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3. Tolerance Design
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(Screening experiment)
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(Block Design)
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(Response Variables)
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(Stability)
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Ronald D Moen (1991)

60 570 80

(run chart) 2.1

(Background Variables)

Response variable: Yield ( % )
Factor: Material supplier
Levels: Supplier A (o), supplier B (¢)
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Test number

(Each lest is one batch from each of ihe two suppliers.)
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(Nuisance Variables)
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Montgomery (1997)
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(Fixed Effect Model)
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HO F0O > F,ialNa FO
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2.1 Fixed Effect Model
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(ANOVA)

(Treatment)

(Linear Programming)

(allocating resource)

(1) (objective function)

(maximize 5minimize)
(2) (constraint)
(3)

(linear form)

(4)
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z = CjX 1+ C2X2+ ..+ Cmn

auX1l+ alx 2+ ... + ajIX 11 < b,

a2lX, + a22X 2 + .. + a2nX1lL < b2

a,,X , +amx2+ NS am)(n < bm

F(X])

(Model Formulation)



(2) (Model Solution)

(direct limination method)
(mathematical deduction method)
(graphical method)

2

(general algebraic method)
simplex method

simplex method

simplex method

1

MAX Z = CjX, +CX2+C3X3
anX, +312X2 +alX3 < b
aZX| + a2xX2 +aZX3 < "2
adlX|l + a@xX2 +a3BX3 < "3

Z-¢Xx1+4CX2+CX3 = 0
auxi+alx2 #UNXF x4 = b,
aZX| +a2X2 #aBX3 +X5 ~ "

adXl +a3X2 4BX3 + X6~ 3
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(objective value) (decision variable) (slack or artificial (solution)
(basic variable) variable)
z X, X 2 * 9 X4 =6 b
z 1 -C, e .c3 O 0 0 0
*4 0 an a,2 ai3 1 0 0 b,
0 32, a2 a3 0 1 0 b2
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identity matrix
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(slack Or artificial variable)
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x4 x5 X6
X2
bjlal2, b2a2Hbgla®
X4 X5 X6 b2la2 X5

Z X: X2 X3 X4 x5 X6
Z 1 Cl 2 c3 0 0 0
X4 0 all ai? a3 1 0 0
X5 0 a2l a3 0 1 0
x6 0 al a3 0 0 1

(x2

(X3

azxX2 + x5 = 2 X], Xg=0
X5 =0 X2 = hdaZ

X2 b2/a2
a2 ”
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Askeland (1984)
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Flexural Strength Flexural
Strength 45,000 psi 0.5
8 0.375 2 5

=051in,h=0.3751n L=5in

45,000 =3FL =3 (F) (5) = 106.7 F
2wh?2 (2)(0.5)(0.375)2
F = 422 o
422
2.2
Dan Fairchild (1997) Quality Engineering Experimental
Designs Design of Experiment

Full Factorial , Fractional Factorial , Tagushi , Plackett-Burman Screening

Designs , Latin Square Designs
Full Factorial

Fractional
Factorial
Plackett-Burman Screening Designs main
factor ( interaction)

Teresa Lopez-Alvarez Victor Aguirre-Torres (1997)
Improving Field Performance by Sequential Experimentation : A Successful Case Study in The

Chemical Industry Quality Engineering
3 primer
Base Coat Clear Coat
DOE colorimeter
150 (0
;20 e 4

screening 10



60 %
screening
clear coat
clear coat base coat
%
surface design
K.N. Anand (1997)

3l

38 %
30
response
2 %

Quality Engineering Improving The

Yield of Selica Gel in a Chemical Plant Silica Gel
Silica Gel
crystal 2 6 2
(scrap)
0 0
20 Ib 5 /0
Sodium Silicate A N28 pH Sodium Silicate 4.0
87.7 % (
0 0
74.5 /O) 1022 % 211 %
Melissa L. Bowles Douglas C Montgomery (1997) Quality

Engineering How to Formulate the Ultimate Margarita : A Tutorial on Experiments with
Mixtures margarita 4
tequila , lime juice , margarita mix triple sec.

(mixture experiment)

margarita

4
Design-Expert

margarita mix

55 ‘b tequila



25.67 % triple sec. 9.33 lime juice 10.00 o
5.9 4.7
(2533)
(2534)
(Off-Line Quality Control) .
TAGUSHI TECHNIQUE OFF-LINE QC
Taguchi
Windows ~ CMOS off-line QC
L
2. Orthogonal Array
3.
Checking)

(2542)
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28 60
15 , 25 35
( 28
)
(2530)
10%
0.03
(2539)
(sludge waste)
sludge waste
sludge waste
sludge  waste
sludge waste 08 :1:2:
0.2 0.4 !
2.12 1.80

0.32

(2539)



DOP

DOP

18.66

/
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0.2-0.3

30%

DOP

Dioctyl Phthalate (DOP)

7207 70.45 phr.

19.66 /
35 phr. 15 w
19.66 /
3
400 ao
§-15
60-80
50-100 %
10 %
(2539)
(G/A)
(W/C) 0.45-0.5

0.4-0.6
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