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Study on hot melt welding process and mechanical properties of plastic liner

with single-side weld bead for type IV cylinder

QIAO Shilei', GU Fuwei?
(1.CSSC Hengyu Energy (Shanghai) Co.,Ltd,Shanghai 200090, China;
2.School of Mechanical Engineering, Jiangsu University of Technology , Changzhou 213001, China)

Abstract:To address the forming challenges of plastic liners for type IV hydrogen storage cylinders with large diameter and large
length-to-diameter ratio, a hot melt welding process with unique low-cost advantages is adopted to solve the comprehensive
optimization problem of weld quality. Taking weld strength and weld morphology as the core optimization objectives , the coupled
influence of key process parameters including liner groove size, heating temperature , welding feed speed, and welding feed
amount on welding quality is systematically investigated. Through systematic welding experiments, welded pipe specimens are
prepared, and their tensile stress—strain curves are tested to evaluate mechanical properties. Combined with macroscopic
observation of weld cross-section morphology and microscopic analysis of fracture structure, the effects of various process
parameters on welding forming quality and failure mechanism are revealed.On this basis, the range analysis method is used to
comprehensively balance and optimize multiple objectives, and the optimal combination of process parameters is determined :
groove size 2.88 mm, heating temperature 252.56 °C , welding feed speed 1 mm/s, welding feed amount 1.5 mm. This study
provides a reliable methodological basis and direct process guidance for the evaluation of hot melt welding process effects and
quality improvement of cylindrical plastic liners with large diameter and large length-to-diameter ratio.
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Fig.1  Plastic liner structure and weld
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Fig.2 PAG6 temperature—deformation curve
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Fig.3 Basic process of hot melt butt welding
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Tab.l Welding parameters and their levels
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A/mm B/I'C C/(mm-s™) D/mm
K1 0 230 0.2 1.5
KF2 15 250 0.6 2.0
K3 3.0 270 1.0 25
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Tab.2  Orthogonal experiment table

BRSSO MR

TiH . o
A/mm B/IC C/(mm-+s™ ) D/mm
A1 0 230 0.2 1.5
) 0 250 0.6 2.0
40 3 0 270 1.0 25
A 4 1.5 230 0.6 25
4 5 1.5 250 1.0 1.5
46 1.5 270 0.2 2.0
w7 3.0 230 1.0 2.0
48 3.0 250 0.2 25
W9 3.0 270 0.6 1.5
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Fig.4 Main structure of automated welding equipment
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Fig.6 Schematic diagram of welding process



Trda i, 25 - IV RV SOREUAR R IR A AR A R T 25 I Ty 2 PR RERIE 5T

29

(a) PNk

(b9 %
E7 Rk
Fig.7 Welded joint
*3 BTARERENEASH

Tab.3 Technical parameters of electronic universal

testing machine

5% BRI RE WK K T
- AN %% K% E/pm (mmemin™)

BE 100 0.5 +0.5  0.004  0.001~500
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Tab.4 Rectangular specimen dimensions
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T H JR~F fmm B/mm L,/mm L/mm

20<DN<50  a+0.1DN 80 >120
EH 5<DN<100  a+0.1DN 120 =170
DN=100 540 ) B FEAROM (1R R~ AH ]
a<10 15 120 >170
WAt 10<a<20 30 120 =300
a>20 1.5a 200 >400
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Fig.8 Schematic diagram of tube sampling
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Fig.12  Force-displacement curve
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Fig.13  Stress—strain curves of nine tensile tests and DIC contour plots at maximum elastic strain
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Tab.5 Tensile strength and maximum elastic strain data

= FA 5 £ /MPa IZON N iINE'S
R 1 13.62 0.929 4
R4 2 33.19 1.755 4
R 3 48.01 3.705 6
I 4 32.42 1.085 1
R4 S5 45.55 2.0925
56 50.45 3.499 8
57 16.90 0.2116
5 8 40.43 1.119 1
AY 45.83 2.191 1
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Fig.14 Schematic diagram of weld dimensions
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Tab.6  Tensile strength, weld width and weld height

of specimens

WiH  RAHSEAE/MPa  HEEETERE /mm  JREAER B /mm
R 1 13.62 2.50 1.33
) 33.19 4.40 2.12
3 48.01 5.56 2.45
54 32.42 1.16 0.16
) 45.55 3.62 1.71
R 6 50.45 5.65 2.07
g7 16.90 1.42 -0.44
40 8 40.43 2.31 0.49
R 9 45.83 4.16 1.65

R A AR 22 0 B 45 5 (L3R 7D 5 AR B %) 2%
T bR I FZ M0 35 o B oK, X AT REHE 2 1 At PR 2R Y
AEXF S o X T A5 B GBROCBEF L s 7 &
N AyB3CsDs s 3 T JR 5% 55 FE 55 1 FE GBR/INER BT, 3
T7 %53 N AsB1C,D5 55 A3B1C Dy

ERERRE, ARG ST, SR 4
BN . IR AT REIRE T BRI 4A B A
FEOR IS AR S 5 5 R ), /b J5 SR it 45 7R
K, T BRAR IS AR B th B s R RN B TR R
SEAN S, SEBRET H R RGN

B 15 73 R A 5 2 32 2508 T, A i ARG R
i1 28 f 5 L B , 2 BH S 0] e 5 B 5 e B Ry I
o X TR, I Rl 7S Ay, SR S Ay
TR LRl A AR, R TR Tt

K16 & 17 v B H 85 52 0] [R] 35 X0 I 55 i
JE 5 A 6 vy ) 52 T A
3.1.5 Mo zpimE s #r

N 5E AR I B ARG BOAS , K BP A2
2RI 25 AR TR . X 2% DAY RS Lk
TR I S g B AR NN DARL 5
FE IR ag v B A FEAE N . N9 H IR R
ot bk BOR 6 2 86 7 4F il ik, HAREN
WL, WL E NN HNE 4795 50 fr
JE1 R BRE R 9T AL 22 ) 30.035, shE K1
0.02, 1A 50 1K, % 2 H #5 0.000 1.



32 PRESSURE VESSEL TECHNOLOGY Vol.43,No.3,2026
*71 BEREMRNE
Tab.7 Mean response table for each factor
fekr K B MR F/mm In#HGE I C PR TR/ (mmes™) JEBZE A B /mm
K; 31.607 20.980 34.833 35.000
K, 42.807 39.723 37.147 33.513
K 34.387 48.097 36.820 40.287
e CTiTis ’
ez 11.200 27.117 2.313 6.773
Hefk 2 1 4 3
Pk 7 % Ay B; C, D,
K; 4.153 1.693 3.484 3.427
K, 3.476 3.442 3.240 3.822
K 2.629 5.122 3.533 3.009
P45 ]
ez 1.524 3.429 0.293 0.813
Hefk 2 1 4 3
ik 7 & A B, C, D;
K 1.964 0.649 1.296 1.562
K, 1.316 1.440 1.309 1.551
. K 0.864 2.056 1.540 1.031
FRgEEn :
22 1.100 1.407 0.244 0.531
Hefk 2 1 4 3
ik r & A B C, D;
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Fig.15 Main effects plot for tensile strength
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Tab.8 Comparison of BP neural network simulated values and experimental values

BiH AL FREE T L 1REEm L
I E/MPa BMEMPa R%E/%  WI{E/mm  BHME/mm R %E/% R E/mm AEE/mm R%E%
A5 2 33.19 32.18 3.14 4.40 4.50 222 2.12 2.02 4.95
57 16.90 16.94 0.24 1.42 1.44 1.39 -0.46 -0.45 2.22
x99 PLEESRKRITRER
Tab.9 Central composite experimental design and results
e W r R ﬂD???E‘ZE‘JE/ E%J‘&%\EEI?Z/ JREdE R ROAREE JREETERE/  IREEmIE/
mm C (mm-s™) mm MPa mm mm

1 1.5 270 0.6 2.5 50.1558 3.2360 2.0399
2 0 250 0.6 2.5 41.707 7 23795 22445
3 1.5 230 0.6 2.5 32.2194 1.1625 0.1573
4 1.5 250 0.6 2 47.227 8 2.1547 2.008 6
5 1.5 250 0.6 2 46.756 8 27826 2.008 6
6 3.0 250 0.2 2 37.6897 5.1369 0.440 8
7 1.5 230 1.0 2 19.071 3 2.1859 0.192 8
8 1.5 250 1.0 2.5 31.5653 2.229 1 1.4870
9 0 250 0.6 1.5 13.968 1 4.988 6 22905
10 1.5 230 0.6 1.5 17.330 4 1.444 0 0.630 0
11 3.0 270 0.6 2.0 48.442 8 3.866 6 0.644 9
12 0 250 1.0 2.0 35.963 0 5.2340 2.086 5
13 1.5 270 0.6 1.5 48.734 0 4.879 4 24138
14 1.5 270 0.2 2.0 50.430 5 5.6314 2.0709
15 0 250 0.2 2.0 41.590 2 4.1653 2.1845
16 3.0 230 0.6 2.0 17.6117 1.283 6 -0.4356
17 1.5 250 0.6 2.0 43.578 6 29123 2.008 6
18 1.5 250 0.6 2.0 49.782 5 24124 2.008 6
19 3.0 250 0.6 2.5 23.712'5 1.6118 0.580 0
20 0 270 0.6 2.0 50.1419 5.4362 24425
21 1.5 250 1.0 1.5 45.542 8 3.6162 1.702 8
22 1.5 250 0.6 2.0 45.123 6 2.5675 2.008 6
23 1.5 230 0.2 2.0 15.5925 1.199 6 0.163 8
24 1.5 250 0.2 1.5 26.043 4 49538 2.3428
25 1.5 250 0.2 2.5 49.720 2 1.416 6 22396
26 3.0 250 0.6 1.5 449159 3.046 8 -0.297 5
27 1.5 270 1.0 2.0 49.803 8 5.0163 2.0305
28 1.5 250 0.6 2.0 42.8757 2.5348 2.008 6
29 3.0 250 1.0 2.0 30.3492 1.4318 -0.3316
30 0 230 0.6 2.0 13.734 2 1.607 9 1.0192
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Tab.10  Analysis of variance for the quadratic polynomial

F12 RBESE RZIARENFESH

Tab.12  Analysis of variance for the quadratic polynomial

model of tensile strength model of weld height
i H TR d BEE i 5 H ¥HM 4 BEE pl
iR 4541.11 14 32437 <0.000 1 fei7 25.77 14 1.84  <0.000 1
A 2.63 1 2.63 0.709 9 A 11.34 1 113.19  <0.000 1
B 2764.86 1 2764.86  <0.000 1 B 8.19 1 81.75 <0.000 1
¢ 6.41 1 6.41 0.562 6 c 0.43 1 4.30 0.055 7
D 88.27 1 8827  0.0441 D 0.01 | 0.09 07647
AC 0.73 1 0.73 0.843 9 AC 011 1 113 0303 6
AD 598.86 1 598.86  <0.000 1 D 021 | )13 0.165 3
Be 4.21 ! 4.21 06381 BC 0.001 1 0.01 0.9143
BD 45.34 1 4534 0.1362 8D 0.002 . 0.02 0.878 0
CD 354.46 1 35446 0.0005
) CD 0.003 1 0.03 0.861 1
A 417.39 1 41739 0.0002 )
R A 3.33 1 333 <0.0001
B 256.97 1 256.97  0.0019 .
, B 2.76 1 276  <0.000 1
c 89.36 1 89.36  0.0430 ,
5 c 0.36 1 0.36 0.077 2
D 143.73 1 14373 0.0134 ,
.- 57408 s 18,20 - D 0.04 1 0.04 0.5347
SAIRE 24157 10 2416 0.0811 s 1.50 15 0.10 -
s 3071 5 6.54 _ RAhRZE 1.34 10 0.13 0.062 0
BE%E 481539 29 — — Bk 0.16 > 0.03 -
o " . B E 27.27 29 — —
F11 BRERERSTIRERNGESHT

Tab.11  Analysis of variance for the quadratic polynomial

model of weld width

mH F dy B % plE
it 60.49 14 4.32 <0.000 1
A 4.60 1 4.61 0.000 5
B 30.66 1 30.66  <0.000 1
C 0.65 1 0.65 0.121 0
D 9.89 1 9.89 <0.000 1
AB 0.39 1 0.39 0.2232
AC 5.70 1 5.70 0.000 2
AD 0.34 1 0.34 0.249 5
BC 0.64 1 0.64 0.123 1
BD 0.46 1 0.46 0.1849
ch 1.16 1 1.16 0.044 4
A? 1.91 1 1.91 0.012 8
B 0.10 1 0.10 0.519 8
c? 4.19 1 4.19 0.000 8
D? 0.11 1 0.11 0.5149
& 3.60 15 0.24 —
RAR % 3.24 10 0.32 0.055 4
afiiR 7= 0.36 5 0.07 —
ME%E 64.10 29 — —
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Tab.13  Optimal experimental scheme

WH A

B

C

D Y, Y

Y

LUEENEN

1
2

8
9

2.81 252.56 1.00 1.50 50.43 2.09

2.81
2.82
2.83
2.84
2.85
2.82
2.86
2.83

10 2.86

252.58
252.62
252.71
252.71
252.75
252.95
252.82
253.06
252.87

1.00
0.99
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1.00
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1.50 50.43 2.09
1.50 50.43 2.09
1.50 50.45 2.09
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1.50 50.43 2.11

0.00
0.00
0.00
0.00
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0.00
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