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Description

[0001] This invention generally relates to elevator ten-
sion members such as those used in belts or ropes. More
particularly, this invention relates to handling and arrang-
ing tension member components within an assembly.
[0002] Elevator systems often include a car and coun-
terweight supported by a rope or belt. Conventional ma-
chines move the rope or belt to cause the desired move-
ment of the car between levels within a building, for ex-
ample. Traditionally, steel ropes were used. More recent-
ly, flat belt technology has been introduced. The flat belts
provide traction and bending fatigue resistance advan-
tages. One example flat belt arrangement includes a plu-
rality of steel tension members encased in a poly-
urethane jacket. The steel tension members may include
a plurality of wires that are wound together to form cords,
which serve as the tension members. It is possible for
one or more wires to break at different times during the
assembly process. A broken wire end that becomes en-
tangled in the assembly machinery during the winding
process or later when the jacket is applied to the tension
members can cause a problem such as damage to the
machinery or at least significantly interrupting production.
[0003] Similar problems exist in jacketed round rope
manufacturing, There is a need for techniques to manage
such broken wires. US-4,591,995 discloses a system for
monitoring stranding machines and detecting wire break-
ages.
[0004] Is the stock were simply cut at the point of each
break, the length of stock would be randomly and unde-
sirably limited, Most elevator installations require
lengthy, uninterrupted tension member.
[0005] One proposed arrangement has been to cut an
entire strand or cord (i.e., all of the constituent wires) at
the point of the wire break and then to weld together the
two cut ends. This proposal provides significant short-
comings. The breaking strength and bending fatigue re-
sistance required for tension members in an elevator belt
are significantly compromised when the out-and-weld
technique is employed. In some circumstances, the serv-
ice life based on bending fatigue is reduced by more than
50%.
[0006] This invention provides alternatives for han-
dling situations where one or more wires are broken dur-
ing an elevator tension member or belt or rope assembly
process.
[0007] In general terms, this invention is a technique
for effectively managing broken wires during an elevator
tension member or rope or belt assembly process.
[0008] According to the present invention there is pro-
vided a method of making a tension member as defined
by claim 1.
[0009] One preferred method of making an elevator
tension member includes arranging a plurality of wires
into at least one strand A plurality of strands are then
arranged into at least one cord. The method includes
determining if there is at least one broken wire end pro-

truding from at least one of the strands or at least one of
the cords while performing the corresponding arranging
steps. If there is at least one broken wire, the ends of the
wire are manipulated to prevent them from protruding
away from the corresponding strand or cord.
[0010] In one example, any detected broken wire ends
are inserted into the corresponding strand or cord. In one
example, the broken ends are twisted around at least
one adjacent unbroken wire. In another example, the bro-
ken ends are weaved among unbroken wires.
[0011] In another example, the broken wire ends are
secured against an outer surface of the corresponding
strand or cord. In one example, the broken wire ends are
welded or brazed in place. In another example, the bro-
ken wire ends are adhesively secured in place.
[0012] The various features and advantages of this in-
vention will become apparent to those skilled in the art
from the following detailed description of the currently
preferred embodiments. The drawings that accompany
the detailed description can be briefly described as fol-
lows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013]

Figure 1A schematically shows a portion of an ele-
vator belt assembly.
Figure 1B schematically shows an end of a jacketed
rope assembly.
Figure 2 schematically illustrates a belt assembly
process.
Figure 3A and 3B schematically illustrate, in some-
what more detail, the belt assembly process, high-
lighting a situation where one or more broken wires
exist.
Figure 4 is a schematic illustration of method of mak-
ing a belt assembly designed according to an em-
bodiment of this invention.
Figure 5 schematically illustrates an example tool for
performing a method of this invention.
Figure 6 schematically illustrates a preferred feature
of the example tool also shown in Figure 5.

[0014] Figure 1A schematically shows a portion of an
elevator belt 20. A plurality of tension members 22 are
encased in a polyurethane jacket 24. In one example,
the tension members 22 are cords that comprise seven
strands, which each comprise seven individual wires.
The wires are wound in a known manner to form strands
and the strands are wound in a known manner to form
the cords. In the illustrated example there are twelve ten-
sion members 22 (i.e., twelve cords). In another example,
there are eight tension members across the width of the
belt 20.
[0015] Figure 1B shows an end of a jacketed rope 25
having a plurality of tension members 26 made much like
the tension members 22 of the example in Figure 1A. A
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polyurethane jacket 28 surrounds the tension members
26, which are wound together as a rope.
[0016] Figure 2 schematically illustrates an assembly
process 30 where wire stock 32 of individual wires is pro-
vided to a cord winding machine 34 that first winds a
plurality of wires into individual strands and then winds
a plurality of strands into a cord. The completed cords
are placed on spools and eventually provided to a jacket
application machine 36 where the cords are appropriately
positioned and placed within the jacket 24 or 28 to form
the belt or rope eventually sent to appropriate storage
38. Known techniques can be used for each of the stages
schematically shown in Figure 2.
[0017] Referring to Figures 3A and 3B, a plurality of
wires 40 from the wire stock 32 are twisted in a known
manner to establish a strand 42. In this example, seven
individual wires 40 are within each individual strand 42.
As shown in Figure 3A, one of the wires 40 has a broken
section with two ends 44 protruding away from the exte-
rior of the strand 42. This condition is detected by a de-
tector 50, which can be a known device as used in high
speed winding machinery, for example. Once the broken
ends 44 are detected, the winding machinery preferably
is shut down so that the condition of the broken wire can
be addressed. If the winding process continued, the bro-
ken wire would likely become entangled in the machinery
causing significant problems and machine down time.
[0018] In this example, the broken ends 44 shown in
Figure 3A are recaptured as part of the strand 42 in a
manner that the broken ends do not protrude away from
the strand such that there is any risk of entanglement
with the belt manufacturing machinery. In one example,
the broken ends 44 are manipulated manually and in-
serted in between other ones of the wires 40 in the area
of the broken ends. Other example techniques include
weaving the broken portions of the wires within the strand
or twisting them around at least one adjacent unbroken
wire. By tucking in the broken ends, they are effectively
captured within the strand in a manner that they will not
protrude out and cause difficulties for the machinery.
[0019] In another example, the broken wire ends are
manipulated and placed against the strand. An adhesive
is applied to the strands 42 in the vicinity of the broken
ends 44 such that the broken ends are secured in position
as part of the strand and they do not protrude outward.
In still another example, the ends 44 are welded or brazed
in place against adjacent wires at the appropriate location
along the strand. Any brazing or welding material pref-
erably is kept from protruding in a manner that may in-
terfere with the manufacturing process.
[0020] Another example includes welding or brazing
the broken ends of a wire together.
[0021] In another example, the portion of a wire that
protrudes outward is cut off so that the remaining portions
are flush with the rest of the strand.
[0022] Once the winding machinery stops upon detec-
tion of a broken wire, the tension on the wires is relaxed
so that manual manipulation of the broken wire ends 44

is possible to achieve the recapture of the broken ends
using a chosen technique.
[0023] Figure 3B schematically illustrates a later por-
tion of the process where the individual strands 42 are
wound together to form a cord 46. As shown in the ex-
ample of Figure 3B, another detector 52 inspects the
cords for broken wires protruding away from the exterior
of the cord, for example. In the illustration, broken wire
ends 54 are detected and the machinery is stopped so
that the broken wire ends can be recaptured into the cord.
Any one of the example techniques described above are
used in this stage of the process to again ensure no en-
tanglements during later processing of the cords to form
the elevator belt 20 or rope 25. The detector 52 comprises
known detecting components.
[0024] Once a cord has passed inspection by the de-
tector 52, it can be provided to a jacket application ma-
chine including an extruder, for example, for applying the
polyurethane jacket 24 or 28 to establish the belt or rope
configuration.
[0025] Figure 4 schematically illustrates a method of
making one example belt assembly 20. In this example,
the jacket is extruded over the cords such that the jacket
exterior is smooth, continuous and not interrupted by any
grooves. A cord supply 50 provides the cords 46. In one
example, the cord supply 50 comprises a plurality of
spools containing the wound steel wire strands that form
the cords 46. The cords may be formed at the same fa-
cility as where the method of applying the jacket 24 is
accomplished or the cords may be preformed and pre-
spooled, depending on the needs of a particular situation.
[0026] A positioning device 52 aligns the cords 46 in
a desired alignment so that the cords will extend parallel
to a longitudinal axis of the belt assembly 20. A tensioning
device 54 controls an amount of tension on the cords 46
during the jacket application process. Although a single
tension station 54 is schematically illustrated, multiple
tension devices may be used along the assembly line of
the belt assembly 20. For example, the same tension
preferably is applied to the cords on both sides of the
jacket application station 56. The tension station 54 pref-
erably includes a suitably programmed controller that
monitors and controls the tension within a desired range.
[0027] More particularly, the tension on each individual
cord preferably is maintained at a desired level through-
out the process of making the belt assembly so that the
belt configuration or geometry is controlled as much as
possible. The tension on each individual cord may be
different with respect to the other cords. In one example,
a base tension of approximately 50 Newtons is placed
on each cord and a sample belt assembly is made. The
sample belt assembly preferably then is inspected to
make sure that the geometry is as desired. If there are
undesirable variations, such as a slight longitudinal cur-
vature, the tension on one or more individual cords is
adjusted to address the undesirable belt geometry vari-
ation. By making several samples and taking measure-
ments and making adjustments, the necessary individual
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cord tensions to yield the desired belt geometry can be
determined.
[0028] The tension on each individual cord preferably
is significant enough so that the cord horizontal position
remains the same throughout the jacket application proc-
ess. Because this example includes eliminating cord sup-
ports in the jacket application portion of the manufactur-
ing process, the tensions used during the example proc-
ess may need to be higher than those that were used in
supported cord techniques.
[0029] Although not specifically illustrated, tension
feedback devices (as known in the art) preferably are
incorporated into the manufacturing equipment so that
the tension on each individual cord can be monitored and
adjusted as needed throughout the entire assembly proc-
ess.
[0030] The jacket application station 56 preferably in-
cludes a suitable mold or other device for applying the
jacket material onto the cords 46. A supply 58 provides
the chosen material to the jacket application station 56
in a conventional manner. The jacket material may be
pressure molded, extruded or otherwise applied to the
cords 46.
[0031] In one example, rollers 59 are included as part
of or immediately after the jacket application station 56.
The rollers 59 preferably are Teflon coated. The rollers
59 provide a surface treatment to the sheave-contacting
surfaces of the belt assembly immediately after the ap-
plication of the jacket material. In this example, the rollers
provide smooth, flat, parallel belt surfaces. The rollers 59
may provide an embossed pattern on the jacket surfaces,
for example. The rollers 59 preferably are included be-
cause the elimination of the cord supports as used in
conventional equipment introduces a need for additional
dimensional control. The rollers 59 provide such addi-
tional dimensional control.
[0032] In the illustrated example, the rollers 59 are po-
sitioned on opposite sides of the belt assembly (although
only one roller is visible in the illustration of Figure 4).
The rollers 59 preferably extend across the entire width
of the belt assembly for best dimensional control of the
belt surfaces.
[0033] In one example, the rollers 59 are freewheeling
and move responsive to movement of the belt assembly
as it passes through the rollers. In another example, the
rollers are motorized so that they move at a controlled
rate.
[0034] The formed belt assembly 20 is then processed
at a finishing station 60. In one example, the finishing
station 60 includes a forming device, a dimensional in-
spection device and a curing cold water bath where the
jacket material and the cords within the material are
cooled to a suitable temperature.
[0035] The inspection device, such as a known laser
triangulation measuring device, determines whether the
desired geometry was achieved.
[0036] The resulting belt assembly 40 preferably is
then stored at 62, for example on spools for shipment to

various locations for installation in elevator systems. The
belt assembly 20 may be precut to specific lengths or
may be provided in larger quantities where a technician
at the installation selects the appropriate amount of belt
material for a particular application.
[0037] Figure 5 schematically illustrates an example
molding device 70 for applying the jacket 24 to the cords
46. Conventional arrangements include a plurality of cord
supports, which cause the formation of grooves in at least
one exterior surface on the belt assembly 20. Because
this invention includes eliminating such grooves, a typical
cord supporting arrangement having such cord supports
preferably is not used.
[0038] The example forming device 70 of Figure 5 in-
cludes a mold housing 72 having an input side 74. A cord
positioning device 76 preferably is situated at the input
side 74. The cord positioning device 76 includes a plu-
rality of openings 78 through which the cords 46 are fed
into the device 70. The openings 78 preferably are ac-
curately machined or otherwise formed so that a close
tolerance is kept between the exterior of the cords 46
and the interior of the opening 78. Having a tight fitting
between the openings 78 and the cords 46 prevents
backflow of the jacket material during the molding proc-
ess.
[0039] As can be appreciated from Figure 5, for exam-
ple, as the cords 46 pass through the openings 78 in the
cord positioning device 76, any stray, broken wire ends
might not get past the openings 78. This could cause
distortion of the cords and interrupt the belt manufactur-
ing process.
[0040] In one example, the condition of the cords is
inspected as part of the jacket application process to pre-
vent any difficulties that might otherwise occur because
of stray wire ends. Another detector like those described
above may be associated with the forming device 70 at
appropriate locations to ensure appropriate wire place-
ment during the belt manufacturing process.
[0041] The mold housing 72 includes one or more
openings 79 through which the jacket material is applied
to the cords using pressure injection. As known in the
art, pressure injection can be used for molding materials
such as polyurethane when the material is suitably heat-
ed. Given this description, those skilled in the art will be
able to select appropriate conditions for achieving a de-
sired result.
[0042] The molding device 70 includes an opening 80
at an output side 82 of the mold housing 72. The opening
80 preferably is shaped to control the exterior shape and
surfaces on the belt assembly 20.
[0043] The opening 80 of the molding device 70 in the
example of Figure 6 has a non-linear configuration along
the portions of the opening that form the sheave-contact-
ing belt surfaces. The non-linear configuration provides
for differences in the thickness of the belt assembly as
seen across the width. As can be appreciated from the
illustration, the portions of the belt assembly correspond-
ing to the locations of the cords 46 have a reduced thick-
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ness compared to the portions of the belt assembly where
no cords are present.
[0044] The varying, non-linear configuration of the sur-
faces 86 and 88 are designed to accommodate the var-
iation in the amount of shrinkage across the width of the
belt that will occur during the finishing and curing of the
belt assembly. It is believed that the amount of shrinkage
corresponds to the cross section of urethane jacket ma-
terial. In the areas where the cords 46 are present, there
will be less shrinkage because of the presence of the
cord material, which in some examples is steel. The por-
tions of the belt assembly where cords are not present
has a temporary greater thickness because there will be
more shrinkage at those points of the assembly.
[0045] Providing a variation in the thickness across the
width of the assembly facilities achieving a final resulting
flat, parallel alignment between the surfaces 86 and 88.
The type of configuration illustrated in Figure 6 is unique
to the example approach to manufacturing a belt assem-
bly. In prior processes, mold wheels were included as
part of the jacket application station. Such mold wheels
operated to compress the jacket material into more of a
flat configuration as part of the initial cooling process.
Therefore, the non-linear, varying thickness approach,
which is part of one example implementation of this in-
vention, addresses the varying amounts of shrinkage that
occur during a curing process in a unique manner.
[0046] In one example, there is approximately a .05
to .10 millimeter variation in the thickness of the jacket
provided by the opening 80 of the molding device illus-
trated in Figure 6. The overall dimensions of a particular
belt assembly, the dimensions of the cords and the cho-
sen jacket material will dictate the particular thickness
variation required for a particular situation. Given this de-
scription, those skilled in the art will be able to select
appropriate dimensions to meet the needs of their par-
ticular situation.
[0047] With this invention, the length of belt or rope
stock and cord stock is significantly enhanced. If the sec-
tions of strand or cord were simply cut each time a wire
was broken, there would be an undesirable amount of
material scrap and many potentially unuseful lengths for
most elevator installations. Using the example tech-
niques described above provides for significant enhance-
ment of the length of cord and belt stock. In one example,
the length of belt without any cut-and-weld joints in the
tension members can be on the order of 13 km. Accord-
ingly, the example techniques make the tension member
manufacturing process far more economical and effi-
cient.
[0048] The example embodiments may include one or
more broken wires at some point. In examples where
seven wires form each strand and seven strands form
each cord, one broken wire presents approximately a 2%
loss of continuous wire tension-bearing capability. This
minor difference does not appreciably affect strength be-
cause so many of the wires are intact and there are a
plurality of cords, some or a majority of which may have

no wire breaks at all.
[0049] With the example techniques, broken wires are
manageable in a manner that increases manufacturing
efficiency and the economies associated with making
and installing elevator belts and ropes.
[0050] The preceding description is exemplary rather
than limiting in nature. Variations and modifications to
the disclosed examples may become apparent to those
skilled in the art that do not necessarily depart from the
scope of this invention as determined by studying the
following claims.

Claims

1. A method of making a tension member for use in an
elevator system, comprising:

(A) arranging a plurality of wires (40) into at least
one strand (42);
(B) arranging a plurality of the strands (42) into
at least one cord (46);
(C) determining if there is at least one broken
wire end protruding from at least one of the
strands (42) or at least one of the cords (46)
while performing steps (A) and (B); and
(D) manipulating the broken wire end (44, 54)
to prevent the wire end from protruding.

2. The method of claim 1, wherein step (D) includes
inserting the broken wire end (44, 54) into the cor-
responding strand (42) or cord (46).

3. The method of claim 1, wherein step (D) includes
securing the broken wire end (44, 54) against an
outer surface of the corresponding strand (42) or
cord (44).

4. The method of claim 3, wherein step (D) includes
brazing the wire end (44, 54) to a portion of at least
one adjacent unbroken wire.

5. The method of claim 3, wherein step (D) includes
welding the wire end (44, 54) to a portion of at least
one adjacent unbroken wire.

6. The method of claim 3, wherein step (D) includes
adhesively securing the broken wire end (44, 54) to
a portion of at least one adjacent unbroken wire.

7. The method of claim 1, wherein step (D) includes
twisting the broken wire end (44, 54) around a portion
of at least one adjacent unbroken wire.

8. The method of claim 1, wherein step (D) includes
cutting off a protruding portion of the wire.

9. The method of any preceding claim, including apply-
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ing a jacket (24) over the at least one cord and per-
forming steps (C) and (D) in association with the step
of applying the jacket (24).

Patentansprüche

1. Verfahren zum Herstellen eines Zugelements zur
Verwendung in einem Aufzugsystem, wobei das
Verfahren folgende Schritte aufweist:

(A) Anordnen einer Mehrzahl von Drähten (40)
zu mindestens einer Litze (42);
(B) Anordnen einer Mehrzahl von Litzen (42) zu
mindestens einem Strang (46);
(C) Feststellen, ob mindestens ein gebrochenes
Drahtende, das von mindestens einer der Litzen
(42) oder mindestens einem der Stränge (46)
wegragt, vorhanden ist, während die Schritte (A)
und (B) ausgeführt werden; und
(D) Handhaben des gebrochenen Drahtendes
(44, 54) derart, dass ein Wegragen des Drah-
tendes verhindert ist.

2. Verfahren nach Anspruch 1,
wobei der Schritt (D) das Einführen des gebroche-
nen Drahtendes (44, 54) in die entsprechende Litze
(42) oder den entsprechenden Strang (46) beinhal-
tet.

3. Verfahren nach Anspruch 1,
wobei der Schritt (D) das Befestigen des gebroche-
nen Drahtendes (44, 54) in Anlage an einer äußeren
Oberfläche der entsprechenden Litze (42) oder des
entsprechenden Strangs (46) beinhaltet.

4. Verfahren nach Anspruch 3,
wobei der Schritt (D) das Hartlöten des Drahtendes
(44, 54) an einen Bereich von mindestens einem be-
nachbarten, nicht gebrochenen Draht beinhaltet.

5. Verfahren nach Anspruch 3,
wobei der Schritt (D) das Verschweißen des Drah-
tendes (44, 54) mit einem Bereich von mindestens
einem benachbarten, nicht gebrochenen Draht be-
inhaltet.

6. Verfahren nach Anspruch 3,
wobei der Schritt (D) die haftende Befestigung des
gebrochenen Drahtendes (44, 54) an einem Bereich
von mindestens einem benachbarten, nicht gebro-
chenen Draht beinhaltet.

7. Verfahren nach Anspruch 1,
wobei der Schritt (D) das Verdrillen des gebrochenen
Drahtendes (44, 54) um einen Bereich von minde-
stens einem benachbarten, nicht gebrochenen
Draht beinhaltet.

8. Verfahren nach Anspruch 1,
wobei der Schritt (D) das Abschneiden eines vorste-
henden Bereichs des Drahts beinhaltet.

9. Verfahren nach einem der vorausgehenden Ansprü-
che,
welches das Anbringen einer Umhüllung (24) über
der mindestens einen Litze sowie das Ausführen der
Schritte (C) und (D) in Verbindung mit dem Schritt
des Anbringens der Umhüllung (24) beinhaltet.

Revendications

1. Procédé de fabrication d’un élément de tension à
utiliser dans un système d’ascenseur, comprenant
les étapes suivantes:

(A) arranger une pluralité de fils (40) de manière
à former au moins un toron (42);
(B) arranger une pluralité de torons (42) de ma-
nière à former au moins une corde (46);
(C) déterminer s’il y a au moins une extrémité
de fil cassée qui fait saillie au niveau d’au moins
un des torons (42) ou au niveau d’au moins une
des cordes (46) tout en exécutant les étapes (A)
et (B); et
(D) manipuler l’extrémité de fil cassée (44, 54)
pour empêcher l’extrémité de fil de faire saillie.

2. Procédé selon la revendication 1, dans lequel l’étape
(D) comprend l’insertion de l’extrémité de fil cassée
(44, 54) dans le toron correspondant (42) ou dans
la corde correspondante (46).

3. Procédé selon la revendication 1, dans lequel l’étape
(D) comprend la fixation de l’extrémité de fil cassée
(44, 54) contre une surface extérieure du toron cor-
respondant (42) ou de la corde correspondante (46).

4. Procédé selon la revendication 3, dans lequel l’étape
(D) comprend le brasage de l’extrémité de fil (44, 54)
sur une partie d’au moins un fil intact voisin.

5. Procédé selon la revendication 3, dans lequel l’étape
(D) comprend le soudage de l’extrémité de fil (44,
54) sur une partie d’au moins un fil intact voisin.

6. Procédé selon la revendication 3, dans lequel l’étape
(D) comprend la fixation de l’extrémité de fil cassée
(44, 54) sur une partie d’au moins un fil intact voisin
en utilisant des moyens adhésifs.

7. Procédé selon la revendication 1, dans lequel l’étape
(D) comprend la torsion de l’extrémité de fil cassée
(44, 54) autour d’une partie d’au moins un fil intact
voisin.
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8. Procédé selon la revendication 1, dans lequel l’étape
(D) comprend la coupe d’une partie saillante du fil.

9. Procédé selon l’une quelconque des revendications
précédentes, comprenant l’application d’au moins
une gaine (24) sur ladite au moins une corde, et l’exé-
cution des étapes (C) et (D) en association avec l’éta-
pe d’application de la gaine (24).
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