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Table 1 Material properties of PP

~ Conductivity 015 W/m/degC

‘Specific Heat 300000  J/kg/degC
Melt Density 7000 ke/oum
Ejection Temperature 140.00 deg.C
No Flow Temperature 160.00 deg.C
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Table 2 Orthogonal array table

Number of experiments

1 2 3 4 | U
1 1 2 2 |V
1 2 1 2 |W

# A|B|C|D]elE 1 2 2 1

1 1|1 1 1 1 1 v | vie | Vi3 | Vi

2 111114121212 |va | ve | vys | vy

3 11212111112 |y |ye|vys |y

4 11212121211 |va | ve | v | vyu

) 211 2 1 121 {ys | vee | vy | Vo

6 21112121112 |vel |y | &3 | Ves

7 2 1211111212 van|vyve | VB | Vu

3 21211121111 va | v& | V8 | Vs

7t oga 24 A8
SN,=—10 log[% JZI y,-,-z]

o
=
I

oo 542 A%
- 1
SN ;=— 10 log n
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o ¥E 249 2%

L(S,.- V)
SN ;= 10log v (10)
S =10log =( S = V) (11)

o= 1
y= n ]Zlyu
_ 1 o 2
Vl'_ n—]. ]=1( yz] yI)
()& FaFAY & AFA d#e] Atk F H®)9 [_}2 J; vl i
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AR, 7 Aol g FE(eve) S AT BHXNE wRCoE 27 HE Y
e @A Woll A Table 39 Zo] 77} 3¢Eoz Atk FEUAe 44 4L
A A"E 7 AojAAe] ol BEAE

Table 40 Z} ZEAAe & H&o] FoiA Qith

AQAE wixs7] AT WEHHATLEE L' x3), FHAAE HiAs] A8 S

ANTE L@ E AR Table 49} Zo] Aoz} FLAxE &3
AHzAL F  I8X8=144 THH=EA, dESo AFgRA GH)E  Aodxt

( Ay, By, Cy, D3, Ey, F3), FEAAH A, By, Cy, D}, Eg Fy)O]BE FESZA)E
40+4=44°C, 4§ FALEB)E 200+6=206C, AEA7HC)= 1-03=07%, 2D

N-4=86Mpa, EHAIZHE)E 7+1=8%, YZAIZHF)E 13+1=14%7} At}
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Table 3 Control factors and level

Control Level

factors 1 2 3
ZHET(A) 40°C 55 70°C

2

$Z]%%FE - 230°C 245°C 260°C
A A 7HC) 2% 3% 4%

® D) 70MPa | 80MPa 90MPa
B QA 7HE) 4% 7% 1%
W 2} A 7HF) 13% 18% 932

Table 4 Noise factors and level

o T
A2k 1 5

A’ -47TC +4C
B’ -5T +5C
C’ -0.3x% +0.3=
D’ -4Mpa +4Mpa
E’ -1z +1x
F’ -1= +1Z

24




Table 5 Control factors and noise factors of orthogonal
table

1 1 1 1 2 2 2 2 A’
1 1 2 2 1 1 2 2 B’
] 1 2 2 2 2 1 1 C’
1 2 1 2 1 2 1 2 D’
] 2 1 2 2 ] 2 1 DR
1 2 2 1 1 2 A | ol

2 1 1 2 2 2 2 2 2 © (10} an (12 {13 14) {15! (16)

3 1 1 3 3 3 3 3 3 an s 19 (20) @1 (22) 23 (24)

4 1 2 1 1 2 2 3 3 25 {(26) @n (28 (29 (30) 31 (32)

8] 1 2 2 2 3 3 1 1 (33) (34} (35 (36} @7 (38) 391 (40

6 1 2 3 3 1 1 2 2 @n |42 (43 44! (45) (46 «7) (48)

7 1 3 1 2 1 3 2 3 49) |50 (61 |52 |83 (54 HBE) (156}

= 1 3 2 3 2 1 3 1 (57) [(58 (59) (60! @1 (62 (63 (64!

4 1 3 3 1 3 2 1 2 (65! |(66) 67) (68} 694 (70 @n {72

102 3 1 3 3 2 2 1 (731 |{7ah (751 T8 an (78! 79 801

S
Y]
w
o
[

811 |82 83} (84} (85 86! 87 (88!

122 1 3 2 2 1 i 3 89! |(90) @1} 92 (93) 94) (95) (96}

132 2 1 4 3 1 3 2 971 |98 99! (100) {001 (1020 |03 |(104)

14 2 2 2 3 1 2 1 3 (105) | (108} o7 ((i08) |09 [ (1 (112)

15 2 bid 3 1 2 a 2 1 (113) | (114} [ARES TN {OR 2] m7n (118) 19 {120

16 |2 3 1 3 2 3 1 2 (121) |(122) (123) (124} |25 ({126) |12 |(128)

17 |2 3 2 1 3 1 2 3 (1200 101300 (131 (1321 {133 (134} (0135 |(136!

£
o
)
&
)
o

(137) {1381 (139) {1401 {141t [(142) (¢143)  [(144}

2
&

ato] AEEY oY FHT s 7PE B FE 4 R FFES A

F US2ax 1094 Fo] dojElTk Table 60 As7|= gich

25



Table 6 WA E 108 AFZAANA 2 dolH

(73) (74) (75) (76)

3.0313 8.7430 3.5240 5992
1.4787 0.5312 0318 1.37%
6.4784 8.5911 0.0000 6.9354
6.5220 85739 0.0000 6.934

(77) (78) (79) (80)

42130 41131 3.6373 4.0277
0.9655 43471 3.0324 11785
5.1797 9.041 8.7411 8.5047
5.0481 9.0633 8.6398 8.2268

413. 43 24 2 AFeRZ=xA 24
2 A7 Bl FEAEAA FEElRE a5 ATHH SNul= o

ol sl SfejM At

2
it
i

o}, WEHwE 1099 SNuIgt Ae e Pk

SNy =~ 10 log{ =5 (3.0313%+ -+ 8.2268")}
=—15.2363

7y Ag Aol A 9] SNH| ALFE 7} Table 74 Fo14 gith SNulo] digh #=3d Ha
3 71 FE 78 I Table 8% 2on, old dig a9l A== Fig 63 2

£

26



Table 7 Simulated data obtained from an orthogonal table

Ad=xH SNH]
1 -15.8842
2 -17.2794
3 -13.6122
4 -17.9076
5 -13.3921
6 -17.8439
7 -17.1898
8 -18.1757
9 -15.7753
10 -15.2363
11 -16.0065
12 -13.8420
13 -16.7660
14 -15.0817
15 -16.6224
16 -16.5962
17 -16.2103
138 -16.0783




Table 8 Sum, mean and contribution rate of SN
ratio according to level

Factor | Level Sum Mean Contribution

1 -99.5801 | -16.5967 -0.5133
A 2 -96.1458 -16.0243 0.0591
3 -93.7746 -15.6291 0.4543

1 -98.4064 | -16.4011 -0.3177
B 2 -96.5461 | -15.7580 0.3253
3 -94.5481 | -16.0910 -0.0076
1 -90.9923 | -16.3475 -0.2641
C 2 -100.4233 | -16.7372 -0.6539
3 -98.0848 | -15.1654 0.9180
1 -93.4192 | -16.4537 -0.3703
D 2 -97.3593 | -16.2265 -0.1432
3 -98.7220 | -15.5699 0.5135
1 -98.5469 -15.0953 0.9381
E 2 -100.3821 | -16.7303 -0.6470
3 -90.5716 -16.4245 -0.3411

1 | -93.8436 | -15.8982 0.1851
F 2 | -1002674 | -16.7112 -0.6279
3 | -95.38% | -15.6406 0.4428

Total -289.5005 | -16.0834
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[reserve tank | (NZAEH
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Fig. 6 Plot of main effects of SN ratio

Table 9 Analysis of variance of SN Ratio (ANOVA Table)

Source | Pooling SS df. MS Fo Rho
A [Y] 2.8400 2 1.4200
B [Y] 1.2411 2 0.6205
C N] 9.0678 2 40199 | 31869 | 158%%6
D Y] 25278 2 1.2639
E [N] 80398 2 45339 | 1483 | 188453
F [N] 3.7471 2 1.8735 | 3.9943 35201
error 138753 | 1165) | 12614 61.7440
Total 34.7300 | 17

29




SNHJo| tg EAHEA(ANOVA) 2317t Table 99 F01#1 Sith Table 99 EAHE
Ao AofRIAe 719 &(Rho)& st BE FHAHCOT HAATHE)C] A

AT FFE M 2 IS T FHEFY 40%E AA st gtk O vl

SNH]o| Foldt dgs F= AojAAY] HHSFFLE SNHE HU= dl= FFo|th
mebA A B B39 AlEAdd B3 HA FA ZAL Fig. 63 Table 92

Cs, E, Fy 82 € & itk o] A=z SN i 532 ths3 2]

=u+te+h
— —16.0834 +0.9180 +0.9881 +0.4428

a3 YymA] AA= Ay, B, D, &2 A HEH AR gAY AEF
Ao APEFE 27U A, By, Cy, Dy, E, FyollA ERIEHS AT a7} vt

GAAF BHES 13 Pt skar, AP A SNH| (SNl o
g 90% dET3E THRERY BEH 2o AVIA x, © & NEF, rE

gl ugol o) MBS eI
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SN; & SN+ tg \/ ( ,%e + —%)MSQ

e —13.7345 + 1.833V (9/18 + 1)(1.2614)
e —13.7345 = (.7669
e (—14.5014 , —12.9676 )

Ay, By, Cs, Dy, E, FyollA ERIAES 33 23} Table 103 2<& HolHE 9$

nl

At AL GAME getuEdA N AL 22 ARz AG A F
2

g o5 SNHIE ARtet, 343 A

i

AP Qe A 55 Holse SNHE 1323622 A4Ee] ST St
YL H T 5 U

Table 10 Data obtained confirm experiment

1 1 1 R 2 2 2 |ar

1 1 2 2 1 1 2 2 |Be

1 1 2 2 2 2 1 1 |cr

1 2 1 2 1 2 1 2 |[pr

1 2 1 2 2 1 2 1 E’

1 2 2 1 1 2 2 1w
A B C|D|E|F 1 2 2 1 2 1 1 2

1.2471 | 0.9235 | 1.2183 | 0.8862 | 1.2106 | 0.9891 | 1.0781 | 1.0170
1.2322 | 0.9111 | 1.1974 | 0.8644 | 1.2106 | 0.9796 | 1.0628 | 1.0089
1.2670 | 0.9422 | 1.2282 | 0.9115 | 1.2575 | 1.0086 | 1.0971 | 1.0276
1.2680 | 0.9432 | 1.2293 | 0.9123 | 1.2586 | 1.0095 | 1.0979 | 1.0284
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Fig. 72 £ 479 234E ol&stq Ale A¥

AR '3 AAE Egolth A

st AlF T 7= 958 5 3
mbA, 2AE B0 ASAE 2R FHLE(A00), &5 FASEEHST), FH

A7H4Z), BSHTOM), B9AI7H4Z), BIMARH2BR)Z BE3etoh

Fig. 7 Parts for oil reserver tank
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A study on the optimization of injection molding

process using experiment of design

Youn Suk Kwon

Dept. of Precision Mechanical Engineering, Graduate School,

Pukyong National University

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 may factors, the interaction among those factors must be
considered by applying design of experiment which 1s taken from the
technique of mimimizing the number of experiments. Without a real test, it is
taken the simulation data using Moldflow software.

Moldflow software is used for the analysis of injection molding process, it is
analyzed the factors that affect a warpage using the Taguchi method then the

optimum injection molding process 1s obtained.
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