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Mixture response surface methodology for improving
the current operating condition
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Abstract

Mixture experiments involve combining ingredients or components of a mixture and the response is a function

of the proportions of ingredients which is independent of the total amount of a mixture. The purpose of the

mixture experiments is to find the optimum blending at which responses such as the flavor and acceptability

are maximized. We assume the quadratic or special cubic canonical polynomial model over the experimental

region for a mixture since the current mixture is assumed to be located in the neighborhood of the optimal

mixture. The cost of the mixture is proportional to the cost of the ingredients of the mixture and is the linear

function of the proportions of the ingredients. In this paper, we propose mixture response surface methods

to develop a mixture such that the cost is down more than ten percent as well as mean responses are as good

as those from the current mixture. The proposed methods are illustrated with the well known the flare ex—

perimental data described by McLean and Anderson(1966).
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418/ 8YI sRlel BUZAS BAAIF|T| Slet EFE HISEH wiE
<E 1> MclLean & Anderson(1966)2| Z8tE Mg Az
ok 45 XEEE AEEPE HEHA = cost
St Tvpe () L(}:f *('ff () (y)) (55)
2 3
1 Vertex 0.4 0.47 0.1 0.03 145 35.49
2 Vertex 0.4 0.1 0.47 0.03 75 23.65
3 Vertex 0.6 0.1 0.27 0.03 195 27.45
4 Vertex 0.6 0.27 0.1 0.03 220 32.89
5 Vertex 0.4 0.42 0.1 0.08 230 33.64
6 Vertex 0.4 0.1 0.42 0.08 180 23.4
7 Vertex 0.6 0.1 0.22 0.08 300 27.2
8 Vertex 0.6 0.22 0.1 0.08 350 31.04
9 PlaneCent 0.4 0.2725 0.2725 0.055 190 29.045
10 PlaneCent 0.6 0.1725 0.1725 0.055 310 29.645
11 PlaneCent 0.5 0.1 0.345 0.055 220 25.425
12 PlaneCent 0.5 0.345 0.1 0.055 260 33.265
13 PlaneCent 0.5 0.235 0.235 0.03 260 29.87
14 PlaneCent 0.5 0.21 0.21 0.08 410 28.82
15 Center 0.5 0.2225 0.2225 0.055 425 29.345
4, Z9e TR A3 Al 2A <E 2> 7t 2EE0 MEY A}
B} B 2HUL ) Sk 9] BHE 27 7 i)
*é%i——%od Tl (e,), AAER(r,), AARERE ThlE ) $ 2630 / ¢ 32
2% H&A (2,) 7} AR 38 A4S 243 o AWGER@®,) | $ 18.97/ 50027 15
Oﬂ 3 RS te Xﬂ"#&ﬁo} Hohg
ANAEZE(1,) $ 5.00/ 1b3) 13
0.40 < x, < 0.60,0.10 < z, < 0.50, D -
0.10 < 2, < 0.50,0.03 < z, < 0.08 A () $3.00/pound® 8
A (N WE3h= Aldbd E3k= A9 342 874 McLean¥} Anderson(1966)& A|gtel &3tE 3+

zn_;qu 127“4 lex% 67H4 ZAA i} %OOL@%&
=Tk

1) http://blog.daum.net/ppspr/272

2) http://wardsci.com/product.asp?pn=IG0015555&cm
_mmc=Mercent-_-NexTag-_-NULL-_-9811706&
mr:referrallD=e4bd3072-7cc9-11de-99{3-0004

23c27407 &bhcd2=1248931800

3) http://www.northstarpyro.com/BULK_SALES-Stron
tium_Nitrate_2.html

4) http://www.ebeam.com/electron-beam/markets-ap
plications/flexible-packaging/cure-time.cfm
-> EB Lam Adhesive cost/pound
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Sequential Model Sum of Squares [Type ]

Sum of Mean F p-value
Source Squares df Square Value Prob>F
Mean vz Total 9 475E+005 1 9 475E+005
Lingar v Mean 60465 59 3 23155.20 438 0.0297 Suggested
Quadratic vs Lin 40450.45 6 5743.41 1.88 0.2529
Sp Cubic ve Qua 17852.69 4 4485 87 5279 01028 Suggested
Cubic v Sp Cub 8455 1 8455 Aliazed
Residual 0.000 0
Total 1.075E+006 15 71693.33

<IE 3> SAsel F-H

ANOVA for Mixture Reduced Special Cubic Model
== Mixture Component Coding is L_Pseudo. **

Analyzis of variance table [Partial sum of squares - Type ]

Sum of Mean F p-value

Source Squares df Square Value Prob>F
Model 1.163E+005 7 16608.24 10.01 0.0035 significant
Linsar Mixturs 69465.59 3 23155.20 13.95 0.0024

AB 2528.66 1 2528.66 1.52 0.2569

AC 218248 1 2192.48 1.32 0.2881

EC 983.53 1 983.53 0.59 0.4666
ABC 11003.58 1 11003.58 6.63 0.0367
Residual 1161584 7 1659.38
Cor Total 1.279E+005 14

<OH 4> Fa7iHol ols) MUE Dol Chst RARME

oA olAE S 7R Aol AP A7) 159 & oltt.

42 £3E 49 AR 89 B, 6719 WF Fwol vheMS o o AHS BES 2ha 4 9} A
Y SN AL A ALAAT. I 5 kel ol A9 FA A9 S1o4] APARY
o ko) -3 — —Z _ . _ _

(1281077)”]4 _Zﬂ l}; 274]47#'7]-& Gjﬂr 14715, v/\i; ;] AE AZE QI Design Expert 7.15 283t}

kel
el 3z CoERE _} Mclean®r Anderson 2% 4 Design Expert 7.1 ¢ Design@AlolA <3 1>9] 5
AR o529 EFshE BAke] #95 HAedA §- 55 -
ot o e A o o] McLean?} Anderson(1966)9] &3t& AIHE
42 Flste], J811(2007)0] AT FAS =3 o = I ol 7Lo = olalsl & 3
o A AZ & o Ro] A A =8 2 & AR, FES AR A7 g, 2 UET $, %
#ARAIE AEA] ARWAE FARE. D, oo o gas w32 2] 99604 Analysis
7V AS A 42\47_-]]_0/] x].EZJoﬂj\i Z e /\17549/] /\1;\]7} U do 1 = o= A
O 2u 2 gl —oT 2w = 1;]—74]9] 7}-X]Oﬂ/\ a]—_O_tﬂ/\O ﬂtg‘}\gq-gh:]_ [ IR="Y
w7bssl7] wiitoll, 283} 3EAA Al AET B2 s ComTE s e T e
o 3719 A84e H2d 218 o] Ao, B A B ¥ Transform Mol B4ssle) 3

= Hpo o = ¥
32 <E 1> FoI3) McLeans} Anderson(1966) - WSl el Wsglel w2, wgel da )
o) 3% A8 Az} A0l A A6 ok 23 2% FHsa gtk Fit Summary WES FY3hd,
AR AFS, AR A Azl by TSI WENT y, 9 R, oIy, 54 Ak
S} <3 o= 7F EEE JEME web search® &) el ok FaH4<Q) F-7(Sequential F-tests)
B3] Mol B9 AU RE AE ko) = AT A <Y

ox L

3> FoJFIT},
| @&l gk p-gte] 0.1028%
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4 g
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420/)-84l el SHEAES SMAF|7| et 2et2 UEEH HHE
Normal Plot of Residuals Residuals vs. Predicted
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Internally Studentized Residuals

<ag 5> TATE

3}al, Selection ZFell BackwardZ, alpha outel]l 0.05
& Agstal, $HAAY osiA] el e gt
AE 17| Y34 ANOVA HES 283t 23 &
59 A4=2] o] #3549l hierachy ## A F-o]
2™, YesE Agsi),

<IF 4>0] MeE B FAREA I} FoA|E
g, SEMAEQ 2 2.7, 5 AR ABCY A

frolAdell ik p-gke] 0.03672 E&ol| Me= 37
wjiell, o] x}&el BCE p-#kel 0.4666°.% ?JE 7t
1 2389 hierachyES £538te] B £
= ¢ otk AYE 3R By I]9dE %5&
o AH4s B7tet7] 9184 Diagnostics HES
getal x+3t Ao A rgEads Eshdaket
d =29 APH =S g213}7] 984 Diagnostics Tool
’3Aol| 4] Normal Plot¥ e, vs predE A8},

<" 5> Fofxl E-%‘fdr kel AitgEade
o] ARl A Aol A ozt Hojut glar, EF3} 1Ak
o} o S0 A EE HulS HolHA, o5 Ftol
711101] wpeba] ARETE oFE ARE ER1e 5 ol gt

T S A S WA ?

= L‘_(power transformation) #& ZAAsh= 1=
¢l Box-Cox plot 18]7] 9384 Diagnostics Tool
Aol A Box Coxs A€lght},

<1¥ 6> 017 Box-Cox plotel]| 4] lambda %ko]
0] aHE= log H3lo] AAe Hglog FHES I
g = Qlr} REEHFSl Fio] 2 WS AdA
7171 Y8iA 2o R wEY v Transform®
£ 5}a1, Transformation Aol A Natural logE 4

e

T

o

=1
T

O =2

[ |

Oshe 27 wske Yok ARe Meuss geg

Box-Cox Plot for Power Transforms

14.02 —

1263 —

1123

Ln(ResidualSS)

9.6 —|

.45 —|

Lambda

Fit Summary HES &334,

AR, o|ARY, B MAARF gEd st Fab
2ol F-AA(Sequential F-tests)S A&t Ayr}

<I¥ 7>3 o] Fojxith
SHAAIRE ] p-gho] 0.25 o] gto® Fi
AX 54 Ak B39 F7F Aol glar, oahi
o] p-#te] 0.05 oJst® Fits] 7] wiel] o]x}kR3
S ANFREH o7 AAS f(x) model HES &Y
a1, Selection 7ol BackwardZ, alpha outell 0.05%
Aelstar, SAaAY oA AEd 2o A3k 4
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Sequential Model Sum of Squares [Type 1]

Sum of
Source Squares df
Mean vz Total 44522 1
Linear ws Mean 174 3
Quadratic ws Lin 0.80 [+]
Sp Cubic ve Qua 0.13 4
Cubic ve Sp Cub 4 245E-003 1
Residual 0.000 0
Total 447 25 15

<38 7> 28 s

Normal Plot of Residuals

g
|

8

> % o
5 o
Q ,
8 a0 o

70 =
S 5]
o 50 8] ue
* .
© 30 5]

5]

€ 20 o
o
b4 10 O

1.89 0.90 0.10 1.09 209

Internally Studentized Residuals

<28 8 942 0,059 &

75 2] $1814 ANOVA HES
9Jel] e]xkaHE Foll A AC, BC7F A1
o a4 Diagnostics HES 3@,3}@1
ko] AatgEadd x5t e 4
T7b <39 8ol Foixit} AardEade
d FHE Holi, AEE o8] okt
S Ho]il, Box-Cox plotoll A+ HA 9] lambda
-0.26 o]A|%t, 0% H A gkl —Lﬂi AZ| -7bol] 23
o] Mely = wstol

KOE
fo rx ne
D
e, ook
o

=]

JXE mm
= _ilNl e
(S
)
ﬂ°" E?i el A
o bbb

J g
2

o2

_4_4

1= HN o -

ol F7A717] SleliA AN 9
S AAF o7 A7 s A} alpha outel] 0.3

st 9ol BDIo| F7t= HeElal, A R

<29 9ol Fojint,

N
-

¢

F p-value

Value Prob > F
6.83 0.0073 Suggested
5.18 0.0458 Suggested

737 0.2685

Aliazed

Residuals vs. Predicted

1.50 —|

-1.50 —|

Internally Studentized Residuals

m
m|

O
B
X
i3
=
1o,
)

X

/\1 z%xhs]. U?Sﬂ()i _x_]-rA- ]q ;}jl—_ﬂi }dE_IHE]

436 arr 519 561 603

Predicted

adj— R*9] Fko] 0.9029% o]z} R adj— RS 7
o] 086431’1‘3} AX, Z7pdmeEo] Wolx|= CD, AD
3lEo] ZxlAom A AE THFAAH 93 e
H44e ARen. A28 18 AY Buse
Fe A3
In(y,) = — 69z, —4.83x, — 8.34z; +25.36z,

+30.572,2, +33.802, 2, +14.39,2, — 16.84z,2,  (9)
ol
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ANOVA for Mixture Reduced Quadratic Model

== Mixture Component Coding is L_Pseudo. =

Analysis of variance table [Partial sum of squares - Type ]

Sum of
Source Squares df
Model 254 7
Lingar Mixture 1.74 3
AE 0.29 1
AC 0.36 1
EC 021 1
ED 0.027 1
Residual 013 7
Cor Total 287 14

<38 9> 7elFZE 0.32 FeaHHo|| ofsf MEE ZEof Cf

Normal Plot of Residuals

1
=

80

Normal % Probability
|

.82 0.83 015 113 242

Internally Studentized Residuals

<38 10> 7el+E 0.32 FULHHol 2fsf MEEH

4.1 Agd HHs} 7Y

?ﬂzﬂ 2791 F94 (.5,.2225,.2225,.055)01 4 o=
Ay, @ 32074 ola BRHE ARA g, S
29.35 o]t} 9791 o, 5 AA = B} 10% o) 4
#ake 5 2 @)l Foizl y, 7k 26.41 elate]ar 24z}

F
%

N

o,

AEAZE A (DS ek AldE £%
ol BFro] dEA S HH o s HAHxAL F
| $13 Matlab command:=

N

[xopt,fval]=fmincon(@flarerespl,xs,A,b,Aeq,
beq,lower,upper, [ ],options);

ot} o7]4 Matlab®] constrained optimization

Mean F p-value
Square Value Prob=F
0.35 1580 0.0004 =ignificani
0.58 .27 0.0002
0.25 15.84 0.0053
0.36 19.35 0.0032
021 11.54 00115
0.027 1.48 0.2636
0.019
B BMEME

Residuals vs. Predicted

1.50 —|

.50 —

Internally Studentized Residuals

430 474 517 561 604

function®! fmincon-< -"T‘M\_i} sk 27E 37w
E2§422 flarerespl e -y, 2 42|
1S 7] A3 Ao T4 2A9) xsT =[5
22 .22 .06]& A8t A (8)01] %011 Az A7
yo 7k 26.41 ©J3lQl AlFEAL Az <b 9 FH ot}
o]7]4 A=[32 45 13 8], b=26.41 o]t} AEH|Q] 27}
3 AEE 2 FEN A EAEOF BF7)0 Aeq-x=
teq, 41714 Aeq'=[1 11 1], beq=10]a, EFE A&
1) 27} A (7)ol 7917 lower < z < upper FE|9] A
kxS wEF ksl lower'=[4 .1 .1 .03],
upper' =[.6 .47 .47 .08] ©|t}. Matlab commandZ
AP A, 52 AU 3= 214 (517,.1246,
2784,.08)914 y, 0| 375.43 o|t}.

. xstE HAx
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Design-Expen? Software
Compaonent Coding: Actual
Original Scale

Overlay Plot

cost
+ Design Paints

Cnmpunem
ZtH =008

A D 2dls
0.72

340,948
cost: 25798
X1 0.50 10
X2 012
3 0,31

cost: 26 27

042
B TAHLE

<ag 11> A|7I-K-Io| =& 5}

Fuz A Y7t ek Algzde]l e A9,
g AU o= 9212 3] 99 Matlab com-
mand+

[xopt,fvall]=fmincon(@flarer-
espl,xs,[1,[1,Aeq,beq,lower,upper,[],options);

ola, HAx

424.54 o]

71& (516, .218, .186, .08)°l A y1°]
ojmje] A Y7kl 4, 29.37 ot}

4.2 SANAA3L 7Y

1 1o
2 B3 Ok RHEA 9 £A] HH3el 4,9 A
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7.19] Optimization A9l Numerical 7HA& &3
gk}, Criteria HE0] 48t¥ Q2% Aol 3= X

BHE9] goald in range, FEQ WSS

oL

=
12 rle

maximize, <Z¥E AR Y7F] y, ¥ minimizeE A
st} solution WES E85Hd, 72} W3S EY] de-
sirability®] 7|3l8dS FHUE 3= 2L (516,
189, .215, .08)914] 3,7} 419.54 ©]1L y, = 28.45 ©]
t o] e Fxe FAAIE A <A gk
S ZANE Am 47F g, 7h 26.41 Bk 2 gk 2

Im

0.40 042
E CEMAEZE
Overlay Plot
£ ¢l SMS2H I3
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Al ke 20E Ao ol & A ert gk

3 AAHQ A P

4
Fro] ST Az 5491 329.74
= Y7t 26.41 ©]3lel ia% 48 3

o] Y& TA T 2HE 28] A 918
A, Design Expert 7.1¢] Optimization %A oA
Graphical 7FA& &83lt}. Criteria Bl E©o] &A3tw
Q% P FEQ y o ABPE A Lower
Limitsztol]l 329.745 J=eta, £3E As 97l
Yool Zdegks EAISHE Upper Limits7hol= 26.41&
o]= gk},

g AEE 329.74 o)L SABHEA, 4,2 26.41 o]3

7 o £9E AY99e sAleAd el <ad
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