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2D Shell-Based Injection Molding-Structural Coupled Analysis for
Predicting the Mechanical Behavior of Injection-Molded Short-Fiber
Reinforced Composites

JeongMin Kim*, GeungHyeon Lee*, YeongHun Seol*, JeongUk Choe*,
Yunki Gwak*, Jang-Woo Han*'

ABSTRACT: This study proposes a 2D Shell-based injection molding-structural coupled analysis for efficiently
predicting the structural behavior of injection-molded short-fiber reinforced composite structures. To this end, local
short-fiber orientation during the manufacturing process were derived based on injection molding analysis, and the
corresponding behaviors were considered in the process of the structural analysis. Furthermore, by applying a layered
2D Shell model, the 3D distribution of the local short-fiber orientation was approximately mapped onto the layer-wise
orientation data of 2D Shell elements, enabling the in-plane and through-thickness distributions of orthotropic
material properties to be efficiently considered within a dimension-reduced analysis model. As numerical examples,
injection molding-structural coupled analysis was performed for tensile and bending specimens. The accuracy and
computational efficiency of the proposed analysis model were verified by comparing obtained results with those of 3D
Solid-based injection molding-structural coupled analysis.
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Fig. 3. Filling distribution in the injection molding process
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Fig. 5. Short-fiber orientation characteristics in longitudinal
direction
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Fig. 6. In-plane short fiber orientation along the longitudinal
direction of tensile/bending specimens
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Fig. 7. Through-the-thickness fiber orientation at the center
point of the tensile specimen
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Fig. 9. Mapping of short fiber orientation in 2D/3D structural
models
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11000
10500 A~
10000 =
w9500
w
2
3 9000
Q
=
» 8500
-]
[
& 8000
7500
== Moldex 3D |
7000 F ~#~ Digimat 30|
Digimat 2D|
6500 1 1 " L P | 1 J
0 05 1 15 2 25 3

Thickness[mm]

Fig. 12. Distribution of through-the-thickness material proper-
ties at the center point of the tensile specimen

layerE 7}A]+= layered 2D Shell 238 7}A435}it}. Layered
2D Shell 9 3D Solid & #]-g-of w2 Fed o =4



2D Shell-Based Injection Molding-Structural Coupled Analysis for Predicting the Mechanical Behavior of Injection-Molded... 139

B o] Al=dE A5t flall Fig. 604 Lz Q1%
9 ) Ao et B4 YRS asiglen, 7 Ao
ofet ) o] 4] W ATR= Fig 10119} 2] Foi7]
t}. Fig. 10-1194 =35 5792 7} A|HS] Zo] Wkl of
gk 74 B E UEY, s 25 F6l o1 H 1
W EE ol =4 W ol A Figs. 6-794 o R|=
A A i S0 B ekA R H e &
&} = @it} I3, layered 2D Shell 2282 3D Solid dly} H]
wsto] B WY ot 243 =& SQlE 4= 9l
t}. Ltobr}, Fig. 10-119] AiE vl o= 7} A|H O] w74
E/d0] FA ko] whet Wt o= A S skl e
™, Fig. 125 &3l 217 A[H FFFolA Y] 77 3 914
of & &4 W3t S FrHEem 45kt 5kl
t}. g AE vlE O 2 layered 2D Shell 2 E2 [A7]-F
of-2371] Fej 2 EXE= FA FF ol &4 3D Solid

e} FEF £EOR WY FeTS BT 4 Utk

o M

2.3 A AB-TE oI 34

A7) A B WY S wioR A HY-TE
A AL st SHT B R4 53] oAl
¥ TEska gl ASTM-D638/D790 14 914 1 3] A]
Ho| YL Fig 133 oo, A4 T2 )4 swel
ABAQUSE E85te] 2 AT 7ha 1xelA o] gal
o Ax 9 o] ok 291 o B4o] vkelEl A 7
§ E4S BAsg,

ARE AR A s I OlA S EAakel A

5= 57| %t o]Aket HElE 11 stgl o, 2D Shell
2 3D Solid o]AFst mdlof st @ A A X = Table 29} Z+
o] o Xith. w3l ol o] Akt o A HU/FA Rk
WiEF Bl uhE o]y 242 BsHA wrgss] 9Is)
A Yoz 67l19] 247 A-8-% 3D Solid =2 W 6-layered
t
+
S R s » 3mm
<ASTM -D638> 19r:1m
[ !
i
165mm -
e o + 3mm

Fig. 13. Geometry of the tensile and bending specimens

Table 2. Type/number of element of the 2D/3D discretized model

Analysis type # of 2D Elements | # of 3D Elements
(Element Type) (Element Type)
Tensile Analysis 10956(S4R) 65736(C3D8R)
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Fig. 16. 2D Shell Bending/Tensile Internal Energy and Kinetic
Energy

Table 3. Proportion of internal energy in each analysis model

Analvsis tvpe 2D Shell | 3D Solid | 2D Shell | 3DSolid
YIS YP Tensile Tensile | Bending | Bending
Proportion
of Internal 99.98 99.98 99.54 99.53
energy(%)
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Fig. 18. Distribution of von-Mises stress: 3D bending analysis
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Fig. 19. Layered distribution of von-Mises stress: 2D tensile
analysis
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Fig. 20. Layered distribution of von-Mises stress: 2D bending
analysis
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