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Determining Mixture Components of Sand Mold by Using
Mixture Design of Experiment: Case Study in Iron Fitting Industry
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Abstract

This research aimed to determine the optimal sand mold mixture’s ratio by using
return sand, bentonite, water content and new sand component. Then, the properties of the
mixture according to the standards of American Foundrymen’s Society include the ability of
compactability, moisture content, permeability and green compressive strength. This study
applied mixture experiments and response surface methodology to determine an optimal
sand mold mixture components condition. After the experiment and linear programming, it
indicated that the condition was at return sand (95.5387 %), bentonite (1.130102 %), water
content (2.331196 %) and new sand (1 %). The green sand mold has compactability (58.37923 %),
permeability (73.80148 %), moisture 6.5 % and green compressive strength (0.53 Kg/cm?).
At this condition, the cost is 11.31579 baths per kilogram.
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NANIINAaDY model R2 Adj. R
lack of fit model
NINADRVDINTY Linear 0.801 | 0.7588 0.081 < 0.001
AANENNTaluANTUaRsTUN A | Quadratic | 0.969 0.934 0.086 < 0.001
ﬁhmw%uma\‘msw Linear 0.784 0.737 0.198 < 0.001
R FITL R R B YRS Pt TS ) Linear 0.825 0.787 0.077 < 0.001
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Compact = 64.79A + 57.47B + 48.04C
+ 62.66D (1)

Perm = 72.31A + 74.42B + 83.62C +
418.93D - 8.50AB + 0.54AC - 390.74AD
-13.14BC - 349.32BD - 404.60CD 2)

H20 = 8.26A + 7.56B + 1.47C + 958D (3)
GCS = 0.69A + 0.21B + 0.79C + 051D (4)
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Name Goal Lower Limit Upper Limit
Compact is in range 55 65
POE(Compact) minimize 3.84 3.86
Perm maximize 70 77.33
POE (perm) minimize 0.88 3.09
water is in range 4.5 6.5
POE (water) minimize 0.9129 0.9161
GGCS maximize 0.53 0.78
POE (GCS) minimize 0 0.05445

ANNAITILATIZANITUNIATLANYAINY
ARIALAADY (Myers and Montgomery, 2002;
Anderson and Whitcomb, 2005; Stat Ease,
Inc.,2005) HaveesnTdunaNiimanz sl
AMIIATIZHANTUNINTZANLANUAAIALAGDY
LAAFIANT9T 4 NTIATIEA WU SR
nanfimanzaufiga fvinlinnsunsnszany
AAaNALAABUYRETigAL TN dauna
299 A 92.94 WoSiFuUs dunauuee B 4.5

Wasidus daunauuee C 2.065 LWasidus Lag
drunaNee D 0.496 Wasius Sewililsmny
anunsalunsnadaveme lFivindu 60.13545
Wasidud anuaansalunsuassduaina
Ty 74.01803 thama AnuBunesnsg
Ty 6.499995 wWasidud wazauuda
wsedatuanidlaafivhunelfwindu 0.687056
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Solutions

Number recycle sand Bentonite  water sand Compact POE(Compact) perm
1 92.94 4.5 2.065 0.496 60.13646  3.851017 74.01803
2 92.687 411 2.203 1 60.19433  3.850962 74.98553
3 95.187 3.39%4 1.169 0.251 5751111  3.853933 74.83613
4 93.425 3.832 1.743 1 59.11347  3.852052 75.34877

Solutions

Number POE(perm) water POE(water) GCS POE(GCS) Desirability
1 0.884268 6.499995 0.91377 0.687056 0.053978  0.7567799 Selected
2 2.675109 6.499999 091377 0.676176 0.053991  0.586462
3 1425351  5.772041 0.914581 0.626969  0.05406 0.583237
4 2.627706  6.13116 0.914147 0.663168 0.054007  0.562407
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Minimize Z= C X, + CX, +..C X (5)
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AINAIUNENIIN X +X, +X,+X,=100 (7)
90<X <999
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wulnlug 005<X,<45 9)
ih 0.05<X,<4.5 (10)
nye/lny 0<X, <1

NAIFIUEINAYN AF.S

ANUEINNTAUAIINAS AN (%) 55 gO.SBX1 + 1.17X2 + 2.42X3 0.78X4 <65 (11

0.77X, + 10.71X, - 0.70X, + 476 44X,

ANUENINTA AU aReFy -0.10X X, + 0.00693X X, - 482X X, (12)
DINAYRNUUURADNIY (Pa) —0.16X2X3 -43 1X2X " 4.99X3X > 70
4.5 <0.046X,+0.125X,+ 0.80X, + 0.099X, < 6.5
mw%‘ummmw (%) (13)
AnusdansedalusamnDen 0.0044X +0.057X,+ 0.0091X,+ 0.024X,> 6.5
(Kg/cm?) (14)
Tnermuali anjUil 6 Uszananasie Excel Solver
C, wnu MAamTeihumaliuud aqulddn Funuingiusgauiniy 11.31579
(wn/alansa) vmeadlansu Feazdoslddunauiinig
¢, uwmu ewulnlud ww/Alandi R REIL SRUTE 95.5387yL1vaﬁum
y - . wulnlug 1.130102 wWosidus un 2.331196
C, wnu A (W m/Alandi) o . . .
| L wWosidud naelnd 1 wWesifusdlawhnin
C wu nemnelnl w/Alandy) » o .
4 § wazAIRIEURENRana Az lfAANNENIN T
X, w Ulimanaaaﬂmaumuﬂmmmm TumInadppaneiaeas 58.37923 A
Al anunsalunisapsfusinnd 73.80148
X W Usnarseaslngiminues thama ANuTusesas 6.5 MMAEaUAN
wilnlug wiansesaluaa iy (GCS) 0.53 Alansu
L W USinaidewazlnathninues ARQALNARLTURLUAT
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Target Cell (Min)

Cell Name

Original Value Final Value

$G%$4 cost

11.31578584 11.31578584

Adjustable Cells

$B$9 compact Result

Cell Name Original Value Final Value
$B%$2 old sand Result 95.53870158 95.53870158
$B%$3 bentonite Result 1.130102237 1.130102237
$B$4 water Resuk 2.331196187  2.331196187
$B$5 new sand Result 1 y 1
Constraints
Cell Name Cell Value Formula Status Slack
$B$6 sum Resut 100 $B$6<=100 __ Binding 0

~ 58.37922623 $B$9>=%C$9  Not Binding 3.379226225

$B%$10 permebility Result

73.80148402 $B$10>=5%C$10 Not Binding 3.801484024

$B%$11 water Result

6.500000002 $B$11>=%$C$11 Not Binding 2.000000002

$B$12 GCS Result

0.53 $B$12>=%$C$12 Binding 0

JUN 6 MIUsTanananiy Excel Solver

3.2 anushawa

AANAN SR N ANT AN AUV IBU
waansefivsznaulusny naefiiiunisidny
wda wulnlud 1 waznseln Wethlads
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N&U FD

AIUNENYDINT BTN IUATITUBE
92.94 Wasibud wulnlud 4.5 wWasiusd
1 2.065 wWasidud waznsnalny 0.49
wWasiuilaethuindudasduiivinldann
AnBuenYBIT U UNRE o f LA S dn AT
NUBYY fip nENATaRRRLRITYINUNLHA
ARUAUDY AINNEINTDUANINADAVDINTY
= 0.53 Return sand + 1.17 Bentonite + 2.42
Water +0.78 New sand

o dodnwunludwazihuaiuly
PSnausnnidy asfinavinldnnsnadavesmnsng
fifNanpUAUDTigell ansuMInnnosLfials
TNUNUNANBUAUDY BNAWRANNAINTDIUNT

UapeBuanAYpkULRaRNI Y =0.77 Return
sand + 10.71 Bentonite - 0.70 Water + 476.44
New sand —(0.10 Return sand)x(Bentonite)
+(0.00693 Return sand)x(water) - (4.82
Return sand)x(New sand) —(0.16 Bentonite)
x(water) — (4.31 Bentonite)x(New sand) -

(4.99 water)x(New sand)

w3 deismanelnsiluySunasnntu
wazanU3unnitnas azdnavlinisusosdy
mmﬂﬁﬁwamauaumﬁ@ﬂﬁu ANNFNANT
anaeefinldvunynanauaupIANTULY
N318 =0.046 Return sand + 0.125 Bentonite
+ 0.80 Water + 0.099 New sand

wu deduhluySinasntuasiing
yiliruguremmeiirnanouaussiigedy
WAz nnsuNsanasLialinuenanauauaa
anuudausedaluannidlun =0.0044 Return
sand + 0.057 Bentonite + 0.0091 Water +
0.024 New sand
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