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Injection molding filling simulation of thin-walled components based on a compressible
two-phase flow model
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Abstract : The injection molding filling process of thin-walled components was simulated based on the compressible two-
phase flow model. For the thin-walled components whose thickness is less than one-twentieth of the length and width, the mesh
delineation criteria in the thickness direction and the distribution of physical quantities of the thin-walled components in the filling
process were investigated. By filling simulation with the meshes divided into different layers on the thickness direction and analyz-
ing the accuracy of the results, it was concluded that when the mesh layers on the thickness direction is not less than 7, the injection
molding filling process can be simulated accurately. According to this criterion, filling simulation for two thin-walled components
was carried out . The grid size of equal-thickness thin-walled component is 0.247 1 mm, the total number of grids is 551 124, and
the thickness direction is 7 layers. The grid size of unequal-thickness thin-walled component is 0.285 7 mm , the total number of
grids is 2 262 498, and the thickness direction is 7 layers. The simulation results are consistent with the existing experimental results
and commercial software calculations, verifying the feasibility of the thin-walled component meshing standard. In addition, the phys-
ical quantity distribution characteristics of the two thin-walled cavities during the filling process were analyzed, and the results show
that the internal pressure of the cavities are all larger around the gate at the end of filling, symmetrically distributed along the axis of
symmetry of the flow direction, and uniformly distributed in the thickness direction. While the velocity is unevenly distributed in the
thickness direction, is usually smaller near the wall, and is larger in the position of the center of the cavity.

Keywords : compressible two-phase flow model ; thin-walled component ; meshing standards ; grid size ; filling simulation
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Fig. 2 Geometric modeling of equal-thickness thin-walled component
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Tab.1 Coordinates of different points of equal-thickness

thin walled component

Points x/mm y/mm z/mm
P1 0 20 0.865
P2 60 5 0.865
P3 60 35 0.865
P4 115 20 0.865
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Tab.2 Grid parameters
Name Number Size/mm Layers
Ml 43 056 0.576 6 3
M2 103 044 04325 4
M3 193 795 0.346 0 5
M4 342792 0.288 3 6
M5 551124 0.247 1 7
M6 793 520 0.216 3 8
M7 1173 744 0.1922 9
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Fig. 3 Mesh schematic for equal-thickness thin-walled component
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Fig. 4 Temperature distribution curves on straight line L1

under different grid conditions
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Fig. 6 Velocity distribution curves on straight line L1

under different grid conditions
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Fig. 8 Comparison diagram of melt front positions

(top: experimental results; middle: simulation results of literature;

bottom: simulation results in this paper)
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walled component at different moments in time
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thin-walled component
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Tab.3 Coordinates of different points within unequal thickness

thin wall model

Points x/mm y/mm z/mm
Pl 7 0 2
P2 35 0 1
P3 39.5 0 0.5
P4 42 0 1
pP5 192 30 1
P6 192 -30 1
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Fig. 14 Position of melt front at different moments (top: simulation
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results of literature ; bottom: simulation results in this paper)
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PEHLP1,P2,P3,PA,P5, P6(1ii & WLIK 12)4F 6 4>
KRR AR At & B 18 s . BT 18 A
DI, 64 500 R BE R B) S A S 1 R a3 7 78
T8 I 25 1> 0 R 77 34938 B KB, X i PS T
P6 1[5 Biti o) ) A AR A 4 JL-F- 5 A, 1B Ui N
XRS5 00 1A A —B

/'/ L L L L
0 025 050 0.75 1.00 1.25 1.50
t/s

P18 ANAT IELTHERE R (A AN TR 02 Ak ) g s i) 22 £ th 2
Fig. 18 Pressure variation curves with time at different position points

of unequal thickness thin-walled component
i3 DL AN R RE A PR A T B A R i —
AR TR BE RS £ (8 5 i R A TSR, 2 K0
FEAEJEFE 7 1] b3 53 2270 7 R, REAS HERA B )
SEVRTTI PTRSN RS , AT DA AT i 33078 s RS
(IR EE T R Y A
3 it
(D)X S JEEHERERB 130) 73 AN [R) RS B T s, 45 21
RIS RE R AR R By RAR B R R D T 2
I, BEAS X 11 9 i B A TR, BT
SCHRZS R — B, 31X — G510 A i BE G 1 1 3 SR AR A
ST RO o BEAAR A
(2) 7 90 X 5 T2 TR BE AR 7 AR AN 5 J52 R B A 17 I
JE BRI53 7 R WA AT T SR, A R ]
DLF 5T A 200 T A D ST AR AR | %o Y A
TR FE L R B AR T R AT A RGE R, 5
T A 1Y 52 36 295 2R R R K 1F Moldflow A5 481 245 2R
Vi
BT R b, HEREAA Y i A A ) P A
A FEAE— B FAAE . AN [R5 A 1 1 ) 35 B 70 T A
[E2) P 335 o i 44 O, 7 S L2 I 3k B 5 Bk
B 7EFTIAZE AT, P8 10 BRI AL 19 FE 138K, W Xt
FREN XS PRS0, BRI Jy i) By A5 o s
JEEAE R 7 1) b G AR AN YA 300 R T O S R A
N AEBIE O E R BEROR
5 % 3 o
[1] AR, B, L4, 5 3T Moldflow VR 4AT BRI 4347 508
A[J]. #88E,2020,49(6):137-142.
TANG Jie, HUANG Rongxue, WANG Quanliang, et al. Warpage
analysis and optimization of automotive lampshade based on mold-
flow[J]. Plastics, 2020, 49(6):137-142.
2] HEHU RS b R RS 5 2 % R TR H T
[M]. B B VLPGRFARAR AL, 2003.

Chinese Mechanical Engineering Society. China mold design



ARFSER A T R A AR AU AS T ) T B ) L 9 70 AR AL 99

[3]

(4]

[3]

[6]

(7]

[8]

[9]

[10]

(1]

[12]

dictionary: volume 2 light industrial mold design[M]. Nanchang:
Jiangxi Science and Technology Press,2003.
RN N 1 R A o it D RS L i VD e B K
(7). RSB T, 2023, 51(5):75-80.
SHANG Xuemei, MEN Jing, HAN Haiyan, et al. Moldflow analy-
sis and process optimization of mobile phone case injection
molding[J]. Engineering Plastics Application, 2023, 51(5):75-80.
CHIANG K T. The optimal process conditions of an injection-
molded thermoplastic part with a thin shell feature using grey-
fuzzy logic: A case study on machining the PC/ABS cell phone
shell[J]. Materials & Design,2007,28(6):1 8511 860.
NIAN S, WU C,HUANG M. Warpage control of thin-walled injec-
tion molding using local mold temperatures[J]. International
Communications in Heat and Mass Transfer,2015,61:102—-110.
LUCCHETTA G, MASATO D, SORGATO M, et al. Effects of
different mould coatings on polymer filling flow in thin-wall injec-
tion moulding[J]. Cirp Annals-manufacturing Technology, 2016,
65:537-540.
ZHANG J, YIN X Q, LIU F, et al. The simulation of the warpage
rule of the thin-walled part of polypropylene composite based on
the coupling effect of mold deformation and injection molding
process[J]. Science and Engineering of Composite Materials, 2018,
25:593-601.
KWON Y I, SONG Y S. Application of injection-compression
molding to thin-walled polymeric parts[J]. Korea-Australia Rheol-
ogy Journal,2018,30:161-167.
FENG Q, ZHOU X. Automated and robust multi-objective optimal
design of thin-walled product injection process based on hybrid
RBF-MOGA[J]. The International Journal of Advanced Manufac-
turing Technology,2018,101:2 217-2 231.
HUANG Y, HUANG C F, PENG B, et al. Experimental and
numerical study determining the warpage phenomenon of thin-
wall injection molding[J]. Advances in Polymer Technology,
2020,2020:1-13.
EIRIE, DU, HE A T T H G PO A L A S
U], TSR L2024, 52(2):66-74.
WANG Zhenhai, JIA Wei, DONG Qinxi, et al. Injection molding
filling simulation based on a compressible two-phase flow model
[J]. Engineering Plastics Application, 2024, 52(2):66—74.
YANG B, TANG Q, WANG S, et al. Three-dimensional numerical

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

simulation of the filling stage in resin infusion process[J]. Journal
of Composite Materials,2016,50(29):4 171-4 186.

PEYDRO M A ,PARRES F,CRESPO J E, et al. Study of rheologi-
cal behavior during the recovery process of high impact polysty-
rene using cross-WLF model[J]. Journal of Applied Polymer
Science,2011,120:2 400-2 410.

PETRILA T, TRIF D. Basics of fluid mechanics and introduction
to computational fluid dynamics[M]. New York:Springer US,2006.
XUE Y, LIU W, ZHAI Z. New semi-Lagrangian-based PISO
method for fast and accurate indoor environment modeling[J].
Building and Environment, 2016, 105:236-244.

HADI A, MOHAMMED R J, JAWAD Q, et al. Simulatio-n of
flow around circular cylinders for complex von ka-rman vortex
street phenomenon using SIMPLE, SIMPLEC and PISO[J].
Basrah Journal for Engineering Science,2024,24(2):43-49.

SO K K,HU XY, ADAMS N.A. Anti-diffusion method for inter-
face steepening in two-phase incompressible flow[J]. Journal of
Computational Physics,2011,230:5 155-5 177.

ZHU G, ZHANG L, YAO J. Energy capillary number reveals
regime transition of imbibition in porous media[J]. Physics of
Fluids,2021,33:123111.

ZHOU J, TURNG L S. Three-dimensional numerical simulation
of injection mold filling with a finite-volume method and parallel
computing[J]. Advances in Polymer Technology, 2010, 25(4):
247-258.

YANG B, OUYANG J, ZHENG S, et al. Simulation of polymer
molding filling process with an adaptive weld line capturing algo-
rithm[J]. International Journal of Material Forming, 2012, 5(1):
25-37.

ISAINCU A,DAN M, UNGUREANU V., et al. Numerical investi-
gation on the influence of fiber orientation mapping procedure to
the mechanical response of short-fiber reinforced composites
using Moldflow, Digimat and Ansys software[J]. Materials Today:
Proceedings,2021,45:4 3044 309.

JEWT . = 2R S A 1A S 10 SR SFUR O e o 2 P RS R A B
FE[D]. P22 VYL Tk e, 2018.

ZHUANG Xin. Numerical simulation of three-dimensional visco-
elastic melt filling and packing processes in injection molding[D].

Xi'an: Northwestern Polytechnical University,2018.



