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A Study on Optimization of Injection-molded System
Using CAE and Design of Experiment

Jung-Yeol Oh' and Yong-Jeong Huh'
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Abstract  Injection molding process is the manufacturing process that can obtain a high quality products in
large quantity to a low cost. Since there are many input factors in every situation that can influence part's
quality, the method is difficult to save the exact simulation data. Latest, it deals with the CAE method that
supports the experiment, it is applied to the Design of Experiment for the optimum injection molding process.
If there are many factors, the interaction amorg those factors must be considered by applying Design of
Experiment which is taken from the technique of minimizing the number of experiment. Without a real test, it
is taken the simulation data using Moldflow" software. Moldflow” is used for the analysis of injection molding
process, it is analyzed the factors that affect a warpage using the Taguchi method and then the optimal
injection molding process is obtained.

Key Wonds : CAE, Injection molding process, Taguchi method, Warpage, S/N ratio, Optimization
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B 1, 4¥27(@LG LUPOY HI-1002)
Conditions
Drying femp. 100~120(C)
" Drying time 3~5(hrs)
Cylinder temp. 280~310(C)
Nozzle temp. 280~310(C)
Melt temp. 280~310(°C)
Mold temp. 70~90(C)
Screw rpm 40~70(rpm)
2.3 QX ¥ #=Fo| Y
A& B2 SHANE A4, BE 5 o2 7ML
oy B dfoie AA4Y ¥ Wyez Haisich
AR E FEEE, FALE, AEYY, 29, B
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A= A 33 17F &84 AiREE 2 11101
slape] gto] WEAE SA|akA] 2o AESkE A
shoith. & 3 7F 22U £E Ygol FoiA °lu}
. AHellz} A 2
T Control factors Level
1 2 .3
‘Mold temp.(A) 70T 80T 90T
Melt temp.(B) 280TC | 295C | 310C
Injection pressure(C) 230Mm 250Mp 270Mm
Packing pressure(D) 250Mn | 275Mm | 300Mm
Packing time(E) 3s 6s 9s
Cooling time(F) 4s 8s 12s
H 3. 4397 2 22
Level
Noise factors -
1 2
Mold tempdAY) 3T +3C
Melt temp.(B*) 5T +5C
Injection pressure(C*) -4y +4Mm
Packing pressure(D*) 6 +6M
. Packing time(E") -1s +1s
) Cooling time(F9) -1s +1s
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7 AP27AE Moldflow®9] Q18] W42 233t 3
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&R (A, B |, C ., D L E ., F D& 9
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AR ()2 230+4=234P, HSQF (D) 250-6=246
B 4, Aol ¥ 25U Hidols
1 1 1 1 2 2 2 2 | A
1 1 2 2 1 1 2 2 | B
1 1 2 2 2 2 1 1| C
1 2 1 2 1 2 1 2 | D
1 2 1 2 2 1 2 1 | B
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H 5. HAyzo g AERE Uy

-3 -3 -3 -3 3 3 3 3 | A
-5 -5 5 5 -5 -5 5 5 | B
-4 -4 4 4 4 4 -4 -4 | C
-6 6 -6 6 -6 6 -6 6 | D
-1 -1 1 1 -1 1 -1 | E
1 1 1 -1 -1 1 1 -1 | F
A|B|C|DI|E|F
1 [ 70 {280]230[250] 3 | 4] * [02576[02167]02440] = [0.2538]0.2205 | 0.2538
2 [ 80 [295[250]275] 6 | 8 |0.2848 [ 0.3019 | 0.2730 | 0.2974 | 0.2894 | 0.3016 | 0.2821 | 0.3039
3 [ 90 [310]270]300] 9 [12]03417 | 03699 | 0.3445 | 0.3842 | 0.3512 | 0.3797 | 0.3540 | 0.38%8
4 |70 [280]250]275] 9 [12] 02715 [ 03012 | 0.2734 | 0.3019 | 0.2782 | 0.3104 | 0.2837 | 0.3040
5 [ 80 [295[270]300] 3 | 4 | 03193 03496 | 0.3230 | 0.3554 | 0.3271 | 0.3566 | 0.3337 | 0.3634
6 | 90 [310[230]250] 6 | 8 [0.2537 | 0.2735 | 0.2503 | 0.2684 | 0.2580 | 0.2764 | 0.2543 | 0.2703
7 [ 70 [295[230]300] 6 |12 ] 03094 | 0.3356 | 0.3119 | 0.3398 | 0.3147 | 0.3418 | 0.3179 | 0.3486
8 |80 [a310]250]250] 9 | 4 J02357 [ 02602 | 0.2350 | 0.2578 | 0.2446 | 0.2678 | 0.2459 | 0.2665
9 [ 90 [2s0f270]275] 3 | 8 02995 | 0.3191 | 0.2946 | 0.3080 | 0.3101 | 0.3290 | 0.3078 | 0.3181
10 [ 70 [310[270]275[ 6 | 4 [ 02603 | 0.2924 | 0.2607 | 0.3010 | 0.2666 | 0.2978 | 0.2671 | 0.2996
11 ] 80 [280 2303001 9 | 8 [0.3231 03378 | 0.3170 | 0.3428 | 0.3248 | 0.3438 | 0.3239 | 0.3509
12 ] 90 295250250 8 | 12§ 02467 | 0.2742 | 0.2523 | 0.2542 | 0.2586 | 0.2847 | 0.2590 | 0.2790
13 70 [295[270 250 9 | 8 [0.2126 | 0.2538 | 0.2186 | 0.2531 | 0.2226 | 0.2603 | 0.2264 | 0.2488
14 | 80 [310]230[275[ 3 [ 1202710 [ 0.2962 | 0.2720 | 0.3010 | 0.2812 | 0.3060 | 0.2833 | 0.3076
15[ 90 [280 250 [300] 6 | 4 J0.33227 0.3488 | 0.3331 | 0.3573 | 0.3462 | 0.3618 | 0.3426 | 0.3664
16 | 70 [310] 2503001 3 | 8 {03142 | 03481 | 03177 | 0.3472 | 0.3216 | 0.3542 | 0.3233 | 0.3604
17 | 80 {280 270 250 6 |12 [ 0.2180 | 0.2556 | 0.2262 | 0.2639 | 0.2284 | 0.2628 | 0.2347 | 0.2673
18 | 90 [295]230[275[ 9 | 4 §0.2077 ] 0.3076 | 0.2900 | 0.3094 | 0.3063 | 0.3158 | 0.2960 | 0.3194
3. CFX| 7|Hofl ejst M8 BH™ F|H™sg| H 6. A¥xA whE SN v
i Experiment No. S/N ratios (dB) |
B =22 £4 547 "YolB R gAaEA ] dY 1 12.3371
5, S/Nu= ok A1)o) 2J8)A A4t 2 10.6938
| 3 8.7620
SN, =-101log [—2 y,.,.ZJ 4 10.7252
n 5 Q) 5 9.3350
o Sol, WAHLE 1599 SNu|9| AL e 6 11,5915
7E]_q 7 9.6882
8 11.9724
9 10.1462
SN 15=— 10 log {5 (0.3322 % +0.3488 *+ - +0.3426 ° 1(1) ;;’:;;’
+0.3664 %)) = 9.1497 12 11.5710
13 12.4802
7 ARl 2] SNH] At AT E 6ol FoiA 9 p A
o}t S/NH|o gt &8 HFT e 1% ks 16 9.4660
R 73 Zon, sE nE a9 AvEEs I¥ 291 2 17 12.2056
o}, 18 10.3020
Mean 10.6522
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B 7. SN viof g gHelols

; Mean §/N ratio (dB)
! Pactors
: Level 1]Level 2 |Level 3| Max-Min |- Rank
A 10.953 | 10.750 | 10.254 0.699 2
B 10.685 | 10.678 | 10.593 0.092 5
C 10.702 | 10.596 | 10.658 0.106 4
D 12.026 | 10.606 | 9.324 2.702 1
E 10.601 | 10.725 | 10.631 0.124 3
F 10.686 | 10.654 | 10.617 0.068 6

Main Effects Plot (data means) for SN ratios
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Ao, B 9= Aot F 7o go] Fe Al thay
E%(poolingyS ¥ F2| R1HEA Zifolct. & 92| F4b
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o] 24P EY HF M 2 FFE Fe AR Y
Ebf o FHEFL 92.3%E ARSI Urk. 1 oh5ol
THEE (AR 64%E Ueth #22% (B), A&
& (0), BIYAIZE (E), $AARE (F)2 S/NB|of thgt
% gFgE A 2l

S/NH]ofl fofft G T AUt HA +E2
SINHIE HT 2 ke fzolck ot fojskx] ke <l
A2 A, AES] o8 § oE 2 S4AE 18
3to] A7t W = Qiok webA| battery A|0]49)
AN A SR & 9ok O 22FE W

Mean of SN ratios

Signal-to-nolse: Smalfer is bettar

2 2 Fo B SN B 2=

Hip QS aEste] wesilth E SoflA Holx
AoQIAE BE 1222 8 2 7]Ae] HF 249

o)) ulggol 2ot WAL,
wjeh AEAE HE BEE
SALE (BB
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(A,,B,, C,,D,, E,, F)Z Ad9s5rt

o=

E 8, SN o] BAHRA
; SS MS Contribution
Factors DF() F -value 5
! ¢ ® ™ o ; %)
A 2 1.5516 0.7758 33.01 0.001 1.5046 6.3434
B 2 0.0314 0.0157 0.67 0.553 -0.0156 -0.0658
C 2 0.0339 0.0169 0.72 0.531 -0.0131 -0.0552
D 2 21.9202 10.96C1 466.38 0.000 21.8732 92.2177
E 2 0.0501 0.0250 1.07 0.412 0.0031 0.01307
F 2 0.0144 0.0072 0.31 0.75 -0.0326 -0.1374
Error 5 0.1175 0.0235 0.3995 1.4313
Total 17 237191
H 9, EFYol& §/N H|9] AR
88 M8 Contribution
Factors DF(¢) F value 5
¢ 5y W ° 7 (%)
A 2 1.5516 0.7758 43.29 0 1.5158 6.3906
D 2 21.9202 10.9601 611.59 0 21.8844 92.2649
E 2 0.0501 0.025 1.4 0.288 0.0143 0.0603
Error 11 0.1971 0.0179 0.3046 1.2842
Total 17 23.7191
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B 10, JIHE Zaolg

1 1 1 1 2 2 2 2 A
1 1 2 2 1 1 2 B
1 1 2 2 2 2 1 1 C*
1 2 1 2 1 2 1 2 p*
1 2 1 2 2 1 2 1 B
1 2 2 1 1 2 2 1 F
AIB|I|CIDI|E}F
1 2 1 1 1 1] 0.2152 | 0.2462 | 0.2197 | 0.2535 | 0.2223 | 0.2569 | 0.2287 | 0.2571
B 11, dge) gt gIdd A
Optimal condition
Initial condition
Prediction Experiment
Level (A;,By,Cy3,Dy,Ey,Fp) | (A,By,C,D,E,F) ) (A,,B,,C\,D,E|,F)
Warpage(mm) 0.2883 0.2372 0.2374
S/N ratio(dB) 10.7484 12.3851 12.4673
AAZ (A,,B,, C,,D,, E,, F)d 38z 4. 83 2

A Bl ARE ST A, B 103 2L AnE 9
% qlgick Bl AWML E 4 o sebule] AASH 2

FezAolA WaS A E 11 & 2ol 4y
Y0 48e v Aol
2. 1.72dB, 17.66% 7|A=9]

Al 5

02205 5

|
|
{ ousi |
E?
I
i

|

0.0085
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(1) A 2ZEQIQ] Moldflow™ e} ZAAA 7]y<l ot

F7 718 &7 H-gslol RC H|87] battery Ao]

2of tigt AFEAE BH 2414 21 =259t

@) AA TAL AV 283 A9 7)Ao ¥E, F

A W4 502 st} AHo] b gro] HEXES

vXIEPXl Eal»— -g: —% doz AA, & 1449

SAFEE Wge] Zhe

(3) LG LUPOY HI-1002 PC4X]E A& 3 RC H|3)7]|
battery #jo]20] L AEAFEO AP gt 7]
Age Bl 923%E XJFou, ZIPLEr}
6.4%2] AgS A5k Qloich

@ Z s A 242 FHLE 0T, £
205C, AFEUE 230MP, HQF 250Mh, HQHAI7E 3%,
WZHAZE 428 el

(5) A5H HEAH HP2 7|E
7F A=A

HZF vzt 17.66%
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