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Abstract

High cycle fatigue life for the cables with two different types of clamps is estimated comparatively through acceleration testing. The high cycle
fatigue fracture of overhead lines is caused mainly by the aeolian vibration which is induced by vortex shedding. It is necessary to manage the
integrity of cables continuedly considering that the aeolian vibration is unavoidable since it occurs in steady and relatively low wind velocity.
Two types of clamps which are largely used for overhead lines of the distribution grids are selected and failure data are obtained by step stress
testing with a electrodynamic shaker with them. The inverse power law is assumed to describe the stress-life relationship and the fatigue limit
at any specified life is supposed to follow Weibull distribution. The life of the cable is defined as the number of cycles to the time that one of
strands is completely broken. Finally, the fatigue limits of the cables with two clamp types are estimated at the reference life of 500 Mcycles

and compared each other based on a bending vibration amplitude.
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Fig. 1. Clamped test cable, (a) Bolt type, (b) Wedge type
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Fig. 2. Test setup
TABLE 1
Test cable specification
Strand (mm)
KEPCO Insulation Product Tensile
Area mass
Thickness Overall Dia. Strength
Numper ) No.a) No50) Dia. (1165 ¥ P 0 B8 g )
Shape Dia.(mm) (mm)
100570 95 6/SB 1/3.5 12.0 3.5 19.0 2,360 530
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Fig. 3. Frequency response function (magnitude and phase), (a) Clamped
with bolt type, (b) Clamped with wedge type
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Fig. 4. Strain gauge attachment

TABLE 2
Measured strain with the bolt type clamp
Freq.[Hz Disp.[mm Strain[pe
Acc[G] q.[Hz] p.[mm] [ue]
SG#1 SG#2 SG#3
5 87.06 0.33  22.27 34.93 26.97
10 86.13 0.67  42.04 68.25 48.22
15 87.41 098 73.24 11840 78.43
20 87.62 1.30 9253 161.40 105.20
25 87.03 1.64 132.00 243.80 159.30
30 86.17 2.00 196.00 387.08 257.20
TABLE 3
Measured strain with the wedge type clamp
. Strain[pe]
Acc.[G] Freq.[Hz] Disp.[mm]
SG#1 SG#2 SG#3
5 64.40 0.60 15.87 25.75 28.25
10 63.67 1.23 54.44 89.94 55.34
15 64.39 1.78 69.76 124.00 58.87
20 63.90 2.47 108.90 231.30 128.60
25 63.48 3.08 109.00 269.30 162.10
30 63.47 3.70 119.70 359.30 228.50
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Fig. 8. Stress contour (Von-Mises equivalent stress), (a) Strand #3, (b)
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TABLE 4
Stress and failure rate (with bolt type clamp)
i(sorted) Stress[mm)] Percentage In(Stress) (1;‘(11113:))
1 1.02 0.083 0.02 -2.442
2 1.06 0.202 0.06 -1.487
3 1.08 0.321 0.08 -0.947
4 1.13 0.440 0.12 -0.544
5 1.30 0.560 0.26 -0.199
6 1.44 0.679 0.36 0.127
7 1.51 0.798 0.41 0.469
8 1.68 0.917 0.52 0.910

o714, A, Kt Girs Y9 A4 APoRyE F4Hch

BEO) 1 ARRHE FARIFLE AR P4, A
2 n7le) $UAR(X)E A/eoR Wdsky, WA 2]
AES] 47 XpolA EE BEFS0] g P chawt Zo] HTet
290] o3t 2Agke AN, o] o folB Bmo
HRESY BT AT

246

+ Inin(1/(1-F)) —— Lin.(InIn(1/(1-F)))

1.5

1.0 ¥y =5.389x - 1.7483
R? = 0.862

0.5
= /
o oo
= olo 0.1 02 /003/ 0.4 0.5 0.6
—
= 05 -
=

1.0 /
-1.5

-2.0

In(Stress)

Fig. 15. Linear regression for cable with Bolt type clamp

Sum of failures
o
3
™~

o 0.5 1 1.5 2 2.5 3 3.5
Bending displacement (peak to peak) [mm]

Fig. 16. Sum of failures for the cable clamped with bolt type

FXg) = —= 4)

n+0.4

SHUZ PAo] mE HAe m= £79 Aolg s
g AdS sFokl. 8 Ade 8 A% SWZ= Fig 10
I} o] AARA 7H7]o] AAE QAT Fig 113 Zo] &FvE &
A F s €8] gaEe AS AAe] IR Hofsk, 1
& AAZ Fig. 129} Zo] WY, 3xFue] FolE BEshd
A a3z 71&717F Aole &t 7IE2® stk
A AEe 2EY ZHIZO 87, H718 FHZO 8E
Adste] AldE AdPstal, 1 ArE FESII. wdE A
o o A= EEY SHZ Ad A4 Fig 13, H7|Y SH=
A2e] 7B Fig 149 & Al@Gu7E A7 Asozs 24
71 mizel, 2Rl Aol shte] HAdolA of2f 7Hef AAdo] #of
A 4 e, o] Aeole dedE ZE FAE 18] EASA
ot o2 79l mEo] ot Aol dd &AMe & & flew,
shte] HAdolM A HA Aol Folxl Alke 3 4] A
&3t
Fig. 139] 2E9Q9] e A¥g Ey, e 90| 39y} 4
aAlol A EASHAIL, Ao A= 0 ~ 25mm Afo], S
SR A g= A9 offidol sigeitt. WL 27T
9] ofHE WAL Y= VM, AES &Y 7] e,
A7h 8BS 7IEeR Ashider diAHolA ¥ A%
9

()

Mo o KU mok 2 10 (&

a1

ol

% i Jo

FE [
40 1o

go| o 27 WFHE £4o|x, okge] AAY) ofefEe
3 A5 ofs) REAL o] 2w AHo]

ju.

4
s}

pa)
o
il
=)
0
!
By

Tt



KEPCO Journal on Electric Power and Energy, Volume 7, Number 2, December 2021, pp. 241-248, DOI 10.18770/KEPC0.2021.07.02.241

15

1.0

0.5

0.0

-0.5

+ Inln(1/(1-F)) — Lin.(Inin(1/(1-F))
y = 9.4508x - 6.6381
R?=0.7289
*
*
‘ — . . ‘
055 0.’60 065 070 075 080 0.85

-1.0

Inin{1/(1-F))

-15

-20

-2.5

-3.0

In(stress)

Fig. 17. Linear regression for cable with wedge type clamp

110
1.00
0.50
0.80
0.70
0.60
0.50
0.40
0.30

Sum of failures

0.20
0.10
0.00

0 0.5
Bending displacement (peak to peak) [mm]

1 15

2 25

3 35

Fig. 18. Sum of failures for the cable clamped with wedge type

TABLE 5
Stress and failure rate (with wedge type clamp)
i(sorted) Stress Percentage In(Stress) ( J‘Elllfl},))
1 1.69 0.074 0.52 -2.559
2 1.77 0.181 0.57 -1.612
3 1.79 0.287 0.58 -1.083
4 1.80 0.394 0.59 -0.693
5 1.82 0.500 0.60 -0.367
6 1.87 0.606 0.63 -0.070
7 2.09 0.713 0.74 0.221
8 2.22 0.819 0.80 0.537
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