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## 5270745021 : MAJOR INDUSTRAIL ENGINEERING
KEYWORDS: SIX SIGMA/ ATTIBUTE DATA/ METAL SHEET FORMING/ WRINKLING/
OUT OF STANDARD
CHOMPUNOOT TERMSAITHONG: DEFECTIVE REDUCTION IN METAL SHEET
FORMING FOR PICK UP METAL ROOF. ADVISOR: ASST. PROF.

NAPASSAVONG ROJANAROWAN, PhD., 214 pp.

The objective of this thesis is to reduce defective rate and total defective cost due to
wrinkling and out of standarddefects, which have 71.80 % and 77.11 % defective rate
respectively. This thesis applies the Six Sigma approach with the aim to reduce 50 % of defective
rate.

This thesis applied Six Sigma approach, which consisted of 5 phases. In the define phase,
the problem, objective and scope were defined. Next, in the measure phase, attribute agreement
analysis was evaluated for accuracy, precision and effectiveness of the measurement system.
Then, process capability analysis was performed and possible causes of wrinkling and out of
standard were brainstormed and analyzedin the cause and effect diagram, cause and effect matrix
and failure mode and effects analysis (FMEA). In the analysis phase, the design of experiment
was applied to test significant attribute factors affecting the defective. Next, in the improvement
phase,variable factors were improved to yield the smallest proportion of defective. Finally, in
control phase,confirmatory experiment was performed for 2 weeks. Moreover, the new control
plan and work instruction were developed in order to control the process after improvement.

The improvement result was the defective rate of wrinkling and out of standard was
decreased from 71.80 % and 77.11 % to 20 % and 11 % respectively.This reduction led to the net

saving of 462,135 baht from 12,798 produced pieces or equivalent to 554,662 baht per year.

Department:.. INDUSTRIAL ENGINEERING Student’s SIgNATUTE:.......cceeveririereniene e
Field of study: INDUSTRIAL ENGINEERING AdVISOr’s SIgNatUure:........cceeeveveverierienieneesreeeenenenens
2011
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Pareto Chart of Total Defective Cost
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Within Appraisers

Assessment Agreement

Appraiser # Inspected # Matched Percent 95% CI

1 30 30 100.00 (90.50, 100.00)
2 30 29 96.67 (82.78, 99.92)
3 30 28 93.33 (77.93, 99.18)

# Matched: Appraiser agrees with him/herself across trials.

Fleiss' Kappa Statistics

Appraiser Response Kappa SE Kappa Z P(vs > 0)
1 G 1.00000 0.182574 5.47723 0.0000
NG 1.00000 0.182574 5.47723 0.0000
2 G 0.93266 0.182574 5.10839 0.0000
NG 0.93266 0.182574 5.10839 0.0000
3 G 0.86667 0.182574 4.74693 0.0000
NG 0.86667 0.182574 4.74693 0.0000

Each Appraiser vs Standard

Assessment Agreement

Appraiser # Inspected # Matched Percent 95% CI

1 30 29 96.67 (82.78, 99.92)
2 30 27 90.00 (73.47, 97.89)
3 30 28 93.33 (77.93, 99.18)

# Matched: Appraiser's assessment across trials agrees with the known standard.




Assessment Disagreement

Appraiser # NG / G Percent # G / NG Percent # Mixed Percent

1 0 0.00 1 6.67 0 0.00
2 0 0.00 2 13.33 1 3.33
3 0 0.00 0 0.00 2 6.67
# NG / G: Assessments across trials = NG / standard = G.
# G / NG: Assessments across trials = G / standard = NG.

# Mixed: Assessments across trials are not identical.

Fleiss' Kappa Statistics

Appraiser Response Kappa SE Kappa Z P(vs > 0)
1 G 0.933259 0.129099 7.22899 0.0000
NG 0.933259 0.129099 7.22899 0.0000
2 G 0.832924 0.129099 6.45181 0.0000
NG 0.832924 0.129099 6.45181 0.0000
3 G 0.933259 0.129099 7.22899 0.0000
NG 0.933259 0.129099 7.22899 0.0000

Between Appraisers

Assessment Agreement

# Inspected # Matched Percent 95% CI
30 27 90.00 (73.47, 97.89)

# Matched: All appraisers' assessments agree with each other.

Fleiss' Kappa Statistics

Response Kappa SE Kappa Z P(vs > 0)
G 0.906378 0.0471405 19.2272 0.0000
NG 0.906378 0.0471405 19.2272 0.0000

All Appraisers vs Standard

Assessment Agreement

# Inspected # Matched Percent 95% CI
30 27 90.00 (73.47, 97.89)

# Matched: All appraisers' assessments agree with the known standard.

Fleiss' Kappa Statistics

Response Kappa SE Kappa Z P(vs > 0)
G 0.899814 0.0745356 12.0723 0.0000
NG 0.899814 0.0745356 12.0723 0.000
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Within Appraisers

Assessment Agreement

Appraiser # Inspected # Matched Perc

1 20
2 20
3 20

19 95
18 90
18 90

ent
.00
.00
.00

(75.
(68.
(68.

95% CI
13, 99
30, 98
30, 98

# Matched: Appraiser agrees with him/herself across tr

Fleiss' Kappa Statistics

Appraiser Response Kappa
1 G 0.897698
NG 0.897698
2 G 0.797980
NG 0.797980
3 G 0.797980
NG 0.797980

Each Appraiser vs Standard

Assessment Agreement

SE Kappa
.223607
.223607
.223607
.223607
.223607
.223607

O O O O oo

Appraiser # Inspected # Matched Perc

1 20
2 20
3 20

18 90
27 85
18 90

w W ww s D

ent
.00
.00
.00

.01463
.01463
.56867
.56867
.56867
.56867

(68.
(62.
(68.

# Matched: Appraiser's assessment across trials

Assessment Disagreement

Appraiser # NG / G Percent
1 1 10.00
2 1 10.00

0 0.00
NG / G: Assessments across

3
#
# G / NG: Assessments across trials =
#

# G / NG

I oo o

trials

Mixed: Assessments across trials are

Fleiss' Kappa Statistics

Appraiser Response Kappa
1 G 0.848865
NG 0.848865
2 G 0.799499
NG 0.799499
3 G 0.898990
NG 0.898990

SE Kappa
.158114
.158114
.158114
.158114
.158114
.158114

O O O O oo

Percent

0.00
0.00
0.00

OO O OO Oon

95% CI

30, 98.
11, 96.
30, 98.

agrees

# Mix

NG / standard =
G / standard =
not identical

(S NC, I I G INE INC]

.36869
.36869
.05647
.05647
.68571
.68571

O OO OO Oon

.87)
L1T)
1T

ials.

> 0)
.0000
.0000
.0002
.0002
.0002
.0002

77)
79)
77)

80

with the known standard.

ed Percent

1
2
2
G.
NG.

> 0)
.0000
.0000
.0000
.0000
.0000
.0000

5.00
10.00
10.00



Between Appraisers

Assessment Agreement

# Inspected # Matched Percent 95% CI
20 16 80.00 (56.34, 94.27)

# Matched: All appraisers' assessments agree with each other.

Fleiss' Kappa Statistics

Response Kappa SE Kappa Z P(vs > 0)
G 0.790482 0.0577350 13.6915 0.0000
NG 0.790482 0.0577350 13.6915 0.0000

All Appraisers vs Standard

Assessment Agreement

# Inspected # Matched Percent 95% CI
20 16 80.00 ~ (56.34, 94.27)

# Matched: All appraisers' assessments agree with the known standard.
Fleiss' Kappa Statistics

Response Kappa SE Kappa Z P(vs > 0)
G 0.849118 0.0912871 9.30162 0.0000
NG 0.849118 0.0912871 9.30162 0.0000
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Assessment Agreement

Percent

Within Appraisers

1004 x

90 1
85 4

801

754X

70

65

<

X 95.0% CI
® Percent

2
Appraiser

Percent

Date of study:
Reported by:
Name of product:
Misc:

Appraiser vs Standard

1004

95 4

901

85 4

801

75+

70

65

<

<

X 95.0% CI
® Percent

asaaglHanIInNIE

&8 T1)511n33s Minitab 16

A
o wosFudaumusnvesmitadivesminauudazay (Within Appraisers)
WinOUALR 1M 95.00 %
WinLALR 2 1M 90.00 %

NUNUAUN 3 191101 90.00 %

WUANUAUN 119191 90.00 %
WUANUAUN 2 11191 85.00 %

WUANUAUN 3 11191 90.00 %
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Jd 3 4 a A (% %‘
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J 3 o a a [l @ .
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A1 4.8 A¥ULAAILTLANTHAVOINH AN UUAZAY

astl  wWinauaun FOUNNTDIAT LU Founnwiosuiua luasamuiuwiae)
29 19
h= 1 %100 % = 96.67 % % 100 % =95%
@ 30 20
e
& 27 17
= 2 —x 100 % = 90% —x 100% =85%
g 30 20
@
2 28 16
= 3 —x 100 % = 93.33 % —x100 % = 80 %
30 20
58 38
1 —x 100 % = 96.67 % —x 100 % =95 %
60 40
55 36
Oy 2 %100 % = 91.67 % % 100 % = 90%
60 40
58 35
3 —x100% = 96.67 % — %100 %=87.5%
60 40
2
1 0 X100 % =10 %
1842
1 3
I, 2 —x100% =3.3% —x100%=15%
29+1 17+3
1 3
3 x100% =33% x 100 % =15%
29+1 1743
2
1 = x100%=6.7% 0
28+2
4 1
[ 2 x 100 % =13.33% x 100 % = 5%
26+4 19+1
1 2
3 %100 % =3.3% x 100 % =10 %
29+1 1842
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d
4.2 MIIATZHANNUANITOVDINIZLIUMS (Process Capability Analysis)

4.2.1 mm’mm‘mﬁumn'iz‘lj’mmﬂwilla‘un‘w%i’)\‘lﬂizmﬂﬂfmﬁu
= ay = é’ 1
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P Chart of defective wrinkling

UCL=0.841
P=0.718

LCL=0.595

Proportion

1 3 5 7 9 11 13 15 17 19
Sample

Tests performed with unequal sample sizes
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1AMNN 4.8 519 Normal Probability Plot WUA1 P-value NANNINDY 0.024 HaiA11ioe
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Probability Plot for Original Data
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= 9 Y ax an
A1TNN 5.8 wamima’amazmﬁLuJawayamm‘ﬁmmgmuam‘ﬁﬂlm Freeman 161 Turkey

Run Std Blank Tight . arcsin Freeman&
CenterPt  Blocks P
Order  Order size Assembly \ / f, Turkey’s Method
1 3 1 1 -1 +1 0.533 | 0.819 0.817
2 1 1 1 -1 -1 0.867 | 1.197 1.166
3 2 1 1 +1 -1 0.667 | 0.955 0.945
4 4 1 1 +1 +1 0.733 | 1.028 1.012
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a9 N5 NATOU Normality Test 92ADINA1 P-value W1ANI1 0.05
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Probability Plot of Freeman&Turkey
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ANNA 5.9 WUN daauveudei lasunsiain1fieITyed Freeman tia Turkey
manszaeauulnd Tuuana1anuuanduasnniin uaziial P-value (M1 0.826 FI1IA1

1 =2 Y1 Y = a
HINNI 0.05 mmmsaﬁgﬂ”lmwagaumimmmuuuﬂﬂm
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111J51/59u (Standard Deviation) Tunisnaasanszau@edny v lima F-test lduazainnsniiium

daauladren P-value a0 'l

Multilevel Factorial Design

Factors: 2 Replicates: 1
Base runs: 4 Total runs: 4
Base blocks: 1 Total blocks: 1

Number of levels: 2, 2

General Linear Model: response versus Blank Size, Tight Assembly

Factor Type Levels Values
Blank Size fixed 27 A4/
Tight Assembly fixed 27 #Y,/[L

Analysis of Variance for response, using Adjusted SS for Tests

Source DF Seg SS Adj SS Adj MS F P
Blank Size 1 0.000000 0.000000 0.000000 *=*
Tight Assembly 1 0.017782 0.017782 0.017782 **
Blank Size*Tight Assembly 1 0.039980 0.039980 0.039980 **
Error 0 = * *

Total 3 0.057762

** Denominator of F-test is zero or undefined.

S = *

* NOTE * Could not graph the specified residual type because MSE = 0 or the
degrees of freedom for error = 0.
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Main Effects Plot for response
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A 6.2 MIDDNLVUNMINAADIULULY Box-Behnken Design
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Box-Behnken Design

Factors: 3 Replicates: 1
Base runs: 15 Total runs: 15
Base blocks: 1 Total blocks: 1

Center points: 3
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A13197N 6.2 MTBONLLL (Design matrix)

StdOrder RunOrder PtType Blocks Pressure

3 1 2 1 -1 1 0
12 2 2 1 0 1 1
4 3 2 1 1 1 0
5 4 2 1 -1 0 -1
13 5 0 1 0 0 0
14 6 0 1 0 0 0
1 7 2 1 -1 -1 0
10 8 2 1 0 1 -1
9 9 2 1 0 -1 -1
8 10 2 1 1 0 1
11 11 2 1 0 -1 1
2 12 2 1 1 -1 0
7 13 2 1 -1 0 1
6 14 2 1 1 0 -1
15 15 0 1 0 0 0
Tai Bl +1 UNUTZAL 9 (High)

% 4 o
AYM 0 UNUTZAU NN (Middle)

o J

nHAl -1 UNUTEAY ¢ (Low)

2 2 2
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Box-Behnken Design
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A 1% 1 v A = o 0 dy
TaemsiaenszaumMInaasavedaazilave Useaziveanias 11/l
° . A . = vq ¥
® 153N UA (Nominal Force %130 Force Capacity) %3 K. Lange (1985) a1+
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Qy 1 <3 3 . Qy {
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6.3 NAN1INAADY
[ o g’/ A o Y o I ¥ 3 o 1 A A
wasnnimsnaaesmwsuaouiimuald sl ldwansnaasuiludadivveuden
a 9 1 ¥ a X 9 o 1 o 1 = dy Y an
NAINTOUNNT0INT 2 Fila Feaoeriimsulasamdadiuvoudolin1075v04 Freeman 1Az
Yy a v Y A @ 1 Z o o Y
Turkey (819899102901 5.2.2 Aantlsaeuaues waznsulasa) miwiimsmuIamaunu
9
YDUTo5IW (Total Defective Cost) 1NToYATATIUVDUTIVOITOUNNTOING 2 FilA IANAAT

4
AITNN 6.5

1 Y
A1519% 6.5 A1TNITOONULUNITNAADILAZHANITNATDIYBIAILLTADUAUDINT 3 A

Total
F&T Out of

Force Velocity Pressure ; wrinkling F&T STD  Defective
Wrinkling STD

1 10000 85 3 0.733 1.012 0.000 0.000 1182.45

2 12000 85 4 0.000 0.000 0.867 1.166 2242.59
3 14000 85 3 0.000 0.000 0.867 1.166 5064.21
4 10000 75 2 0.467 0.754 0.000 0.000 752.55
5 12000 75 3 0.600 0.880 0.000 0.000 967.50
6 12000 75 3 0.667 0.945 0.000 0.000 1075.05
7 10000 65 3 0.333 0.626 0.000 0.000 537.61
8 12000 85 2 0.000 0.000 0.600 0.880 3505.86
9 12000 65 2 0.533 0.817 0.000 0.000 859.95
10 14000 75 4 0.000 0.000 0.800 1.085 4674.48
11 12000 65 4 0.733 1.012 0.000 0.000 1182.45
12 14000 65 3 0.667 0.945 0.000 0.000 1075.05
13 10000 75 4 0.533 0.817 0.000 0.000 859.95
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Total
F&T Out of
Run  Force Velocity Pressure wrinkling F&T STD  Defective
Wrinkling STD
Cost
14 14000 75 2 0.000 0.000 0.733 1.012 1897.41
15 12000 75 3 0.600 0.880 0.000 0.000 967.50

oA A a a Ay ° 2
Wiﬂﬂ!fﬁﬂ FOINLLINT AD NAVDIULTINADINIAYN (Scrap)

6.4 NM3AIIVADUANINGNABIVBINVVF 10D
HanMInaaodn IAMIN1snaasuNuALALINI5ATIVT0UANUYNADIVDIUDTIADY

(Model Adequacy Checking) 3uilu lamundnnis NID  (0,0°) w3e 11 Tagviinisnaaey

Y o a o A Yy A A
"’Uf]ﬂ'lwuﬂlﬂﬂﬁﬂﬂﬂ'nﬂﬂa']ﬂlﬂﬁ@u"ll@\iﬂ’]ﬁﬂﬂﬁﬂﬂﬂ?ﬂl\j@uqﬂl 3 ﬂ3$ﬂ13 o

NMISNATDUANNAFIHVDIN5HINUVIUNA (Normality Assumption)

30asa0u 14 Iagn13ia1TanINI1ea1u9IAa IUANAIN (Residual) YDIAIAD
[l I v { o I 4 o
wilsaouaued uazanuiaztuazay Faniwnldarsianuazihuduase o lunaaou
I A 1 v I
AT uln@ (Normality Test) 9¢A09%iA1 P-value  41n0N31 0.05 wuods voyarilu'lia

AVVATIUUDINITUINUIILNA

psnaadUaNNAgIuvaInNiludasz (Independent)
a { o v 1 1
?f']iﬂiﬂ@]ﬁ')i]ﬁ@ﬂnléﬁﬂﬂﬂTﬁWﬁ]']im']!LNuﬂ”lWﬂ']iﬂﬁgi]”lﬂﬁllﬁﬂﬂﬂ??ﬂﬁﬂwuﬁigﬁ'ﬂ\‘]ﬂ?
[ o w 5 . . 1
ﬁﬁu@]ﬂf’?l}"lﬂ (Residual) Lmzamu“luﬂ”lsmu%)mga (Observation Order) %QLLWHﬂTWﬂWiﬂi%iﬂﬂqﬂ
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MIsnageunNNTadeIMNYeInNNMYsUTIU (Variance Stability)
500319001 18 Tag N1 aUHUAINATNTE NN LAAIANNTURUT T T

Y . o 1A a . 1 A o 9 =~
ANAN (Residual) NUANYNNA (Fitted Value) Tﬂmmumwmiﬂszma"lwmmaﬂymzmaway‘a
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Residual Plots for Wrinkling F&T
Normal Probability Plot Versus Fits
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Residual Plots for STD F&T

Normal Probability Plot Versus Fits
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Residual Plots for defective cost

Normal Probability Plot Versus Fits
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Response Surface Regression: Wrinkling F&T versus Force, Velocity and

Pressure

The analysis was done using coded unit

S.

Estimated Regression Coefficients for Wrinkling

Term Coef SE Coef
Constant 0.80883 0.15457
Force -0.29907 0.09465
Velocity -0.29844 0.09465
Pressure 0.04828 0.09465
Force*Force -0.09782 0.13933
Velocity*Velocity -0.06522 0.13933
Pressure*Pressure -0.28633 0.13933
Force*Velocity -0.33273 0.13386
Force*Pressure -0.04765 0.13386
Velocity*Pressure -0.04892 0.13386

S = 0.267720 PRESS = 5.31728
R-Sg = 86.20% R-Sg(pred) = 0.00% R-S

Analysis of Variance for Wrinkling F&T

T
5.233
-3.160
T3NIS8
0.510
-0.702
-0.468
-2.055
-2.486
-0.356
-0.365

g(adj)

.23763
.44675
.71556
.71254
.01865
.32938
.03533
.01570
.30272
.46150
.44285
.00908
.00957
.35837
.32807
.03030

Source DF Seq SS Adj SS
Regression 9 2.23763 2
Linear 3 1.44675 1
Force 1 0.71556 0
Velocity 1 0.71254 0
Pressure 1 0.01865 O
Square 3 0.32938 O
Force*Force 1 0.01973 0O
Velocity*Velocity 1 0.00693 O
Pressure*Pressure 1 0.30272 O
Interaction 3 0.46150 O
Force*Velocity 1 0.44285 0
Force*Pressure 1 0.00908 O
Velocity*Pressure 1 0.00957 O
Residual Error 5 0.35837 O
Lack-of-Fit 3 0.32807 O
Pure Error 2 0.03030 O
Total 14 2.59600

[eNeoNololoNoNoNololoNoNoNoNoNeNe]

eNeoNoloNeoNoNoNoNolNe]

F&T

.003
.025
.025
.632
.514
.659
.095
.055
.736
.730

61.35%

Adj MS

.248626
.482249
. 715562
.712535
.018650
.109795
.035328
.015705
.302720
.153834
.442847
.009082
.009571
.071674
.109356
.015151

OO O NDd OO OWWOoO W

F

.47
.73
.98
.94
.26
.53
.49
.22
.22
.15
.18
.13
.13

.22

O OO OO0 OOOOooOo

P

.092
.033
.025
.025
.632
.315
.514
.659
.095
.213
.055
.736
.730

.124
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Unusual Observations for Wrinkling F&T

Wrinkling
ObsStdOrder F&T Fit SE Fit Residual St Resid
9 1 0.626 0.911 0.232 -0.284 -2.12 R
14 4 0.000 -0.284 0.232 0.284 2.12 R

R denotes an observation with a large standardized residual.

Estimated Regression Coefficients for Wrinkling F&T using data in uncoded units

Term Coef
Constant 0.808833
Force -0.299074
Velocity -0.298441
Pressure 0.0482835
Force*Force -0.0978168
Velocity*Velocity -0.0652183
Pressure*Pressure -0.286333
Force*Velocity -0.332734
Force*Pressure -0.0476502

Velocity*Pressure -0.0489168

a ° ' o Y
NAITUIANUUAVIETUUDILUUINADINITDAD DY 1’7?’8 R-sq ﬁﬂ'] 86.20 % 1/]']1’”’(3(']3J']5i‘|
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Wﬂﬂ1ﬁ§$@ﬂuﬂﬁWﬂm(105ﬂﬁﬂﬂﬂﬁﬂﬂﬂwﬁﬁﬂﬂﬂuﬂiﬁﬂﬂﬁu@ﬁﬁ@tﬁﬁﬂWﬁuﬂlm%ﬂﬁWNﬁﬁiu

g

3 1 o a ' o o 3 1 A 1w
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Mean

Main Effects Plot for Wrinkling F&T

Data Means
Force Velocity
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Interaction Plot for Wrinkling F&T
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Response Surface Regression: STD F&T versus Force, Velocity, Pressure

The analysis was done using coded units.

Estimated Regression Coefficients for STD F&T

Term Coef SE Coef T P
Constant -0.000000 0.12579 -0.000 1.000
Force 0.407959 0.07703 5.296~. 08003
Velocity 0.418099 0.07703 5.428 0.003
Pressure 0.028310 0.07703 0.368 0.728
Force*Force 0.135635 0.11339 1.196 0.285
Velocity*Velocity 0.155914 0.11339 1.375 0.228
Pressure*Pressure 0.388734 0.11339 3.428 0.019
Force*Velocity 0.291549 0.10894 2.676 0.044
Force*Pressure 0.018171 0.10894 0.167 0.874
Velocity*Pressure 0.038450 0.10894 0.353 0.739
S = 0.217877 PRESS = 3.79762
R-Sg = 94.03% R-Sqg(pred) = 4.41% R-Sg(adj) = 83.27%
Analysis of Variance for STD F&T
Source DF Seq SS Adj SS Adj MS F P
Regression 9 3.73542 3.73542 0.41505 8.74 0.014
Linear 3 2.73631 2.73631 0.91210 19.21 0.004
Force 1 1.33145 1.33145 1.33145 28.05 10.003
Velocity 1 1.39845 1.39845 1.39845 29.46 0.003
Pressure 1 0.00641 0.00641 0.00641 0.14 0.728
Square 3 0.65187 0.65187 0.21729 4.58 0.067
Force*Force 1 0.03493 0.06793 0.06793 1.43 0.285
Velocity*Velocity 1 0.05898 0.08976 0.08976 1.89 0.228
Pressure*Pressure 1 0.55796 0.55796 0.55796¢ 11.75 0.019
Interaction 3 0.34724 0.34724 0.11575 2.44 0.180



175

Force*Velocity 1 0.34000 0.34000 0.34000 7.16 0.044
Force*Pressure 1 0.00132 0.00132 0.00132 0.03 0.874
Velocity*Pressure 1 0.00591 0.00591 0.00591 0.12 0.739
Residual Error 5 0.23735 0.23735 0.04747
Lack-of-Fit 3 0.23735 0.23735 0.07912 * *
Pure Error 2 0.00000 0.00000 0.00000
Total 14 3.97277
Unusual Observations for STD F&T
ObsStdOrder STD F&T Fit SE Fit Residual St Resid
8 4 1.1606 1.409 0.189 -0.243 -2.23 R
9 1 0.000 -0.243 0.189 0.243 2.23 R

R denotes an observation with a large standardized residual.

Estimated Regression Coefficients for STD F&T using data in uncoded units

Term Coef
Constant -1.66533E-16
Force 0.407959
Velocity 0.418099
Pressure 0.0283105
Force*Force 0.135635
Velocity*Velocity 0.155914
Pressure*Pressure 0.388734
Force*Velocity 0.291549
Force*Pressure 0.0181710
Velocity*Pressure 0.0384500
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Main Effects Plot for STD F&T
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Response Surface Regression: defective cost versus Force, Velocity, Pressure

The analysis was done using coded units.

Estimated Regression Coefficients for defective cost

Term CoefSECoef
Constant 1003.4 363.4
Force 1172.3 222.5
Velocity 1042.5 222.5
Pressure 243.0 222.5
Force*Force 529.9 327.6
Velocity*Velocity 431.5 327.6
Pressure*Pressure 512.8 327.6
Force*Velocity 836.1 314.7
Force*Pressure 667.4 314.7
Velocity*Pressure -396.4 314.7
S = 629.424 PRESS = 31587913
R-Sg = 93.33% R-Sqg(pred) 0.00%

PN R RPN

T

.76l
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.685
.092
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Analysis of Variance for defective cost
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Estimated Regression Coefficients for defective cost using data in uncoded
units

Term Coef
Constant 1003.35
Force 1172.33
Velocity 1042.51
Pressure 242.961
Force*Force 529.934
Velocity*Velocity 431.545
Pressure*Pressure 512.813
Force*Velocity 836.081
Force*Pressure 667.418

Velocity*Pressure -396.443
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Mean

Main Effects Plot for Defective cost

Data Means
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Response Surface Regression: defective cost versus Force, Velocity, Pressure

The analysis was done using coded units.

Estimated Regression Coefficients for defective cost

Term CoefSECoef T P
Constant 1003.4 363.4 2.761 0.040
Force 1172.3 222.5 5.268 0.003
Velocity 1042.5 222.5 4.685 0.005
Pressure 243.0 222.5 1.092 0.325
Force*Force 529.9 327.6 1.618 0.167
Velocity*Velocity 431.5 327.6 1.317 0.245
Pressure*Pressure 512.8 327.6 1.566 0.178
Force*Velocity 836.1 314.7 2.657 0.045
Force*Pressure 667.4 314.7 2.121 0.087
Velocity*Pressure -396.4 314.7 =1.260 0.263
S = 629.424 PRESS = 31587913
R-Sg = 93.33% R-Sg(pred) = 0.00% R-Sg(adj) = 81.32%
Analysis of Variance for defective cost
Source DF Seqg SS Adj SS Adj MS F P
Regression 9 27708714 27708714 3078746 7.77 0.018
Linear 3 20161588 20161588 6720529 16.96 0.005
Force 1 10994787 10994787 10994787 27.75 0.003
Velocity 1 8694562 8694562 8694562 21.95 0.005
Pressure 1 472239 472239 472239 1.19 0.325
Square 3 2340545 2340545 780182 1.97 0.237
Force*Force 1 798514 1036911 1036911 2.62 0.167
Velocity*Velocity 1 571038 687623 687623 1.74 0.245
Pressure*Pressure 1 970993 970993 970993 2.45 0.178
Interaction 3 5206582 5206582 1735527 4.38 0.073
Force*Velocity 1 2796123 2796123 2796123 7.06 0.045
Force*Pressure 1 1781789 1781789 1781789 4.50 0.087
Velocity*Pressure 1 628670 628670 628670 1.59 0.263
Residual Error 5 1980872 1980872 396174
Lack-of-Fit 3 1973160 1973160 657720 170.57 0.006
Pure Error 2 7712 7712 3856
Total 14 29689586

Estimated Regression Coefficients for defective cost using data in uncoded
units

Term Coef
Constant 1003.35
Force 1172.33
Velocity 1042.51
Pressure 242.961
Force*Force 529.934

Velocity*Velocity 431.545
Pressure*Pressure 512.813
Force*Velocity 836.081
Force*Pressure 667.418
Velocity*Pressure -396.443
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Total Defective Cost = 1003.35 + 1172.33 Force + 1042.51 Velocity + 242.961

Pressure + 836.081Force*Velocity — 396.443 Force*Pressure
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Response Optimization

Parameters

Goal Lower Target Upper Weight Import
Defective co Minimum 537.61 537.61 5064.21 1 1

Global Solution

Force = 0.131313
Velocity = e
Pressure = -0.717172

Predicted Responses

Defective co = 188.023 , desirability = 1.000000

Composite Desirability = 1.0



184

Optllamal I-ggh
1.0000 |ow

Force
[0 11'1’913]
-1.0

Velocity
[1.0]
-1.0

Pressure
1.0
[-0.7172]
-1.0

Composite
Desirability
1.0000

defectiv
Minimum
y = 188.0229
d = 1.0000

_ /7]

=

{ . . a 4 9y ..
NN 6.14 Optimization Plot NMINATIZHNAA8 1151N51 Minitab

defective cost 3000

Surface Plot of defective cost vs Velocity, Force

4500

1500

0

Velocity

Hold Values
Pressure 0

{ é’ a a a 1 1 o 3 2
A 6.15 ‘W‘L!N’JWﬁ@]@ﬂﬂlﬂﬂ@ﬂ‘ﬁwailﬂigﬁlﬁLlidﬂﬁ’ii!ﬂllﬁ%fﬂ’NiJL'i’ﬂllﬂﬁﬁug‘]J



185

Contour Plot of defective cost vs Velocity, Force
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Factorial Fit: Proportion F&T versus Try out, Setting

Estimated Effects and Coefficients for Proportion F&T (coded units)

Term Effect Coef
Constant 0.8472
Try out -0.4405 -0.2202
Setting -0.5275 -0.2637

Try out*Setting 0.2255 0.1127

S = * PRESS = *

Analysis of Variance for Proportion F&T (coded units)

Source DF Seqg SS Adj SS Adj MS F P

Main Effects 2 0.47230 0.47230 0.23615 * ~*
Try out 1 0.19404 0.19404 0.19404 ~* ~*
Setting 1 0.27826 0.27826 0.27826 * *

2-Way Interactions 1 0.05085 0.05085 0.05085 =* =
Try out*Setting 1 0.05085 0.05085 0.05085 =* *

Residual Error 0 * e RS

Total 3 0.52315

Alias Structure
I

Try out

Setting

Try out*Setting

* NOTE * Could not graph the specified residual type because MSE = 0 or the
degrees of freedom for error = 0.
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