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Abstract
We reported previously the deterioration tendency of cable insulation materials used in nuclear power plants 
due to irradiation and the applicability of AE (Acoustic Emission) digital hammering inspection to detect the 
deterioration nondestructively by comparing the natural frequencies before and after the irradiation.
In this study, we selected two kinds of triple core cables which are often utilized in nuclear power plants. The 
natural peak frequency increased due to the increase of irradiation dose, and showed the same tendency as the 
single core cable in our previous report. Moreover, we carried out the tensile test on the insulation and
confirmed that the amount of change in the peak frequency and Young's modulus had positive correlation. It 
was therefore suggested that the deterioration of the cable insulation can be detected by AE hammering 
inspection for even more complex triple core cables.
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Table 1 Specification of samples

Sample
name

Material Size(mm)

C-1
Insulation : XLPE

Sheath : vinyl Length : 300

C-2
Insulation : EPM

Sheath : CR Length : 300

C-3 Insulation : XLPE
Length : 300

XLPE Cross-linked polyethylene
EPM Ethylene propylene rubber CR Chloroprene rubber

: 90-0451
1-950

E-mail: mtm-ishii@nfi.co.jp



Fig. 1 Cable samples
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Fig. 2 Influence of irradiation dose on peak frequency, C-1
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Fig. 3 Irradiation samples

Table 2 Specification of samples

Sample Material Size(mm)

C-4 Insulation, Sheath : vinyl

C-5
Insulation, Sheath : 
silicon rubber

10MeV

10MeV 6
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(0.29Gy/h)8

5kGy 1

Table 3 Irradiation conditions

Integrated irradiation dose 5kGy/time
Current value 8.66mA

Transport speed 15.00m/min
Scan width 1,100mm

Total dose (kGy) Number of irradiation
0 0

250 67
500 134

1,000 267
2,000 534

300mm 40mm

19mm 13.8mm
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Table 4 Temperature measurement results

Sample
heart resisting 
temperature Position

Measured
temperature

[ ][ ] Time[h]

C-4 100 48 surface 37.2
core wire 45.6

C-5 180 - surface 35.5
core wire 41.1
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Fig. 4 AE Hammering Inspection system
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Fig. 5 AE hammering inspection method

Evaluation peak frequency

Fig. 6 Frequency distribution (C-4: before irradiation)
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Fig. 7 Peak frequency (C-4, before irradiation)
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Fig. 8 Influence of irradiation dose on peak frequency, C-4
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Fig. 9 Influence of irradiation dose on peak frequency, C-5
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JIS C 3005 4.16

3

I.
JIS C 3005 4.16 5mm

5mm
C-4 4.4mm C-5 2.5mm

II.

JIS C 3005:2014
Table 5

Table 5 Conditions of tensile tests

Sample C-4-1~15 45samples
C-5-1~12 36samples

Test condition

test specimen
stress rate
inter-marker length
test temperature

: tubular
: 500mm/min
: 50mm
: 23±2

Fig. 10 Operating tensile test
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Table 6 Tensile test results (C-4, after irradiation)
Sample number Tensile strength(Mpa) Elongation(%)

1 14.1 225
2 14.2 219
3 14.4 213
4 14.2 225
5 14.2 232
6 14.3 229
7 16 212
8 15.8 219
9 15.4 217
10 17 155
11 16.7 152
12 17.3 154
13 17.8 75
14 18.3 78
15 19 76

Table 7 Tensile test results (C-5, after irradiation)
Sample number Tensile strength(Mpa) Elongation(%)

1 8.6 223
2 8.8 230
3 8.2 219
4 3.2 15
5 3.1 13
6 3.2 15
7 2.3 7
8 2.3 8
9 2 7
10 0.9 4
11 1.4 3
12 1.5 5
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Fig. 11 Influence of irradiation dose on Young’s modulus, C-4
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Fig. 12 Influence of irradiation dose on Young’s modulus, C-5
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