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ABSTRACT: Surface defects in injection molded parts due to the unsteady flow are related to
the dimension of gate, operational conditions and rheological properties of polymer. In this
study we have examined surface defects in injection molding for PC, PBT and PC/ABS alloy
with several injection speeds. We have used various cavity shapes that are tensile, flexural
and impact test specimens with various gate and cavity thicknesses. Through this study we
have observed that the formation of surface defect associated with jetting during filling stage
in injection molding is strongly related to not only die swell but retardation of die swell. Large
die swell eliminates jetting however the large retardation of die swell stimulates jetting. Re-
ducing the thickness ratio of cavity to gate can reduce or eliminate jetting and surface de-
fects. It also enlarges process window that can produce steady flow of polymer melt in injec-

tion molding.
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Table 1. Tested Materials for This Experiment

polymer grade® structure/M,,
PCl TRIREX®3022 linear/23500
polycarbonate  PC2 TRIREX® 3030  linear/31,000
PC3 TRIREX® 3026  branched/30,500
PBT TRIBIT® 1700S |
PC/ABS Alloy TRILOY® 215NA

2 All materials are supplied by Samyang Co.
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a#z PC (PC2), a8l ¥x3d PC(PC3)E
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Figure 1. Dimensions of cavities and gates for the ex-
periment of injection molding (Unit : mm).
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Figure 2. Viscosity curves of PCs, PBT, and PC/
ABS alloy.
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Figure 3. Storage and loss moduli, and phase differ-
ence (tan 8) of PCs, PBT and PC/ABRBS alloy.
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Figure 4. Die swells of PCs, PBT and PC/ABS alloy.
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Figure 5. Short shot experiment of tensile specimen
with different injection speed.
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Injection speed : 88.4 (Unit : cm®/sec)
(a) PC1

Injection speed : 88.4 (Unit : cm?®/sec)

(b) PC2

Injection speed : 88.4 (Unit : cm®/sec)
(e) PC/ABS alloy

Figure 6. Short shot experiment of flexural specimen
with different injection speed.
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Figure 7. Short shot experiment of impact-thin spec-
Injection speed : 88.4 (Unit : cm?®/sec) imen with different injection speed.
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Injection speed : 20.4

Injection speed : 88.4 (Unit : cm?/sec)
(a) PC1

Injection speed : 20.4

I'njection speed : 88.4 (Unit : cm?/sec)
(b) PC2

Figure 8. Short shot experiment of impact-thick
specimen with different injection speed (continued).

do7)l= A7, == capillary die oA RE Ho)
swellfl 2E71212] Ag) A G&2 v]x]7] g &o)
o L&A §88o] F& QWAL sid 1L £
g o TLEA chainEo] &5kl B3ty wjal
HA H1 o} vigkd nEa} chainSo] 2 wHAS
e 242 WA Ugte o 3823 chaing uj3to)
FAAA Ha ARHog die swello] YA =
o o]#&@ Aol molecular relaxation die
swelle] o1 o]2] 8t molecularrelaxatione B39

Polymer(Korea) Vol. 24, No. 4, July 2000



2o

AIZ2AY Z2AAA B AA 589 2§ Mold Filling @4

“ Injection speed : 88.4 (Unit : cm®/sec)
(d) PBT

Injection speed : 20.4

Injection speed : 54.4

Injection speed : 88.4 (Unit : cm®/sec)
(c) PC3

— Injection speed : 88.4 (Unit : cm®/sec)

(e) PC/ABS

Injection speed : 20.4 Figure 8. Short shot experiment of impact-thick
specimen with different injection speed.
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Table 2. Results of Injection Molding Experiments and Die Swell

TR* PCl | PC2 | PC3 [ PBT | PC/ABS
. - 3
(T/9) injection speed (cm®/sec)
, 204 544 884[204 544 88.4[204 544 884204 544 884[204 544 884
tensile 2 0- - |- - -4- - -4- = -171I 7T 7
. impact-thin | 32 | - - - | - - - | - - - - - -] ]
SPECMEN  flexural 46 | - - - |- - =0T 1 1|l- - =17y 1 73
impact-thick | 53 | J J J | J J 1| J J4{- - -173J J 1]
die swell (d;/ D)* 111 115 1.26 111 1.29

2 T.R.(T/t) : Thickness ratio of cavity to gate. ° Die swell at shear rate 150 sec™!, d;: diameter of strand, D: diameter of capillary. J: Ob-
served jetting and surface defect. J: Observed small jetting and no surface defect. — : Observed steady flow and no surface defect.

¢} die swell?] retardation A|Z}3} L 4% &
Aol 4FE 2=t £84%9) retardation A]7to]
& Aol gateE AT A7} F Y ¥EHI
2 HEHK gn 2 AE JAEA =He o)e
jetting & FAA It} ol E4& ¥ E PC/ABS
N8z}, PCo 3% gateFAlol vl cavitye] F7)
7t 57E 64mm A9 FAAHAAN B 5 9
o}

X8 d BTt #3500 olxs g8 272
7l B F#AE AZ g2 £8548 HolA "
Aol & FA £FES EAFPo| ¥ £
o] £-§8q vsA d4o] o an EATxE Zn
AL TEAE A48 D& vl 2 B4 2=
ol B YN 584, & Fst e AddlA
FAZ Blge] zolrt §5 @] uiXE= dge
setg 4 el BATRE 21 Bxge] g
PC1#} PC29] 6.4 mm $79] 2ZAHAA 2lg
7 Utk PCl3 PC29) A=g 237] 98 A= o
8 2EA AREEda HE) e Zzte] x|
A Expggo] @ PC27} PC1HT} 2 die swell2 7}
AA = Fe ARREEA jetting BAo] H},

A%E F2E 73 dE PC39] 7Z¢dl v
¥ AR A48 FEE 1A PC29) HIEA et
ting84do] Feixlsd ot BAgE Ty A8
T2 vl3] diffusion £%7} =2 retardation A]
ol Aoj)7] oz Az £ At o]HF &
FE& 64 mm FAQ] FANNAR ZIAHNA Q)
g 4 ik

Gate2} Cavity2| Dimension0| RS0 ojxj= o
&: Gateo] dimensiong HY¥d<mol dAusly

954

jettingo] 4&& vt} Die swell#} retardation
A AdEEe UHE @Al e Agser)
AEFE Z710E 6.4 mm FA9 32NN 2
FABE ol2F gates] BAE T vl FT Uk
64mm S7Ae] ZFZA|HEe] gate dimensione
4mm Fo 1.2mm FAlo]Y FFARL 6mm &
A 14mm FAE /M2t FA7) L gates &
AQETE oyl 2 die swellg 71 o =3
retardation AlZte] ZojAAl =Hd}. oeld 6.4 mm
A FAARL ol 9 A7 jetting® Ho|m r}.
Cavitye] FAE 94 jettings] 93 v]Wc}. Die
swello] & 739 cavitye] 47} gfo® jetting
< WA $ ok 29 E2 jettinge 2§29 die
swellit} cavityo] 717} 74 6.4 mm $79
FAANRAA ¥iNE] LPein 3.2 mm FAle] 2
Al Ao dojuix] @3 et

Cavity9} gate®] 74|, Z thickness ratio (TR
=cavity %7l /gate ) & jetting™ ERAY] ¥
Al AN i F23 AFL Pk Cavitye] 5
A7t gateo] FAlol Hlg] g FHA o, =
TRo] 2& A9dlE jettinge W37 9Jaf 2 die
swellg 8o 2 #x ¢=t}. o]= TRo] Re A&
o die swello] 39 retardation AjZte] Be A
o} fAbe 4 Eg wlX|7] g Eolt}. o]= TRo] 2
AFANE} 3.2mm FA9 FAAHANM & 5
It} Table 2014 Bi= ule} go] TRo| Zrtshd
jetting= 413tE o}, Jettingol] 71¢l8l] A7)= WA
AFe Fo FAEE 54 m} gas) g2
jetting® %] SANE 7 S APE gates)
cavity®] A7} F 83

22 lo 4o

Polymer(Korea) Vol 24, No. 4, July 2000



Ap2AY 2AGA vARAA & 2§ Mold Filling #4

4 &£ 2 01 F #
B a3 A= PC, PBT, PC/ABS alloy 59| % 1. M. C. O. Chang, SPE ANTEC Tech. Papers, 40, 360
7] & $Ad da] AA2AY FRo0AM9 3EZEY (1994).
o] BAd)] izl 2SI AR "] 23 o 2. M. C. O. Chang, Intern. Polym. Proc., 11, 76 (1996).
Mol EAZe] YL F2 jettingel 1A 3. M. Yoshii, H. Kuramoto, and K. Kato, Polym; Eng. Sci.
33, 1251 (1993).

= AL BAEHYY. Jettinge FAo e 4

_ 4. M. Yoshii, H Kuramoto, T. Kawana, and K. Kato,
o ol&a= FAtolth. AGRRETIL FUHR o

Polym. Eng. Sci., 36, 819 (1996).

2 Ao B FrHAG. @Yol & FAE gate 5. H. Yoko, S. Nagami, A. Kawasaki, and Y. Murata, SPE
M2l die swello] =0} ol jettingg AWt ANTEC Tech. Papers, 40, 368 (1994).

v Ag&Er Aol we} retardation AJZF GA| 6. M. C. Heuzey, J. M. Dealy, D. M. Gao, and A. Garcia-
Z7}1E ol jettingg€ ZF7M . wd2tA  die Rejon, Intern. Polym. Proc., 12, 403 (1997).

swello] 31 retardation A|7te] &S FA 71 jet- 7. H. Hamada and H. Tsunawa, J. Appl. Polym. Sci., 60,
ting® Sho} A7 & A2 HYES L 353 (1996).

a2 8. J. L. White, and W. Dietz, Polym. Eng. Sci., 19, 1081

(1979).

9. K. Oda, J. L. White, and E. S. Clark, Polym. Eng. Sci.,
16, 585 (1976).

10. H. C. Shin, S. K Yang, and M.-Y. Lyu, Polymer

Gates} cavity?] dimension HA] Al2AdHA
jettingd] 948 F= F8F 8ot Gated di-
mension, §3] gate?] $77} gateg FH3= &8

Bel AA¥SEd APFHez IFE uIH Abstract (Korea), 24(2), 72 (1999).

Jetting@4olA 713 FoE 4FE Ft A= 11. D. M. Gao, K. T. Nguyen, P. Girard, and G. Salloum,

cavity®} gate?] F#9] H], ZF thickness ratio SPE ANTEC Techn. Papers, 40, 712 (1994).

(TR)o|t}. TRo] Zow Fxjo] gusty B4 ¢ 12. S. Y. Hobbs, Polym. Eng. Sci., 32, 1489 (1996).

A2Evd A H$Ho] glo] jetting® AHH O 13. C. D. Han, “Rheology in Polymer Processing”, Academ-

2 39X 5 AT o2 AW FUARE FolAY ic Press, NY, 1976.

gl 4 9ok 14. J. L. White, “Principles of Polymer Engineering Rheol-
AA

ogy”, John Wiley & Sons, NY, 1990.
15. C. W. Macosko, “Rheology: Principles, Measurements
and Applications”, Wiley-VCH, NY, 1994.

2ol A24d A4z 2000 79 555



