower isolation member may comprise
a disk-like portion similar to a washer and a cylindrical tube-like portion forming the
sleeve. Therein, the washer-like portion may be arranged substantially vertical and
between an underlying component such as e.g. the fixation structure and an overlying
component such as e.g. the upper support member of the fixation arrangement whereas
the sleeve-like portion encloses the longitudinal connection member at least in an area
where it extends through the opening in the fixation structure thereby avoiding any lateral
electrical contact between the longitudinal connection member and the fixation structure

within the opening.

Preferably, the washer and the sleeve form an integral component. In other words, the
washer and the sleeve are formed by one and the same component, preferably a plastic

component. Such plastic component may for example be moulded or casted.

In order to enable monitoring of an integrity or, more general, a state of the STM, the

elevator arrangement may further comprise a monitoring unit which is electrically
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connected to the cords of the STM and which is adapted for applying electrical voltages
to the cords and for monitoring a current state of the STM based on measuring
characteristics of an electrical voltage in the cords resulting from the applied electrical

voltages.

While such monitoring units have already been developed and applied mainly in novel
elevator installations, it is intended to provide its monitoring capability also to existing
elevator arrangements. Therein, benefit may be taken from the inventive feature described
herein according to which the fixation arrangement in the elevator arrangement is
provided with an electric isolation between the suspension traction means and the fixation
structure. Accordingly, such monitoring unit may provide at least for a subset of

measurements to enable determining a subset of possible faults within the STM.

In a preferred embodiment, the suspension traction means comprise at least one belt
having the electrically conductive cords comprised within an electrically isolating
enclosure (sometimes also referred to as “jacket”). As indicated in the preceding sections,
in such belt, an integrity or state of the cords may be supervised and, particularly,

damages in the isolating enclosure may be detected.

According to a second aspect of the present invention of concept 4, a method for
modernizing an existing elevator arrangement is proposed. Therein, the existing elevator
arrangement comprises an elevator shaft including at least one fixation structure,
suspension traction means comprising a plurality of electrically conductive cords, an
elevator car which is at least partly carried by the suspension traction means and a
fixation arrangement for attaching the suspension traction means in a load carrying
manner to the fixation structure. The method comprises at least a step of modifying the
fixation arrangement such as to provide for an electric isolation between the suspension

traction means and the fixation structure.

In other words, it is proposed to, upon modernizing an existing elevator arrangement,
specifically modify the fixation arrangement of the elevator arrangement in a way such
that it does no more provide for an electrically conductive path between the suspension
traction means and the electrically grounded fixation structure. Instead, such preceding
existing electrically conductive path may be interrupted by for example interposing an
isolation member such as for example an electrically isolating washer for example
between an upper support member supported at the fixation structure and connected to for
example a clamping member clamping the suspension traction member, on the one side,

and a load carrying structure of the fixation structure, on the other side.
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Particularly, according to an embodiment, a monitoring unit may be provided for the
already existing elevator arrangement during modernisation thereof. The monitoring unit
may be electrically connected to the cords of the suspension traction means and may be
adapted for applying electrical voltages to the cords and for monitoring a current state of
the suspension traction means based on measuring characteristics of an electrical voltage

in the cords resulting from the applied electrical voltages.

Accordingly, upon modernising an existing elevator arrangement not comprising any
monitoring capabilities for determining deteriorations within for example belts forming
the suspension traction media or at least not comprising modern monitoring capabilities
for determining such deteriorations based on measuring electrical characteristics in the

suspension traction media, several modernisation steps may be applied.

As a first modernization step, a modern monitoring unit may be included in the existing
elevator arrangement. Such monitoring unit may be adapted to, for example, apply
electrical voltages to the cords comprised in the STM. For example, several phases of
alternating voltages (AC) may be applied to different cords comprised in one or more
belts, the phases possibly being shifted with respect to each other. In such scenario,
electrical characteristics of the cords may be determined by measuring for example
electrical voltages resulting within the cords upon interference of the various voltage
phases applied thereto. Such measured electrical characteristics may then be taken as
indicating physical characteristics of the STM and its cords and may therefore be used for
determining for example deteriorations in the cords. Such or similar monitoring
techniques and monitoring devices have been presented for example by the applicant of
the present application in several preceding patent applications such as EP15166033.9,
US62199375, US14814558, EP16155357.3 and EP16155358.1, the content of which is

herein incorporated by reference.

Such modern monitoring units typically enable a wide variety of monitoring capabilities.
For example, electrical connections to ground may be determined and may be interpreted
as resulting from deteriorations in the suspension traction medium such as local piercings

or exposures in its jacket enclosing the cords.

However, as already briefly indicated further above, portions of cords of for example an
STM belt being clamped in the fixation arrangement may come into electrical contact to
the fixation arrangement. While this, in general, is not harmful and does not present a
critical deterioration for the STM, it may result in a condition in which these cords are
electrically connected to ground and/or to one another via the fixation arrangement as in

conventional elevator arrangements, this fixation arrangement is typically connected to
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ground by being attached to the fixation structure in the elevator shaft, which fixation

structure itself in many elevator configurations being electrically grounded.

While such electrical grounding of the STM’s cords via the fixation arrangement or short-
circuit of the cords to themselves is generally harmless, it may nevertheless prevent
detecting other electrical groundings of the STM’s cords, which might occur upon more
serious deteriorations of the STM. E.g, while short-circuiting of the cords to one another
or to ground via the fixation arrangement does not negatively influence the integrity of
the STM and its load carrying capacity of suspending elevator components, it would
prevent detecting additional ground connections, e.g. when a single STM cord penetrates
the jacket and connects to a grounded elevator component. In other words, such defects or
faults would not be detectable as there already exists a ground connection of the cords via

the fixation arrangement

Accordingly, as a second modernization step, it may be advantages to, upon modernising
an existing elevator arrangement and providing it with a modern monitoring unit, also
provide for an electrical isolation between the fixation arrangement holding the STM, on
the one side, and the fixation structure in the elevator shaft, on the other side. Thereby,
also monitoring capabilities of the monitoring unit for detecting electrical ground
connections may effectively be used for detecting potentially harmful deteriorations of

the STM, particularly for detecting damages at the STM’s jacket.

It shall be noted that possible features and advantages of embodiments of the invention of
concept 4 are described herein partly with respect to an elevator arrangement in general
and partly with respect specifically to its fixation arrangement. Furthermore, possible
features and advantages of embodiments of the invention are also described herein partly
with respect to a method for modernising an existing elevator arrangement. One skilled in
the art will recognize that the features may be suitably transferred from one embodiment
to another and features may be modified, adapted, combined and/or replaced, etc. in order

to come to further embodiments of the invention.

In the following, advantageous embodiments of the invention will be described with
reference to the enclosed drawings of concept 4. However, neither the drawings nor the

description shall be interpreted as limiting the invention.
Fig. 1 represents components of an elevator arrangement.
Fig. 2 shows a perspective representation of a belt-like suspension traction means.

Fig. 3 shows a fixation arrangement for an elevator arrangement according to an

embodiment of the present invention.
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Fig. 4 shows a fixation arrangement for an elevator arrangement according to another

embodiment of the present invention.

The figures are only schematic and not to scale. Same reference signs refer to same or

similar features.

Fig. 1 shows an elevator arrangement 1 which may be embodied in accordance with the
present invention. The elevator arrangement 1 comprises an elevator shaft 3 in which two
fixation structures 5 are provided. The fixation structures 5 are only indicated
schematically and may comprise a load carrying structure 25 such as a plate arranged and
held for example at a ceiling of the elevator shaft 3 or are attached to the upper end of at
least one guide rail, i.e. sitting on top of the at least one guide rail. A suspension traction
means 7 formed for example by several belts or ropes is attached to the fixation structures
5 via fixation arrangements 9, respectively. The STM 7 is arranged and adapted for
carrying the load of an elevator car 11 and of a counterweight 15, respectively. For such
purpose, the STM 7 extends downwards from respective fixation arrangements 9 towards
the elevator car 11 and the counterweight 15, respectively, and is wound around pulleys
13 arranged at these movable elevator components. The STM 7 is then directed upwards
again towards a traction sheave 23. The traction sheave may be driven into rotation by a

drive engine 17, the operation of which is controlled by an elevator control 19.

An integrity or state of the STM 7 may be monitored by a monitoring unit 21 which is
electrically connected to conductive cords comprised within the STM 7 and which may
monitor characteristics of an electric current induced in these electrically conductive

cords.

Fig. 2 shows an example of a portion of a belt-like STM 7. The STM 7 comprises
multiple cords 27 made for example from metallic cables, braids, strands or fibres. The
cords 27 are enclosed within an enclosure 29 or jacket. The enclosure is typically
provided with an electrically isolating material such as a polymer material such that it
may, on the one hand, protect the inner cords 27 against for example environmental
influences and, on the other hand, electrically isolate the cords 27 from each other and
from external components. In the example shown, the belt-like STM 7 comprises a profile
31 at its front-side contact surface where it contacts for example a traction surface of the

traction sheave 23 whereas a rear side 33 of the STM 7 is planar.

Fig. 3 shows details of a fixation arrangement 9 for an elevator arrangement 1 according
to an embodiment of the present invention. The fixation arrangement 9 comprises a

clamping member 35, a longitudinal connection member 39 and an upper support
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member 37. The clamping member 35 comprises a wedge 40 comprised in a clamp
housing 41. Therein, the belt-like STM 7 may be formed into a loop 43 around the wedge
40 such that it is wedged or pitched between the wedge 40 and the housing 41 due to the
load applied to the STM 7 in the downward-direction drawing the wedge 40 into the
tapering housing 41.

On an upper portion of the housing 41 of the clamping member 35, a lower support
member 49 is provided for mechanically supporting the clamping member 35. Such lower
support member 49 may be for example a screw nut 51 which is fixedly held at the
housing 41. Alternatively, the threaded rod forming the longitudinal connection member

39 may be fixed directly within the clamp housing 41, e.g. using a threaded connection.

The longitudinal connection member 39 may be for example a threaded rod which may
be screwed into the screw nut 51 or into a thread integrally provided in the clamp housing
41. On its opposite end, the connection member 40 may be attached to the upper support
member 37. For example, this upper support member 37 may be another screw nut 44 to
which the threaded rod forming the connection member 39 is threaded. Therein, the upper
support member 37 is arranged upside of an opening 57 through the fixation structure 5.
The opening 57 may be a hole in a plate forming the load carrying structure 25 of the

fixation structure 5.

Upon being clamped within the clamping member 35, the isolating enclosure 29 of the
belt-like STM 7 may be locally damaged such that cords 27 comprised therein may come
into mechanical and electrical contact with portions of the clamping member 35.
Typically, the clamping member 35 has to be mechanically stable and is therefore made
from a load bearing material such as metal. Accordingly, exposed cords 27 may come

into contact with electrically conductive portions of the clamping member 35.

In order to provide for an electric isolation between the STM 7, on the one hand, and the
fixation structure 5, which is typically electrically grounded, on the other hand, the
fixation arrangement 9 comprises one or more isolation members 45, 53 interposed in a
load carrying path along which the STM 7 is mechanically attached to the fixation

structure 5 via the fixation arrangement 9.

Solutions exist where the wedge of a wedge clamp is embodied as a non-conductive
material. However, a change of the wedge from a conductive to a non-conductive wedge
regularly requires the STM to be replaced as well. Accordingly, in a modernization, the

exchange of the conductive to a non-conductive wedge is not practicable.
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In the example shown in Fig. 3, such isolation members 45, 53 may be made with at least
one of an electrically isolating washer 47 and an electrically isolating washer 55. Therein,
an upper isolating member 45 may be interposed between the upper support member 37,
i.e. the screw nut 44 threaded onto the longitudinal connection member 39, on the one
side, and an upper surface of the load carrying structure 25 of the fixation structure 5, on

the other side.

Alternatively or additionally, such intended electrical isolation within the load carrying
path may be established at a side of the clamping member 35. There, an electrically
isolating washer 55 may form a lower isolation member 53 interposed between the lower
support member 49 formed by the screw nut 51, on the one side, and a load carrying

structure 62 of the clamping member 35, on the other side.

The upper isolation member 45 and/or the lower isolation member 53, i.e. the washer 47
and/or the washer 55, may be adapted such that, on the one hand, they are sufficiently
mechanically stable in order to transmit the substantive mechanical loads acting onto the
STM 7 via the fixation arrangement 9 towards the fixation structure 5. On the other hand,
these upper and/or lower isolation members are adapted for providing a sufficient electric
isolation such that no electrically conductive connection may be established towards the

electrically grounded fixation structure 5.

In the embodiment shown in Fig. 3, the upper and/or lower isolation members 45, 53 are
provided with simple washers, 47, 55. However, as the longitudinal connection member
39 extends through the opening 57 in the fixation structure 5 and this opening 57 being
only slightly larger than the cross-section of the connection member 39, there might be a
risk of lateral walls 61 of the connection member 39 coming into contact with inner walls

59 of the opening 57 in the fixation structure 5.

Therefore, according to an embodiment as shown in Fig. 4, it is proposed to provide for
example the upper isolation member 45 with an additional sleeve 63. This sleeve 63
encloses the longitudinal connection member 39 in a region where it extends through the
opening 57 of the fixation structure 5. For example, the sleeve 63 may have a cylindrical
geometry and a threaded rod forming the connection member 39 may extend through a

hollow inner portion of such sleeve 63.

Preferably, the sleeve 63 is integral with the washer 47 such that the upper isolation
member 45 is formed by a single component comprising the horizontally extending
washer 47 and the vertically extending sleeve 63. Using such upper isolation member 45,

any clectrical connection between the longitudinal extension member 39, on the one
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hand, and the grounded fixation structure 5, on the other hand, may be prevented even in
cases where the connection member 39 may be pressed in a direction towards the inner

walls 59 of the opening 57 in the fixation structure 5.

Alternatively or additionally, a sleeve may also be provided at a washer 55 forming the

lower isolation member 53 (this alternative not being shown in the figures).

Due to the electric isolation or decoupling of the fixation arrangement 9 from the
grounded fixation structure 5, the monitoring unit 21 may monitor the STM 7 for
damage-related electrical ground connections even in cases where the cords 27 comprised
in the STM 7 are electrically connected to portions of the fixation arrangement 9.
Accordingly, subsets of faults of the STM 7 may be detected by adding the monitoring
unit 21 for example in systems after original installation, in particular with already short-
circuited cords 27 in the fixation arrangement 9. Thus, at least a reduced option of STM
monitoring may be offered to customers of existing elevator installations as a relatively

simple add-on.
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Approaches defining features of the concept 4 may be defined as follows:

1. Elevator arrangement (1), comprising:

- an elevator shaft (3) including at least one fixation structure (5);

- suspension traction means (7) comprising a plurality of electrically conductive cords
27);

- an elevator car (11) which is at least partly carried by the suspension traction means (7);
- a fixation arrangement (9) for attaching the suspension traction means (7) in a load
carrying manner to the fixation structure (5);

wherein the fixation arrangement (9) is adapted such as to provide for an electric isolation

between the suspension traction means (7) and the fixation structure (5).

2. Elevator arrangement of approach 1, wherein the fixation arrangement (9)
comprises an isolation member (45, 53) interposed in a load carrying path along which
the suspension traction means (7) is mechanically attached via the fixation arrangement
(9) to the fixation structure (5), the isolation member (45, 53) being adapted for

electrically isolating the suspension traction means (7) from the fixation structure (5).

3. Elevator arrangement of one of approaches 1 and 2, wherein the fixation
arrangement (9) comprises

- a clamping member (35) clamping the suspension traction member (7),

- an upper support member (37) supported at the fixation structure (5) and

- a longitudinal connection member (39) mechanically connecting the clamping member

(35) and the upper support member (37) in a load carrying manner.

4. Elevator arrangement of approach 3, wherein the fixation arrangement (9)
further comprises an upper isolation member (45) interposed between the upper support
member (37) and a load carrying structure (25) at the fixation structure (5), the upper
isolation member (45) being adapted for electrically isolating the upper support member

(37) and/or the longitudinal connection member (39) from the fixation structure (5).

5. Elevator arrangement of approach 3 or 4, wherein the fixation arrangement (9)
further comprises a lower support member (49) supporting the clamping member (35) and
a lower isolation member (53) interposed between the lower support member (49) and a
load carrying structure (62) at the clamping member (35), the lower isolation member
(53) being adapted for electrically isolating the lower support member (49) from the

clamping member (35) and/or the longitudinal connection member (39) .
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6. Elevator arrangement of one of approaches 3 to 5, wherein at least one of the
upper isolation member (45) and the lower isolation member (53) comprises a washer

(47, 55) consisting of an electrically isolating material.

7. Elevator arrangement of one of approaches 3 to 6, wherein the fixation structure
(5) comprises an opening (57) through which the longitudinal connection member (39)
extends, the upper support member (37) being attached to the longitudinal connection
member (39) upside of the opening (57), wherein an upper isolation member (45)
comprises an electrically isolating sleeve (63) enclosing the longitudinal connection
member (39) in a region where the longitudinal connection member (39) extends through

the opening (57) of the fixation structure (5).

8. Elevator arrangement of one of approaches 3 to 7, wherein the clamping
member (35) comprises an opening through which the longitudinal connection member
(39) extends, the lower support member (49) being attached to the longitudinal
connection member (39) downside of the opening, wherein a lower isolation member (53)
comprises an electrically isolating sleeve enclosing the longitudinal connection member
(39) in a region where the longitudinal connection member (39) extends through the

opening of the clamping member (35).

9. Elevator arrangement of one of approaches 7 and 8, wherein at least one of the
upper isolation member (45) and the lower isolation member (53) comprises a washer

(47, 55) having the sleeve (63) extending in an axial direction therefrom.

10. Elevator arrangement of approach 9, wherein the washer (47, 55) and the sleeve

(63) form an integral component.

11. Elevator arrangement of one of approaches 1 to 10, further comprising a
monitoring unit (21) which is electrically connected to the cords (27) of the suspension
traction means (7) and which is adapted for applying electrical voltages to the cords (27)
and for monitoring a current state of the suspension traction means (7) based on
measuring characteristics of an electrical voltage in the cords (27) resulting from the

applied electrical voltages.

12. Elevator arrangement of one of approaches 1 to 11, wherein the suspension
traction means (7) comprise at least one belt having the electrically conductive cords (27)

comprised within an electrically isolating enclosure (29).

13. Elevator arrangement of approach 1, wherein the fixation arrangement (9)
comprises an isolation member (54, 53) interposed in a load carrying path along which

the suspension traction means (7) is mechanically attached via the fixation arrangement
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(9) to the fixation structure (5), the isolation member (45, 53) being adapted for
electrically isolating the suspension traction means (7) from the fixation structure (5),
wherein the fixation arrangement (9) comprises

- a clamping member (35) clamping the suspension traction member (7),

- an upper support member (37) supported at the fixation structure (5) and

- a longitudinal connection member (39) mechanically connecting the clamping member
(35) and the upper support member (37) in a load carrying manner,

wherein the fixation arrangement (9) further comprises an upper isolation member (45)
interposed between the upper support member (37) and a load carrying structure (25) at
the fixation structure (5), the upper isolation member (45) being adapted for electrically
isolating the upper support member (37) from the fixation structure (5),

wherein the fixation structure (5) comprises an opening (57) through which the
longitudinal connection member (39) extends, the upper support member (37) being
attached to the longitudinal connection member (39) upside of the opening (57), wherein
the upper isolation member (45) comprises a sleeve (63) enclosing the longitudinal
connection member (39) in a region where the longitudinal connection member (39)
extends through the opening (57) of the fixation structure (5),

wherein the upper isolation member (45) comprises a washer (47) having the sleeve (63)

extending in an axial direction therefrom.

14. Method for modernizing an existing elevator arrangement,

the existing elevator arrangement comprising:

- an elevator shaft (3) including at least one fixation structure (5);

- suspension traction means (7) comprising a plurality of electrically conductive cords
27);

- an elevator car (11) which is at least partly carried by the suspension traction means (7);
- a fixation arrangement (9) for attaching the suspension traction means (7) in a load
carrying manner to the fixation structure (5);

wherein the method comprises:

modifying the fixation arrangement (9) such as to provide for an electric isolation

between the suspension traction means (7) and the fixation structure (5).

15. Method of approach 14, further comprising:

providing a monitoring unit (21) for the elevator arrangement, which monitoring unit (21)
being electrically connected to the cords (27) of the suspension traction means (7) and
being adapted for applying electrical voltages to the cords (27) and for monitoring a

current state of the suspension traction means (7) based on measuring characteristics of an
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electrical voltage in the cords (27) resulting from the applied electrical voltages.
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CONCEPT V

Method and device for determining a deterioration state in a suspension member for

an elevator

The present invention according to concept 5 relates to a method and to a device for
determining a deterioration state, particularly a deterioration state of a load bearing

capacity, in a suspension member arrangement for an elevator.

A technical background relating to the concept 5 of determining deterioration state of a
suspension member and some references to prior art approaches are similar to those

described in the introductory portions of the descriptions of concepts 1 to 3.

In these specific approaches, while electrical characteristics of suspension members and
the cords comprised therein are determined, it is not necessary to specifically measure
any clectrical resistances in the cords or any magnitude of electrical currents through the
cords but, instead, it may be enabled to obtain information about the electrical
characteristics of the suspension member by correlating for example various electrical
measurements and interpreting results from such relative correlation. In other words, in
these approaches it may not be necessary to have any detailed knowledge about absolute
resistance values or current values but it may be sufficient to correlate various electrical
measurements in order to obtain valuable information about electrical characteristics in
the suspension member which allow determining information about the deterioration state

of such suspension member.

In another alternative approach, a deterioration state of a suspension member is not
detected by measuring any physical parameters of the suspension member itself but,
nstead, it is assumed that the suspension member deteriorates over time mainly due to
wear occurring as a result of bending the suspension member. Such approach is for
example described in WO 2010/007112 A1, the disclosure of which shall be incorporated

herein by reference.

There may be a need for an alternative method and device for determining a deterioration
state in a suspension member arrangement for an elevator. Particularly, there may be a
need for such method and device which enable fulfilling high safety requirements, simple

implementation and/or low cost.
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Such needs may be met with the subject-matter of the approaches of concept 5 described
hereinafter. Beneficial embodiments are defined in the approaches of concept 5 described

hereinafter and in the following specification.

A first aspect of the present invention according to concept 5 relates to a method for
determining a deterioration state in a suspension member arrangement for an elevator.
The suspension member arrangement comprises at least one suspension member
comprising a plurality of electrically conductive cords. The method comprises at least the
following steps:
- counting a number of bending cycles applied to the suspension member;
- determining an electrical characteristic of the suspension member;
- performing

(a) determining a critical deterioration state upon monitoring both:
the counted number of bending cycles applied to the suspension member and
the determined electrical characteristic of the suspension member;

and/or

(b) determining an unexpected deterioration state based on deriving a current actual
deterioration state of the suspension member based on the determined electrical
characteristic and assuming a currently expected deterioration state based on the counted
number of bending cycles and comparing the current actual deterioration state with the
currently expected deterioration state; and
- initiating a defined procedure upon the determining of at least one of the critical

deterioration state and the unexpected deterioration state.

Without restricting the scope of the invention of concept 5 in any way, ideas underlying
embodiments of the invention may be understood as being based, inter alia, on the

following recognitions and observations:

On the one hand, in conventional approaches for detecting a deterioration state of a load
bearing capacity in a suspension member arrangement such as some of those approaches
indicated in the above introductory portion, electrical characteristics of cords included in
a suspension member have been taken as indicators for changes in the deterioration state
of the suspension member. In some of the prior art approaches, electrical resistances or
other electrical characteristics within the cords have been measured and it has been
assumed that an increase of such electrical resistances correlates to a deterioration of the

load bearing capacity of the suspension member.

However, it has been found that it may be very difficult or even impossible to define

sufficiently precise quantitative indicators for a critical or unexpected deterioration state
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of a suspension member based only on measuring electrical characteristics in the
suspension member. For example, wear, fatigue phenomena and/or corrosion may slowly
deteriorate the suspension member and particularly its load bearing capacity. It has been
found that particularly deteriorations of the suspension member due to such slowly acting
effects may be very difficult to be detected. While it is assumed that such effects may
alter for example electrical resistances through the cords of the suspension member, it is
hardly possible to determine any unambiguous indicators such as for example maximum
electrical resistance values which, when being exceeded, would necessarily indicate

excessive deterioration of the suspension member.

On the other hand, alternative approaches for determining the deterioration state of the
suspension member only based on counting specific deteriorating events such as counting
bendings of the suspension member may also be assumed as being insufficient for
unambiguously indicating excessive deterioration of the suspension member. This is
particularly true as such approaches mainly rely on wear and deterioration experiments

performed under specific conditions.

For example, using a new suspension member directly after its fabrication, experiments
have been performed in which the suspension member was put under substantial
mechanical stress by repeated bending thereof and it was then tested after which number
of bendings the suspension member loses for example 20% or 40% of its initial load
bearing capacity, such loss being assumed as an excessive deterioration. Based on such
experiments, it is then assumed that the suspension member may be bent at least a
specific number of times before being excessively deteriorated such that it needs to be for

example replaced.

However, as these experiments are generally performed under specific conditions in
which it is assumed, on the one hand, that the suspension member in its initial state is not
deteriorated and in which is furthermore assumed, on the other hand, that deteriorations
within the suspension member mainly occur due to repeated bending thereof, such
approaches for determining deteriorations may generally ignore other influences which

also may deteriorate the quality of the suspension member.

For example, incorrect handling of the suspension member during e.g. transport from a
fabrication site to an installation site and/or during installation of the suspension member
at the installation site may harm the integrity of the suspension member. For example, a
belt serving as a suspension member may be damaged during transportation or
nstallation such that its polymer jacket enclosing its cords is damaged. Due to such

damage, the cords may for example be exposed, i.e. be no more protected by the jacket,
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such that e.g. local corrosion of the exposed cords may significantly deteriorate the

quality of the belt.

In other words, it has been found that both conventional approaches, i.c. the measuring of
electrical characteristics as well as the counting of bendings of the suspension member,
when taken as a single measure may not reliably indicate excessive deterioration of the

suspension member.

It is therefore proposed herein to combine these conventional approaches in order to
provide for a more reliable method for determining a deterioration state in a suspension
member arrangement. Therein, the number of bending cycles applied to the suspension
member is counted as one measure and, additionally as another measure, electrical

characteristics of the suspension member are determined.

A critical deterioration state may then be determined for example when either the counted
number of bending cycles exceeds a specific allowable maximum number of bending
cycles or the measured electrical characteristics deviate from reference characteristics by

more than an allowable maximum deviation.

Alternatively or additionally, an unexpected deterioration state may be determined by, on
the one hand, deriving a current actual deterioration state of the suspension member based
on the determined electrical characteristic(s) and, on the other hand, assuming a currently
expected deterioration state based on the counted number of bending cycles and, finally,
comparing the current actual deterioration state with the currently expected deterioration
state. In other word it is verified whether or not the currently measured electrical
characteristics of the suspension member indicate an actual deterioration state with
conforms to an expected deterioration state as it may be assumed due to the counted

number of bendings (i.e. the “operational age”) of the suspension member.

Upon the determining the critical deterioration state and/or the unexpected deterioration
state, an adequate defined procedure may be initiated such as e.g. stopping operation of
the elevator, adequately modifying its operation, and/or informing a third party regarding

the critical deterioration state and/or the unexpected deterioration state.

In other words, two generally independent indicators are monitored for finally
determining whether the suspension member is excessively and/or unexpectedly
deteriorated or not in order to then enable initiating suitable measures such as stopping an
operation of the elevator and/or replacing the suspension member and/or providing

relevant information to the operator or to servicing/maintenance staff of the elevator.
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In such combined approach, it may be assumed, on the one hand, that a deterioration of
the suspension member is mainly affected by repeated bending thereof. Thus, by counting
the bending cycles and comparing ¢.g. with an allowable maximum number of bending
cycles which has previously be determined based on for example intensive
experimentation, a well-defined criterion for distinguishing between acceptable

deteriorations and excessive deteriorations of the suspension member may be provided.

However, in the combined approach proposed herein, it is also taken into account that
such assumption is generally only true as long as the suspension member is correctly
handled and operated and is not, for example, damaged by other effects than the repeated
bending thereof. Therefore, in order to also enable accounting for such additional
deteriorating effects, electrical characteristics of the suspension member are also
determined or measured and are additionally taken into account as an additional indicator
for an excessive deterioration of the suspension member. As described in further detail
below, such electrical characteristics may provide for reliable indicators indicating
various types of damages to the suspension member all of which may immediately reduce
for example a load bearing capacity of the suspension member or at least reduce a life

cycle of the suspension member.

In other words, in the combined approach proposed herein, no or only an acceptable
deterioration of the suspension member is generally assumed as long as the number of
bending cycles applied to the suspension member does not exceed the allowable
maximum number. However, this is only true as long as the electrical characteristics of
the suspension member measured generally simultaneously with counting the bending
cycles indicate that no specific damages or specific deteriorations occurred at the
suspension member. If, however, such specific damages or a specific deteriorations are
detected based on the electrical measurements, they may be taken as indicating excessive
or unexpected deteriorations of the suspension member or, alternatively, they may be
taken as at least influencing the deterioration state of the suspension member such that,
for example, the allowable maximum number of bending cycles may be adapted or

corrected to a lower value.

Accordingly, using the combined approach proposed herein, a reliability in determining
an excessive deterioration state in a suspension member may be significantly improved in
comparison to applying each single approach alone. Furthermore, synergy effects may
occur upon combining the two prior art approaches thereby possibly further increasing an

operation safety of the elevator and/or allowing economical benefits.
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According to an embodiment of the present invention, the allowable maximum deviation
about which the currently determined electrical characteristics are allowed to deviate
from reference characteristics is determined taking into account the counted number of

bending cycles applied to the suspension member.

In other words, the allowable maximum deviation about which the currently measured
electrical characteristics may deviate from reference characteristics before being
mterpreted as indicating a critical deterioration state may not necessarily be a fixed
number or parameter. Instead, such allowable maximum deviation may be determined
taking into account how often the suspension member has already been bent, i.e. taking

into account characteristics of the suspension member relating to its operational “age”.

For example, measuring specific electrical characteristics for a relatively novel
suspension member which has not yet significantly deteriorated due to repeated bending
thereof may be interpreted as not yet indicating any critical deterioration state whereas
measuring the same specific electrical characteristics for an old suspension member
which has already been bent many times and which is therefore already significantly
deteriorated and close to its end of life cycle may be interpreted as indicating an actually

critical deterioration state for this old suspension member.

Accordingly, the two criteria for determining the critical deterioration state of the
suspension member, i.e. the counted number of bending cycles and the currently
measured electrical characteristics, do not necessarily have to be independently
mterpreted from each other but, to the contrary, may inter-correlate. Specifically, the
counted number of bendings of the suspension member may be taken into account when
deciding whether or not a specific measured electrical characteristics shall be interpreted

as indicating a critical deterioration state or not.

This may advantageously result in an extended usability of the suspension member as, for
example, the decision whether or not a critical deterioration state is present due to which,
for example, the suspension member has to be replaced may be made on the basis of more
sophisticated indications. For example, slight deviations in the measured electrical
characteristics of the suspension member at the beginning of its life-cycle will not
necessarily result in obligating any replacement of the suspension member whereas at a
later stage in the life-cycle the same electrical characteristics may be interpreted as
indicating critical deteriorations necessitating immediate replacement of the suspension

member.
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Alternatively, according to an embodiment of the present invention, the allowable

maximum deviation is fixedly predetermined.

In other words, the allowable maximum deviation about which currently measured
electrical characteristics may deviate from reference characteristics may be fixedly set.
For example, such allowable maximum deviation may be derived from preceding
experimentations. For example, tests or experiments may show that specific damages or
critical deteriorations of the suspension member typically come along with a change in
electrical characteristics such that when currently measured electrical characteristics of
the suspension member alter by such specific deviation this may interpreted as indicating

that critical deterioration state.

Assuming fixedly predetermined allowable maximum deviations may be implemented in
a simple manner such as for example storing corresponding deviation values in a memory

comprised in a device adapted for performing the monitoring method proposed herein.

According to an embodiment of the present invention, the allowable maximum number of
bending cycles is determined taking into account the currently determined electrical

characteristics of the suspension member.

In other words, similarly to the embodiment explained further above, the two
determination criteria may be interpreted as influencing each other. In the present case,
the allowable maximum number about which the suspension member may be bent before
assuming its end of life due to excessive deterioration thereof may not be a fix number
but, instead, may itself depend on currently measured electrical characteristics of the

suspension member.

For example, when the measured electrical characteristics indicate that the suspension
member is in a very good state although it is already rather old and has been bent many
times, this information may be used to increase the allowable maximum number of
bendings such that the suspension member is allowed to have a longer operational life
than a suspension member for which the measured electrical characteristics already

indicate some significant, but not yet critical, deteriorations.

Accordingly, the life-cycle of the suspension member may be adapted better to its actual
deterioration conditions and suspension members may therefore potentially be used for a

longer period of time without increasing a risk for failures.

Alternatively, according to an embodiment of the present invention, the allowable

maximum number of bendings is fixedly predetermined.
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Such fixedly predetermined maximum number may be derived for example from
preceding experiments or tests. The fixed number may be easily stored for example in a
device’s memory for subsequent repeated comparing with the currently counted number

of bending cycles.

According to an embodiment of the present invention, the reference characteristics to
which the currently determined electrical characteristics may be compared are determined
based upon measuring electrical characteristics of the suspension member in a non-

deteriorated condition.

In other words, when determining whether the measured electrical characteristics indicate
a critical deterioration state of the suspension member, currently measured electrical
characteristics shall be compared to reference electrical characteristics which have been
measured in a state in which the suspension member was not deteriorated, i.e. for
example directly after fabricating and testing the suspension member. Accordingly, by
comparing currently measured electrical characteristics with original electrical
characteristics of the suspension member it may be determined whether or not these
electrical characteristics have significantly altered and deviate from the original electrical
characteristics by more than an allowable deviation. By specifically comparing the
currently measured electrical characteristics with non-deteriorated characteristics, it may
be determined for example whether the suspension member has been significantly

damaged e.g. during transportation, storage and/or installation thereof.

As used herein, the term bending cycles may be understood for example as referring to a
process of bending at least a portion of the suspension member in a direction transverse to
its longitudinal direction. For example, the suspension member is bent when running
along a traction sheave or a pulley. One bending cycle may be interpreted as resulting
from bending at least a portion the suspension member once into a bending direction and
then bending it back. Each back and forth bending generally significantly stresses the

suspension member and induces wear effects.

According to an embodiment of the present invention, the suspension member is
subdivided into several sections and a number of section bending cycles applied to each
section of the suspension member is counted for each of the sections. The number of
bending cycles applied to the suspension member is then set to correspond to the
maximum of all numbers of section bending cycles counted for each of the sections of the

suspension member.
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In other words, bending cycles of the suspension member are preferably not simply
counted independent of a location where the suspension member is bent. To the contrary,
the suspension member is assumed to be subdivided into a multiplicity of sections and it
is then determined at which of the sections the suspension member has been bent. The
bending cycles are counted for each of the sections separately. For example, some
sections of the suspension member are bent more frequently during typical operation of
the elevator than other sections. This may be due to e.g. the fact that an elevator cabin is

moved more frequently to specific floors such as a ground floor than to other locations.

The number of bending cycles taken as indicating whether or not a critical deterioration
state has been reached is then not necessarily equal to the number of bendings applied to
the suspension member in its entirety but shall correspond to the number of bendings

applied to the section of the suspension member which has been bent most frequently.

Accordingly, as the number of bendings applied to each one of the various sections of the
suspension member is typically significantly lower than the overall number of bendings
applied to the entire suspension member, the life-cycle of the suspension member may be
significantly extended while still providing for very high operational safety as the critical
deterioration state of the suspension member may be determined as resulting from its
“weakest section”. 1.e. the critical deterioration state of the suspension member is
determined based on the counted number of bending cycles applied to the section which

has been bent most frequently.

A similar approach has been described by the applicant of the present application in
previous patent applications and/or patents WO 2010/007112 A1 and EP 2 303 749 B1
which shall be incorporated herein in their entirety by reference. It shall be specifically
noted that protection is or may be sought also for such features described in these
previous applications and/or patents and that such features may contribute to achieving
the technical aim of embodiments of the present invention and may thus be comprised in
the solution of the technical problem underlying the invention which is the subject of the
present application. Particularly, such features may implicitly clearly belong to the
description of the invention contained in the present application as filed, and thus to the
content of the application as filed. Such features are precisely defined and identifiable

within the total technical information within the reference documents.

In a significantly simplified approach, the number of bending cycles applied to the
suspension member may be set equal to a number of trips performed by the elevator in
one motion direction before reversing the motion direction. It is then assumed that during

each trip the suspension member is bent at least in some of its sections due to e.g. being
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guided along a traction sheave or pulley. The same sections may only be bent again if the
motion direction of the elevator is reversed at a later point in time and the sections are
guided again along the traction sheave of pulley. In other words, in such simplified
approach, the number of bending cycles may be taken as being related to a number of

times of reversal of the motion direction of the elevator during its operation.

Such approach may be particularly easy to implement as many elevators comprise a trip
counter such that the number of bendings of the suspension member may easily be
assumed to correspond to the number of trips counted by the trip counter. However, such
approach does not take into account that generally during each trip only some, but not all,
of the sections of the suspension member will be bent. Accordingly, such simplified
approach will generally result in assuming a critical deterioration state earlier than with

the more sophisticated approach describe before.

According to an embodiment of the present invention, the measuring of the electrical
characteristics of the suspension member comprises at least one of:

- electrical measurements indicating that at least one cord in the suspension
member is broken;

- electrical measurements indicating that an electrical connection between a
voltage supply for applying the electrical voltage to the at least one of the cords and the at
least one of the cords is interrupted;

- electrical measurements indicating that at least one cord in the suspension
member is electrically connected to ground;

- electrical measurements indicating that at least two cords in the suspension
member are shorted;

- electrical measurements indicating that an electrical conductivity through at

least one of the cords of the suspension member changed over time.

In other words, the step of measuring electrical characteristics of the suspension member
may comprise one or more of different types of electrical measurements, each type
specifically relating to a specific type of deterioration or damage possibly occurring

within a suspension member.

For example, electrical measurements may indicate that at least one of the cords
comprised in the suspension member is broken. In such case, an electrical connection
through the broken cord is generally interrupted which may be easily detected e.g. by
applying an electrical test voltage to the cord at one end thereof and detecting a resulting

voltage for example at the opposite end of the suspension member. One or more broken
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cords in a suspension member typically represent a severe deterioration of the load

bearing capacity of the suspension member.

As a further example, electrical measurements may be used for testing whether or not the
voltage supply for applying the electrical voltage to the at least one cord is still correctly
connected to the respective cord or whether there is an electrical interruption. While such
terruption may not necessarily indicate a critical deterioration of the load bearing
capacity of the suspension member, it may still represent a critical deterioration state for
the elevator as due to such interruption no meaningful measurements of electrical
characteristics may be performed at the suspension member. Therefore, detecting such
non-connected voltage supply or electrical interruption may be necessary for securing the

safety of the elevator.

As a third example, electrical measurements may indicate that at least one of the cords
comprised in the suspension member is electrically connected to ground. Such ground
connection may typically occur as a result of damages to the jacket enclosing the cords.
Due to such damages, one or more cords may be locally exposed and may therefore come
into contact for example with electrically grounded sheaves or pulleys or other
components within an elevator arrangement. Accordingly, upon detecting any electrical
grounding of one or more cords, it may be assumed that for example the jacket of the
suspension member is damaged, such damage possibly immediately or over a longer term

resulting in a deterioration of the suspension member.

As a fourth example, electrical measurements may indicate that at least two cords in the
suspension member are electrically connected to each other, i.e. are shorted. Such
electrical shorting may occur typically upon the isolating portions of the jacket between
neighboring cords being damaged. Accordingly, detecting such electrical shortings may
be taken as indicating damages of the jacket which may potentially result in a

deterioration of the suspension member.

As a final example, electrical measurements may indicate that an electrical conductivity
through at least one of the cords comprised in the suspension member changed over time,
1.e. does no more correspond to the electrical conductivity through the cords in their
initial state. Such changes in electrical connectivity may result from changes in other
physical characteristics of the cords such as general or local corrosion of the cords.
Accordingly, changes in the electrical conductivity may indirectly indicate changes in
these other physical characteristics which may then correlate to a critical deterioration

state, particularly with a reduced load bearing capacity, of the suspension member.
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According to an embodiment of the present invention, the determining of electrical
characteristics comprises at least one of

- determining an electrical resistivity through the suspension member,

- determining an electrical conductivity through the suspension member,

- determining an inductivity through the suspension member,

- determining electrical characteristics using magnetic measurements applied to the
suspension member, and

- determining electrical characteristics using phase measurements applied to the

suspension member.

For example, prior art approaches such as those mentioned in the introductory portion
teach that a deterioration state of a suspension member may be at least qualitatively or
even quantitatively determined based upon measuring electrical resistances through cords
of the suspension member. Accordingly, by for example measuring such electrical
resistances, it may be determined whether a critical deterioration state occurred at the
suspension member ¢.g. due to continuous wear such that e.g. the suspension member
should be replaced even before an allowable number of bending cycles has been reached.
Alternatively, by for example measuring such electrical resistances, it may be verified
whether an expected deterioration state of the suspension member which is assumed only
based on the operation age of the suspension member, i.e. the number of bending cycles
applied thereto, corresponds to the actual deterioration state as derived from the electrical

characteristics, i.c. in this case the measured electrical resistance.

According to an embodiment of the present invention, upon measuring the electrical
characteristics, an electric indicator current I, correlating to a net sum of all phases of a
multi-phase alternating current is measured, wherein at least one of the phases of the

multi-phase alternating current is applied to one of the cords of the suspension member.

According to a more specific embodiment of the present invention, the measuring of
electrical characteristics of the suspension member comprises:

- providing a multi-phase alternating current circuitry including multiple electrically
conductive legs;

- applying at least one phase of a multi-phase alternating current to at least one of the
cords of the suspension member by being electrically connected to one of the legs of the
multi-phase alternating current circuitry;

- applying at least one other phase of the multi-phase alternating current to at least one of
another at least one cord of the suspension member and at least one separate resistor

being electrically connected to at least one other leg of the multi-phase alternating current
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circuitry, 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 I, 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 being connected in
parallel to the multi-phase alternating current circuitry;
- determining the measured electrical characteristics of the suspension member based on

the measured indicator electric current.

This embodiment closely relates to the invention of concept 1 and details and further

specific embodiments thercof are describes in detail there.

According to an embodiment of the present invention, the suspension member has a first
and a second group of electrically conductive cords. Therein, the measuring of electrical
characteristics comprises:
- applying a first alternating voltage Uj to a first end of the first group of cords of the
suspension member;
- applying a second alternating voltage U- to a first end 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

(i) a summed voltage U- correlating to a sum (Us + Us) of a third voltage Us
between a second end of the first group of cords and a common electrical potential and a
fourth voltage Us between a second end of the second group of cords and the common
electrical potential;

(ii) a differential voltage U. correlating to a difference between the third
voltage Us and the fourth voltage Us;
- determining the electrical characteristics of the suspension member based on at least one

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

Preferably, the second end of the first group of cords and the second end of the second
group of cords are electrically connected via a connecting electrical resistance (Rs).
Preferably, the deterioration state is determined based on both the summed voltage U-
and the differential voltage U..

Preferably, 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
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alternating voltage component U_ac is interpreted as indicating a deterioration in the

suspension member arrangement.

This embodiment closely relates to the invention of concepts 2 and 3 and details and

further specific embodiments thereof are describes in detail there.

According to a second aspect of the present invention of concept 5, a monitoring
arrangement for determining a deterioration state of e.g. a load bearing capacity in a
suspension member arrangement for an elevator is proposed. The suspension member
comprises a plurality of electrically conductive cords. The monitoring arrangement is
configured to perform a method according to an embodiment of the above described first

aspect of the invention of concept 5.

Particularly, according to an embodiment of the present invention, the monitoring
arrangement may comprise:
- a counter device which is configured for counting a number of bending cycles applied to
the suspension member based on information obtained from an elevator control device for
controlling operation of the elevator;
- an electrical measuring device which is electrically connected to at least one of the cords
in the suspension member and which is configured for measuring an electrical
characteristic of the suspension member upon applying an electrical voltage to the at least
one of the cords;
a determination device which is configured for determining at least one of
(a) a critical deterioration state of the suspension member (23) upon monitoring both:
the counted number of bending cycles applied to the suspension member (11), and
the determined electrical characteristic of the suspension member (11);

and
(b) an unexpected deterioration state of the suspension member (23) based on deriving a
current actual deterioration state of the suspension member based on the determined
electrical characteristic and assuming a currently expected deterioration state based on the
counted number of bending cycles and comparing the current actual deterioration state

with the currently expected deterioration state.

For example, the determination device may be configured for determining a critical
deterioration state of the suspension member upon each of:

an information indicating that the counted number of bending cycles applied
to the suspension member as counted by the counter device exceeds an allowable
maximum number, and

an information indicating that the measured electrical characteristics of the
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suspension member as measured by the electrical measuring device deviates from a

reference characteristics by more than an allowable maximum deviation.

In other words, the deterioration state of a suspension member in an elevator may be
continuously or repeatedly monitored using a specific monitoring device. This device is,
on the one hand, adapted for counting a number of bending cycles applied to the
suspension member. Such counting may be performed using a specific counter device. On
the other hand, the device is adapted for measuring electrical characteristics of the
suspension member. The device may then, using for example its determination device,
decide on whether or not a critical or unexpected deterioration state of the suspension

member is actually present.

Such decision may be based for example on each of the information indicating that the
number of counted bending cycles exceeds an allowable maximum number and the
information indicating that the measured electrical characteristics of the suspension
member deviates from reference characteristics by more than an allowable maximum

deviation.

Alternatively, the determination device may for example verify whether an expected
deterioration state of the suspension member which is assumed taking into account
mainly the operational age of the suspension member (i.e. the number of bending cycles
applied thereto) and the actual deterioration state of the suspension member as derived

from its determined electrical characteristics correctly correspond to each other or not.

Each of the counter device, the electrical measuring device and the determination device
may be connected to an elevator control controlling operation of the elevator and may
receive data or information from such elevator control or may transmit its own data or
information to the elevator control. Such data exchange connection may be established

such using hardwiring or may be wireless.

Accordingly, for example the counter device may receive data or information from the
elevator control relating to trips performed in the elevator such that the counter device
may derive its required information for counting the number of bending cycles applied to
the suspension member from such elevator control information. Similarly, the electrical
measuring device may be connected to the elevator control such that it may for example
take into account information or data from the elevator control when performing its own
electrical measurements. The determination device may also be connected to the elevator
control such that, for example, when a critical deterioration state of the suspension

member is detected, such information may be transmitted to the elevator control such that
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the elevator control may then for example stop operation of the elevator, limit operation
of the elevator, output an alarm or other information to users or operators of the elevator

and/or initiate any other suitable countermeasures.

According to a third aspect of the present invention of concept 5, an elevator is proposed.
The elevator comprises the device according to an embodiment of the above described

second aspect of the invention of concept 5.

It shall be noted that possible features and advantages of embodiments of the invention
are described herein partly with respect to a method for determining a deterioration state
in a suspension member arrangement and partly with respect to a monitoring arrangement
which is adapted for performing or controlling such method in an elevator. Some features
are also described with reference to an elevator comprising such monitoring arrangement.
One skilled in the art will recognize that the features may be suitably transferred from one
embodiment to another, i.e. from the method to the device or vice versa, and features may
be modified, adapted, combined and/or replaced, etc. in order to come to further

embodiments of the invention.

In the following, advantageous embodiments of the invention of concept 5 will be
described with reference to the enclosed drawings of concept 5. However, neither the

drawings nor the description shall be interpreted as limiting the invention.

Fig. 1 shows an elevator in which a method according to an embodiment of the invention

may be applied.
Fig. 2 shows an exemplary suspension member.

Fig. 3 shows an exemplary embodiment of a monitoring arrangement according to an

embodiment of the present invention.

Fig. 4 shows an alternative exemplary embodiment of a monitoring arrangement

according to an embodiment of the present invention.

Fig. 5 shows an example of an electrical measuring device for measuring electrical
characteristics in a suspension member for a monitoring arrangement according to an

embodiment of the present invention.

Fig. 6 shows another example of an electrical measuring device for measuring electrical
characteristics in a suspension member for a monitoring arrangement according to an

embodiment of the present invention.
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Fig. 7 visualizes ¢lectrical parameters to be induced or measured during measuring
electrical characteristics of a suspension member with an electrical measuring device as

shown in Fig. 6.

The figures are only schematic representations and are not to scale. Same reference signs

refer to same or similar features throughout the figures.

Fig. 1 shows an ¢levator 1 in which a method according to embodiments of the present

mvention may be implemented.

The elevator 1 comprises a cabin 3 and a counterweight 5 which may be displaced
vertically within an elevator shaft 7. The cabin 3 and the counterweight 5 are suspended
by a suspension member arrangement 9. This suspension member arrangement 9
comprises one or more suspension members 11, sometimes also referred to a suspension
traction media (STM). Such suspension members 11 may be for example ropes, belts, etc.
In the arrangement shown in Fig. 1, end portions of the suspension members 11 are fixed
to a supporting structure of the elevator 1 at a top of the elevator shaft 7. The suspension
members 11 may be displaced using an elevator traction machine 13 driving a traction
sheave 15. The cabin 3 and the counterweight 5 may be held by the suspension members
11 by winding the suspension members 11 around pulleys 16. An operation of the
elevator traction machine 13 may be controlled by a control device 18. For example at
opposite end portions of the suspension member arrangement 9 components of a
monitoring device 17 for determining a deterioration state in the suspension member

arrangement 9 may be provided.

It may be noted that the elevator 1 and particularly its suspension member(s) 11 and its
monitoring device 17 for determining the deterioration may be configured and arranged

in various other ways than those shown in Fig. 1.

The suspension members 11 to be driven for example by the traction machine 13 may
utilize metal cords or ropes to support a suspended load such as the cabin 3 and/or the

counterweight 5 that is moved by the traction machine 13.

Fig. 2 shows an example of a suspension member 11 which is embodied with a belt 19.
The belt 19 comprises a plurality of cords 23 which are arranged parallel to and spaced
from each other. The cords 23 are enclosed in a matrix material 21 forming, inter alia, a
coating or jacket. Such coating may mechanically couple neighbouring cords 23. The
coating may have a textured or profiled surface including longitudinal guiding grooves.
The cords 23 may typically consist of or comprise wires made from a metal such as steel.

The matrix material 21 may consist of or comprises a plastic or elastomeric material.
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Accordingly, the cords 23 are typically electrically conductive such that an electric
voltage may be applied to and/or an electric current may be fed through the cords without
significant losses. Furthermore, the cords 23 are preferably electrically isolated from each
other via the interposed electrically insulating matrix material 21 such that, as long as an
mtegrity of the coating is not deteriorated, an electrical current or voltage between
neighbouring cords cannot be transmitted, i.e. no significant shunt current can flow from

one cord 23 to another.

Figures 3 and 4 show an exemplary embodiment of a monitoring arrangement including a
control device 18 and a monitoring device 17 for determining the deterioration state in the
suspension member 11 of the elevator 1. The monitoring arrangement (17+18) comprises
a counter device 25, an electrical measuring device 27 and a determination device 29.
These devices 25, 27, 29 may be implemented as separate units. Alternatively, these
devices 25, 27, 29 may be integrated into one single unit. Also, the control device 18 and
the monitoring device 17 may be embodied as separate devices, or may me embodied as a
single device, e.g. all incorporated in an elevator control unit for controlling the overall
functionality or operation of the clevator. In one embodiment, the control device 18 may
be substantially identical to the elevator control unit, while in others, the control device

18 may be a part or subsystem of the elevator control unit. In further embodiments, the
control device 18 may be separate from the elevator control unit. The individual parts
may be distributed between the control device 18 and the monitoring device 17. Devices
25-29 may be embodied as distinct devices or units in hardware, while an embodiment as
a computer program, thus as software within a computing unit, e.g. of an elevator control
unit or within the control device 18 or the monitoring device 17 may be conceivable as

well.

E.g. in Fig. 3, substantially all of the above indicated devices 25-29 are, at least logically,
associated with the monitoring device 17. In Fig. 4, e.g. the counter device 25 may be, at
least logically associated with the control device 18. Further, also the determination
device 29

In the exemplary embodiment of Fig 3, the counter device 25 is connected to the elevator
control device 18 such as to receive data or information from the control device 18 as
visualised with the arrow 24. Such data or information may indicate for example whether
or not the elevator is currently operated, i.e. whether or not the elevator traction machine
13 currently displaces the suspension member 11. Furthermore, the control device 18 may
provide data or information correlating to a current position of the cabin 3 and/or the

counterweight 5. Upon receiving such information, the counter device 25 may derive
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information allowing counting a number of bending cycles applied to the suspension
member 11. For example, each time the suspension member 11 is displaced during a trip
of the elevator 1 or each time a motion direction of the elevator is reversed, the number of
bending cycles applied to the suspension member 11 is incremented. In other words, one
alternative to increment the number of bending cycles may be embodied as a trip

counter, even if successive trips are in the same direction of elevator/cabin motion, while
another alternative is to only count, thus increment a bending cycle counter, if the
direction of motion changes. This may be applied when counting bending cycles for the

whole suspension member 11 or also during the sectional approach.

Preferably, the counter device 25 does not simply act like a trip counter. To the contrary,
by for example taking into account the provided information about the current position of
the cabin 3 and the counterweight 5, additional information may be derived indicating
locations at which the suspension member 11 is currently being bent. Accordingly, the
counter device 25 may be enabled to not simply count bending cycles for the suspension
member 11 in its entirety but, instead, may count section bending cycles applied to each
section of a multiplicity of sections forming the entire suspension member 11. For
example, one section of the suspension member may correspond to a portion of the
suspension member extending between two neighbouring floors of a building. Principles,
further details and possible advantages of such preferred counter device 25 and the
method for counting bending cycles performed thereby are disclosed in the applicant’s
carlier patent applications WO 2010/007112 A1 and EP 2 303 749 B1 which shall be

incorporated herein in their entirety by reference.

The counted number of bending cycles applied to the suspension member 11 is provided

from the counter device 25 to the determination device 29, as indicated with the arrow 26.

The electrical measuring device 27 is electrically connected to the suspension member 11.
For example, the electrical measuring device 27 comprises a voltage source for
generating an electric voltage V and applying such electric voltage V to one or several
cords 23 of the suspension member 11. Preferably, the voltage source is adapted for
generating two or more phases of an alternating voltage, these phases being shifted
relative to each other and each phase being applied to one or a group of cords 23 or,
alternatively, to a separate resistor. As further detailed below, the electrical measuring
device 27 may measure electrical characteristics of the suspension member by applying
the electrical voltage to at least one of the cords 23 and by then monitoring electrical

parameters in the cords 23.
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The electrical measuring device 27 may then provide the information about the electrical
characteristics of the suspension member 11 to the determination device 29 as indicated

with the arrow 28.

The determination device 29 may use the information/data from the counter device 25
and the electrical measuring device 27 for determining whether a critical deterioration

state is present in the suspension member 11.

The presence of such critical deterioration state is assumed in case the counted number of
bending cycles provided by the counter device 25 exceeds an allowable maximum
number. For example, such allowable maximum number of bending cycles may be
predetermined as a result of experiments performed with an exemplary non-deteriorated
suspension member under normal operation conditions. In such experiments, it is
repeatedly tested after having bent the suspension member multiple times whether or not
the suspension member still has a sufficient load bearing capacity of more than 60% or
more than 80% of its initial value. Typically, an allowable maximum number of bending
cycles is determined from such experiments to be in a range of 15 million to 20 million
bending cycles but may also be higher or lower, dependent e.g. from specific operating
conditions and/or characteristics of a specific type of suspension member 11.
Accordingly, at the latest after such allowable maximum number of bending cycles has
been counted for the present suspension member 11, the determination device 29 will
assume that the repeated bendings will have deteriorated the suspension member 11 to a
degree such that a critical deterioration state has been reached and, typically, the

suspension member 11 should be replaced.

As a second decisive parameter, the determination device 29 takes into account the
electrical characteristics measured and provided by the electrical measuring device 27. As
long as these electrical characteristics do not deviate excessively from reference
characteristics, it is assumed that the suspension member 11 is operated under normal
operation conditions, i.e. not for example damaged or corroded beyond a normal state. As
long as this is true, the determination device 29 will base its decision whether or not the
suspension member 11 can be further operated only on the determination of whether or
not the suspension member 11 has been bent more than the allowable number of bending
cycles. However, as soon as this is not true, i.¢. electrical characteristics are measured in
the suspension member 11 which deviate from the reference characteristics by more than
the allowable maximum deviation, it may be assumed that significant deterioration or
damage occurred to the suspension member 11 which cannot only be attributed to

repeated bendings thereof. Based on the specific type of deviation from the reference
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characteristics, the determination device 29 may then decide whether this deviation
indicates a critical deterioration state upon which operation of the elevator 1 should be

directly stopped or whether other countermeasures should be initiated.

Fig. 4 shows an alternative embodiment of a monitoring arrangement 17 for determining
the deterioration state in the suspension member 11 of the elevator 1. Therein, while still
forming part of the monitoring arrangement 17, the counter 25 is no more included in a
same housing as the determination device 29 and the electrical measuring device 27 but
forms part of the elevator control device 18. Typically, in such control device 18, a
number of elevator trips or a number of motion reversals upon such trips is counted and
such information may be provided to the determination device 29 as indicated with the

arrow 26.

Further e.g., the control device 18 may equal the elevator control unit. Such elevator
control unit may (already) comprise a counter device 25 for counting trips, bending
cycles and/or sectional bending cycles. Here, monitoring device 17 may only provide a
signal/ information as indicated with the arrow 30 to the elevator control being indicative
of the determined electrical characteristic as such or being indicative of a current actual
deterioration state of the suspension member. Said information may be provided to the
control device 18/the elevator control unit, which in turn evaluates the signal/information,
respectively, and conducts the method of the invention within the control device 18/the
elevator control unit. As such, it is also feasible that the determination unit 29 is, at least
logically, associated with/arranged within the control device 18/the elevator control unit.
The determination unit 29 may even be a computing part within the control device 18/the
elevator control unit, e.g. being embodied in the control program of the control device
18/the elevator control unit. In such an embodiment, the signal/ information as indicated
with the arrow 26 may not be present at all or may be a simple indication to the
monitoring device 17 that a determination of an electrical characteristic shall be

performed.

In Fig. 5 and 6, possible principles and features to be implemented in examples of an
electrical measuring device 27 are shown. The principles and features shown in Fig. 5 are
described in detail further above with respect to concept 1. The principles and features
shown in Fig. 6 are described in detail further above with respect to concepts 2 and 3. The
figures correspond to figures of these concepts 1, 2 and 3 but reference signs have been
modified by adding an antecedent “1” in Fig. 5 (i.e. “31” becomes “131”) and adding an

antecedent “2” in Fig. 6, respectively.
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Finally, it should be noted that terms such as “comprising” do not exclude other elements
or steps and that terms such as “a” or “an” do not exclude a plurality. Also elements
described in association with different embodiments may be combined. It should also be
noted that reference signs in the claims should not be construed as limiting the scope of

5 the claims.
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List of reference signs

—_ O N D W =

1
13
15
16
17
18
19
21
23
24
25
26
27
28
29
30
127
129
131
133
135
137

a,b,c

Ya, Yb,

I, I, L

elevator

cabin

counter-weight

elevator shaft

suspension member arrangement
suspension member

traction machine

traction sheave

pulleys

device for determining deterioration
elevator control

belt

matrix material

cords

information flow to counter device
counter device

information flow to determination device
electrical measuring device

information flow to determination device
determination device

information flow to elevator control

leg

common point
multi-phase alternating current circuitry
source side

load side
neutral wire

lines of legs
Yc alternative voltages

alternating currents

Zya, Zyb, Zyc resistances in legs

I
/n
223

bypass current
resistance in neutral wire

cords

PCT/EP2016/067966



WO 2017/021263

10

15

20

25

224a
224b
225a
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227a
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229
231
233
235a
235b
235¢
235d
236
237a
237b
237¢
238
239a,b
241
243
245
247

-123-

first group of cords

second group of cords

first end of first group of cords
first end second group of cords
second end of first group of cords
second end second group of cords
determination unit

first voltage measurement arrangement
second voltage measurement arrangement
first voltage determining unit
second voltage determining unit
third voltage determining unit
fourth voltage determining unit
pull-up voltage source

first AC voltage determining unit
first DC voltage determining unit
second voltage determining unit
centre point

capacitors

faulty first connection to ground
faulty second connection to ground
symmetrical short

asymmetrical short

PCT/EP2016/067966
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Approaches defining features of the concept 5 may be defined as follows:

1. A method for determining a deterioration state in a suspension member
arrangement (9) for an elevator (1), the suspension member arrangement (9) comprising
at least one suspension member (11) comprising a plurality of electrically conductive
cords (23),
the method comprising:
- counting a number of bending cycles applied to the suspension member (11);
- determining an electrical characteristic of the suspension member (11);
- performing at least one of

(a) determining a critical deterioration state upon monitoring both:
the counted number of bending cycles applied to the suspension member (11), and
the determined electrical characteristic of the suspension member (11);

and

(b) determining an unexpected deterioration state based on deriving a current actual
deterioration state of the suspension member based on the determined electrical
characteristic and assuming a currently expected deterioration state based on the counted
number of bending cycles and comparing the current actual deterioration state with the
currently expected deterioration state; and
- initiating a defined procedure upon the determining at least one of the critical

deterioration state and the unexpected deterioration state.

2. The method of approach 1, wherein, in option (a), the critical deterioration
state is determined upon occurring of at least one of:

- the counted number of bending cycles applied to the suspension member (11) exceeding
an allowable maximum number, and

- the determined electrical characteristic of the suspension member (11) deviating from a

reference characteristic by more than an allowable maximum deviation.

3. The method of approach 2, wherein the allowable maximum deviation is at
least one of

- determined taking into account the counted number of bending cycles applied to the
suspension member (11), and

- fixedly predetermined.

4. The method of one approaches 2 and 3, wherein the allowable maximum
number is at least one of

- determined taking into account the determined electrical characteristic of the suspension
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member (11), and
- fixedly predetermined.
5. The method of one of the preceding approaches, wherein the reference

characteristic is determined based upon measuring electrical characteristic of the

suspension member (11) in a non-deteriorated condition.

6. The method of one of the preceding approaches, wherein the suspension
member is subdivided into several sections and wherein a number of section bending
cycles applied to each section of the suspension member (11) is counted for each of the
sections and wherein the number of bending cycles applied to the suspension member
(11) is set to correspond to the maximum of all numbers of section bending cycles

counted for each of the sections of the suspension member (11).

7. The method of one of the preceding approaches, wherein the determining of
the electrical characteristic of the suspension member (11) comprises at least one of:

- electrical measurements indicating that at least one cord (23) in the
suspension member (11) is broken;

- electrical measurements indicating that an electrical connection between a
voltage supply for applying the electrical voltage to the at least one of the cords (23) and
the at least one of the cords is interrupted;

- electrical measurements indicating that at least one cord (23) in the
suspension member (11) is electrically connected to ground;

- electrical measurements indicating that at least two cords (23) in the
suspension member (11) are shorted;

- electrical measurements indicating that an electrical conductivity through at

least one of the cords (23) of the suspension member (11) changed over time.

8. The method of one of the preceding approaches, wherein the determining of
the electrical characteristic comprises at least one of

- determining an electrical resistivity through the suspension member,

- determining an electrical conductivity through the suspension member,

- determining an inductivity through the suspension member,

- determining the electrical characteristic using magnetic measurements applied to the
suspension member, and

- determining the electrical characteristic using phase measurements applied to the

suspension member.
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9. The method of one of the preceding approaches, wherein, upon determining

the electrical characteristic, an electric indicator current (I,) correlating to a net sum of all
phases of a multi-phase alternating current is measured, wherein at least one of the phases
of the multi-phase alternating current is applied to one of the cords (23) of the suspension

member (11).

10. The method of one of the preceding approaches, wherein the measuring of the
electrical characteristic of the suspension member (11) comprises:
- providing a multi-phase alternating current circuitry (131) including multiple
electrically conductive legs (127);
- applying at least one phase of a multi-phase alternating current to at least one of the
cords (23) of the suspension member (11) by being electrically connected to one of the
legs (127) of the multi-phase alternating current circuitry (131);
- 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 being electrically connected to at least one other leg (127) of the multi-phase
alternating current circuitry (131), 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 (I,) 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 (137) being connected in
parallel to the multi-phase alternating current circuitry (131);
- determining the measured electrical characteristic of the suspension member (11) based

on the measured indicator electric current.

11. The method according to one of approaches 9 and 10, wherein the indicator
current (I,) is measured using a measuring arrangement comprising a measuring device
for contactless measuring of an electrical current in a conductor arrangement, the
measuring device being for example one of a current transformer and a Hall effect current

Sensor.

12. The method of one of the preceding approaches, wherein the suspension
member (11) has a first and a second group (124a, 124b) of electrically conductive cords
(23);

wherein the measuring of the electrical characteristic comprises:

- applying a first alternating voltage U to a first end (125a) of the first group of cords of
the suspension member;

- applying a second alternating voltage U> to a first end (125b) of the second group of
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cords of the suspension member;

wherein the first and second alternating voltages have same waveforms and a phase
difference of 180°;

wherein, preferably, the second end of the first group of cords and the second end of the
second group of cords are electrically connected via a connecting electrical resistance
(Rs);

- determining at least one of

(i) a summed voltage U- correlating to a sum (Us + Us) of a third voltage Us
between a second end (127a) of the first group of cords and a common electrical potential
and a fourth voltage U, between a second end (127b) of the second group of cords and the
common electrical potential;

(ii) a differential voltage U. correlating to a difference (Us - Us) between the third
voltage Us and the fourth voltage Us;

- determining the electrical characteristic of the suspension member (11) based on at least
one of the summed voltage U, and the differential voltage U., preferably based on both
the summed voltage U and the differential voltage U.,

wherein, preferably, 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 as indicating an electrical

characteristic relating to a critical deterioration state in the suspension member.

13. A monitoring arrangement (17) for determining a deterioration state in a
suspension member arrangement (9) for an elevator (1), the suspension member
arrangement (9) comprising at least one suspension member (11) comprising a plurality
of electrically conductive cords (23), wherein the monitoring arrangement is configured

to perform the method according to one of the preceding approaches.

14. The monitoring arrangement according to approach 13, comprising:

- a counter device (25) which is configured for counting a number of bending cycles
applied to the suspension member (11) based on information obtained from an elevator
control device (18) for controlling operation of the elevator (1);

- an electrical measuring device (27) which is electrically connected to at least one of the
cords (23) in the suspension member (11) and which is configured for measuring the
electrical characteristic of the suspension member (11) upon applying an electrical
voltage to the at least one of the cords (23);

- a determination device (29) which is configured for determining at least one of (a) a

critical deterioration state of the suspension member (23) upon monitoring both:
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the counted number of bending cycles applied to the suspension member (11), and
the determined electrical characteristic of the suspension member (11);

and
(b) an unexpected deterioration state of the suspension member (23) based on deriving a
current actual deterioration state of the suspension member based on the determined
electrical characteristic and assuming a currently expected deterioration state based on the
counted number of bending cycles and comparing the current actual deterioration state

with the currently expected deterioration state.

15. An elevator (1) comprising a monitoring arrangement (17) according to one of

approach 13 and 14.
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General summary

Briefly summarizing, the present application relates to various concepts applicable upon
detecting a deterioration state of a load bearing capacity in a suspension member
arrangement for an elevator. The suspension member arrangement may comprise €.g.
several suspension members (11) such as belts including electrically conductive cords
(23) incorporated into e.g. an elastomer material. Deteriorations in the belts may be
determined by applying alternating electric voltages (Vi, Vi, V) to cords of the belts
included in legs (27) of a circuitry (31). Taking into account phase shifts between the
alternating voltages, for example by determining sum voltages and/or differential
voltages, valuable information about a condition of the belts may be obtained. A fixation
arrangement of the suspension member arrangement may be specifically adapted to
enable or simplify the proposed measurements. Furthermore, counting a number of
performed bending cycles may provide further information to be taken into account for
determining the current deterioration state of the belts. Overall, deteriorations in a
suspension member (11) such as broken cords (23), shunts between cords, connections
between cords and ground potential and/or deterioration due to corrosion of cords may be

easily detected.
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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

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
(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
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);

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.

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
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)

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.

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.

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).

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)
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
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.

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

according to one of the preceding claims.
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15. The device according to claim 14, 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
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);

- 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

measured electric indicator current.

16. The device according to one of claims 14 and 15, wherein the measuring
arrangement comprises a measuring device (39) for contactless measuring of an electrical

current in a conductor arrangement.

17. An elevator comprising a device according to on¢ of claim 14 to16.

18. 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
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 Ul to a first end (25a) of the first group of cords of
the suspension member;

- 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



WO 2017/021263 PCT/EP2016/067966

10

15

20

25

30

35

-133-

(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
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-.

19. The method according to claim 18, wherein the second end of the first group of
cords and the second end of the second group of cords are electrically connected via a

connecting electrical resistance (RS).

20. The method according to one of the preceding claims 18 and 19, wherein the
deterioration state is determined based on both the summed voltage U+ and the

differential voltage U-.

21. The method according to claim 20, 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

as indicating a deterioration in the suspension member arrangement.

22. The method according to one of the preceding claims 20 and 21, 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
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.

23. The method according to one of the preceding claims 20 to 22, wherein a state in
which the summed voltage U+ comprises no alternating voltage component and the
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
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voltage U2 are both interrupted.

24, The method according to one of the preceding claims 20 to 23, 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
indicating an electrical connection to ground of at least one of the cords in the suspension

member.

25. The method according to one of the preceding claims 20 to 24, wherein a state in
which the summed voltage comprises no alternating voltage component but 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 a

symmetrical manner.

26. The method according to one of the preceding claims 20 to 25, 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

asymmetrical manner.

27. The method according to one of the preceding claims 20 to 26, wherein the
suspension member arrangement is moved along pulleys of the elevator during

determining the summed voltage and the differential voltage.

28. The method according to claim 27, 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.

29. The method according to one of the preceding claims 18 to 28, 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- .
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30. The method according to one of the preceding claims 18 to 29, 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
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.

31. The method according to one of the preceding claims 18 to 30, wherein,
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
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.

32. The method according to one of the preceding claims 18 to 31, wherein the
suspension member arrangement comprises multiple suspension members, wherein the
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.

33. A device (17) for detecting a deterioration state in a suspension member
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
voltage Ul 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
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 ¢lectrical potential and a
fourth voltage (U4) between a second end (27b) of the second group of cords and the
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

summed voltage and the differential voltage.

34. The device according to claim 33, 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.

35. The device according to one of the preceding claims 33 and 34, comprising both

the first and the second voltage measurement arrangement.

36. The device according to claim 35, 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
U+,AC and the differential voltage comprises a non-zero alternating voltage component
U-AC .

37. The device according to one of the preceding claims 33 to 36, wherein at least
one of the first voltage measurement arrangement and the second voltage measurement
arrangement is adapted for measuring both an alternating (AC) voltage component and a

direct (DC) voltage component.

38. The device according to one of the preceding claims 33 to 37, wherein at least
one of the first voltage measurement arrangement and the second voltage measurement
arrangement comprises a transformation unit for transforming a voltage measurement

from a time domain to a frequency domain.
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39. The device according to one of the preceding claims 33 to 38, wherein the
determination unit is adapted for deriving information about the deterioration state 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- .

40. The device according to one of the preceding claims 33 to 39, wherein at least
one of the first voltage measurement arrangement and the second voltage measurement
arrangement comprises a frequency filter for transmitting only alternating voltage
components with a frequency corresponding to a frequency of the first alternating voltage
Ul.

41, The device according to one of the preceding claims 33 to 40, wherein the
alternating voltage generator arrangement (G, G1, G2) comprises at least one
microcontroller (49) generating an alternating voltage using pulse width modulation
(PWM).

42. The device according to one of the preceding claims 33 to 41, wherein the
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

mteger multiple of one of 50 Hz and 60 Hz.

43, The device according to one of the preceding claims 33 to 42, wherein the
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.

44, The device according to one of the preceding claims 33 to 43, 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).

45. The device according to one of the preceding claims 33 to 44, 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
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voltage (U2).

46. The device according to one of the preceding claims 33 to 45, further comprising
a connector arrangement for establishing a series connection of all even numbered cords

5 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

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



WO 2017/021263

1126
Figures of concept 1
Fig. 1
¢¢\15
——11
g2 ||

-3

Fig. 2

PCT/EP2016/067966




WO 2017/021263 PCT/EP2016/067966

226
Fig. 3
\Zfﬂ\zgg)\zf/
-
a\£7 b\£7 °l7
Fig. 4
a j7 b j7 c j7
25 25




WO 2017/021263

PCT/EP2016/067966

3126

29—

29

31 35
g
Z / Ar\
| \LJ
a / ya
— Z|b —B(D— ZYb
— 27 7y
Z / cr'\ |
Ic N
| —



WO 2017/021263 PCT/EP2016/067966

426

Fig. 7 323 :/1 325

Va N a |a /"’27 Zya
29 N

Vb ~ b ly 2 b

Ve \,\/j | 27 /\/ Zyc
=

n_/ n

43— ~—41
39
Fig. 8 a_ /N . —2
o[ b 2
c\ ) e
L |45
43— ~— 41
39
Fig. 9 ~ ,
43a —— Z
b~ b
43—\ /
e e

43c ———— f
—~—45

~41




WO 2017/021263 PCT/EP2016/067966

5126
Fig. 10
31 45 39 27 27
\\ ) ( \ Zyb
S ) B




WO 2017/021263 PCT/EP2016/067966

6/26

Fig. 12




WO 2017/021263 PCT/EP2016/067966

7126
Figures of concept 3
Fig. 1
17 17
G—15
——11
H |~




WO 2017/021263 PCT/EP2016/067966

8126
Fig. 3
36
\\ U max
11
R1 R2 25b 25a 24b 24a /
R3
—|:|—- 1:|—<
] D V— #
|~ R !2 f
G/
N 3 =‘~45
\?\ Gs U1 U2 XZ':HTNM
T 24a” Jo—— | S 1
- 35¢ 35d 40 |y —
————
7’ g
27a Z(b ———




PCT/EP2016/067966

WO 2017/021263

9126

Fig. 4

60.0

o+
— T
S4—=D
<
[—4
[Te)
o~
(=]
-F
: <
_ _ . S
| |
| |
| |
_ |
T T — b N ] p
S b
L 0y T
— 1 N
1 _ \/ _ L =
L — +— — L S
e
A A2
— ] N A _ N\

- ] ] - ] I sl (=}
S o o v e | o ! OA o o o
o~ (= 0 w0 / < ™~ (=3 o~
- = / o~ *
O (] <t L
—) ) —) —)



WO 2017/021263

PCT/EP2016/067966

10/26

Fig. 5
17 2%5a 23 11 27a
\‘ Ry z 2 / z 37c N
G : z{a © e T 5
‘, Zib N I
- Uz Ug \Ab Iﬁd
L L
250 23 11 27b /
372 {37b
3
Fig. 6
17 +12V 26
N 4 ( ® 252 11 23 271 ©
Vol NS
Uy Us
o +12V /
AT: |
Vet MU \ Us
° G, \hb ) ZSSb 1{ 2§ zﬁg@
39b-" )



PCT/EP2016/067966

WO 2017/021263

11126

Fig. 7

Ulv]




PCT/EP2016/067966

WO 2017/021263

12126

Fig. 8

Ulv]
120




PCT/EP2016/067966

WO 2017/021263

13126

60 70 80 90 100

30 40 5.0

2.0

1.0



WO 2017/021263

Fig. 10

36

N

29

R1

R2
R3

14 /26

PCT/EP2016/067966

—__1

\-/\g

S~



PCT/EP2016/067966

WO 2017/021263

15126

ﬁ pio9 uayoig u m pio3 jJuaselp

=$Eg_ oys

sak

ueyj Jobue)
pue [eplosnuis
n+en s

U ﬁa;omﬂm J0U N .—U mﬂ_se ESEOU

@an vommEm@ m 3O

!

sak

¢, SONBA [eRjul Wo.j
aJelnsp ¥n 10€n‘2n‘in og

juauiainseaw

11 b4



PCT/EP2016/067966

LLLLLLLL

WO 2017/021263

4 14

w s 1 [ —
PGS PES

I

ape qe6s qes

— Y ] mls\

-

,\An
10—
|

|

o
o~
\
o
a1
£2
o~

Bye

o
o

Z1 b4




PCT/EP2016/067966

WO 2017/021263

17126




PCT/EP2016/067966

WO 2017/021263

18126




PCT/EP2016/067966

WO 2017/021263

19/26

Figures of concept 4

Fig. 1




WO 2017/021263 PCT/EP2016/067966

20/ 26
Fig. 3
44
37 47
45\
\\ o
NN
57 61 59 25

9/ 62

( 55 — —49
5371 ~~—35
™ 51
— 41
43
40




WO 2017/021263 PCT/EP2016/067966

21126

Fig. 4

o 44
45\ KE 47

\\ "Q»-——< \ —5

x\\\\(ﬁ;\\\\\\\w

57 S\ss

S—
B
9 —

\\\\>\ — \>\\\\\\\

/»——"_;3\’\\

—~—~—35




WO 2017/021263 PCT/EP2016/067966

22 | 26
Figures of concept 5
Fig. 1

et VT o
17 17

G—15

11

16— |~ 9




WO 2017/021263

Fig. 3

18—

23126

PCT/EP2016/067966

Fig. 4

18—

17
30 /
B
1 —29
26
1 BT
234 { C 3
11
17
380 /
- 1—29
: s
[ 17
26




WO 2017/021263 PCT/EP2016/067966

2426

Fig. 5

131 135
’1/27
Al
Z N
Ia—li ’1/27 Z\I/a
7o 017y 129

L ’1/2 7c Zyc
Zic ?




WO 2017/021263 PCT/EP2016/067966

25/ 26

Fig. 6
236

N\

R R2 225b 225a 224b 224a /

—:ﬂ g (1:,T

-—lR:45 :—C
QG X

T
T ) 24a” 6 |
—7|:'—
—8:'—
—9:'—
g

235¢ 235d 224b/—

227a 227b

223




PCT/EP2016/067966

WO 2017/021263

26/ 26

Fig. 7

60.0

o+
- Y |
—_T—D
<
[—4
[Te)
S
(=3
<r
: <
_ _ . S
| _ .
| |
| |
_ |
T T b N ] p
N k
L 0y T
— 1 N
1 _ \/ _ L =
L — +— — o S
S e
A A2
— _ N A _ N\

- I ] b ] I sl S
S o o v e | o | OA o S o
o~ (= <] & / < o~ (=3 o
-— = / o '
O (] <t o
) o ) )



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2016/067966

A. CLASSIFICATION OF SUBJECT MATTER

INV. GOIR31/08 B66B7/12
ADD.

According to International Patent Classification (IPC) or to both national classification and IPG

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

GO1IR B66B

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

US 6 828 771 B1 (GHASSEMI FOROOZAN [GB])
7 December 2004 (2004-12-07)

column 16; figure 1

DE 197 08 518 Al (SIGNAL CONCEPT GMBH
[DE]) 1 October 1998 (1998-10-01)

column 2, 1line 47 - column 3, Tine 19
column 3, Tine 39 - line 60

column 6, 1ine 3 - line 14

A WO 2014/130028 Al (OTIS ELEVATOR CO [US])
28 August 2014 (2014-08-28)

claim 2

> X » X

14-17
1-13

33-46
18-32

1-17

Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

cited to establish the publication date of another citation or other
special reason (as specified)

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is

"Q" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

28 October 2016 24/11/2016

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswik
Tel. (+31-70) 340-2040,

Name and mailing address of the ISA/ Authorized officer

Fax: (+31-70) 340-3018 Fiorani, Giuseppe

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2016/067966

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A WO 20137135285 Al (KONE CORP [FI]; HOERLER 18-46

MARCO [CH]; CEREGHETTI IGINO [CH])

19 September 2013 (2013-09-19)

cited in the application

page 4, paragraph 8 - page 5, paragraph 2
A WO 2014/130029 Al (OTIS ELEVATOR CO [US]) 1-46

28 August 2014 (2014-08-28)
paragraphs [0004], [0034]; figure 5

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2016/067966
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 6828771 Bl 07-12-2004 AT 460675 T 15-03-2010
AU 4638199 A 01-02-2000
EP 1019737 A2 19-07-2000
us 6828771 Bl 07-12-2004
WO 0003262 A2 20-01-2000
DE 19708518 Al 01-10-1998 NONE
WO 2014130028 Al 28-08-2014 CN 105073618 A 18-11-2015
EP 2958845 Al 30-12-2015
US 2016002006 Al 07-01-2016
WO 2014130028 Al 28-08-2014
WO 2013135285 Al 19-09-2013  NONE
WO 2014130029 Al 28-08-2014  CN 105143082 A 09-12-2015
EP 2958844 Al 30-12-2015
US 2015375963 Al 31-12-2015
WO 2014130029 Al 28-08-2014

Form PCT/ISA/210 (patent family annex) (April 2005)




	Biblio page:1
	Description page:2
	Claims page:131
	Drawings page:140
	ISR page:166

