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Fatigue Life Prediction for Electric Railway Catenary wires
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ABSTRACT

The catenary wires are damaged by periodic running of train as well as repeated stress. The wires
are also degraded by atmosphere corrosion at fields. Corrosion of wires increased surface roughness
and deteriorated mechanical properties by providing fatigue crack initiation sited resulting in a bad effect
on service life of the wires. Fatigue test of catenary wires performed to estimate service lifetime. Also,
simulation to analyze stress on catenary wires was conducted through modelling the finite elements for
dynamic behaviors of wires. Fatigue life of catenary wires was estimated with fatigue and simulation
tests.
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Fig. 21. Fatigue specimen of single
wire

Fig. 2.2 . Fatigue specimen of
stranded wire

22. A9

AZAYE F2AM MUY $PAo] 222 FHE 10 Holl A IS AF-ARe] zdoz A
S W71Fe AYE A28 AH8se] AdY W] FUAFEF 5045%2 SASY FHSYE 24
R Aol A A2AEL QuSHT 60 ke, 1000 kgrd 7HHAAN F4 10 Hzoll N A 2A 8-S QA 8o
Had WiAe Aejg £ FPFL2A S-N FHL FHUAL. HUsF e ARBE 80%0A Alzta
o A ZEAFEA 3FH] 03~069] Y WA 107 ol ZelA saslA e 83AA AAGRY.

3. AAAY $3AAS AY
31. f¥¢ad vadg

HAPEe 92nY oz ¥ & gou, AANe] gu AR A& T Fol AR A7 A&
@del nEdan. Fig. 318 ARd2e d@ FN20e2 7 AdAEE dehin Yok ol § A%
A28 YHOAZI} Do) SHWA FYPFo2N ARAL GYHD old wat fgo] WAt AFz A
gt ol A FAAN WE2AZ Aol uHE (o]A)o] fdtd F o, o2 <l AFTF B
o, otz B4, I &4 Fol AddozN AN Gt 15 53 AT E Fgsts dF
of #FHol FYo) ME AF9 JEI FUl9) G} 4 YFL FA P Ao I AFo] e B
Foieh dae] FHol we ALY FHAF BAL FH, 7 AAA @ E 95 LHe 547
22 AFAY] AHME AAd QHaATGe) B3 Fgol Y HUS FYPstelol Fh B AdTFAME
ARA-AH 2 Z o] §F FIAF HA3 BAste] @ A dotd 2d, @ A9 Z 450 Ba
AN 4L nesto] AASAG.

- 559 -



@ _Trollev
wire

ol

ol

®©
wire

©

®
ne

Fig. 3.1. Configuration of catenary system.
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Table 3.1. Main specification of catenary wires.

Cu 110 m,
T Simple caten Troll i
ypes 1mple catenary) Trofey Wit § 1o kN tensioned
i ~Cu 7
Feeding 9525 KV, AT M-essenger Cd-Cu 70 .n'mf,
system wire 10 kN tensioned
Span length | max. 60 m Dropper Cable
Dropper
- N/A 5
Pre-sag / distribution m
Contact height
Encumbrance] 960 mmn (sl:p) el 5.20 m(1/1000)
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Table 3.2. Coefficients and physical properties of catenary wires.

Young's Shear
Modulus Modulus
(ty/m®) (t/m?)
Trolley | 110x10° §1.1382x10°] 8979 1.2x10" 46x10°
Messenger | 70x10° ]5.9666x10 ] 8534 1.25x10’ 4.8x10°
Dropper Spring coefficient : 100,000 N/m

moment of | Weight

2
Types  } Area(m’) inertia(m® | (t/m®

Fig. 3.1. Finite element model of catenary wires.
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o714,
Y = Height of patograph (m)
M = Egivalence mass of pantograph (N)
F, = Uplift force (N)
F = Contact force (N)
T = Time (sec)
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Fig. 3.2. Contact force between trolley wire and pantograph.
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Fig. 41. SEM image of cross section of messenger wire : (a) original
(b) corrosion degraded.
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(b)

Fig. 4.2. Cross-section of surface roughness of messenger wire (SEM) :
(a) original (b) corrosion degraded.
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Fig. 4.3. S-N diagram of messenger wire Fig 44. S-N diagram of messenger wire
(single wire). ' (stranded wire).
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Fig. 4.5. Fatigue life of messenger wires (single) :
(a) S-N curve (b) log-log plot of S-N curve.
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Fig. 46. Fatigue life of single wires (preload : 60kg;,
maximun load @ 160kgs).
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7HaAY FAAFE] AU GAEH L Table 42% 2o WE A 67, $E 120 (kmvhy) S o AA 3}
2719 AdHE 247 1209 (kgymi), 1205 Hoh. 5 0Y A$ AfAs 249 Huygsde 47
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Table 4.1. Analysis of variables (pantograph : 6Ea, 3Ea).

Pantograph 6 Ea 3 Ea

120 km/hr | 80 km/hr

Velocity 120 km/hr | 80 km/hr

Table 4.2. Maximumn stress of catenary wires with rolling stock
velocity : (a) pantograph 6 Ea (b) pantograph 3 Ea.

(a) pantograph 6 Ea.

120 km/hr 80 km/hr
T maximum. maximum | maximum. | maximum,.
ypes axial force stress axial force stress
(kgy) (kg¢/mm?) (kgy) (kgy/mm?)
Messenger | g4480 12.06 844.80 1165
wire
Troll
roley 1332.24 12.09 127469 115
wire
(b) pantograph 3 Ea
120 km/hr 80 km/hr
T maximum, maximum. maximum, maximurm.
ypes axial force stress axial force stress
(kge) (kgs/mm°) (kgo) (kgg/mm?)
Messenger | = o163 172 844,80 1162
wire
Trolley 1259.49 11.43 1251.43 1143
wire
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