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A Study on the Jetting Phenomena in Injection Molding
Process

Min-Young Lyu
Abstract

Surface defects in injection molded parts are due to the unsteady flow of polymer melt which are
related to the geometries of cavity and gate, the operational conditions of injection and the rheological
properties of polymer. In this study we have examined jetting phenomena in injection molding process
for three kinds of PCs which have different molecular weight and structure, 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 die swell. This means that the jetting is strongly affected by the elastic property rather than
the viscous property in viscoelastic characteristics of molten polymer. Large die swell would eliminate
jetting however, the retardation of die swell would stimulate jetting. In the point of mold design, reducing
the thickness ratio of cavity to gate can reduce or eliminate jetting and associated surface defects
regardless of magnitude of elastic property. It also enlarges process window that can produce steady flow

of polymer melt in injection molding.
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Table 1 Tested Materials for this Experiment

Polymer Grade Structure/Mw
PC1 TRIREX® 3022 Linear/23,500

Polycarbonate | PC2 | TRIREX® 3030 Linear/31,000
PC3 TRIREX® 3026 Branched/30,500

PBT TRIBIT® 17008

PC/ABS Alloy TRILOY® 215NA
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Fig. 1 Dimensions of cavities and gates for the experiment
of injection molding (Unit : mm)
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Fig. 3 Viscosity curves of PCs, PBT and PC/ABS alloy

127

o PCi{290%C)
o PC2(325T)
a PC3(325T)
= PBT (240

=

4]

Die swell (/D)

1

50 100 150

Apparent shear rate (1/sec)

Fig. 4 Die swells of PCs, PBT and PC/ABS alloy
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Fig. 5 Short shet experiment of tensile specimen with
different injection speed
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Fig. 6 Short shot experiment of tensile specimen with
different injection speed (continued)
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Fig. 8 Short shot experiment of flexural specimen with
different injection speed (continued)

323 &HAIH  thin (32 mm)

EE PCS PBTE EE AME&ECA X9 580
AFHOIAL jetting®] ¢lo] FRAFE BHHA gt
o (Fig. 7). PC/ABSt 439 713 @& AlE4%d

A= (Fig. 7(e)9] injection speed 204 cm/sec) jetting
o} dojubx] ftor}t F7 T B2 AEEEME
(Fig. 7(e)9] injection speed 54.49} 884 cr/sec) jetting
o] HASAT. F7 pattem PC/ABSS] SFA|H 9
2S¢ AL

Injestion speed : 88.4

Injection speed : 88.9
(Unit : cf/sec) (Unit : cf/eec)

() PC1

A

Injestion speed : 88.4 Injection speed : 88.4
(nit : M/sec) (Unit : cnf/sec)

() PC3

@®)yrc2 (O PBT

Fig. 9 Short shot experiment of impact-thin specimen
with different injection speed

.
Injection speed : 20.4 m,unon specd : 88.4
(Unit : G/sec)
Sn——

Injestion speed : 54.4

Fig. 10 Short shot experiment of impact-thin specimen
men with different injection speed (continued)

128



324 ZHAMH thick (64 mm)
6.4 mm 2ZA)|H ¢ short shot AYZ3+E Fig. 89

et Itk RE PCY A% jetting BAo] B
Qout PCOl FFol Wapd 1 Pabe] ozkY thath
PCIe A$ole & ABEE (04 aifsec)ld 47
o 580 Bd&Aoz HEHWA jettingo] A7
cavity® A& LTS Z745HY jettinge] Do}
U L4577t mAXAA cavity® AL

Injection speed : 20.4

Injection speed : 88.4
(Unit : cW/sec)

@ PC1

Fig. 11 Short shot experiment  of impact-thick specimen
with different injection speed

olg3 &4 W] PCl9 AW HWHo| Jo HEx
e el w2 Jehye flow mark?t B4 =<
Ak PC2¢ Afde 32 AE SxAdAME &85
A7t cavity Aole Hut FE/HA jetting® F gate
FARH oA AY Wk e gate FHollA ¢
vlo)g flow mark?’} vepta Qlvk. F3F o)) A}
4 EAE jettingol A3EH gateol ] 228 £
7} cavity E7HA hhE £ gate FHEE GA A
YA 3 gtk Flow marks AFESE0} 715t wet
A AR d FHAAL ok PC39Y Agdle ZE
AFE £%0A jetting©] cavity®] E7A ojEyon
I Fo FA7L cavity® A9 ek olHE BFY
& 2 A4 gl A7 flow marke] EBHAF ] Al
Hel Ueh}glth PBTE EE AMESECA jetting®
flow mark?} VERGA] @it} (Fig. 8(d)). PC/ABSE
BE AESE0A jettinge] LSRR jetting® 2§
A7} vt screwAd RAXHA AA cavityE ¥
7}a ik

33 1 &

AEd7e] 2S¢ A8l 489 EAE table 29 H

129

Injection epead : 88.4
(Cnit : A/sec)
M PC2

(Uit : &/sec)
() PC3

Fig. 12 Short shot experiment of impact-thick specimen
with different injection speed (continued)

—

Injection speed : 20.4

—

Injection speed : 88.4

Injection speed : 20.4

s
BB,

Uit : OMsec) Injection speed : 88.4
(Unit : /sec)
(@PBT

(¢) PC/ABS
Fig. 13 Short shot experiment of impact-thick specimen
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Table 2. Results of Injection Molding Experiments and Die Swell

PC1 PC2 PC3 | PBT PC/ABS
TR* .
o) Injection speed (cm/sec)
204 | 544 | 884 | 204 | 544 | 884 | 204 | 544 | 884 | 204 | 544 | 884 | 204 | 54.4 | 884
& | Tensile 2 - - - - - - - - J J 7
& | Impact-Thin 3.2 - - - - - - - - 7 J
é}‘ Flexural 4.6 - - - - - J J J - - - J J J
& |1mpact-Thick | 5.3 IR RN . - R
Die swell (d/D)** 1.11 115 1.26 111 1.29

* : TR. (T/t) : Thickness ratio of cavity to gate, ** : Die swell at shear rate 150 sec!, d; : diameter of strand, D : diameter of capillary
@ Observed jetting and surface defect, J : Observed small jetting and no surface defect, - : Observed steady flow and no surface defect
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