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A Study on RCM Approach to Catenary System of Electric Railway

-3
(Eung-Kyu Youn - Kyu-Hyoung Choi)

Abstract - A RCM approach to maintenance of the catenary system of electric railway is proposed. The proposed RCM
approach provides a maintenance-oriented FMECA procedure to derive critical failure modes by analyzing failure effects and a
RCM decision logic tree to suggest optimal maintenance works for the derived failure modes. By applying the proposed RCM
procedures to the catenary system of high speed railway, it is suggested that strand breaks of dropper and voltage equalizing
wire, and trolly wire wear-out are the critical failure modes for whom maintenance works based on condition monitoring
should be applied instead of conventional time-based preventive maintenance. It is also proposed by reliability analysis that
replacement time of dropper can be reduced from 18 years to 10 years. These results show that the proposed RCM approach

can optimize the maintenance procedures of catenary system.
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Table 1 FMECA results of catenary system

No Failure Failure c Failure causes Failure effects
Mode level ! Catenary system Railway system
- Mechanical i & .
echanica impact Sequential break of
vibration dropper strands
Dropper strand - Circulating current . D . - Train speed-down
1 . I 14.57 . Circulating current . . R
break(Five or more) - Wind pressure . & inertia operation
! . increase
- Defective material
. Grounded fault
- Poor maintenance
- Improper setup Sequential break of voltage
Vplt?ge equalizing - Circulating cqrrent eguahzlpg wire strands - Train speed-down
2 wire: strand break II 3.10 | - Irregular tension Circulation current . . .
. . . X & inertia operation
(Five or more) - Defective material increase
- Poor maintenance Grounded fault
- Unbalanced sag .
. - Train pantograph
. - Improper dropper Interruption of power
Abnormal abrasion of . . damage
3 . I 0.32 - Irregular tension & impact supply . .
trolly wire R . . - Train operation
- Defective material Arc generation sto
- Faulty pantograph P
- Foreign objects contact
Messenger wire - Lack of separg tion Sequential break of .
- Irregular tension . - Train speed-down
4 strand break I 0.01 . messenger wire strands . . .
. - Bad connection . . & inertia operation
(Five or more) R . Relaxation of trolly wire
- Defective material
- Poor maintenance
- Improper setup
Voltage equalizing - Circulating current .
5 wire: strand break m 11.0 - Irregular tension sgfanitk; Tj{;ﬁam(xrgf - Train speed-down
(Less than five) - Defective material ol &
- Poor maintenance
- Foreign objects contact
Messenger wire - Lack of separation .
6 strand break I 2.74 - Bad connection Slté;z;leitherdejirraedatlon of - Train speed-down
(Less than five) - Defective material &
- Poor maintenance
- Foreign objects
Feeder strand break - Lack of sepa}rahon Strength degradation of .
7 . m 146 |- Bad connection feeder - Train speed-down
(Less than five) . .
- Defective material Power load unbalance
- Poor maintenance
- Mechanical impact &
vibration
8 Dropper strand_break m 096 |~ Cl_rculatmg current Strength degradation of - Train speed-down
(Less than five) - Wind pressure dropper
- Defective material
- Poor maintenance

HI|HE JI3TAMIZe] M2y 7|8t FXIES(RCM)ol
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Table 2 Selection of maintenance methods based on RCM decision logic tree

(Five or more)

Failure Conventional preventive Failure RCM based
Component . . . .
Mode maintenance scheme impact preventive maintenance scheme
- Periodic inspection
strand break s . . L
Dropper - Periodic inspection, Safety - Monitoring maintenance

- Time-elapsed maintenance

Voltage equalizing strand break

- Periodic inspection,

- Periodic inspection,
Safety - Monitoring Maintenance

wire (Five or more) . )
- Time-elapsed maintenance
. power supply failure | - Periodic inspection, - Periodic inspection,
Trolly wire (Abnormal abrasion) - Monitoring Maintenance Safety - Monitoring Maintenance
. rand break L . Train . .

Messenger wire S.t and brea - Periodic inspection, air - Monitoring Maintenance
(Five or more) operation

Feeder strand breg k - Periodic inspection, Tram - Monitoring Maintenance
(Less than five) operation
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Fig. 3 Selection of maintenance mode by RCM decision logic
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Table 3 Life expectancy of catenary system

Asset Class

Property Agency

Reference Accounts of Contents
State Property code property expectancy

Life Details

11500 31500

060100 06 | Power Equipment | 01 catenary 20years

Trolly wire, Messenger wire, Voltage
equalizing wire

060700 06 | Power Equipment | 07 | catenary 30years Feeder

HI|HE JI3TAMIZe] M2y 7|8t FXIES(RCM)ol

ek A7 1461
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Table 4 Replacement period of catenary system equipments

Equipment Replacement period Remarks
Voltage equalizing wire 75 mm* CU(A01D12) 8 years
Trolly wire, Messenger, Dropper clamp(A02C03, A02C04) 10 years
Dropper-Voltage equalizing wire-Dropper(128, 128p) 12 years
, The 1 place in a span 10 years
Bronze Cable dropper 12 mm?® (A02C0T7) D D Y
Else 5 years
B 5 Weibull 242Z3}
Table 5 Weibull analysis results
Feeder line Messenger wire Dropper Voltage equalizing wire
I5) 1.00437 1.84425 1.89932 241103
n 2,149,109 101,149 28,529 12,648
MTBF [day] 2,145,169 89,853 25,316 11,213
B10 life [day] 8,998 (24.Tyears) 12,091 (33.1years) 7,950 (21.8years) 4,645 (12.Tyears)
UMl (3t HES SHAH ds =28
Welbull 2Z - 95% Cl Weibull 2X - 95% Cl
Foro| 2 BCHE - LSxy 85| B0 25 SCHE - ML AT
e 85 3
90 i sx2
_.q: 50 ==
gg 20 s
; =
B 2 =
5 y z=zz
% : ADe 3376083 L ADe
= : L 0.853
0.01 *
. ~ \Q QQ O QQ QQ QQ QQ O QQ
AR RS ~§9 §§9 §§§ é§§<pg
001 T - NS @
100 1000 10000 100000
2o CLlel
(a) A (Voltage equalizing wire) (b) F& A (Feeder)
EJHMO ISt =SS S=Hol &t FES
Weibull 2 - 95% Cl Weibull 22X - 95% CI
SCte| 28 FC F - LSxY £3R| ECHo| 2t ZC 3 - LSXY £3%|
o5 85 4
80 801
50 50 4
20 201
5
o W 2]
i I
5" I
0.00 0.07 1 .
.
100 1000 10000 100000 1000000 100 1000 10000 100000
=2HM c2m
() Z7M (Messenger wire) (d) EZ3(Dropper)

O3 4 Weibull B4 A1
Fig. 4 Weibull analysis results
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Table 6 Replacement period by failure data analysis

Trans. KIEE. Vol. 65, No. 8, AUG, 2016

Life expectancy .
- - - Replacement period
Korail Korea Railway Authority
Trolly wire - 20 years -
Messenger wire - 20 years 33.1 years
Feeder - 30 years 247 years
10 years
Dropper i - 21.8 years
PP 5 years(1*' place) Y
Voltage equalizing wire 12 years, 8 years 20 years 12.7 years
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