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A study on structure analysis system for short fiber reinforced plastics

Jee-Young Youn™, Sang-woo kim’, Bong-Hyun Park’,
Seong-Hoon Lee”, Tai-Hun Kwon™, Ki-Tae Kim™

ABSTRACT

This paper deals with anisotropic property and structural analysis for short fiber reinforced plastic composites
manufactured by the injection molding process. The common approach for modeling this type of material is the
consideration of the material as homogenous and isotropic. However, the common isotropy approach often
results in unexpected failure. To overcome this, new structure analysis methodology was developed in order to
consider fiber orientation effect using injection mold flow analysis and Halpin-Tsai equations for unidirectional
composites and taking an orientation average. The numerical predictions are compared to experimental data for
tensile specimen. The predicted mechanical properties agree well with experimental data for fiber orientation
and weld line effect. The analysis system was also applied to an automobile part. The proposed anisotropic
model predicted different mechanical properties by position of the part and different mechanical performance of
the part was changed according to injection gate position.
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T 4% AEAY AHTE BE B TR RE
AeFslel PEste] FHSE BH7FsE ZelAE EIAE (Short
fiber reinforced plastics)7} AF&E3L Qlom, 1 FQAlo] A
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© 1 Yyl AG ulisk (fiber orientation)o] =LA JoFS wF
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ArzL Jefferyrl FE -,Txﬂ (Newtonlan fluid) lﬂoﬂ/ﬂ @
ERIA (ellipsoidal particle)®] 317 5ol gt o]&4 =g
= ANEALH[L], ols FAA AR wiF Td AFY
7182 o]&o] o @1 9lr}. o] & Folgar, Tucker, Advani
ol sl s A7sk AW YeH26]

53 A7y 7AH 240 e A= 1960 iE &
Te] AFE7] AFR ol Ats 2A PAIYEH (Micro-
mechanics) 224 & (matrix)z} 2ol A5 ZgS 1
goto] 55 Az 7ol Wt A+ ArHE (Macro-
mechanics) 224 wjdx} Bz L& glo] E3 A7rE
Y%k (homogeneous) A=EE 7Hgste] HAA T oA
B3 Ao AL AT F Hopz Ui 4t

mAlEhe B HAf 2ol wE 53 A=Y 7)AH
4 dSstele dFES @A, olHE A5E ANYS
DY) AYEL F3) AT A7l gol Aol
gtk o5 Bl 5 Az VAH B4 &S A% oY
@ melgo] W Holov lRE BaF 47 g
Fom mAHo] glo] A olgel ofge Mol gtk
Halpini} Tsai= o3t 7|29 mdE9 s Hs)r]
Qs ®7b ¥4 (interpolation procedure)E o]-&3ko] 7] 9]
thoFst mElELS Aske] EHI 4 9l Halpin-Tsai 412
AerslgiTH8,9]. Halpin-Tsai Alo]4] FE3 Mo Ao] uje
YAsta, 1 AT o] uj =tk AHoloh

oA a7t vioh 2ol WA Betad HERR A
REo] o]y FAH BAL REO] A4 W kAT U
g gelo] glowl, weby T ojEe HEo] wskd A 9
Aztol] a3t JdE& 5“:} e % A 38 EoH Al

om 3 B w4 wdL olgsiel gov), AR BE u

weol Z7 Aol A97h Hrk B Aol ojgh Be
A 5 72 e WS HeT & JEs e )
A ol xS Aswe AUST. AELENAS
Bsjo] AEHEO ARAL M WjFF U olo] W o]y
(anisotropic) B4 A olZeli, AR R Fxeld ol
A7 Qo] &l Bere] BAo] FxaAle] w
S Sisich £ AU Fojol 4 Al Yo
2 Azeldon, RE oo Hgsie] v|Ee] Sy Tz

At e w4 ol Tasd Ans skl
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21 A7 uHE

4G Zcke] wigk Al Sk B2 3k (probability distribution
function) W(p.rt)jdp oz ®& o 5 girk 7|4 P o
4 459 digF WE (orientation vector) o]u r I}t ti= Z}F
7t 9|9} A7 Uitk g8 2E g4 Y(prt) & 9
A rolq AZk to] dp Zw ) p wEFo R HigkE Ao
Fe gee ¥(prt)dp 2 yeph=s Ao Hick
Advani?} Tucker7} Aokt A6 gk A (fiber orientation
tenson) & ©]-§8k 22 W 4%} A Wi BAE ofefel ol
o] t}3].
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Fig. 17} 2 SHrA 18X} uf& (polymer matrix)ol]l P
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S (transversely isotropic)
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B,=C,-Cy

1
By =Cqs +E(Czs _sz)

B,=Cy
1
B, = E (sz - Cza) 3
=R P
o=y .

Fig. 1 Fiber orientation described by the vector P .
e AR TS A4Sk Zetad AEREe] 49 1
R 44 e Fig. 19] 1249 wjgake de] durdo
A WS ZRAA ek o] B9 e EAE 33 A%
vigke] Qe WHHor Tt AS i Bt g4 A
(fiber orientation averaged elasticity tensor)S o]& &
ok A% fF B s AE ofefsh ol AojErh

wéé

<Cijkl > = I Ci (E)/’(E)d P (4)

@l chell wiFF BE Fskd ofet Ze WAE

% glek
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3]
L=

<Cijkl> = Bl(aijkl)
+B, ;6 +ak|5ij)
+ Bg(aikﬁj, +8,0; +2,0 +ajk5i,) (5)
+8,(06,)
B5(5ik6jl +5i|§jk)
29| Invariant

Closure approximation =

A7 A =
based optimal fitting (IBOF)& o]&3lo] 22} &lA & & AL

gk Cy = ol obdfel e ok
2 olgatu ofdlel k.

37| (contracted notation)

Cy= Cnn , Cp= szzz , Cy= C3333 ,
C=Cup, Cp=Coys, C3=Cay

Cu=Coas, Co5=Cya, Cg =Cp (6)
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4 Engineering constants (214 sHAAS, AT eAAS,
Poisson H])9] HA= oo} At}

_1-vpvy _ 1wy _ 1wy
BTEEA T ?T EEA T R EEA
23 13 12
_ViptVaiVos _ Vip tVaVis
12 — -
E,E.A EE.A
c.. =V T ViV _ Vas tVaihis
23 =

EE.A E,E,A

_VatVaVs _ VigtVipVss
13 = =
E,E,A EE,A

Cu =Gy, Cy =Gy, Ce=Cyp

—VioVar ~VasVsr ~VaiVis — 2VarVarVis )

1
where A=
EEE,

ool stel wlAlejst WAES 2Asto] BT 5 Ut
Halpin-Tsai 41 o] §5H=% st ofo] wje} 444 Bi(i=1~5)

E 7% &+ 2k o] uf Halpin-Tsai 412 o}z A] A2 #
AH
1+&nVv
Vi =V +V, V., M ey
"M, 1-7V,
(Mg /M )1
(Mt /Mp)+
where M =E;, E, or Gy, Gy (8)

o714 vy, E, Gji= Zt7} Poisson u], 1% wAA

(tensile modulus), At BAA4= (shear modulus)S LtEFLY
], olefjdA} (subscript) fo} me zHzb AH89F B WA
S yebdich Viep Vo =1-Vy & A7 B g | daet
pEAo] Bul ulg (volume fraction) & etk &&= A
o T2 (FFul 1/d), 449 4 A, 55 24
gt AQEE i WaeR obejel go] B@ Hrh
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(a) A4 4 AZESol Moldflows] AiATIEIE e

ReHR HFRES olgTtol HHALE Eshu ol
FreAe] Agstnh FraA KZEYeIRE ABAQUS
£ A}2-35+9tH10,11].

AMEHOIE AEAHIOIE
(b)
Fig. 2 Tensile specimen (a) without weld line (b) with weld line. 3. A]@?‘; a%‘
Shell layer Core layer 3.1 oI—IJéI'AI"_ﬂ 6HJSII
S [ Ee— ] HSHE &4 A5 Al2"Y A5S dEE flste] 9%
' ’ A AEE dFsiich Awel AR Fig. 29 2ol
@ K AolE ek 2742 dlo] ABE ALESHA. Fig. 2
o - _— @) b APAFR AL ABAIE 1AZ AFlo
u p—— — NEsEEgl el HER A% Such Fig. 2 ©)]
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Fig. 3 Predicted (a) C11 fiber orientation component (b) Axial strain Fig. 3& AREAI01EZL 17]Q] 4= 3}0101 —“XH 812 Q= Q1

c) Axial stress for tensile specimen without weld line (polyamide L=
e saoy (Poly g AFHS Y AT T FYF WFBN 3 HNPY

o|t}. A&7} Polyamide 66 + 52 A& 5 Wt%E #2313
t}. Fig. 3 ()& 27} <ot Wi g ®ire] Cu 42 &
EE vebd Zlojck o7 (shell) F$19] Cud vlwd 2%
£=2 for M=E,=E, o] Hls AR (core)d] Cud & Wgrog =4 Wdlsh= A
o 4= Qlek Fig. 3 ()9} (0)ollA Hizo] WEE 3 3¢
3 EE Jul el vl FaF= EdYstA Rxske A
E 4 Qlrh ol ool FAIRE FAE 49 M=9A
“KmfGn+2) O M=Cn K=3gy O (andwich) 722 ol£3 SIek. ol g2l sl slold

oy Ke|2 AR HTE (shear rate) o] AA fF Wikl

Hegh ko g wfgo] o]RojA1, FAIERE ”Ti‘ g

5:2% for M =E,

i

&=1 for M =G, =G

o Hr o

23 W o|wN EEmY U FxEA o Aok & WA FEelAL T2 (random)e] A-F
T2 S gt A o4 A= (orthotropic material) 2] Hjako] o]=ojZo] urdE Antz whohEic)

TR thgat o] e Xt Fig. 48 AREAlO|EZ} 27101 Asatolo] ZAshs 917k A]

HHY| AR AT o WY HIEL 3 sjrAel

o, (Cy) (Cp)y (Cyu) O 0 0 & Fig. 4 ()= 9=kl F4 QA FHS Cu AR BExs

o | |(Co) (Cz) (Cis) O 0 U Uehd Zloftt Al #HI SR g9 deeiel Bk

o3 |_|{Cu) (Ca) (Cu) O 0 0 3 oflel & Wk W F ke wekA Cu 31Y W3 Aot

el o0 0 e ool B gy e wsel 2w wase el £k

ol |0 0 00 (G 0 g Aojel] FpAoT HFHE AL B 4 9 ok olo] W
ol Lo 0000 (Gl W gee Cu JEe] BEe) ulke H5e ot

doeiel 3 Qi AFHEY do] W g @& 9

Aol Arg gojsty] flste] 9789l @dAS (Cu, S 2= Fig. 50 YERHSITE Fig. 504 d=eel g4 #

C22, Cs3, Ci2, Ci3, Cz3, Cas, Css, Ces)7} ZQRsin, H]wt2A ZolA A9 uigke] frsRkel Q) AR vEEE, x

AR B TRl Aol ek BaARA hEA el WF Y AL 348 gathn 9eS Belg 4 sl
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4 Predicted (a) C11 fiber orientation component (b) Axial strain
(c) Axial stress for tensile specimen with weld line (polyamide
66 + glass fiber 35%).
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5 x-direction (Axial direction) modulus tensile specimen with weld
line (polyamide 66 + glass fiber 35%9.
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Fig. 6 Young’s modulus numerical - experimental comparison.
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Fg. 11 Oormanson of strain (Ezz) distribution of (a) anisotropic elasticity
model for gate position 1 (b) gate position 2 (c) isotropic
elasticity model.
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