Journal of the Korean Society of Manufacturing Technology Engineers Vol.22 No.2 2013. 4. pp. 248~255
http://dx.doi.org/10.7735/ksmte.2013.22.2.248 ISSN 2233-6036

(( Technical Papers ))

FEAE SEAGLE GFL 1AL 2 AAES

(Manuscript received: Jul, 10, 2012 / Revised: Dec, 7, 2012 / Accepted: Jan, 10, 2013)

Interaction Factors and Response Surface Analysis
on the Factors Influencing the Flow Front Temperature at Metal Injection Mold

Myoung-Ho Kim*, Hi-Seak Yoon"

Abstract

The objective of this study is to optimize the Metal Injection Molding(MIM) process with design of experiments(DOE)
and numerical analysis. To derive the optimal process condition, experiment or numerical analysis was performed under
various process conditions. To analyze the interaction among influential factors contributing to the temperature at flow front
and response surface in MIM, both central point and axial point were added to the full factorial design with 2 levels and
5 factors and then their impacts on response variable in 43 experimental conditions were analyzed and the significance
was evaluated. As a result, sprue, runner, and gate were completely filled in about 0.247 seconds after injection, the front
part of the green body was filled in about 0.3344 seconds, the green body except gate, etc changed to almost solid state
in about 3.29 seconds, the Packinging pressure was completed in about 6.29 seconds, and the green body inside and outside
and sprue, etc became solid in 13.2 seconds. The impact of individual or reciprocal action of factors on the temperature
at flow front was analyzed through regular probability, test statistics, main effect, and interaction effect. As a result, of
a total of 31 combinations of factors, 9 unit factors and reciprocal actions were significant, and the screening was also
possible. A proper regression equation was drawn with regression analysis and response surface design on the response

variable of temperature at flow front, and the applicability could be verified.

Key Words : Factor(21A}), Response surface analysis(FF-g-3£HEA]), Melting temperature(-2-§-21), Mold temperature(53-2%),
Injection time(A&A|7D), Packing time( - $HA|Zh), Packing pressure(F$)
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(Autodesk’

(a) Solid model of 2-cavity

(Autodesk’

(b) mesh generated model

Fig. 1 Mold design and mesh generated model for flow analysis
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Table 1 The basic concept of DOE for screening
Factors Unit | Lower | Center | Upper
Melt temperature (A) - -1 0 +1
Mold temperature (B) - -1 0 +1
Coded —
Injection time (C) - -1 0 +1
Packing time (D) - -1 0 +1
Packing pressure (E) - -1 0 +1
Factors Unit | Lower | Center | Upper
Melt temperature (A) | C 170 | 180 | 190
Mold temperature (B) | C 20 40 60
Uncoded ——————;
Injection time (C) sec 0.2 03 0.4
Packing time (D) sec 2 3 4
Packing pressure (E) | MPa 10 20 30
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Table 2 Properties of material

Melt Density 1.5189g/em’
Solid Density 1.6663g/cm’
Ejection Temperature 40C

Melt Temperature 120 (106~140)C
Mold Temperature 20~30C

Max. Shear Stress 0.5Mpa

Max. Shear rate 100,0001/s

Temperature
Time=3.290(s)

ol

186 B(HC)
h

150.0
113.2]
76.35

39.54

Fig. 2 Temperature simulation at solid stage (3.290 seconds)

Pressure : XY Plot Pressure
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Fig. 3 Distribution of pressure by passage in time
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Vel Ao 2 x EA A A ] dEHIE o i = 9l Table 3 Estimated effects and coefficients of flow front tem-
ot o] 7hA] BYAZ Bore 29 23S dflAd & A perature
AHo g FUTt PeHs} o] Ro| A= HYAITRE oF 3%, Terms Results
Holg o oF 20MPa> AAT 4~ 9%t Effect Coef T P
Aot L2 AuE Fosle] BH 2o AME & 9F 02472 Constant 160.071 137.62 0
7} Anbele AZE HY W Ao|EtA] 2Ao] SR Em, oF A 21582 | 10.791 835 0
0334427} Ansld A&7 ﬁ%p}x] 20| o]2ojx| 11, oF B 7.482 3.741 2.89 0.016
3.29%7} AslE AolE S A3t A= Ao udhAt C -5.565 -2.782 -2.15 0.057
g2 wahy ok 6.2927} ATkl Hoto] Y Eo] 13227} D 0 0 0 !
AT YA Y € o BE AFR SR EE sy £ D24, ooe) T4 0
of ZZo| sh=stcka FHTHEIC AxB 4013 | -2.006 -1.51 0.163
AxC 7513 | -3.756 2.82 0.018
_ _ AxD 0 0 0 1
3.2 7&i X H=RE AXE 4388 | -2.194 -1.65 0.131
girAow Qpef Y Ee wuAEol Hheglel wlA= BxC 11063 | -5.531 415| 0002
el Fret o AL kgl WA= FaFo] Hop A3 BxD 0 0 0 1
2dS T YeAY ARE BT 4 e Wide 34 BxE 3487 | -1.744 -1.31 022
37k7F Q. RRE, $A % é Aell ¢Jste] Faf A= CxD 0 0 0 1
Aol et AR FAIF TR A8 A Z st &2l Pt CxE 8688 |  -4344 -3.26 0.009
of ozt WHolth EA =, At & E 1 o & FEE Fo} DxE 0 0 0 1
of guto] At F7|5 vlusta, 44 B4 Es|o] AxBxC 4.062 2.031 1.52 0.158
ghEgkoll mA= e A=E H7HE 4 ol AR, 89l AxBxD 0 0 0 1
59 19 S oA F ante Y 4T gt 53t AXCxD 0 0 0 1
o] §hg-gkEo] sh = 1 oY QI WA E=AE Al AXBxE 4.187 2094 1.57 0.147
3= 25t 0363:9] A2 g@71ek 2 9k AXCxE 6.388 3.194 24 0.038
B ApolAE wggt] lAE g gl 4 Y F ADE 0 0 0 1
99049 JUBAYIE F3le] A4S Sash] Sig 23 BrCeD 0 0 0 :
S[JS AR E Ao thak SHE9l PZlT AT SEEE o]8d BxCxE 13.038 6519 4.89 0.001
of Wi, & wd 9 L5 wAE A dm i 2 - - - 1
Table 3 WSt 35 % HEeso] YL AL F A4 — 2= . . . 1
XBX(CX
ol Z+2.9- oto 3 =135
;;}L;;i ;_ 437;]&;:;2:] A;Oq ¢j_: ;jliﬁ?;i AxBXCxE -3.838 -1.919 -1.44 0.18
49| 278 BT ez oo, 2, vl Akl 4% S| i : : : 1
7 T e E e °° ’ AXCxDxE 0 0 0 1
ARE F 2709 AE AfE o] FFS vA= w32 10 Bx<CxDxE 0 0 0 )
7HA, AAHE & 3709 A7 AgtE]o] Jeks nAle o) AXBXCXDE 0 0 0 |
& 10714, Q125 & 4709 A7 AtEo] J3FE vA=
WAL 5747, BE A7 AFste] S vA = weA Table 4 Analysis of variance of flow front temperature
& IVHRA 3 317kA 9] A2 HEial slok. kel ek Source DF|Seq SS|Adj SS|Adj MS| F | P

uho} o] AP EE QX7 Aol Ak Yo HE2A P

Main Effects 5 | 7872.3 |7872.26|1574.45(27.71| 0
Wha 7102 0.1 ofstoll b et w2 ol AL 2-Way Interactions | 10 | 2414.4 |2414.42| 241.44 | 425 |0.016
0.1 Ko 39 gofe] vt W2 Folot Akt esiaint. 3-Way Interactions | 10 | 1958.5 | 1958.53| 195.85 | 3.45 |0.032
o17]4 A= Melt Temperature, Bi= Mold Temperature, C 4-Way Interactions | 5 | 117.8 | 117.81 | 23.56 | 0.41 |0.828
+ Injection Time, D+ Packing Time, E= Packing Pressure 5-Way Interactions | 1 0 0 0 i i
£ Uik Curvature 1| 694 | 6939 | 6939 | 1.22 0.295
E3h, Table 4= 7H2+9] QIAZo] tigh a3 2 w5 2-gof Residual Error 10| 5682 | 56821 | 56.82 | - -
it vES 27 et o Qlok fr5 AdeEol 93 vlA| Total 42]13000.6| - - - |-
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_ N Normal Probability Plot of the Standardized Effects
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729 AT AR oF 18.6%Z, 3744 201729 Ajke o
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3012} WHALL okgF 2 a3k olxfo] 1, 4914} 9 5012} W O ndardnedetes
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Fig 4% 71719] olx150] ofake] HE2 el 47 28 Fig. 4 Normal probability plot of the standardized effects
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ol T [e) ;,q 1xe) = w Main Effects Plot (data means) for Flow Front Temperature
ETNES AR HoRNE 134 g HIEHRT} YoiA
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o gro] A, wE TS Hol 0 2 FFE 9SS —
oF 2= 9le}. webA ol ekt Bhel 2ol A, B, C, E, AC, o /
BC, CE, ACE BCE 97]‘;(]‘—‘ —‘]‘;j' E]'?:_! ?_]X]‘ E‘\:‘ —“—Ez}_'g‘ E 170 180 _ 190 0 40 60
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FEEE 52 Bolo] 45 Ao vt ggo] s 4 Fig. 5 Main effects plot
Al vrebst7] wizell Alefstar ebglck. 1ol weRd viet
71—0] H ‘%‘%’QE :L&L\Q:E EQJ‘@'—% %‘7}}\] 7]%— ‘ﬁ’%ﬁ% Interaction Plot (data means) for Flow Front Temperature
L 17]—01‘}: ok(+)"] E‘L}—é_ E]—LHD% APEA]LL ‘:'()'/] i I S B Melt Temperature Point Ty pe
E—J'l'é‘ Uet= Ade & & ook B3 862% 9 Hef S ’ / Lo |22 7 Comer
-—® 190 Corner
o] 32 W ARSI Hlste] 7177 AR Hop 2 o e o
A% vl 5, FAWE FINE F TS et o ——
A & 4 Aok 2o AN gt A=A 429 <l Il
A5 sl U2 442w SH) WElE 45T 5 9l I
Flg 6.8. O]Z]— ,,] A]—g_’g_],} = _U_EXI-_Q_O L}-EHLH 9\)\}5 I 140 0.4 Corner
OO0 2 M X= QA9 Bt f~Fo] Y= 2lx}e} Abs 2H8-5) Pt
of WSl 0|9} X3 QlAe] BL 2zo] Y qlalel 452
30] Wt ol e ek 8] tehd vet 2o Fig. 6 Interaction plot
e 523 5 S UjE Fol7h 4R TAEE 2, 2749
Aol 2= 71e719 l’ |7} S5 ao-go] Antal s Table 5 All effect of factors on response
% 9ick. webd FHLEB)% AZAHOY 71£7] Hol7t —
2 3o g poAo] 71AF 1l F 2= 9l9lo
7P A8 WEAE ] 7P Atal e 4 glglom, o] Response _ 2-way 3-way
A EFEE(A) AFEAITHCO), AFEAIZHC) E?:}'Eﬂ(E)v’] Main interaction | interaction
BEAEO] §S G T A of Hol HE neg s e Flow | Significant |\ . p - g ¢ AC, BC, CE| ACE, BCE
7] apol7F A glom g RAS 4 S A w5 ARl front factors ' ' 7 '
o - Zhehar kel 4= Q) o]9f 7 ATM= Table 594 A temp(C) | Variance | 60.55% 18.57% 15.06%
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© Table 54 &5 RESfE ASE olgale] 4 (1)i} 2
o] UERY 4= 9lon, o] wrt Z44)7|1% ek AEFS

HEstol Gaol A9l gt REAE L Aol AEA
2 4 )9t Zol fokstol ekl 4 girk. B3, ol $
W} Table 5] W] TESE ASE olgtel 274 L 8
gAY HANE A ()7t @k 2ol Lerd S e

o

12 o

Yel =167.498 +9.332A +2.282B - 4.241C + 8.203E -
0.046A2 +0.004B2 - 0.996C2 - 6.646E2 - 0.456AB
~2.206AC - 0.644AE - 3.981BC - 0.194BE -
2.794CE ()

253

Yc2=167.498 +9.332A - 4.241C +8.203E - 2.206AC -
3.981BC- 0.194BE - 2.794CE 2)

Yul =-259.424 + 1.982A + 1.141B + 549.99C + 5.514E -
0.00046A2 +0.00001B2 -99.627C2 - 0.0665E2 -
0.0023AB - 2.206AC - 0.0064AE - 1.991BC -
0.001BE - 2.793CE 3)

Yu2 =-259.424 +1.982A + 549.99C + 5.514E - 2.206AC -
1.991BC - 0.001BE - 2.793CE )]

A7IM, Ae §82% B 58k, Ce AL Ee B

otk
Table 6 Estimated regression coefficients
Term Coefficient P
Coded Uncoded Coded
constant -259.424 167.498 0
A 1.98169 9.332 0
B 1.14056 2282 0.141
C 549.99 -4.241 0.009
E 5.51443 8.203 0
AXA -0.00046 -0.046 0.993
BxB 0.00001 0.004 0.999
CxC -99.627 -0.996 0.856
ExE -0.0664627 -6.646 0.233
AxB -0.00228125 -0.456 0.771
AxC -2.20625 -2.206 0.166
AxE -0.0064375 -0.644 0.682
BxC -1.99062 -3.981 0.016
BxE -0.0010 -0.194 0.902
CxE -2.79375 -2.794 0.083
Table 7 Analysis of variance
Source DF | Seq SS | Adj SS |Adj MS| F P
Regression 14 7364 7364 526| 6.82 0
Linear 41 6037.6| 6037.6| 1509.41| 19.56 0
Square 4| 3925 3925 98.13| 1.27| 0.304
Interaction 6] 9339| 9339 155.64| 2.02| 0.097
Residual Error| 28| 2160.2| 2160.2 77.15
Total 42| 95242
ojot Zo] mEH I o] &2 A A b2 =
Aol e -5 A2z daghs vhofd %
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Contour Plot of Flow Front Tempe vs Injection Time, Melt Temperature
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(a) Melt temperature versus injection time

Contour Plot of Flow Front Tempe vs Injection Time, Mold Temperature
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(b) Mold temperature versus injection time

Contour Plot of Flow Front Tempe vs Packing Pressure, Injection Time
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(c) Injection time versus packing pressure

Fig. 7 Contour plot of flow front temperature between conditions
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