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Abstract : Coaxial cables are susceptible to faults during long-term operation due to environmental influences and aging effects. Since
incipient faults usually cause only slight variations in characteristic impedance and generate weak reflected signals, accurate detection
remains challenging. The existing spread spectrum time-domain reflectometry ( SSTDR) method provides a wide-ranging capability, but
its sensitivity to incipient faults is limited by the chip duration of the modulation sequence. In contrast, stepped-frequency wave
reflectometry (SFWR) offers high fault-identification sensitivity but suffers from complex data processing and a limited ranging. To
address these problems, this paper proposes a spread spectrum stepped-frequency wave reflectometry ( SSFWR)-based cable fault
location method combined with time-frequency analysis. First, the variation law of characteristic impedance caused by incipient cable
faults is analyzed based on a distributed parameter model and a finite element model of the cable. Subsequently, an SSFWR signal is
constructed by integrating spread spectrum modulation with stepped-frequency waveform modulation. Fault reflection information is
obtained through cross-correlation processing of the acquired signals, and variational mode decomposition ( VMD) , short-time Fourier
transform (STFT), and reassigned spectrogram ( RSP ) analysis are further employed to enhance fault features and achieve fault
localization. Finally, experimental validations involving open-circuit faults, short-circuit faults, copper shielding layer defects, and
conductor core fracture defects are carried out on cross-linked polyethylene coaxial cables. The results show that the proposed method
provides a theoretical ranging capability from 3. 4 to 3 245. 7 m under the designed parameter conditions and can effectively identify both

typical hard faults and incipient fault characteristics. Compared with the conventional cross-correlation method, the energy-domain cross-
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correlation-based time-frequency analysis method can more effectively suppress sidelobe clutter interference, enhance weak fault

features, and improve the detection and localization performance of incipient faults, demonstrating the effectiveness of the proposed

method for incipient cable fault diagnosis.
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Fig.1 Cable distribution parameter model
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Fig.2 Electromagnetic model of coaxial cable
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Fig.3 Evolution model of incipient insulation

damage in coaxial cables
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Fig.5 Schematic diagram of fault location of cables

based on SSFWR technology
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Fig. 7 Simulation results of SSFWR open-circuit fault detection
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Fig. 9  Cross-correlation localization results of early faults
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fault detection
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Table 5 Fault location results of cable faults

MR RS [p{esi] SRR B/ m WRE/%
1 JEE/ M 19.789/20.068  1.1/0.34
[Fi) il i, 2 2 JFHE/4E8% 30.833/30.520 2.7/1.7
3 T/ 50.866/51.284  1.7/2.6
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(a) Copper shielding layer damage
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(b) Partial conductor fracture
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Fig. 17 Cable defect samples
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Table 6 Defect setting of copper shielding damage

in coaxial cables

H= B L/ m 3 W R TR %
1 20~20.3 100
2 20~20.3 75
3 20~20.3 50
4 20~20.3 25
5 20~20.3 10
6 20~20. 3 T4

26 Hf BT [l F 0 R G AN T R A A
W, s BN 18 Fias . 1 18 (a) Jy i 25 4 5 il )2 o 46
BB, K18 (h) AR BN B o 3% A0 U B Im] Al
BRI BERZ | 240 Bk 2 S8 VIBR G, 540 Bl 2
AT, R B A DG 2 v 25 R an &l 19 o, g
SEIH A I LA R AN E 20 B

(a) DIEIFI B 2
(a) Cutting the shielding layer
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Fig. 18 Schematic of incipient faults
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(b) Cutting the cable core



310 & L £ ¥ W

47

1 19 .20 T, 224 [R5 FR R U SR A R e 2% 12, 48
TS B S A A A A0 B A R B A R L 3 B S 7 R S
WA, I 25 ] I e 22 Tl R 1 3 o S0 o A 1 AR BEL
LB WAL, BRI Ak 52 515 5 e 2 1% O, X EE I 19
F120 AN, MR B T A R 100% BRAREE 25% B,
T 52 24 T 1 5 B W A a0 B 2 7, Y 4 o IR AN 4 10%
i, B ol A O (37 £ AR HL 4 B o 21. 5 m BRI HE
LA 5 S G 0

—e— 100%

—o— 75%
| 50%
— 25%

1‘0 2‘0 3‘0 4‘0 5‘0 6’0 7‘0 86
A /m
(51 19 [m)%h H 040 e i )2 BRI B A 56 5 0 45

Fig. 19  Cross correlation localization results of defects in
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Fig.20 Energy-domain cross-correlation localization
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results for copper shielding layer defects in coaxial cables
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Table 7 Defect setting of coaxial cable core fracture

i’ R £/ m YR e
1 20~20.3 0
2 20~20.3 2
3 20~20.3 4
4 20~20.3 6
5 20~20.3 7
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Cross correlation results of coaxial cable core

fracture defects
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Fig. 22 Energy-domain cross-correlation localization results
31 0.032 3.38 104.7

for coaxial cable core fracture defects

Vi) 5 W 0 525 1 P A 1 A, S 8 BE A7 A B s 5
DR B (A - E XK 1 Jai PR, BRI T A
NS NG A ) RS DR A R K I VA A I ]
S E IR SSFWR 5 5 7 L B 5 ARG DU 1 2 A6 R
15 R SRR P BE B0 3 T S 5 Hp S A5 3] 9 B 4
FERR I, % SSFWR 7325 B FEE I 5 3 1B 47 40 A, OF
5 SSTDR 11 SFWR J7 B k4T HLER

TESZHGRT , DS E r 8 A R I R 209.4 m/ s,
PLS By m FEHIAE, B4 T [ — B vk T W FP 7 v i B 4
BRI RS, Horp 36 8 J& SSTDR J7 ¥k h AN [ RS e+
SR (] X6F IO 11 L B A G Y B, 3% 9 & SSFWR 7k
DL 1 MHz S0 )N 1 MHz A0S 31 MHz 33 F v 440
R AR TR I ) X 7 ) P 8 5 B A 0 1

< 8 SSTDR H#8LHF4 At a5l EESEE X &
Table 8 The relationship between symbol duration and

ranging range in SSTDR

W ICRFZE IR/ s RN/ m FAKAH/m
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