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Abstract: Injection molding process is a popular polymer processing involving plasticizing and enforcing the material
flow into the mold. A polymer material shrinks according to temperature variations during the shaping process, and sub-
sequently molding shrinkage developed. Developed deflections or warpages after molding process in part are caused by
residual stress relaxation contained in the part. Adding inorganic materials or fibers such as glass and carbon to control
shrinkage and enhance warpage resistance are common. In this study, warpages according to part design have been inves-
tigated through experiment. Warpages for molding conditions and mold designs such as gate locations were measured.
Warpages along flow direction and perpendicular to the flow direction were also measured. Warpages near gate and far
from gate were compared. Glass fiber reinforced crystalline polymers, PP and PA66 have been used in this experiment.
Glass fiber reinforced crystalline polymers showed large warpage compared with glass reinforced amorphous polymers.
Warpages in crystalline polymers were less influenced by molding conditions compared with amorphous polymers, how-
ever warpages of crystalline polymers significantly depend on part design.
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Table 1. Injection Molding Conditions for Glass Fiber
Reinforced PP and PA66

Packing Mold Injection
Resin pressure temperture temperture
(MPa) (°0) (°0)
pp % o 230
0,
+30%GF 48 80 240
PAGH % % Ao
0,
+30%GF 48 100 320
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Figure 1. Warpages in the glass fiber reinforced PP specimens vs
mold temperature.
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Figure 2. Warpages in the glass reinforced PA66 specimens vs mold
temperature.

A21 Ae] Fo] 27l Uiy, Aol BRolAE nete] &
2851915 Ao|EelN W HE-L Helo] AHHoR A8
A gobd] et Ao SaEtt, feldfrt e w1
B4 A9 peel ATE AHoR vehite Pel A%

Zay, A3648 A63, 20123

o] mlg- FAFsIE. PCe] AF- H=rt =ol APs] flst =
o] 27} PA66H T} =T} AAA 4|21 PA66S PCHTE
Fo] ZA vehgth gE7E 5589 Ao 2 F11 A1 29]
3 A= 1, Alo|E 32l AF-Eo] fo] 7P A
Alo|Eof|A] | P91 Bio] 7P At Bt 55
of Zzto 7 Eaiglo] AlO|E ZAME st ¢FE e u

=

o} Fo] Z1a, AlolEeA ¥ 3o Be BlEe] 74 wid
o] 2 Ueht Aoz Holth JA] PCe} ko] 7o
2o A7)= PCRT} uj$- =) o= PAG6o] AR &

FA0]7] witol] AGSHE o] FAX YTl A yEr
Aolth > 2lHrt 35RO R Fode Al 39 A
B Ao|EeA W £21 BellA Flo] 7P 33, S5
C7F el 7P¢ Attt 353 H72hEa}] B9 gHe
w7 ol gli, C= 2B A frelidfrel Bae] 9 2
g5o] et Zeg dAdEr). 9A] PCEYH 2 §E WO
AL ek ol e g AvE FEAdfrE BAE PA66OIA Zt
Aol BE gARE 8% Fobdel wet tha Fvtst
© AR ol 589 2%t =555 FAVE AN WY

Zte] 3L wheby AR5t S7HE 5ol AMA vehd

e

i

Aoz BeE

Aol &ab CIXilol e ol 2ol chet WEk. Figure
> AR B2 PPellA] Al HRRIe] e #o %
38 Hatol] wEba] YRS itk Al 1ol)x] S 91X
F o] zpol7t uj$ Ao} Ao|E =<l AL Ho] 7 7}
Atk Hfo] F wf fe] A7)7} vha ST o Fo]
B S W=ty dAhslr|E o] Fro|th AlH
20041¢] & HH AR|EA ¥ 31 Box] Feo| 7P %}
Atk Al 2= BEIL 5850 AR Foile] A
=2 §Heo] g Eo] ARlE A=
=k HES WA ok 2y Alo|EdA ¥ B&S e
gk QS WA oL BlHEe] Aol ofs) flo] AdTar
St A 104 AR B PPl el B3t fe
A7 Sl= PPe] AR vlatel B fe Rt Aot
gozH Fo| A Zof EJUE” 123 fEHRE T
SHA] 2 A o] 22 A0 E Hol fElfrF AAA
o2 o] Fg oA Fo Aol FFE FA &=
Aoz dEh AJA 3eME Feldarr 23E F9et o
A ¢ 79-oF o] P AT F2 AClEA ©
Z2l BellA 71 2L, 3583 fl C7F 7HE Attt
ol B WA frEadfe] wide] FEEe] fo] AA
Sk At AAF o feldfirt Sol7k= frElAd
71 fle A3 ZF AlHellA o] A FAkeI e, 7t
Aluict 912 8 e v EeRTh Bee] 2717 3
o 9IS A &= Ao=Z Yepith

Figure 4= f2ldH-=2 B72E PA66IA Q] Bt w2 ¥
o] Aztolth A|H 1¢] L B Bt ue} & AJo]S B



TR B Ao AlEaA B A9

35
PP+ GF30% 0 :a
30 *Specimen 1 O :B
A :C
a5l - --- No Glass Fiber
g 20 |
5 15 > Y ©
5 b —====—77 R“Hm.‘
10| T
05|
0.0
” 16 48
Packing pressure (MPa)
(a) Specimen 1
35
30} R e —A
25| «PP + GF30% 0 :a
*Specimen 2 O :B
A :C

20

Warpage (mm)
T

10+
05 |-
0.0 1 1 1
24 £l 48
Packing pressure (MPa)
(b) Specimen 2
40 ~
o —— O——__
351 -0
PP + GF30% O :A
a0k +Specimen 3 O :B
A :C
= 25 - ==~ No Glass Fiber
g 20 o__ /,/,
= 15| (3 = “‘“-E';’/-'—‘n
10 A————————— . ——— —A
03 A A A
0.0 L 1 .
24 36 48

Packing pressure (MPa)
(c) Specimen 3

Figure 3. Warpages in the glass reinforced PP specimens vs packing
pressure.
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Figure 4. Warpages in the glass reinforced PA66 specimens vs
packing pressure.
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Figure 5. Warpages in the glass fiber reinforce PP specimens vs
melt temperature.
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Figure 6. Warpages in the glass fiber reinforce PA66 specimens vs
melt temperature.
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