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Stiffness Analysis and Optimization of Strand and Wire Rope
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Abstract

Wire ropes are widely used in cable car, suspension bridge and elevator, etc. and there has been a
growing need for ropes of large diameter. The theoretical procedures to obtain the stiffness coefficients
of wire ropes, using previously reported theory, are programmed and the verification of the program is
made. The effects of lay angle on the stiffness of strand are researched and comparisons on stiffness
of rope are made according to the lay type. Axial stiffness optimization problems with coupling and
torsional stiffness constraints are formulated and the effects of constraints on other stiffness coefficients

on axial stiffness optimization are investigated.
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Strand

Fig. 1 Typical wire rope(’)

A FFdLd 22T F e 93 44 92
A st

2 d7dAE 7189 o8
BXO FAEE N  Je RO
g} olg Fal Ao d%E A IA

2.1 O|&
Fig. 13} 2-& glolo} =Xof H3F F9 v E
H Mmo| Fga= A, 2 FAANAEAE A ()

3} o] UyErd % 9l

% "‘DIEC"'DzT
4y
—‘% =Dse.+Dyr
A7NA, e = SUF HEY E(axial strain)] L 7 =

@9 ZAolgel viE " A (twist per unit length)©]™
Ee ¥ A (Young's modulus)o| v}, & D2

22X 34, D% D 4z AF-HEH, H]
E9-A0% ALY (coupling stiffness), Dsi= H|
£ 7 A (torsional stiffness)o|t}, 22X E FA =
ZEW=) gisiaz A (1) 2ol 84S

vebd 4 oy o] A9 4 BAAFE 4, &,
s, diE A S
W, REE FARE 2EAdCY $H.HYE
#A=  “Orthotropic Sheet Theory”“ ol 2}
Fig. 29} Zo] z} efoJo] F(layer of wire)S AL
ol AU R degstd 4 ()2 YEl.
S1=SuT1+ ST,
Sy=SpT1+ Sp T, 2
S¢= Ses T
A7NA, 81, So, Ss B T, T, T Solo] Fo of
& WEE % 8 AEE Ve, S, Su, S,
Sesi= T (compliance) Al 5ol 3| dAT}t. Fig. 20
Al gelo] &3 AEJRE E Alol9 Z4E o 7}
7} glojo} Fof mglzbe]l v, A ()9 #AE
ZIAHE T3 2EWE Fof distd 4 3)F
Zol ved F 9t
Syy=8y T+ Sy Ty + S Ts
Sy’ =81 T\ +Sp" Ty’ + Sy’ T’ ©)
Se =Sy T\ +So Ty + Ses’ T’
BAZNE nEstd &8 o WEE ¥E &
dAFY goz Y 5 U, o]E o] &3y
2EWE AL 2 (99} Hol EEAT

_[4 I
dl_[ E /ZAI;( Sl’ )
_ 4 T/
dz— Tk ;;Ajrj( 55’ )
_ 4 Ts.
dg— E /ZA,‘T]( Sl, )j

_ 4 T
%= 7k ng’ﬁ( Se’ )j

A7, 49 e 22 AR gelo] F9 WA
AR E(helix radius) YEZ A O
sfolojo] WAL Yehdth nd 2EWNEFE 74
st AA efolo] Fof Folth
stolo] 2ol AA-G A o]2HA A
£ Fojzl MYz dstel 2xg FASe
A

}+Am

@

i

o>

ox, ot

stexAE Y o gEs A ) o
d3 AEE AR ¢ o AF BE
HEe FREPCV AN HA glu, oArlME



1248
I AATE Fig 390 e

22 M6l Z2O¥el &Y 9 HE

Sfojo] 2X = Folo] FHo) uE} 2EUAEZ
Fo]2 AlE-sli=  IWRC(independent wire rope
core) ZX9 HFE FHE ALE fiber H
2IZ FEY F ok IWRC ZE= W 3
0 g na 3_%3]._,_ 7‘/\%?-]]5& A ‘]QL‘:_ |
S F2 AL &3, fiber A BE2E= ZES
Aa AA=E Ao Agdd B dt
& Aol A ’“"*3} o] 24 ¢1 Ax}el] we}t IWRCQ}
fiber ol & 7pAlE 2ol tis Zdz AAW

dEARZ o FAHE 7+ 5+ YgE Eil

Strand Axu " :I
wi

ire Axis

Fig. 2 Idealization of each layer of wires as an
cylindrical orthotropic sheet®

L Assume €, and T 1

RS2

[ Calculate the rope effective Poisson's ratioj

Determine the individual strand axial strains
and twists per unit length

2
_ Calculate the strand stiffness coefficients
(d, d, s, di)
v

rCalculate the bending stiffness of the strands J

F)etermine the resultant forces on each strand J

[ Calculate the wire rope stiffness coefﬁcientsj

Fig. 3 Theoretical procedure for determining rope
stiffness
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Table 1 Construction details for strand

Layer R(mm) a (deg.) m
core 1.4557 - 1
2 0.7012 12.26 9

1 1.2678 -21.23 9

R : radius of wire
a : lay angle
m : number of wires

Table 2 Comparisons of strand stiffness

Stiffness Program results Reference data
d 50.133 48.111
d; -47.210 -47.047
ds -47.161 -46.533
ds 98.692 97.542

Table 3 Construction details for IWRC wire rope

* >

i j Rj a j m;j aj m;

3 core | 0.8014 - 1 i )
1 0.7347 | 16.29 6

5 core | 0.7021 - 1 19.17 p
1 0.6552 | 8.93 6
core | 1.4557 - 1

1 2 10.7012 | 12.26 9 19.76 | 6
1 1.2678 | -21.23 | 9

i : rope layer

j : strand layer

Ry : radius of wire in layer j of strand i

a i : lay angle in layer j of strand i

m;y : number of wires in layer j of strand i
a i : lay angle in rope layer i

m; : number of strands in rope layer i
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Table 4 Comparisons of IWRC rope stiffness

Stiffness | Program results Reference data
Dy 245.07 247.59
D; 864.36 826.57
Ds 667.89 624.60
Dy 3309.78 3479.71

Table § Construction details for fiber-core wire rope

Layer 1 2 | core
m 8 8 1
Strand
R(mm) 1.765(0.925 | 1.55
a (deg.) 14.34| 750 | -
Number of strands in rope, m’ 6
Lay angle of strand, a "(deg.) 16.86
Core radius, p (mm) 7.11

Table 6 Comparisons of fiber-core rope stiffness

Stiffness | Program results Reference data
Dy 457.8 4553
D, 2431.3 2315.9
Ds 2217.7 2202.7
Ds 13522 13598
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(c) Nondimensional torsional stiffness
Fig. 4 Stiffness variation along the lay angle of

spiral strand
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Fig. 5 Stiffness variation along the lay angle of
fiber-core wire rope

S48 FU5 - 4715 - 299

Edze] mwydfo ekl A

Frde mdwgde] AR wrdwddo|tt. BE

A& B wste FF WA Zo} glo]
27b w2 g

59
—

N
)

¢

ox
o

e 2" i
o

o
|

2 F g Folstajor it

Fig. 5(2~(c)= Table 59| fiber 70} =X tj
o] mAWA S g e o nyZe o
ARASF] W st Jepd Aotk D,
Dy, D A (59 JHE Fxdsstd 72 s,
Sy, S:2 EAEGT afelA o= 2EU=Y
ndZtoli, o & 2EYWSQ 9RF 9ojog
ndZe vehdth g9 AEWTO dig #4
A2 RE 2ER=Y YES gojolo mydzt
S Ao Auidezr AL AdFS WHER
Table 59 #o g nA3 S A8t D2 Dy
v g 2EHd=d i AN AdFe FALSHA
A9 22 oz et Do Wt vehd
Rk mdZte]l FAe vA= FIFL LAEA=
9] mQ)zro] glojole] mYzte] ulsie] FN A
A YeERRR, o]RAL & + Qe AFojth

me) WAool weh wws) BA FPYL WER
9 A7 o A erdn, 2ed AEY
s MEY Ade Fug A7 8 AA
dehge ¢ 4+ At

3. EH4A

3.1 24 HHael T

2 (Dol YeRd gtolo) Rzl FAASF Fol
A 74 F85A neEEojor & e FAA D
oltt, d& B AolEd AAHE BT E 4
Ag o) FaFo) 7 A nAHY FF 2
Ey v EYE a4l mEAlgelnt. EE 2
o ARHPEE 7 F3Y X g MAASHA HE
Z o] AR E FFATIE o] EXY AT
A 2 Asle] Faod 988 A dd. =
A3 Rt Fre Qg mAA 2 Aol=
2 melztdl et o] PAHL HHEA



2ER= G dhojo} Ziol Agsja B HA 1251

L Initialize ADSj
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| Change design variable I
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( Stop )

Satisfy termination
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1
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Fig. 6 Flowchart for optimization
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Table 7 Algorithms used in optimization

Whole routine | Linear extended interior penalty
algorithm function method

Search direction | Broydon-Fletcher-Goldfarb-Shanno
finding algorithm variable metric method

One-dimensional | Golden section method followed
search algorithm by polynomial interpolation
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Table 8 Optimization results for various weight

factor
w2 W3 Wi -OBJ
0.3 58.674
0.3 0.5 54.019
0.7 47.670
0.3
0.3 58.964
0.5
0.5 54.022
0.7 0.3 56.339
0.3 58.181
0.3 0.5 54.020
0.7 47.670
0.5
0.3 58.229
0.5
0.5 54.021
0.7 0.3 56.167
0.3 0.3 54.592
0.7
0.5 0.3 54.559

OBJ : objective function
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Table 9 Optimization results for three cases

(|D2|)max (|D3|)max (D4)max -OBJ
Case 1 | 1117.37 | 1032.02 | 7022.88 | 301.68
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