21 (Montgomery, 2001)
(DESign of Experiments)

(Input Variable)
(Qutput Response)

21

()

Controllable factors
)(1 X' X:‘
Input l l l Out put
_p Process —
Uncontrollable factors
2.1
21
(Controllable Factors) X,1X2 ... Xp (Uncontrollable Factors)
Z1, 22, ... Zp
2.2
2
A Y 2.2



3. (Confirmation)
4. (Exploration)
Y
Al Al A1 AT
A A
2.2 A
23
231 (Controllable Factor)
2.3.2 (Uncontrollable Factor)
. (Noise Variable)

* Nuisance Variable
Nuisance Variable
. (Response Variable)
1
(Sensitivity) (Reliability)



24

2.2.3

234

241

24.2

2.4.3

244

245

(Normality)

(Treatment)

(Treatment Unit)

(Recognition and statement of Problem)

(Choice of Factors Levels and Ranges)

(Fixed Effect) (Random Effect)

(Fixed Effect)

(Random Effect)

(Mixed Effect)

(Selection of Response Variable)

(Choice of Experimental Design)

(Performing the Experiment)



2.5

2.4.6

2.4.7

251

(Statistical Analysis of Data)

(Effect)

(Conclusions and Recommendations)

(Randomization)

(Error)

(Complete Randomization)
(Simple Randomization)

(Complete Randomization with Blocks)

(Replication)



2.6
26.1

Classification)

Yu
Y2
Y13

Ym
Totals Y-

Sample means Y1

(Precision)

(Blocking)

Y
Y2

Y2

()

(Completely Randomized Design)

Treatment
i
Yji
Yi2

Yi3

Yin

(Homogenous)

Yal
Yal
Yal

Yan
Ya

Ys

Y.

Y..

(One-Way

= Grand Total

=Grand Mean



Yy = (Hj + Tjj + By i =123...a
i =1,23,.....

vy J !

Mij

] i

el

2.6.2 (Randomized Complete Block Design)
(Treatment
Effect) 2.3
2
(Two-Way Classification) 2
(Row) (Column)
6
d b



Blockl Block 2 Block 3

Yu Y-121 Ylb
Yo Y2 Ye
Y1 Ya2 YD
Yal Yal Yab

2.3 Randomized Complete Block Design

YI, = +Ti+prj+ 82 1=1,2,3.....
j=1,23.....

Yy i i

1 i

@ j

2.6.3 (Factorial Experiment)
!
A a B b
Combination 2
L (Main Effect)

2. (Interaction Effect)

ab Treatment

12



13

B, B,
| |
| : | |
Al A2 Al A2
1. Bndwavaafavsiinliiing 2. IndwarelavuTIuiNa

51N 2.4 ugasdndnavastfadoiiulidnauaziug

6
1
1
2.
1

1 Treatment Combination
2.
3.

2 ( , 2536)

A (i=12..4a) B j (4=

1,2,..0) k (k=12 .) 2




Yin,
1
Ylin
Y211,
2
Y21n
Factor A
Yall,
A
Yaln
Yij =
Yij
Ti
Pi
((3x)ij
ijk
3x2x3
1 2
2
2 3k
3

Factor B

1 2
Y-z, Yioi. Yiez,
Y1
Y21z, Ya21. Y22,
>Y2n
Yal2, .. Ya2l. Yax,
.Yah

+X, + P, +(Pxv 8ik ;

1 A
B
A
]
k
k
2

3k

AXBxC...

Yibi.
YIm
Y2bi.
Y2on

Yahl»
"abn

12

b

b
Y12,

Y 22,

Yad



2.7

15

27.1 (R - Square)
(Unexplained Variable)
' (R-Square) = X 100%
(R-Square) ,
1 ' 1"
2.
3.
(Noise Factor) (Blocking)
2.7.2 (Model Adequacy Checking)
Yji = Ju+X + 8ik;
(I
Tj
81
Y
(Normal Distribution) Y
8 ik
(8- NID (0, a2 Sij 3
1 (Normal Distribution)
. (2 - Goodness of Fit Test)
. - (Kolgomgrov - Smirnov Test)
. (NOPP)
2. (Independent) (Scatter
Plot)
3. (Variance stability)

(Megaphone)

(Residual)



28 (Hypothesis Testing)

1 (Null Hypothesis)
HO

2. (Alternative Hypothesis)

H1
(Reject HO)

1 (Type | Error)

2 (Type Il Error)
21

21

P(
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P = P( 2)
= P )
1-P =
= P( )
29 (Analysis of Variance; ANOVA)
ANOVA
(Total Sum of Square; SST)
(Mean Square; MS)
MS = ss/df
SS (Sum of Square)
df (Degree of Freedom)
1 (Completely Randomized Design: CRD)
2
Y, =| +1®+ 1, 1=1,2...
j=12..
i j
|_|_
Ti i
0j
(The Total

Sum of Squares) SST
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SST = (E &  y23%} - (y2"IN)
SSTr = (£ Y2 ) - (Y2.IN)
/A
SSE = SST-SSTr
2.2
FO < ( F(XVLV2)
Null Hypothesis
2.2 One - way ANOVA
Source of Variation Sum of Degree of Mean Squares FO
(Sov) Squares (SS) Freedom (df) (MS)
Treatment SSTr a1l MSTr MSTr/MSE
Error SSE N-a MSE
Total SST N-1
2.9.2 (Randomized Complete Block Design:
RCB) 3

(Fixed Effect Model)

Yij = +Ti+pj+ i;
i =12...a
j =1.2...
Yjj ] i
H
Xi l
P, J
8

(The Total
Sum of Squares) SST

SST = (é & yVvV  (y2"IN)



SSTr = (~y 2/b) - (Y2.N)
H

SSB = (jV jla) - (Y2.N)
H

SSE = (SST - SSTr - SSB)

FO < ( F(dtvi.v2)

Null Hypothesis

Source of

2.3

Sum of Degree of Mean Squares

Variation (SOV) Squares (SS) Freedom (df)

Treatment
Blocks
Error

Total

Model)

(MS)
MSTr
MSB
MSE

SSTr a-1
SSB b-1
SSE (a-1)(b-1)
SST N-1
(Factorial Experiment)
2
Yik = JH+Tj+Pj+(Tp)i,+ ik ;
= 12 a
j= 12 b
k= 12..n
Yik j i
Tj A
3j B
(13) A
B J

2.3

MSTr/MSE
MSB/MSE

(Fixed Effect



of Squares) SST

SST = (t t t

SSA = (X
=

SSB = (X

7=1

Sum of Squares)

SSab = (X X

fA

(The Total

Y2) - (y2.../abn)
Y2 -/bn) - (Y2.../abn)

Y2T/bn) - (Y2.../abn)

2 (The Two Factors Interaction

Y2./n)-(Y 2.../abn) - SSA - SSB

= SSsubtotals (AB) - SSA - SSB

Main Effect Interaction
(error)
SSE = SST - SSsubtotals (AB
2.4
FO < ( HXW M) Null Hypothesis
24 Two - Factor Fixed Effect Model
Source of Sum of Degree of Mean Squares Fo
Variation (SOV) Squares (SS) Freedom (df) (MS)
A SSA al MSa msa/mse
B SSB b-1 MSb mshimse
AB SSab (a-1)(b-1) msab msab/mse
Error SSE ab(n-1) mse
Total SST abn-1



2.10 (Automotive Industry Action Group:

FMEA, 1995)
(Failure Mode and Effect Analysis)
FMEA
FMEA
1
2.
3. (Corrective Action)
4,
2.10.1 FMEA
1. Design FMEA
(Designer)
(Failure)
2. Process FMEA
2.10.2 (FMEA)
1
2. Failure Mode
L Failure Mode
2. Failure Mode
Occurrence 2.5 Severity 2.6 Detection
2.7 1-10 (1 = Low, 10 =

High)



3. RPN (Risk Priority Number) RPN - OxSxD
Failure Mode Mode
6. Failure RPN
2.10.3 Severity, Occurrence Detection Failure

Mode (AIAG: FMEA, 1995)

2.5 (Severity)
'\b Ranking
1 10
2 9
3 8

100% (Scrapped)
4 7
100% (Scrapped)
5 6
100% (Scrapped)

6 100% 5
7 4

100%



No

10

25 (

2.6

(Severity)

(Occurrence)

(Severity)
100%
100%
(Occurrence)

Cpk
>1 2 <0.33
1lin3 >0.33
1lin8 > 0.51
1in 20 >0.67
1in 80 > 0.83
1in 400 > 1.00
1in 2,000 > 1.17
1in 15,000 > 1.33
1in 150,000 > 1.50
< 1in 1,500,000 > 1.67

23

Ranking

3

Ranking

w b 00 O N 0 ©



2.7

(Detection)

Detection .
Ranking

10

2.11 (Automotive Industry Action Group: MSA, 1995)



25

(Part to Part Variation; PV) (Appraiser Variation; AV)
(Interaction Variation; V)
(Equipment
Variation; EV) (Specification)

(Manufacturing Process Variation; MPV)

2111
()
(Accuracy) 3
1
(
)
2.
3. (Linearity)
(Linearity)
(Working Range)
2.8 ANOVA
F
SSr~ Pi Sxy 1 msr MSr/ MSe
SSE= SSXY_SSR -2 mse

SSxy -1



2.11.2

(Repeatability)
(Reproducibility)
(Repeatability)

Measurement)

(Reproducibility)

Measurement)

(Short Term

(Long Term



2.12
(2542)

Mode and Effect Analysis: FMEA)

(2543)

. 876-2532
5%

(2537)

SPC

16%

60 - 90

0.05

(Failure

9 %



16

(2542)

5
(2538)
Tig
436L
(2541)
Slider
(2K
3
(3K
4:1 300

Flexure



(2539)

2.13

(Design of Experiments)

(Input Variable)
(Output Response)

(Input)

29

(Output)
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