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58920676: MAIJOR: ENGINEERING MANAGEMENT; M.Eng. (ENGINEERING
MANAGEMENT)
KEYWORDS: SIX SIGMA/ AUTOMOTIVE INDUSTRIAL/ REAR DIFFERENTIAL
MANUFACTURING / RATTLE NOISE/ REAR DIFFERENTIAL OIL LEVEL
LOWER SPEC
SUPACHAI JIABKOH: QUALITY IMPROVEMENT OF REAR DIFFERENTIAL
MANUFACTURING BY USING SIX SIGMA CONCEPT. ADVISORY COMMITTEE:

JAKRAWARN KUNADILOK, Ph.D., 105 P. 2017.

This research aims to solve rattle noise problem from rear differential part of
automobiles. According to the quality problem data in the past, this problem had been complained
from customers about 2.5 times per month. The DMAIC concept was applied to solve the quality
problem. It consists of five phases; Define, Measure, Analysis, Improve, and Control. In the
Define phase, level of oil for lubricating the rear differential part less than its standard was chosen
for correction based on the problem investigation data from car dealers. Measurement system
analysis and process capability study were applied in the Measure phase to determine the current
quality levels of the problems. The result revealed that the measurement system was capable with
100% precision level. The control charts were used to determine the process capability. It found
that the sigma quality level of the oil filling process with M8 x 10 nut size was at 2.60 level
which producing nonconforming parts about 8,239 PPM. In the Analyze phase, the Causes and
Effect diagram and the Failure Modes and Effects Analysis (FMEA) were used to determine
possible causes of the quality problems. The results from this phase revealed that the
complication of uploading the inputs to oil filling machine can cause operator mistake. Therefore,
in the Improve phase, a Poka-Yoke for oil filling system was designed and installed to the
machine. In the Control phase, a new work instruction were developed and used for training the
operators to perform their jobs correctly. The control charts for average value and range, were
used for monitoring the process. The result of this research revealed that the quality problem were
eliminated as no customer complaint during three months after improvement. The sigma quality

level was increased to 3.90 which producing nonconforming parts about 80 PPM.
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AT NN 4-7 mimmlayaaz@mﬁ‘mmummﬂmmﬂ Gllu’lﬂu@@]‘ﬂﬂﬂﬂ’\l@\‘]ﬂ'lﬂ M8 x 10

) DRITRY ARSI AURAD X-bar A8 R-Chart
yadoya ., o o R
qudtedn  (Hadwag) (Haawas) (Haawas)
1 10 0.0-8.0 4.30 6.00
2 10 0.0 - 8.0 5.00 6.00
3 10 0.0 - 8.0 4.90 5.00
4 10 0.0 - 8.0 4.00 5.00
5 10 0.0-8.0 5.00 4.00
6 10 0.0 - 8.0 430 3.00
7 10 0.0 - 8.0 430 4.00
8 10 0.0 - 8.0 4.90 4.00
9 10 0.0 - 8.0 4.60 4.00
10 10 0.0-8.0 3.90 4.00
11 10 0.0-8.0 3.80 4.00
12 10 0.0-8.0 4.50 6.00
13 10 0.0 - 8.0 430 4.00
14 10 0.0 - 8.0 4.90 4.00
15 10 0.0 - 8.0 4.40 6.00
16 10 0.0-8.0 4.80 5.00
17 10 0.0-8.0 4.50 5.00
18 10 0.0-8.0 4.90 3.00
19 10 0.0 - 8.0 5.40 6.00
20 10 0.0 - 8.0 3.90 5.00

ANNAY 4.53 4.65




= 3 v o ? o v & A=A v
AT NN 4-8 ﬂ’li!ﬂ‘UGU@HﬁigﬂﬂlﬁNWQ!uWNulﬁ@\iﬂWﬂ Gllu’lﬂu@@]‘ﬂflﬂﬂ’\l@\‘]‘ﬂ'lﬂ M10x 10

) DRITRY ARSI AURAD X-bar A8 R-Chart
yadoya ., o o R
qudtednn  (Hadwas) (Haawas) (Haawas)
1 10 0.0-20.0 11.80 9.00
2 10 0.0 —20.0 12.60 7.00
3 10 0.0 —20.0 11.50 6.00
4 10 0.0 —20.0 12.10 5.00
5 10 0.0-20.0 13.30 5.00
6 10 0.0-20.0 11.90 7.00
7 10 0.0-20.0 12.80 5.00
8 10 0.0 —20.0 11.50 8.00
9 10 0.0 —20.0 13.00 6.00
10 10 0.0 —20.0 12.20 7.00
11 10 0.0-20.0 12.30 4.00
12 10 0.0-20.0 13.60 7.00
13 10 0.0-20.0 12.10 6.00
14 10 0.0 —20.0 13.80 9.00
15 10 0.0 —20.0 11.80 5.00
16 10 0.0 —20.0 12.00 5.00
17 10 0.0-20.0 12.70 5.00
18 10 0.0-20.0 12.00 4.00
19 10 0.0-20.0 13.30 5.00
20 10 0.0 —20.0 12.00 6.00

ANAY 12.42 6.05




= 3 v o ? o v & A=A v
AT 1NN 4-9 ﬂ’li!ﬂ‘UGU@HﬁigﬂﬂlﬁNWQ!uWNulﬁ@\iﬂWﬂ Gllu’lﬂu@@l“ﬂflﬂﬂ’\l@\‘]ﬂ'lﬂ M10x 12

) DRITRY ARSI AURAD X-bar A8 R-Chart
yadoya ., o o R
qudtednn  (Hadwas) (Haawas) (Haawas)
1 10 0.0-30.0 16.70 7.00
2 10 0.0 —30.0 13.50 13.00
3 10 0.0 —30.0 14.60 13.00
4 10 0.0 —30.0 16.50 12.00
5 10 0.0-30.0 15.70 11.00
6 10 0.0-30.0 13.30 9.00
7 10 0.0-30.0 16.40 10.00
8 10 0.0 —30.0 15.40 7.00
9 10 0.0 —30.0 16.60 13.00
10 10 0.0 —30.0 17.10 11.00
11 10 0.0-30.0 16.20 13.00
12 10 0.0-30.0 15.70 9.00
13 10 0.0-30.0 17.30 7.00
14 10 0.0 —30.0 17.00 9.00
15 10 0.0 —30.0 18.70 16.00
16 10 0.0 —30.0 16.00 8.00
17 10 0.0-30.0 13.40 5.00
18 10 0.0-30.0 15.50 10.00
19 10 0.0-30.0 15.40 10.00
20 10 0.0 —30.0 16.00 11.00

Aunae 15.85 10.20
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i liimsansed Tael# 1asunsulnuny IanasanIng 4-7, 4-8, 4-9, 4-10, 4-11 taz4-12

Xbar-R Chart of M8x10

/\/\/\

Sample Mean

//\\\//\\_//\w A

\

Sample

i 2 3 4 5 6 7 & & 10 11 12 13 14 15 16 17 18 19 20

G_'_\'—\ /\ /\—«
i P

s

Sample Range
&

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Sample

{ N — ? o < {
ANA 4-7 uHugiAIAY X-R chart Ysunaniniuilesie vinatioaidamlesing Ms x 10

Capability Analysis for Num
Process Performance Report

18

19

20

Capability Histogram Process Characterization
Are the data inside the limits and close to the target?

Total N
L5L Targer usL : i.»bgnwp size
I | | ean
Standard deviation (overall)
Standard deviation (within}

Actual {overall)
Pp
Fpk
ZEBench
% Out of spec {observed)
% Out of spec (expected)
PPM (DPMO) (observed)
PPM (DPMO) (expected)
Potential (within]

2 a & 5 ZBench
% Out of spec [expected)
Actual overall) capability is what the customer PEM (DPMO) fexpected)
experiences.

Potential (within) capability is what could be
achieved if process shifts and drifts were
eliminated.

~ a Y oA 9 =] A=
AINN 4-8 ANUFIVITOUBINTEUIUNIT ﬂ’]ﬁlﬂﬂJ‘]J%ﬂJ’]mu’]llutwﬂﬂﬂ’]ﬂ VUIIPUBDANYA

Mosie M8 x 10

WS&M&B

UCL=5.963

LCL=3.097

UCL=8.263

R=4.65

LCL=1.037

453
14210
14264

094
081
241
0.00

083
081
0.82
8233
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Xbar-R Chart of Num

UCL=14.280

52 /\A I /\/\ A/\\ S ks
Travan avias A

bl
LCL=10.550
10‘ T T T T T T T T T T T T T T T T T T T T
1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20
Sample
UCL=10.75
100

o = \V4 —_—

LCL=135

T T T T T T T T T T T T T T T T T
1 2 3 4 5 6 7 & 9 10 11 12 13 14 15 16 17 18 19 20
Sample

{ a — ? o < {
AN 49 uwunIAIUAYN X-R chart Usnaniniuiesiie vunatieangaiosineg M10 x 10

Capability Analysis for Num
Process Performance Report

Are the data inside the limits and close to the target? TotalN 200
LSL Target usL Subgroup size 10
: ! { Mean 12415
! ! ! Standard deviation (overall) 20454
! ! ! Standard deviation (within) 20344
i i i
5 i i Capability Statistics
H i i Actual (overall)
H 1 i Pp 163
: : ok 124
! - ZBench 371
! | % Out of spec (observed) 000
! ! % Out of spec (expected) 001
i 1 PPM (DPMO) {observed) 0
H ' PPM (DPMO) (expected) 104
! i Potential (within)
i ' Cp 164
1 ! Cpk 124
[ 3 6 9 12 15 ZBench s
% Out of spec (expected) 001
Actual (overall) capability is what the customer EPRL(LERION (Opecic %
experiences.

Potential (within) capability is what could be

achieved if process shifts and drifts were
eliminated.

~ a Y oA D) 2 A=
AINN 4-10 ANUFTVITOUBDINTEUIUNIT ﬂ’]ilﬁulﬁll’]munJUW\I@\?ﬂ']ﬂ VYUIAUDANYA

oehe M10x10



Xbar-R Chart of M10x12
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20
ol5 4
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T T T T
1 2 3 4 5 6 7 8

L] T T T T T T T T T T T
9 10 11 12 13 14 15 16 17 18 19 20
Sample

UCL=18.9%4

=
X=15.85

LCL=12706

UCL=1812

R=102

LCL=228
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{ a = o < {
AT 4-11 uRuiAIUAY X-R chart Usnaniniuilesiie vinatoantailoiie M10 x 12

Capability Analysis for Num
Process Performance Report
Capability Histogram Process Characterization
Are the data inside the limits and close to the target?
Total N 200
L Toget L subgroup size 10
! ! Mean 1585
! g Standard deviation {overall} 34883
! ' Standard deviation (within) 33934
; Capability Statistics
H Actual {overall)
| Pp 143
. Ppk 135
! ZBench 403
1 % Out of spec (observed) 000
' % Out of spec (expacted) 0.00
i PPM (DPMO) (cbserved) 0
H PPM (DPMO) (expected) 28
1 Potential {within)
H cp 147
! Cpk 139
° ZBench 415
%% Out of spec (expecied) Q.00
Actual (overall) capability is what the PPM (DPMO) (expected) 17
experiences.

Potential {within) capability is what could be

achisved if process shifts and drifts were
eliminated.

~ a Y oA ) 2 A=
AINN 4-12 ANUFTVITOUBDINTEUIUNIT ﬂ’]ilﬁulﬁll’]mu’]ﬂu&“l/\l@\iﬂ']ﬂ VYUIAUDANYA

oshe M10 x 12
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VINNNA 4-8, 4-9 uaz 4-10 ANMAWTDVEINTUIUNMI Tagiuedlumaiugy
X-R chart amuasguszauliuaniniuiteaionniy nanie anzminaaludeni
oglunaspumsmulSinanisiuiteaths Ae anumusvesssduihuiu Aaninaung
MusTIINA e ImAmaeuinavua i naniiy

A 4-10, 4-11 1@z 4-12 ANUEINTAVEINIZUIUMITatiu Mnmsduam Tay
1#Tsunsudifiuny @ wnsaagdal Co voInszUIUNS maduinaniuiuilesie Idaai

yailosofivinationadagailostis Ms x 10 fif Cou—0.81

yailoaofivinaiioatagailoatio M10 x1 0 1 Cpc = 1.24

L ,
garilowheNvuatioadagailosiie M10 x 12 Tif1 Cpx = 1.39

Y
A v A

Taena lunamamsyszdium Cpe Taail
A d' [ Yo [
Cpk < 1 NFzVIUMITIAANUAINNTN 1A a5 lasumstSulss
A [} o’d‘d
Cpk > 1.33 NTZVIUMIVUAANNEINNTODY IUINUNNA
Cpk > 2 AUNINGE @1 World class quality W30 Six Sigma quality
Y
aywamsauiiuauluaiuvesiunounsia
{ 1 3‘; 1 ?,‘, o A g’; 1 a 4

i ldnanumianue luaIuueatun s UM T LN UALANTIATIZH
sTuUMsia audimsdsziiuanuannsovesnszuaumsaiuaae X-R chart WU
52pUMIIR Mo luuSENATAANEINANNNEINTIU 00D LAZTIUANVEINITANTHAA
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YHADUNTINTICH (ANALYSIS PHASE)
o A =2 o 4a X Y ~ 2 o 9
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4 % o v T
nnfinaulaolHaseadiodnnuduiutsenurauazka (Cause and Effect diagram)
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m3dnTsiranszEnus e unnANUAaNaIa luNTZLIUMS (FMEA)

NAHAMITAATIZHAIA NN FURUTIZHINUMALAZHA (Cause and Effect diagram)
aounhaumgii 1duhmsdinneiransznusuieannnanuianaialunszuaums
Failure mode and Effective analysis (FMEA) tiNonsosmiaumafimaiiinzdananetamu
fimslsudzaudly famsiai 4-11 Taeszydeunniesiieradull 1] 7 18unnnmsTiaszd
Cause and Effect diagram ué”;ﬁwmsﬂizLﬁuﬁ’mwmmgumwmmmﬁmmﬂﬁtﬁﬂﬁu
(Severity) taz Tomalumsinanuiana1n (Occurrence) tazANNE 150 Tunstoany
aNuAaNaIA (Detection) Taonslseifiudaauseduaumdes RPN (Risk priority number)

Iinuuaaglam
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adenaandanaldinadomn Severity ~Occurrence Detection RPN
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A = ] 1 =
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Tadehaanawaldnatam

Y 1 =
M3 IHAZLUUAIA TS (RPN)
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Tadehaanawaldnatam

Y 1 =
M3 IHAZLUUAIA TS (RPN)
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) DRITRY AUNATEIU AURAD X-bar A R-Chart
yatoya ., o o oA
qudtedn  (Hadwas) (Haawas) (Haauwas)
1 10 0.0-8.0 4.70 3.00
2 10 0.0-8.0 4.40 4.00
3 10 0.0-8.0 4.50 3.00
4 10 0.0-8.0 3.90 4.00
5 10 0.0-8.0 4.00 4.00
6 10 0.0 8.0 4.10 3.00
7 10 0.0 - 8.0 3.60 3.00
8 10 0.0-8.0 3.40 3.00
9 10 0.0-8.0 4.10 3.00
10 10 0.0-8.0 4.10 3.00
11 10 0.0-8.0 3.70 4.00
12 10 0.0-8.0 4.20 4.00
13 10 0.0 - 8.0 3.80 3.00
14 10 0.0-8.0 4.30 3.00
15 10 0.0-8.0 3.90 4.00
16 10 0.0-8.0 4.10 4.00
17 10 0.0-8.0 3.80 3.00
18 10 0.0-8.0 4.10 2.00
19 10 0.0 - 8.0 3.60 3.00
20 10 0.0-8.0 4.10 4.00

ANNAY 4.02 3.35
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Capability Analysis for M8x10
Process Performance Report
Capability Histogram Process Characterization
Are the data inside the limits and close to the target?
Total N 200
usL Subgroup size 10
H Mean 402
1 Standard dewiation (overall) 1.0655
1 Standard deviation (within) 10723
E E Actual {overall)

' [l 125
i i Ppk 125
H H ZBench 158
H H % Out of spec (observed) 0.00
H H 9% Out of spec (expected) 0.02
! ! PPM (DPMO) (observed) 0
! ! PPM (DPMO) (expected) 174

! : Potential (within)
H H <p 124
g | Gk =
) ZBench 355
2 4 6 8 % Out of spec (expected) 0.02
PPM (DPMO) (expected) 192

Actual (overall) capability is what the customer
expenences.

Potential (within) capability is what could be
achieved if process shifts and drifts were
eliminated.
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) DRITRY ARSI AURAD X-bar A8 R-Chart
yadoya ., o o R
qudtedn  (Hadwag) (Haawas) (Haawas)
1 10 0.0-8.0 4.20 2.00
2 10 0.0 - 8.0 450 3.00
3 10 0.0 - 8.0 3.70 3.00
4 10 0.0 - 8.0 4.00 4.00
5 10 0.0-8.0 4.10 3.00
6 10 0.0 - 8.0 3.80 2.00
7 10 0.0 - 8.0 3.70 3.00
8 10 0.0 - 8.0 4.00 4.00
9 10 0.0 - 8.0 420 4.00
10 10 0.0-8.0 4.30 2.00
11 10 0.0-8.0 3.90 3.00
12 10 0.0-8.0 4.00 3.00
13 10 0.0 - 8.0 450 4.00
14 10 0.0 - 8.0 3.90 4.00
15 10 0.0 - 8.0 4.10 4.00
16 10 0.0-8.0 4.10 3.00
17 10 0.0-8.0 4.40 3.00
18 10 0.0-8.0 4.30 4.00
19 10 0.0 - 8.0 3.60 2.00
20 10 0.0 - 8.0 420 3.00

ANNAY 4.08 3.15
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Capability Analysis for M8x10
Process Performance Report
Histogram Process Characterization
Are the data inside the limits and close to the target?
Total N 200
LSt USL Subgroup size 10
T I Mean 4075
! i Standard deviation (overall) 10841
i | Standard deviation (within) 11098
! |
| ] Coyabllty Sttt
' ' Actual (overall
: ' Pp 13
P ] Ppk 12
H H ZBench 350
H H % Out of spec (observed) 0.00
1 ] 9% Qut of spec (expected) 0.02
1 q PPM (DPMO) (cbserved) 0
' ' PPM (DPMO) (expected) 232
Potential (within)
Cp 120
Cpk 118
ZBench 341
9 Out of spec (expected) 0.03
PPM (DPMO) (expected) 33
Actual (overall) capability is what the customer
Eexperiences.
Potential {within) capability is what could be
T T 7 achieved if process shifts and drifts were
eliminated.
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) DRITRY ARSI AURAD X-bar A R-Chart
yadoya ., o o R
qudtedn  (Hadwas) (Hadums) (Haawns)
1 10 0.0-8.0 4.50 3.00
2 10 0.0 - 8.0 420 2.00
3 10 0.0 - 8.0 4.40 4.00
4 10 0.0 - 8.0 4.00 4.00
5 10 0.0-8.0 3.80 2.00
6 10 0.0 - 8.0 420 3.00
7 10 0.0 - 8.0 4.70 3.00
8 10 0.0 - 8.0 3.70 3.00
9 10 0.0 - 8.0 3.70 3.00
10 10 0.0-8.0 4.00 3.00
11 10 0.0-8.0 4.20 3.00
12 10 0.0-8.0 4.00 4.00
13 10 0.0 - 8.0 3.70 2.00
14 10 0.0 - 8.0 4.40 3.00
15 10 0.0 - 8.0 3.70 3.00
16 10 0.0-8.0 4.10 3.00
17 10 0.0-8.0 4.00 3.00
18 10 0.0-8.0 4.40 3.00
19 10 0.0 - 8.0 420 4.00
20 10 0.0 - 8.0 420 2.00

ANNAY 411 3.00




Xbar-R Chart of M8x10

5.0 UCL=5.030
c 4.5+
O 3
) X=4.105
2 40 \\/ \_// \/ \/v\(
E
T
w
3.5
LCL=3.180
3.0, T T T T T T T T T
i 3 5 r 9 11 13 15 17 19
Sample
6.0
UCL=5.331

2
<
<

LCL=0.669

1 3 5 7 3 11 13 15 17 19
Sample

{ a = ? o < !
M 4-24 unuginIugu X-R chart Ysinaniniuilesie vuiationd M8 x 10

ROUNNTIAN 2560

Capability Analysis for M8x10
Process Performance Report

Capability Histogram Process Characterization
Are the data inside the limits and close to the target? S 00

5L Target usL Subgroup size 10
i 1 1 Mean 4105
H . Standard deviation (overall) 0.99548
! ! Standard deviation (within) 10089
1} 1
! |
] ! .

E i Capability Statistics

i ' Actual (overall)

i i Pp 133
' i Ppk 130
: i ZBench 381
| 1 % Out of spec (observed) 0.00
: : % Out of spec (expected) 0.01
i : PPM (DPMO) (observed) 0
1 : PPM (DPMO) (expected) 69
! | Potential (within)

: : & 132
! ! Cpk 129

Ly -l ZBench 377
0 2 4 6 8 % Dut of spec (expected) 0.01

PPM (DPMO) (sxpactad) 80

Actual (overall) capability is what the customer
experiences.

Potential (within) capability is what could be
achieved if process shifts and drifts were

{ a o <
ﬂ'lWﬁ 4-25 ANUFINITOUDINTEUIUNIT mimuﬂ?mmummﬂmﬁw VHIAUBA

1 M8 x 10 (ADUUNIIAN 2560
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ma lannluasvaeudsmaniniuilesie uazunugiinaugu X-R chart Tasgailosiien
] = e Y < A o =
atoadagaiowiie Ms x 10 1funal 3 1hou auaasluained 4-14, 4-15, 4-16 1ay
MW 4-20, 4-21, 4-22, 4-23, 4-24 1A 4-25 WUNABUNTUTVUFI UA1 Cpk = 0.81 AT HAINT
U5u1/59 iMoungaIniou 2559 A1 Cpc= 1.24 BOUTUIAY 2559 1A Cpr = 1.20 1HDU
1 a ?X’I 1 ra =) %’ 5
UNTIAN 2560 A1 Cpe= 1.32 lumsarugumsaaaiy wun hinadymySunaniniuiles
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asluazenisewa

asdwamsautuany

o a Aav A = 1 1 Y] A
1. MInmMsauiuanIde AvnuawnsonSeuiesuainounsl ol (fou
1Y 2559-1ABUAAIAY 2559) aznauiinmsUSullge (AeUNgAINIEN2559 - B LI IY
a a i g
2560) Tag1d Check sheet Tumsithasmumanatynuiemnudoyalymyailosioves
I o A ? o Y 6 o < A A A

soeudlidosns inSmaniniuileshedinszauuasgiu unat 3 heu Guhou

a A [ = 9 = 9 <
WRATNIBU 2559 IRDUTUAN 2559 LazABUNNIIAN 2560 TasvziiulUiiostovuiation

ISR = aA td' = Yo s é
M8 x 10 UA1 Cpk < 1 UIYDI ﬂﬁg‘iJ’JuﬂﬁllGlJﬂﬂ’NllﬁﬁJﬁﬂﬂuliJﬂ ﬂ’]ﬁulﬂiﬂﬂ1§ﬂiﬂﬂ§\1 BN

'
1A

9 v
A150U9% 18 1uduaoUNTIA (Measure phase) HAZWUNATINUIUNGNMTBIIT o

q £

A9915197 5-1

d' = 1 . J [ v
A1519% 5-1 wanfSeuneum Cpk, PPM L% Sigma ﬂauuawmmiﬂsuﬂgq

wanfSeumey Mean Mean Cpk PPM Sigma

Juiloaiio vination M8 x 10 (Standard)  (Actual)

noUTUUTe (1.8 59-0.9 59) 4.00 4.53 0.81 8239 2.6
nal5uge (w.e 59) 4.00 4.02 1.24 192 3.7
na5u1l34 (5.0 59) 4.00 4.07 1.20 323 3.6
na5u139 (1.9 60) 4.00 4.10 1.32 80 3.9

o Y 4 (% a <
2. naamslsuiyelagldinsecilo POKA-YOKE szuuilosnuanuranain 1a3a

LA A A Yo =2 o Ay o v a 9
ﬁu!u@!ﬂ@uﬁ]aTﬂﬂJ 2559 1/]1\11/]1]\111!1@1/]1ﬂ”|3ﬂ\1“"ﬂyjaﬂ]ﬁﬁﬂﬂﬁ@ﬂﬂ?iiﬂﬂﬁzﬂuﬁuﬂﬂl&lu

R-
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Feslymiyaiowhevessooudiidens mnFinanihniuesiemnnszauuasgiu
FIUAOUNBIGY 2558 DI IADUINBIU 2560 WUITZUINMTUTVUF9 (Ao UILEIEY 2559 -
ougaIAN 2559) WU 2 Al 9 InTesoeiieuningnad nazuaimsuSullge (AeungaInen

A ' Y ¥ A Y o =
2559 - 1[99 UIUBIYU 2560) ”luwmmmmumﬂgﬂm ANTINN 5-1
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a
a

AINIAY 2558
a1y 2558
uNY 2559
fAanu 2559
IWEI8U 2560

a

=
v

a

UMY 2558
TnUIE 2558

NI 2559
AR 2559
FUAY 2559

a
a
-

. H ' ° ' o {
i 5-1 SwaudyruileshelSuaniniuilesie luieane dnnszauuasgiv f
Y 9 =] 9 ] 1 [ [ [ =
AnNAIIBNLTIUIINTTIUVBYD °])"J\‘]ﬂ'é]1!ﬂ'liﬂi‘]J‘]J§\1lLﬁZ‘ﬂaﬂﬂ'liﬂi‘ﬂﬂ?ﬂum@u

HIU 2558 D ADUILHIEU 2560

ansemam At

a o dy I Aav A k) A a 42‘ a A
QWH’JfﬂEJ‘LlL‘IJ‘Llﬂ'li’]*ﬂEJLWfJW'ILLU’JVINGluﬂ'l'illﬂ“ljﬂluﬁﬁflLﬂﬂ%uiuﬂﬁ%UQUﬂﬁWﬁﬂ o
= [ A 9 o ' Y oA 9 o ' [
ﬂiyﬁ%ﬁﬁlﬂﬂx‘meﬂ‘]gﬂl‘V\lENVl']ElLLﬁ%ﬂWﬂTiﬁ’i’)‘ﬂﬁ’t]UWU’JTIE'?JT’LMHUJHLW’E]\‘l‘lﬂfl@'l1ﬂ’)ﬁ$ﬂﬂ
a a d A ]
A7 M laslduuifa Fnd $nun (DMAIC: Define, Measure, Analyze, Improve and Control)
I o % @ 1 g
widuwamalumsud lvuazdsudialym eamnsoagyd 1ddde 1
v
1. mu@mumiﬁmuﬂﬂmum (Define phase)
9 d’ A . d‘ LY 9 d’ d' 9 1 ]
ﬂ1ii‘]ﬂﬂ‘i’e’]ﬂh’ﬂ SIPOC Diagram LW’E]f:]N\iﬂTiulT‘iﬁGU’E]\‘l"U’E]iJ“aﬂLﬂEJ'J"U’EN@]N  WUN
Ay Y I A [ %} Y 9 ° 1 Y] [l a
ﬂﬂ]uﬁ”ﬁqfﬂLV\'@QVITEJGIJ@QSQEJHGIMETENQQ iﬂﬂ‘lj%lﬂmH"INULWGQTI"IEJ@]”Iﬂ'J”Iigﬂ‘]JZJW]i@"I‘Ll‘L!"Ii]%Lﬂﬂ
a %,’ o a {1 1 a o 1
mﬂﬂszmumsmuumuﬁdmﬁ’m Iﬂfﬁ/‘lmimTﬂﬂJﬁTﬁﬁﬂﬂﬁﬂi%‘ﬂ‘ﬂ@@”uiy'ﬂ NWUN
a Y A v A a o Y A a ¥ oA Y o
llf‘ﬂﬁi@ﬁlﬁﬂuiﬂﬂgﬂ?’ﬂ!ﬁ@ﬁﬂmﬁTLﬁﬂﬁﬂﬁNTmﬂijmﬂ@ﬁVITULM’GN%1ﬂﬂ§ﬂ1ﬂ!ﬂ1ﬂﬂl7\lﬂﬁﬂ18@1
! v 9 = Y [ v oA g ' A A
NINTTAVNINTTIU i]TﬂﬂTUﬂJ@Hﬂﬂﬁ!iﬂﬂiﬂ\iﬂTiiﬂﬂigﬂUﬁUﬂ1 NA1IND 11!!@?]1!!%1&11814
=2 A = Aw WYy I Y A D) o ' s A
2558 D D UNUIAY 2559 ‘I/IN‘]JTH‘VIVI,ﬂﬁJsUﬂiﬂQ!iEJL!’]]”IﬂE‘J‘Lmufﬂﬂ/iuTﬂiﬂﬂuﬂﬂluLiﬂﬂﬂﬂJﬁT
A Y I A [ 1Y) A o =} 9 = o
G]gﬂl%lﬂﬂ“l/ﬂﬂﬂlﬂﬂiﬂﬂﬂﬁlmﬁﬂﬁﬂﬁ 65 AU LLﬁ$!3Jﬂuﬁ']ﬂﬁ$!ﬂflﬂ‘ll@‘laljﬁﬂﬂgﬂ'] HIALTIINUANHUS
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Y I A @ 3 o 9 ° ' @ < o w A o & =
Mevessnsudalidens 1nfsmanhiuiesihednszauinaspuiuddun 1 aaiuda
o = = A o0 g Ya
mmsaAndsa g Iinadym
9
2. YUNDUNITIA (Measure phase)
a 4 [ . an 4

T¥msamngiszuumsiauuy Attribute TaoldTisunsuiiiunuivegaussouy

@ A o 1 [ A o dy [} P 4' A Y 4‘
szuumsdanmeluuiEm nuhszuumsianeluusiniieglunasiiiedo 14 iiesen

o { ' v : d A o o
FEUUMIIANAMUNEITUMNY 100% Funasiveausiniiua liaussouzvesszuUs

] 9
Fages L 091 90% nniuhmsszduanuawnsovesnszuaumsagiiv laels
— (4 4 %‘ v :7 ! v
X-R chart Yynudesasnanilosiie iesnnfFainanihduileshedniszauinasgiu

an 1 a %’ v
TagTusunsuiitiuny aunsaagdal Cu vesnszurums madudsnaniniuilesis

1A

Zhe

{ < '
garilowhenvuationdagailosine Ms x 10 A1 Cpx=0.81
! < 1
garlowheNvuatioadagailosiie M10 x 10 A1 Cpx=1.24
2 Yy A < = = 9 A
gaoamenvationgayaoiie M10 x 12 UA1 Cpk = 1.39
a J ' Y 1
Tumsidszuananazinaizidoya nunanuamisovesnszuIumsagiiveg
' — ' o 2 o ) VoA & A=
Tumnruau X-R chart muannasguszaulsuaniniuesiie 2 ju Ae juvinatieaiion
A Yy A a y o Y
galoamio y11a M10 x 10 taz M10 x 12 annzmsmaaufsunanininiesinelu
o ] a 1 1 [~ 1 { 1
Tagiiuegluinasgriumswan tagnunluguvinatieandaygailosiien vuia Msx10 T
= A td' = Yo (% d‘ = Y A
Cpk < 1 H18D4 NTzUAUMIBIAANNENT0N 1A A Idsumsiulye defivam Idifey

A Y Y =\ 1 v 1 Aa <3 AR Y A = v
ﬂ@,ﬂmimliﬂuwummQﬂuguﬂmlumua@mElmjmﬁmmtm VYUIA M8 x 1 0 FINTINUNY

de

= Yy 9 ~
UNGNATIVIUTIU

P

g a J
3. YURDUNITIUATIEN (Analysis phase)
o A 2 A A g 4 A v &
msguivauluduaeuil Gudusinmsszanaueuioniaumg iyl ldnivus
@ v o J 1 ¥ 3o v o
Tagldisnnuduiussznnuraguazka (Cause and Effect diagram) 9101UnMnsndau
o v J 1 9 1 d'l 1 a d 1 o d‘ 9
anuduiusvesauvguaaza g ey lugluuuiaeaemsingizd aounhawigh lau
o a d v 4 a o I
MM IziRansznUsuieanMnanuRanainlunszuIuMs (FMEA) ganeihan
{ a 4 a 4 g { < 9 Y {
RPN #1148 lAnszvidroumugiinus Ta iomauvaosduiilu ) 1dd mSulgvn
H 9 9
mmsaAne wunni lananunaue fuauldaugudn 2 auvguinnanue 11 aumne
a v o a %’ 4
MNMITZANAVDL HAZMTHATIZHAIY FMEA fio wiinaiunasuaulSnamsiauiniu
9 Y T
Aawara (luaaladiinaw) wazwinaulidgidauaduaeumsvau Seauigranina

1nAU (Man)
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9
4. TuaoUN31/51U1/§39 (Improve phase)
g a J o A a L4 o o
FUADUMIUATIZH WU UHANaNN 1d0InM5ANTIZH A WinuNATILIU
Y 1 g’J a oA % ) a A ?l-'! o
Pnamsauiniuranaia (luaslelfiiaan) vezwinau il fiaawauaeumsiam
v Y '
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[ 4 @ a s £ 4
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9 @ ? o 9 < A
AT NNIANUIN N-1 m@uﬁaizﬂuﬁmmummﬂmmﬂ VUIAUDAN M10x 10

IABUNGATMEU 2559

) DRITRY AUNATIIN AURAD X-bar A8 R-Chart
yadoya . . o o o
qudtedn  (Hadwas) (Haauwns) (Haawas)
1 10 0.0 —20.0 10.00 3.00
2 10 0.0 —20.0 9.50 4.00
3 10 0.0-20.0 9.50 2.00
4 10 0.0-20.0 10.20 2.00
5 10 0.0-20.0 10.00 2.00
6 10 0.0 —20.0 10.00 2.00
7 10 0.0 —20.0 10.50 3.00
8 10 0.0 —20.0 10.10 4.00
9 10 0.0-20.0 10.30 2.00
10 10 0.0-20.0 10.30 3.00
11 10 0.0-20.0 9.80 2.00
12 10 0.0 —20.0 10.20 3.00
13 10 0.0 —20.0 9.50 4.00
14 10 0.0 —20.0 9.80 2.00
15 10 0.0-20.0 10.40 4.00
16 10 0.0-20.0 10.30 3.00
17 10 0.0-20.0 9.90 4.00
18 10 0.0 —20.0 9.40 4.00
19 10 0.0 —20.0 10.50 1.00
20 10 0.0 —20.0 10.00 4.00

Aunae 10.01 2.90
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MITNNIANUIN N-2 m@uﬁaizﬂuﬁmmummﬂmmﬂ VUIAUDAN M10 x 12

IABUNGATMEU 2559

) DRITRY AUNATgIN AURAD X-bar A8 R-Chart
yadoya . o o R
qudtedn  (Hadwes)  (Hadwas) (Hadums)
1 10 0.0 —30.0 15.20 2.00
2 10 0.0 —30.0 14.70 3.00
3 10 0.0 —30.0 14.80 4.00
4 10 0.0-30.0 15.60 3.00
5 10 0.0-30.0 15.00 2.00
6 10 0.0-30.0 15.00 4.00
7 10 0.0 —30.0 15.00 4.00
8 10 0.0 —30.0 14.60 3.00
9 10 0.0 —30.0 14.70 4.00
10 10 0.0-30.0 15.20 4.00
11 10 0.0-30.0 14.20 3.00
12 10 0.0-30.0 15.40 3.00
13 10 0.0 —30.0 14.80 4.00
14 10 0.0 —30.0 14.60 4.00
15 10 0.0 —30.0 14.70 4.00
16 10 0.0-30.0 15.30 3.00
17 10 0.0-30.0 15.40 2.00
18 10 0.0-30.0 14.80 4.00
19 10 0.0 —30.0 14.40 3.00
20 10 0.0 —30.0 15.10 3.00

Aunae 14.93 3.30
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AMNAY X-bar

AN e R-Chart

) DRITRY ANIATTIY
yadoya ., o o o
quilodn  (Uadawns) (Uaamns) (Haamn3)
1 10 0.0-20.0 9.70 3.00
2 10 0.0 -20.0 10.00 4.00
3 10 0.0-20.0 10.20 2.00
4 10 0.0-20.0 9.70 4.00
5 10 0.0-20.0 10.50 3.00
6 10 0.0-20.0 9.90 3.00
7 10 0.0-20.0 9.50 2.00
8 10 0.0-20.0 10.00 2.00
9 10 0.0-20.0 10.20 4.00
10 10 0.0-20.0 10.20 3.00
11 10 0.0-20.0 9.70 2.00
12 10 0.0 -20.0 10.70 4.00
13 10 0.0 -20.0 10.50 4.00
14 10 0.0 -20.0 10.30 4.00
15 10 0.0-20.0 9.60 3.00
16 10 0.0-20.0 10.00 4.00
17 10 0.0-20.0 9.80 3.00
18 10 0.0 -20.0 9.70 2.00
19 10 0.0 -20.0 10.20 4.00
20 10 0.0 -20.0 10.20 4.00
Aunde 10.03 3.20
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ANUNAY X-bar

) UM ANNATTIN i R-Chart
yadoya ., o o R
qudtedn  (Hadwes)  (Hadwas) (Hagwas)
1 10 0.0 —30.0 14.70 3.00
2 10 0.0 —30.0 14.70 3.00
3 10 0.0 —30.0 15.50 4.00
4 10 0.0-30.0 14.80 3.00
5 10 0.0-30.0 14.80 4.00
6 10 0.0-30.0 14.60 4.00
7 10 0.0 —30.0 15.40 3.00
8 10 0.0 —30.0 15.70 4.00
9 10 0.0 —30.0 14.20 4.00
10 10 0.0-30.0 14.80 4.00
11 10 0.0-30.0 15.10 4.00
12 10 0.0-30.0 14.90 4.00
13 10 0.0 —30.0 14.80 2.00
14 10 0.0 —30.0 15.20 3.00
15 10 0.0 —30.0 14.90 3.00
16 10 0.0-30.0 15.10 3.00
17 10 0.0-30.0 15.40 3.00
18 10 0.0-30.0 14.90 4.00
19 10 0.0 —30.0 14.80 4.00
20 10 0.0 —30.0 14.90 2.00
Aunde 14.96 3.40
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ANAY X-bar

) DRITRY ANNATFIN A8 R-Chart
yadoya . o o o
qudtedn  (Hadwas)  (Hadwag) (Haawas)
1 10 0.0 —20.0 10.50 3.00
2 10 0.0 —20.0 9.80 3.00
3 10 0.0 —20.0 9.80 3.00
4 10 0.0-20.0 10.20 2.00
5 10 0.0-20.0 10.30 2.00
6 10 0.0 —20.0 10.00 2.00
7 10 0.0 —20.0 10.40 4.00
8 10 0.0 —20.0 10.20 3.00
9 10 0.0 —20.0 9.70 2.00
10 10 0.0-20.0 10.40 2.00
11 10 0.0-20.0 9.70 3.00
12 10 0.0-20.0 9.70 3.00
13 10 0.0 —20.0 10.40 4.00
14 10 0.0 —20.0 9.70 3.00
15 10 0.0 —20.0 10.20 2.00
16 10 0.0-20.0 9.80 4.00
17 10 0.0-20.0 10.60 4.00
18 10 0.0-20.0 9.60 3.00
19 10 0.0 —20.0 10.60 2.00
20 10 0.0 —20.0 9.70 2.00
Aunde 10.07 2.80
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ANAY X-bar

) DRITRY ANNATFIN A8 R-Chart
yadoya . o o o
qudtedn  (Hadwas)  (Hadwag) (Haawas)
1 10 0.0 -30.0 15.20 2.00
2 10 0.0 -30.0 14.20 2.00
3 10 0.0 -30.0 14.60 3.00
4 10 0.0-30.0 15.70 3.00
5 10 0.0 —30.0 15.30 3.00
6 10 0.0 —30.0 15.30 4.00
7 10 0.0 -30.0 14.70 4.00
8 10 0.0 -30.0 15.10 2.00
9 10 0.0 -30.0 14.70 3.00
10 10 0.0 - 30.0 14.80 3.00
11 10 0.0-30.0 14.70 4.00
12 10 0.0-30.0 15.30 3.00
13 10 0.0 -30.0 15.30 4.00
14 10 0.0 -30.0 14.70 3.00
15 10 0.0 -30.0 15.70 3.00
16 10 0.0 - 30.0 15.00 3.00
17 10 0.0 - 30.0 14.70 3.00
18 10 0.0 - 30.0 15.60 3.00
19 10 0.0 -30.0 14.30 3.00
20 10 0.0 -30.0 15.40 2.00
Aunde 15.02 3.00
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Xbar-R Chart of M10x10

-
=
=

UCL=10.904

I A RN /\ o
VN

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

—
=3
n

Sample Mean
=
o o
v o

LCL=9.116

©
o

UCL=5.153
4.8

o A\ AN ANWA VR W4
o\ VNV \/

1.2

Sample Range

LCL=0.647

0.0 T T T T T T T T T T T T T T T T T T

T
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Sample

a = o < {
MWNIANUIN V-1 UHUDUAIUAY X-R chart ‘lﬁmmummﬂmﬁw ﬁumﬂuﬂﬂﬁ M10x 10

ADUNYATNIOU 2559

Capability Analysis for M10x10
Process Performance Report

Capability Histogram Process Characterization
Are the data inside the limits and close to the target?

Total N 200
LsL Target usL Subgroup size 10
H } H Mean 10.01
[ 18 ! Standard deviation (overall) 10124
H i Standard deviation (within) 1.0064
| v i
| i
i E Actual (overall)
H ] Pp 3.9
H i Ppk 329
i ' 7 Bench 981
|1 ] % Out of spec (observed) 0.00
H ' 3% Out of spec (expected) 0.00
H y PPM (DPMO) (observed) 0
[ : PPM (DPMO) (expected) 0
H i Potential (within)
H ' Cp 331
H i Cpk 331
L . : 1 ZBench 987
0 3 15 18 % Out of spec (expected) 0.00

PPM (DPMO) (expected) 0

Actual (overall) capability is what the customer
experiences.

Potential (within) capability is what could be
achieved if process shifts and drifts were
eliminated.

a Y o < {
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Capability Analysis for M10x12
Process Performance Report

bility Histogram

~ Capability | Process Characterization
Are the data inside the limits and close to the target?

Total N
L Subgroup size
Mean
Standard deviation (overall)
Standard deviation (within)

Target U
L :

Actual (overall)

9% Out of spec (observed)

% Out of spec (expected)

PPM (DPMO) (observed)

PPM (DPMO) (expected)
Potential (within)

Cp

Cpk

Z Bench

R R R P P S POV el S ARSI ) DR, ST

4 8 12 16 20 24 2 % Out of spec (expected)
PPM (DPMO) (expected)
Actual (overall) capability is what the ¢

expenences,

Potential (within) capability is what could be

achieved if process shifts and drifts were

eliminated.

1 M10 x 12 IROUNGATIMEOU 2559

UCL=15.942

X=14.925

LCL=13.908

UCL=5.864

LCL=0.736

10
14925
1.0270
10160

4.87
484

0.00
0.00

492
450

0.00

100
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Xbar-R Chart of M10x10
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Capability Analysis for M10x10
Process Performance Report

_ Capability Histogram Process Characterization
Are the data inside the limits and close to the target? 5 3
Total N 200
LsL Target ust Subgroup size 10
H | H Mean 1003
i | Standard deviation (overall) 10700
i | Standard deviation (within) 10739
1 1
i i
| H
| ; Capability Statistics
i E Actual (overall)
1 [l Pp 312
1 1
i ' Ppk ER b
i i ZBench 927
] 1 % Out of spec (observed) 0.00
] | % Out of spec (expected) 0.00
i ! PPM (DPMO) (observed) 0
: H PPM (DPMO) (expected) o
: ! Potential (within)
: : Cp 310
; ! Cpk 3.09
L4 - . = 1 ZBench 923
0 3 [ 9 12 15 18 9 Qut of spec (expected) 0.00
PPM (DPMO) (expected) 0

Actual (overall) capability is what the customer
experiences.

Potential (within) capability is what could be
achieved if process shifts and dnfts were

a ? o <
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Capability Analysis for M10x12
Process Performance Report

Capability Histogram
Are the data inside the limits and close to the target?

Target
&
i

USL
e
1
1

Actual (overall) capability is what the customer

Expernences.

Potential (within) capability is what could be

eliminated.

achieved if process shifts and drifts were

Total N 200
Subgroup size 10
Mean 1496
Standard deviation (overall) 11246
Standard deviation (within) 11285
Capability Statistics
Actual (overall)
Pp 445
Ppk 443
ZBench v
9% Out of spec (observed) 0.00
% Out of spec (expected) 0.00
PPM (DPMO) (observed) 0
PPM (DPMO) (expected) 0
Potential (within)
Cp 443
Cphk 442
ZBench #
% Out of spec (expected) 0.00
PPM (DPMO) (expected) 0

a ? o <
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13

15 17

Capability Analysis for M10x10
Process Performance Report

Capability Histogram
Are the data inside the limits and close to the target?

3 3 9 12 15 bt
Actual {overall) capability is what the customer

Potential {within) capability is what could be

" achieved if process shifts and drifts were

eliminated.

i#

Process Characterization

Total N

Subgroup size

Mean

Standard deviation (overall)
Standard deviation (within)

Capability Statistics

Actual (overall)
Pp
Ppk
ZBench
% Out of spec (observed)
% Out of spec (expected)
PPM [DPMO) [observed)
PPM (DPMO] (expected)
Potential {within)
<p
Cpic
ZBench
% Out of spec (expected)
PPM [DFMO] (expected)

1 M10 x 10 (ADUUNIIAY 2560

19

| ucL=10928

X=10.065

LCL=9.202

| UCL=4.975

R=28

LCL=0.625

10
10.065
099283
098201

336
334
998

0.00

339
337
1009
0.00
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Capability Analysis for M10x12
Process Performance Report

Capability Histogram

Are the data inside the limits and close to the target?

g 7

a ? o <
DUNIANUIN V-12 ANUFINITOUDINTEUIUNIT ﬂ’]ﬁl@]ua.]%ﬂ’]mu'luutﬂ@\‘]ﬁ{m VUHINUDA

4 8

Target
T

S SRR | -1

12 16 20

24

Actual (overall) capability is what the customer

experiences.

Potential (within) capability is what could be
achieved if process shifts and drifts were

eliminated.

28

UCL=15.940

bl

LCL=14.090

=15.015

UCL=5.331

LCL=0.669

1 M10 x 12 (ADUUNITIAY 2560

Process Characterization
Total N 200
Subgroup size 10
Mean 15.015
Standard deviation (overall) 10585
Standard deviation (within) 10182
Capability Statistics
Actual (overall)
Pp 472
Ppk 472
ZBench *
% Out of spec (observed) 0.00
‘% Out of spec (expected) 0.00
PPM (DPMO) (obsenved) 0
PPM (DPMO) (expected) 0
Potential (within)
Cp 491
Cpk 491
ZBench -
% Out of spec (expected) 0.00
PPM (DPMO) (expected) 0
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