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Research progress on non-destructive testing of hot-melt joints of polyethylene gas pipelines
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Abstract : The types of fusion welding defects in polyethylene (PE) gas pipelines and their causes were introduced. It was

pointed out that welding defects had a significant impact on the performance and service life of PE pipelines. The importance of non-

destructive testing (NDT) technology in ensuring the connection quality of PE pipeline joints was also highlighted. The appearance

inspection in NDT technology was briefly described, with a focus on the analysis of ultrasonic phased array and microwave NDT

technology, including research progress on defect detection capabilities and improving detection performance. The standards for the

two technologies were summarized. The analysis show that microwave technology has good detection effects for both structural and

process defects, while ultrasonic phased array is not effective in detecting process defects such as cold welding and overwelding.

Finally, the challenges and future development trends in the current research of ultrasonic phased array and microwave technology

were pointed out.

Keywords : polyethylene ; heat fusion welding ; non-destructive inspection ; ultrasonic phased array ; microwave
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Tab.1 Causes and schematic diagram of process defects'

Defect Causes Defect diagram

Because the temperature of the

heating plate during welding is

Cold lower than the standard or the
welding  heating time is too short, the
welded joint absorbs too little

heat.

During welding, if the tempera-
ture of the heating plate
Over  exceeds the standard specifica-
welding  tions or the heating time is too
long, the weld joint absorbs too
much heat.

Large curling edge

Due to the excessive pressure
applied during welding , man;
Short ~ PPUEC CUIE WE CING. Mafly
materials in the molten zone are
welds .
pressed out,and the thickness
of the molten layer is reduced.

Short welds

The pressure applied in the
initial crimping pressure stage
and the holding pressure cool-

Lack of ing stage is insufficient,and the
fusion  entanglement of local PE mole-
cules is not strong, so that an
effective welded joint cannot
be formed.
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Tab.2 Causes and schematic diagram of structural defects” ®

Defect Causes Defect diagram

During welding, cavities within the
joint can form due to impurities in the
base material , moisture, or shrinkage
Cavern cavities during welding. This results
in a discontinuous and non—dense
weld structure, leading to reduced
joint performance
Due to foreign inclusions appearing
on the fusion surface of the PE pipe
during hot—melt butt welding, defects

Entrain . .
form that cause the entire fusion
ment .
surface to bond poorly, leading to a
significant reduction in joint perfor-
mance

Due to the misalignment of the pipe

Misali fixation during the hot melt butt weld-
£ ing process, the final result leads to Hoineunit i oy

nment

joint displacement or excessive angle
deviation of the edges
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Tab.3 NDT techniques and its advantages and disadvantages

Detecting

. Advantages Disadvantages Related Work References
technique
@ High-resolution image. . . L . Detect structural defects
. @ Acoustic attenuation, acoustic dispersion
Ultrasonic @ The delay focus rule can detect . . . . Detect process—related [16-19]
L L @ It is casily affected by electrical signal
phased array defects in different directions. . . : defects [20-28]
.. . . . interference when the signal—to—noise .
technology @ Obtain images in real time to improve .. Enhance detection perfor- [29-37]
. . ratio is low.
detection efficiency. mance

@ It has a strong ability to penetrate
dielectric materials and can reach deep

@ Variations in different materials need to
be considered during detection.

Detect structural defects

42-441,[49],
Detect process-related [ 1.[49]

nto the dielectric region. External electric and magnetic fields efects L
I:z‘cchrlf:l’zve into the dielectric regi ° 1 electric and ic field def [5([)7?345 4?4]
gy @ No coupling agent is needed ,and the  can significantly affect the accuracy of the  Enhance detection perfor- (45 5’ 21,155 5’ 9]
operation is simple. results. mance ’
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Fig. 1 Schematic diagram of ultrasonic pulse emission and

defect echo reception
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Tab.4 Relevant standards for ultrasonic phased array testing of PE pipe heat fusion joints

Standard Number

Name

DB31/T 1058-2017
DBI15/T 1819.3-2020

T/ZJASE 008-2021
ISO/TS 22499:2024
ASTM E3044/E3044M—22

(Phased array ultrasonic testing of weld joints in PE pipelines for gas)

{Technical specification for phased array ultrasonic testing of weld joints in buried PE pipelines for gas, part 3 : Heat

fusion joint testing)

(Phased array ultrasonic testing of heat fusion butt joints in PE pipelines)
(Phased array ultrasonic testing for PE butt fusion joints in thermoplastic pipes used for fluid transport)

{Standard implementation procedure for ultrasonic testing of PE butt fusion joints)
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Fig.2 Schematic diagram of microwave detection principle*”!

WEHFTART . 2018 479k 3 EI M L5 1058 Uh 23 (ASTM) bR 1R
g, MK 2010 4 LU [ N RS2 0T R W NDT £ AR 1 5%
2020 4 Z JEFFURIEAT R G -

(LRI RBERE ST

R T B O B AR XA PE A 3 UG R 828235 NDT
FATE FHE | AR 222 8 X s 4 3k (R i B a4 T T ARG, 3 ok
WEIAMESE 0 R HAND T 7 i T . & B AR
GEREEBRE B T BB YA B IR IR

BRS0BS54 A [ Bl o (ol A2
TREE /IR Ty B 1] S i ) Y PE B TE
PSR MEA TR | 5 10 KR S AT L, 5 B 2 3k A ot
P LA B S RS TRV RFAE o I ELRI B0 8 3 25 AN )
BRBE Rk BOUE T RS RS I kTR . R AR
TR ARSI PG 2 A A P A R Rk S5 B — 2R 12
H AT R 6 (.4 55, T 3 VMR B R B BB A 1 (2 4%
SAIMTEE Z e . 4 1SR IO E , 5 Rl A T 45 SR — 5
TR AR T NDT A A R, I 7 B X 2 2 2n
Y PE A VG422 3 3004 TOM ARG, A6 00 & B 3 bR TE 8 4L
ARSI & B, S Ab AR R B T B
Wid, g — st . 22 2 E IR RS A R I
A RE BB BE AR SO, IR T S A BE G R RIS

F) I A 42 S i 3 2o B i ARG I 25 S R o S 5

SEILUEBA T i F R T PE A5 T BV A5 Py 3 Sl e A6 )
AIAT I o S VA S Ao R AR X A R 1R A T B AE AN
M, IR SR F AR AT IGIE T ARG BE A RO A 5. 4
NG TSR Sy A R AR AL N TR S A (1 Bk
R 25 55 0 7 v A X IR A T i R 2 AR Ak PR S SR R
REHR PR L, v Rt 11 g Bk T 28, v T 11 Pl B
SN 53 LA |, T P71 L R S o)
B 1 15 7 T, B VDS Y > T BE T . Stakenborgh
ARS8 A v A T 0 G T A R A7 A 1 ¥4
A O TR 73 K IR i P o 2 A B F i), Rl i oK
A GRS A) AN G S B, O L ok B R S 30 R 47 30
TIE. Pan S5 FH %tk 9 4 S SR A AT 3R Sl 4t 3R
GEXTAS IR v AR S A 7RG, 30 3 2% S S Rl
HL - 0 P UL BOAIE T st U vk AT 5 . Murphy 2509
o8 FERCIBE ARG o A F 174G PE 100, EL44 250 mm, SDR11
B PEAFIE o 1k K 5 0l IR 5208 K B, St 5 AR RE S v
W e PR =B CIRBR ARG HY) . Ghasr S5 8 45

S AT AR A TEHT Ka D B B A AL AR B iR R X
PE-HD 453 | SR fE A TR , 25 S 3R B iR R e 1
) L3AH) 1.6 mm o3 FEE R 7 355 7 mm 7 PR,

AT AR R L, A AR A X et in i 5 A
BT R A AR AR SRNG5S IR A
FEA R AR S T A AR A 2 S B PE MR PR BE Y A2
A, JE TR IO R 2, BT UGS AR KT T R (A JE
TR R R RN AR . BR T T 2SR Z A0,
TR AR X TS5 R4 T SR (L T2 2 AL 2 AT LA ASCR o
LNV

Q)FE R M RERF5Y

T R T R SRR L RE DT UG T A, R AR A
WAEE P FopE NN AT TGS, & T3
W PE B H ZAh, AR T HALAE 4 & 8 8 1Y AH 5
Carrigan %] FH A& WIRATHLEF A, TR AR HOAR I O ik
Y KOk B ARSI 9.8 mm BEJEE A T A1 2R 1HI AL L ALk B
(FLIA e/ N AR 2.8 mm, EUR/N TR | mm). [FIE, o 742
T BRBE A AR T, R T R S R FE i R A
SR AR E TR REEL L SN . 0 T UERH G
W A% 2 58 0 AT S0k , Rahman 255 I T/ 78 K RN Ka %7 BE
TR 0l T4 3 RN — A KU B 1) IR T 10 4 Sk R Rzl
1% 160 mm, JEEEF 16 mm (1Y PE-HD &1 . 33 F{E M L (E1E
RVEMN AR , 45 5 R TR 8- 1 A6 U 2802 LU IR T i e 2
I KD RE SR . W SEETRI FH 4 B0 A s A T 3R
A LNHPVO)[E]L A TE LR BRI , R AR AL Y R/ M A
MG 0 e/ INEECR fd BT 70, 38 T i B X 3k
4@ PVC [W].0 A5 T8 I B RGBS A ER), LI
SRR S E . HEITHE S TR A PEETE N
PRERBADEATREI , $2 T —FP LT 5 43 BT (PCA) A= I
il B AG R T  , HEX C R G, 1 FH R 40 B AR $2 L
SIBARRIE , S5 R TRy i S T T AR AT 2
il (0 BRGS0 8 22 A7 B e i T FRUAH G 15 22 241485/ . Amineh
SV 4 B GG I PVC [T L 2R FH I R 25 ] AR
i Ik R R T IR AR X HE A PVC (RS Y
PG TT  (B e R 53 3R, 0L o 8 ) 2 1) 40
R R ZERAS B Z B RS M A BRI AT, A T4 8,
EUR I

JE L S G R  IL, FE R B RN B8 T T T,
ITAFSE T RO R SRRk S8R MH G AT Z
[ P PEREXS Lo RS- T AR T i 7 1, WA T FRifk ik s/ INE
B R S () AR e K PCA Z i) i

(3)H NDT HLIuARfE

TE 2018 4F, K E MR F ik I b e KA 1 20 TRl Aar il
FIFHSCHRIE , B N R AR AT 5 M, 2023 4R L mt i i s Bt
PR B AR T A% PE A4S B HUA ISk A 0 NDT i
PRI . PEAS I PR 2L SO R AR SCARE L2 5



164

AR

2025 4E, %5 53 4,45 1 1

®5 PEEERIRRIRORRIEXIRAE

Tab.5 Relevant standards for microwave testing of heat fusion joints in PE pipelines

Standard number

Name

DBI11/T 2140—2023
ASTM E3101-18

{Quality control requirements for microwave testing of heat fusion butt joints in PE pipelines)

{Standard implementation procedure for microwave inspection of PE Heat Fusion Butt Joints)
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