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Deformation Analysis of Injection Molded Articles due to In-mold Residual
Stress and Subsequent Cooling after Ejection
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Abstract

Deformation analysis of injection molded articles whose geometry is considered as the assembly of thin
flat plates has been conducted. For the in-mold analysis, thermo-viscoelastic stress calculation of thermo-
theologically simple amorphous polymer and in-mold deformation calculation considering the in-plane mold
constraint have been done. Free volume theory has been used to represent the non-equilibrium density state
during the fast cooling. At ejection, instantaneous deformation takes place due to the redistribution of in-mold
residual stress. During out-of-mold cooling after ejection, thermoelastic model based on the effective
temperature has been adopted for the calculation of out-of-mold deformation. In this study, emphasis is also
made on the treatment with regard to lateral constraint types during molding process. Two typical mold
geometries are used to test the numerical simulation modeling developed in this study.
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Fig. 2 Nodal degree of freedoms of (a) membrane and
(b) plate bending element

(a) x

AA ol S

25 T4
goll A 73 ST} WY FHE vFe=
Ao MY By Yste Wl Hd A2
3 823N E Syl
Mol S H$ Fig 2 & #o] &4 848 7
249 BFILLY 2He2 FIY F A
9 AZE Bergan 9 A AFEEZ UHPd
2183 A4y Haxt®g AMSEHAR, #FEIR
A 2% Batoz 9 DKT _9:_/\“9)—2— A3 T
AR%d A 9ge Puddgerd HIEH
Ql Wgts Yehe gy T e Bge
Yells #3338y oz vetd £ glo

&) =¢,+zK

g 5 YA Ao

=

m “ - O
FEolh. gk #g st Joern: HA I
g 27(0,=0)¢ HHAn ¥ AWY
(107,)9) E3E FABAT
Wygo] A& 7S wHyy AFIEFL AME
Y4z Yojudn 4T & YomE &
HE Asdeld 27] WA} 27] $49 wAE
neld, 2 gael YA he Lol Huy
3 BFPHFe]l M2 5¥Hoz FE  UH
u fri
4 Syi
Ka—[[K"'] 0 ] o Mo = f, (38)
Lo [Kp] Wi - fu e
6 M,
O3i)imas Myilimas

LEFY PP z7)E

& vtz Ao

¥z 271999 &7

Al .
21

A" d

/ 10cm 7
Fig. 3 Model A : Rectangular plate

.
A
.
B
10cm 7
Fig. 4 Model B : Short channel
fezfe,"“ m.‘+fe,"" ain (39)
4
B o] [o'
f e initialstress = J‘A 0 [B ] 0 b (40)
4 J:a (z _E)dz

k,B,] o j:eodz
T " 41
fe,mmalstram J’A{ 0 [KPBP]] '[:80(1_%)‘12

q7e4 [B,lB, | 47 Haad #FIL
*0111‘1«1 7 gHe AHEs WAL ABHE
goln [k, ][k, | = #ztel AAAGelth 4 &
ZoA Ag PHAL A9t AxAZE HWES A
A AA P cRAA €

HAd

rulo

(1]}

3. A

3.1 AHE HE 28
FAH4E Y3k Fig. 3% Fig. 4 ¢
g FAEA ST T A¥ =
ojt},
Fig 39 P TQD*“‘*JOEQ
£z70] gl7] Wi §¥3 W
wae BE do] oA 2
“o 2} P A %i

w,
c}. Fig. 4 9}

rH.
o S



e 4REY YW BFLAH o WF WA AT £33 Y 345

ZA0] H4HATL, Ui gHo=Ad YAYy
9 F&g s 4 28 THHA WIPES A
o] W Wgg vigdte v HEE3T. £
A, B, C, D, E Tl oA, FANZoze] 259
ZFeYe 2XE 4&%6}9,‘;2131 7 "X e =
4 FHEAE Fig.3 3 Fig.4 o Yeht gint

A 2 2345 ged

2t

o FEidA4

by, =1.00cm®/ g by, =0.982cm’ / g,

by, =5.718x10"em’ /g - K,

b, =2.304x107*em’ /g - K ,

by, =239.5g/cm-s” by, =280.5g/cm-5”,

by =4.112x107°K ™" b, ,=2.810x107 K™

by =423K

® Prony 5
Hy 2.64x104dynes/cm2
i | 2.32x10%dynes/cm® | T | 9.976x107*s
Ko | 434x10%dynes/cm® | T2 | 9.976x107s
M3 | 1.12x10%dynes/cm? | T3 | 9.976x107%s
Ha | 1.16x10%dynes/cm® | Ta | 9.976x107's
Ms | 7.86x10%dynes/cm® | Ts | 9.976x107s
He 1.68)(105dynes/cm2 Te | 9.976x10's
M7 | 2.70%x10°dynes/cm® | T1 9.976x10%s
Mg | 1.63x10%dynes/cm® | Ts | 9.976x10°s

o o] 3
A, =19.79,A, =68.930K,T, = 382.6K

A, =15.0,A, =0.09974K !

322 AlE 88 33 =d
Ar2HA Y FARAE H3td US T =

o

s

&3
h=147x10%rg/s-cm*-K
T,, =303.15K,T,, =333.15K
Q... =20cc/sec

pack =35s, ppack - pgate (tﬁll )

A7H hE 28 % AT GAY AR A
83 WRARY Agold. 7,9 T,k 29

%)

exol, ojd W3} Q Wl L% Fol7}

100 . 104
Fas
% - 102
© [ S 100
E ~
~ 1 o %
< o %
= g
s g
0 3
“ %
3 88
0.1 02 03 04 05 06 07 08 09 0.1 02 03 04 05 06 07 08 09
21b It
(@ (v)
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Fig.7 The instantaneous deformation of model A at
ejection with magnification factor of 50 : (a) top
view, (b) front view
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Fig. 12 The deformation of model A (two minutes after
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top view, (b) front view

(@ ()
Fig. 13 The deformation of model B (two minutes after
ejection with magnification factor of 50) : (a)
top view, (b) front view
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Fig. 14 The deformation of model A (two minutes after
ejection with magnification factor of 10) : (a) top
view, (b) front view
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