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Prediction on Fatigue Life of Messenger Wire with Service Environments
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Fig, 1. Fatigue specimen of single wire
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Fig. 2. Fatigue specimen of stranded wire
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Table 1. Main specification of catenary wires

Types Simple Trolley wire Cu 110w,
P catenary 4 10KN tensioned
Feeding Messenger Cd-Cu 70mf,
system 2x25kV, AT wire 10kN tensioned
Span length | max. 60m Dropper Cable
Dropper
Pre-sag N/A distribution om
t hei
Encumbrance|  960mm C"m(a:lop)e‘ght 5.20m(1/1000)
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Table 2. Coefficients and physical properties of catenary wires

Young’s | Shear
Modulus | Modulus
(tfm’) | (tfm®)

moment of | Weight

Types | Area(n’) inertia(m) | (tm’)

Trolley | 110x10° | 1.1382x10° | 8.979 | 1.2x107 | 4.6x10°

Messenger| 70x10° | 5.9666x10™| 8.534 | 1.25%107 | 4.8x10°

Dropper Spring coefficient : 100,000 N/m

Fig. 3. Finite element model of catenary wires
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o37] A,
Y = Height of patograph(m)
M = Eqivalence mass of pantograph(kgf)
Fo = Uplift force(kgf)
F = Contact force(kgf)
T = Time(sec)
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Fig. 5. Cross-section of surface roughness of messenger wire
(SEM) : (a) original (b) corrosion degraded
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Table 3. Fatigue life of Messenger wires(single wires)

Nf (cycles)
Preload | Pmax | Pamp
(kgh | (kgh | (kgh) | Orginal Corrosion Rular Damp
degrade
200 | 140 | 273,258 | 163,571 | 232,335 | 95,438
180 | 120 390,523 | 209,405 | 311,696 | 256,073
160 | 100 | 587,175 | 351,853 | 447,351 | 381.714
150 | 90 | 697,691 | 447,198 - -
60 140 | 80 | 992,148 | 454,283 | 862,315 | 750,632

120 | 60 [2,618,379| 1,200,032 | 1801073 |1,506,193
115 | 55 3,529,410 1,688,140 | 2,000,000 | 1,800,000
110 | 50 15,012,930 2,615,000 |3,500.000 | 3,000,000
100 | 40 8,719,400} 4,359.000 - -

Table 4. Fatigue life Messenger wires(stranded wires)

Preload | Pmax | Pamp Nf{cycles)

(kgf) | (kgf) | (kgf) Orginal Corrosion degrade
2910 | 1910 87,234 55,807
2751 | 1751 175,943 88,096
2620 | 1620 380,487 205,832
2473 | 1473 500,345 270,788
2297 | 1297 820,570 466,366

1000 2148 | 1148 2,015,200 1,317,069
2005 | 1005 5,200,300 2,800,000
1911 911 7,008,235 3,890,000
1855 | 855 8,110,546 4,789,948
1771 771 10,532,546 5,782,231
1735 735 11,945,235 6,873,331
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Table 5. Fatigue life of Messenger wires(single wires)

P P Nf (cycles)

Preload (]1:; zg; (:I;g Weeks SO, SO, SO,

(kgf) (10ppm) | (100ppm) | (300ppm)
1 41,500 | 38,500 36,500
2 40,365 37,800 35,500

60 160 | 100

3 39,500 37,482 34,500
4 39,200 | 37,000 34,00
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Fig. 8. Fatigue life of messenger wires(single): (a) S-N curve (b)
log-log plot of S-N curve
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Fig. 11. Fatigue crack propagation of messenger wire(SEM)
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