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Development of nondestructive inspection system for soundness diagnosis
of cable insulating material (3)
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We have researched radiation-induced deterioration behaviors of cable insulation materials used in nuclear power
plants and a nondestructive inspection method to detect the behaviors in our past reports. The deterioration was
generated by electron beam irradiation simulating gamma-ray irradiation in the field. As a result, we found it
possible to detect the deterioration by comparing the natural frequencies of the cables before and after the
irradiation through our original digital hammering inspection technology using AE sensor. In this report, the
replaced cables used in an actual nuclear power plant for 30 years were irradiated and the effect of irradiation
temperature was studied. The results indicated that the cables had almost the same durability against the
irradiations at high temperatures and at room temperature. Moreover, we estimated the diagnostic reference value
in the natural frequency by correlating the elongation at break acquired by tensile test and the frequency.
Keywords: hammering test, AE sensor, non-destructive inspection, cable, insulating material
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Table 1 Specification of samples

1
Sample Material Size(mm)
name
C.1 Insulation : XLPE ¢ :41
Sheath : vinyl Length : 300
co Insulation : EPM ¢:38.2
Sheath : CR Length : 300
. ¢ :20
- I : XLPE
C-3 nsulation : XL Length : 300
- : y
Length :
Filler : jute ength : 300
C.s Insulation : silicone rubber ¢:13.8
Sheath : silicone rubber | Length : 300

(XLPE : Cross-linked polyethylene,
EPM : Ethylene propylene rubber, CR : Chloroprene
rubber)

Fig. 1 Cable samples
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Fig. 2 Irradiation samples

Table 2 Specification of samples

Sample . .
Material Size(mm)
name

Insulation : EPM ¢:27
6 Sheath : vinyl Length : 300

7 Insulation : EPM ¢:22
Sheath : vinyl Length : 300

Insulation : EPM ¢:18
. Sheath : vinyl Length : 300
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Table 3 Irradiation conditions
Room temperature | High temperature
irradiation irradiation
Integrated irradiation dose 30kGy/time 20kGy/time
Current value 10.00mA 10.00mA
Transport speed 2.89m/min 4.33m/min
Scan width 1,100mm 1,100mm
Total dose (kGy) Number of irradiation
0 0 0
100 4 7
250 11 17
500 22 34
1,000 44 67
1,500 67 100
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Table 4 Temperature measurement results

t side

Measured
h.ea.t Temperature [1C]
Sample resisting Position Room High
temperature

9 temperature | temperature

[C] . .. . ..
irradiation | irradiation

6 100 surfa(%e 54.1 71.5

core wire 67.3 81.7

C7 100 surfage 522 774

core wire 77.9 90.7

surface 572 73.8

C-8 80
core wire 67 87.9
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5.1.1 AE i TEIRE(C & HEHE

WA —7 )V AE FTERAERRO—fFlE LT, C-
8 IZHIT 5 AE FI s R Fig 6 I~ d, WTum
ABRA S 600Hz fHUTl2oAn LT D,

1400
1200
51000
)
:‘f: 800 {
§600i {‘{’i{il.!lulid
= 400
200
0
12345678 9101112131415161718
Sample number
Fig. 6 Peak frequency (C-8, before irradiation)
XL
5.1.2 AE {TERERR

FHSAT GURIAR 3 (9D) DIHETEr—7 v
(C-6, C-7) DO=EIRMEEE X UEIRMRHOFHIE— 7 &
PR (RS —BEHRD % & STk % Fig.
T~Fig. 9 \TRT, WO —7 0 BRI
& b U CRIHM & — 7 JERE I Ik R L7, AU,
AR L 0 BRI L L7720 TH Y | Jef T
e L [FRROFER & 7o o7z,

Z T, MEHOEERREIC L Y, FRRBRIRIC OV TE
TR & BRI O T — % O OZEDO R B A MR
T 5720, (W7 —X OEYFREOZT0 Th D) LiF
HGEARE L, tRREZTTo 7

7 —% ORPFEREE y=atbix & y=artbx & L7
& & IREAGEUE bi=by) 720 BRI DEE KD
HT-0IZ, LU R heHEa VB8,

s1°=Syyi(1-Rr%)
s7°=Sy0(1-R)

S1+S,

ni+tn,—4

by—b
= 1b1-bal

1 1
N /5x1x1 + /5x2x2

72720, Saxis Syyis Seev Spp (FHT—F DENEIL
DERORAETIT, RA, R2 1IWT— X OEARR
B n, mlIlT—F DAL TH D,

BEAUESY%, HHES L35 &, FEMHIE 1.860 &

72 b—05. t AT DR LEIX C-6 TIX 1.773, C-7

TIX0.040, C-8 TILO0.112 720 | WU b B YEAT;
Eipote, Lo TRIEGR (7 —4 OEYRRED
ZE30 ThD) 1IBFr S, =R & SRR O
— XTIV D W & B L B O T B
FIIpnN ) Z L TE D,

300
~ Room temperature irradiation
= 250
o © High temperature irradiation _
£ 200 8
s 1
£ 150 T t
v | L
g100 ¢
g I
g % r :
g0 4

0

0 500 1000 1500 2000
Total dose [KGy]
Fig. 7 Influence of irradiation dose on peak frequency, C-6
300
w Room temperature irradiation
= 250 . . oo
> © High temperature irradiation
£ 200
5
£ 150
)
2 100 l b l L
3 % ? =
g )
= 50 *
I
0
0 500 1000 1500 2000
Total dose [kGy]
Fig. 8 Influence of irradiation dose on peak frequency, C-7
300
N 250 Room temperature irradiation
=) © High temperature irradiation
»
2 200 {
£ 150
(]
) T
S0 b ! {
s | L '
S [ ]
0
0 500 1000 1500 2000

Total dose [kGy]

Fig. 9 Influence of irradiation dose on peak frequency, C-8
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Table 5 (2777,

Table 5 Conditions of tensile tests

C-6-1~18 : 54samples
Sample C-7-1~18 : 54samples

C-8-1~18 : 54samples

* test specimen : tubular (C-7,C-8)

: plate (C-6)

coggiion " stress rate : 500mm/min

* inter-marker length  : 50mm

* test temperature :23:2°C

Fig. 10 Operating tensile test
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Table 6 Tensile test results (C-6, after irradiation)

Room temperature | High temperature
irradiation irradiation
Sample number Elongation(%) Elongation(%)
1 429.1 448.8
2 438.4 453.0
3 431.7 457.8
4 341.6 373.1
5 356.2 360.0
6 356.5 380.6
7 266.7 301.5
8 248.6 303.3
9 266.6 304.4
10 186.6 213.9
11 198.6 201.9
12 194.6 217.1
13 125.1 128.3
14 111.8 124.0
15 104.6 119.4
16 80.4 82.6
17 86.5 94.9
18 94.1 95.2

Table 6 Tensile test results (C-7, after irradiation)

Room temperature | High temperature
rrradiation irradiation
Sample number Elongation(%) Elongation(%)
1.0 634.2 686.1
2.0 644.5 679.5
3.0 626.7 694.8
4.0 528.9 572.2
5.0 524.4 575.9
6.0 551.9 573.1
7.0 349.6 471.9
8.0 334.0 495.3
9.0 341.6 463.3
10.0 61.7 308.4
11.0 127.1 306.0
12.0 107.3 333.7
13.0 31.5 189.7
14.0 42.1 189.8
15.0 41.5 182.2
16.0 49.8 110.4
17.0 28.2 121.8
18.0 28.6 116.5




Table 6 Tensile test results (C-8, after irradiation)

Room temperature | High temperature
irradiation irradiation
Sample number Elongation(%) Elongation(%)
1.0 440.0 437.4
2.0 434.2 433.6
3.0 428.3 457.0
4.0 352.1 388.8
5.0 362.3 384.3
6.0 359.9 367.5
7.0 266.3 310.3
8.0 275.7 316.4
9.0 245.3 319.8
10.0 172.4 217.4
11.0 179.4 215.9
12.0 183.9 220.9
13.0 97.6 106.9
14.0 98.9 114.0
15.0 97.2 123.7
16.0 61.2 75.9
17.0 64.0 72.0
18.0 63.4 71.6
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Fig. 11 Influence of irradiation dose on elongation, C-6
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Fig. 11 Influence of irradiation dose on elongation, C-7
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Fig. 12 Influence of irradiation dose on elongation, C-8
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