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Optimal design of embedded induction heating system for variothem injection mold based on FEA-PSO
XIAO Chenglong, HU Can,ZENG Guangsheng
(School of Materials Science and Engineering, Hunan Institute of Technology , Hengyang 421002, China)

Abstract : A coil-embedded induction heating-assisted variotherm injection molding method is proposed. By embedding the
induction coil directly into the mold cavity plate, a high-frequency alternating electromagnetic field is generated under current excita-
tion, inducing high-density eddy currents, producing substantial Joule heat in the surrounding metal region, and rapid heating the
cavity surface. Considering the varying technical priorities of different injection-molded products, two optimization models for the
mold induction heating system were established, focusing respectively on heating efficiency and temperature uniformity. A hybrid
solution strategy of combining the finite element analysis (FEA) and particle swarm optimization (PSO) was proposed. The optimiza-
tion results show that, for the efficiency-priority model, the heating efficiency of the mold was improved by 41.8%, while the temper-
ature uniformity was also enhanced by 76.9%. For the uniformity-priority model, the heating efficiency and uniformity were
improved by 34% and 91%, respectively. Based on the optimized parameters, a prototype mold with an embedded induction heating
system was constructed for variotherm injection molding, and experimental validation was carried out using a plastic panel from an
electronic product as the test case. The results demonstrate that the front surface of the molded panel exhibited no visible color differ-
ence and a uniform mirror-like gloss, with an average surface roughness of only 26.13 nm. The panel required no post-processing

such as sanding, painting, or polishing to meet assembly requirements. These findings validate not only the effectiveness of the FEA-
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PSO optimization strategy but also the practical feasibility of the proposed variotherm injection molding method.

Keywords : variotherm injection molding ; embedded induction heating system ; optimal design ; finite element analysis ;

particle swarm optimization
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Fig. 1 Schematic of variotherm mould with embedded induction coil
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Tab.1 Electromagnetic and thermophysical properties of materials

Materials
Parameters h:[tzle(i Copper Water Cegabzlc
Relative permeability 200 1 1 1
Relative permittivity 1 1 80 4
Electrical conductivity /(x10°S-m™) 6.17  59.98 0 0
Density /(kg+m™) 7850 8700 1000 900
Specific heat /(J-kg™'-K™") 486 385 4178 1100

Thermal conductivity (W-m™-K™) 49.8 400 0.598 0.08
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Tab.2 Range of values for optimal design variables

. . Level
Design variables . .
Lower limit Upper limit
L/mm 20 40
H/mm 15 30
ilA 400 800
flkHz 20 60

Notes: L denotes the thickness of cavity plate; H represents the
center distance between adjacent induction coils; i and f are the magni-

tude and frequency of induction coil current, respectively.
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Tab.3 Comparison of results before and after optimization

Optimal design
Design variables Initial design Heating effi- Heating
ciency priority un1f9@1ty

priority
L/mm 20 27 32
H/mm 24 18.5 18
flkHz 60 385 50
i/A 450 696 678

t/s 25.58 14.87 16.90
T ./°C 170.33 162.39 160.92

Notes: #, is the required heating time for the entire mold cavity
surface to be heated from the initial temperature of 20 °C to the target
temperature of 160 °C; 7, is the maximum cavity surface temperature

at time #,.
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Fig. 8 Surface appearance comparison of the front and rear sides of
panel molded via variotherm injection molding
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Fig. 9 Surface texture comparison of the front and rear sides of panel

molded via variotherm injection molding

ST HO- I SR TEDRRS B AR 26.13 nm, 211K
TSI 296.55 nm , & B T H A BOREE T4
A PR T SR T A R R, PR, R
I B A BRI HOR , AT A ROE R G ST 8 1
T e DL R o]t R, dob 2 4R v ) o R DGR

ARG RS R AN S ) e I SES S DL
RO AT B4 ARG RC IR o X — oot R 25 T8
L 1 9 e A v A vy AR s e TR - — 5T, T
A ARSI A A B i BE 1T S T R 58 2 , 1l
PR 2 J2 1 B R T 3 o B R 2 8 T A R SR TR TR
J&E, DT k25 A8 T AR IR Bhfe g 5 o — i it
55 PR B B 1 e B RS S i Ak HLY S TE
B EL R B 338 A7 Bl T PRI R s BE 1T & 2B W R
BCHE U B, A 52 i D' I A5 L AR s SR T 1) oML
P, DT S R 8 I R £ 55 3 LRI o 14 7 A
e S BR YETTIR ) TR RICR

EASHE A0, A8 i A BN I BB A
AT AR A SR BUA AR A S S i HL 25 1)
W7 HAEAE— PR DA AR S ¥ T8 3L
A RS 445 L 1 D' A M e g A B R R
TREE A BUAS , FE R A 7= v HA B 0 A 35
I, DI STy 25575 1, AT T S 0 A8 B
IR 5 A S i T B AT AT
5 it

(1) T H A 2 Bl e A SR T 44 B A AR
VB A B IR T AR e 4k B A1 A R A IRk
R SRR R T AN 2, B A R4
() TR P o 3 A e S 2 P o AR LA s Al
FREEA PGS B R S5 BETT, S TR R
THT 9 R 0 Bl A A PR R 9 , 32 G AR A 1 9

PR EL ORI EN Y SERT R

(2) g7 T B EL R s R i PRk H 3 51 £
ARG I3 T FEA 454 PSO 24 s w55 76 3k
ok, PiAbZE 3R . RAZ FEA-PSO J5 ik il Pk
TR ARAFALELR A A RGPS5 Xt
I ARCRAR SR P AR S A AL i BT[] fR
25.58 sFRAINE 14.87 s, ITARCRIETE T 41.8%; X
ISR SRR Ak S (A s 2 T e R T 25 1
10.33 °CR#AK 2 0.92 °C, 54T T 91%.

Q) RTINS RIS E T 2Bl AR
JoF A Bl AR AR A 28 T AR EL A IR A IR R T
AENE ) ARSI FE SRR S0 . SRR TR R Y
ARSI T I T A] I R o ) RO B i, A
T B 4 2% T G B (22 HL SR B AT R w6 R,
44 THDHLRE FE A M 26.13 nm, O T EE W64 4l
A SL A BRED VT BRI AR IR . A TR
IR T 20, T8 H i AR A 1 9 7 VA v e g



MR, 55 5T FEA-PSO pyZ IR YA L A BN IR Stk et

145

DR b B R A 7 o LA B (I8, TR RA T

HAESEBr A A A R AT AT

(1

(2]

B3]

(4]

[3]

(6]

(7]

(8]

& % X #f

SRR, SRR PR, A PR A 28 AR R R LRI (D).
K% K TA2,2017,9(5):1-18.

SHI Zhanlin, ZHANG Lei, HOU Junji, et al. Review of rapid heat
cycle molding technology[J]. Journal of Netshape Forming Engi-
neering,2017,9(5):1-18.

DOTT,UYENTM T,MINH P S . The feasibility of an internal
gas-assisted heating method for improving the melt filling ability of

Polyamide 6 thermoplastic composites in a thin wall injection

molding process[J]. Polymers, 2021, 13(7). DOI: 10.3390/
polym13071004.
MU, B, SO H AR AR T AR A R DA S

WESE0]. 98k Tl , 2023, 51(8):92-97, 111.

XIAO Chenglong, HUANG Huiting, WEN Sheng. Experimental
study on thermal response evaluation of variotherm injection mold
with electric heating[J]. China Plastics Industry, 2023, 51(8): 92—
97,111.

R W, BRI, BT . AR A T JA Y X S A B R
MrSsSEi ], TARREURLNIA , 2020,48(1):56-62.

YIN Sufeng, RUAN Yuhuang, RUAN Feng. Analysis and practice
on quality of ultra-thin light guide plate by dynamic mold tempera-
ture injection compression molding[J]. Engineering Plastics Appli-
cation,2020,48(1):56-62.

KUO C C,TASI Q Z,HUNAG S H, et al. Development of an injec-
tion mold with high energy efficiency of vulcanization for liquid
silicone rubber injection molding of the fisheye optical lens[J].
Polymers,2023,15 (13). DOI:10.3390/polym15132869.

MACEDO C, BRITO A M, FARIA L, et al. The potential of
RHCM technology in injection molding using a simple convention
heating and cooling system[J]. Results in Engineering, 2023, 19.
DOI:10.1016/j.rineng.2023.101349.

SUGIO D, OKAZAKI S, KANEKO M. Application of Rapid Heat
and Cool Molding to High Strength Outer Parts without Painting
Treatment[J]. SAE International Journal of Materials and Manufac-
turing, 2017, 10(1):52-71.

LEE HM,KO Y B, CHOI W C. Development of a modular mold
with a carbon nanotube web film heater for rapid-heating cycle
molding[J]. The International Journal of Advanced Manufacturing

Technology,2024,132(1):633-646.

[9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

DESHMUKH S S, GOSWAMI A. Microlens array through
induction-aided hot embossing: Fabrication, optimization, and char-
acterization[J]. Materials and Manufacturing Processes, 2022, 37
(13):1 540-1 554.
GUO Z C,XIE J,YANG J H, et al. Rapid mold temperature rising
method for PEEK microcellular injection molding based on induc-
tion heating[J]. Journal of Materials Research and Technology,
2023,26:3 285-3 300.
SIMOES R, MACEDO C, LARANIJEIRA 7, et al. Development
of a rapid heat cycle injection molding system using infrared radia-
tion and convection heating and influence on morphology and
mechanical properties[J]. International Journal of Advanced Manu-
facturing Technology, 2024, 130(1):283-295.
XIAO C L,KAHVE C,FU C M. Multi-objective optimization of
heating system for rapid thermal cycling molding mold with inter-
nal induction heating[J], SN Applied Sciences, 2021, 3(6). DOI:
10.1007/s42452-021-04673-7.
U, BODUME , W RRSE  BE T PSO YR B OB B AR
Gt AL (], 0k Tll, 2022, 50(11):95-100.
XIAO Chenglong, HUANG Hanxiong, ZENG Shengqu. Optimal
design of electric heating system in variotherm blow mold by
particle swarm optimization[J]. China Plastic Industry, 2022, 50
(11):95-100.
XIAO C L,HOPMANN C, KAHVE C E. Development of vario-
therm extrusion blow molding technology to produce high-gloss
automotive spoilers[J]. Journal of Polymer Engineering, 2023, 43
(5):465-474.
CERVANTES-VALLEJO F J, HERNANDEZ-NAVARRO C,
CAMARILLO-GOMEZ K A, et al. Thermal-structural optimiza-
tion of a rapid thermal response mold: Comprehensive simulation
of a heating rod system and a fluid cooling system implemented
MSR-PSO-FEM[J]. Thermal Science and Engineering Progress,
2024,47. DOI:10.1016/j.tsep.2023.102279.
XIAO C L, HUANG H X. Multiobjective optimization design of
heating system in electric heating rapid thermal cycling mold for
yielding high gloss parts[J]. Journal of Applied Polymer Science,
2014,131(6). DOI:10.1002/app.39976.
KITAYAMA S. Process parameters optimization in plastic injec-
tion molding using metamodel-based optimization: a comprehen-
sive review[J]. The International Journal of Advanced Manufactur-

ing Technology,2022, 121(11):7 117-7 145.



