NCKU Quality management

Example 13.11

A. Create Factorial Design
1. Stat>DOE>Factorial>Create Factorial Design

2% MINITAE - Untitled - [Worksheet 2 *++]

@Eile Edit Manip Calc | Stat Graph Editor Window Help

S(Q| 8| [n[e B M| & 2|5k iz| 7| 1] S|2l]

-

13

+ c1 €2 ANOVA vics | ce | cr | cs | ca | cwo c1 c12 c13 c14 c15 C16 ﬂ

1 Control Charts 3 Response Surface ¥ Define Custom Factaorial Design, ..
—— Quality Tools (3 Mixture 3 i i

2 Reliability/Survival ¥ Taguchi 3 &nalyz.e Factarizl Daaign. .

3 Multvariate N W Eactarial Plots. ..

4 Time Series 5} o Contaur/surface (Wireframe] Flats. ..
" | Display Design. ..

5 Tables Y Overlaid Contour Flat, ..
—— MNonparametrics 3 Response Cptimizer.. .
LE | EDA v

i Power and Sample Size ¥

8

2. 2 levels and 7 factors

Type of Design

&+ 2-level factorial (default generators) (2 to 15 factors)

T 2-level factoria [specify generators] [2 to 15 factors)

" Plackett-Burman design [2 to 47 factors]
" General full factorial design [£ to 9 factors]
Number of factors: I 7 vIl Display Available Designs...

Press Designs

Help oK Cancel

3. Select Designs )
Create Factorial Design - Designs

Designs Huns Resolution 27 [k-p]

1716 fraction a IIT
i1-8 fraction 16 I Ak 3

b
1-4 fraction 3z IV 2xE( 72
1-2 fraction 64 VII 2w (71
Full factorial 1218 Full 2xx]
Mumber of center points: I 0 "I [per block]

Mumber of replicates: @umber of replicates is 1

Number of blocks: I 1:"

J Press Ok

Help | oK Cancel |

—
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4. You could key the data in column 12.

[ Ele Edit Manip Calc Stat Graph Editor Window Help

S(Q| 8| »[=(e] o B CEE = Al --Elbl&lolv] <] Sl2| Ll
v [ o c2 c3 ca Cc5 s cr cs co | c10 | cu | cz
StdOrder|RunOrder|CenterPt| Blocks A B c D E F G
1 10 1 1 1 1 A A 1 1 1 A
| 2 | 9 2 1 1 A 1 1 1 1 1 1
[ 3] 5 3 1 1 - 1 1 A 1 1 1
[ 4 | 3 4 1 1 B 1 1 ] 1 1 1
[ 5 | 4 5 1 1 1 1 1 ] -1 1 1
[ 6 | 11 6 1 1 A 1 -1 1 1 A 1
[ 7 ] 8 7 1 1 1 1 1 A 1 A 1
| 8 | 1 8 1 1 B 1 1 A 1 ] 1
[ 9 | 2 9 1 1 1 1 1 - 1 - 1
| 10 | 12 10 1 1 1 1 1 1 1 R 1
11| 16 11 1 1 1 1 1 1 1 1 1
[ 12 | 14 12 1 1 1 -1 1 1 -1 A 1
[ 13 ] 13 13 1 1 A 1 1 1 1 ] 1
[ 14| 6 14 1 1 1 1 1 - - 1 -
[ 15 | 15 15 1 1 B 1 1 1 1 1 1
[ 16 | 7 16 1 1 A 1 1 ] -1 A 1
17 |
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B. Factorial Plots
Stat>DOE>Factorial> Factorial Plots

2% MINITAE - Untitled - [example 12_11.MTW **+]
@Eﬂe Edit Manip Calc | Stat Graph Editor Window Help

-

NEEEREEEINSE]

e B Basic Statistics
=l 8 »[we =0
+ C5

3
ANOVA 3 | cg | c9 [ c10 c11 C12 c13 cﬂ

temperature(A) | s IS 4 Create Factorial Design... holding pressure(G) | Observed Shrinkage

1 ] Control Charts 3 Response Surface ¥ Define Custom Factorial Design. .. A 5
——— Quality Tools P Mixture L4 .
2 1 Reliability/Survival »  Taguchi - B 1 10
3 1 Multivarite N di Factorial Plots. .. 1 12
4 1 Time Series 3 g:p:? I:[J]e:lgr; b Contour/Surface (Wireframe) Plots... 1 60
5 A Tables 3 .;'L Overlaid Contour Plot... 1 4
—— MNonparametrics 3 Response Optimizer...

6 1 £pA N 1 -1 15
7 -1 Power and Sample Size 1 -1 -1 -1 1 26
8 1 1 1 -1 1 -1 -1 60
9 -1 -1 -1 1 -1 1 1 8
10 1 -1 -1 1 1 1 -1 12
1 -1 1 -1 1 1 -1 1 34
12 1 1 -1 1 -1 -1 -1 60
13 -1 -1 1 1 1 -1 -1 16
14 1 -1 1 1 -1 -1 1 5
15 -1 1 1 1 -1 1 -1 v
16 1 1 1 1 1 1 1 52
17
18
19
20
21

28 -
4
K FinRa| | | 2]
Draw main effects, interactions, or cubEproe Tor process rarmaoes | | |3:09 FM

ﬁﬁﬁﬁél @ (B @ ™ & Windows Live Mess... | @] Wit - OutlookE... || =2 MINITAB - Untitled ... ﬁ HyperSnap-D% Pro | ] example 12_11de... | | | [|« & & FFo309

Factorial Plots _ x|
¥ MWain Effects Plot Setup...
N~ To select which
v Interaction Plot Setup...

factors you want to
# Cube Plot Setup... plot.

N

Type of Means to Use in Plots

{+ Data Means
i Fitted Means

Help oK Cancel
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1
c2
C3
4
c12

StdOrder
FunOrder
CenterPt
Blocks=
Obzerved Shrink

Select

Help

Take “Main Effects —setup’ as example
Factorial Plots - Main Effects :

Hesponses:

I'Dhserved Shrinkages'

Factors to Include in Plots
Selected:

CtEmpeEraturel
r=crew speedf
‘holding time
oycle time(D
molsture con
gate =ize(F)
:holding pres

Available:

<L

(AR N R R Ranl 1

Options...

Cancel
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B. Analysis data
1. Stat>DOE>Factorial>Analyze Factorial Design

EEERET

temperature(A) | s

1
1
1
1
1
1
1
8 1
1
1
1
1
1
1
1
1

2. Analyze Factorial Design

MINITAB - Untitled - [example 12_11. MTW ***]
File Edit Manip Calc | Stat Graph Editor Window Help

Basic Statistics
Regression
ANOVA

DOE

Control Charts
Quality Tools
Reliability/Survival
Multivariate

Time Series
Tables
Nonparametrics
EDA

Power and Sample Size

Analyze Factorial Design

»

3
»
»
»
»
»
»
3
»
»
3

= T E R SR

C8

Response Surface »

Mixture
Taguchi

Modify Design...
Display Design...

»
»

[ | cwo

Create Factorial Design...
Define Custom Factorial Design...

c11

holding pressure(G

Observed Shrinkage

Analyze Factorial Design...
Eactorial Plots. ..

CoptourfSurface (Wirsframe) Flots. ..
Crverlaid Contour Plot, ..
Response Optimizer.,., .

z1l2

Dbzerved Shrinl

Besponses:

6
10
32
60

4
15
26
60

8
12
34
60
16

5

=

Help |

2-1. Select response

2-2. Select response

2-3. Select response

Terms... Cowvariates...
Graphs... | Results... Storage...
0K Cancel

s

2-4. Press ok
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2-2. Term

Analyze Factorial Design

Include terms in the model up through order: Il

fvailable Terms: Selected Terms:

A tenperaturel. -
E:.=zcrev speed(] > B =crev spea
C:holding time C:holding tif
D:cycle time(D > I'cycle time
E:moisture con E moisture o
F:gate =zize(F) L F:gate =izel(
G:holding pres: G holding pr
{4 aB
AC
AD
Cross SE
Default AF
— | =l

" Include blocks in the model

" Include center points in the model

L ]
—LSelect all possible terms

Help | r//IQK | Cancel
Press ok
2-3. Graph
Analyze Factorial Design - Graphs jﬁ
Z1 Stdlrder Effects Plots
2 FunOrder
ca ConterPt ¥ MNormal ¥ Pareto Alpha: ||:| 1
4 Eloclks=
5 tenperature(i) . .
Ch screw spesd(B) Residuals for Plots:
7 holding time(C) " Regular i+ Standardized " Deleted
3 cycle time(D)
9 nolsture conter
Z10 gate size(F) Residual Plots
11 holding pressur :
C12  Observed Shrink L Histogram
[ Normal plot
[~ Besiduals versus fits
[T Besiduals versus order
[~ Besiduals versus wariables:
Select |
Help | 0K Cancel
2-4. Press ok
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Output 1
Normal Probability Plot of the Effects
(response is Observed, Alpha = .01)
A: temperat
*B B: screwsp
C: holding
*A D: cyclet
1 E: moisture
*AB F: gatesiz
o . G: holding
o
(]
(%]
T 07
£
o
z *
14 *
*G
* AD
T T T T
0 10 20 30
Effect
Pareto Chart of the Effects
(response is Observed, Alpha = .01)
] A: temperat
B— n B: screwsp
A—] | C: holding
] D: cycleti
AB— E: moisture
AD— 1 F: gatesiz
o | G: holding
AE—] :
ACH ]
o 1
I
Cc— I
AF— :
— 1
e
BD—| :
AG— 1
ABD— :
T T T T T T T T
0 5 10 15 20 25 30 35

Select A, B, AB, AD, G, D (To include the interaction “AD”, term D must be selected.)

=10 LT Press this item: Edit last Dialog
i) Ble Edit Manp Calc Stat Grapm—op .

=ld| 8| & |me -||ETEE E Al

Edit Last Dialog

You will see step “2. Analyze Factorial Design”
2-2 Terms (Select A, B, AB, AD, G, D)
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X

Include terms in the model up through order: I 3:"
Available Terms: Selected Terms:
A temperatur a A temperature(
B.=crev speea > B =crev =speed(
Coholding ti: D:cycle time(D

> G holding pres
E:mnoisture o — AR
F:gate size(! <
G holding pm _—
AC L
AE _
AR Cross
A —_—
BC

Default
ED P ="""1
DT j
™ Include blocks in the model
" Include center points in the mo
Help 0K Cancel
2-4. Press ok
Output 2

Fractional Factorial Fit: Observed Shr versus temperature(, screw speed|, ...

Estimeted Effects and Coefficients for Observed (coded units)

Tern Effect Coef SE Coef T E
Constant 27.313 0.4607 549.2 0.000
temperat 13.873 6.937 0.4807 15.068 0.000

screw 3p 35.6825 17.812 0.4607 g.e6 0.000

cycle ti 1.375 0.688 0.4607 1.49% 0.170
holding -4.875 -2.437 0.4607 -5.2 0.000
tenperat*screw 3p 11.875 5.938 0.4&a07 2.8 0.000
tenperat*cycle ti -53.373 -2.688 0.4a07 -5.8 0.000
Enelysis of Variance for Observed (coded units)

Source DF Seq 35 kdj 55 Adj M3 F P
Main Effects 4 £949.25 5949.25 1487.31 437.93 0.000
2-Way Interactions 2 679.63 879.63 339.81 100.07 0.000
Bezsidual Error 9 30.548 30.56 3.40

Total 15 6659.44

Rlias Structure

I

temperat

3crew

cycle

holding
tenperat*screw
tenperat*cycle

Delete D and AD (Only A, B, G, AB), since p_value of factor D is larger than significant level
0.01.
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Go to 2-2 Terms (Select A, B, G, AB)

Include terms in the model up through order: I 3]'

Available Terms: Selected Terms:
A tenperatur a A:temnperature!
B:=crev s=pess > B:=crev speed(
C:holding ti: G:holding pres
D:icycle time > AR
Enoisture o e
F.gate =zizel. <
G:holding pr ——
AC <4
AD _—
AR
AF | Lruss
AG
Default
o= - —

T Include blocks in the model

" Include center points in the model

Help oK Cancel

Output 3

Fractional Factorial Fit: Observed Shr versus temperature(, screw speed|, ...

Estimated Effects and Coefficients for Obkserved (coded units)

Term Effect Coef SE Coef T B
Conatant 27.313 0.9345 29,23 0.000
temperat 13.873 6.937 0.8345 7.42 0.000
3crew 3Sp 35.825 17.812 0.59345 15.06 0.000
holding -4,873 -2.438 0.59345 -2.81 0.024
tenperat*screw 3p 11.873 5.938 0.9345 £.35% 0.000
Enalysis of Variance for Ckserved (coded units)
Source DF Seq 55 Rdj 353 Rdj M3 F E
Mein Effects 3 5941.69 5941.49 1380.56 141.76 0.000
Z-Way Interactions 1 S64.08 564.08 S564.08 40.37 0.000
Besidual Error 11 153.69 153.469 13.897
Lack of Fit 3 2.1% 2.1%3 0.73 0.04 0.389
Pure Error 2 151.50 151.50 .94

Total 15 f659.44
Rliass Structure

I

Lemperat

SCrew

holding
temperat*screw
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Delete G (Only A, B, AB), because p_value of D is larger than 0.01
Go to 2-2 Terms (Select A, B, AB)

Include terms in the model up through order: I 3:"

Available Terms: Selected Terms:
A tenperatur . A tenperature(
B:=crew =pes > B:=crew =peed(
C:holding ti: AR
D:cycle time >
Emoisture o —_—
F:gate =izel. L
G:holding pm _—
AC €4
AD _—
AE
LF | Lruss
AlG
Default
o= =l

™ Include blocks in the model

" Include center points in the model

Help Ok Cancel

Output 4

Fractional Factorial Fit: Observed Shr versus temperature(, screw speed(

Estimated Effects and Coefficients for Cbserved (coded units)

Term Effect Coef SE Coef T E
Conatant 27.313 1.138 24.00 0.000
temperat 13.875 6.937 1.138 &.09 0.000
screw sp 35.625 17.812 1.138 15.65 0.000
tenmperat*screw 3p 11.875 5.938 1.138 5.22 0.000

Enalysis of Variance for Observed (coded units)

Source OF Seq S5 kdj 355 Ldy M3 F P
Main Effects 2 SEdE.6 SEdE.E 2923.31 141.02 0.000
2-Way Interactions 1 Sed.l Sed.l Sed.08 27.21 0.000
Besidual Error 12 248.7 248.7 20.73

Pure Error 12 248.8 248.8 20.73
Total 15 Ge59.4

Rlias Structure

I

temperat

3crew
tenmperat*screw

The fitting model for predicted shrinkage (See textbook to get more details)
y = 27.313+6.937x, +17.812x, +5.938x, X,

10
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Residual analysis

(After you select the final model, you must analyze residuals.)

Go to 2-3. Graph

Analyze F. lg
C1 StdOrder Effects Plots
Z2 FunOrd
ca C;Etzrgi [~ Mormal [~ Pareto Alpha: ||:| 01
Z4 Blocks=
Eg éiigﬁrgggzsggg Residuals for Plots:
7 holding time(C) " Regular i+ Standardized i Deleted
a cvcle time(D)
Z9 mnoizture conter
Z10 gate size(F) Residual Plots
Z11 holding pressur :
C12  Observed Shrink | Histogram
¥ Normal plot
¥ Besiduals versus fits
¥ Besiduals versus order
¥ Besiduals versus wariables:
"temperatureid)’ 'screw speed(B)'
Select |
Help | 0K Cancel

Output 5

Residuals Versus screw sp

(response is Observed)

Standardized Residual
T
T
1
1
1
|
1
1
1
1
1
1
1

screw sp

11
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Standardized Residual Standardized Residual

Standardized Residual

Residuals Versus temperat
(response is Observed)

29

. *
14

i $
et e L L L e e e

.
g

.

.

. *
2

I | I

1 0 1

temperat

Residuals Versus the Order of the Data
(response is Observed)

I ! ! T I I I T
2 4 6 8 10 12 14 16

Observation Order

Residuals Versus the Fitted Values
(response is Observed)

2] *
- *
1
- * ¢
[ e i
*
.1_
*
*
- *
.2_
T T T T T T
10 20 30 40 50 60
Fitted Value

12
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Normal Probability Plot of the Residuals
(response is Observed)

Normal Score
o
]

Standardized Residual

\

/

Ed
12 Ob=zerved Shrinl Besponses:
Terms... Covariates... |
Select | a
Graphs... Results... Eturage...TL' You also can
press Storage to
Help | oK Cancel || store fits,
residuals, ....
x| \_
Fits and Residuals Model Information Other

[” Fits

v Besiduals

[~ Standardized residuals
[~ Deleted residuals

Help

[~ Effects

[T Coefficients
[T Design matrix
[ Factorial

[~ Hi [leverage]
[~ Cook's distance
[~ DFITS

Cancel
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