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Optimization of an Injection Molding Process for Polycarbonate Car
Switch Buttons Using the Taguchi Method

Cheol Kim*', Jaewoo Park*

ABSTRACT: The quality of polymeric automotive parts depends highly on an injection molding process, which causes
various defects, such as warpage, sink marks, weld lines, shrinkage, residual stress, etc. This study is to determine the
optimum processing parameters, such as packing pressure, mold temperature, melting temperature, and packing time
for the manufacture of polycarbonate buttons in cars on the basis of FEM, the Taguchi method, and analysis of
variance (ANOVA). As a result, the optimum processing parameters of buttons made of polycarbonate material were
obtained as follows: 140 MPa of packing pressure, 105°C of mold temperature, 292.5°C of melting temperature and 1
second of packing time. A gain of S/N (signal to noise) ratio, 10.2, was obtained with the optimum values. Moreover,
the melting temperature was found to be the most significant factor followed by the mold temperature.
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Fig. 1. Shape of a polycarbonate switch button

Table 1. Runner and gate data

Gate Length Shape Diameter (mm)
(mm) Start End
Cold Gate 75.0 | Circular/Tapered 2.0 4.0
Cold Sprue 135 Circular/Non-Tapered 4.0 4.0
Cold Gate Circular/Tapered 4.0 0.8
Table 2. Numerical meshing data
Entity Counts
Surface Triangles 11688
Nodes 5834
Beams 13
Connectivity Regions 1
Mesh Volume 2.2852 cm®
Runner Volume 0.8084 cm®
Mesh Area 49.1303 cm?
Edge Details
Free Edges 0
Manifold Edges 17532
Non-Manifold Edges 0
Orientation Details
Elements not Oriented 0
Intersection Details
Element Intersections 18
Fully Overlapping Elements 0
Duplicate Beams
Surface Triangle Aspect Ratio
Minimum Aspect Ratio 1.156
Maximum Aspect Ratio 5.991
Average Aspect Ratio 2.038
Match Percentage
Match Percentage 92.40%
Reciprocal Percentage 96.80%

(Meshing)d} it} Table 20 71 A3}7} A w0} Qlct.
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Fig. 2. FE Meshing of injection molding

Table 3. Specification of Trirex 3022IR resin

Table 4. Process requirements for Trirex 3022IR

Specification Conditions
Drying Temperature 120°C
Drying Time 3~5hr
Moisture Content, Max 0.02%
Melt Temperature 275~310°C
Nozzle Temperature 275~310°C
Front Temperature 275~300°C
Middle Temperature 260~285°C
Rear Temperature 245~270°C
Mold Temperature 65~105°C
Back Pressure 0.25~0.7 MPa
Screw Speed 40~70 rpm
Vent Depth 0.02~0.08 mm

Table 5. Analysis conditions

Packing Pressure 100 MPa
Packing Time 2 sec
Mold Temperature 100°C
Melt Temperature 300°C

Property l\ljl‘estrlrllc\)/ld Typical Data
Specific Gravity D792 1.20
Water Absorption (24 Hours at 23°C)| D570 0.15%
Melt Flow Rate (300°C, 1.2 kg) D1238 14 g/10 min
Mechanical
Tensile Strength at Yield D638 69 MPa
Tensile Elongation at Break D638 130%
Flexural Strength at Yield D790 93 MPa
Flexural Modulus D790 2250 MPa
;z;(é I(r;p;;t Strength, Notched, D256 883 J/m
HDT, 18.6 kgf/cm’ D648 134°C
g::;:i;(e)r: of Linear Thermal D696 | 5~7x10° mm/°C
Electrical
Volume Resistivity D257 4x10"° Q cm
Dielectric Strength D149 30 kV/mm
ARC Resistance D495 120 sec
UL-94 Flammability (1/6" Thickness) | (UL 94) V-2
Mold Shrinkage (3 mm Thickness) | D955 0.5~0.7%
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Fig. 3. Pressure cycle used in an injection process
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Fig. 4. Clamp Force of interior cavity
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Table 6. Level of control factors

150.0 Pressure:XY Plot : N4434
Level +
Factor
1 2 3
Packing Pressure (MPa) 100 120 140
Packing Time (sec) 1 2 3
Mold Temperature (°C) 65 85 105
Melt Temperature (°C) 275 292.5 310
io] Z(Noise)J_—_ xﬂ ke \3_4 %5:]0 Gc:})\c]—oﬂ EH?:;J__ 7\1] Q_I];}_Zj_% 0.0000 1l][ll] Z.Ul;[I 3.u[||u“me:;;]l;u 5.11[;0 s.m;u 7.uﬁu|h
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Fig. 8. Pressure change in 9 iterations with time at five nodes

Table 7. Orthogonal array

No A B C D Packing Pressure | Packing Time Mold Temp Melt Temp
(MPa) (s) (°C) (°C)
1 1 1 1 1 100 1 65 275
2 1 2 2 2 100 2 85 292.5
3 1 3 3 3 100 3 105 310
4 2 1 2 3 120 1 85 310
5 2 2 3 1 120 2 105 275
6 2 3 1 2 120 3 65 292.5
7 3 1 3 2 140 1 105 292.5
8 3 2 1 3 140 2 65 310
9 3 3 2 1 140 3 85 275
Table 8. S/N ratio with outputs
No N V2 V3 V4 Vs ¥ O'i—l SIN
1 1537.7 1133.8 1810.8 1725.5 1145.9 1470.7 317.8 13.3
2 1150.8 1067.0 1708.0 1658.7 1080.4 1333.0 321.9 12.3
3 1157.4 1119.3 1760.1 1708.9 1145.4 1378.2 326.0 12.5
4 1300.2 1446.5 1858.6 1735.5 1432.0 1554.6 232.7 16.5
5 2030.0 1839.4 2516.3 2452.4 1821.6 2131.9 332.7 16.1
6 1102.1 1153.5 1733.6 1724.0 1160.3 1374.7 324.1 12.6
7 2062.9 2107.4 2465.7 2343.2 2079.2 2211.7 181.9 21.7
8 940.3 1180.3 1902.6 1901.9 1216.2 1428.3 445.5 10.1
9 1708.2 1712.8 2358.2 23443 1703.2 1965.3 352.3 14.9
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Table 9. S/N ratio with control factors

No A B C D S/IN
1 1 1 1 1 13.3
2 1 2 2 2 12.3
3 1 3 3 3 12.5
4 2 1 2 3 16.5
5 2 2 3 1 16.1
6 2 3 1 2 12.6
7 3 1 3 2 21.7
8 3 2 1 3 10.1
9 3 3 2 1 14.9
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Table 10. Responses table with levels
Level A B C D
1 12.7 17.2 12.0 14.8
2 15.1 12.9 14.6 15.5
3 15.6 13.3 16.8 13.0

Table 11. Resulting table

Packing | Packing | Mold Melt
) S/N

Pressure | Time Temp Temp
Present 100 2 100 300 13.8
Optimized| 140 1 105 292.5 23.9
Gain 10.1

Factor B : Packing Time
200

180
16.0 e
140
120
£ 100
80
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40
20
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1 2 3
Level
(b)
Factor D : Melt Temperature
160 -
155 1
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§ 140 4
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125 4
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15
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@

Fig. 9. S/N ratio according to levels; (a) factor A, (b) factor B, (c) factor C, (d) factor D
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= skl 53 AHlE WRe e W GAYE 59 AIXE
of Hth H3LE AArskiTh

(2) &% WHo Azt W3 e ExE Y WS
ARt AAA S HE 485to] A A= 3 =
Zste HQF A7) 140 MPa, H¢F AJ7F 1 sec, 8 =
105°C, A& &% 292.5°CE E23}9c}.
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2 AEE AES A 223} Hielo] SNIZ 101 B4
E oot o] = Akl A, FAHAIRE 4, AHuE o E
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