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A Study on the Axial Stiffness Prediction of Stand
Using Analysis of Variance
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Abstract

Wire ropes are widely used in cable car, suspension bridge and elevator, etc. and composed of
single or multi-layer strands. It is difficult to find out the characteristics of a strand or wire rope
because of complicated geometry and contact condition. In this study, the axial stiffness is evaluated
using finite element method and reliable finite element analysis model is presented, taking into
consideration the convergence of the length. The axial stiffness predictive equation of a strand is
developed using analysis of variance, which can be applicable for characterizing the relationship
between load and displacement when the strand configuration is determined.
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Fig. 1 Configuration of wire rope
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Fig. 2 Analysis model
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(a) global view

(b) front view (c) detail of contact zone

Fig. 3 FE-Model for 1x7 strand

Fig. 4 FE-Model for 1x19 strand
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Table 1 Construction of 1x7 stand

Strand| o om) | Ru(mm) | A(deg.) | Lmm) | €
type
I 1.97 1.865 | 9.23 7.67 sliding
I 1.97 1.865 | 17.03 | 7.67 sliding
m | 197 | 1.865 | 923 | 9971 | sliding
v 247 1.365 | 9.23 | 9.971 |no sliding
R. : radius of core wire
R, : radius of helical wire
A : lay angle or helical angle
L : length of model
C ' contact condition
Table 2 Axial stiffness of 1x7 stand
Strand Axial stiffness Error
type S{GPa) | S{GPa)® | e(%)
1 189.9 194.8 2.5
il 174.7 179.3 2.6
m 188.4 192.6 2.2
v 190.7 196.1 2.8
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Fig. 5 Axial stiffness on variation of the length of
model for 1x7 strand
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Fig. 6 Load-strain curve of strand using [ pitch
length model

#4AE Jebddh @A JeEd Uding 59 A¥
A% 2 Jiang 59 A A9} @A T A
zZ dAFgE &4 4+ Ak Table 29} Fig. 69 3
25E B dFoAe ftaidM g T3 2E
Uz o] &7 dfMo] gidsivin & 4 A
Table 3 o] }ojoig o] 247mm, &
Z ¢toloje] wtAo] 1.865mm, Hztol 15°¢1
1x7 2EW= gis)A, o] <o]ojel dH
ghojo] Alole] mlAAEE WEAA7IY F7HA
& 3 Azolt} HEFoz o3 vEg oA
vy e, uizge] Hy gy g, a=ln
wkz2AF7E 0.15, 03] HEE UFo] Y& ~’F
#aldct, AEFRE IFPeE FFars AN
= FFo] HAsts F e 474 YEHeR A
4l duAd AEE $AsHA JH0 HEZH
UEHTE AMEA 842%e FAEA "ok
o] T EAY Ad 5

Table 3 Axial stiffness on variation of the contact

condition
Friction coefficient, p | Axial stiffness, S(GPa)
0 (sliding condition) 167.31
0.15 167.32
0.3 167.33
® (no sliding condition) 169.21
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Fig. 7 Axial stiffness on variation of the radius of
core wire for 1x19 strand
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Fig. 8 Axial stiffness on variation of the radius of
helical wire for 1x19 strand
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Fig. 9 Axial stiffness on variation of the lay angle
for 1x19 strand
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Table 4 Factors and levels for design of experiments

of 1x7 strand
Levels
Factors
0 1
R(mm) 1.97 2.47
Ry(mm) 1.365 1.865
A(deg.) 7 25

Table § Factors and levels for design of experiments
of 1x19 strand

Levels
Factors
0 1
R(mm) 1.97 2.47
Rua(mm) 1.365 1.865
Ry(mm) 1.365 1.865
A(deg.) 7 25

Ry @ radius of the outer helical wire

Ry : radius of the inner helical wire
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Table 6 Design matrices and test results for 1x7
strand

Axial stiffness
S(GPa)
188.05
134.66
187.73
124.43
188.72
143.50
187.80
130.21

Test Factor
condition| R

]
=

<

0
0
0
0
1
1
1

!
IR

Table 7 ANOVA for 1x7 strand

—— oo~ |~laolo
—loj—=|lol~lol~loln

OV K TWIR | —

Source ?:;nargsf D.O.F. szfxzjrels F-ratio
R 29.491 1 29.491 38.958
Ry 76.632 I 76.632 101.231
A4 6022.531 1 6022.531 | 7955.787

R.Ry 1.674 1 1.674 2.211
RA 24,082 1 24.082 31.812
RiA 62.050 1 62.050 81.968
Error 0.757 1 0.757

Total | 6217.217 7
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Table 8 List of main effect and interactions for

IX7 strand
Variable Effect(GPa)

Mean 160.64
R. 3.84
Main effect Ry -6.18
A -54.88
Red 348

Interaction
Rud -5.56

Table 9 List of main effect and interactions for
1X19 strand

Variable Effect(GPa)
Mean 160.36
A -21.78
Main effect
A -42.80
Rind2 -5.14
Ripd: 4.70
Interaction B Rind, 4.50
RinA,; -6.04
A24, 3.44
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Fig. 10 Comparison between predictive equation
with FEM

Table 10 Comparison of 1%7 stand axial stiffness

Strand| R, Ry A Axial stiffness(GPa)
type | (mm)|(mm)|(deg.)| Eq.(5) | Eq.(7) | FEM
\Y 1.97 | 1.65 8 |184.57{185.43{187.44
VI 225 | 146 16 1162.791170.49|170.42
VI 243 | 1.80 | 22 [141.28|143.84(143.97

"'3.01(|01’ - 1)
Table 11 Comparison of 1x19 stand axial stiffness

Strand R. Riz Ru A, A Axial stiffness(GPa)

type (mm) (mm) (mm) (deg.) (deg.) Eq.(6) Eq.(8) FEM
VI 2.47 1.865 1.865 25 25 129.07 129.07 129.26
X 1.97 1.365 1.365 7 7 193.65 193.65 194.41
X 222 1.615 1.615 16 16 160.63 167.68 168.56
XI 2.37 1.422 1.69 12 19 155.99 160.50 162.45
X1 2.07 1.763 1.56 19 16 152.16 157.06 157.56
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