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Fiber Orientation and Warpage of Film Insert Molded Parts with Glass Fiber
Reinforced Substrate

Seong Yun Kim', Hyung Min Kim™, Doo Jin Lee , Jae Ryoun Youn ", and Sung Hee Lee

ABSTRACT

Warpage of the film insert molded (FIM) part is caused by an asymmetric residual stress distribution.
Asymmetric residual stress and temperature distribution is generated by the retarded heat transfer in the
perpendicular direction to the attached film surface. Since warpage was not prevented by controlling injection
molding conditions, glass fiber (GF) filled composites were employed as substrates for film insert molding to
minimize the warpage. Distribution of short GFs was evaluated by using micro-CT equipment. Proper models
for micro mechanics, anisotropic thermal expansion coefficients, and closure approximation should be selected in
order to calculate fiber orientation tensor and warpage of the FIM part with the composite substrate. After six
kinds of micro mechanics models, three models of the thermal expansion coefficient and five models of the
closure approximation had been considered, the Mori-Tanaka model, the Rosen and Hashin model, and the third
orthotropic closure approximation were selected in this study. The numerically predicted results on fiber
orientation tensor and warpage were in good agreement with experimental results and effects of GF
reinforcement on warpage of the FIM composite specimen were identified by the numerical results.

A}
H
= BAAS 9 2 ojyy mdo] Jdejw]ojoput gt oAl FHo| nf
olaz ogtnd, Al TR 4 HH Ag 2d d oAl FFRY B < 1237 %, Mori-Tanaka 22, Rosen and
Hashin 2@ 9 third orthotropic &%l AXE A g BlA et Fof T3t ATESS A
dATet 2 RS, 2 AR

Key Words : E&H4 & (composite materials), A3 Blj&¥(fiber orientation), S AF¢] Al&(film insert molding), ¥ (warpage)

g 201249 59 30¢, =% 20126 7Y 23, ARS2l: 2012¢ 7Y 27

* g Ty
xSt w3y

wkp gt A 28 w4, Corresponding author(E-mail:jaeryoun@snu.ac.kr)
we LA £ AT



AR R

118

ujy )
2 = a a
[i5g S S
% Ld @
- a N =
7o oo N = o B o T
; Zagy 1232373 °
= gy T Pt g o B L ﬂudpg D 2 )
b P,T,A,%% m_wmxﬂb%ﬂwﬁwﬂr_ 55 s
a4 T < To =
n %Wo ol = T " R X W N
X Lmeﬁ,ml ;oxe_omrﬂreroﬂo % B
= oo, Tk T R T +
T i o T oo B M) o
=K | s o ) iy < o T N o7 N =
B > W T d= kR T T2
4 SOPS Ry =_wifrx Feg
- g 2 mﬁ%wnmm uum_ummuogwq% _—
. o T =
O e SERgRags RiE
. o= SR . o T ° € x
o L5 5 ,%%%,ﬂ @yuru_ﬂmm%? ¥
L g T & 8o ¥ T T % T E
M > & g megmLBﬂ T =% o I S A -
H X | I Jl,oé,ov ﬂut.m}wmﬂoab By < K
e T & B ¥E oy FEsgER " FE® i
Fil~e Dp_m D_t = Hl,,aﬁﬂ,m_ﬁ% - wﬁ_ﬂw%nm_.ﬂ%‘_tdl - mﬂb_aio - ny
—_— —_— o . ﬂﬂs T
o o < % 7&0%%? [ Jl,MleoFe#anE‘ > %vmmo_u L N
Trzaw 5|4 vﬁnT%QEﬁw;% I £ P T
© & o QL ~ X L) & go = W NS
X OEe o ik - o) ® N N 1rﬁ «O_mm = N S|*
o ﬂyéw@ﬂﬂz S e E
T T “EEEEET © Ly ;
m e Ao i W T e el R JENTT N gk .
o g G S 2 X =
g ‘.m—IHTXH]E.#,ﬂIHE.Iﬂ v E#UMHle I=ERON
pEL _RoH ° ang A
ﬂ%;oﬂﬂ%a%% pErReEls TET® T
@Nm._ﬂmu mofiﬂ Ex]._%eﬁaﬂa._ﬂmﬂ_%;oﬂa]x% ok = i
< RS- Wy 1oﬂ%§LzEA% "o REEEELT
%QOE‘EE Mﬂﬂﬂi‘_c._ W;U,IAH o| & ]MEHEW#._QDM,@I] N EE.@M%O!L! FT  H o B
Aﬂi%ﬁ@¢@%w %@éﬂ%ﬁﬂ%ﬁg% ! ¢ﬁ%aﬂ§%%aﬂrw
. —_— ) = [} . - A o — o
anAmHmaomﬂmEﬂ‘_io B ,]ﬂo%m.#%eﬁw_n?@a ﬂﬁda%ﬁ%ﬁoﬁﬁ%%i@eﬁ
M %9 T PpEHD I LmeoMgudEl;o T O z o ™
) & < WX AT o ® ok K o oo LB = ~ 9 o oy e T =
élxﬂd% Nl a < e A Nwr o T E R L oy
g w ~ ko % ﬂ;oﬂ%ﬂ R o godlﬂiﬂwo_n]} T Ei%iuuuémﬂzo:_e
Ho . ~3 JDT_ LS __o;oL,.rﬂwu deﬂ]ﬁnmﬂ‘_ﬂﬁllﬂ;o7§oﬁﬂ._ﬂu = ﬂ]]ﬂe
; WX T ap W 2o %ﬂﬁ%ﬂa L X B w %@ﬁTOTﬂ o R
L ozEErEiz oo ﬂﬂ%A@EMA%Mé%@@ﬁ@%@%W%@ﬁ@%ag
X o TR %é].o%m_ ,ll%ooEllmm}quE_ﬂAi_ban
jf.ﬁf%ﬂﬁ%ﬁur.é momwma_num%%mnMﬂﬂﬂrmquAoﬁ_u/vﬁﬂmamomT#oman
mm%ﬂbxﬁawaw%ﬁ w:@q memnx%émmﬂmai ﬂ%%@%%ﬁﬂ@.@mﬁ%ﬂ
A¢wawwﬁgﬁﬁ wAmwiwmAg%mm&m%mﬁ%mg%a%wwEw
—_ = = Ny i rL.,|
o X T W mE].%ManezﬂEo hﬂ?; ZA%N%Q%@W_ 2 < o T
LAﬂiL \]Jﬂ_.ﬂﬁ_no LwLw.u e#nimﬁ Aﬂum‘_ ];oﬂov Aﬂ@.‘_ovidwﬂ]mﬂ
a2 ﬂ].7x )y X < e B ﬂioiﬂ i)
%waw%nr%%mewa W%EEWQW%EW%@é@ﬂ@ﬂ%ﬂﬁm&}ﬂ%ﬂ%miLnﬂﬁm
L PE %Mﬂﬂ&u%m_%ﬂmﬂ:m%ﬂo7@awqm:ﬂﬁoﬁw Loamh BAX
ﬂfmﬂﬂ&lQWOMMS]JMATMQGA%ﬂaEzp&JE@ﬁfmmiﬁwﬁﬂuu%%q
%ﬂﬂoﬂiﬂmogm %A%Wmamﬂ%maﬂowﬂ%%ﬂ.ﬂ%&ﬂﬂ%Eﬁiﬂzom‘x
) oy Wuﬂ W <o E X = e & T IR g LW =
= T Hlo o L ~ o) A B Rl 15 o X
ﬂxﬂmaaoyuﬂm%ﬂ 1Tﬁ¢lAmrL% w2
Ul %oedn_]rﬁ — W N
o N N TR ok = N A
TERLE __OWQLH%
& T R AT ° %P
xéAwAﬂﬂo

Z’“E ATh &
A £& e, 7
A

L

T

C2+(9_9*)

HAZ, By

L

T

n Gp

5

log
o17|A,

3

| A AlH
H U Fe] A5 uig
N3k Harot

2. 2] A& olA



S25%% 85 4 BE 2012. 8 o8 Me7} 7+

e E4E A AR AR ¢ d 119

LEoA WE, g X W gk 7|E 2xolth AYHoR
Fo feeleEE AHY G T Cinl74d
gl (>=51.6 Ko|t}.

Astolol A g WS el w9 v
2 pE Wol ARgIStE Hf wige &E &
o2 421 "X <pp> & <pppp> (2 Z
o2 gj W awZ FHT 5 QUrk 74 =y
& W% gel WE WA HEE JORIC Folga Tucker
walo] ojsiE W WAE 8w 2ol BAsE 4 At
[1].

!al

T

Da;;

D~ Ck +/1( Ay + g Dy = 2Dk1”yu)+2c17( ) @

A7|A, wis e=(vi-v)R2E2 AolElE IR oF: (vorticity)
dAolx v &= weolch it (ai-1)/(ak+1) 2 el

SR S E A dolek He A%

o] vj2 HoE= AR FIvlelw, Di= Dim(vi-vi)22 7
of5ls MY A9 Hxolth yE& 2 =2DiDiE Ao|EE
drtabE A Lol s ARYA dElolH, a= 33+

o A 30| E&= Arsrolt). Folgar and Tucker[12]9] 23|
S8 O ASE Aol 4g Ay 27 ZHe)
9 Folck. & ATo|A Cr= Zheng[13]9] He| o]
3 Ae] = et

el oS 43 HAS 23 WMz maAs] SIaA
Zasich oy AtE 23 oHHE Fol I AHEEHE A
2 quadratic[14], hybrid[11], composite[15] % orthotropic[16]
99l olgySeltk. Ul olguEe fa4e 589 FRe
Aol Y Aol olEsith B ATelAE, Af e B
S AuUsPl Al A Hybrdll1jeh W FFe
orthotropic[16] 23l o]¥¥ RUES 223519

B 23 %%LZHEA N gﬂ

3y

Spolil, ap

0

i

!
1

2.1 00|32 & =

211 Cox 2d
BdEE il SRR disiA Cox[19]= A WAHY
Zof o) Sjgo] #919 AAREY Mg HeHcn
s, AR el A gee RASL B4 4
of wre] MalARe WA Thg AR Folzlt
Ec=Em(1—Vf)+Efo(1—tanhZ] ®)
o z
o17] A
1
2
=L[Lj ©)
2r{ E;In(R/r)
E., E, B Ef= Z47F BEARE, 714 2 A5 949E
olth. Vs AR FEEE0)L G2 ZIAAY A v
Adolth. L r @ RS Asel 2ol wAE 9 s F4 2

Az]olek

2.1.2 Krenchel ¢

Cox HHoA= TAH 3
Hrjo] Quka 7Pgsigitt o] 7ol AHEA Y=
913, Krenchelo] w8 EYste] tham 22 #=3=H
A|2FsFATH20].

So] o Wapoz LY

g o
o mu ox

oM

(10)

tanh z
Ec=Em(1—Vf)+,u0Efo(1— j

z

o 415 Wl elEshis olol krenchele] ol At
2190cH20]. Hwol A P A wige] A By A<l
po= 03752 SEEUT o] e 2 OELOM AR-8-3H3lTh
[20,21].

2.1.3 Ogorkiewicz-Weidmann-Counto =&

o] mule xeE ohe] xZe|Fg JPsk=dl, o714 A
FE 7 F0) e 4 BT+ YAztYe) zese
2 nEEn, 7|AA Yo AHeE oA S¥o uppE =
dEoz R 919 JPET daet 7Rl Mzl
sttt 78S BEUE o33 22 Aol AjtE ok
[22].

Ep(avy+ 7y =V )+ By (4= av, - 77 -7, )
Ep (¥ =7y )+ Enla- ¥, -7)

4714 Ae Vdet Zal, d= A Aol



120 A& - AFY - o7 - gAE - 0143 TEBIRE A MR
2.1.4 Halpin-Tsai 24 E,=049E,,; +051E, 7 (16)
o] mue QAo ol warow HAxe] glrkn 71

ek o] melof ofs FolAl Hibnel HHEL RN o e e oo

o] Rl S BT EYAE FHuY T4

2 Upehfjoj 23], 2.2.1 Schapery =

Schapery[26]+= HEHISHY] extremum Y| E o]§3t F
B g ooy AR ol W 4 wWgom fE o
E<E, (1+247) (12 B ASE sEsilch @I ol BeAel do] W
(1-vm) o o WA AL et
EaV,+E, a,l,
o17] 4] o =L o (17)
E Efo"'Eme
(2,)
n=| 7z (13)
(%7, )+24 AN @ D an® 247 Ak N G BF Asol
3, Ve AR RujRgolth el o By AL
& ohgat 2t
2.1.5 Tandon-Weng g
Tandon-Weng R @7} Mori-Tanaka RS Jupx oz ¢
andon-Weng ‘aJ—} ori-Tanaka 22 R u C(z:(1+Vf)afo+(1+Vm)ame7a1(vaf+Vme) (18)
A Zket mEA By ae] B4R d=e] 918 AgE
thoo7lA GREL AW NS A= EAA (R

o ZHo|E)R A=y HP= oty 7pgdht. A
So] ZFolEQ} FAlStL FHEo] 9o 71 Zo] oY
WSty HaARe BB ohed Zo] vy
= ATHI7].
E
E. = = (14)

14V, (A4 +2v,4,)/ A

AZIA vz 7RIS LopEH|o|th 4, 4, W A= 22
el FFYuieh RuLg sl ARt HHE W Ho}
$u]9] otk Eshelby BIHS T4 faFo] ZAW
HEe A7) glstel Wad WA S0] Tandons} Weng
of oJafjA] FojTh24].

2.1.6 Mori-Tanaka &g

ZYo|EZL FEEo] g f Y W A% dAES

the Al tepel ),

E

8 1+Vf(—2va3 +(1—Vfr)nA4 +(1—Vf)A5A)/2A as

e T =

ANA A, Ay Ag D A QAEC] FHH) 9 HEg,
At QRS e W mobbulo] rolcH2425].
WS wigE xSl EUE HeRe BHRS A
(15)9F 4] (16)2.2 Fol7l van ES[17]9] etulyo]= Ay
WE ol gstel A 4 lrk

2.2.2 Chamberlain =&

T:]—H]—zﬂ: irﬂ—xﬁg_/] /\xl 01.3:
Chamberlaino] ]3] S=x|¢ich 42
AEE 7IAA Woll EAAI Bk =el
e =72 ARE WAHAS ARSI
B Al wde Schapery[26] T3} -,TA]-G}
29 4 WY Age o 227

[e=]
=
Py

offt
o]
=

2(0{12 a, )V,

[2%) :lZm+

714 ape 44
o] molp], Fi
B 97V W7o
0.78540] tH28-30].

2.2.3 Rosen and Hashin 24
Rosen®} Hashin[31]& o]WAte] WS

+(S11 _§11)|:(af1 —aml)Pn +(0‘f2 _am2)2P12:|

)[(“fl *%1)21’12 +(“f2 )



$25% 5 4 Bk 2012. 8 a9} 7

_aml)Pll +(0‘f2 _an12)2P12j|
—a,)(Pa+P)| @)

)(Pzz + 1323)}

@ =a +(S12 _§12)|:(af1
+(522 —5:22)[(0{[1

+(523 - 523)[(“f1

9 AEA, Sok P AR dolHE Eastu A4
FEE 47 2R SugEn S5 E4S A
3 &

L 98 54, 29 P37 B4 L 4%

—am|)Plz +(0‘f2

)P12+(05;2

woee ¥ W SAE ERE WA o8 ol
Au] G 7142 54 Hashino] ]s) o] 7cH32). Rosen
3 Hashin®] WAHAS o3 BHARY 4 B ASE 7
S AL oy eI, BARS] FE /1A 54
2 Q7] gl TR BaAY Y oA ASE
aflo} Teh{33].

B3R BaET o B3
TR vpoaE o3 md 2 A
2 Agatel Sl dZE BaEL 4 B AL
Aol vwsts, AH vto) ' =
oA E@% Axatat.

N
o >

o > 0

P P I P
A4 7HE 5 9 A B nestart dheliil-e
S(PVT) BAE Tesk] 98 SAE Tait B AgS
ek fetasys geEe B3k e S8sk] 2
e 9 §% L AS TS Adson SAATE
7] gla) A ATEEe Stk Su X Y

S Ag-8to] discretized YR WA AL 3|
AREAIE WY REEE ot Z2 stojHee 2
= o]&sto] ALFSATHIL

Ué =bop+br+by, 0F =bop+bst+bg (22)

// 1 = = -
AN o B of i A7 BB W £ L Ay

3 A
. b= =z
LH%OMQI Agigolcho] #d, Aol Wz A
Vg AW mopel SESE Fig 1] UERfisich 43E
£ polymethylmethacrylate (PMMA) Zo] Atjzoz k7]
& PMMA 28 RAela thel d2o2 Aty A
gy A% 2|9} Acrylonitrile butadiene styrene (ABS) ZE
o di® A& /4L Table 1o Ak 4 d4e ¢
3 A% 34 27S Table 20] YeERE o] 2AES
Al Aol ol g3l A Bl 1" A =dE0l

ol
=~

EI

M rut

36]. wao; w08 ﬁ%l A AR Be s =
Aold Qe £ AHe) & % 2L 13T
£ 7 AYE olnx ZRAYL ol

150 mm

22.5mm 12.5mm

Fig. 1 Schematic diagram of the runner, multiple gates, cooling channels,
and molded shape of the FIM specimen with dimensions.
Thickness of the film and substrate of the specimen is 0.5 mm
and 3.5 mm, respectively.

Table 1 Material properties of polymer resin and composite substrates,
and film used for numerical simulation

Fim Resin Compositel Composite2
(techno ABS 545) (ABS-HI121) (Lupos GP2200) (Lupos GP2300)
Melt density (Kg'm?) 9439 9146 10946 1138.1
Solid density (Kg/m?) 10541 1017.5 1169.4 12230
Elastic modulus 52083 (1) 71596 ()
2240 2240
(MPa) 34543 (x) 42013 ()
Poission's ratio 0392 0392 0.4181/0.4434 042/0.4568
Themal expansion 3.583x10° () 2,668 x 10%()
8x10°% 8x10*
coefficient (K') 6798 x 10° () 5818 x 10 ()
0.109 (at 55°C, 0.130 (at 66°C, 0.120 (at 215°C, 020 (at 240°C,
Themmal conductivity
(Wm=C)
dependent) dependent) dependent) dependent)
1458 (at S0°C, 1571 (at 65°C, 1360 (at 215°C, 2078 (at 240°C,
Specific heat
(’Kg*C)
dependent) dependent) dependent) dependent)

Table 2 Sample composition and injection molding conditions

Glass Melt Injection Mold Packing Packing  Cooling
Sample fiber temperamre spead temperature  pressure time: time:
(wt%s) e) (mm’s) ) (MPa) 0] )
FIMO o
FIMC10 10
230 60 &0 30 10 30
FIMC20 20
FIMC30 30

3.4 4

31 A=
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ABS EFA & (Lupos GP 2100, 2200 2 2300)2 23 %3S
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Fig. 2 (a) Measurement locations of X-ray micro-CT and armows represent
the flow direction, (b) measured micro-CT image with the film
shown at the top, (c) reconstructed image, and (d) modified
image by using the inverse color technique for region 1 of
FIM composite (FIMC) specimen with GFs of 10 wt%
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Fig. 3 Micro-CT images reconstructed and modified by using the inverse
color technique for (a) region 1 of FIMC specimen with GFs of
10 wit% (b) region 2 of FIMC specimen with GFs of 10 wi%
(c) region 1 of FIMC specimen with GFs of 20 wt% (d) region
2 of FIMC specimen with GFs of 20 wt% (e) region 1 of FIMC
specimen with GFs of 30 wt% and (f) region 2 of FIMC
specimen with GFs of 30 wit%
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Fig. 4 Numerically calculated fiber orientation tensor results on regions 1
and 2 of the FIMC specimen with respect to different closure
approximation models. The result near number 0 in scale bar
indicates random distribution and vice versa.
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Fig. 5 Numerically calculated fiber orientation tensor results on region 1
and 2 of the FIMC specimens with respect to GF loadings.
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Fig. 6 Numerically predicted warpage of the FIM and FIMC specimens
and the experimental results. Warpage value was defined as
length of the white armow in the inserted figure.
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