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Abstract: Lightning-generated high currents and radiated electromagnetic pulses are major causes of communication ca-
ble malfunctions. The lightning coupling effects of cables are influenced by multiple factors, including the installation
height, the routing configuration, and the relative position to the lightning strike point, which directly determine the inter-
ference immunity of system. Therefore, it is of great significance to understand the transient response of cables to
lightning under different conditions. A steel platform with communication cables was built at the experiment site on Lei-
zhou Peninsula, Guangdong Province, China. By using rocket-triggered lightning, strikes were triggered to various
locations, including a launch tower above the platform (direct strike) and a nearby substation (close-up strike). Synchro-
nous measurements captured transient responses of two 22-meter double-shielded six-core communication cables (one on
the ground, the other on the platform) under different deployment and strike conditions, along with lightning channel lu-
minosity, lighting current and radiated electromagnetic field signals. Results show that direct strikes induce bipolar
voltage waveforms in both cables, dominated by negative peaks during the return-stroke stage. The ground cable exhibits
higher peaks (0.77~1.09 kV) and shorter rise times (0.82~0.98 ps), while the platform cable shows slower attenuation. For
the close-up strike, changes in lightning current dispersion reverse cable voltage polarity with reduced peaks, with the
ground cable still having higher peaks. Correlation analysis reveals that, during return-stroke stages, cable voltage peaks
have a sublinear relationship with magnetic field and luminosity peaks, and a superlinear relationship with lightning
channel current peaks and current change rate peaks. For both direct and close-up strikes, the potential difference caused
by ground potential rise dominates cable transient responses. Different strike locations affect the cable voltage polarity

and intensity primarily by altering current dispersion paths. These findings provide experimental references for evaluating
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the transient response of communication cables under actual lightning environments.

Key words: communication cable; transient response voltage; lightning strike location; cable layout location; artificially

triggered lightning
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Fig.1 Layout of the measurement system of cable transient response voltage under lightning strikes
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Fig.2 Synchronous waveforms of luminosity, electric field, magnetic field and cable voltage waveforms in flash 1
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HNE, A

B, BX&, S NTTRR IR HARIE A L il A R 2945

B, e R S H BRI LTS . Bike
[FIFE S IR T R, A s A Sl M 1 58,
Ak IEAR PR . AL S R BRI, etk
WO UG, BRI ERIITE.

NE R LT ZR 88 57 6 RS fE B N H
TRIBESFEZE S, & RS R RS RIS
BTt ot Bl 4@ BANE 1 Rl 1 TG
LB NG, ' SRS E. ) UG E R IE
WA 43 ) 52 SO AR (IR 2 ) R S VAL, I I
S 2 (A E oy o R . B TR E SO E
JEIA S 10%UEAE AT 90%UEAR A 8], FFit5 k-
THOY B 10 d K AR e o 22 068 58 JiE e SOy W A 79 )
50% WA AT A TR TE) B o TR 2 2225 e o L 76K
PESR Ay HE i, Guit I AR B SR I R] A B R
SERFIA]. teAh, AERIRRSY E SORHR BT F 5 6
WA, B SO Rl R R 2, oK
JEEL 1 ms.

W 40— 4R, HTHZR S B R (E 45
ALE 0.77~1.09 kV Z ], -5 £& %5 i e U4 A AH X 45
%, AR 0.40~0.56 KV, 4R, HumiZ:ssd %
S IEAE(0.01~0.03 kKV)[IKTF 5 ££45(0.04~0.13 kV),
DAL T 2 205 P P S e LU B /N T B 2048, %
FIFRAL Y A 1.81%A1 18.4%. (HAFEE K,
P 4(d)ZRBH 2 A s J7 2 2 45 i s S e L R 28 47
7 3 AR AR B EUE, 1X 3 AMEXT RN 7 )

3 AR TN 7 R s, Ak
VBN T A E RN teAk, 2024 43R5
TS KR E R R TR, A HL 7 [l
MR ZEFNF 5 R0 I RS K. I 4R T
LU 0 K B IE(E R R R, Hy
THT 2R 25 1) FL R e KA VG Dl 1.74~2.50 kV /s,
FELB B E R K EHERMK, 4T
0.85~1.43 kV/us 2 [i], FRIPFHLL R HE AU
W 2% 1 Hh T 28 25

Kl 4(H—I& 4(h) A2 5 & 2R Bi KB TE
SHEOAAFLE, EEX A, Feggimk
FEEFTA] S 06 B8 P R R )3 T b e 45 . 3
w2648 B TSR T 0.82~0.98 s Z [,
W& TP 6 28 45(1.13~1.35 ps). Ak, HiTZRdim
JE R, HEME S s R, AR
WAPERT B s ¥ TP 6 2. B 40)H
H LS AR P AR 20 AR AT 201, ML T 28 45 A 5 2R 45 e T
MIAE F AR 43 o A Ja B 43 R 0.69~1.35 Vs Al
1.44~323 V2s, A[ W, fEESINMES SRS, H
T 2 205 1) FEL I B A e 7 5 B vy, (L F . e
KT FaLks.
2.2 SPRIAEE

AT HLh (A L 4)Rf AR AT I L, XS 1
WRIEld o BT 7RI e A S TR DS R 22,
€ XAl L AR I 2 A ) R s A TR HE, et o

- . 1.51 0.2 _
LT B )i ° 260 o
10%0% {-- 80
2 . . 10} z | s |
| 50% {1 = oL 2
2 YA b w 01 s Ll
@ [90%IEfE--4/ 1 = 0.5F X X g
Y o =
. ——I <—4:m§m,x ) O_I—W@A._ 0 - OLWIA_
0 100 200 300 Wi Fa Wi Fa Wi Fa
AR KT 15 5] /ms LU hr B LU B RS
X (a) 7] 7 B B 26 45 FL IR 2 B s (b) W {H 0 (c) IRV A (d) [ 1
B 2.0 r - o 8
B o o
v 8 I 2 . S
;4 \z_ngs—O Ehzo 530_ N; ol
< 3 = T W 15F = <
e = 1.0 = # 20F R 4}
= o2f W= @ 10f # =
4 2 =GN =
ég L T o5k o ) * s 8 z 0 ) o 2f
? == ¢
W@ ra i va “HE ¥a “HEm va " A
R R LU h B R LU E
(e) B K FTH= (f) b Tt 1] (g) ¥ W B FE (h) B A 5 4 i ) (i) 1E B4y

K4 BN e BOT 6 8 S i 2 S5 LR BB S e UK T

Fig.4 Definition and comparsion of waveform parameters for platform cable and ground cable during return-stroke stages

in direct lightning strikes



2946 i LR

2026, 52(6)

J e o o R v A LSRR PO B 5 P T 5 B S
X B R BOE, nEl S()ffias. A8 ki
Bldd e WL S EHINR T REE R, (£
BIK AL AT LILPGE T, W E R R IY
IRl T 22 - die 4 22, G DY S 9 PR T S T AR
18 2 NIEBBL. N HE 4 IO R A, A
AR 73 IS L BAT BB R T “V7 BRURFIER R
BOpt, MRINH “Hi s -mld R, SE
DA R [ o B L 3708 e FE AR AL

K 5(b) 5 B S(c)7r il fEan 1IN 4 Bl ot

=
el i

B

=10k

R

JJuiz=s

= 0.5

L

oo J

—_
(=}

| | | S W
> o 7
i IE T X %/(kVem )

*II.O *(3.5 0 0.5 1;0 1.A5
I 5]/ ps
(a) 38 18 S48 5 5 B X vB W 3 [R) 20 0%

WEAT 5 I Y 280 IR TE R 5w FE I {EIA 122V,
b T TR 5 2 0 TE BE 43 0 0 0.88 s AT 3.16 ps. Ol
AR R B oK E RN 2.22 Vips, ZWEEIA—4 )5
N 1.82 Vips. Bl 5(c)FT it il i B g7 16 4
K BT BRI R TR R 43 )0 132.87 uT .
30.36 pT/us. 5.68 ps. 43.50 us. L5, [N 4
(IETECHR SR . B SV Hdi N A
AR, HAEIRE SRR SO X WA R
TG E 2, BRI SRR AR — 3

1.5 ——EE<—J:{-|—E'~J‘|‘EH; 0.88 ps

Y

B | 90%0 fi

1.0 IEME: 1.22V

i

Rl

5F

= (YA ‘
B S0 ek . 222 Vi

R 0.5F
EHE[) 1
VE) | L
H . 1% i) | FUEGIE: 3.16ps ,
0 20 40 60
NI
(b) 3 8 't 48 5 98 TR S 8
1501 —— I 5.68 us
Q0%IEH 1 1~ T
=1 T
X 100F | W18 [132.87 uT
Py
= 50%1 {H)
e ] -
; 10%14 ] | ‘e -
i ST R 4350 s
0 ! 1 ! |
0 20 40 60
I 5]/ ps
() W3 i K %1

KIS DA 4RI IR ) Hh Il e BORHR S SREE . . WSO SR 280t 5

Fig.5 Waveforms and parameters of luminosity, electric field and magnetic field during return-stroke stage in flash 4

(close-up strike)
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