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A Study on the Robust Minimization of Warpage
in Injection-Molded Part via the Optimal Design of

Rib Geometry and Process Conditions
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ABSTRACT

In the study, a design methodology for robust minimization of a warpage in injection-molded part is presented.
Taguchi's parameter design method is integrated with a computer simulation tool for injection molding to search
for best design with robustness against the process variability by noises. The proposed methodology is based on a
two-stage process: (1) reducing a warpage in the part by optimizing the part geometry including the layout and
size of ribs, and (2) additionally minimizing the warpage by optimizing process conditions. An example is used to
illustrate the usefulness of the design methodology.

Key Words : Plastic Injection Molding(Z2}~8 A& ¥), Warpage(¥), Robustness("d714]), % 2“2 Al(Optimal
Design), ANOVA(E4HEA]), Mean Analysis(*H T £4)
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Fig. 3 Design factors selected for the part optimization

Table 1 Design factors and levels for part optimization

Design factor Level 1 Level 2
Lr (mm) 30.0 70.0
Hr (mm) 7.0 23.0
tr (mm) 1.0 14

Table 2 Noise factors and levels for part optimization

Noise factor Level 1 Level 2
Tinere (C) 205 245
Twoua (C) 50 80
tan (sec) 0.5 2.5

Table 3 Composite noise factor for part optimization

Level 1 Level 2
205 Tanett (C) 245
50 Tinola (C) 80
2.5 tan (sec) 0.5
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Table 4 DOE experiment result for part optimization

Control factor |Composite noise factor
Run S/N
Le | Hg tx 1 2 ratio
1 30 7 1 0.6400 1.5019 -1.25
2 30 7 1.4 1.0012 1.2136 -0.93
3 30 | 23 1 0.5767 1.5749 -1.48
4 30 | 23 1.4 0.8427 1.1132 0.11
5 70 7 1 0.3220 0.8362 3.96
6 70 7 1.4 0.5588 0.7299 3.74
7 70 | 23 1 0.5260 1.6761 —1.88
8 70 | 23 1.4 0.8458 1.2378 —0.51

Table 5 Processing condition factors and levels

Design factor Level 1 Level 2 Level 3
toack (s€C) 1 3 5
Poack (%) 60 80 100
tpost-fill (SEC) 10 15 20
tan (sec) 0.6 1.5 2.4
Tmoa () 55 65 75
Tietr (C) 213 225 237

Table 6 Composite noise factor for process conditions

optimization
Level 1 Level 2
—8 T (C) +8
-5 Tola (C) +5
+0.1 tan (sec) —0.1
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Table 7 DOE experiment result for processing conditions optimization

Control factor Composite noise factor
Run S/N ratio
teinn tpack tpost-ﬁll Tmold Tmelt Ppack N1 N2
1 0.6 1 10 55 213 60 0.4219 0.4843 6.86
2 0.6 3 15 65 225 80 0.4294 0.4855 6.78
3 0.6 5 20 75 237 100 0.3343 0.4852 7.60
4 1.5 1 10 65 225 100 0.4846 0.5849 5.40
5 1.5 3 15 75 237 60 0.3279 0.4017 8.71
6 1.5 5 20 55 213 80 0.1641 0.1694 15.56
7 24 1 15 55 237 80 0.3117 0.3498 9.60
8 24 3 20 65 213 100 0.1777 0.1976 14.52
9 24 5 10 75 225 60 0.4606 0.5598 5.80
10 0.6 1 20 75 225 80 0.2866 0.3144 10.43
11 0.6 3 10 55 237 100 0.5702 0.6471 4.30
12 0.6 5 15 65 213 60 0.2807 0.3968 9.28
13 1.5 1 15 75 213 100 0.3306 0.3814 8.95
14 1.5 3 20 55 225 60 0.2311 0.2369 12.62
15 1.5 5 10 65 237 80 0.4234 0.5153 6.53
16 24 1 20 65 237 60 0.2597 0.2623 11.67
17 24 3 10 75 213 80 0.3631 0.4807 7.41
18 24 5 15 55 225 100 0.2088 0.2617 12.52
A= Dol T Ao Gignificant) AASUS & 7 F W, BARKE )T BE ZEIFD%) L)
AT A B AlE mEe] ol BUAMINL,,) o FEae w2 UERA] Table 89 EARE
B ZRAAUNNL,,)S THE RN A et edF fo4 dde WE ¢ Atk
wel Hol el folalx e Aow B o wEAUI o A MAzAe sNuE 29
- - _ 5 = = = T
ol E(pooling)3t AT Table 9% & sholA g SIS dAsel £ o= AAdn whebA
S g ANAZNE TR SN Fael ol £
_ _ able actor effec
& P (main effects)S =2 Aoty Fa3 F4 0
A T2 7]—(tpm . f1ll) AFZE A ZHE f]”) A& f:gtl(%? tinl toack | tposefil | Tmold | Tmet | Ppack
(o) B 28325(T, 008 TEI= HlLA Level 1 | 7.54 | 882 | 6.05 | 1024 | 1043 | 9.16
Level 2 9.63 9.06 9.30 9.03 8.92 9.38
Table 8 ANOVA table Level 3 | 1025 | 955 | 12.07 | 815 | 8.07 | 8.88
Factor SS dof | mean sq F A 2.71 073 | 6.02 | 2.09 | 2.36 0.5
Rank 2 5 1 4 3 6
tpost-fill (S€C) 108.87 2 54.43 443
trn (sec) 24.20 2 12.10 9.8 Design
Tmeh (OC) 17.14 2 8.57 70 factor tﬁll tpack tpost-ﬁll Tmold Tmelt Ppack
Tumota (T) 13.17 2 6.58 53 Level 1 0.43 0.37 0.50 0.34 0.32 0.36
toack (S€C) 1.67 2 0.83 Level 2 | 0.35 0.38 0.35 0.37 0.38 0.36
Ppack (%) 0.76 2 0.38 Level 3 0.32 0.36 0.26 0.39 0.41 0.39
Error 6.16 3 205 A 0.11 0.02 | 024 | 0.05 | 009 | 0.03
Rank 2 6 1 4 3 5
(Error) 859 | 7 (123) A
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Table 10 Comparison of the two design solutions

Standard
Design Mean Deviation S/N ratio
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Initial 1.4673 0.1905 -3.37
Optimal Robust 0.1657 0.0113 15.60
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