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Development of Robust Optimization Procedure for Casting Conditions
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In recent years, the numerical simulation of casting processes is widely used at various casting companies to optimize
casting designs and conditions. However, it is impossible to fix all the process parameters exactly. Therefore, there are many
cases where casting defects occur due to the casting conditions not being the same as those chosen through simulation. In
this paper, the Taguchi method together with a solidification simulation is employed to achieve the robust design of process

parameters for solidification processes.
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Fig. 1 Shrinkage of mock turbine wheel
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Fig.2 Simulation model

38

SEIRICF T HEAME L B 2\ Bishop ©H DFEESHIHES
CHDOT, BlEFHEE LTS WD il oTRH SN
o SEAHCBCT, REAR G 13, 54y v a (LI
WH LTS ) HBIIRREEIE L RO T, &,
TOZFRIHERE L T REFHZROWEL T, # v, K
RELVKDOHND.

T, -T,
G = max| —
Al

2T, AlIEEMEEEECH S, = 2 CIITEIRE
L 0.7 £ L7

FEATIBARI2 LD, GUTHEAI LGN L & 5720
(i, PR, 3 LIGONRICERE S5 080 5. Tih
HRLHET, 2F ) TR R TR E ZiREAR L
THIETERSINS., 22T, wmEfblicBnTid, 82
R R EOImEE AR 2 il G & L7z

2.4 mE(LFE

BoEfb &1L, Al RO/8T X 7 OfE (LI, Il
ENES) D3RG LCIIIRRE RS £ 918, fwad{boxt
KT HENTAY (LR, BGIERENR) offiz ik
ETDHIETHA.

—7J, WA M@t ik, MIOEREESEL A X
Md-oThH, LELIHIMEPE S NG L) IETEHD
MEPETHI L THA.

Bz, B3BINIRT L)1, BFEEBIZ X - T
EAZALT 236, folikatmld x1 ThY), Tu/NA My
BRI x2 TH D, x1 2B Tl R -
TWBHDY, RETERDS Ax ZB) L72356121F Ayl o)
HOEBDH L. —J, 2 12BWTIE, HHEE X1 &
Do TNDH, BEPARDRRCAE) L72E, HH
X A2 OEEERD, Ayl L) H/RELBo5TnD, D
F0 22 1%, HEPEEDEE) L TH R L IED S S

SPAVS S S

Ay2

Ayl

ipal:t

S AL

%3 ToNA MR EAL
Fig.3 Robust optimization
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Fig. 4 Measurement positions
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Fig. 6 Dendrite arm spacing and cooling rate

F2R WHIHEIE
Table 2 Cooling rate

FERRAER | TR

1 0.08 ~ 0.1 0.07
2 0.1~02 0.19
3 0.30 0.60

W L72BEDFIRLE O EIREE (EATHER ) 2R3, &
WCETOEZHZL OO0, FHlFERED 2 SO
FIZRL =L TWAE T END, ZOBREMDIZLD
DTHDHEHWILT LoT, REMEMEH L Tl
FEhE L7z

3.2 BTFAV Y FILKDREREOET

5 7F Ay FOFHlFEFITERRRH LTINS 7T
T TEREND. BEREIEN E IR E TR R T
FEARY. 8 7B SN ., & 8 RICEKE DRI
Y. ZIZT, SN HASKEWIT IR AR AR5
LTERETH) (TNA MEDEV ), EEIKEVIIE

40

}

}

/

!
\

|

C

¢¢ﬁ‘%¢k‘ﬁ¢m

87 R EEMRRK (SN L)
Fig. 7 Factor effect plot ( S/N ratio )

\
{
//
/
E N
{

Ll b e e [
TEwE | EE EXEIECERE T
A B C D E F
#8 ZRARE (&)
Fig. 8 Factor effect plot ( Sensitivity )
IREARATRE N & 2R

ALEE L7-HEKE T o2k, #LEGE (E) 2°
SN B L OEEICKELREEL G2 T b Z LD L
ol

F72, FTF AV FIZBWTIE SN b & EEE o)
PR o 12GEL, 2 BRERETE V) T Clish &
BT 5. 2 BERSEREEE, T8 SN VR & (& LT
LRTAETRT SN ek &vwsgxy & L, 20T,
SN SR ECZEIL L 2V HFIZBWT, BEPREL %5
NG A HBETLHFETH L. SHETRTORTICE
W/ X7 A Z1E—F L THEY, AB;C\DEF; D35
LT D LIRFRHC, TNA MEESATH D LIS
7. VB, ZO%ME ol LA

18 % OHIHIRT-ASFHI AL DI A B AT 52
BLOZFOHEIZOWT, LITIZERRT 5.

FFILEE (E) Tld, SN IOSKESZB(LLTHY,
RNNTEFRAEICH L TRET D LA NE o7

LGNS T IR R, IEOE S & o728 LT
b PR ORI Ui h g3 L8R R & 28035
RN, L CEARPRE L 2B L %%Lf
Wh, EEEIZOWT I LRI ETREED S <,
FEARARE N EDW L o7z, THUH L(Eﬁ
RWIEBFEEHIKE L, POGHIS N EEEAVNS W
TeOPERE LT, PR S LG~ OFRIMEEE & 7 5
ZEERLTNS

FIRERAEE (C ) 12DV TIE, FEASIZ ERIF AR T
Hotz, TR, WLHEEZRLAZEERD
EDHN TN L 720TH 5.

IHI 8 Vol.51 No.1(2011)



WM BYZER (D) 12DV TN EWIEE, SN 1T,
L HITREC, 298 L TERVWIREARA S AR
Lo Tnh, B OBMLGESRPR V) 2 EIFHL
BOBEERNREDENZ E 2B L T D, LGRS
N5 LT, MR LGOI EZ O Z L 95T
5720, ZOL) BAERMELNI- LT 5.

WEECE L ClE, SRR SE WL, W
DOILTVLHLGOREDTAN 2L {2 BH728, SN I,
L D ICE L, BIFRiERE ol 7o, SOIENIR
B (B) 3SFOIIIREE & R TRBDV NS W2 LA 5
mEro7z

—7J7, MLEES (F) & SN I, BEOWFIUIR L
TOFEIWNS R E ST

HLUGHEPRVIIE R RERTHLIZH 00D 5T
U S OFEIVNENT L Lo T, FHIRE ORES
fxmv512%, HLEORZHPTOTIIRL, &%
KT HUENHD LN D, Tz, HHEORD %
Bz Tnwiz2ehs, it LGOERRIREETHS
ZELHOME ST

AR |2 B0 ) B ISR b fB S OIRFEABLE 5 9
RUZRT. 89 BIIBNT, oA M (& 5) A5
SHIAT M (LS ) Th 5.

B IR D, ol OREARIIEELLOMEES
I L, FHEEEETRE Lo TWD 2 EDWL R
Ehpotz F7z, WOESMTOREAROZEE) Ay2 131
HEMED Ayl L D/NELRoTBY, Z5%E L CGREAR
DREL B EHWERENT.

[FIRRIC B E L 81T B R HE S & i S O p [ 1T 3
H BLUOMEHIBWTREARIYNS b L) 7k
I LT & O 1T A% 88 10 RITRT

ZIT, BIFHEEC) Lidd L ERO—EDNGEIZ L -

0T — gt i
— A

= L o«
5 20 =
&)
I
=z =
E( 10 + <
|

0 ‘ ‘ ‘ ‘

0 1 2 3 4 5

fr &
%9 BRAESMT & e BT D IR EE ) L

Fig. 9 Temperature gradient comparison
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Fig. 10 Shrinkage rate comparison
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Table.3 Repeatability of gain ( S/N ratio )
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