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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.

EN

THS Biel AHE GRS Belad Byiad TRy Mo BE Ygow
242 ST olF FAHNl B stk A% 4% THS Béol AL wHaYs B
ro] pradel QolH 71EY A9E UuEoR aAe /AN BYS BU SUA B RUw
A ¥E she muel 2A Aol@ A9 Wrh oleld We IEstma AE 4Y B8 oA, LYYy Egwae
Halpin-Tsai 43} #% B 292 =dstel wdgst Eatay SR HaNg At Dges J2e 724

A2"S AL A FEL AUAE Zuketel vuE Bsiol dEaAo, 4a T % U= 9T E 4

ekl B2 sk o) 4 MEe PAsgch BY AR FEC) ALY Y Aswe ekl 3
o) pEY QA ER o2 JAH Yol WAHT, A& AClE el et felHS viFgol Mskste] 2E
e ahelsteleh

o
L ot

Key Words : T4 709} BehaE B3 (Short fiber reinforced plastics), -§-243-% i (Fiber orientation), A}&4] ¥ (Injection
molding), -3} 4](Structure analysis)

A 20119 6% 7Y, 45 20119 8Y 184, AR5l 2011d 8% 19¢
*+ #Hoj2Agal, AL AE-mail;jycon@hyundai.com)
* Fl g At
R Hsti, 7] A-getit



42 BAG - YA -

HEREAT B

LAE

47 24 ABAY TR HE EE ANTE HE
Aol AT HR-E AT EaY EJAR (Short
fiber reinforced plastics)”} A& glow, 11 FaXo] 4
A Fd=E ok

GRS gAY Eddae 9 oR AEAY
ol ARE dAHdREE Eekad BaARe 71AH A
< 3 58 H HiEF (fiber orientation)] IA F3E
=t RS EEaE ERARE ditdes AE4
=, old wet AF HAAES g AEAE Al A
Hi3k2 FHEA 54 (theological property), M9 £4,
AEEY A, AE AR 24 5ol wet AAE=, de
ke 2E FER, ¢5, WE 89 ops, HE9 7A
A Aeole %L vEE % A8& 7 Yol 2
dzo] e Rt

AedR A fER del S Wl dig olel
AFLZ2 = Jeffery7l 7& 84 (Newtonian fluid) UjollA o
A (ellipsoidal particle)] 3 5o st o234 md
£ ANERLHl], o= FATA AR wiF B a3
71H o]l2o] ¥lo] 23 it} o] & Folgar, Tucker, Advani
ol oste] Zars] A7 JaAE L IoH2-6).

523 AR 71A4H S84 dFt At 1960 e &
sl A4E7] AlEgd o] A= ZA ulAIY9E Micro-
mechanics)® 24 & (matrix)@ H7FA e As FA{L 11
o] B QR Aol g A7t AAAE (Macro-
mechanics) 2 23] WA HAe] L& glo] B3I ARE
Y3t (homogeneous) AR =2 7HPsio] HAAQl HF oA
53 AE29 ASE dFdls F EokRE W 4 ATl

uA ek B A B o2 ER A 7AH
45 d&5sEe ATES A, olEE A&S AXYGE
wHe AAEE B3 AFsee A5l Hel Y=ol
St o1& T B ARY AN B4 dE5E 9% o
g mEgo] B HYou, iR BEYE A a8z
o2 m@Hol o] HA olgo] o"HE Hol itk
Halpini} Tsaie ol2j3t 7]&9 REES] wHgE Egs)
&) 27F 34 (interpolation procedure)E ©]-&38}o] 7]&9)
o REES ASEY 2 4= 9l Halpin-Tsai A&
A ots}cH8,9]. Halpin-Tsai 2JoflA] F&53 2 o] ujj¢-
sk, O AT Eadol mi$- ok otk

@A ATNeE ukel o} AR EefaY BERAIE AE
& ol 7AR 4L BEol AFY ¢ kA U
o oo} glen, ub I dlE2 EEY #3H dA 2
Aztel| Fogt AT vt 2y AE AF 23S 59 Al
ZEe gAS Eohrd ERAE Y] UvhAl CAE sfjddja=
Afuigke] Ldo] ofglR HoT Qldte] 49 7|AH BA
o= 3 FHAH B4 Z9dE o8t fon, HA BE o

do ot T ¥ o

& mEe} 37 Aolat A9t ek B AFelrle olg} e
T 54 7 NG WAE BAY & Y=S A v
FA ol & M AL AUt AEYFILS
Bolo] AMERE) FRA A% WIF B o] W oy
(anisotropic) T4 WA &3t HFHY T 23 ol
A QEslols TEel BEARS) Baol Faade W
HEs Sech BT AUELE Fel S Asge gt
£ gzslgon, 35 el Agsiel 7129 Sy T
3 e S oy TR AnE vimskgch
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Aer ke gk Al 215 2 3 (probability distribution
function) ¥(p.r.t)dp o2 £ B 4 Uk PN pE T
o 459 vjg @lE (orientation vector) o|w r I & Z+
7 9Jx)eh ke vhehdich 28 22 @4 Y(pri)k 9

A roM Azt to] dp Zt= W p wFoR wiFE dR

i

#g g8 ¥(pri)dp 2 Yshi=E Ao 53t}
Advani®} Tucker7} A|o¥st A5 wi¥F &4 (fiber orientation
tenson)E o]83hH 23 9 4%} A% gk diAlE ofie} o
Aol }3].

alr.r)= [pp¥(p.r.ikip
alr,0)= [pppr¥(p.r.hp W

Fig. 13} Z+& =vb4 122 vjd (polymer matrix)ol| 2
o2 Af RAAE d4Y9sHA At 5 ARY AL
=} P ")3Fo) disf| Bk WAl (transversely isotropic)
< YA "ok o] of 84 "M F 579 M2 59U
AEE 7HAA =, ool e Aoz #EE 4 Qirh
o714 6; = 32 # del (kronecker delta) ©]t}.

Culp)=Bpp,p.p)
+B, (Pipj5k1 + pkplé:j)
+ Bs(PiPk5j1 +p. PO, + POyt pjpkail) 2)
+B, (51'/‘51:1)
+ B (aiké‘jl + é‘ilajk)
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B =C, +C, -2C, -4C
B,=C,-C,y
1
B, =Cy +5(Cr=Cn)
B, =C,

(Cp-Cy) 3)

(ﬁber orientation averaged elasticity tensor)E o]& & 4 3l
oh A R EF B BAL ofeet o] Hejuinh

x/kl J. Ci (_)y(g)dp @)

@l i3] uiEk

% 9wk

(Co) = Bifa)

B,
+B (a 0, +ak,§..)

s HAshH ol Ze #AE

o

o]
=4

(aé'+a§ +a5+a§) (&)
(5 5 +8,8,)
7|4 @y = Closure approximation ¥ Zof Invariant

based optimal fitting (IBOF)2- o]-&35lo] 23} ®lA a; 2 ZA}

stk G b= el oleloh 22 Zof
£ o83t ofdfe} Pt

H#7] (contracted notation)

Ci=Ci, Cun=Cpy, Cy=0Cyy,
Cr=Cin, Crp=Chyy, G =GCyy

Cu=Coy, Css=Cyy, C4=Chy ©6)
of w) vbAel MIFHA wA WA 7 A,

4 Engineering constants (21 BEHAAASE, A @A,

Poisson )9) WA= ofefe} 2t

Bls

_L=vyvy,
n=

_ 1wy _LI=wpvy
EEA ° 2 EEA U7 EEA

Vi TVaiVs _ Via Vs

CIZ
E,E,A EEA

_Va tVpVs Vst VoW
5= =

EEA EE,A

VitV Vi3t Viply
3= =

E,EA EE,A

Cu=Gy, Cs=Gy, Ce=0Cp

L=vipV — VoV —Vavis =2V, VoW )
E\EE,

where A=

olof thate] plAlost HASS LAt AT £ Yt
Halpin-Tsai 412 83158 s, olof wet 4% Bi(i=1~5)

2 7% 4 9ick ol u Halpin-Tsai 412 o} 4 Ao
A,

B ﬁ_Hfrny
12 = v,V/ +v,V, v _—lAqu
. (M /M) -1
(M /My )+
where M =E, E, or G, Gy ®)

o714 vy, E, Gy Zbzh Poisson Y], 9% ©AdAS

(tensile modulus), ATt €A (shear modulus)S Ve
o, ofelHA (subscript) o} m Z}7t gt nEA v

2 UEhith V9t V,=1-V, 2 2ot B3 A o AR
ngxpel ¥u) ¥g (volume fraction) & epWiTh £ 4
o & (FF 1/d), 4R FA A, S 22
wet AREE o) WS older 2ol wd Hrk
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Fig. 2 Tensile specimen (a) without weld line (b) with weld line.

Shati iyer .
T—
(=

Corg iayer

()
©
Fig. 3 Predicted (a) Cl11 fiber orientation component (b) Axial strain

(c) Axial stress for tensile specivoen without weld line (polyamide
66 + glass fiber 35%).

5:25 for M=E,
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- Kn/Gn _ . E
d (Km/Gm +2) for M=, K_3(1~—2V) ©)
23 MU oYy BY2Y A T=HH

& (orthotropic material)2)
TR ket o] Faa

Ty <Cu> (Cn) <C13> 0 0 0 &
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= 10
2 0 0 0 {Cu) O 0 e,
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Fg. 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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Fig. 5 x-direction (Axial direction) modulus tensile specimen with weld
line (polyamide 66 + glass fiber 35%).
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Fig. 6 Young’s modulus numerical - experimental comparison.
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Fig. 7 FEM model and boundary conditions.

Gate positon 1

Fig. 9 Comparisen of Predicted weld line positions.



0

46 SAG - AHS - g -

ol E - WehE - AN

R AR

2 AFEs R AR g opdo] Foix wF
01 ?‘5 HE U sk BRol ofH AFgE vlRex
Hlsl] B3, e s stAste] siast Fee of| o)

AeA HES HorTh E3F AlojEe] $4X) ¥t HEo
ia % of AFAA A7 =A AFI] HIE F3¢e
2 g aYsirt

Fig. 8% Zo] AM&4Y AolE #3] (1) 2 4

E 94 @y F+E ddetgen, o] i Z 3%
oA FA A YA sl4datE Fig 99 e i) %
RE R 2R gsele] ¥4 =Ha glork M
L AolE 93] 19 A9 MUY AR d=g)
FHAEE &+ Yok

Fig. 102 5 714 Al°|E X|of tidt gty A
Ftolck. Fig. 10 (@)l Aloj® 298] ZHee AolE 18]
Hop A9ue) 25 RES AT A (Bt &
B g (ib)o] ¥ BAEE A AL
&3 Fig. 10 (b) A0E 1Y of A £7
Aol 2% Aol oLt AolE 2& FAo] Hobd AS

shelgt 4 ek

{u‘:g’&'
o N o M 2
BN )

L

ﬁ%

l;g =3
Fi

2 ood K
do Jo

%

¢
e
5
rE ;:9‘
4 £

J.__

Gate position 1

Gate position 1

Fig. 10 Predicted elastic modulus of (a) Cxx component (b) Czz conmponent.
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Hg. 11 Comparison of strain (Ezz) distibution of (2) anisotropic elasticity
model for gate position 1 (b) gate position 2 (¢} isotropic
elasticity model.
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