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A'Study on the Prediction of the Final Weight for the Injection
Molded Rectangular Plates

Chang-Hoon Lee* and Kyunghwan Yoon**

ABSTRACT

In the present paper the effect of various process conditions on the final weight of injection molded rec-
tangular plates has been investigated in detail. The main parameters involved in the simulations were melt
temperature, mold temperature, injection speed and packing pressure. The dimensions of the plate used
were 100mm long, 2mm thick and 20mm of width and polystyrene was used as a molding material. The
shear viscosity of the polymeric material was treated as a function of shear rate, temperature and pres-
sure through the whole processes including packing and cooling stages. By increasing a packing pressure
the final weight of sample increased linearly. Furthermore, as the melt temperature, the mold tempera-
ture and the injection speed increased, the final weight of the injection molded plate decreased within the

molding window.
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Table 1. Molding conditions for different cases.

CaseNo. | Mokt Temperanes | Mold temperatire | IjectionRate | Pressreat theend offill
(c) (%) (om'er) Mg
1 <0} 4 ] I
T | T ] T8
3 B L) L] W
[ il b ) kL]
3 ] 4 104
6 A 5 1581
1 J1j) L] [] 1664
§ il ) L] 63
9 b 4 ) 1021
1 24 5 1010
Jii] L] L] 116
%0 3 4 118

3.2 48 xge 4

E a7 AEF #A9 B4 doHe g 2
A3} a2 FFFES AT

Adelel AT (steady shear viscosity )& F749
T=E 7k Leonov RYE tg9 4 (13)9 ez
Table 29} 4+EE AHESIH T

N
2n
=75+ o

k=1

and q, = 1+47'/—2—0? a3

a719lA sv A 2 778 (the second Newtonian) 9%
o B4R 1.835 x 10°& Mgt

Table 2. Leonov model constants

Mode 1 Mode 2

8,(sec) 4230x10° 9295x10*

n,{dynes-secicm’) 1351 x10° £.679x 10°
agn, A9 L 0 Mg A=e v (1443
Table 39 A& AHS3%T
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7] M T*e Hoj Lol |
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Tait equation® Table 49 }F+ES AHS-3t e}

-1
- - P
o(T,p) = [VO(T){I Cln(l + B(T))H (15)
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Table 3. The constants in a shift function

A A(C) | DT
2.5 60 100

D, ( "C-cm'/dyne)
230x10°

Table 4. Constants for the double-domain Tait equation

B (emlg) B,(mlg-C) | B,(dpelen’) | B,(C") | B(C)
10071 5789 % 10" W10 | 300x107 | 150
Bl | B,(mlgC) | BI(dpmeen’) | B4(CY
09892 24225107 2260x10° 1363x10°
v(T)=B,+B,T if T>T,
B, +B,T if T<T, 16)
B(T) = Byexp(-B,T) if T>T,
Byexp(-B,T) if T<T, an
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Table 5. Measured specific heat capacity and thermal
conductivity

(0 OpleglsC) T{0) k{erglg<m-C)
0 1110 0 120x10°
66 138x10° 160 175110
100 1810 300 175x10°
1 2245100
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Fig. 4 The change of mass during packing stage (a) and the
final weight(b) for the various Ty with T, = 40°C,

Q = 20 ce/sec and p = 13.03 MPa fixed.

AN A48 7Rt e 884A19 Wl mE 3%
AR E FAE EAGE Aol

4.3 38e 2kHs

Fig. 5(a)9lM & Case 19 ths) S8=ve) 2wk W
SRS | HFT AN BA WIE ) S8 3
Aol BWE o) YA HH(13.03 MPa)S 7He W Bg}
gAY dF wHE S JeEd AozA FYER
2ghE HIAAS A4 HE ASAHEEY A 38
BHo] 2ot WE4E et 545 Badhke A

¢ & A% Fig. 5b)elXe 339 HALE ¥sld g2

135

418
410 b
405 F
o o}
a
a s}
b4
st —o—Tatsr0y
- Tedti'0)
—y— Te55('C)
bl o Te700C)
200 L . ; ; . "
] 2 4 ¢ 8 10
Time(sec)
(a)
4.094
4092 b
4000
Cy
n 4l
a
z
4068 b
-r \
. ; i
paa™ » » 0w % [) .
Mold Temperature (°C)
(b)

Fig. 5 The change of mass during packing stage(a) and the
final weight(b) for the various Ty, with T, = 230°C,

Q = 20 cc/sec and p = 13.03 MPa fixed.
HF AEYE ZAE BAE Aot}

4.4 A5 #E

Fig. 6(a)ol& Case 19 tia] AFE&E oS ¥ 3
#AE W AT AEEYFY FA WIS 9] 98 Ao
EdAe] Hehg 1890 psiZ YA & 718 w) Bge)
olAe AFWE el Aozy AE4enhs W
ARE AT AF A2HEFY FAE AESEr) ¥e
TE Zleln 2248 Zase AL ¢ 4 den,
Fig. 6(b)olX< Case 19 Al&&%9] W3lo w& §
ZF AR Y Eo FAE BN Ao}



ol }¥ - §7%

415

410 | = 8:8:8-8: & 828
sl 28
> o}
<
8’,
@ IBp
=
w g QuiS{ccisec)
380 & Ca 20{ccivac)
g Qu3D{ceisec)
—o— Owd0{ccivec)
e = Cas0(cerec)
180 o - - s
4 2 4 L] s 10
Time (sec)
(a)
A.0%4
PP
4090
~ sl
2 .
. AN
@ 4085 - e
z \
4,084 p-
4002 |-
L]
b i i i
et 20 0 C) 0

Volumetric F(lb?w Rate{cc/sec)

Fig. 6 The change of mass during packing stage(a) and the
final weight(b) for the various Q with
Ty = 230°C, Ty, = 40°C and p = 13.03 MPa.

5% B

£ ATelNE 1Y 9URd £4Q F28dE A
22 A48 o 44 472 e 2gd A
7). 84549 =, FEYR L& 4 A2EE 4

324E WY Aol ANAY =Y A2y AR

3 FAE d3den odde 4yzdd ¥
4% 4BAZY A IAE %L Fotugth Fof
A 4% A=W 4329 Belo] Be 74 9%
o 2233¢ Eol e 2e A2 AL £ YU

1 &8779 2k, 2349 24 A2E5EE 2

136

14 7

Foha ugel 27w Hah REXE
243 %7}%}@ L EEL

9 fAE Bl 2717}
o 718 B4

2. 2¥HAY 2E AHESE, B 2718 249
2 &EFAY 2xTE AL BE HE AEREE
o FAe 4¢5AY e/t 355 ghste AF%E
e

3. #8549 2x9 A& E, Bt AVE
I FPYE] 2xg WA A S AE AENEE
o BAe £45AY 259 A 2 ¥y &
=7} i%?% Zxdhe A%E Yepii

T5AY =9 2¥YEY £, By V&

1@%}1 AEEERE A A HF AEAE
o FAE AE4E7 2E5E 1A & °¢ZH <
EU 339 ex FboA Bl Agne 28 HA g
o Za 4L By

o dellAl Blupet o] 7 Az Wl HF A
Y E9] FAd 7] b2 9gE vAY oA 24
Ao FAHN Agwe 2oy EF Yo gig EF
A5 Ao dg e4E A He AL 54
Aok, A, ol AT Yoz &13*-* 259 #
g, AF 5859 dZd A o1& 5& /T Q?A
7127} delgt 2ed

233

7]

o

£ dTe 19944 =z #EADe BA72 A
T34 (94-1400-04-01-3) 8 A LS o} FFP=HYL
ol olo] #A A} €A ZAEHY T

2384
1. Gilmore G.D. and Spencer,R.S., “Orienta-

tion in Injection Molding ., Modern Plastics,
Vol. 27 ,No. 2, p. 143, 1950.

2. Gilmore,G.D. and Spencer,R.S.,
tion in Injection Molding”, J. of Colloid Sci.,
Vol. 12 ,pp. 294-301, 1951.

3. Kamal,M.R. and Kenig, S.,
Molding of Thermodynamics. Part I :
retical Model”,
.p.118, 1972.

“Orienta-

“The Injection
Theo-

Polym. Eng. Sci., Vol.6



AR Y AR 138 A9E (1996d 94)

Bernhardt, E.C.(Ed.), Application of Com-
puter Aided Engineering in Injection Mold-
ing, Hanser Publishers, Munich, 1983.
Manzione, L.T.(Ed.), Application of Com~
puter Aided Engineering in Injection Mold-
ing, Hanser Publishers, Munich, 1987.
Isayev,A.l. and Hieber,C.A., "Toward a Vis-
coelastic Modelling of the Injection Molding
of Polymers’, Rheol.Acta., Vol.19, pp.168-
182, 1980.

Leonov,A.l., “Nonequillibrium Thermody-
namics and Rheology of Viscoelastic Polymer
Media“, Rheol.Acta.,Vol.15, No.2, pp.85-98,

137

10.

1976.

Isayev,A.lL Injection and Compression Mold-
ing Fundamentals, Marcel Dekker, INC.,
New York, 1987,

Kamal ,M.R. and Papathanasiou, T.D.,
“Filling of a Complex-Shaped Mold with a
Viscoelstic Polymer. Part II: Comparison
with Experimental Data”, Polym. Eng. and
Sci., Vol.33, p. 400, 1993.

Wang, K.K. et al., Cornell Injection Molding
Program, Progress Report 16, Ithaca, New
York, 1992.



