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Abstract - Polyethylene pipes has ussful benefits which are anti-corrosive and flexible materid, o it is
used to gas pipes but dso class 3 water pipes of nuclear power plant, process pipes of petrochemica
plant and chemicd plant. So the usage of polyethylene pipes is widdly increased. But it has been limited
for the usage of polyethylene, because it can not be directly detected to fusion joints by using non
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destructive evauation. Polyethylene pipes are connected by two methods, one is butt fuson and the other
is dectrofusion. Butt fuson is widdy usad to connecting the pipes. It is proposed to method for determining
the reliability of joints in this study that is detection of the melt flow zone a fusion joints. In this study,
middle density polyethylene is used, outsde diameter of the test specimen is 225mm and thickness is
20.5mm. Spead of ultrasonic of this test gpecimen is 2,200m/s. Test gpecimens were fabricated by varying
the hesting time which means from 0% to 130% gpplying time through hegting plete to polyethylene for
detecting met flow zone. Also 4 additional test specimens were made, one was made that not scrapping
atached surface of pipes but applying 100% of the proper heeting time and the others were mede to indude
of soil, gravel and vinly tape paper at fuson joints, that were aso goplied 100% of proper heeting time.
Ultrasonic testing to measure the melt flow zone of 20 test specimens was conducted by using 3.5MHz
and 5.0MHz ultrasonic probes and mdt flow zone measuring was conducted to three times at different
point to one pecimen. To differentiate the met flow zone signd, post imege processing was equaly
conducted to dl test results and imege levels, contrast, sharpen, threshold were adopted to al test results

and the test results were displayed gray scae.

From the results, for the shorter heeting times the reflection area of multiple echo have been increased,
%0 the data was obtained from the position where it can be diminated as much as possble. At 80% of
proper hesting time(168 sec.), the signad of met flow zone was obtained clearly, so measuring could be
conducted. From 7% of proper heating time(15 sec.) to shorter heating times. we could not obtain the
signad because test specimen was not fused. From the result, we can verify that measuring of mdt flow
zone by using phased array ultrasonic imaging method is possble. And we can verify to complete and
incomplete butt fuson by measuring the mdt flow zone.

Key wards : polyethylene, phased array ultrasonic, melt flow zone detection, butt fusion, heating time
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Key
X time ts  cooling time in the machine under pressure
Y pressure tg cooling time out of the machine
7, Initial bead-up time p, initial bead-up pressure
t, heatsoak time p, heatsoak pressure
ty heater plate removal time py fusion jointing pressure

Iy

time to achieve fusion jointing pressure

Fig. 1. Butt fusion process
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Fig. 2. Process of butt fusion joint
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Table 1. Test specimens
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No. Specimen condition Applied time
1 A 7R A 130% S 273
2 AR 7EEAIZES] 120% 3+ 252
3 AR 7FEAIZES] 110% 5+ 231
4 AR 7FEAIZES] 100% 55 210
5 AR TFEAIZES 0% 35 189
6 A TFEAIZES] 80% g 168
7 AR 7EEAIZES] T0% B+ 147
8 AR 7EEAIZES] 60% 5 126
9 AR 7FEAIZES] 50% 5+ 105
10 | A 7FEAIREY] 40% 84
11| ARAQ 7FEAREe] 30% &+ 63
12 | AR 7FEAITEY] 20% 5w 42
13 | A 7FEAREY] 10% F 21
1| A LA % B 15
15 | Al AHAAI] 5% B 10
16 | AR AT % 3F 4
17| W3 sk AR Az B 210
18 | §2Ro F AU T 9HHA QAT 3 210
19 | gapyel] 42 49 F A4 ANz B 210
20 | gAo] uld HolX A4 F YA AT FF 210

a) butt fuson machine
) butt fusion system

b) after

butt fusion
d) setting into the clamp

Fig. 3. Pictures of test specimen
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b) ultrasonic velocity
measuring(2,200m/s)

a) polyethylene pipe
(OD 225mm)

Fig. 4. Pre test step for non destructive evauation of
polyethylene pipes

2-2, SIAMIEESTIE 0|83 RSl Tt

AR Agg7e] ZHL Al 2gu A4
8 AIM339]] 3.5MHzAIA S} BMHz AIAZS o] &5}
Sapelalch. 7 g2 A F 1202 (0w 3%

oA 35MHz AIME o83t YdE FSoIAT Tt



ojx ddrlo] osf dte

el s Al 3

2o W} g 2R
A

120= 7H4o=2 A @1%

i Aggrel Sl e 97

107

GAS Yghs] HojX| == F=HE postion 1, posi-

tion 2, position 32 YEI Ut AR} 1

Ex] g

o BHolAE ofelyl dlold F5E Sastel 7h
2o G ABSG e84 SHS 9 A

b) 7t EA17ke
80% (168%) 2

o) AA7HE AT
70% (147%) 32

d) 847 A17re]
60% (126%) 3o+

|

i

e A7 A7
50% (105%) 2

f) A7 A }94
40% (84z) 3=

o) 47N
30% (63%) 23

h) AA7FE A 7Ee)
20% (42%) B3

i) A47e Azl
10% (21%) 23

) B7rEAEE
% (15%) 23

K) 37+ EA7HE]
50 (10%) 2+

) 3717t
0% (4%) 3+

Fig. 4. Indication of melt flow zone detected by using phased array ultrasonic waves for test specimen changed
heating time from 0% to 100% of proper heating times
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Table 2. The result of measuring of melt flow zone (&4l : mm)
No. Specimen condition P1 P2 P3 Ave.
6 7+ A 7HY] 80% & (168%) 39 47 31 39
7 TFEAIZES] T0% I (147%) 54 38 3.7 43
8 7FEAI7ES] 60% 3o (126%) 40 5.0 4.0 43
9 7FE A1 7HS] 50% 3 (105%) 44 43 5.6 438
10 7N 7H] 40% 5 (84%) 4.4 5.0 49 4.8
11 7FE A 7Ee] 30% 5F (63%) 5.8 5.9 6.6 6.1
12 7FEAI7ES] 20% 3o (42%) 6.0 5.8 5.9 5.9
13 7FEAI7ES] 10% 3o (21%) 54 5.6 5.6 55
14 7N 7S] % FF (16%) 49 5.0 - 5.0
15 ZYE A 7RO 5% o (10%) 49 44 - 4.7
16 ZFEAI7ES] 0% FF (4%) 71 6.8 - 7.0
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Fig. 5. The result of measuring for melt flow zone of test specimen between 0%
and 80% of proper heating times
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