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Comparison between Wire Rope and CFRP UD on Bending Analysis

Sung-Min Park*’, Dong-Woo Shin*, ll-Jun Kwon*, Sung-Hun Yoo**, Wan-Kee Moon***

ABSTRACT: With increasing population density and high-rise expansion of buildings in recent years, elevators have
become to play a pivotal role in our everyday lives as most people take an elevator several times even in a day. The
elevator penetration and distribution rates in Korea have increased dramatically every year, and the emergence of
skyscrapers leads to accelerating the development of elevator industry. Carbon-fiber-reinforced plastics (CFRPs) exhibit
better mechanical and thermal properties than steel suitable for uses as elevator wire ropes. In this paper, in order to
analyze the properties of CFRPs, the tensile strength of unidirectional (UD) CFRP wire ropes was characterized and
finite element analysis was conducted for bending simulation. Simulation results were compared.
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Table 1. Mechanical properties of carbon fiber

Tensile Tensile
Number of Elongation Tex Density
Designation strength  modulus ., Structure
filament 3] (e/1000m)  (e/en’)
(lpa) (Gpa)

Torayca T700SC-12000 12000 4900 230 2.1 800 1.8

Torayca T700SC-24000 24000 4900 230 2.1 1650 1.8

Toho UTS50-12K 12000 4900 240 2 800 1.8

Toho UTS50-24K 24000 5000 240 2.1 800 1.79

MRC TR 508 12L 12000 4900 240 2 800 1.82

MRC TR 50D 12L 12000 5000 240 2.1 800 1.82

Hyosung H2500 12K 12000 4900 250 2 800 1.78

Hyosung Heb00 24K 24000 4900 250 2 1650 1.78

12000 4900 240 800

Al hrdo 2400 00 70 ¢ 1600 Le
12000 4200 240 800

AKSA i 24000 4200 240 1.8 1600 17

TaeKvang TKS-40 12000 4410 245 1.8 800 1.78

SGL €30 T050 50000 4000 240 1.7 3300 1.80

Formosa TC-35 12000 4000 240 1.6 800
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Fig. 1. Tensile strength of carbon fiber
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Fig. 2. Young's modulus of carbon fiber
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Phr: Recruitment stock
AHEW: Active hydrogen equivalent weight
EEW: Epoxy equivalent weight
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Table 2. Mixing ratio of composite resin

Single resin Composite resin(Mix proportioning)
Type Equivalent weight | Epoxy(%)  DICY(%) MCs (%) 2MI (%)

BPA-Novolac 200~220 63.88 6 30 0.120
Bisphenol-A 184~190 58.954 6.81 34.1 0.136
Bisphenol-F 170~180 55.452 7.4 37 0.148
Non-Halogen 270~300 72.91 4.5 22.5 0.090
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Table 3. Material property[9,10]
. ) . Wire Rope
Uk CRPUD  TABCIK  Ren ol Sed
Cross Section n 2440 g 104 D40 250
Density he/nd 15E06 18806 11680 5880 7B
Max. Load KN 70 08 I 0 00025
Gage Lengh n 100 0 & 0 1000
Modulus X ® 120 80 a7 9 0
Modulus Y &Z @ 86 80 a7 9 m
Poisor's Rato X - 03 03 [ 04 03
Poiseors Rato Y &2 - 04 03 [ 04 03
Stress Limit X R 2000 (or -70) 4900 5 30 kL]
Stess it Y &2k 4 4900 B 0 i
Density ha/rd 15606 15806 IR0 58EU6 _ THEK

Resin sample condition  Test condition
% Curing : 15 min, 160°C Staindird 715 M 150/527:2

Tension Steed : 10 mm/min
0

Tensile strength (MPa)
3 8 8 8 8 3

=3
=)

Stabilization : 40 min, 80°C

Non-halogeb

Novolac Bisphenol-A

Bisphenol-F

I Single resin & Composite resin

Fig. 3. Tensile strength
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Table 4. Wire rope simple model [9,10]

Simple model - 1 Simple model - 2

Unit Real model

Wire Cross Secton @J"a
"
Wire Cros Section Area  mnt % 3%
Wire Cross Section IYY  mun’mar’ 16 13
Wire Cross Section IZZ  munmurt 108 18
Rope Cross Section Q
Rope Cross Section Area  mat - A0 4
Rope Cross Section IYY  mun'man’ - 545 457
Rope Cross Section I7Z  munt'man’ - 3%2 457
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Fig. 4. Boundary condition
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