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In mold decoration molding process and mould design for air-conditioning seat-cover
XIE Maoqing', WANG Leigang’
(1. Hangzhou Polytechnic, Hangzhou 311402, China;
2. School of Materials Science and Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract : Aimed at the requirement of using plastic in-mold decoration (IMD) for the molding of an air-conditioning seat-
covers, IMD molding process based on high-pressure forming 3D-film-insert was designed for the molding of this IMD plastic part.
In the process, the protective layer 3D-film-insert of IMD plastic parts was formed by high-pressure pressing and vacuum adsorption
3D molding of 0.25 mm polymethyl methacrylate (PMMA) film, and the inner lining was formed by injection molding of polycar-
bonate/acrylic nitrile butadiene styrene copolymer (PC/ABS) alloy. The designed IMD process path includes 9 processes. The
designed high-pressure molding mold for 3D-film-insert is a double acting convex mold that has the ability of high-pressure pressing
on the upper surface of the film and vacuum adsorption on the lower surface after the mold is closed. The corresponding high-
pressure molding process parameters are : molding-pressure (35+1) kg/holding-time (7.0+1)s/mold-temperature183 °C. In the injec-
tion molding of the inner lining, the inner lining injection mold is a two-plate single-gate hot-runner inverted mould. The positioning
of the 3D-film-insert in the mould cavity is achieved by two fixed mould limit-sliders. The demoulding of the plastic part is achieved
by driving the ejector plate, 10 lifters, and 14 ejectors together with two hydraulic-cylinders set in the moving mold of the inverted
mold. The simulation optimization analysis of overlapping injection molding between inner lining/3D-film-insert was carried out by
using CAE software Moldflow “Overlap Injection Molding” analysis sequence for the injection molding of the inner lining. The opti-
mization results show that during the injection molding of the inner lining cavity, the diameter of the hot-gate is taken as @ 4 mm,

the mould temperature was 79 °C, the melt temperature is 260 °C, the injection pressure is 90 MPa, and the pressure is maintained in
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four stages, which are 40 MPa-2 s/30 MPa-2 s/15 MPa-2 s/10 MPa-1.5 s, respectively.

Keywords : air-conditioning seat-cover ; IMD/IMF ; film high-pressure forming ; overlapping injection molding CAE anal-

ysis ; IMD injection mold ; polymethyl methacrylate ; polycarbonate/acrylic nitrile butadiene styrene copolymer
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F —PMMA 3D-film-insert; L, —PC/ABS lining; S, -3D-film—
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insert inner surface; S,

our—3D-film-insert outer surface; I, , —Screen

printing identification ; IMD part—Air-conditioning seat-cover IMD plas-
tic parts
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Fig. 1 Air-conditioning seat-cover IMD part
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Fig.2 Structural analysis of IMD plastic part
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Fovma » Lpcaps - IMD part—The same as Fig.2; F,, —PMMA film with

protective film; R —A roll of PMMA film; E ,—Cutting machine;
E_,—Screen printing machine; E ,—Dryer; E_,—Drilling machine;
E,,—Protective film applicator; E -—Film high-pressure forming mold;
E_;—film high-pressure forming machine; E -—Puncher; E ;—Edge
cutting mold; E_,;—Injection molding machine;
E,,,—IMD Injection mould; E ;,—Non static and dust-free workshop
I3 #AF IMD il
Fig.3 Production process of IMD plastic parts
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(a) High-pressure forming
mold structure

(b) Operational principle

F,,—PMMA film with protective film;1,8,12,13—Sealing ring;
2—TF,, positioning pin;3—Cushion table; 4—Terrace die; 5,10, 12—Air
nozzle ; 6—Terrace die cushion plate; 7—Screw ; 9—Terrace die porosi-
ty; 11—Upper gas cell plate; S, —Terrace die forming surface;
G,—Upper gas cell; G.,—Intermediate gas cell; G.,—Lower gas cell;
Fy—Direction of mold closure ; P, —Mold closure plane
Fl4 3D BRI

Fig. 4 3D film insert F high-pressure forming mold
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(b) Optimal analysis of B Shot
gate location

H,,/H ;—Hot runner; G,—A shot gate; G,—B shot gate; A
CAE mesh;B | L
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overlapping injection molding CAE model

PMMA' ~PC/ABS

F1 AR Kamax T-260 52 TS
Tab.1 Injection molding process parameters of

A injection material Kamax T-260

Mold Melt Ejection Maximum  Maximum
temperature tempera-  temperature  shear stress / shear rate /
/°C ture/°C /°C MPa s
89~ 117 280 ~ 320 122 0.5 100 000

&2 B Cycoloy EHAF B T ZSH
Tab.2 Injection molding process parameters of

B injection material Cycoloy EHA

Mold Ejection Maximum Maximum
Melt temper-
tempera- ature/°C tempera- shear stress /  shear rate/
ture /°C ture/°C MPa s
65~93 246 ~ 274 98 0.4 40 000
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Remelting area
Overlap injection molding composition
[Overlap injection molding] ..

=1.616[s]

[s]
1 1.616

1.212
0.808 2
04041 &

0.000 0

(a) Remelting area

Flow front temperature [overtapping injection molding]
=262.6[°C]

[°C]
1 262.6
258.8

262.6
251.2
247.5

‘Weld line [overtapping injection molding]
=135.0 [deg] j

[deg]
1 135.0

(d) Flow front temperature

101.3

6750 &
3375
0.000 0

(f) Air holes/weld lines

F L

PMMA > "“PC/ABS

Filling time [overtapping injection molding]

(b) Fill time

Filling end pressure [overtapping injection molding]
=53.02[MPa]

[MPa]
] 53.02

39.76

26.51
13.25
0.000 0 £

(c) Filling pressure
Average velocity [overtapping injection molding]
Time =1.616 [s]

[em/s]
I 20555

Founia

1541.6
1027.7
513.9

0.000 0

Volume shrinkage ratio [overtapping injection molding]
Time =31.48[s]

[%]
] 11.32

(e) Average velocity

8.477

5.633
2.789
0.000 0

(g) Volume shrinkage ratio

—The same as Fig.2; W, —Weld line; A, —Air hole
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mould cavity overlap injection molding CAE optimization analysis results

(a) Fixed mould formed parts

(b) Moving mould formed parts

L —The same as Fig.1;V_ —Air vent; P, —Flat parting surface;

PC/ABS ent sur
14—Cavity insert; 15—Fixed mould plate; 16/16'—Limit-slider;
w1 ~ w9—Fixed mould waterway ; G,—B shot gate; 17—S-side slider;
18/26—FEjector; 19/19'/20/20'/21/21'/22/22'/23/23'—Lifters ; 24—Core
insert;25—Hot nozzle ; 27—Breathable insert;

28—Moving mould plate; w10 ~ w11—Moving mould waterway
7 BRI
Fig. 7 Mould cavity design
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Top 3D view

Moving mould top view  Fixedmould bottom view  Bottom 3D view
F,/F,//F [F,/F,—The same as Fig.2;P_ /14 ~ 28—The same as Fig.7;
29—Precision positioning tray ; 30—Lock-plate ; 31—Precision position-
ing block; 32—Ejector guide pin;33—Mold heel block ; 34—Heel plate;
35—Hot nozzle heel plate; 36—Lower clamping plate ; 37—Guide pin;
38—Locating ring; 39—Cable tray ; 40—Return pin;41/43/44/45—
Hydraulic-cylinder ; 42—Push sleeve ; 46—Guide bush;47—Ejector
plate;48—Ejector retaining plate ; 49—Lifter tray ; 50—Protection
column; 5S1—Upper clamping plate
K18 FLHLEH
Fig. 8 Mould structure
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(b) Appearance of plastic
parts installation

(c) Appearance of internal
installation of plastic parts

M, ,—Injection molding machine moving plate ; M,—Injection molding
machine fixed plate; M;—Machine hand; P _—IMD plastic part;F ./

L

PMMA'

—The same as Fig.1; F/F /P /14 ~ 44—The same as Fig.8

B0 HULTfEium
Fig. 9 Working principle of mould
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