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DOE and MPI-Based Robust Optimal Design for Injection Molding Process

LIN Quan
( School of Mechanical and Electrical Engineering, Wuyi University, Wuyishan Fujian 354300, China )

Abstract: The warping deformation is an important index to evaluate the quality conformance of snap-in plastic plate

assembly. Applies the Taguchi’ s Design of Orthogonal Experiment (DOE) with the combination of mold flow project

analysis module to study the warping deformation of the products. Through robust optimal design of injection molding

process parameters and the experimental analysis, obtains the optimal process parameter combination, and by utilizing the

calculations in the confidence intervals, verifies the reliability of the optimal parameter combination. The research results

show that the dwell time is the most significant influencing factor, followed by cooling time, the plastic temperature and

dwell pressure. The long dwell time and cooling time is easy to cause the increase of internal stress in products, which may

leads to the possibility of warping deformation.

Keywords : warping deformation; Taguchi’ s orthogonal experiment; Moldflow; robust optimization
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Fig. 1 Finite element analytical model for snap-in plastic plates
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Table 1  Controlling factors and levels

H 7 KF 1 K2 KFE3
A BUEHELE /€ 210 220
B FEHHA] /s 0.8 1.0 1.2
C R FEma] /5 3 5 7
D B HIA] /s 5 10 15
E JFAEIHE] /s 1.5 2.0 2.5
F W46 S /MPa 85 95 105
GREENSEHENZL /% 60 70 80
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Table 2 The original molding parameter experiment data

K 57 S
SRR /°C FRIEESE /s PRIEEFEL /s R AIERE /s JFEEESE] /s ST /MPa {RIEH/ MPa
1 210 0.8 3 5 1.5 85 51.0
) 210 1.0 5 10 2.0 95 66.5
3 210 1.2 7 15 2.5 105 84.0
4 210 0.8 3 10 2.0 105 84.0
5 210 1.0 5 15 2.5 85 51.0
6 210 1.2 7 5 1.5 95 66.5
7 210 0.8 5 5 2.5 95 76.0
3 210 1.0 7 10 1.5 105 63.0
9 210 1.2 3 15 2.0 85 59.5
10 220 0.8 7 15 2.0 95 57.0
1 220 1.0 3 5 2.5 105 73.5
12 220 1.2 5 10 1.5 85 68.0
13 220 0.8 5 15 1.5 105 73.5
14 220 1.0 7 5 2.0 85 68.0
15 220 1.2 3 10 2.5 95 57.0
16 220 0.8 7 10 2.5 85 59.5
17 220 1.0 3 15 1.5 95 76.0
18 220 1.2 5 5 2.0 105 63.0
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Table 3 Interference factors and levels

ES JEIRE KE 1L KE2

A FBRHEE 1 °C 220 218 222

B FedEE] /s 1.0 0.9 1.1

C R JEIFA] /s 5.0 4.5 5.5

D ¥ HImHA] /s 10.0 9.5 10.5

E JFA5ERT[E] /s 2.0 1.8 22

F F4E ) /MPa 95 93 97
GHREENSEHNENZL /% 70 68 72

MR 4 15 T 45 ST LIAS A TR X T Bt ik
FEVERSE IR . bR T SURRELEESN, HAh 6 MR XS
M ASTE S s e SAAaR], AR T, BPREE TR
TS BB R3E, FhASTE ARk, Boa R T
A TR A N EEREE (42 °C ). FEIER(A]
(-0.1s), fRJEEE] (-0.5s), ¥WEIEE (-0.5s), JF
BEEFE] (-0.2 s ). HEHET] (=2 MPa) FIfR T )
(=2% ). 5 HIMATHE T B SHOLT 0 % .
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Table 4 Reaction data for interference experiment
MRS WORRLIE 1°C FEHUE /s (RIERHI /s RN /s RN /s BEATFE T /MPa (RIEFES/ MPa S iL /M
1 218 0.9 4.50 9.5 1.8 93 63.2 0.394 7
2 218 0.9 4.50 9.5 1.8 97 69.8 0.401 9
3 218 0.9 0.55 10.5 2.2 93 63.2 0.429 0
4 218 1.1 4.50 10.5 2.2 93 67.0 0.427 8
5 218 1.1 0.55 9.5 2.2 97 66.0 0.414 9
6 218 1.1 0.55 10.5 1.8 97 69.8 0.438 7
7 222 0.9 0.55 10.5 1.8 93 67.0 0.429 6
8 222 0.9 0.55 9.5 2.2 97 69.8 0.412 4
9 222 0.9 4.50 10.5 2.2 97 66.0 0.406 3
10 222 1.1 0.55 9.5 1.8 93 63.2 0.405 8
11 222 1.1 4.50 10.5 1.8 97 66.0 0.409 6
12 222 1.1 4.50 9.5 2.2 93 67.0 0.394 2
sum/mm level 1 2.507 0 2.473 9 2.434 5 2.423 9 2.480 3 2.481 1 2.460 3
level 2 2.457 9 2.491 0 2.530 4 2.541 0 2.484 6 2.483 8 2.504 6
ave/mm level 1 0.417 8 0.412 3 0.405 8 0.404 0 0.413 4 0.413 5 0.410 1
level 2 0.409 7 0.415 2 0.421 7 0.423 5 0.414 1 0.414 0 0.417 4
effect/mm 0.008 2 0.002 9 0.016 0 0.019 5 0.000 7 0.000 4 0.007 4

Table 5 Molding parameter experiment data with interference factors

£S5 MAFHEFRESHLEESE

K75 =
SORHIRIE /°C SRS /s QRIS /s VR ANINIE] /s JFRENE /s FERIESI/MPa R/ MPa
1 212 0.7 2.5 4.5 1.3 83 48.1
2 212 0.7 4.5 9.5 1.8 93 63.2
3 212 0.7 6.5 14.5 2.3 103 80.3
4 212 0.9 2.5 4.5 1.8 93 72.5
5 212 0.9 4.5 9.5 2.3 103 59.7
6 212 0.9 6.5 14.5 1.3 83 56.4
7 212 1.1 2.5 9.5 1.3 103 70.0
8 212 1.1 4.5 14.5 1.8 83 64.7
9 212 1.1 6.5 4.5 2.3 93 53.9
10 222 0.7 2.5 14.5 2.3 93 63.2
11 222 0.7 4.5 4.5 1.3 103 80.3
12 222 0.7 6.5 9.5 1.8 83 48.1
13 222 0.9 2.5 9.5 2.3 83 64.7
14 222 0.9 4.5 14.5 1.3 93 53.9
15 222 0.9 6.5 4.5 1.8 103 70.0
16 222 1.1 2.5 14.5 1.8 103 59.7
17 222 1.1 4.5 4.5 2.3 83 56.4
18 222 1.1 6.5 9.5 1.3 93 72.5
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Table 6 Data of simulation test results

5] ES S

o g =) N s c b E v G Y /mm Y,/mm yavg/mm ~/dB
1 Al B1 Cl D1 El F1 Gl 0.290 4 0.300 5 0.295 4 10.589 1

2 Al Bl C2 D2 E2 F2 G2 0.445 9 0.418 6 0.432 2 7.280 9
3 Al Bl C3 D3 E3 F3 G3 0.631 9 0.593 2 0.612 5 4.252 8
4 Al B2 Cl1 DI E2 F2 G3 0.2902  0.2855 0.287 8 10.816 4
5 Al B2 C2 D2 E3 F3 Gl 0.484 5 0.490 2 0.487 3 6.243 0
6 Al B2 C3 D3 El F1 G2 0.618 3 0.551 0 0.584 6 4.647 7
7 Al B3 Cl1 D2 El F3 G2 0.345 1 0.287 5 0.316 3 9.962 1
8 Al B3 C2 D3 E2 F1 G3 0.624 0 0.597 2 0.610 6 4.282 7
9 Al B3 C3 D1 E3 F2 Gl 0.409 9 0.396 7 0.403 3 7.886 2
10 A2 Bl C1 D3 E3 F2 G2 0.306 5 0.281 1 0.293 8 10.630 9
11 A2 Bl C2 D1 El F3 G3 0.351 5 0.318 0 0.334 7 9.494 7
12 A2 Bl C3 D2 E2 F1 Gl 0.480 2 0.486 4 0.483 3 6.315 4
13 A2 B2 Cl1 D2 E3 F1 G3 0.286 4 0.288 3 0.287 3 10.831 7
14 A2 B2 C2 D3 El F2 Gl 0.520 3 0.530 7 0.525 5 5.588 1
15 A2 B2 C3 DI E2 F3 G2 0.3995  0.386 0 0.392 7 8.116 3
16 A2 B3 Cl1 D3 E2 F3 Gl 0.354 5 0.295 6 0.325 0 9.725 4
17 A2 B3 C2 D1 E3 Fl G2 0.390 8 0.326 6 0.358 7 8.870 7
18 A2 B3 C3 D2 El F2 G3 0.540 1 0.507 1 0.523 6 5.6157
T 141.15

7 7.8417

Fz7 EHEFIS/N HRME
Table 7 Reaction values of controlling factors to S/N

Aeor A FRLR B 7L (] C R 5 B[] D % i) E JFHLI}[a] F 4T G REET

1 7.328 8 8.094 0 10.426 0 9.295 6 7.649 5 7.589 6 7.724 5

2 8.354 3 7.707 2 6.960 0 7.708 1 7.756 2 7.969 7 8.251 4

3 7.723 8 6.139 0 6.521 2 8.119 3 7.965 8 7.594 0

IAl 1.025 5 0.386 8 4.287 0 2.774 4 0.469 8 0.380 1 0.526 9

rank 3 6 1 2 5 7 4
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Table 8 The simulation verification results for the optimal combined parameters

B 14 i1
: . . — mmets S
A R B i C 1 D %4 E FF# F 4 G Rk " N /dB
W /C i a] /s isHA] /s BFa] /s AFa] /s JEJ1/MPa  JEJ1/MPa mm
B 220 0.8 3.0 5.0 2.5 95 76.0 Y=0.285 1 10 o7 6
mERERETF 222 0.7 2.5 4.5 2.3 93 72.5 Y,=0.298 4
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Table 9 Variance analysis

E i 22 ~F- 5 Fl H H - 248 22 8- 5 Fl F 1A F Il 518 &
A SR 4.711 1 47110 11.476 25 7.71 *
B FEIE N [H] 0.573 2 0.286 5 0.697 93 6.94
C {4 5k fa] 62.132 2 31.066 0 75.678 44 6.94 *
D R[] 23.243 2 11.621 5 28.310 60 6.94 *
E JF A1} ] 0.728 2 0.364 0 0.886 72 6.94
F 4 T 0.582 2 0.291 0 0.708 89 6.94
G RIEET 6.683 2 3.3415 8.140 00 6.94 #
R 2= 1.642 4 0.410 5
NIl 99.355 17
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Table 10  Pooled error variance analysis

(5 S fini 2 - J5 0 H B X B 228 U5 AN FAH F Il FHE I i
A SRR BE 4.711 1 47110 13.364 5 10.04 ok
C ] [a] 62.132 2 31.066 0 88.130 5 7.56 i
D & Hiffa] 23.243 2 11.621 5 32.968 8 7.56 ok
G REE N 6.683 2 33415 9.479 4 7.56 S

B 22 3.525 10 03525

e A 17
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Fig. 2 Nephogram of total warping deformation of
snap-in plastic plates (20 x )
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