Description: Synthetic fibre cable and lift installation with such a
synthetic fibre cable The invention relates to a synthetic fibre cable

consi sting of strands, which are arranged stranded in at |east one strand

| ayer, according to the definition of the independent patent claim In
addition, it relates to a lift installation with such a synthetic fibre
cable. A synthetic fibre cable for a liftiinstallation with strands stranded
in multiple layers is known fromthe specification EP 1 004 700 A2, in

whi ch a cogjgkfiptish; the strands is provided instead of an extruded,
protective synthetic material sheathing. The strands of each strand |ayer
are nmutual ly supporting in circunferential direction. The strands of the
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cable is ther he synt re cabl e aceord

i nvention mganustmivlrgnmerﬁdf iafuenseppowell agaanadeqhate/ebnaebnseSIstenceexanrpl e of a
lift installation, wherein the supporting and drive neans is guided over at
| east one drive pulley and over deflecting rollers and has to wthstand
bendi ng i nAxdupeonaable mondtheteskfrah arahide fierdsihas bengmealkhawn dnoni the apsdfidatipn oved
by the US 4 202 164. Several aramide fibres form a thread and several threads form a strand.
Several strands arranged around a core strand form the support cable, wherein the
strands are completely embedded in an extruded thermoplastic. During manufacture of

the strand, the cavities between the threads are filled with a lubricant.

Here the invention will create a remedy. The invention as characterised in claim 1 meets
the object of creating a supporting and drive means in the form of a synthetic fibre cable
with optimal transmission of the traction forces from strand layer to strand layer. The
invention also relates to a lift installation with such supporting and drive means.

Advantageous developments of the invention are indicated in the dependent patent claims.

The advantages achieved by the invention are substantially to be seen in that the synthetic
fibre cable functions correctly and the service life of the synthetic fibre cable is thereby
extended. The synthetic fibre cable according to the invention is usually used as
supporting and drive means, for example of a lift installation, wherein the supporting and
drive means is guided over at least one drive pulley and over deflecting rollers and has to
withstand bending in alternation. The safety of the lift installation is also improved by the
synthetic fibre cable according to the invention.



synthetic fibre cable according to the invention. 2 Wen a supporting and
drive neans runs over a drive pulley of the lift drive, traction forces
resulting fromthe weight difference between counter-weight and cage are
applied in the supporting neans |ongitudinal direction. These traction
forces have to be introduced uniformly over the entire supporting nmeans
cross-section so as to achieve an optinumof service life and reliability
of the supporting and drive neans or the synthetic fibre cable. The
transm ssion of the traction force takes place by way of friction forces
between drive pulley and cable sheathing. The introduction of the traction
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coefficient of friction range of u = 0.2 to 0.45 has proved ideal with
respect to wear and traction transfer from nunerous tests and can be
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should have a defined level. The necessary normal force is applied by setting the radial
pressing pressure of the outer strands on the inner strands. The coefficients of friction
between the inner and outer strands are quite small particularly in the case of lubricated
strands. Even with unlubricated strands, the coefficients of friction lie in a relatively low
range of 4 = 0.2 to 0.45. This region should not be fallen below, so that the shear forces
can be permanently transmitted without lasting change of the cable structure. The
coefficients of friction between the strands have to be relatively high for the transmission of
traction. However, high coefficients of friction cause an increased wear of the strands.
With coefficients of friction which are too low, individual strand layers can displace relative
to one another. The coefficient of friction range of 4 = 0.2 to 0.45 has proved ideal with
respect to wear and traction transfer from numerous tests and can be achieved by means
of dry lubricant (for example Teflon' powder).

The normal force necessary for transfer of traction force arises through the introduction of
tension force into the outer strands, which constrict inwardly and exert a radial pressing
pressure, also termed constriction pressure, on the inner strands. However, the outer
strands can exert only a radial pressure inwardly when they can move radially in the
direction of the cable centre. If the radial degree of freedom is blocked, no radial pressure
can be exerted. Outer strands with a diameter which is too large form, together with the



The normal force necessary for transfer of traction force arises through the
I ntroduction of tension force into the outer strands, which constrict
inwardly and exert a radial pressing pressure, also termed constriction
pressure, on the inner strands. However, the outer strands can exert only a
radi al pressure inwardly when they can nove radially in the direction of
the cable centre. If the radial degree of3freedomis blocked, no radial
pressure can be exerted. Quter strands with a dianmeter which is too | arge
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the invention in the formof a synthetic fibre cable consists of strands
arranged stranded in at |east one strand | ayer, wherein the strands of a
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lift instalst@ndsheinyemberdedynt hetic fibre cable or supporting and drive
means according to the invention. Fig. 1 shows a synthetic fibre cable 1
according to the invention. The synthetic fibre cable 1 conprises several
strand | ayefhe peesestuineentinr inexplaiped i marefdetait onrtherbasis ahdhé ageosmBanying
second innef{gu%sr ﬁﬂﬂhil:ﬁ'yer 4 and a core layer 5. A cable sheathing is denoted
by 6. Construction and dianeter of the strands 7 of the outer strand |ayer
2 are identical. The first inner strand |ayer consists of, in dianeter,
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Fig. 2 shows a supporting and drive means with more than one synthetic fibre
cable and
Fig. 3 shows a lift installation with the synthetic fibre cable or supporting and drive

means according to the invention.

Fig. 1 shows a synthetic fibre cable 1 according to the invention. The synthetic fibre cable
1 comprises several strand layers, an outer strand layer 2, a first inner strand layer 3, a
second inner strand layer 4 and a core layer 5. A cable sheathing is denoted by 6.
Construction and diameter of the strands 7 of the outer strand layer 2 are identical. The
first inner strand layer consists of, in diameter, larger strands 8 and smaller strands 9. The
larger strands 8 approximately correspond in diameter with the strands 10 of the second
inner strand layer 4 and of the core strand 5. The strands 7 of the outer strand layer 2 are
targer in diameter than the larger strands 8 of the first inner strand layer 3 and of the
strands 10 of the second inner strand layer 5. The larger strands 8 of the inner strand
layers 3, 4 are larger in diameter than the smaller strands 9 of the first inner strand layer 3.
The larger strands 8 of the first strand layer 3 and the strands 10 of the second inner
strand layer 4 are, in diameter, of approximately the same size as the core strand 5. The
strands 10 of the second inner strand layer 4 are stranded around the core strand 5, the
strands 8, 9 of the first inner strand layer 3 are stranded around the second strand layer 4

and the strands 7 of the outer strand layer 2 are stranded around the first inner strand



i nner strand |layer 4 and of the core strand 5. The strands 7 of the outer
strand layer 2 are larger in dianmeter than the larger strands 8 of the
first inner strand |ayer 3 and of the strands 10 of the second inner strand
| ayer 5. The larger strands 8 of the inner strand |ayers 3, 4 are larger in
di ameter than the smaller strands 9 of the first inner strand |ayer 3. The
| arger strands 8 of the first strand |ayes 3 and the strands 10 of the
second inner strand |layer 4 are, in dianeter, of approximtely the sane
size as theyggre strand 5. The strands 10 of the second inner strand |ayer
4 are stranded around the core strand 5, the strands 8, 9 of the first

i nner strand |ayer 3 are stranded around the second strand | ayer 4 and the
strands 7 o S ; ar i |

Strand 4 Pageris0 ¥ S0 SRR R R e R SR ol I oL

whi ch in t wnidicastienal syethetimBhreanvleerebra thieadirensigts ohder exanmet 1,809 ispitbetic
wherein a t | - or ; S | fi

formed 11 asay <RI et O TR SPHAng firfinso o dbidads i e aralie® |
provi ded soprevided shthat ing indididaal fibire iscoriestagrin dhe tensilendirastion efttiel cablgi erde theon

of the cabl IR I | | l:S4 iFEac IS4l e ed
In a synt hecteibﬁ%r lr%’a’?%‘%%' %%?h.ﬁa#ﬁgq bé@ﬁ% ﬂ@érle r%%ctj é’fi%a%ngﬁl}'{t@%#glﬁﬁlgm;ﬁt gﬂ?ad
or a strandsynthetit swterial pwtoundingi athegadmatarstrandds alpd tarmed Mateix osmatiixdnaterialf

t he t hreads t td rd ; | :
honogeni seof\ %é; thrrégﬁ?gaoi trgtgﬁgraetgggrtgg m%t%tr%?ﬁghgtspgéﬁggét %%'%gigﬁgﬁgﬁ%ﬁ it
strand surliceegeaisedtyemesnh of st hest tesatrentedThehstantls thenphayeed proothestdard i n

t he synt het] rial . .The . fib egﬁﬁﬁl g 1 |
but have noéugriaf geng%n%cgﬁetnacé r‘}'\;?svltt%f %ﬁ%d@éﬁgﬁ%@?_ eet%&t fg%gg(g%érarjyp netlﬂ'% %hécq%oses
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the cabl e nmechani cs, displacenents occur between the individual fibres in
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abrasion and wear. Due to the cable mechanics, displacements occur hetween the
individual fibres in the strands. These displacements are not translated by way of a
relative movement by way of a relative movement hetween the filaments, but by a

reversible stretching of the matrix.

The degree of filling of the strands describes the behaviour of the fibre component relative
to the matrix. This degree of filling can be defined by way of the proportional area of the
fibres to the total cross-section, as also by the weight proportion of the fibres to the total
weight. The degree of filling in the currently employed aramide strands is between 35 to
80 area percent, or 35 to 80% of the strand cross-sectional area consists of fibres and the
rest of matrix material.

The synthetic fibre cable 1 can be constructed from chemical fibres such as, for example,
aramide fibres, Vectran fibres, polyethylene fibres, polyester fibres, etc. The synthetic
fibre cable 1 can also consist of one or two or three or more than three strand layers.

Fig. 1 shows the synthetic fibre cable 1 according to the invention in which the strands of a
strand layer are mutually spaced apart. The spacing between two strands 7 of the outer
strand layer 2 is denoted by d1. The spacing between two strands 8, 9 of the first inner
strand layer 3 is denoted by d2. The spacing between two strands 10 of the second inner



The degree of filling of the strands describes the behaviour of the fibre
conponent relative to the matrix. This degree of filling can be defined by
way of the proportional area of the fibres to the total cross-section, as
al so by the weight proportion of the fibres to the total weight. The degree
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4 to the core layer 5, as is synbolised
Each strand 7 of the outer strand layer 2 is supported on two strands 8, 9 of the first inner
strand layer 3. Each smaller strand 9 of the first inner strand layer 3 is supported on a
strand 10 of the second inner strand layer 4. Each larger strand 8 of the first inner strand
layer 3 is supported on the same strand 10 as the smaller strand 9 and on a further strand
10 of the second inner strand layer 4.

The diametral ranges or optimal diameters of the individual strands can, for example in the
case of a lay length of 80 millimetres, be selected as follows: strand 5. diameter range
1.55 millimetres to 1.85 millimetres, diameter 1.66 millimetres; strand 7: diameter range
1.85 millimetres to 2.15 millimetres, diameter 1.97 millimetres; strand 8: diameter range
1.55 millimetres to 1.85 millimetres, diameter 1.66 millimetres; strand 9: diameter range
1.15 millimetres to 1.45 millimetres, diameter 1.28 millimetres; strand 10: diameter range
1.45 millimetres to 1.75 millimetres, diameter 1.58 millimetres.

The cable sheathing 6, which is very much softer by comparison with the strands 7,
reaches approximately to the first inner strand layer 3 and does not have any influence on
the mutual support of the strands 7. The soft cable sheathing 6 does not act in
circumferential direction Ur as a support between the strands 7. The strands 7 of the outer

strand layer 3 are in a position of moving radially inwardly. The sheathing material can, for



by the arrow P4. The radial pressure increases inwardly fromstrand | ayer to
strand | ayer. Each strand 7 of the outer strand |ayer 2 is supported on two
strands 8, 9 of the first inner strand |ayer 3. Each smaller strand 9 of
the first inner strand layer 3 is supported on a strand 10 of the second

I nner strand |ayer 4. Each larger strand 8 of the first inner strand |[ayer
3 is supported on the sane strand 10 as tlie smaller strand 9 and on a
further strand 10 of the second inner strand | ayer 4. The dianetral ranges
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the outer strand | ayer 2 stranded oppositely (in counter lay) relative to
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strand | ayewhigh form a double cable 11. The double cable 11 can, between the synthetic fibre
cables 1, be constructed together with the sheathing 12 as a flat cable or can have a
narrowing 13 between the synthetic fibre cables 1. In the case of the variant with the
narrowing 13 the common engagement surface of the double cable 11 with the drive pulley
is formed, as seen in cross-section, by approximately a semicircle of the synthetic fibre
cable 1 and half the narrowing 13. The drive pulley surface is approximately
complementary to the profile of the double cable 11. In addition, more than two synthetic
fibre cables 1 can be encased by a common sheathing and form a multiple cable with and

without narrowing between the synthetic fibre cables 1.

A lift installation denoted by 100 and consisting of a lift cage 103 and a counterweight 104
movable in a lift shaft 102 is illustrated in Fig. 3. The lift cage 103 with floor 121 and
ceiling 140 is guided by means of a first guide rail 105 and by means of a second guide rail
106. The counterweight 104 is guided by means of a third guide rail 107 and by means of
a fourth guide rait (not illustrated). The guide rails are supported in a shaft pit 108, wherein
the vertical forces are conducted into the shaft pit 108. The guide rails 105, 106, 107 are
connected by brackets (not illustrated) with the shaft wall. Arranged in the shaft pit 108
are buffers 109 on which buffer plates 110 of the lift cage 103, or the counterweight 104,

can set down.



and not fromthis to the strands 10 of the second inner strand | ayer 4 and
further to the core strand 5. Fig. 2 shows a supporting and drive neans for
alift wwth two | oad-bearing synthetic fibre cables 1, which are encased by
a conmmon, integral sheathing 12, according to Fig. 1 and which forma
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illustrated. The fourth deflecting roller 120 is arranged in the counterweight 104 and is
comparable in construction with the first deflecting roller 116 or with the second deflecting
roller 118.

The synthetic fibre cable 1 or the support and drive means 11 can also be used for other

known lift drives.



one unit, the |ift cage 103 of the counterwei ght 104 noves by half a unit.
The transm ssion of the traction force takes place, as expl ained further
above, by way of friction forces between drive wheel and cabl e sheat hi ng.
One end of the synthetic fibre cable 1 or double cable 11 is arranged at a
first cable fixing point.114 and the second end of the synthetic fibre
cable 1 or the double cable 11 is arranged at a second cable fixing point
115. The synthetic fibre cable 1 or double cable 11 is guided over a first
defl ecti ng palehetiairdst6, a profiled roller 117, a second deflecting roller
118, a third deflecting roller 119, the drive wheel 113 and a fourth
deflecting roller 120. The third deflecting roller 119 arranged at the
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arranged t oj3bg 5istrand in at |east one strand layer (2, 3, 4),
characterlsgg I n trﬁat%tqhe strands (7, 8, 9, 10) of a strand layer (2, 3, 4)

are mutual |y spaced apart (dl, d2, d3) in circunferential direction (Ur),
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radi al di rect i on rect o) e’'ca centre exert
radi al preskyerc2pwith h@amsmihd@amsaad to)be standed, iarfingtrinrarrsiradd layge(3) With stradds he
radi al pres s e

ayer. o SehaAErETe AhhBRS séodiirer rafd ySh (3 3K (1) aheh

an out er st todvedstrandge and 2)cors $trar1§it(5halBs)rQVTr)e®rranged to be st randed, a fi rst
I nner strand |ayer (3) with strands

3. Synthetic fibre cable according to one of claims 1 and 2, characterised in that the
mutual spacing of the strands of a strand layer in circumferential direction (Ur) is
predetermined by the strand diameter, the lay length and the number of strands per strand
layer.

4, Synthetic fibre cable according to claim 3, characterised in that the mutual spacing
(d1) of the strands (7) of the outer strand layer (2) lies in the region of 0.05 millimetres to
0.3 millimetres, that the mutual spacing (d2) of the strands (8, 9) of the first inner strand
layer (3) lies in the region of 0.01 millimetres to 0.08 millimetres and that the mutual
spacing (d3) of the strands (10) of the second inner strand layer (4) lies in the region of
0.01 millimetres to 0.08 millimetres.

5. Synthetic fibre cable according to any one of the preceding claims, characterised in
that the strands (7) of the outer strand layer (2) lie in the diameter range of 1.85 millimetres
to 2.15 millimetres, that the strands (8, 9) of the first inner strand layer (3) lie in the
diameter range of 1.55 millimetres to 1.85 millimetres or in the diameter range of 1.15
millimetres to 1.45 millimetres, that the strands (10) of the second inner strand layer (5} lie
in the diameter range of 1.45 millimetres to 1.75 millimetres and that the core strand (5)

lies in the diameter range of 1.55 millimetres to 1.85 millimetres.



(8, 9) arranged to be stranded, a second inner strand |layer (4) with strands
(10) arranged to be stranded and a core strand (5) are provided. 3.
Synthetic fibre cable according to one of clainms 1 and 2, characterised in
that the nutual spacing of the strands of a strand layer in circunferential
direction (Ur) is predetermned by the strand dianeter, the lay |ength and
the nunber of strands per strand Ilayer. 4. Synthetic fibre cable according
to claim3, characterised in that the mutual spacing (dl) of the strands

(7) of the guterg tﬁéllldfldr@)é‘anble(a%}:oﬂdirﬁsto'dihntn@ chswcfaﬂ.seé uPthQiStH’@SéMl gsﬁdto
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second inner strand | ayer (4 les in the region o Imetres’to

0. 08 mi| | i niespedively sugpotasan worstignds E’a@l &0)according to any one of the
preceding clainms, characterised in that the strands (7) of the outer strand

layer (2) lie in the dianeter range of 1.85 mllinmetres to 2.15
m | i metres?- t habynthelicsre aafdle @grording ¢e amhens ofrtse pressding slaimadchaganaterised)n | i e

in the di f I I L
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(10) of thetodké®mnd i nner strand layer (5) lie in the dianeter range of 1.45
mllinetres to 1.75 mllinmetres and that the core strand (5) lies in the

di ameter range of 1.55 mllimetres to 1.85 mllinetres. 9 6. Synthetic
fibre cabl e8accoSyﬁth@idfﬂure batlenabcording taatyeonesefthe pretcleelhgtclmims natlataterized amd

(9) of the and 3 th r and
the strand PebeseSiand B8 B Fherbed ny 3 SbBHEaMNATR ARG v (bffereafPind
the remai ni (&Jr&mamdapr@mma&)ly ar the firgt ipecstrared lgyesypport ed on two strands (8
9, 10). 7. Synthetic fibre cable according to any one of the preceding
clainms, characterised in that the coefficients of friction (p) between the

strands (7,98, O9Syritbetid fierei calidacea@gingntootlaim @, Zhatadtebisdd.in that the sheathing
material lies in the Shore hardness range of 75A to 95A and the matrix material of the
strands lies in the Shore hardness range of 50D to 75D.

10. Supporting and drive means for a lift with at least two synthetic fibre cables (1)
according to any one of the preceding claims, which are encased by a common integral
sheathing (12).

11. Supporting and drive means according to claim 10, characterised in that the
sheathing (12) has a narrowing (13) between two synthetic fibre cables (1).

12. Lift installation (100) with a synthetic fibre cable (1) according to one of claims 1 to
9 or with a supporting and drive means (11) according to one of claims 10 and 11.

13. Lift installation according to claim 12, characterised in that the synthetic fibre cable
(1) or the supporting and drive means {11) is guided over a drive wheel (113) and moves a
lift cage (103) and a counterweight (104).

14, Method of producing a synthetic fibre cable according to any one of claims 1 to 9,
characterised in that threads are produced from synthetic fibres, wherein the threads are
impregnated in a synthetic material bath and several stranded threads form a strand,
which after stranding of the threads is homogenised by means of a heat treatment,



8. Synthetic fibre cable according to any one of the preceding clains,
characterised in that the outer strand |ayer (2) is encased by a cable
sheathing (6) and the cable sheathing (6) reaches approxinmately to the
first inner strand layer (3). 9. Synthetic fibre cable according to claimS8,
characterised in that the sheathing material lies in the Shore hardness
range of 75A to 95A and the matrix materildl of the strands lies in the
Shore hardness range of 50D to 75D. 10. Supporting and drive neans for a

lift with aindr@asthel WRaky HuRaéd Gs 46 @n&RHngS tHel btramfetOtiheads tdte addMMEIyOf
t he preceding clainms, which are encased by a common integral sheathing

(12). 11. gd Hythe suntPelic ®alggidhs according to claim 10, characterised in
that the sheathing (12) has a narrowing (13) between two synthetic fibre
cables (1). 12. Lift installation (100) with a synthetic fibre cable (1)
according to one of clains 1 to 9 or wth a supporting and drive neans (11)
according to one of clains 10 and 11. 13. Lift installation according to
claim12, characterised in that the synthetic fibre cable (1) or the
supporting and drive neans (11) is guided over a drive wheel (113) and noves
a |ift cage (103) and a counterwei ght (104). 14. Method of producing a
synthetic fibre cable according to any one of clains 1 to 9, characterised
in that threads are produced fromsynthetic fibres, wherein the threads are
i npregnated in a synthetic material bath and several stranded threads forma
strand, which after stranding of the threads is honogeni sed by neans of a
heat treatnment, 10 wherein the strand surface is snoothed and the stranded
threads are conpletely enbedded in the synthetic nmateri al



