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ABSTRACT : The amount of shrinkage of injection molded parts is different form operational conditions
of injection molding such as injection temperature, injection pressure and mold temperature, and mold
design such as gate size. It also varies depending on the presence of crystalline structure in resins. In
this study, part shrinkage was investigated for various operational conditions and resins. Poly(butylene
terephthalate) (PBT) for crystalline polymer, and polycarbonate (PC) and poly(methy] methacrylate) (PMMA)
for amorphous polymers were used. Crystalline polymer showed higher part shrinkage by about three times
than that of amorphous polymers. Part shrinkage increased as melt and mold temperatures increased, and
injection pressure decreased. Part shrinkage decreased as gate size increased since the pressure delivery
is mush easier for larger gate sizes. Part shrinkage at the position close to the gate was larger than that
of the position far from gate. This phenomenon might be occur by difference of residual stress.

Keywords : injection molding, part shrinkage, injection temperature, mold temperature, injection
pressure
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Figure 1. Shapes of specimens and location of gate for
injection molding.
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Figure 2. Schematic drawing of cassette mold for the
injection molding of test specimens.

< AMgEgTh ASTM D 9550] WHA)E 9l: Bar
Hokel Zol, Yol FA7F 22t 127 mm x 127
mm x 32 mm (5 in x 1/2 in x 1/8 in)e] ¥F A]H
(615} Bar AJ#)¥} Disk T o] & 102 mm (4
in) F7 3.2 mm (1/8 in)2! EE A]1H (]38} Disk
Alg), Zgm A AAZ AlHeE E 90 mm,
Zo] 126 mm, F7| 32 mm 9] % ko] 2E 30
mmg! Hole¢] F7} SIE AlF()3} Hole AlH)&
o] 43l A9 Ak

Bar AJHoA Gate= 77} 1.5 mm o)m Z-&
4 mm ¢ 6 mmZ Z7 HIE F9] AC|E =7
o M2 A¥ FHES vims ®RuA ¥,

KX

Disk AWML FA] SSUgD EEYPY]
3t =85 vlwsl] BRuA ek 23 Holeo)
S AEE Gaes] Addel BE 4Y FEHEE

alims) Bzt shich

AEE 471 AT FYE G g U
2ol A7 ol uhel wek Caviy® WAL
= 49T + 9T 94, 99 S FH0E
2 dAst) ALBIY Figwe 2] AAE F
Yol TYL HolFx Yok

3 AENY

AEABE $5) A LG AEHE7) (DB
140 ENIDZE AM&3lQ0n] AlEv]e] dx8L 140
tonel . ATAEEHE 10 ozolth 2 AR
HRP AFLEE A7HAN BRS] AE LT

Elastomer Vol. 38, No. 4, 2003



298 9o .

29
e

=3

3

-

Table 1. Injection Molding Conditions for the Molding of Test Specimens

Polymer S%e;;?:n Te]?]lgi‘:;ttli;::("(j) Templg/rl;)tll?re("C) Injection Pressure (kge/crr)
Bar 465, 697.5, 930
PC Disk 260, 280, 300 697.5, 852.5, 1007.5
Hole 852.5
Bar 465, 697.5, 930
PMMA Disk 230, 250, 270 40, 60, 80 697.5, 852.5, 1007.5
Hole 852.5
Bar 465, 697.5, 930
PBT Disk 240, 250, 260 697.5, 852.5, 1007.5
Hole 852.5

—&— Mold Temperature 40 C —— Mold Temperature 60C
—~— Moid Temperature 80T
0.62 -
0.60
a .
g 0.58
goss S
< -
£ 0.54
£
o
0.52
PC, Bar
0.50 Gate: 1.5X 4 (mm)
. Injection Pressure : 697.5 (kg /cm?)
0.48 T

T
280 300
Injection Temperature (T)

(a) PC and bar specimen

Shrinkage {%)

—m— Mold Temperature 40°C —— Mold Temperature 60°C

—&— Mold Temperature 80C
/.

1.84

1.76
»
.
—
1.68 +
PBT, Bar
. Gate: 1.5X 4 (mm)

Injection Pressure : 697.5 (kg, /em?)

1.60
250 260

Injection Temperature ()

T
240

(b) PBT and bar specimen

Figure 3. Part shrinkage according to the injection temperature.
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Figure 4. Part shrinkage according to the mold tem-
perature.
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Figure 5. Part shrinkage according to the injection
pressure.
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Figure 6. Part shrinkage according to the gate size.
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Figure 8. Part shrinkage according to the hole location.

8203 £A9 FHo| He

Ne AREY BY 5 301
1. ZHN X9} BB $X|2 &
ARA FAQ PC}

ol PBT, ®IARA A
PMMAS A3 A#E FaA A4 &

7} ¥IZAA A9 PCSt PMMA Mt} $&E©
o 3u) 71 o] M 59 AT AR
4 glck =3 A4 =A< PBTY A%
=7t EEt A¥eEEC] ARS €
ol AAIEIt Tkt © Be F5
Aol wergn”

—

O
I~

Jo 30 al
ML rr ok
o L orfo

g £

e

FE ARRAEAAM sAHae} eAd o
el A %‘0} E»‘t‘:}. ApE2 5
H} FEES B I7Y AF2x 6N
ck: %%01 S7HeIT Al
Z7kshd &
A (Packing)o] BF3 He FEHYS H
Atk AlClE wHo] AAFE JYP550|
F=dl o 9A] Alo|E gEoe] 58 sy
o o] Agstd HAe F
sojck. ¥ 879 28I
o] W JEesS &
o 2 ez yehgth
PBTE HIZAA 53 PC} PMMAS] H]?
Zzo) o 3u) A% A vhepgieh
B 478 S84 SAud awn IR
o OE A3dSLES Hojle AL & glgdggq
AT die AU AFe B
R A slol= 2lE AT £ 5 Urk

\ oX,
A

Mo e & orju

fo 2 i1
£
il
oX
bk
&
A
nqm
flo
>
W
rd
g
L

O

oy o
5«12}11

i

%
it

4

oft
Y
N

on‘.

o0k

5
o

Zngd

1. F. W. Billmeyer, Jr., "Textbook of Polymer Science”,
John Wiley & Sons, NY, 1984

2. S. Han and K. K. Wang, "Shrinkage Prediction for
Slowly-Crystallizing Theromplastic Polymer in Injec-
tion Moulding”, Intern. Polymer Processing, 12, 228
(1997).

3. R. Pantani and G. Titimanlio, "Analysis of Shrinkage

Elastomer Vol. 38, No. 4, 2003



a

302

Development of Injection Moulded PS Samples”,
Intern. Polymer Processing, 16, 183 (1999).

4. R. Pantani, J. M. B. Jansen and G. Titomanlio,
"In-Moulded Shrinkage Measurements of PS Samples
with Strain Gages", Intern.Polymer Processing, 12,
396 (1997).

5. M. Fujiyama and T. Wakino, "Molecular Orientation
in Injection-Molded Polypropylene Copolymers with
Ethylene", Intern. Polymer Processing, 7, 159 (1992).

6. N. Prabhu, J. Schultz and S. G. Advani, "Role of
Coupling Microscopic and Macroscopic Phenomena
During the Semicrystalline Polymers", Polymer engi-
neering and Science, 41, 1871 (2001).

7. R, Wimberger-Friedl,
Polycarbonate Induced by Cooling Stresses," Intern.
Polymer Processing, 6, 373 (1996).

8. N. Shah, S. McCarthy and D. Colford, "Shrinkage

"Molecular Orientation  in

dglrmv] #3848 A4z, 2003

Fug- =

3

e

LR

11.

. Irvin L

vl

and Filling Ultra-High Molecular Weight Polyethylene
(UHMWPE)", ANTEC, 1599 (1993).

. H. Yaguchi, H. Hojo, D. G. Lee and E. G. Kim,

"Measurement of Planar Orientation of Fibers for
Reinforced Thermoplastics Using Image Processing”,
Intern. Polymer Processing, 10 262 (1995).

. K. M. B. Jansen, D. J. van Dijk and E. V. Burgers,

"Experimental Validation of Shrinkage Predictions for
Injection Molded Products”, Intern. Polymer Pro-
cessing, 8, 99 (1998).

D. H. Morton-Jones, "Polymer Processing", Chapman
and Hall, NY, 1989

Rubin,
Practice”, John Wiley & Sons, NY, 1972

"Injection Molding, Theory and

- AR, A4} 48k, 2AY, /U9, d5aE

24813, FA S AT=E2EF, 27(22), 284
(2002).



