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Effect of hot-melt welding process parameters on welding residual stress of polyethylene gas pipeline
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Abstract : Polyethylene (PE-HD) pipeline has the advantages of high toughness and corrosion resistance, and is widely used in
the fields of water and gas transmission, nuclear industry and hydrogen energy. Due to the limitation of machining technology and
welding technology, there are production residual stress and welding residual stress in PE-HD pipeline system. The existence of
residual stress accelerate the initiation and expansion of cracks inside the pipeline, and significantly reduce the service life of the
pipeline. Therefore, the study of residual stress is of great significance to accurately evaluate the reliability of PE-HD pipeline. The
hoop residual stress of PE-HD pipe substrate and hot-melt joint was measured by open-ring method and blind hole method respec-
tively. Based on the elastic-plastic constitutive model, the finite element model of hot-melt welding with temperature-displacement
coupling was established. The distribution of residual stress in hot-melt welded joints and the influence of welding process parame-
ters on temperature field and residual stress were investigated. The results measured by the blind hole method and the open ring
method are approximately equal. Compared with the traditional viscoelastic model, the calculation results of the elastic-plastic hot-
melt welding finite element model established are closer to the experimental measurements. The thickness of molten layer increases
with the increase of welding temperature and heating time, and the length of hot-melt joint increases with the increase of heating
time. The residual stress in the weld and fusion zone is tensile stress, and the tensile stress in the inner wall is greater than that in the
outer wall. The increase of welding temperature and heating time will increase the residual stress value.
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Tab.1 Hot-melt welding simulation analysis steps and loads

Welding stage Step time Welding surface boundary conditions Non—welded surface boundary conditions
Heating 120s Axial constraint 1.4 MPa
Switching S5s Unrestrained Unrestrained
Pressure 840 s Axial constraint 0.375 MPa
Cooling 24 h Axial constraint Unrestrained

B X A% 5 30 AR an 1L S R, BRAELR
C3D20T b - B R & 7S AR R IT , B HRI6 5 20
AN Ao AL AR T R AR Ak T2 B R A A R
T PR SUT , S R v TG 4 SR ARG W e 1 A XY
MU TEAb 3, HE AL 8 200 M FRTT
Welding Pressure //

Ambient Temperature: 15 °C

Welding Surface
BS R R K RS
Fig. 5 Hot-melt welding model load and mesh division

2.3 B EHY

PE-HD B4 5 H A “ W Hioh 7 (3R [ i T.5%
AN ST, T 2 A R 2N PR KR AR A T B
M) , 87—~ 5 TR R AR RS TR0 A A ] o A
R 78 SCIZASERIAS BE AN [m] JEE B2 (R A ik 2 4, 1531
VIR A M G AR N S8, MBIk R E =

-~

12 35353 A5 5 % BRI BR LSS R — 20 R s
PG IRAERAU AR AR N T 25, QAT 6 iz

S, 822 (CSYS-1)
CF#: 75%)
+2.712e+06

6 AR AR 1
Fig. 6 Initial stress field of hot-melt welding model

3 ER51H8
3.1 ZEmme4£R

I ORI A R ()~ (4), vl
|| PE-HD & M 1T BEJE A5 BB 3 B IR 10 B AN 1 RN
WE 7 iR, PE-HD & MAELE I RHL A" 0 T-5%
AN FT A ) R N T e KAB 43 AT 74 B N BE, Ry
2.16 MPa; I [m] J5 W ) $5c KB o0 A 76 87 T8 AN EE , Oy
-5.8 MPa, FRE60% L L ER [ 54T 1 M RN T7
AFIFE BRI



[, 45« PR ARE T 2 SO0 IR C R IR U T IR AN 1 9 85

Specimenl
o) S Specimen2
§ \\\\\ o Specimen3
0 N
\,
7 -2f \.
= \.
ES \
S \
= 4 \
& \
-6l \

B0 02 04 06 08 10

Relative thickness
7 FF ORISR
Fig. 7 Open-ring method measurement results

T LIS A A UM R LT oA R
WX ECIF ET PR E A FLIE I 25 3L, LASSIE
B fLIE X PE-HD MRk A3 0 07 0 5 938 M. i
T 5 FL I i i 2 R LR B Y T N AR A N ) 3
{8, PR 2258 X0 8 (D) B3, SRAS T 1 (B 24 i A1
XFIEJE 0.75 ~ 1.0 Y5 R A F18EME , TS5 H
FLILZE X E, & 8 Bt , v] LA H W Rh 7 ik Bl
BN P BUERRE . TR T sk
PERFERB IR BT S5 M0, [F]— AR AR AN [R1 0 A % Ak 7
TEME WA —E 257 . HfLE & PE-HD & 5
AR 423k A A% A RN 3 K/ INEE SR AN 9 T

5 -
£ [ Open-ring method
= Blind hole method
24r 3.69
& 3.40 3.54
) 3.08]
23k
§ 228 2.47
o

L1.87

g 2 1.61
o
=
S 1t
51
I~

0 2 3 4

Test group

P8 BRAN SR Tr E X L

Fig. 8 Comparison of residual stress test methods

£ 3 [ ] Hot-melt joint
% V7] Base material
g4 369 354
2 3.247
o
E 3L Z
2
g 228 245
g
57 1.61
= | 1.20 1.29
=
S 1r
3
=4
0 1 2 3 4
Test group

K19  PE-HD LA FIARAESR A H R % L
Fig. 9 Comparison of residual compressive stress of PE-HD base

material and weld

il ) AR A O ) TR AR S R TR B R, A Sk
AR AN T B R/ INE AR T JE M Ak . BRI,
PR R 5 HAT PR RE22 BE RN, RRHEE F o e P
it
3.2 BB KSTIRE R

R 2 R R BE 5% 6 mm b 45 18 ZBE 1Y (i
41-3.66 MPa, 5 H L. 5L K5 114 -3.24 MPa 45 535 LI AH
8 UE B BORS BE R, T RO A P AR AR Y
N 1 FUR B 3 0 A o BRI KR A B P A R A
I3 ZARVIE AR, PGS A 7= A T R 5] (AR
RN T, LA R 1) BRI ) L R M A T 7R
JERES X TE AR AT s R . LIS B AP EE (A%
D) FIE T PN BE (B4 2) R B BRI X3, 43 BT AU 42
Sk Y B85 S R A 1) A% 4% TN 0 3 T A5 T il 1) 1) AT R
AL, IR T PIE I T L BH0
M) o PR 422 T B 3 23 A i 51 10 I, ZE A By
B, AR AT il 1 e B e A2 e A5, ARG
TR BELEARWTIG R o RN EREE RS, 48 T I ity
IEACIE BEH23T 2 mm, 5 PR AR IR A R —
., BT YRR 5 s, S E IR S A A
AR, IR Be IR s | A 5 & Rk T
XA BRI, H A P A RE X I 0 B R AN [
T AMEE VR H R R T N BE . U AR
(L EAT) 2 TS T A, 840 Bt R A 1 R P 4k 2
Wit Lk .

NTI1
+2.100e+02
+1.300e+02
+1.2056+02
+1.109e+02
+1.014e+02
+0/183e+01
+8.229e+01
+7.275e+01
463216401
+5367e+01
+4413e+01
+31459e+01
+2.504e+01
+1.350e+01

End of heat-soak

End of remote

Cool for 90 s

End of cooling
BI10  #Aui bt b BRI 7 o0 A

Fig. 10  Temperature field distribution at each stage of hot-melt welding

AR 52 A e TR AR AR [ 9 <A i 9
MR I I BE S oA, S RIS T R PR AR
TESHOHE BRI 3 A R0, QA 11 B
BIF 5N O AT PR i A e A e A g DX A e
JZ KPR 2R 2 4 % PE-HD MR A
125 H 2238 e O A B B R 122 2% P T A T O
JEBIEIE . I 1a i RUE L 2 A E] 2 100



86 AR

2024 4E %5 52 4 45 8 1

\ — 170°C
\ 210 °C
2001\ --—-250°C
\ . .
O . Melting point
2
g
<
o}
o
=
(5]
H
0

0 5 10 15 20
Distance from weld bead/mm

(a) Welding temperature

— 60s
100 s
200 4 — 1405

\ : Melting point

Temperature/°C

0 5 10 Is 20
Distance from weld bead/mm
(b) Heating time
P BRSSO A8 T il ) LR 5 5310 (5
Fig. 11 Influence of hot-melt welding parameters on axial temperature

field distribution of pipeline
ANAR SRR T, 2 R W, R
FE R 170, 210, 250°C B} 48 T8 465 il J2 & B 43 o0l R
1.25,1.96,2.44 mm, 33578 AR 1k £ 555 i 1 4%
UG X (B HREERE S 5 mm )R 0046 , 6 T8
R AR 5L Y AR ) X S e N B i SO PR T 32 R
J& PE-HD 4R 3 PR BB R ], — 2 B[] P9 A7 T 4
i Be 1A B, Jo i 5 vo Ui B A% 1ok R A R 5
H & 110 AT DU Y, AR R 210°CA S | findk
I ) S0 I, 75 il 2 T2 82 /N R 15 m, fim b st ] A
60, 100, 140 s B} 5 T8 45 filt )22 JE B 43531 24 1.56 mm,
1.96 mm F12.28 mm , JIFA (] AF X Tk 5 ot
Al TR BE s /N o AR (8] AR Ak X I B2 37 5%
MY AR, bR PRI DU Y B KA IR 2 15 mm PR
JEER S BN AR (SR . 25 bR, A AR
FEIE )2 5 R A SR R s, AL K
JE 3 B 5 A A A 5
3.3 FIBRHEAHTEAR R A h

PRI AR i A v A8 BE AR 00 2 ARV T AN [m]
PIFHI AL =1 T AN S IR R AR 0 ), Horp g
T 5% A% 0L 7 425 ) 3 A 7R R RE 7, XA T A

(S e o ASHIF9E UAS 1B AMEE (42 1) RIS B Y
B (PR A% 2) Ty T ST SE DI, IR 12 s, A3 b
F2 S R A ) B A% IO ) S U A T Bl 1) ) 3 A RS
b, R IE PG 1% T S 8060 1 F135 50 4 1 5
i), ABEAPLEE SR i R A% 6 mm Kb AMRE SN ) (E
H—-3.66 MPa, 55 fL5Z 50 19 —3.24 MPa 25 443 LU
& IE IR ZE AT EE

K12 iRk
Fig. 12 Path diagram

P13 4t A AMEERR [0 R AR I T B A 1R
P 13 L 00 AT A/ MBE A 1] B AR I A S il 2 BT
BUR R, RIRLRL T o Rz K BT DX sl
PHE PR AR o T Pl R iy I K S B A2 TP
B, RIS TR BRI PR ER AR )
(RN T el i 8 SR b T R EE AR, A 5
FREE 5 mm e A7 (5 B ALK 0, R B 4% e g
B 1) B A T I AR5 il 1 8 9 40 A, A AR
SERE RS 7~10 mm AbIA B E KAE, SR AR T2 -1
Fot, B EAE M/ N T BB B BR AN ) o PR F TR A
JS7 73 3 A 55 AR HE S R I A2 A A O, TR A
P45 T 2S00 8 A 25 5 J e B ) B A% 1 3 1Y
Koo HTIET 13 A, SRR E T ey I, R4 3h 1]
BRAR IV 3 BB IG OR, 107 3 R 17 g WA (L S S0
37 FE L B AR B R E 5 iR ) SEE K B [ BR AR N
AR AL/ IR HE B R 5 SR TR 3 R 2 R B i Ay
IS 080N AERE RN i] 220 o 255 R 5 Al
R Al JBE T v R W A 4 R T DX SR el T
15, DR AR A A 18 7 7 8 A i R A T 3 S Y
JR R 3 AR A AEE /I 5 TIAR I o] S = B A A R i X
HR T B 3 B RE , DRLHER AR I ) 2 AR R SR
B s B A 2 el B S 1 A2 A, B
A7 o) 3 T AT ER 1], DRLEORS B ) B A 17 ) 52
A

Pl 14 D9 T8 A BERRHBR 1) BR A S A L
A LU R B AR e S B b R A IO 3% T K
S IEM BRI RI N o INAMEEBR AR ) A8 Ak
RAFAAT AL Z AL , 7 JBE T oo AR AR 7] S 2
S P ECE K B IR ER A I B 0, A8 e T



[, 45« PR ARE T 2 SO0 IR C R IR U T IR AN 1 9 87

20 170 °C
210°C
15H — 240°C

—-—- Residual stress of base material

—_
(=]

Residual stress/MPa
W

0
-5
-1 L L L L |
00 10 20 30 40 50
Distance from weld bead/mm
(a) Welding temperature
20+
60 s
100 s
L B —— 140
E —-—- Residual stress of base material
< 10§
g
25
<
=
=]
z2 0
~
-5
~105 10 20 30 40 50
Distance from weld bead/mm
(b) Heating tim
20
0.5 MPa
1 MPa
o 157 —— 2MPa
E —-—- Residual stress of base material
< 10
2
£
“ 5
[}
=
=]
z 0
=4
-5
1% 10 20 30 40 50

Distance from weld bead/mm

(c) Welding pressure
B 13 BRI eSS BO0 A T A BE R B FR AN 1 437 (52
Fig. 13 Influence of hot-melt welding parameters on distribution of
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Fig. 14 Influence of hot-melt welding parameters on distribution of

hoop residual stress on pipe inner wall
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