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Warpage and Mechanical Property in Injection Reinforced Thermoplastics

(FRT) Parts

FFFCEF R RAT R FA-HEE S BEER T
Jia-Hao Chu!, Wei-Wen Fu!, Chao-Tsai Huang!", Sheng-Jye Hwang 2, Hsin-Shu Peng?,
Chun-I Tu*, Wei-Hsun Hsu*

T+ B gipadiedh
! Chemical and Materials Engineering Department, Tamkang University

LEET AT Ve LY

2Department of Mechanical Engineering, National Cheng Kung University

THT X FRRRE TRl RE )
3Dept. of Mech. and Computer-Aided Eng., Feng Chia University

PR PEARRR T LS
4 Chuan Lih Fa Machinery Works Co. Ltd

* E-mail: cthuang@moldex3d.com; cthuang@mail.tku.edu.tw

2

d gk e ag 1 44 14 B (fiber reinforced thermoplastics, FRT) & 3 224 iR 8 2 314 > i
Eke XL AFY I R hiE RV He2 - c AHF AT E E s AR o ’L‘H’ C R
PR FOOMCE AR AT R EIE R RAHS BBV USRI S0 A8
TALBBABFL o H ALK .:aw L CAEM&M%&?%F:
3 ﬁé—% oo gyt B *ﬁ = ﬁél oo n(Model I % i L% »#L ~ Model IT 5 = £ »
L~ Model 111 5 B3 ~ ) iR 2E 42 0 5 2 (ASTMD638)rm,e B JRe AR B B TR
@&*ﬁ N T I e g e
g T ’Wmmih%r%mt@wﬁﬁ%;@$¥ﬁﬂiﬁﬁﬁﬂk'@5%3455’
Hoe - By THRINE - BRI T - B B 0 FRETTRIL B 7L
FERGE L Ave L o B F o A PAEE S A Y nP R TIE o RN o SRR
R e 4o T L F ookt EEREZ B B o £ OP] AL 1 k4 (G2 & B HT9102M)
EFEZ A RRP 2PV RAE YR F Y BB 51 PR Model [ 2 3R 2 PV 5
&%&Mwmyﬂ&ﬂaWﬁnmﬁ“W;mﬁi%“’ﬁrz@%ﬂ,ﬁf LR AR
AR 2 R A R PV BATERAE A ST 0 A2 Model I 2
a8 5 R 454 % Model 11 - wwwﬂ‘ﬁﬁﬁ%v%ﬂiﬂr%°@?"ﬂ&¢ﬁ~
Pi%ﬁmﬂw FIFIELAOIR G o 5 opt o S Ao 41 % CT Scanner #1345 18 {7 % "o ¥k 47
B £ 1% Avizo BB FRAE S $ L T2 0 A H B R B A PHIRIER L 0 L LS
FHEMAPAE L TR ATFRRER AT R E R R LR E R PR RIER



AR T R E Eit2 AH
Mg @ ot ]~ s R AR S R T MRl TRER R

Abstract

In recent years, due to its excellent properties, the fiber-reinforced thermoplastics (FRT) material
has been applied into industry as one of the major lightweight technologies, especially for automotive
or aerospace products. However, due to the microstructures of fiber inside plastic matrix are very
complex, they are not easy to be visualized. The connection from microstructures to the final
shrinkage/warpage is far from our understanding. In this study, we have proposed a benchmark with
three standard specimens based on ASTM D638 where those specimens have different gate designs.
Due to the geometrical effect, the local warpage behaviors are quite different for those three
specimens.  Specifically, it causes one specimen warped downward and bended inward, another
warped upward, and the other slightly upward at the same time. The local warpage behaviors are
validated by experimental study with excellent agreement. Moreover, the fiber length effect on the
full warpage behavior was also conducted. When the longer fiber length is introduced, the full
model warpage behavior can be reduced. The detailed of the full model warpage behavior has been
analyzed side-by-side using both of numerical simulation and experiment. The trend is in a
reasonable agreement for both simulation and experiment. Furthermore, the mechanical property
variation of the finished parts due to the different fiber length was also investigated. Results showed
that when the fiber is reinforced the tensile strength is increased linearly for all Models. However,
the tensile strength of the Model I is always better than that of Model 11, while Model III is much
worse than others due to its double gate effect. ~ The reason why the tensile strength of the Model |
is always better than that of Model II could be due to the side-gate structure to provide strong fiber
orientation and also more uniform fiber distribution at NGR. Moreover, we utilized CT scanner as
well as Avizo to visualize the fiber orientation. The observation of fiber orientation experimentally is
quite consistent with that of CAE simulation. The results also indicate that the long-fiber injection
molding system we proposed can retain fiber length efficiently to keep the excellent mechanical
properties.

Key words: Injection molding, fiber reinforced thermoplastics (FRT), fiber microstructure, runner
and gate effect, CT Scan
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1.Single-Gate Specimen

Model 1 (Edge Gate)
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3.Double-Gate Specimen 2.8ingle-Gate

Specimen (Sprue Gate)
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