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ABSTRACT

ABSTRACT

Hydrogen storage, as an intermediate part of the hydrogen energy industry, plays a
pivotal role. The resin-lined type IV hydrogen storage vessel has lower manufacturing cost,
lighter weight and longer service life than the aluminum-lined type III hydrogen storage
vessel, so it has become the focus of energy vehicles and other fields. The resin liner of type
IV hydrogen storage vessel contains a metal bottle mouth, which is connected with the resin
liner and the metal bottle mouth by injection molding. Due to the existence of metal bottle
mouth, the structure of resin liner is complicated, and the forming problems such as short shot
and warping deformation occur in the process of injection molding, which affect the forming
quality of resin liner and then affect the service life of hydrogen storage vessel. Therefore, the
molding process was simulated before injection molding, and the possible forming defects in
the actual production process were shown from the simulation results. According to the
problems, some process parameters that can be controlled and adjusted in the injection
process are optimized, so that the resin liner can meet the molding quality requirements.

In this paper, the resin liner of type IV hydrogen storage vessel(referred to as injection
parts) Moldflow was used to simulate the injection molding process and optimize the molding
process parameters by multi-objective process parameter optimization method. The research
content is divided into the following aspects:

(1) Firstly, the three-dimensional model of injection parts was imported into Moldflow,
gate position analysis and setting of the model were carried out, and the pouring system was
established, so as to conduct the initial injection molding simulation and obtain the simulation
results in the initial state.

(2) Then, taking the filling amount under the pressure of the speed/pressure switch of
injection parts as the test index, the process parameters such as the temperature of the molten
plastic entering the mold cavity, the pressure required for the molten plastic entering the mold
cavity, the pressure required to supplement the molten plastic and the time required to
supplement the molten plastic were selected as the test factors to design the orthogonal test.
Taking warpage deformation, volume shrinkage and residual stress in the cavity in the first

main direction as test indexes, the Taguchi orthogonal test was designed by adding six factors
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on the basis of the above four test factors, such as the cooling time of injection parts after the
completion of replenishment and mold temperature. The results of two orthogonal
experiments were analyzed by range and variance.

(3) Finally, two multi-objective process parameter optimization methods were used to
optimize the process parameters of temperature, pressure, time, etc. which could be controlled
during the molding process, taking each test index of injection parts tended to optimize, that
mean the highest comprehensive performance of injection parts as the test index. Under the
two methods of optimization results of the test index is compared, the experiment in injection
molding process parameters combination are obtained, and the injection molding experiment.
After the injection molding, the profile tolerance of the injection molding was measured. The
results showed that the profile tolerance of the injection molding was 0.4475mm, which was
similar to the warping deformation obtained in the simulation of 0.4978mm. The results show
that it is feasible to optimize the performance of injection parts by optimizing some process

parameters in the injection process.

Key words: The resin-lined type IV hydrogen storage vessel; Injection molding
simulation; Multi-objective process parameter optimization; Injection molding

experiment; Profile tolerance



BH X%

BB EE 2 1D oo 1
L G B et 1
1.2 IVELE A ARME SR P AMIEFEIIR oo 2

12,1 FEAMIFFEIIAR oot 2
122 I PITEFEIIIR oo 2
L3 VEZBEETUIETAY oottt 3
L3 T VEIRILIE TR oo 3
132 IR T 225 et 5
133 VEIHIHIL CAE oo 6
1.4 VEIE R AN FEIIR v 7
141 FEAMIETTIIR oottt e 7
142 TR PABIFFEIIIR oo 8
15 ARSI B TEIZ oot 9
15T AR FERITE S oot 9
152 PRFIHT TE BT B PIZE oot 9
153 FUBRIT D oo 10
1.6 BT ZINGE (oo 10

FIE BRFERBIEIRSIEEERBARIN oo 11

2.1 FERHE IR AR 22 T oo, 11
21T ELETETTFR oot 11
202 BB TTTR oo 12
213 BEB I TTE oo 12
214 AR TTFR oo 13
215 BRASTT TR oo 13

2.2 MOLATIOW TATTT oottt ettt ettt ettt ettt et e e et et et e e s eeeeeane 13

2.3 VEBA R AR T T AL oo, 14
23T BRIEE N oo 14
232 PAFERIAT oot 15
233 MRS L T ZTERE (oo 16



TV IR SR IR P9 A 28 R BE30 J TE S AL 7T

234 BT B ZIHT oot 17
235 BETE R GE TN oo 17

2.4 WIUEZEAE FIEZBFRIRE I oo 18
241 FEIEITTA] oo 18
2.4.2 /B FTYIEF FIE FT oo 19
243 TRBRTIHRE <o 19
ABIBEFELR oot s 20
2ASARFILLGTTE oo 20
2.4.6 55— LTI BE N IR AT T oo 21
24T FHHIZET oot s 21

2.5 ZREEIINGE oot 22
FE=F T Taguchi ERXRIE T ZEHMN oo 25
3.1 Taguchi IR TETIT 1ovovvccceee e 25
311 IEBTIRIG v 25
312 IR IRIEBIE I HT T8 oo 26

3.2 RIESHT G IEATIRIE BT v 28
321 RIEP AR T oo, 28
322 IERARIGVETE LB TR oo, 29
323 RIFEMEZE G TTZEIIHT covoeveesee e 30

3.3 VEIAMEFE I FE AR JIZB A oo 32
34 AL T T AT EEIIAE oot 32
3.5 Taguchi IEACTRIE BETT 1vveviireei e 34
3.5.1 IETARIGVETE LB T oo, 34
352 (5 Ml SN ARG BT L T oo, 35
3.5.3 RN AR I EAG MR LURZE 57 22 70 MT o 37
3.5 4 R 2B M LUAR ZE 5 J7 ZE 3T v 40
3.5.5 H— T MBI N IR AR LG MR LU ZE 57 Z 0T 43

B0 ARBEINGG oo 46
AU = = M Ly R 1 = 49
N = TRBIE 2 & 1 U 49

VI



A1 LEBTEITVE oottt 49

B.1.2 TRICIEIIMTIE: oot 49

4.2 BT LAV MER Z I LESEMRATTT oo, 49
421 BTTFFMAEFRIEIY v 50

422 ZFATIBLETIY oot 50

423 TEBEIMALLE R DT oo 51

4.3 BT IRO KRB ZAEIR L2 S BT TT oo, 54
431 TRATEIEIIHIT oot 54

432 TEBBIMALGE R DM oo 57

B4 ZREEIINGE oo e e 61
FERE SEIBRRBISTIEIEIE oot 63
STTETBSZIR oottt 63
SLTTETIHLIEIAY oot 63

S L2 TRIEIRIG oot 64

5.2 ZARFRINEACI BT AT A B FE AT IR AT (o 66
5.3 ZRFE/INGE oot 67
=l 3= OO 69
6.1 ZETL oot 69

0.2 FEEE oo 69

e -2 ol SO 71
Q- USSR 77
Bgrg et Va2 21 g e N vl = - OO 79

VIl



Bom 4R

F—E % it

1158

T A0 B AR A A OB R i BE A T R 1 H 28 ™ B PR SR S e M ae e l. 4
BRAE R [F) DL/ PR TS Je WRR SR A5 1) S A N B A B R, SR N A AR SR
SR G RRIR RIS B R hz — U2, B KB TCRGME A, X BB A7 o TS e s
Poori, FET UL EREs, XTERRIE B L AR E 2 RGBSR
KAETTH=FB A pl, BIAE =S, isa . PMAHEASE. HieiE A&
Pl B, s R BEJRTR T IER

S0 BRI E R R AR RSN R A i S R ) e s 4 11
TR T AR AR L ERAESE, BARRES, HARER, \EERE
IS4 R ), FEVREAUISE o )2 A BIF R BT 5. i R A A 2 i
TEUE A AR T e B AU AR E T, . IVALE S SOM. A ATiA
A R AE T A MR 3R b, AU ORI A, TSSO A A RE, TV
USRI N G, MR SAET WA AN 2 B8 2 36 2 4 g 52 A 44 B8,
35MPa ) N WA AR S SO R a R S R R P R E &, BT
RN AR B G BB A B AT, T 6 SO B A O RRON oh G i
AR KT K SRR IR AOm, A A e e i it . SR
ST R AT T RGP SR, BN R AR s HAE
il R AN RS L AT RE VO B RO, STk, A2 B R KT A E
70MPalV 2 i & <M -

FEay

B 1.1 & A 2R 8 6 WS BRI B

Fig. 1.1 Four stages of development of high pressure hydrogen storage vessel
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Table 1-1 compares the advantages and disadvantages of plastic molding methods
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Fig. 1.2 Flow chart of injection molding process
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