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(57) Abstract: The invention relates to a belt (43) comprising at least two fiber strands (41) which are provided with intertwisted
synthetic fiber yarns and arc aligned in a longitudinal dircction for receiving force. Said strands (41) are disposed at a distance from
each other along the longitudinal direction of the belt (13) and are embedded in a belt coating (15). At least ane of the strands (11)
& comprises an clectrically conductive indicator yarn (44) that is twisted along with the synthetic fiber yarns of the strand (41) and is
@ located outside the center of the fiber bundle (41). The indicator yarn {(44) has a breaking clongation (cun1nq) Which is smaller than
the breaking elongation (&,,1r,) of individual synthetic fiber yarns of the strand (/1) and can be contacted in order to electrically

monitor the integrity thercof.
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Verdifentlichts
—  mil internationalem Recherchenberichi

{57) Zusammenlassung: Die Lirlindung bezieht sich aul’ Riemen (43) mil mindestens zwei Laserlitzen (41), die in sich gedrehle
Kunsifasergarne aufweisen und zur Kraftaufnahme in Lingsrichiung ausgelegt sind. Die Litzen (41) sind entlang der Liingsrichlung
des Riemens (43) mit einem Abstand 7ueinander angeordnet und in einem Riemenmantel (45) eingehettet. Mindestens eine der
Litzen (41) weist ein elektrisch leitfihiges Indikator-Garn (44) auf, das zusammen mit den Kunstfasergarnen der Litze (41) gedreht
ist, wobei das Indikator-Garn (44) ausserhalb des Zentrums des Faserbiindels (41) angeordnet ist. Das Tndikator-Garn (44) hal eine
Bruchdehnung (g, Ind)), die geringer ist als die Bruchdehnung (2,1, 1rg)) einzelner Kunstfasergame der Litze (41). Sie kann kon-
taktiert werden, um eine elektrische Uberwachung ihrer Integritit 7zu ermdglichen.
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BELT WITH INTEGRATED MONITORING
FIELD OF THE INVENTION
The invention relates to a belt with several synthetic fibre strands which

extend at a spacing and which are embedded in a belt casing. Belts of that kind are
particularly suitable for use as support means or drive means in a lift installation.
BACKGROUND TO THE INVENTION v

Running cables are an important, strongly loaded mechanical element in
conveying technology, particularly in lifts, in crane construction and in mining. The
loading of driven cables as used in, for example, lift construction is particularly multi-
layered.

In the case of conventional lift installations the cage frame of a cage guided in
a lift shaft and a counterweight are connected together by way of several steel
stranded cables. In order to raise and lower the cage and the counterweight, the
cables run over a drive pulley \iNhiqh is driven by a drive motor. The drive moment is
imposed under friction couple' on the respective cable portion contacting the drive
pulley over the looping angle. In that case the cables experience tension, bending,
compression and torsion stresses. Depending on the situation the stresses arising
have a negative influence on the cable state. Due to the usually round cross-section
of a steel stranded cable the cable can twist when running around pulleys and is
thereby loaded in bending in the most diverse directions.

Apart from demands on strength, in the case of lift installations there also
exists for reasons of energy the requirement for smallest possible masses. High-
strength synthetic fibre cables, for example of aromatic polyamides, particularly
aramides, with intensely oriented molecular chains fulfil these requirements better
than steel cables.

Cables made of aramide fibres have by comparison to conventional steel
cables only a quarter to a fifth of the specific cable weight for the same cross-section
and same load-carrying capa'b‘ility. By contrast to ste‘él. however, aramide fibre has,
due to the alignment of the molecular chains, a substantially lower transverse
strength in relation to the longitudinal load-carrying capability.

In addition, these cables made of aramide fibres are subjected to twisting
phenomena and bending loads which can lead to fatiguing or breakage of the cable.
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Apart from the most diverse cables there are also belts which are used industrially. Belts
are principally used by the automobile industry, for example as V-belts, or by the machine
industry. Depending on the degree of loading, belts of that kind are steel-reinforced. In
that case they are usually endless belts. Monitoring of an endless belt is relatively costly
and for reasons of cost does not come into use in the automobile sector. The automobile
industry has therefore followed the path of providing the belts that are used with a service
life limitation in order to ensure that a belt is exchanged before it runs the risk of failure.
Such a service life limitation is svitable only in the case of large batch numbers, since the
necessary investigations can be made here, and in the case of belts which are simple to
replace.

Lift installations, in which cogged belts are used, are already described such as in, for
example, the patent application with the title "Lift with beit-like transmission means,
particularly with a V-ribbed belt, as support means and/or drive means" of the same
applicant as the present invention. A cogged belt is a mechanically positive, slip-free
transmission means which, for example, circulates synchronously with a drive pulley. The
load-carrying capability of the teeth of the cogged belt and the number of teeth disposed in
engagement determines the load transfer capability.

In order to create a belt which is usable as an entirely adequate and above all reliable
support means or drive means it may have to be ensured that fatigue phenomena of the
beit and, above all, incipient risk of breakage are recognisable.

A service life restriction, such as, for example, prescribed by the automobile industry, will
be less suitable in the case of a belt which is to be used as a support belt or drive means

for a lift.

Other monitoring means which have proved satisfactory in the case of steel cables, such
as optical monitoring, cannot be used in the case of belts since the strands of the belt are
embedded in a belt casing and thus invisible. Further monitoring methods such as X-ray
monitoring or ultrasound monitoring are uneconomic when a belt is used in the lift system.
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The invention pursues the object of providing a belt, the state of which can be
monitored. It would be also advantageous to provide a belt which has monitoring means
and which is usable as support means or drive means inter alia for lift installations.
SUMMARY OF THE INVENTION

In accordance with the invention there is provided belt, including at least two
strands which comprise synthetic fibre threads twisted in themselves and which are
designed for acceptance of force in longitudinal direction, the strands being arranged
parallel to one another along the longitudinal direction of the belt with lateral spacing from
one another, and a belt casing in which the strands are embedded, wherein at least one
of the strands has an electrically conductive indicator thread which is twisted together
with the synthetic fibre threads of the strand, and wherein the indicator thread

- has a breaking elongation which is smaller than a breaking elongation of
individual synthetic fibre threads of the strand and

- is arranged to be electrically contacted so as to enable an electrical
monitoring of the integrity of the indicator thread.

Expedient and advantageous features of preferred embodiments of the invention
are described in detail in the following on the basis of belt examples illustrated in the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a schematic view of a lift installation with a cage connected with a
counterweight by way of a support belt according to the invention;

Figure 2A shows a side view of a drive pulley with a section of a support belt
according to the invention;

Figure 2B shows a cross-sectional view of a support belt according to the invention;

Figure 2C shows an enlarged detail of a cross-sectional view of a support belt
according to the invention;

Figure 3A shows an enlarged detail of a cross-sectional view of a further support belt
according to the invention;

Figure 3B shows an enlarged detail of a cross-sectional view of a further support belt
according to the invention;

Figure 4 shows an enlarged detail of a cross-sectional view of a further support belt
according to the invention;

Figure 5 shows a cross-sectional view of a V-ribbed belt according to the invention;
and
Figure 6 shows a perspective view of a cogged belt according to the invention,

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION
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Like constructional elements or constructional elements acting in like manner are provided
in all figures with the same reference numerals even if they are not realised in the same
manner with respect to details. The figures are not true to scale.

According to Figure 1 a cage guided in a shaft 1 is suspended at a supporting belt 3
(support belt) according to the invention, which preferably comprises a fibre bundle of .
aramide fibres and which runs over a drive pulley 5 connected with the drive motor 4. A
belt end connection 6, at which the support belt 3 is fastened by one end, is disposed on
the cage 2. The respective other end of the support belt 3 is fixed in like manner to a
counterweight 7, which is similarly guided in the shaft 1. The illustrated arrangement is a
so-termed 1:1 suspension which is distinguished by the fact that the support belt 3
according to the invention is ‘curved in only one direction; since it runs around only a single
drive pulley 5 without having to be deflected over other pulleys, as would be the case with,
for example, a 2:1 suspension.

The relatively low weight of support belts with synthetic material strands offers the
advantage that in the case of lift installations it is possible to partly or entirely dispense
with the usual compensating belts.

In certain circumstances, however, a compensating belt can also be provided
notwithstanding the use of belts with light synthetic ‘material strands.  Such a
compensating belt is then connected in similar manner by its first end with the lower end of
the cage 2, from where the compensating belt leads to the counterweight 7 by way of, for
example, deflecting rollers located at the shaft floor 10.

In order to increase the safety of systems in which belts are used a monitoring system is to
be provided. Investigations have shown that monitoring of the belt casing does not deliver
reliable results. Breakages or fatigues of the strands, which can give the belt the
longitudinal strength, possibly remain unnoticed in the case of monitoring of the belt casing
alone and can lead to a sudden failure of a belt.

A direct monitoring of the strands therefore appears to be more appropriate. However, it is
problematic with such a direct monitoring that the bending elongations, which arise in the
belt during running around the drive pulley, are relatively small. The latter is due to the

'
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fact that with respect to typicaliapplications in lift installations a relatively small value is
usually selected for the belt thickness compared with, for example, the thickness of a
corresponding support cable, which is suitable for the same application, with a round
cross-section. Due to pure geometric reasons a strand extending in the belt experiences
under loading when running around a drive pulley a substantially lesser degree of bending
elongation than a strand in a correspondingly designed cable with the same loading. A
further feature of belts reinforced with strands by comparison with a cable formed from
strands results from the internal construction of the belt or cable. Whereas the strands in
the belt extend in isolation from one another in a belt casing and accordingly do not
contact one another, strands in a cable are usually twisted in such a manner that a
plurality of adjacent strands contact one another. Under loading of the cable, jamming can
occur particularly at contact points of adjacent strands, which is connected with a
particularly high bending elongation of the strands at the contact points. Corresponding
instances of jamming do not arise for strands, which are arranged in isolation from one
another, in a belt under corresponding loading of the belt. By comparison with the
conditions characteristic for cables, monitoring of a belt has to be appropriately sensitive
and precise. A solution for monitoring of belts is not previously known.

A belt 13 according to the invention for use in a lift installation is shown in Figures 2A to
2C. The belt 13 comprises at least two strands 12 with synthetic fibre threads which are
twisted in themselves and which are designed for acceptance of force in longitudinal
direction. The strands 12 extend parallel to one another and are arranged at a spacing X
from one another. The strands 12 are embedded in a common belt casing 15. At least
one of the strands 12 comprises an electrically conductive indicator thread 14 which is
twisted together with the synthetic fibre threads of the strand 12 and contains fibres
(filaments) of an electrically conductive material, for example of carbon, hard metals such
as tungsten carbide, boron or.electrically conductive plastics. The indicator thread 14 is
arranged outside the centre of the strand 12, as is to be seen in Figure 2C. So that it can
be ensured that the indicator thread 14 breaks or exhibits fatigue phenomena earlier than
the synthetic fibre threads of the strand 12, the breaking elongation (gyy,ng) Of the indicator
thread 14 has to be less than the breaking elongation (eu.twag) of the individual synthetic
fibre threads of the strand 12. The breaking elongation eu.q and the breaking elongation
€unTrag are material magnitudes. Moreover, the indicator thread 14 has to be electrically
contactable in order to enable electrical monitoring of the integrity of the indicator thread
14.
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There are further conditions which have to be observed in order to enable reliabie
monitoring of the belt 13,

Itis important that the position of the indicator thread 24 within the strand 21 is selected so
that the filaments of the indicator thread 24 fatigue or break earlier than a synthetic fibre
thread of the strand 21. In the extreme case the indicator thread 24 lies at the outer
circumference of the strand 21 and, in particular, exactly on the side of the belt 23 which is
exposed to the greatest bending load, as shown in Figure 3A by way of hatching. It is thus
ensured that the indicator thread 24 always experiences a bending load which is at least
just as great as the greatest bending load of a synthetic fibre thread of the strand 21. The
synthetic fibre threads are schematically indicated in Figure 3A as circles with white
circumference. In the case of an arrangement according to Figure 3A it is sufficient to
predetermine the breaking élongation guning O the indicator thread 24 to be smaller than
the breaking elongation 1.4 Of the individual synthetic fibre threads of the strand 21.
The strands 21 are embedded in a belt casing 25.

A further belt 33 according to the invention is shown in Figure 3B. There the indicator
thread 34 lies in the interior of the strand 31 on a side, as seen from the strand centre,
which lies in the direction of the side of the belt 33 exposed to the greatest bending load as
shown in Figure 3B by way of the hatching. In such an arrangement the five hatched
synthetic fibre strands experience a bending load which is greater than or the same size
as the bending load which the indicator thread 24 experiences. The strands 31 are
embedded in a belt casing 35. . So that it is ensured in the case of such an arrangement
that the indicator thread 34 exhibits fatigue phenomena or breaks before one of the
synthetic fibre threads of the strand 31 fatigues or breaks the following conditions should
be fulfilled: the breaking elongation ey mg Of the indicator thread 34 must be smaller by a
factor A than the breaking elongation g, 1eg Of the individual synthetic fibre threads of the
strand 31, wherein the factor A depends inter alia on the position of the indicator thread 34
within the strand 31. The following condition typically. applies for A: 0.2 < A < 0.9 and
preferably 0.3 < A <0.85.

Such arrangements are, however, costly in production, since it has to be ensured that the
strands are so embedded in the belt casing that the indicator thread is always directed to
the “"top” (position between 9 hours and 15 hours) and extends rectilinearly parallel to the




05 Nov 2009

2003264823

20

25

30

7

longitudinal direction of the belt. However, tests have shown that this cannot be realised
with manageable cost because, inter alia, the individual synthetic fibre threads of the
strands are twisted in order to impart to the belt the desired longitudinal load-carrying
capability.

According to the invention the following conditions can be formulated, which have to be

fulfilled in order to enable reliable monitoring of the belt;

1. The material of the indicator threads and the material of the synthetic fibre threads
of the strands must be selected so that the breaking elongation ey Of the
indicator threads is smaller than the breaking elongation €t Trag Of the individual
synthetic fibre threads of the strand;

2. For reasons connected with production engineering the indicator thread has to be
twisted together with the synthetic fibre threads of the strand; thus, the indicator
thread forms an intimate connection with the surrounding synthetic fibre threads
and constantly experiences a bending load which is comparable with the bending
load of the surrounding synthetic fibre strands. The indicator thread thus extends
helically along the longitudinal direction of the belt. If the indicator thread does not
lie at the outer circumference of the fibre bundle then the following additional
condition applies:

3. The further the indicator thread lies in the interior of the strand the smaller the
breaking elongation g, nq of the indicator thread has to be.

Optimising considerations and simulations have shown that the following condition is
preferably to be fulfiled in order to be able to guarantee reliable monitoring with
consideration of the breaking elongations of the beit or of the threads:

eeﬂ'.ng *gult.lnd <0.88

Eefting * 6‘ull,'l"rng

wherein for the elongation at the indicator thread radius Ry (measured from the centre
point of the strand as defined in Fig. 2C) there applies:

2Ry
£ =
<ff Ind D+d

-10-
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wherein for the elongation at the maximum synthetic fibre thread radius Ryrag (Measured
from the centre point of the strand as defined in Fig. 2C) there applies:

Gt = 25

wherein

€utIng: breaking elongation of the indicator thread or the fibres of the indicator
thread

€yl Trag: breaking elongation of the synthetic fibre tﬁread or of the synthetic fibres

D: drive pulley diameter

d: belt thickness (if the strand lies at half the belt thickness)

Ring: radial spacing of the indicator thread measured from the centre point of the
strand (see Fig. 2C)

Ry radial spacing of the outermost synthetic fibre thread measured from the

centre point of the strand (see Fig. 2C).

According to the above inequaiion it can be determined how the breaking elongation €y,
for the indicator thread has to be selected in dependence on the position (characterised by
Ring) of the indicated thread in the interior of the strand so that the filaments of the indicator
thread in the case of loading of the belt break earlier than the synthetic fibre threads, which
surround the indicator thread, of the corresponding strand. The factor 0.88 in the
inequation is an empirical value which is so determined .that the behaviour of the indicator
thread permits, with sufficient certainty, conclusions with respect to the breakage
behaviour of the synthetic fibre threads. However, the above inequation has validity only
when the indicator thread is not disposed in the centre of the strand and consequently the
effect of the bending elongations is dominant for the breakage behaviour of the indicator
thread. If the indicator thread is arranged in the centre or in the vicinity of the centre of the
strand the breakage behaviour of the indicator thread is determined less by the bending
elongations of the belt than by the tensile load. In the latter case there are present, for the
indicator thread in the case of loading of the belt, conditions which correspond with the
loading of a thread in a straight belt loaded only by tension or in a straight cable loaded
only by tension. In this boundary case a sufficient sensitivity of the indicator thread is
given when the inequation

11-
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Euittnd <0.88

6‘ult.Trag

is fulfiled. The boundary value 0.88 is empirically determined so as to enable reliable
conclusions with respect to damage of the synthetic fibre threads.

According to the invention synthetic fibre threads of aramide, for example, can be used.
Aramide possesses a high reverse bending fatigue strength and a high specific breaking

elongation e, vqy. The strands of the belt can have opposite directions of rotation.

Carbon fibres, for example, have proved themselves to be particularly suitable as filaments
for the indicator thread, since they are more brittle (i.e. small breaking elongation €y ng)
than aramide and since they are electrically conductive and in addition can be produced

economically.

The belt casing comprises a synthetic material. The following synthetic materials are
particularly suitable as belt casing: rubber, neoprene-rubber, polyurethane, polyolefine,
polyvinylchloride or polyamide.. According to the invention the belt casing can have a
dumb-bell-shaped, cylindrical, oval, concave, rectangular or wedge-shaped cross-sectional
form.

A further form of embodiment of the invention is shown in Figure 4 as a schematic cross-
section. The belt 43 comprises, in total, four parallelly extending strands 41. Each strand
41 comprises several synthetic fibre threads and a respective indicator thread 44, which
are twisted together. The indicator threads 44 extend in each strand 41 helically along the
longitudinal direction of the belt 43. In the illustrated example the indicator threads 44
considered from left to right lie approximately at 12 hours, 1 hour, 9 hours and 4 hours. If
the same belt 43 were cut at a different position, then a different picture concerning the
position of the indicator threads 44 would result.

The invention can be used with all belts having synthetic fibre strands for reinforcement.

Examples are: flat belts, poly-V-belts, V-ribbed belts 53 (as shown, for example, in Figure
5) or (trapezium) cogged belts 63 (as shown, for example, in Figure 6).

-12-
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A V-ribbed belt 53 according to the invention, as shown in Figure 5, has an integral

number of parallelly extending strands 51 which are embedded in a belt casing 55.

A trapezium cogged belt 63 according to the invention, as shown in Figure 6, has an
integral number of parallelly extending strands 61 which are embedded in a belt casing 65.

According to the invention a synthetic fibre strand can have several indicator threads. In a
further form of embodiment the belt has several paralle! strands. A first strand comprises
a first indicator thread which has a first breaking elongation ey .. A second strand
comprises a second indicator thread which has a second breaking elongation €,y ng2. If the
following condition eunms2 > €uringr NOW applies, then the first carbon fibre responds initially,
since this first carbon fibre is more sensitive. Depending on the lift installation, a
predetermined reaction can be initiated in this case. For example, a service call can be
placed or the lift operation can be restricted. If the second carbon fibre fails, then, for
example, the lift opération can be stopped entirely.

In addition, several strands can each contain an indicator thread with the same breaking
elongation eurg and the increase in the number of failed strands serves as a frigger
criterion for a suitable reaction.

According to the invention an indicator circuit can be used which ascertains by
measurement whether the properties of a carbon fibre have changed or whether a carbon
fibre was interrupted. In that case, for example, the carbon fibres of two fibre bundles can
be conductively connected together at one end of the belt. At the other end of the belt, for
example, a resistance measurement can then be undertaken in order to make changes
recognisable. The indicator circuit can comprise, for example, one or more comparators
and one or more analog-to-digital converters which produce a connection to the lift control,
which is usually of digital construction.

The invention enables for the first time a reliable and timely recognition of fatigues and

breakages of fibre bundles whfch impart the load-bearing strength to a belt. A belt of that
kind can be exchanged in good time.

13-
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. Belt, including at least two strands which comprise synthetic fibre threads

twisted in themselves and which are designed for acceptance of force in

longitudinal direction, the strands being arranged parallel to one another along

the longitudinal direction of the belt with lateral spacing from one another, and a

belt casing in which the strands are embedded, wherein at least one of the

strands has an electrically conductive indicator thread which is twisted together

with the synthetic fibre threads of the strand, and wherein the indicator thread

- has a breaking elongation which is smaller than a breaking elongation of
individual synthetic fibre threads of the strand and

- is arranged to be electrically contacted so as to enable an electrical
monitoring of the integrity of the indicator thread.

2. Belt according to clainﬁ 1, wherein the indicator thread is more brittle and
less resilient than the synthetic fibre threads of the strand.

3. Belt according to claim 1 or 2, wherein the maximum effective elongation
of the indicator thread under load is less than the breaking elongation of the
individual synthetic fibre threads of the strand.

4. Belt according to claim 1 or 2, wherein the belt is designed for the purpose
of running at least partly aroupd a pulley which has a radius less than 100 mm.

5. Belt according to claim 4, wherein the pulley has a radius less than 50 mm.

6. Belt according to claim 1, 2 or 3, wherein the indicator thread is electrically
contactable by contact means fastenable to one or both ends of the belt.

7. Belt according to any one of the preceding claims, wherein the belt is a flat
belt, poly-V-belt, V-ribbed belt or (trapezium) cogged belt.

8. Belt according to any one of the preceding claims, wherein the belt is
designed for use in a lift installation as support means or drive means.

-14-
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9. Belt according to any one of the preceding claims, wherein the indicator
thread is arranged outside the centre of the strand.

10.  Belt according to any one of the preceding claims, wherein the strand in
which the indicator thread is located has a boundary value of less or equal than
0.88, the boundary value being defined as the ratio of braking elongation of the

indicator thread to braking elongation of the synthetic fibre threads.

11.  Belt according to any one of claims 1 to 9, wherein the stand in which the
indicator thread is located has a boundary value of less or equal than 0.88, the
boundary value being defined as the ratio of effective elongation of the synthetic
fibre threads times braking elongation of the indicator thread over effective
elongation of the indicator thread times braking elongation of the synthetic fibre

. R
threads, the effective elongation of the indicator thread being ;ﬁ and the

2R
effective elongation of the synthetic fibre threads being =%, wherein D is a

D+d
drive pulley diameter, d is a thickness of the belt, Ring is the radial spacing of the
indicator thread measured for the centre point of the strand and Ry is the radial
spacing of the outermost synthetic fibre thread measured from the centre point of
the strand. )
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