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Thesis Title : Defect Reduction in Chromium Plating Process by Applying Six Sigma
Solution Case Study : A Company in Chromium Plating Industry
Major Field : Industrial Engineering
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Thesis Advisor : Assistant Professor Dr.Athakorn Kengpol
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Abstract

The objective of this thesis is to reduce the amount of produced defect and to improve the
surface quality of Chromium plating with the use of Six Sigma applications. The goal was to
reduce the rate of produced defect by 70%. The process started with definitions and scope of the
problem and identified the process improvement with the application of the Process Capability
measurement. It was found that deposit or pitting produced on work was the major cause of
defect. Therefore, this problem was brought into consideration. The second step was the
measurement process to investigate the causes of problems by using the Process Map and this in
turn, showed the relations of work factors in the process. Then, the problem was analysed with
Cause and Effect Diagram which could link to risk priority number resulted from Failure Mode&
Effect Analysis in Process. With the study of Measurement System Analysis, the process can
increase the precision and accuracy of the inspection system. The third step was to analyse factors
affecting the roughness of the work surface with the use of Analysis of Variance. The result was
employed to sort out an optimal factor level in the process improvement step with Design of
Experiment technique and Response Surface Methodology. The last step was variables control
with Work in Process and Statistic Process Control technique. It was found that the average rate
of defect per month was reduced from 146,295 PPM to 25,780 PPM and the loss value decreased
from 774,714 baht to 128,648 baht per month. The set goal of 82% defect reduction level was
achieved.

(Total 145 pages)

Keywords : Six Sigma, Chromium Plating, Roughness
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Pareto Chart of Detail of Defect
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P Chart of Defect
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Attribute Repeatability and Reproducibility

Part : Bumper Rear Center Analysis by : i UNT a0sUN
Operator 1 Operator 2
No. Expect
Ist Reading 2nd Reading Ist Reading 2nd Reading
1 fdid OK OK NG OK OK
2 fdiﬁ NG NG NG NG NG
3 NG NG NG NG NG
4 OK NG OK OK OK
5 M4 NG NG NG NG NG
6 OK OK NG NG OK
7 OK OK OK OK OK
8 ﬁﬂ OK NG NG NG OK
9 OK OK NG NG OK
10 NG NG NG NG NG
11 NG NG NG NG NG
12 NG NG NG NG NG
13 NG NG NG NG NG
14 M4NG NG NG NG NG
15 NG NG NG NG OK
16 NG NG NG NG NG
17 fdid NG NG NG NG NG
18 NG NG NG NG NG
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M31990 4-3 (Av)

Attribute Repeatability and Reproducibility

Part : Bumper Rear Center Analysis by : QIGUNT ADHUMN
Operator 1 Operator 2
No. Expect
Ist Reading 2nd Reading Ist Reading 2nd Reading

19 NG NG NG NG NG
20 ﬁ@ OK OK NG NG NG
21 OK NG NG NG NG
22 OK NG NG NG NG
23 fd;Q OK OK OK OK OK
24 OK NG NG NG NG
25 NG NG OK NG NG
26 NG NG NG NG NG
27 ﬁﬂ NG NG NG NG NG
28 NG NG NG NG NG
29 NG NG NG NG NG
30 fd;Q OK OK NG NG NG

Nﬁﬂ"li%tﬂi"l%ﬁiﬂiuﬂiﬂ Minitab UAAIAINING 4-6 1AL 4-7

Within Appraisers

Assessment Agreement

Appraiser # Inspected # Matched Percent 95 % CI
i 30 25 83.33 (65.28, 94.36)
2 30 28 93.33 (77.93, 99.18)

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

4 a 4 o v v o
anﬁ 4-6 wam'i’Jmmzmzuumiaﬂ%gmmuu‘UﬂauﬂsmJ’:;a
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Each Appraiser vs Standard

Assessment Agreement

Appraiser # Inspected # Matched Percent 95 % CI
1 30 19 63.33 (43.86, 80.07)
2 30 17 56.67 (37.43, 74.54)

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

Between Appraisers
Assessment Agreement

# Inspected # Matched Percent 95 % CI
30 21 70.00 (50.60, 85.27)

# Matched: All appraisers’ assessments agree with each other.
All Appraisers vs Standard
Assessment Agreement

# Inspected # Matched Percent 95 % CI
30 15 50.00 (31.30, 68.70)

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

MR 4-6 (Av)

Within Appraisers Appraiser vs Standard
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Attribute Repeatability and Reproducibility

Part : Bumper Rear Center Analysis by : ﬂmﬁquw%’ AU
Operator 1 Operator 2
No. Expect
Ist Reading 2nd Reading Ist Reading 2nd Reading
1 OK OK OK OK OK
2 NG NG NG NG NG
3 OK OK OK OK OK
4 NG NG NG NG NG
5 fd;ﬁ OK OK OK OK OK
6 NG NG NG OK NG
7 ﬁ'ﬁ OK OK OK OK OK
8 NG NG NG NG NG
9 ﬁ@ NG NG NG NG NG
10 NG NG NG NG NG
11 fd;Q OK OK OK OK OK
12 NG NG NG NG NG
13 s oK NG OK NG OK
14 NG NG NG NG NG




84

M0 4-4 (Mv)

Attribute Repeatability and Reproducibility

Part : Bumper Rear Center

Analysis by : MUV 808U

Operator 1 Operator 2
No. Expect
Ist Reading 2nd Reading Ist Reading 2nd Reading

15 oK oK oK 0K oK
16 NG NG NG NG NG
17 A1 oK OK 0K 0K OK
18 NG NG NG NG NG
19 fa NG NG NG NG NG
20 NG NG NG NG NG
21 M NG NG NG NG NG
2 OK OK OK oK oK
23 oK oK oK 0K oK
24 A1 NG NG NG NG NG
25 0K OK 0K 0K OK
26 A1 NG NG NG NG NG
27 0K OK 0K 0K OK
27 oK oK oK oK oK
28 oK oK oK oK oK
29 oK oK OK OK OK
30 oK oK oK OK OK

NﬁﬂTﬁ%Wﬁ?%ﬁﬁbﬂTﬂiMﬂﬁM Minitab UEAAIAINING 4-8 1A 4-9

Within Appraisers

Assessment Agreement

Appraiser # Inspected # Matched Percent
96.67 (82.78, 99.92)
93.33 (77.93, 99.18)

1
2

30
30

29
28

95 % ClI

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

Y a J @ @ @ [
ﬂTWﬁ 4-8 Waﬂ']ﬁjmﬁqgﬂiyUtUﬂ']ﬁ'lﬂsfljﬂylﬁllﬂﬂuuwaﬁﬂiﬂﬂiq\i
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Each Appraiser vs Standard

Assessment Agreement

Appraiser # Inspected # Matched Percent 95 % CI
1 30 29 96.67 (82.78, 99.92)
2 30 28 93.33 (77.93, 99.18)

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

Between Appraisers
Assessment Agreement

# Inspected # Matched Percent 95 % CI
30 28 93.33 (77.93, 99.18)

# Matched: All appraisers® assessments agree with each other.
All Appraisers vs Standard
Assessment Agreement

# Inspected # Matched Percent 95 % CI
30 28 93.33 (77.93, 99.18)

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

MNA 4-8 (Ao)

Within Appraisers Appraiser vs Standard
100 1 X 95.0% CI 100 - X $5.0% Cl
® Percent ® Percent
L ] L ]
954 95
L L ]
JE L
5 904 S 90+
5 5
[ [
854 85
804 80
1 2 1 2
Appraiser Appraiser
9 9

aas a

MWA 49 n3lmsdszanam DU innedan uas%s Isaigiaanassulye
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43.5 MSAIUIUDIUIUAINIDE

v v Y
MIfIUIuIUTIdI9819Nnz 19 lunmInaasstiazimuiude T1UsiUnsy Minitab Lo

9
v A

MUUANINN A9

% v o

' v v x 1 3| o a
1. sgaudgaay () ﬁﬂHﬂTﬂU 0.05 %QﬂlTNHT%%UlHiHﬂ1§ﬂ@ﬂiﬂﬁﬂmﬁ§1u (B]

9

MR 0.05 ¥30 Power of Test 1INY 0.95 LAz
Y] = A A v o
2. nveyaluofnnNULBAVUNATTIU (G ) UAUMAY 0.245
3. ﬁ”l‘lfmﬂ?‘im’ﬂmmﬂﬁ?ﬂ@ﬂﬁﬂﬂl@ﬂﬂizﬂ’mmi (Value of the Maximum Difference)
pgN 10 uM Ap A1AIANNEIDAL TAIMABYBINTZVIUMIFUIAMANAINDIN 10 uM 1A)

Yy A Q/oa.lll ]
@ﬂﬂhﬂ1§ﬂ§ﬂﬁﬂﬂ1ﬂi$ﬂ3uﬂ1§1ﬂh

Power and Sample Size

One-way ANOVA

Alpha = 0.05 Assumed standard deviation = 0.245 Number of Levels = 2

SS Sample Target Maximum
Means Size Power Actual Power Difference
50 2 0.85 0.954770 10
50 2 0.90 0.954770 10
50 2 0.95 0.954770 10

The sample size is for each level.

4 v o o A o 1 o  w a o
ﬂTWﬁ 4-11 NaaWﬁﬂ15ﬂ1u3uﬂ1HJUﬁQﬂ3®810ﬁ1ﬂ5ﬂﬂ1?ﬁﬂ513ﬁﬂ31huﬂiﬂ§3u

Mnmi 4-11 msduaunsoagd Idniwaudsdiiedsngldlumnaassedis
9 Y = 1 1w Qy
UpEABINAUMIAY 3 FUNY
43.6 MIMHUAGUUATIUNIINADD
9 Y
HBB, : C,. =C,, : 35mM3a1Fua lifinasanumenuiaFuau
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437  HANMINATOUANUKHETUH

/ 9 Aa ay {a 9 ay Aa 1
MINN 4-6 VOYANATOUANUNGVHIFUNUNITMIANFUNUUULIAY tazIny

AANUNGIUAD (um)
10 M3ANUUAY msdauy Ingd
A 1 2 3 4 | Aunde 1 2 3 4 | Aunde
1 1.49 1.61 1.47 1.51 1.520 0.98 1.45 1.45 1.15 1.257
2 1.43 1.49 1.53 1.61 1.515 1.25 1.25 0.98 1.44 1.230
3 1.53 1.61 1.53 1.63 1.575 1.35 1.53 1.23 1.48 1.397
4 1.46 1.57 1.54 1.59 1.540 1.45 1.48 1.35 1.35 1.407

a 4
43.8 mMsunsizranuulsilsou

One-way ANOVA: Roughness versus Method Clean

Source DF SS MS F P
Method Clean 1 0.09191 0.09191 19.80 0.004
Error 6 0.02785 0.00464

Total 7 0.11977

S = 0.06814 R-Sq = 76.74% R-Sq(adj) = 72.87%

Individual 95% Cls For Mean Based on
Pooled StDev

Level N Mean Sthev —-—--——- e o o Foem
1 4 1.5375 0.0272 (--—-——--—- [ — )
2 4 1.3231 0.0924 (------- H e )
————— o ——— o —— o +———
1.30 1.40 1.50 1.60

Pooled StDev = 0.0681

3 v J a J 1 a Qy {a Qy
cﬂ'l‘Wﬁ 4-12 Naa‘W‘ﬁﬂ'ﬁ'JLﬂiTgﬁﬂ'JnJ!L‘]Ji‘lJﬁ'J“Llﬂ'lﬂ'J']3J‘Vifl'l‘]JN?%HQTUﬁ’J%ﬂWi'gN‘HuQ'}u

uuuausay v

a 4
439 ajlwamsunsizvanulslsu

Y

VNN 4-12 A1 P-Value UAWMIAY 0.004 tWiIzaziudsensolfasauuagiu

2 YI1_ax y 2 a 1 a 2 dAa 2
H0 ﬂ\iﬁ'lll']ﬁﬂﬁiqﬂvlﬂj'ljﬁﬂ'ﬁa’m%uq']uuWaﬁﬂﬂ'lﬂj'lilﬁﬂ’]l]Wj%uqquﬂlﬂﬂﬂluslUﬂigU’Juﬂ'ﬁ

v Y o

yulasieuednuisdAyaIetiad Ay 0.05
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4.3.10 ﬂTﬁﬁTﬁuﬂﬁMﬂﬁiWﬂﬂWiﬂﬂﬁﬂﬂ
' 12 1 a Qy
H,: A=A, :ﬂ?WNﬁHWMUH%ﬂQﬂ38u61Wﬂ11NMNﬁﬂ1ﬂ31NﬂﬂWUW3%uﬂ1u
1 = ! a AQy
HI:A¢¢A%: ﬂ??MﬁMWMuu%ﬂﬁﬂiguﬁqwﬂWNNﬁﬂ?ﬂ??ﬂﬁﬂ?ﬂwj%uQWH

43.11 HAMINATOUANUHETUH

v E4 H
Ms1eh 4-7 JeyanadeuaNuneIAIFUOUNANIHUILBYeInseud Wihszay 4 A/dm’

ag 6 A/dm’

AANUNRGIUAD (um)
Y anunuiuveanszua Wit 4 A/dm’ anunuiuveanszua Wi 6 A/dm’
2o 1 2 3 4 Aunde 1 2 3 4 Aunge
1 148 | 151 | 147 | 151 1492 | 210 | 2.15 | 245 | 250 2.300
2 155 | 149 | 153 | 151 1520 | 215 | 215 | 2.10 | 2.10 2.125
3 159 | 157 | 153 | 1.49 1,545 | 205 | 1.95 | 221 | 2.10 2.077
4 166 | 157 | 154 | 1.59 1,590 | 2.15 | 2.10 | 2.10 | 2.05 2.100

a 4
4.3.12 MsansizHauLlsisiu

One-way ANOVA: Roughness versus Current Density

Source DF SS MS F P
Current Density 1 0.75338 0.75338 125.49 0.000
Error 6 0.03602 0.00600

Total 7 0.78940

S = 0.07748 R-Sq = 95.44% R-Sq(adj) = 94.68%

Individual 95% Cls For Mean Based on
Pooled StDev

Level N Mean Sthev  ——+————————- Fomm o Fomm

1 4 1.5369 0.0414 (--*---)

2 4 2.1506 0.1015 (—-=*--=)
——teeee Fom e Fom e ——— Fom——
1.50 1.75 2.00 2.25

Pooled StDev = 0.0775

! v a L4 a Qy { 1
ﬂ1Wﬁ 4-13 HAANTMIAATIZHANNLYTUTIUANURVAIFUNIUNANUHU WU UYDY

aszua i 4 A/dm” tag 6 A/dm’
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43.13 ajwamsdnsizrianuulsliou

[ 9
VINANA 4-13 A1 P-Value DAWNIAY 0.000 W5 1zpHUIIdNT0UasauuagIy

= Y 1 = L QQy L:'Qd?
Hm)ﬂﬂﬁTN1§ﬂﬁ§ﬂ1@QTﬂQWNWHTMuumﬂQﬂi$Mﬁ1WﬂTNNﬁ@ﬂﬂWﬂQWNWﬂTUN?%HQWHVﬂﬂﬂ%H

lunszuaumsyuTasifonediiiedfydrendsd iy 0.0
43.14 MINMAUATUUATIUNITNAAD
H,: T,=T,, : Qquﬁ“hjﬁwaﬂ'wmmﬁmuﬁ’;éf:mm
H, : T, #T,, : QquﬁﬁNammmm1uﬁa§umu

4.3.15 HAMINATOUANUHIIUH

v E4 H
M3197 4-8 FoyanaaeUANUHOURITUNUNTZAUGUUAN 50°C 1Az 60°C

AANUNGIUAD (um)

il gangll 50 °C gamgll 60 °C

2o 1 2 3 4 Aunde 1 2 3 4 Aunae
1 154 | 154 | 161 | 157 1565 158 | 149 | 146 | 151 | 1510
2 155 | 148 | 150 | 1.51 1,510 | 153 | 1.53 | 151 | 148 | 1512
3 157 | 157 | 150 | 142 | 1490 | 1.57 | 151 | 149 | 149 | 1515
4 1.57 1.48 1.60 1.53 1.545 1.62 1.60 1.43 1.46 1.527

a o
43.16 MsansiznaNNulsysiu

One-way ANOVA: Roughness versus Temp

Source DF SS MS F P
Temp 1 0.000613 0.000613 1.67 0.244
Error 6 0.002200 0.000367

Total 7 0.002813

S = 0.01915 R-Sq = 21.78% R-Sg(adj) = 8.74%

Individual 95% Cls For Mean Based on
Pooled StDev

Level N Mean Sthev  ————+————————— Fom o o
1 4 1.5338 0.0259 - e )
2 4 1.5163 0.0078 (--—————----- e )
————t Fomm e Fomm e o
1.500 1.520 1.540 1.560

Pooled StDev = 0.0191

a

4 o J a 4 a Qy {
ﬂTWﬁ 4-14 WﬁﬁWﬁﬂ1TMﬂﬁ1$ﬁﬂ?WNHﬂﬁﬂi?Uﬂ?TNﬁﬂWUN?%HQTUﬁQﬂHﬁﬂM40%3Mﬁ$607:

U
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95

v Y
INNNA 4-14 A1 P-Value UAUNINY 0.244 INTIZRLUUANNTOOOUTVANNATIU

H

0

TasiouediivedAnaie

4.3.18 ﬂ1§ﬁ1ﬁuﬂﬁﬂﬂa§TUﬂ15ﬂﬂaﬂﬂ

H,:P, =P,

9
H,: P, 7P, : MNOFUNAAIANURSIUAITUIY

.5

v o

[

Hedny 0.05

4.3.19 HAMINATOUANUHITUH

M350 4-9

Y
- ity lUlHamIANUHIIURITUIU

E4 H
JoyanadouANUNNUAITUNUNIZAUMNIOY 4.0 Az 4.5

= Y a = 1 1 a Qy A a d?
‘ﬂ\iﬁnﬂiﬂﬁ’i‘ﬂ‘lﬂQWQﬂ!ﬁj;]illl‘JJilNaﬂi’)ﬂTﬂ’NiJﬁEﬂUW’J“Buﬁuﬂlﬂﬂ‘uuiuﬂi&fﬂ’)uﬂﬁ“g’ﬂ

AANUNRGIUAD (um)

1@ MY 1NINY 4.0 MAPY 1INY 4.5

2 1 2 3 4 Aunde 1 2 3 4 Aunae
1 2.45 2.20 2.15 2.34 2.285 1.60 1.54 1.65 1.70 1.622
2 2.15 2.05 2.10 2.40 2.175 1.75 1.48 1.63 1.72 1.645
3 2.30 2.15 2.18 2.20 2.207 1.75 1.65 1.45 1.45 1.575
4 1.98 2.21 2.41 2.44 2.260 1.64 1.58 1.71 1.68 1.652

a 4
4320 MsaAsIzHANNLLTUIUN

One-way ANOVA: Roughness versus ph

Source DF SS MS F P
ph 1 0.73963 0.73963 399.86 0.000
Error 6 0.01110 0.00185
Total 7 0.75073
S = 0.04301 R-Sq = 98.52% R-Sq(adj) = 98.28%
Individual 95% Cls For Mean Based on
Pooled StDev
Level Mean StDev —t——————— Fom———— Fom———— Fo————
1 4 2.2319 0.0498 (--*-)
2 4 1.6238 0.0349 (-*--)
e o o o
1.60 1.80 2.00 2.20
Pooled StDev 0.0430

v 9 v
MNA 4-15 waé’wﬁmﬁam'iwﬁmmmuﬂiﬂmummmmm%mmﬁmﬁm% 4 uag 4.5
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4321 ajdwamsdnsizrianuulsliou

[ 9
VINANA 4-15 A1 P-Value DAWNIAY 0.000 W5 1zRHUII@WNT0U asauuagIy

1A =

Y v 9
H, Wawsoeaglldnaifiesiinademanureruiisuauimaiulunszuiunsagy

0
Tasfleuodeiiiedngaeiodiney 0.05

4322 agdmamsdniiuaumsaaizdaunguesilaym

v
= 1

o a ng a 4 A ) @
mﬂwam‘smmmmiumumum‘mmiww Tﬂfll'illﬁ]”IﬂﬂWiu"l‘ﬂilﬁ]fJﬁ?JWﬁﬂizﬂ‘]J@
A 9 0911 % o = a 4 [ an Y

Tﬂi\?fﬂﬁ“ﬂulﬂll"ﬁ]”IﬂsllLl@'t’)uﬂ"l'i'JﬂWﬁiJ"lVI"lﬂ"lﬁ‘Vlﬂﬁf’NcﬁﬂWﬁﬂl@ﬁﬂWi’JmﬁTg‘ﬁ NUIT ITNITAN

o ] a A @ o ] & &
nazilvdeluteyuiiina ou'ldun Aoy vazauvuuninvesnszualvih Fuiuaumg
A o 9}&1 a Iy a g < A = 1 1 a e =
‘VWI'I‘IWWuW'JGUﬂﬂ%uﬂ?uﬂ!iﬂlﬁglﬂﬂlﬂulﬂﬂw5@@]']1“5] IﬂleIWﬁ@]@ﬂ'lﬂ')'liJWfJ'l‘]JN'JG]qu'lu@ﬁn\ﬁJ

]
o [ =

4 4
Weday Fellademariiazii ldwnanluduaeumsdsvlgenszuiumsas

4.4 m31U5vaunlunszuIums (Improve Phase)
QsJ‘ [ 9 t;‘ ) (% L:'d 1
Tuduaoumsisulgaud lunszurumsivzihilaseniinansznuaonuney
Aa Qy o o a3 9 o a d A a ]
Aarvuan Tumsidsvlgsdniudesordenisiigauniensnadeuaunagiulageifdenis
Y
29NUUUNIINAADY (Design of Experiment) HazITMINUAINDVAUD (Response Surface
] v 1 9
Methodology : RSM) Tagaziinnldmimnangavessimanouaues Famsusulgaud luii
o va v g [ Y
aunsodSulgenuaniaswdumalumsanveude’la Taslisieazidoadeaeliil
441 myeenuuuMInaaeUy 2PP" uvlaneaiSsanimsiingaguina1s (Addition of

Center Points to the 2° Design)

v
[

A 3| A 4 a
NITDONHUUUNTNAADINUTADITEA uJumsaaﬂu‘u1Jmimammﬂiziwuuazuﬂu

[

Yo v ) 9y a o
Isnuedaunlugaavnisy UsemsdiaglumslsmsoonuuuFwaneiFoaaeaszay
A a B~ o 3 Y . . Aa 2 v 1

Ap auuAgINEINUANUIUEUATY (Linearity) vonainavunnilodenie Tagause
= I @ a Jo o £ . 9 1 Y
@Wewduanuuneaaamansf1aanile (First-Order Model) 15znoualemona1es laun

answavesiloderian LuazonnasINveoden1e AvauNISN 4-1

(4-1)
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S 1

~ 9 U Jd o & (= A 9 o
vunsailauIddduilsndunanevaues FalimeaneNreasuaumsveuuuiians
v Y Y v

Fagumsn 4-1 19 daiuduuyaumMINUNRINUAUDIMEa9a09 (Second-Order Response
o ~ =R d o A ' A o L:al
Surface Model) A4@uM3IN 4-2 30 UuuuIaeInIANURNZAUNI HOIINULUIaDIU

1 9 o ] 9 dyQ a dy
gusouaasa v InsundsemsvesilensuvosHanouaues diulastinaannmsiaded

v 9
Y0932U10 (Plane) AgnihliinaduaIndninaves B ixix; 4

i(

=i

k
vi=Py +ZB jxj+.Z.ZB ii*i%j +2.2P jjsz- +e (4-2)
iG] <
i

Taeh Bij UNUNATUADY (Second-Order Effect) NIBNALUUAIDATIAN (Quadratic Effect)

= 1 a AR AN o I a Y A 1 qul o Y oy
mMsanyIUsnananyzisnvazmatuii ldamie luiu fldlaemsnaaesdn
(Replicate) 1UUTNIUATINANVDITZUIY (Plane) Mzinannmsnaasuuy 2° ulaneSea
Y
FenanyarmIiumsnaaesad il luusnaasenastiin mseenuuumsnaasauy  2*
A Aa A s 2 . . . .
u:Nmnmiaawuﬂmwmmgruaﬂmd (The 2" Factorial Design with Center Point)
44.1.1 hisuazauanvuzvosiladeiloudn
a 4 4 o o @ 1 1
naransinseiaNulsdsiuienaunseeiladen1eg  (Screening Factors) WL
v Ay A a A A ax vy 2 =
‘ﬂ%ﬂﬂwﬂmmuqaﬂuﬂﬁzmumﬁgumaauwﬂﬂimau A9 ITNTANFUINU ANLOY Uag
1 [ ] 1 [ d‘ [ 09/' =2 o [
anunuduvesnszua Wi Tasdalunswailedenmunean duiudamvuaseduveg

1 % -7 1 o d’ d’ o g tﬂ' 1
Llﬂfﬂ%ﬂzﬂ‘ﬂﬂ@]'l\‘]@] PNAIT NN 4-10 LW@VI"Iﬂ']ﬁﬂﬂﬁfNﬁ']ﬁ39’!‘1J1’]L‘H3J1$ﬁi]@]@llﬂ

m319i 4-10 Paseuazauansuzvosiladedloudn

oL TEAU ,
{978 e
1 2

as 9 ay a [} =
AFNMTANFUNU HUULAN TRTRTNAZEY T
A1 ph 4 45 N

] 4 a
aNunuiuveInszia v 4 6 ouuls/MmI AT T
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4412 MIMNAUATUUATIUNINAADY
AuNAg IR 1 SnEnavesiEmsdarua
:T =0 1=1,2,..a
H,: T #0  oegwdos 1 dalimdugud
auudAgui 2 snSnavesmiioy
Hy:B~=0 i=12..b
Hy: B£0  odwdes 1 @ limidugud
auuAgudl 3 sninavesaruvuuiuvesnszua i
Hy:y =0 i=12..c
Hy:y F0  odwdes 1 @ limidugud
auuAgIui 4 SnENas eI EmsAaFIaY naziiey
(T B)=0
(T B)F0
aunfgud s SnEna3wveITsdeFuaY nazauiiuveanszua i

Hy 0 (T )= 0

0 - (T Y )ik;éo
S tﬂ‘ a a 1 1 =\ 1
’c’fmmgmﬂ 6 DNDTNATINVDIATNLDY !,Lazmmwmu,umlmﬂimﬁ"lw%
By =0
(B ’Y )Jk;éo
’dmmmm‘n 7 ’a‘lflﬁwaimmm%‘ﬁmimwmm ﬂ']WLf’JGIf Lae mmwmuuuﬂi Llﬁhh/\lﬂ']
H, : (T B v )ijk= 0

Hy : (T By )yF0
4.4.13 MIMUIUINUIUAIAIDE1Y
o o A Y] ] d‘ 9 dy o 9 R
MIRUIUINUIUFIGI0819R 2 1 ¥ UMM InaasatiazdmuIualIe1s51nsy Minitab tag
Y
MUUAAIAIY Aail
[ v o w 1 T o 1 I~/ [ a
n) sgaulediAy () TANIAY 005  uazanuuzulumssensvanuagiy
(B) AU 0.05 U39 Power of Test (M1HY 0.95
9 a A AW
¥) 1ndoyaluefnnNULsAVUIATFIV (G ) UAUMAY 0.245
1w 4 A s A 4
f) Center point MM 3 1HOININAWNOBRMIAUIAFUINAWAITNY 3-5 99 1IN0

a < o { a v 0
@]5?ﬁ]ﬁ@ﬂﬁﬁhﬁﬁ?l&ﬂ’ﬂulﬂuﬁu@iﬂ (Linearity) ﬂlﬂﬂﬂaﬁ‘ﬂglﬂﬂﬁnﬂfﬂﬁ]ﬂﬂﬁﬁﬂ
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3) A1 Corner point 1M1 8 A UAYA1 Effect (MY 1

Power and Sample Size
2-Level Factorial Design
Alpha = 0.05 Assumed standard deviation = 0.245

Factors: 3 Base Design: 3, 8
Blocks: none

Including a term for center points in model.

Center Total Target Actual
Points Effect Reps Runs Power Power
3 1 2 19 0.85 1.00000
3 1 2 19 0.90 1.00000
3 1 2 19 0.95 1.00000

MR 416 wadnimsAusudsiedanuy 2™ ulaneSoanimsiiugagudnans

d‘ o Y1 o Q‘ o L] A a v d‘ 9
NNINN 4-16 ﬂﬁﬂ"lll’)llﬁnﬂiﬂﬁiq‘ﬂllﬂ’J'I%"IM’JL!@'\W]’JEJ‘c’JNﬁﬁ@LiWLﬂ%U“ﬂﬂgﬁhﬂu

9
ﬂ”l'iVlﬂai’Ni’)fJN‘ﬁl}ﬂﬂﬁﬂﬁﬁﬂ%ﬂ?ﬁjﬂ 2 FUNU
<
4414 ﬂ"liVlﬂﬁi’N!Lﬁgﬂ?ilﬂﬂi’)“]_li’lilsi’lj@lqua

ya o {

dil 9 dy Y o a = A
Gl,umimammamuu N’J“’l]EJhlﬂ‘VHﬂﬁ‘Vlﬂaﬂxﬂﬂﬂmﬂuﬂﬂﬁ‘V]ﬂﬁENLL‘]J‘lJLL‘V\IﬂVIE]LSEJm/]iJ

U

A 4 A A [ [ [ A A o v A v As [
MINNYAFUINAN Wollszavvestlade 2 szay wenziminaaosdaduiateniinany

=1

1 Aa Yo o 1 ~ 9 £ dyw A U
AU YTIUND IﬂElﬂlflf%']1!'31!@]'3@fﬂ\ﬁ/lu@ﬂﬂq@‘ﬂﬁWaﬂ’]ﬁﬂﬂﬁﬂﬂuﬂﬂ@”ﬁ’mﬂ 4-11 Llagllﬂ

) Y
fviva i
an Y Qy o Y I [ A
) Asmsassuanusimua iy 2 sedu A
a o I 1
1. uvudy Smualdidlua -1
1 o Y 1
2. nuulvy Mvualvidluan 1
[ o I [
W) ey smua ity 2 sedu Ao
= gl ay 1 W o Y 1
1. ey luheguruaeiny 4 fvualiidum 4
= gl ay 1 W o Y 1
2. e IINegUFUNMINY 4.5 Mvualidua 4.5
1 o Y I o
a) anunuduveanszua i Swmualiidhy 2 sedu Ao
] o I 1
1. anmvuuivvesnszud Wi lumsyy 4 dmualdidusn 4

2. anwvuuduvesnszua ihlumsyy 6 smualdiiluan 6
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a k A Aa A P
MINN 4-11 HANITNAADILUDY 2 L!ﬂ/\lﬂ‘ﬂﬁ)ﬁEJﬂV]iJﬂ'Ii!WﬂJﬂﬂﬂuﬂﬂﬁN

Padeiuin MANUNIIVHD
ANUHULUU
Fmsd GRITIGE RN Wil | gai2 | aii3 | gaii4 | Aunde
aszualuih

-1 4.00 4 2.14 2.13 2.22 2.40 2.223
1 4.00 4 1.67 1.67 1.56 1.76 1.665
-1 4.50 4 2.10 1.98 1.95 1.85 1.970
1 4.50 4 1.10 1.10 1.30 1.21 1.178
-1 4.00 6 1.77 1.69 2.30 1.60 1.840
1 4.00 6 1.40 1.42 1.52 1.38 1.430
-1 4.50 6 1.63 1.58 1.45 1.51 1.543
1 4.50 6 1.43 1.43 1.35 1.51 1.430
-1 4.00 4 2.30 2.38 2.19 2.24 2.278
1 4.00 4 1.67 1.58 1.87 1.68 1.700
-1 4.50 4 2.28 2.10 1.91 1.79 2.020
1 4.50 4 0.97 1.03 1.15 1.37 1.130
-1 4.00 6 1.80 1.63 1.67 2.07 1.793
1 4.00 6 1.38 1.42 1.42 1.46 1.420
-1 4.50 6 1.48 1.48 1.53 1.55 1.510
1 4.50 6 1.51 1.49 1.48 1.48 1.490
-1 425 5 1.63 1.63 1.51 1.55 1.580
1 4.25 5 1.21 1.10 1.32 1.25 1.220
-1 425 5 1.78 1.78 1.67 1.77 1.750

9 ¥ .
4.4.1.5 MIATNADUANNYNABDIUBIAUIUY (Model Adequacy Checking)

g Y 9 .~ A Ao w

ihumsasdeuanuimzaunazanugndesvesdoyainilu lameulanddy

= 2 A 1 Y 9 o 2 14

Ao NID (0,6 % w3eli Tasdnyuzminsnaaeuanugndesvesdnuuiuilszneudiy

Y o A4 o & YA Yy

minadeudeimuanenuanumaniouvesmnaaesmelatouly 3 dszmsdieiu
9
Taeliswazidoanano i

N MinadevauuAgIumMsnsznenuulnavesdoya Tasia1sanain

N15N5ZA18UVDIAT Residual AININA 4-17
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Normal Probability Plot of the Residuals
(response is Roughness)

Percent
o
o
!

-0.10 -0.05 0.00 0.05 0.10
Residual

4 o J a a
ﬂ'l‘l"lﬁ 4-17 NaaW‘ﬁfni“lflﬂﬁ@UﬁﬁJﬂJﬂﬁTUﬂTﬁﬂﬁgﬂ18!LUUﬂﬂﬂ

] Y ]
INNNA 4-17  NNAADVAUDIANUHOIUAIFUIIU WUN Lﬁ@ﬁmmmwm%’ay’a

Residual vesdoyalimsnszneuuulng

a 3 a a a
¥) minadeuauuAguanuiuddszvowdoya  TagNv1aINUHUYI
MINTLIY AININT 4-18

Residuals Versus the Order of the Data
(response is Roughness)
0.10

0.054

AV AS /A
- VA

Residual

-0.054

-0.104

2 4 6 8 1|0 12 14 16 18
Observation Order

Y v J a I Aa
ﬂ]‘W‘ﬁ 4-18 Waa“w*ﬁmﬁ‘vmﬁau%mgmmmgﬂuaﬁﬁzeuméffm%la
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v Y ]
NNNAN 4-18 NNANDUAUDIANURITUAIFUIU Lﬁ@ﬁﬁﬂim']ﬂﬁﬂi%ﬁﬂﬂﬂlﬂﬁ%%y}ﬁ

VUUNUDN WU MINTENBAIUY Residual liamnsofinnegduuniivtiuenld naasi
1 . ~ I A ' v
A1 Residual ¥ANUUdATEADAY

) minadeuaNuaiuauevesnNuussIuvesdoya Han Wi 4-19

Residuals Versus the Fitted Values
(response is Roughness)

0.10
L ]
0.054
L] L ]
- . . *
5 . e
2 0.00 *
% L ]
-
o . L] - . o
»
-0.054
-
-0'10_ T T T T T T T T
1.0 1.2 14 1.6 1.8 2.0 2.2 2.4
Fitted Value

Y o @ o
ﬂTW‘ﬁ 4-19 WﬁaW‘ﬁﬂﬁ‘Vlﬂﬁ’l’)‘]Jﬂ’JﬁJﬁll'l!ffll@ﬂl@ﬂﬂ??ﬂllﬂﬁﬂi’)ﬂ‘ﬂ@\isﬁ’ﬂy‘ﬁ

[ Y v
NNINA 4-19 NNANDUAUDIANURITUAITUNIU fJ2ﬂllﬂﬂﬂ13ﬂi$ﬂ18ﬁ1hlluuﬂu

Tugwnsorinnegduuuimiueu’ld uaasiim Residual Hiadesamvesnnuulslsiu
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a 4 3 ~ A A J
4.4.1.6 NITAATICUNTNAADILUVY 2 uWﬂﬂﬂﬁﬂaﬂNﬂiﬂwuﬂﬂﬁuﬂﬂﬁWQ

Factorial Fit: Roughness versus Method Clean, Ph, Current Density
Estimated Effects and Coefficients for Roughness (coded units)
Term Effect Coef SE Coef T P
Constant 1.6638 0.01192 139.54 0.000
Method Clean -0.4636 -0.2318 0.01104 -21.00 0.000
Ph -0.2597 -0.1299 0.01192 -10.89 0.000
Current Density -0.2135 -0.1067 0.01192 -8.95 0.000
Method Clean*Ph 0.0130 0.0065 0.01192 0.55 0.598
Method Clean*Current Density 0.2378 0.1189 0.01192 9.97 0.000
Ph*Current Density 0.1323 0.0661 0.01192 5.55 0.000
Method Clean*Ph*Current Density 0.1495 0.0747 0.01192 6.27 0.000
Ct Pt -0.2244 0.03023 -7.42 0.000
S = 0.0476931 R-Sg = 98.81% R-Sq(adj) = 97.87%
Analysis of Variance for Roughness (coded units)
Source DF Seq SS Adj SS Adj MS F P
Main Effects 3 1.38475 1.45538 0.485126 213.28 0.000
2-Way Interactions 3 0.29674 0.29674 0.098912 43.48 0.000
3-Way Interactions 1 0.08940 0.08940 0.089401 39.30 0.000
Curvature 1 0.12528 0.12528 0.125281 55.08 0.000
Residual Error 10 0.02275 0.02275 0.002275
Lack of Fit 1 0.00027 0.00027 0.000270 0.11 0.750
Pure Error 9 0.02248 0.02248 0.002497
Total 18 1.91891

4‘ v J 3 —
MWN 4-20 HaauimManaasauy 2° uaneisea

3 S Aa A %
4.4.1.7 aglwamanaasany 2’ uaneFsaninmamuaguinalg
a 4 U Aax 9 19
n) 1M AATIEHANNLYTUTIN WU ATMMTAN (Method Clean) AUl
Ay (Ph) tazANuruIUuveInszua Wi (Current Density) uaazilodeiia1 P-value
) ' = R o o Yy Y ' a 2 A4 a 2
Ueyn31 0.05 wagllan fevenseudnduiinasonnurveruirzuauimadulu
4
nzUIUMIgU Iasiton
a 4 9 Y v aaa 1% [ 14 1
v) MMIuazRaNuualslsiudean wudn dgasnduRusiznig
Fmsdenuanuruiuveanszua i (Method Clean*Current Density) tagaitosiy
1 . ad Y (=
anuruduveanszua Il (Ph*Current  Density) 4ag3Tn13819 Aoy wazaw

nuiuveanszue i (Method Clean*Ph*Current Density) A1 P-Value %o8AdN 0.05
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= Y1 v Aa (aaa v o d 1 o :/‘ 9 Y A 1 a Qsl A
wagllan fhdeniidgaseduiussznieiuniaudsduiinadonnurerumiFuaun
a & a
navulunszuIumsyy Ins ey
a 4 9 9 1 A A 1
A)  1NMIAATIZHANNLTUTIUVAY WU e NWITAUIAT P-Value
s LY d! 9 1 =< 91 dydw
Y94 Curvature HAWMND 0.000 Ftiosndn 0.05 Wagllain minaassiiianyuzves
aul1dq
Y
442 MIMNUAINOUAUDINEIADY (Second-Order Response Surface Model)
d’ dydw 1 9 [ og/' =< 9 o [ [ d‘d 1 T W
119991ANSNARBIHUANHAUZURIAIU AT AdlY AediiaveranNuNanen1n
(% A as 9 ng 1 1 A
wilsapuauss 3 ade A AFMIANTUNY AR InTzua 1T uazaiitoy
o a 4 Ao ' Y ] Ja ﬁ’ a
PRINITAATIZINTeNLUUNINAaInlanyaza Ul lvl TaslsIsnsvInui
. 4 da va oA o o odad 4
AOUAUDINAIADY WONAADINIFAN INAIRBITUATIMIIZANAUMIHANNANGA 9
Y
puudaestansonaasdiuldeldvzgmimnldlumsdszuuavemanouauedld Tag

IMINMINARDIAIATINN 4-12

v Y
Msei 4-12 wamsmamé’ha?’ﬁmimﬁuﬁmauaumﬁﬁmm

Paderiudn MANURIIUAD
ANUHULUU
Bmsd GRITIGE RN i1 | qai2 | 9aii3 | 9afi4 | Aunde
aszualih
-1 4.00000 4.00000 1.43 1.49 1.56 1.66 1.535
1 4.00000 4.00000 1.35 1.35 1.65 0.94 1323
-1 4.50000 4.00000 1.48 1.56 1.43 1.58 1.513
1 4.50000 4.00000 1.32 0.98 0.98 1.30 1.145
-1 4.00000 6.00000 221 2.34 1.98 1.88 2.103
1 4.00000 6.00000 1.92 1.84 1.84 1.72 1.830
-1 4.50000 6.00000 1.42 1.54 1.45 1.48 1.473
1 4.50000 6.00000 1.44 1.42 1.55 1.43 1.460
-1 4.25000 5.00000 1.51 1.44 1.38 0.17 1.125
1 4.25000 5.00000 0.89 0.85 0.82 0.98 0.885
-1 3.82955 5.00000 1.58 1.53 1.58 5.12 2453
1 4.67045 5.00000 1.34 1.34 1.38 3.28 1.835
-1 4.25000 3.31821 1.58 1.47 1.62 1.41 1.520
1 4.25000 6.68179 1.93 1.73 1.84 1.78 1.820
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M9 4-12 (D)

Padeiuin MANURIIVAD
ANUHULUU
FBmsd GRITIGE RN Wil | gai2 | 9aii3 | aii4 | Aunde
aszualih
-1 4.25000 5.00000 1.38 1.38 1.51 0.18 1.113
1 4.25000 5.00000 0.85 1.11 1.14 0.18 0.820
-1 4.25000 5.00000 1.43 1.43 1.55 0.13 1.135
1 4.25000 5.00000 0.93 1.14 1.21 0.26 0.885
-1 4.25000 5.00000 1132 | 098 1.12 13 1.133
1 4.25000 5.00000 0.88 1.11 0.98 0.96 0.983

a 4 o
4421 ﬂﬁ’JLﬂ’i1$Wﬂ31ilgﬂ1§]}6\‘l"llﬂﬂl,m‘ijmaﬁl\‘l (Model Adequacy Checking)
N mMInadeuauuAgIuMInIznenuulnavesdoya Taoiia1sanain

MINTLVDIAT Residual AININN 4-21

Normal Probability Plot of the Residuals

(response is Roughness)
99
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2z

T
-0.15 -0.10 -0.05 0.00 0.05 0.10
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4 v J a a
flTINﬁ 4-21 NﬁaW‘ﬁﬂTi‘ﬂﬂfT@Uﬁllll@'li"luﬂWﬁﬂiS%TﬂLL‘]_I‘]J‘]JfW]

[ 9 ]
INNMNA 4-21  NNANOVAUDIANUHETUHAIFUINIU WU Lﬁaﬁﬁmmmwmsﬁ’ayﬁ

Residual vodoyalimsnszaenuuilng
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MINTLY AININN 4-22
Residuals Versus the Order of the Data

(response is Roughness)
0.10

0.054

NN
VT

Residual

-0.10+

T T
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Observation Order

Y v J a I Aa
ﬂ]‘W‘ﬁ 4-22 WﬁaW‘ﬁfﬂﬁ‘VI@ﬁﬂﬂﬁlli]@]j'luﬂﬁ"mlﬂuaﬁﬁ%‘u@ﬁ%ﬂi&a

v Y ]
NN 4-22 NNAMADVAUDIANUHITUAIFUIU Lﬁ@ﬁﬁﬂim']ﬂﬁﬂi%ﬁﬂﬂﬂlﬂﬁ%@y}ﬁ

VULHUQN WU MINTZDIOAIUDY Residual Hztuuumsnszared bimiveuliawiso

o A ! Y 1 . = I a 1w
‘I/H‘IHEJE‘IJL!UUT]LLHU’EJMUM LAAINAT Residual Ianuiluodseaanu

) minadeuanuaiuauevesnNuulssIuvesdoya danwi 4-23

Residuals Versus the Fitted Values
(response is Roughness)

0.10
L ]
* L]
0.05 . N
—_ [ .
a L]
3 000 . hd .
2 A S
]
4
-0.051 . .
L]
*
-0.10 - .
T T T T T T T
1.00 1.25 1.50 1.75 2.00 2.25 2.50
Fitted Value

MR 423 wadnsmsnadeuanuaiuaueveInNLlTTINYEITYa
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v Y v
NNNA 4-23 NNANDUVAUDIANURITUAITUNU ﬁzﬂuﬂlﬁﬂiﬂi$ﬂ18ﬁqhuuuﬂié

Tugwnsorinnegduuuimiueu’ld uaasiim Residual Hiadesamvesnnuuislsou

Y
4422 MIIATIERNURINOLAUDIRIGIEDY

Density

Term

Constant

Method Clean

Ph

Current Density
Ph*Ph

Method Clean*Ph
Ph*Current Density

S = 0.06920

Source DF
Regression 8
Linear 3
Square 2
Interaction 3

Residual Error 11
Lack-of-Fit 5
Pure Error 6

Total 19

WOOOONMNOW

Method Clean*Current Density

R-Sq = 98.5%

Seq SS
-56600
-84197
-60899
-11504
.05267
.03882
-01386
.61867

Current Density*Current Density

eNeNoNoloNoNoNaN

-00286
-11024
-13682
-16295
-37528
.19357
.02724
-05099
-10000

The analysis was done using coded units.

Coef SE

[eNeoNoNoNoNoNoNoNe]

Estimated Regression Coefficients for Roughness

Coef

.02409
.01616
.01914
.01914
.02157
.02157
.02286
.02286
.02447

R-Sq(adj) = 97.5%

OQOOONOW

Analysis of Variance for Roughness

Adj SS
.56600
.84197
.00183
.11504
.05267
.03882
.01386

Adj MS
.44575
.28066
.00092
.03835
.00479
.00776
.00231

OO0OO0OO0OFrOOo

93.
58.
209.
8.

3.

41.
-6.
-7.
.512
17.
.975
.192
.230
-4.

01

36

T
635
823
147

400

087

0.000
0.000
0.000
0.004

0.086

eNeNoNojooNoNoNal

Response Surface Regression: Roughness versus Method Clean, Ph, Current

P

-000
-000
-000
-000
-000
-000
-259
.048
.002

v Y
MNA 4-24 HAANTNITNAADIMINUAINO LT UDIMNMAITD

v
X 9

A qw o an o~ do d
o lsmstszuranaludnyauzvedsmMItuyudIen 1 aNFunga (Steepest Ascent) 9%

v J [ 1 dya Y A = = =
uﬁﬂﬂNﬁaWﬁ@ﬂﬂNnﬂuiﬂiﬂimuﬁzwuwﬂﬂﬂﬂﬁuﬁﬂ ﬂﬂzﬂ% 4-25 939 4-31 ULy

Y
faae il
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Contour Plot of Roughness vs Ph, Method Clean

Roughness

4.6 [ | < 100
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4.0
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q' [ 1 v Aad 9 T A
MNN 4-25 Tases19szrieilededsmsaruas e s

Surface Plot of Roughness vs Ph, Method Clean
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Contour Plot of Roughness vs Current Density, Method Clean

Roughness
= < 10
10- 12
Wiz2- 14
Y MWis- 16
His5- 18
.'E. 5.5 [ | = 1.8
2 Hold Values
[ Ph 4.25
2 50
=
2
Ii
Is] 4.5
4.0
3.5
-1.0 -0.5 0.0 0.5 1.0

Method Clean
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Surface Plot of Roughness vs Current Density, Method Clean
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Contour Plot of Roughness vs Current Density, Ph

Roughness

< 1.0

10 - 15
His- 20
M0 - 25
W25 - 30
| ] > 30

Hold Values
Method Clean O

6.5

6.0

55

5.0

Current Density

4.5

4.0

3.5

39 40 41 42 43 44 45 46
Ph

‘!‘ ! ! 4 ] T A
MNN 4-29 IﬂiﬂiNi%‘Vi’JN‘ﬂ%ﬂEJﬂ’JﬁJWu”ILLuuﬂJ’ENﬂigLLﬁIIV\Iﬁ”ILLﬁ%ﬂWWL’E)GF

Surface Plot of Roughness vs Current Density, Ph
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Y v F4 v
AFuudiuua Tuwnin vinnswlaglldanilieszauaiieyednszaulszanm 3.5-5.5
o % % 1 ~ ltﬂ' %3
wazilvdeszaumnesegnszaulszum 4.15-4.40
4423 mmvuamiladenmnzananmIinaaes
Y
MINABINIAINDUAUBIAIANUHEIVHIFUNIU TAMINUATEAVAIAINHEIY
9 9 v
Ay luarsguaundt 10 um wazganthmnemanunemsuauiisiosiiqa 1so

AU 0 AN 4-31

Optimal Method C Ph Current
pD 1.0 4.6704 6.6818
Cur [1.0] [4.2515] [4.4031]
0.91664 |, -1.0 3.8296 3.3182
Roughnes
Minimum
y = 0.8336
d =0.91664 \

MNA 4-31 Namﬁmswﬁszﬁuﬁmmxﬁu

= A

A ! A q g a Ay Y
AMNNINN 4-31 WUN LW’E)Glﬁhlﬂﬂ"lﬂ’JHJﬁt’JTUN’J‘ﬂu’ﬂt’l‘ﬂﬁﬂ A® 0.8336 pum ITADI

q

A Y

o [ a A an 9 1A [ 1 =

Mruanuguiladelumswan Ao IIMIanaITegnzdy 1 Ao Mmyanuuylnl wazan
9 ] v

PFIUAITAIVANOGNTZAY 4.2515 nazanuvuuduvenszua llihalsauguegiszay

1 3 a wva a ] | o Y

44031 A/dm’ e81915naw Tumsigiaavaeieliaunsafiezliuszaulaazidoanuna
=3 = o o 1 [ 2 [ A

Msfny1 Tanaaesimuadimuannunuminvesnszud Wduily 440 Adm® danmd

£ o Y1 A I [ Aa A (Y
4-32 "])'QVI']GlWﬂ']WL'E]“If 19 4.4 1aEMANUHIIUANINAUNIND 0.8339 pum
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New Method C Ph Current
D Hi 1.0 4 6704 6.6818
Cur [1.0] [4.250] [4.40]
0.91661 ¢ -1.0 3.8296 3.3182
Roughnes
Minimum
y =0.8339
d=0.91661 \

a a L4 o A A o ] <3|
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4.5 M3nIUANAMIAIY (Control Phase)
4.5.1 uINIMIAIUANAILTA19Y
& o v = 0o q. ¥ 2 o o o Y Aa
MnduaouvoInsUiulgwd lunszuaumsidiuu ilvnswdsildeiuding
veddasenadaniveenszuiums uazarszavvesiliterindninangay Fmsniunuda
1 @ s A Y @ o ! qa./} o
nilsaen Jagiszasaeaitvaouuazaiuquiladoindin ldninduasuvesnisdsuls
uf lvnszuaums TasmsaiuguezerdogionisiUfiaeiu (Work Instruction) tazinaiia
a an = = U 1 dy
MIAIUANNTZUIUMSTIADA (SPC) Taviiseaziduanan 11l
aa v 2
4.5.1.1 IIMIANFUNY
9y E4 9
v o a o 9 v a va o
lumsarguiuaeumsinnuazelaruuiuIzdstodegiionisUgianuy g
M3Nn a-1 lumawuin a

4.5.12 Moy

4 1A 3 a [ 2 a
iosnnaemiudoyaFanlsiu (Variable Data) F9vz lfunuginiuan X-R Tag

E4
A Aa K 1

NTAUANUAAYAA MDAV UVDIAINBFNUIVONDIANILVDINTLUIUNITNOONUBANT
L v
AIUANILIDIAY
<3 9 1 (= o I ] [V ~
MNNMINUTBYANMID UMDY 1 FITue Hunar 7 AsInd 4-13

uazenusoagy lddenini 4-33

Ms1ah 4-13 Poyamiiteanng 1 lueraeiui 22-29 wa. 1 2550

o4 MDY
um o A o 4 2 4 o A o A 2 4 o & o A
ASN 1 | ASIN 2 | ASIN 3 | ASIN 4 | ASIN 5 | ASIN 6 | ASIN 7 | ASIN 8
1 4.25 4.25 4.32 4.40 4.2 4.15 4.05 4.28
2 4.25 431 4.44 4.43 4.2 4.27 4.34 4.41
3 4.10 4.25 4.42 4.34 4.21 4.03 4.01 4.25
4 4.25 4.27 4.24 421 4.26 4.09 4.14 4.28
5 4.28 4.25 4.31 4.43 4.44 4.25 4.21 4.42
6 4.26 4.25 4.33 4.36 4.29 4.21 4.25 4.25
7 4.25 4.25 4.38 4.40 4.41 4.35 4.25 4.11
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Xbar-R Chart of Ph
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7 Ju fInId 4-14 vazemnsaagd1ddinimi 4-34

MmN 4-14 Joyaanunuunivvesnszua lligng s lueeiun 22-29 wa. 1 2550

o4 annuuuiuvesnszud I A/dm’

. ase 1 | adei 2 | aseRt 3 | adai 4 | afalt s | adafi 6 | atall 7 | ased g
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