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Abstract : This study aims to evaluate the effects of process parameters and optimize the condition by a
simulation approach to improve the geometric precision of a plastic rotating unit composed of two elements.
The simulation results indicated that coolant temperature had the significant impact among considered
process variables. Under the optimized conditions corresponding to injection flow rate of 40 cm?/s, resin
temperature of 270C, upper mold coolant temperature of 40°C and lower mold coolant temperature of 80T,
the deflection in the X-axis was improved by approximately 26.4% compared to the conventional process
conditions. In addition, the deflection in the Y-axis was found to improve by about 2.7% based on the
X-axis optimization conditions.
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Fig. 1 Schematic structure of rotating unit with tube
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Table 1 Properties of Ultramid A3WG6

Properties Value Unit
Melt mass flow rate 40~80 g/10 min
Melt temperature 270~310 C
Mold temperature 40~80 C
Melt density 1.16 g/em’
Maximum share stress 0.5 MPa
Maximum share rate 60,000 1/s

Cooling line
(Cavity - Out)

Cooling line

(Core - Out) Cooling line

‘/ (Cavity - In)

Cooling line
(Core - In)

Fig. 3 Cooling line of two rotate unit in the mold

Table 2 Process factor and level

Level )
Process factor Unit
1 2 3

Melt mass flow rate, A | 40 60 80 | cm’/s

Melt temperature, B 270 | 290 | 310 | C

Cavity coolant temp., C | 40 | 60 | 80 | C

Core coolant temp., D | 40 60 80 T

70 SHALHZERX] H28H M4z, 2024 8

do
i
m
10
&

ol
Jm
0x
HI
Iz

g
ﬂ
i)
Tob

—

al
DI

ox
i
1)

4o oX
i

|m

o Ol:l of
rE

e

il 4o

)

SL

N

T g

oX

oo o E (o
>

Jl _|2\4_, —Ii
F

(98}
= N

9 ¢

iﬁrﬂ'
o oft
3o
o

b
I o
=)

ol
R
i)

it o
o2 it L

o
to uu iy

_O‘l"
N
£ o
_(?L
2
=
wn
<
o
S~
>

i
ot
ox
g
w
il
z
ol
o
hu
=
w2
<
1o

>

NS
W
o (I
lo
>
i
)
L
Rod
4 &=

O:
N
Y
o
Mz
>
ol
o,
N
By do il
Reyee) o

EN

o 2 o
>4 )
fu

T o o
o O g

1A w R w =~ Aysc R e A

—ﬁ _11}‘,
N
o
Lo
o,
o
23
Jo

b o
>

oft (M Lx
1o
v
{m
i
.
fluf
)

fr o

2

1

o

tlo

=)

N

N

e rr

o
2
o
)
1o
ol
o
32
&
3!
[0}

N
rr
Eh)

=\
it
foh
Ry
o
i)
m
1o
>
Y
i)

N:
% A
FE ok

MN

r'l

N
2

H1
o o
b
A

me

&

ot

Ry

Jo

T >
30 o

© o
=R ]
o

v

IR P Y

ot
i

5ou
=

o
o
B=)
ot
ox
N
A
lo
>
i
o rlo
oft
o
S
(e}
=]

3/s,
=7} 310C, 43 Y4 £m=7) 40T,
Wzks: 2w7t 80°C 2l A3B3CID3 XA A U

= 4 5 AU ol Ve M 204

mmE Hojur] wo] & Aol FeshA &

)

Nor

[~A— X-axis deflection
|—@— Y-axis deflection

SD of deflection

Experimental No.

Fig. 4 Standard deviation of rotating unit deflection



RSME ujgto &

o

.

t}. Fig. 6

A

R

k=l

oI - ol

mm& 7} WA Uend 279 AIBIC3DI, Ab

ol

N

N

zﬁ
)Ao
ol

X

T ®FWA7F 0381 mmE 7}

~
Nlo

ol)

5 e=st

1

A =7k 310C, 43 o

<
s T

cm’/s

W7z 2271 40T 9l A3B3C3DI %

A4 vrepiet,

N

—_
o

[e7e]

e §

=
=

FZH27F 0346 mme =2 7}

Al vrebd 279 AIBICID3,
ko] 40 cm’ls, A 27} 310C,

1}
=

>

3
L7 40T, 512 Y4 em7h S0ColA W

ol Ham epy

G

ol
xr

=
o

o

g v
}9itl.  Navier-Stokes

Moldflow
B

5

L
.

<

[
#%

q
oul
X
ﬂAlO
Ho

i

o]l AiE vtgom ®

o wge] 7}

=
=

CmhEbA X

i
ol

Zf 0473 mmofA] X4 0.348 mm=

NiJ

AIBIC3D13} 7]

A2B2C2D20]| A €]

f84
’TL}‘,

ol

| 0.381 mmofjA]

B W9l

vzl W

B/

)

=
3L

o
T

=]

o] 40 cm’/s, 3%

2oty

==
=

0.348 mm7tA 2 0.033 mm =}o]7} H&
=7} 40C¢

2014 X

&)

X

Urehu ot

=

=

0.410 mmoj|A4] 0.348 mm=

26.4%2] Al &3}

Bl
.
~3

)

ol
4

N~
mo

N

—_
o

- N
—_

<0

Scale (60mum)

o

g

Fig. 5 Maximum deformation in X-axis direction

7

SHA|ARZER|X| M283 M4z, 2024 3



SD of deflection
0.473

=3
=
2]

0.457

=
=
=

0.441
0.426

o QS
=
=

0.410

= ¢
Y

0.394

=

0.379

(aas) WORINIP ¥

0.363
0.348

(a) Standard deviation of X axis deflection

SD of deflection
0.381

0.377

>
ey
=)

0.372
0.368
0.364
0.359
0.355
0.350

Y VONRIIRP 3O as

0.346

(b) Standard deviation of Y axis deflection

Fig. 6 Correlation between deflection and coolant

temperature
APkl AuyA 4 A, XH9 HIH
2 ot Wzt 2wsl whuld Aol Yo
MY 43 Yi4 2wt g wAYde
& 4 A

Author contributions

J. Y. Lee; Conceptualization, simulation,
investigation, writing-original draft. J. H. Lee;
Investigation, writing-review & editing. J. S. Kwak;

Supervisor, writing-review & editing.

72 SYHAAHSERIX] H28H M4, 2024F 8

-
[m
lo
&
g
Am
0x
HI
1
b=}
ﬂ

2
o

References

1. A. Cunha, A. Marques, F. S. Silva, M. Gasik,
B. Trindade, O. Carvalho and F. Bartolomeu,
2022, “420 Stainless Steel-Cu Parts Fabricated
Using 3D Multi-Material Laser Powder Bed
Fusion: A New Solution for Plastic Injection
Moulds”, Materials Today Communications, 32,
103852.
(https://doi.org/10.1016/j.mtcomm.2022.103852)

2. S. Arman and [I. Lazoglu, 2023, “A

Comprehensive Review of Injection Mold
Cooling by Using Conformal Cooling Channels
and  Thermally Enhanced Molds”, The
International Journal of Advanced
Manufacturing Technology, 127(5), 2035-2106.
(https://doi.org/10.1007/s00170-023-11593-w)

3. B. B. Kanbur, Y. Zhou, S. Shen, K. H.

Wong, C. Chen, A. Shocket and F. Duan,
2022, “Metal Additive Manufacturing of
Plastic  Injection Molds with Conformal
Cooling Channels”, Polymers, 14(3), 424.
(https://doi.org/10.1016/j.matpr.2022.09.555)

4. T. Wen, X. Chen, C. Yang, L. T. Liu and L.

Hao, 2014, “Optimization of Processing
Parameters for Minimizing Warpage of Large
Thin-walled Parts in Whole Stages of Injection
Molding”, Chinese Journal of Polymer Science,
32, 1535-1543.
(https://doi.org/10.1007/s10118-014-1541-7)

. G. Singh, M. K. Pradhan and A. Verma,
2018, “Multi Response Optimization of
Injection Moulding Process Parameters to
Reduce Cycle Time and Warpage”, Materials
Today: Proceedings, 5, 8398-8405.
(https://doi.org/10.1016/j.matpr.2017.11.534)

. H. Li, K. Liu, D. Zhao, M. Wang, Q. Li and

J. Hou, 2018, “Multi-objective Optimizations
for Microinjection Molding Process Parameters
of Biodegradable Polymer Stent”, Materials,
11(11), 2322.



O|ZHE - 0|35l -

(https://doi.org/10.3390/mal1112322)
. M. U. Rosli, S. N. A. Ahmad Termizi, C. Y.
Khor, M. A. M. Nawi, A. A. Omar and M. L
Ishak, 2020, “Simulation Based Optimization
of Thin Wall
Using Response Surface Methodology”,

Injection Molding Parameter
10P
Conference Series Materials Science and
Engineering, 864(1), 012193.
(https://doi.org/10.1088/1757-899x/864/1/012193)
. M. S. Meiabadi, M. Moradi, A. Kazerooni and
V. Demers, 2022, “Multi-objective Optimisation
of Plastic Injection Moulding Process Using
Mould Flow Analysis and Response Surface
Methodology”, International Journal of Materials
and Product Technology, 64(2), 140-155.
(https://doi.org/10.1504/IIMPT.2022.120657)

. D. A. de Miranda, W. K. Rauber, M. Vaz Jr, M.
V. C. Alves, F. H. Lafratta, A. L. Nogueira

and P. S. B. Zdanski, 2023, “Analysis of

10.

11.

2y

Numerical Modeling Strategies to Improve the
Molding
Simulations”, Journal of Non-Newtonian Fluid
Mechanics, 315, 105033.
(https://doi.org/10.1016/j.jnnfm.2023.105033)

F. Ahmed, Y. Yoshida, J. Wang, K. Sakai
and T. Kiwa, 2021, “Design and Validation
of Microfluidic Parameters of a Microfluidic
Chip Using Fluid Dynamics”, AIP Advances,
11(7), 075224.
(https://doi.org/10.1063/5.0056597)

T. van Roo, S. Kolling, F. B. Dillenberger
and J. Amberg, 2022, “On Short Glass Fiber
with High Fiber

Influence

Accuracy of Polymer Injection

Reinforced Thermoplastics

Orientation and the of Surface
Roughness on Mechanical Parameters”, Journal
of Reinforced Plastics and
41(7-8), 296-308.

(https://doi.org/10.1177/07316844211051748)

Composites,

SHALHZUYK] H28H M4z, 2024 8& 73



	3차원 사출성형 해석 기반 회전 유니트의 변형 특성 분석 및 최적화
	초록
	Abstract
	1. 서론
	2. 회전유니트 형상 정밀도 향상을 위한 모델링 및 해석 조건
	3. 해석 결과 및 분석
	4. 결론
	References


