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A Study on the Estimation of the Optimum Lifetime of Elevator Components
for Elevator Accident Prevention
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Abstract — As of December 2016, there are 608,828 elevators in operation in Korea and 179,790 elevators in more than 15
years. 30.4% of all elevator are aging. Improved maintenance of the elevator and proactive replacement of the parts of the
elevator can extend the lifetime of the elevator and ensure safety. An unclean environment reduces the lifetime of elevator
parts. If you do not clean the environment and prevent preventive parts replacement, eventually shortening the lifetime of
the parts connected to the failed part or causing more damage will result in greater economic loss. Also, the risk of
elevator safety accidents due to failures of elevator parts will be increased accordingly. The study of optimum replacement
time of elevator parts will contribute to prevention of safety accident of elevator and prolongation of lifetime of elevator
through preventive replacement of elevator parts.

Key Words : Elevator lifetime, Expected lifetime, Preventive replacement, Optimum replacement time, Failure rate, Remodeling
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Table 1 Holding status by elevator type

Install Sum Pass- Sl @z Dumb Autq- BS | Mw Whee_lchalr
Year enger waiter | mobile lift

‘00017 138,464|118,198| 10 | 6,075 2,209 | 5836 | 5,210 835 | 91
'01-'02| 41,326 | 35,852 | 7 | 1678 | 798 | T22 | 1227|866 | 176
'03-'10|215,033|185,499| 109 | 8785 | 3582 | 2655 |10474|2478| 1451
11 27368 |23237| 24 |1326| 598 | 209 |1/488| 284 | 202
12 2937225423 | 34 |1,350 | 442 | 267 |1,368| 275 | 213
13 13029126735 | 19 |1268| 524 | 294 |1,001| 241 | 209
14 3489131679 | 20 | 874 | 250 | 232 | 1372|229 | 235
15 | 37,746 | 35076 | 21 | 695 | 120 | 274 |1,144| 168 | 248
'16 43998 |40,510| 28 | 814 | 90 | 331 1848|123 | 254
Total |598,489522,209 272 |22,865] 8,613 | 10,820 |25,132/5,499| 3,079
Rate | 100% |87.25%(0.05%| 3.82% | 1.44%| 1.81% |4.20%(0.92%| 0.51%

Sh= S47] BolA 159 oy ®H =& SZ7|E 179,790th2
A ARE £Z719] 30.4%0]T.

mE 159 ol | =& SZ7]= oF ey SUkskal U,
Al AREE S$Z71% OF 3ut 7R B7iE Al Qs FAolth

53], 154 o|& H =& 527 ZojAT Od 13t Zo] 54
g ¥ 52717 11.76%2 71 HIE0] =00, 165 0|49 11
S0 AXE HNE S8V ¥ HIE0| 529%% 527
HEZO| WRIAIZI7} o] AtAU, Quiigs 58 4 AUrh
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Fig. 1 Status of domestic elevator type and installation period
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3. Weibull Distribution

3.1 Kaplan-Meier FAY

S47] BE9 1Fe ARl S71E w2t 716k 1
He Hojn, dWHoR HEs FHo| HEe? FEH(Mean
Rank Estimation), 59|14 9 F8H(Median Rank Estimation)
S2 ARESITE 2ol HE9] /AR T2l 1&0] o &
= St Ag7t EAEY e 2Role 7HEE-nto]of (Kaplan-
Meier) FEHE AMESh= 20| SUPHOILHE-T].

ZrEet-nfojo] FEHE HIES: FOHEE PO FEY
EREE 8 R(O)E OIgSIT HIEs FTHNEEL =5
E£2E2 4 (DI @9 WHEE olgsto] AtESiTh

WA SRR O EA
A g e oA B

R(t)=R_, (t)xP(t) 2)

FrEgt-nlojo] FEHE HHEAlS o]85t0] 2 IEAIFA
9] HIES AEE R(HE F8tal F{t) = 1-R()Q TAE olg
sto] FRNEEES FESIT) ol RA(HE 100%01THS].

3.2 Weibull Distribution

HoHE Aelsts SERXE dolg B2 F¢RE, AFR
I, GUHEE S o VI EElS 22 gt EXfeth ~Ed

7t nhSAolA Qtolg BErE HIdsHA o18% 1l lon, o
HE o2 IFE ¢ AN BEs A4E 1IFE(Decreasing
Failure Rate, DFR), &8 11Z&E(Constant Faiure Rate,
CFR), &7} &= (Increasing Failure Rate, IFR)Q] 371K &
Ei7F oM, mS AR (shape parameter)Z 23X HYES
285, 7= TR (scale parametenZE 7IEEQ HEE 7
oIt 7= ¢olE BExE nEs REEY 63.2%7F 18LE=
A UERH, olm] mo] grol wet 1&g g9 dgko] H
SHA Eet, mgtol mE IFES FFE okl & 20 UE
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LHRAT}H9-10].
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L tkE3|7)¥(Simple Linear Regression), HHER (Moment
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Table 2 Trend of Failure Rate by shape Parameter

Shape Parameter of

i Wais e Weibull Distribution(m)

Decreasing Failure Rate m{1
Constant Failure Rate m=1
Increasing Failure Rate myl

metd IFE geo 2xo] met st g9+ )
g Us g5 Ex7t ol Exoll, glojg BxE 2] &2
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Fig. 2 Analysis of the Reliability Function R(t) of Motor
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Fig. 3 Analysis of the Failure Function /#) of Motor
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Fig. 4 Analysis of the Failure Probability Distribution
Function £(#) of Motor
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Fig. 5 Analysis of cumulative failure rate A(¢#) of motor
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3.3 Age Replacement Method

ANAHEOl gt og JhsEY] feiide SRl REEA]
(Maintenance Method)0] $=#E| {0} SITh HAS HAAaxdE



gHQl BEEE REE S RELS, A AR A
met FAHE A2l V15 B 98 AAEE BE HY

HoRE Z™sk= AAY4] (Inspection Method)Th FZ R10]
ozl 7HAcE HEs udetAU dEHE HEds wAE
(Replacement Method)©0] QIC}.

DA AMRO] WAISHs o @A (Preventive Replace-
ment)9} 1A o]Fo WASH= AMEWAR|(Corrective Replace-
ment)7} Tk

RARRI0] B71g] met IFEC] U A9 |AHIE
BEe SVletEz 547] B89 wAAEd tist 2482 18
of W EYHIES FK AL ZFsto{of it

Eo] mE FYHIES] FAHEA Z-EsH] flsto] A (1)1}
Zo] LERd 4= ATt

o

a)

or)- ng(Tn;+qu(T) @
R(t)dt
0

o7IM, G <G

AT A 2QH= HEHIES)

G ARUAEE

G oduAEE

RT) = T,AES A=E g+

AT)  T,AEY 2AZE g
34 AR GF
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A Bdll BASIAULE E 31 ¥ 4= 587 FQEEQ
71¢t Bdoja FHH9 UATEOJEE Kaplan-Meier 38
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¥ 3 Kaplan-Meier F8E ¢t As7] 1& HOH

Table 3 Motor failure data for Kaplan-Meier estimation

Install Year[yr] Reliability Rate R(?) [%]
6.00 98.5%
7.00 95.4%
7.99 92.3%
8.99 86.2%
9.99 81.5%
10.99 64.6%
11.99 60.0%
12.99 38.5%
13.99 27.71%
14.99 21.5%
16.99 3.1%
17.99 1.5%
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Table 4 Brake contactor failure data for Kaplan-Meier estimation

Install Year[yr] Reliability Rate R®) [%]

1.00 95.4%
2.00 84.6%
2.50 81.5%
3.00 43.1%
3.50 38.5%
4.00 24.6%
4.50 23.1%
5.00 9.2%
6.00 4.6%
7.00 3.1%
7.99 1.5%
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Fig. 6 Result of Weibull distribution for electric motor
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Fig. 7 Result of Weibull distribution for electric brake contactor
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Table 5 Expected life by Weibull distribution(motor & brake

contactor)
Division Motor Brake Contactor
m 4.966 2.335
b -12.89 -3.15
n 134 3.8
expected life[yr] 12.3 34

E 6 /G HIgd IE dsrl/Egola EH 2R WA
7l & HIEE

Table 6 Optimal motor/brake contactor replacement cycle
and cost ratio according to C;/C, ratio

Motor Brake Contactor

Division
T, A1) T, (T,
Cr/C=4.6 7.9 0.16 2.0 0.91
Cr/C=10 6.5 0.19 1.3 1.33
Cr/C=20 5.6 0.22 1.0 1.82
Cr/C=30 5.2 0.24 0.8 2.18
Cr/ C=40 48 0.26 0.7 2.48
Cr/ G50 4.6 0.27 0.63 2.13
Cr/ C=60 45 0.28 0.60 2.95
Cr/ C=10 4.3 0.29 0.55 3.16
Cr/C,=80 4.2 0.30 0.52 3.35
Cr/C=90 41 0.30 0.49 3.52
Cr/ C,=100 4.0 0.31 0.47 3.69
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Fig. 8 The optimum replacement time by age replacement
method (motor)
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Fig. 9 The optimum replacement time by age replacement
method (rrake contactor)
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