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Figure 1 Schematic diagram of a substation

framework with lightning rods
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Figure 2 Finite element model of the substation

framework with lightning rods
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Table 1 Parameters of the conductor ( ground line) tensions of the substation framework kN
(E=1 R , Kifg b A SXZEWN
PR A . R R Hrk fig .
At R ZAH% 100 kg FAH 150 kg

R 1. 446 3.49 2.012 1. 450 1. 950 2.200

LGJ-500/45 VA 0. 821 0. 821 0. 821 0. 821 0. 821 0. 821

H 4.271 10 7.439 5.073 10. 022 12. 642

W2k 5K 7 R=1.13 Z=0.64 H=5.0

TR R AR BT, Z 381 XU, H 48 K-F3K 1.
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Table 2 Stress at each connection point of the lightning rod subjected to wind loads under three working conditions
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B XU T BRI B 18] (o)) XU R 2 B 16 Cy 7))

m - THD THE(=M)  THREOCHAH) THO THE(=M)  THEOHH)
23.5 N243 114.83 103. 98 103.97 114.91 104. 00 104. 00
19.0 N213 48.73 43.59 43.59 48.74 43. 60 43. 60
15.5 N183 142. 95 134. 80 134. 80 107.79 102. 02 102. 03
15.0 N182 156. 61 149. 90 149. 90 119.91 113. 63 113. 63
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Figure 3 Comparison of the stress and displacement
results for the lightning rods with and without

ground wire
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Figure 4 Stress of the unreinforced and reinforced

tubular joint of the lightning rod
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Table 3 Parameters of the wind speed time simulation

S8 M TR FEARRE  MmHDEEE BkEhK ) MR SRR BRR
- B /(Nem™) R o3 AEC REE/BK REAUEC SR/ He
BUE RS XU 0.35 B2£.0.16 Davenport'” 56 600 s/0. 1 2048 10

% 100 200 300 400 500 600

%0100 200 300 400 500 600

3 B/ i il /s

2 ()39 KBk B KR I 2 (b) 4275 K ik 3h IR T8 e
£ 10° 104

2 10° o

£ 10 10

ER 2210

10t £

21072 :,5_ 102

%107 — 3944k Davenp 55 — 42 g Ak Davenpol

2 — BT EF39 A Ak BE10 4 r— R 442 b

Ct
—_—
o o

IS

Lm0 | BEIKGED
5 107 107 10° 10! 102102 107 100 10! 107
H w/(rad-s™) /(rad-s™)

(¢) 397 KBk BI R T i (d) 42795 RUBK B A D e itk
E5 BEHRRAMHKNREREREIIEE

Figure 5 Wind speed time history curve and power

spectrum at each representative points of the

lightning rod
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Figure 6 Time history of the stress at the bottom

and the variable cross-section and the displacement

at the top of the lightning rod
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Table 4 Comparison of the dynamic and static stress of

the middle lightning rod under the design wind speed
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m 5 SR
23.5 N243 28.54 68.55 2.40
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Figure 7 Time history of the maximum tensile stress
of the unreinforced and reinforced tubular joint of

the lightning rod
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Table 5 Comparison of the dynamic and static stress
of the unreinforced and reinforced lightning

rod with ground wire

o, MR DEHG MR WEE
“E SR/ TR/ TR/ TR/fNE TR/ HnlE
MPa MPa MPa  ®jTR J5SR
23.5 33.31 180.11 60.36  0.34 1.81
19.0 27.45 164.16 33.64  0.20 1.23
15.5 88.77 190.34 95.09  0.50 1.07
15.0 120.07 560.15 155.21  0.28 1.29
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Bearing Capacity and Reinforcement Analysis of a High Voltage Substation
Framework with Lightning Rods

WANG Chaohua', ZHAO Guifeng”, LIU Ran’, CHEN Yiwen’

(1.Electric Power Research Institute, State Grid Henan Electric Power Corporation, Zhengzhou 450052, China; 2.School of Civil
Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract ; The finite element model of a typical substation framework with lightning rods was established by u-
sing ANSYS software. The static bearing capacity and wind-induced dynamic response analysis were carried out
under the design load combination conditions. The results showed that the stress concentration phenomenon was
easy to occur due to the structural defects in the T type tubular joint of the typical substation structure with
lightning rods, and it could be effectively relieved by installing stiffening ribs in the T type tubular joint area.
Furthermore, the lightning rod designed by the current standard static method was unsafe. In actual design, it
was suggested that the results of the pseudo static method should be multiplied by a dynamic amplification fac-
tor 8 to take into account the adverse effects of the pulsating wind on the structure. For the case in this paper,
it was suggested that § should be no less than 1. 6.

Key words: substation framework with lightning rods; static bearing capacity; wind-induced dynamic re-

sponse ; tubular joint



