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Silver streaks, a major surface defect in sequential injection molding, are closely

Received 26 December 2025 associated with unstable bubble formation within the polymer melt during the
Revised = 13 January 2026 filling stage. This study investigates the effects of sequence valve gate operation
Accepted 21 January 2026 ¢ . > R . . .
on silver streak formation using injection molding simulations. Flow rate,
pressure, and temperature conditions were quantitatively analyzed in the hot
Keywords: runner manifold and valve gate regions under three different sequence conditions.
Silver streaks The results showed that overlapping gate-opening conditions were associated
Sequential injection molding with pressure instability and backflow, whereas a sequential opening-and-closing
Bubble formation conditions improved flow stability and reduced residual melt accumulation.
Valve gate control Furthermore, pressure-volume-temperature (pvT) diagram analysis indicated that
Hot runner system pressure release in the range of 30-150 MPa was accompanied by significant
specific volume expansion. These findings demonstrate that silver streaks can be
closely related to pressure-induced thermodynamic instability, and suggest the
optimization of sequence valve gate control as an effective process design
approach for improving surface quality.
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Fig. 5 Variation of flow rate, pressure, and temperature in the manifold regions for cases 1~3

20
X X0
E 6 ,5, 2 6
2 2-20
£ , £ -39em’/s
E -§0.5cm /s E 40 ¥
3} » =

¥ .49 Tem?/s
Time (s) Time (s) B Time (s)
(a) Case 1 (b) Case 2 (c) Case 3

Fig. 6 Detailed view of flow rate range(-60~20 cm’/s) in the manifold regions for cases 1~3

o= Hastt) Al HAl 27(Case 3) HWE AO|EE &apAoR
Agtat SAloll, A A Ao ES dAM o Hagith =

£ Z7IoIA] BY HF o]Fole BE WY Ho|=F Y ez
fAISto] B 3 B 219 YO AT 55 WA=
£ g,
3.1 3L HUBE T7le| RE-f st 24

S UBEE §8 SAF 7 08 AolER Bl
e 4T HUEE ol ANT S840 f52 1n
Aol 2% 2710 utet 375) Wt olol, Fig. o] AN

I\
o
4o

lolMe] Algeold Askg Fig. 5o 1t
EPUIRlT BE ZZ0|A 2H0] AHSIE AE Aol=e] A %
Ao solsine, 4 27] FONE 92 9 9 L Wip)
SAFBIA UERTE ool wat 2 HolME £ A ol% o 2-6

54

Alf& HiE Ao EF} 7E]
=9 frgol YEsth o
AAR] A e it tiuEE il 2 4o
H gEiolM B AE FG &AM Apolof] SJsf Alo]E
7 RITHE AdE A, T A f5 HHo] e Zlo=

SiUZE U o]

()
Q. ofh rir
I oox o rr

o
3

-

i [
ERJ
ol

i&l

ol
o

d
il

ke

[N
N,
P
_O‘L

18 rr

< M

fHdz o
(R} ffo ox.

ot
rol ox

=2

a
()
N
lo

7117} 7122 A= 7o)
ZZ10M 32 9] 20~60 cm’/sol| T
AlPlEZ}F Ao 2 A

Mg et FAEAY S

S
1z

rlt
&

rk

"
S
K
&L

31 37

Case 13+

rir ol

% HapEx g

)



Journal of the Korean Society of Manufacturing Technology Engineers 35:1 (2026) 51~59

500 v 500 500
- . Ed1N - ) - i
® s » R S B K
"E 375 | | —Valvegate 1 488cm’/s  E 375 | | —Valvegate 1 E 35 | —Valvegae 1]
) || —Valve gate 2 2 || —valve gate 2 s || —Valve gate 2 v,
2250 || =—Valve gate 3 2250 | | —Valve gate 3 & 250 " ~——Valve gate 3 315cm?/s
2 | —Valve gate 4 g \—Valve gate 4 2 . !\—Valvc gate 4
§ 125 s i E 125 | N— ; 125 + —
~ o B = o ‘ S o
2 3 4 5 6 2 3 4 5 6 2 3 4 5 6
Time (s)
120
= = =
& 95 B [
g : g
g 70 g g
2 B 2
£ 45 8 g
A & [
20
2 3 4 5 6
Time (s) Time (s)
297 o =
€95 < ¢
= = =
w293 - =
£ H £
g 291 H] E
& (= [
289 289
2 3 4 5 6 2 3 4 5 6
Time (s) Time (s) Time (s)
(a) Case 1 (b) Case 2 (c) Case 3

Fig. 7 Variation of flow rate, pressure, and temperature in the valve gate regions for cases 1~3
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Table 1 Comparison of injection volume (IV) and residual melt
fraction (RMF) for each condition

. 5. | Center G2 G3 G4
Design volume (cm’)

430 373 404 347
IV(em®) 259.7 244.6 139.8 99.05

Case 1
RMF 1.66 1.52 2.89 3.50
IV(em®) 259.7 201.8 146.9 127.7

Case 2
RMF 1.66 1.85 2.75 2.72
IV(em®) 259.7 182.9 140.2 146.3

Case 3
RMF 1.66 2.04 2.88 2.37
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Table 2 Parameters of the modified two-domain Tait equation

Parameter Unit Value
Melt density g/em’ 1.032
Solid density g/en?’ 1.1804

b3 K 416.98
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blm m’/kg 0.0008725
b2m */kg-K 5.986E-07
b3m Pa 165928000
b4m 1/K 0.004295
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b3s Pa 264289000
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097
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Fig. 8 pvT diagram of resin specific volume at different
isothermal conditions with pressure-temperature overlays
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