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ABSTRACT : Part shrinkage in injection molding is inevitable phenomenon. Thus, it is necessary not only study on the
reducing part shrinkage but characterization of part shrinkage. In this study, part shrinkage in injection molded 2.5 dimensional
annular shaped specimens has been studied using glass fiber reinforced PC. Annular shaped specimens were designed with
various sizes of outer diameter and thickness. Injection temperature, packing time and packing pressure were selected for
operational conditions. Profile variations of outer and inner diameters of molded specimens for various operational conditions
were investigated. Sizes of outer and inner diameters of injection molded specimens were smaller than the sizes of mold.
Part shrinkage decreased as outer diameter and thickness increased. Part shrinkage showed anisotropic behavior and it depended
upon gate location. Subsequently, molded specimens were not circular but oval in shape, and showed the largest shrinkage
in the direction of gate. It was realized that the mold design such as gate design is important to control the shape of
molded products.

Keywords - injection molding, part shrinkage, three dimensional part shrinkage, annular shaped part, glass fiber
reinforced polycarbonate
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Figure. 1. Mold design for 2-cavity injection molding.
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(a) Specimen with three gates

(b) Measuring direction
Figure 2. Measurement direction in injection molded annular
specimen.
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Table 1. Injection molding condition.

Mold Temp. Melt Temp. Packing Pressure | Packing Time
o Q) (%)’ (sec)
300 70 2
80 315 80 3
330 90 4

*Percentage of Maximum Injection Pressure of Machine (300MPa)
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Figure 3. Variations of inner and outer diameters of product for
melt temperature.
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Figure 4. Variations of inner and outer diameters of product for
packing pressure.
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Figure 5. Variations of inner and outer diameters of product for
packing time.



A study on the part shrinkage in injection molded annular shaped product for glass reinforced polycarbonate 303

2. A H = 2 2132 &5 2X

Figure 6, 7, 1231 82 $MJ337Je] A|Felr ¥ 57 4 974
Y FEES AT 9,11‘:} 7L 60mm=E LA FA7}
1.5mm, 3.0mm, “12] 3. 40mm¢<] -] 217 8] FF-Eolr}. ¢

3o A7t T 83 Bl ¥ A Aol i ArE £ 5
Sl AFolt}). 54 (shrinkage)= 21(1)ZF o] A oJsl3lt)

Mold Dimension - Product Dimension

Shrinkage (%) = Mold Dimension w10 (1)

Figure 6= 18] PR 2ol A A2 T & 979
FEE ke ek T zelth BE 2R FA &
Vs FEEo] TS & 4 Stk Figure 7: theFet
HeFATA TN e 97 ] 75& HelE JeRd 1)
ol ofy] of|A e} mixtZkA| 2 of g QoA FATE
S7VEFE FEE0] S sRs B3-S B3Itk Figure 82 T
FSt WAl A FA ol wE 917 9] 58 wiskE vERd
Zloltt, QA FATL SV E F5Eo] TS & T A
o} 279 A Wk Bk 7P A 9Ee W
1 tho] HPAIRE, 8al A8 5 O YERT

034 -

Melt Temperature
032 _._ 300°C
& 315°C
—&- 330°C

030 |-

Shrinkage (%)

Product Thickness (mm)

Figure 6. Shrinkage of outer diameter of product according to
thickness for various temperatures.
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Figure 7. Shrinkage of outer diameter of product according to
thickness for various packing pressures.
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Figure 8. Shrinkage of outer diameter of product according to
thickness for packing times.
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Figure 10. Shrinkage of outer diameter of product according to
outer diameter for packing pressure.
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Figure 11. Shrinkage of outer diameter of product according to
outer diameter for packing time.

% 2 A7} ohe) b e el 9o
Wl 4% go] A/ BATS o 4 9Tk

F71gel

4. 52| 0¥y

Figure 12 £17 40mm, 77| 1.5mm$} 4.0mme] A3 oA
weta 7)o wet =4 wek ¥ (S 7x #) zhe ¥

Q7RI B F5ES vehd Tg=o|h Iz E B
Sl et AE vE FEES Bola Sk Bk
o e} FH-Eo] skt 19 200 vk 00 3] A
7F FEEo] 7P A4, 90° W] F5-E0] AlY Atk Figure
12(2)] 1.5mm2] F7 Xt} Figure 12(b)] 4.0mmeollA 58
o] o AA vehht 59 A A e o= #
@748l AlFo] Aol ofd Beg o r AFHS vl gk
A B Fdo] ofw A WstE o] A ¥ H =4 Figure 13¢]
z4A" 02 Jehd
ol T Al iﬂﬂ MBS Yo7 Stofi AClE
o] 1A%} A7) & e 7HA Q1o ® AA AFL] A=
o] HA] obua TalEr

Figure 20 et AlE2] 378 Alo|EollA 00 Wgko.
WA 27 = A, ole} 1200 H el Sl T Al
TAZE FrdEet ol2fdt A 9] FHEA wel ¥
ol ool et o R vkt T B3
G E-e YR ste] 2199 LS A7) el
o|EL} tho] & Ao|E S0 7 MAsle] s50] ¢
Zol HEF djof & Zlor Alm et

A2
o &
9
9

[THHU

rlrécﬁ:
O
RN e - R oA

%
=

s

058 ~

0.56 |- Measuring Direction
i 0
0.54 - & o0°
—& oo°
- 0352
B
<
& 050 |
a
£
=
s
@

046

044

0.42

Packing Pressure (%)
(a) Thickness 1.5mm

Measurmg Du'acﬁon
0.60 |-
0.58 50“
=0 —&— o0°
- 056 [
)
S o054k
=
=
£
E o0szp
@
0.50 |-
0.48 |-
0.46 1 L 1 L 1
70 75 50 85 90

Packing Pressure (%)
(b) Thickness 4.0mm
Figure 12. Shrinkage of outer diameter of product according to
packing pressure for measurement direction.

00

90°

Product Dimension Mold Dimension

Figure 13. Schematic drawing of mold profile and product profile.



A study on the part shrinkage in injection molded annular shaped product for glass reinforced polycarbonate 305

V. #E
B AT RPN PG AR 27, FA
WE Y FEEe] A Lot makth FEAR 20% 3
7He PCAE AHgtel 2579 B9l BYFYE ol ¢l
st 9139 WEE Sste] £52 Frlelsick B 97
oA FA ADFE FEE] F1FE 4 5 QUL FY
= 5’:__5_ )

o] Fob & & 5 9

AN 9170l AdS
th 578 0 ACIES] Ao whet ME GE £5ES
7 AFE 2J R R Aol R1glo] obd BRglo.® LpERT.
el Aol FHo] 718 A Qlojuhe Aol E e
SR FFe] 7P A ol

ojsh && A3E Tl AP AEL
| frAreteebe Ale] 2271 8L Al wke, Z12]an Ao
Al wep Fgo] B2y wie] dshs A5 4

157) S TR} 08 209 o 5 9

B35 AES ¥

o

[t Lo
L

¥@ b o(m 02;
o

Ko
A

AR 2

&
&

P7ledesn wf shedan] Ade

i "
EaPS
i N
¥@
E_lg >
o
=

References

1. E. Alfredo Campo, “The Complete Part Design Handbook:
For Injection Molding”, Hanser, Munich (2006).
2. T. A. Osswald, T. Turng, and P. J. Gramann, “Injection

10.

11.

Molding Handbook”, Hanser, Munich (2002).

. E. R. Fried, “Polymer Science and Technology”, 2nd Ed.,

Prentice Hall, Upper Saddle River (2003).

. M.-Y. Lyu, J.-H. Mo, W.-J. Chung, “Shrinkage in Injection

Molded part for operational conditions and resins”, Elast.
Compos., 38, 295 (2003).

M.-Y. Lyu, J.-H. Mo, “Investigation the part shrinkage in in-
jection molding for glass fiber reinforced thermoplastics”,

Trans. Mater. Process, 13, 515 (2004).

. M. Lee, H. Kim, and M.-Y. Lyu, “A study on the warpage

of glass fiber reinforced plastics for part design and operation
condition: Part 1. Amorphous plastics”, Polymer(Korea), 36,
555 (2012).

. M. Lee, H. Kim, and M.-Y. Lyu, “A study on the warpage

of glass fiber reinforced plastics for part design and operation
condition: Part 2. Crystalline plastics”, Polymer(Korea), 36,
677 (2012).

. S. R. Han, J. H. Kim, S. G. Jeon, Y. D. Jeong, “A Study

on the Mechanical Properties and Shrinkage of Thermoplastic
Elastomer”, Trans. Mater. Process, 16, 36 (2007).

. H. I. Moon, H. Y. Kim, C. W. Choi, K. S. Jeong, “Thermal

Viscoelastic Analysis of Plastic Part Considering Residual
Stress”, Trans. Mater. Process, 17, 496 (2008).

D. S. Choi, “Design of Gate Locations, Molding Conditions,
and Part Structure to Reduce the Warpage of Short-Fiber
Reinforced Injection Molded Part”, Trans. Mater. Process, 17,
443 (2008).

Vishu Shah, “Handbook of Plastics Testing Technology”, 2nd
Ed., John Wiley & sons, New york (1998).



