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Implementation of Power Cable Diagnostic Simulator using VLF
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Abstract Power cables installed in domestic factories or underground can cause accidents depending on
the manufacturing process, installation, and environmental conditions during use. When an accident
occurs in a power cable, it can cause enormous economic loss and social confusion. Hence, the
importance of preventive management of the cable through diagnosis is increasing to prevent it.
Therefore, in this paper, a diagnostic sample cable was produced by simulating a part that could be a
problem due to the installation, manufacturing defects, or deterioration of cables that can occur in the
field. Dielectric loss Tangent (tan §; TD), and Partial Discharge(PD) tests were performed. Partial
discharge and AC (60Hz) withstand voltage equipment using High-Frequency Current Transformer (HFCT)
were applied After applying a VLF (Very Low Frequency) power supply with a frequency of 0.1Hz was
applied. As a result, B and C phase defect samples at a 2.0U, voltage through the VLF could measure
the internal partial discharge in the A-phase normal sample cable from the noise at a 0.5Up to 2.0Up
voltage. In addition, the 1.5Up voltage was measured through the AC (60Hz) withstand voltage equipment
of the commercial frequency to verify its effectiveness. Partial discharge in the run-off state was
measured at a voltage of 1.0Up, and there was a risk when installing the equipment. AC power equipment
showed a difficulty of movement by volume or weight. The diagnostic method, through the VLF of the
quadrant state, revealed its safety and effectiveness.
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Fig. 1. Classification of cable life and failure

Table 1. Causes of underground power cable failure

Breakdown DFR CFR IFR
Manufacturing
defects, Sheath Insulation
Cause . . .
Construction damage deterioration
faults
Void, Scratch, i
X Excavation Water tree,
Case Construction .
work Electric tree
faults
Commissioning
Management test Management Diagnosis
method (Withstand supervision (PD, TD)
voltage, PD)

conductor

Inner
semiconducting laver

insulater
Outer

semiconducting laver
Shied layer

sheath

Fig. 2. Structure of XLPE cable

Fig. 2.= XLPE A°|&Y % Fig. 3.2 dAnty] 9
g HojFa gt AR o WAYsk= SEF(Water
tree)= 7]'57-5‘—3]01]93](XLPE : Cross-Linked Poly
Ethylene)] W#ol E4& HH 4R &
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Fig. 3. Process of insulation destruction
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Fig. 5. Type of water tree
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(b) Water & Electric tree

(a) Electric tree

Fig. 6. Progress of Electric tree
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Fig. 7. Example of partial discharge pattern
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Fig. 8. Diagnosis of HFCT Partial Discharge
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5.1 VLF TD, PD A&
5.1.1 VLF TD
Table 3.= VLF TD &% Data, Table 4.&= ©A3t

Ul-golct Table 2.9] 3Hd71&0 2 AEsIgon A%

£2 DTD(1.5Us-0.5Us)%k°l 1.10,

0.812 EA=]o] JADARI BE FF st

o] 3= B, C/ Al°l

Table 2. Cable tand Judging criteria

Ass. TD 1. ?UTO I?O. 5 STDEV Skirt Final
Level [1.0U0] Ul [1.0U0) [1.0Uo] | Decision
A <1.0 <0.5
B <2.0 <1.2
C <6.0 <6.0 =>0.10 =0.30 D
D <10.0 <12.0 =>0.20 >0.60 E
E <27.0 <60.0 =0.70 >2.20 F
F >1.0 >60.0
1*Jud. OR OR
o
AND Jud.
Table 3. Cable A, B, C tand Data
Phase TDIE-3] VIkV] 1[pAl ClnFl
0.05 6.60 58.0 14.15
A 0.15 13.19 117.0 14.15
0.52 19.79 175.0 14.15
0.09 6.60 58.0 14.14
B 0.22 13.19 117.0 14.14
1.19 19.79 175.0 14.13
0.24 6.60 59.0 14.25
C 0.29 13.19 118.0 14.25
1.05 19.79 177.0 14.25
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Table 4. Cable A, B, C tand Data Analysis

DTD
TD STDEV Skirt Final
s [1.0Uo] [1'582]_0'5 [1.0U0l [1.0Uq] | Decision
0.15 0.47 0.005 0.001
A A
A A - -
0.22 1.10 0.005 0.001
B B
A B - -
0.29 0.81 0.016 0.007
C B
A B - -
5.1.2 VLF PD
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(c) Cable C calibration(91.1m)
Fig. 15. Cable A, B, C Calibration

Table 5.9} Fig. 16.2 AlEH[E§ Aol A=Y
VLF PD SAAHE Ao 33| EAst= CH Aols
2 A&A F2H4,5,6)°14 BA AlolE Aol = &
E(DollA W2 FEH] Asrt A&Ea, 2ol
EA5HA] E= A AlolE2 EX4Z3 NoiseZ EQ1E]
Act.

Table 5. Cable PD defect data

Dis. Tol. A
Num. [z ] Charge kV] Defect
A 1 68.1 1.97 344 pC 13.2 Noise
1 4.0 4.59 1.87 nC 26.4 Internal
2 3.5 3.93 1.02 nC 26.4 Corona
B 3 20.4 4.59 900 pC 26.4 Noise
4 | 254 | 3.28 1.17 nC 26.4 Noise
51773 1.31 112 pC 26.4 Noise
1 4.0 1.42 1.99 nC 19.8 Corona
2 9.0 5.24 1.69 nC 19.8 Corona
C 3 2.8 1.97 1.80 nC 19.8 Corona
4 28.2 131 324 pC 19.8 Internal
5 | 445 | 262 2.2 nC 26.4 Internal
6 81.0 1.97 579 pC 13.2 Internal
12000 00 m 71 9s0m
200.0
g
é’ 6000,
400.0
oo 00 200 400 600 200 1000
Distance [m]
(a) Cable A Measurement
as odm 5354 45 930m
iz
a0 52
2.,
E 20 o 1 .
|
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(b) Cable B Measurement
D 7a 7S %6 930m
s0 42
*j
40
€50
1 4
1 -
oo 00 200 400 60.0 800 1000
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(c) Cable C Measurement

Fig. 16. Cable A, B, C Measurement
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