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Abstract: The life of elevator wire ropes is one of the most important characteristics of an elevator, which is
closely related to the safety of users and its maintenance policy. It is not cost effective to measure the
lifetime of elevator wire ropes during their use. In this study, the life estimation of elevator wire ropes
(8x19W-IWRC) is considered using accelerated degradation test data. A bending fatigue tester is used to
perform the accelerated degradation tests, incorporating the acceleration factor of tensile force. Assuming that
the life of wire ropes is log-normally distributed, two life estimation methods are suggested and their results
are compared. The first method estimates the life of wire ropes utilizing the accelerated life model with
pseudo lives obtained from a linear regression model. The second method estimates the life using a logistic
model based on failure probability.
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Table 1 Specification of Wire Ropes(8x19W-IWRC)

Diameter of wire ropes Z6mm

Construction EXTIW+8xT+1x16W

Number of load bearing 8x19=152

wires in the outer strands

Breaking force 28.6 kN

Tensile strength(Z,) 1,770 N/mm®
Outer Wire Inner Wire

(a) 8x19W-IWRC

(b) 8xS19-FC
Fig. 1 Structures of Wire Ropes
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Table 2 Discarding Criteria for Wire Ropes (DIN

15020-2)
Number of visible wire breaks
Number of load which justifies discarding
bearing wires in -
the outer strands Drive groups
of the wire 2m, 3m, 4m, 5m
ropes Cross lay Long lay
n on a length of | on a length of
6d 30d 6d 30d
101 to 120 10 19 5 10
121 to 140 11 22 6 11
141 to 160 13 26 6 13
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Table 3 Pseudo Life Using Linear Regression

6d(y=13) 30d(y=26)
Test | Tensile | Ppseudo | (adj) | Pseudo | (adj)
units | force life R-sq life R-sq

(Cycles) (%) (Cycles) (%)
NI11 15% 1,039,552 | 80.4 1,159,086 | 89.2
NI2 15% 1,195,097 | 79.1 1,364,702 | 85.1
N21 20% 866,388 | 68.1 955,480 | 60.1
N22 20% 796,954 61.3 899,518 | 61.1
N31 25% 481,580 78 556,975| 88.5
N32 25% 424,505| 743 398,598 | 72.2
N33 25% 419,929 76.2 417,452 71.5

Table 4 Regression Analysis with Pseudo Life Data

Predictor Coef S.E Z P
Intercept |  15.4042 0.1855 83.06 0.000
X -0.0946875 | 0.0088 -10.79 0.000
Scale 0.0967253 | 0.0256
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| Acquisition of Test Data |

¥

| Logistic Regression Model |
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In Use Condition (ADT)
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Linear Regression
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Fig. 5 Life Estimation Methods Using Logistic
Regression Model
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Table 5 Deviance Table (6d Data)

Source | DF | AdjDev |Adj Mean|Chi-Square | P-Value
Regression| 2 | 340.6 | 170.320 340.64 0.000
X 1 | 2044 | 204.398 204.40 0.000

X, 1 | 337.2 | 337.220 337.22 0.000

Error 143 | 1234 0.863
Total 145 | 464

Table 6 Deviance Table (N11 Data of 6d)

Source | DF | AdjDev|Adj Mean|Chi-Square | P-Value
Regression | 1 | 72.23 | 72.2337 72.23 0.000
X, 1 | 72.23 | 72.2337 72.23 0.000
Error 25 | 10.33 0.4134
Total 26 | 82.57
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Table 7 Pseudo Life Using Logistic Regression

6d(y=13) 30d(y=26)
Test | Tensile : :
; Pseudo (adj) Pseudo (adj)
units | foree | e | Resq | life | Resq

(Cycles) (%) (Cycles) (%)

NI11 15% 1,066,369 | 86.3 1,007,163 | 92.7

N12 15% 1,021,119 | 84.3 1,198,704 | 88.7

N21 20% 865,495 | 80.8 971,704 | 71.5

N22 20% 850,095| 79.4 828,363 | 76.7

N31 25% 451,211 89.1 512,636| 85.7

N32 25% 363,386 | 68.1 367,074| 76.8

N33 25% 381,848 | 75.5 396,485| 82.2

Table 8 Regression Analysis with Logistic Pseudo
Life Data

Predictor Coef S.E Z P
Intercept 15.4594 0.3220 | 48.13 0.000
X -0.0991942 | 0.01524 -6.51 0.000
Scale 0.167917 0.0449
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Table 9 Life Estimations of Wire Ropes

o Median Life(Cycles)
Estimation method
6d 30d
Linear regression model 1,900,009 2,282,379
Logistic Method 1 1,219,895 1,400,363
regression
model Method 1I 1,903,869 1,989,571
Feyrer 1,595,935
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