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1Jay11 (Root cause analysis), m‘ﬁmiwﬁmmmxwa (Cause and effect analysis),
ISO9001, MINIVAVNIZVIUNS 1ABITNIINIADA (Statistical process control: SPC),
ﬂﬁﬁmmammmn (Total quality management: TQM), Keisen tiaz PDCA Wudu
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A15137 2.1 Rating of process improvement techniques (Dusharme, 2006)

Process improvement tool Impact (%)
Six Sigma 53.60
Process mapping 35.30
Root cause analysis 33.50
Cause and effect analysis 31.30
ISO 9001 21.00
Statistical process control 20.10
Total quality management ’ 10.30
Malcolm Baldrndge criteria 9.80

Knowledge management 5.80
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mﬂwqﬂﬂﬁaluiwamqﬂﬁmmm a9 Kumar (2007) 1asausau Hawaasluaisiem 2.2
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¥ USHN Dow chemicals 91 185019 Fns Fnu1 Junisauaia q vesuSanluil 2000
a P Y =l @ . a
’mmmmiqgﬂmmﬂiumsmmw"lw 1,500 anumsoavisy (Motwani et al., 2004), ¥

o an a Joda ' o o g
m311 3505 @0 ¥ T 1¥aeveudelunszuiunandenlddise (Banuelas et al.,

£
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2005) usnNNUYINNITU
[

a d a ] a w g ° v ' a o
13n% 30Nt 1) 1Fluusinyuiieie o @ Motorola  USHW

=

b4
Allied Signal 1S9 General electric uag y3¥nouqg MlvusEnars 9 wmaniu'la

Y5z Temiet 19110 (Snee, 2005)

A1519M 2.2 Six Sigma industrial application (Kumar, 2007)

References

Industrial application

Hendricks and Kelbaugh (1998)

Lanyon (2003)

Motwani et al. (2004)

Knowles et al. (2004)

Banuelas et al. (2005)

Snee (2005)

Edgeman et al. (2005)

Ehie and Sheu (2095)

Liu (2006)

Mukhopadhyay and Ray (2006)

Successful implementation of several Six Sigma projects
That improved the net profit

Improvement of HR process using Six Sigma

Dow chemicals which implemented Six Sigma on a corporate
wide basis in 2000, achieved its target of $1.5 billion in

cumulative earning before interests and taxes

Successful application of Six Sigma within a UK confectionery
plant of a major food producer

Use of Six Sigma methodology to reduce waste in a coating
process

Claims that Six Sigma benefited Motorola, Allied Signal,
General electric etc.

Clais saving between $2 and $3 million at office of the c-ief
of technology officer (OCTO), Washington DC using Siv Sigma
strategies

Demonstrates the value of Six Sigma and Theory of Constraint

Presented an application of Six Sigma to reduce cycle time and

defects in clinical report entry

Used Six Sigma to reduce the yarn packing defects
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M3 Fne Fnun 119l snunaiogun iy udazu Iz EINIT0anI LI
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o A Jd a ' Z; @ o a w
1IN g Fnan unldgnagil1ilas Kwak (2006) dawaadluaisiesn 2.3 u5dm
@ a a ot T a [ a w A
Motorola @11150anszAuRansuRnUNNIaalunszuIuMIHanla 150 i, BN Allied
signal (Honeywell)/laminates plant in South Carolina @150 UAMNEINITDIUNTS
a 3y a Y a FY @ kY ' a v b4
Han 1a 50% ansounaINIsHan 1a 50% ans1onMsaua1nInaala 50% wazdueududila
z a oar . 0] - .
A3IAIWINVULINBY 100%, v3¥n Hughes aircraft’s missiles systems group/wave
. . o Q' 3 o =Y =y

soldering operations a1313013U3agmuMWNBIE 1000% uazdivilgalsesansnimms

a 2 ,3 9 a o 5 VL 1 ) P=
HAAINUAY 500%, 158N General electric ansodsendanlgaolane 2 Wudmvson

N

@ a o3 Y aw =] o ' °
ansy il 1999 {udu uazuennniiuiindua nawisolszudami¥ienieansiuiu

a o P [ Y I o ] )
Namm%ﬂﬂﬂmm”lmllummumﬂwuﬂu

M1319 2.3 Benefits of Six Sigma in manufacturing sector (Kwak, 2006)

Company/project Metric/measures Benefit/savings
Motorola (1992) In-process defect levels 150 times reduction
Raytheon/aircraft integration Depot maintenance inspection Reduced 88% as measured
systems time in days
GE/Railcar leasing business Turnaround time at repair shops  62% reduction
Allied signal (Honeywell)/ Capacity Cycle time Inventory Up 50% Down 50% Down
laminates plant in South Carolina ~ On-time delivery 50% Increased to near 100%
Allied signal (Honeywell)/ Concept-to-shipment cycle time  Reduced from 18 months to
bendix IQ brake pads 8 months
Hughes aircraft’s missiles systems  Quality/productivity Improved 1,000%/improved
group/wave soldering operations 500%
Continental Teves/Brake and axle  Failure rate . More than 50% reduction
Assemblies in tailure rate
Borg Warmner Turbo Systems Financial, $1.5 million annually

since 2002
General electric Financial $2 billion in 1999
Motorola (1999) Financial $15 billion over 11 years
Dow chemical/rail delivery project Financial Savings of $2.45 million in

capital expenditures
DuPont/Yerkes plant in Financial Savings of more than $25
New York (2000) million
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M15190 2.3 (A®) Benefits of Six Sigma in manufacturing sector (Kwak, 2006)

Company/project Metric/measures Benefit/savings

Telefonica de espana (2001) Financial Savings and increases in
revenue 30 million euro
in the first 10 months

Texas instruments Financial $ 600 million
Johnson and Johnson Financial $ 500 million
Honeywell Financial $1.2 billion

Ford motor compant/cexteruior Surface defects Financial $500,000

(Source: Weiner, 2004; De Feo and Bar-El, 2002; Antony and Banuelas, 2002; Buss and Ivey, 2001;
McClusky, 2000)

a o ]

a I ant o ' & 4 @ o Ay Y
Fna Fna1 1uasnishaedaniialunsud lulgvunedsulseamnin aanld

' Y Y 9 1389y o ' o daAa A 9 HAq Y2 o =\ v Y
AAINILAIVINAY uANTTRIFsITUAUNADE BIVRIANNUN IFFUI NIz Toa 15 10gaun

4 o ¥ ad ' Z o o Y Y o ' °

ioannlumsviniuivuseusgnasvuaouiazsuludeslaminensais q Siaumnay
@ a v ' A = a L4
52AUANOINVOITYMIMT BHATNIABINISIFY NMITNINYAAINTNTANWFTEIFIYAIY TN

b ' °

a ' Y a ' 4 = a3 A a a
FNUT  IZABINIUAINOVUNUFI D1992ABINNITNINYAAINTAIUBUN NS Wi unuALEn

Y A o o g ¥ o 3 v
590D 79 w30 gUnsaia1e q eutludesldlumsviinisnaaes uaznaniludu msudly
v A ° a 2 v ok s 3 @ ~ Vo v A
Jynunartinervszih ld lasmsiinsandedugumsiiimuiunuranag 1as unauuuie
A @ 3 at a d a ] LY Y o o o
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wlmilumaruboununinggiu (Standard deviation) “S
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a d a @ o v f a Y o
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a d A a = Y Ay Vv A
AszuIUMIKHan Huae lunseuaumsran lagnmuazasainnihmuey (Target) HagN¥I9N
a Y o < ' s 3 A i
pau5u 'l (Tolerance) Muuatilunivouiva (Specification  limit)  ¥8INTTUIUNIS
9 [ (1 N " b d' ,n; [ » - . .
Usznoudis muevwaaanaeanioonganoensula (Lower specification limit: LSL)
' 4 A = o Y s 5 g 4 o
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a W oA ' 2 o 1 v A 1 . A
HAANMNNUNNT DY FIUTNITANWITONINITHIA 52AUFNUT (Sigma level) lavinaumsi

v v
v A w v o
1.1 a3 (AUasal ANIYSY, 2547)

A—1LSL LSL—-Xx
& ©

Sigma level = min

(1.1)

A J ~ a @ s a 1 1
IﬂU‘Y]ﬂW X bar ﬁammaﬂmmwaﬂﬂmmwwamaﬂuﬂé’f Hasn1 o ﬁ'ﬂ?ﬂﬂ'ﬂu

=1 ' ~ a @ :{d' d‘ 1 @ @ 4 %
uilsilsaunSemanudssuvvenansunndouuy lnaauthvine (fussau auiyse,
2547) '

TasilnAnisnszaedivesdoyasziinsusnuseanudiluunuilnd (Normal

. . . a0y nd' J Q =Sl Vo Y o
distribution) ¥Aunaeminy 0 uazimanuulsisaumnu 1 ( NID(0,1) ) mmm%y@

= < Y Aot w Y o @

msuanuenudNan i Insmnddnyastiusaini (Bell shape) asuaaslu
- b T e @ a  w Sy Y p=} Y a @ 9
’g’,“IJ‘Vl 2.1 lunszunumskantisuiu waadusa 1dezinisnsznedailunuuilnfmuiu &

v "\ a o da a 9 a 4 v A
Nansmanuiesiiuvesnnaadsuainraa ldnnszuiumsnan naz ldnanlanyue

WuszaianTusuiy

The distance between the point of inflection
and the mean conshtutes a standard
deviation. Ifthree such deviations can be fit
between the target value and the specification
limit, we would say the process has “three

" Tsigma tapability B

Upper Spedfication Limit (USL)

Target Speatcaten (T)

Lowser Speafication Limat (LSL)

Mean of the distribuion (m)

| Standard Deviation of the distiibution (s)

! a $Y $ a Y ° . N
3‘dﬁ 2.1 ﬂiWhmﬂmsmmmmﬂmgaﬁﬂﬂmmm:mmw (Mosaica, 2007)
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b4
b

5wﬁwwuﬂ1wﬁumé’1’ﬂsMﬁzﬁam‘?rﬁmumﬁﬁu 100% tazwasanszay Fmiee 1 o
nszraumsiiunsnumsissdudninhiu +1 $mh uaashnszuoumsiuezsan
uldegmoluduveunld 68.27% Grnszuumsiuiiunssuaumsiiiszdudni
iy 2 G namehinszinumsizranau degmeludureuna1d 95.45% &
nssuaumsiuiunssumsitsdudniehiu +3 Smih uaahnszuaunsiezsan
auldegmoluduveunald 99.73% Bnszumsiudiunssuumsidszdudnii
i +4 S naaehinszanumsizkaaau ifedmeluduveuiald 99.993666%
Hinszrumsiufunssuumsifissdudniniiu £5 Fnh trashnszuumsiiie
nanauIdegmoluduveua’ld 99.999943% Saszuaumsiniunszuumsiissdu
AUNTWFNUUMAT +6 FNIN gmmimizmumﬁfuﬂzwﬁma1u1ﬁa§n1&1ugﬁumaunmﬂ'lﬁ'
99.9999998% (o5l audrsy, (2547); Mosaica, (2007); Montgomery, (2005)) @4

waadlugin 2.2

A?,k V72 8 8 X\

'E} »q 3.
¥ Z, o) _*’ !‘:e
1Y

L)
s |

g o

A

.\;

This is a 6 Sigma Process

511 2.2 nsmusnuasnnudveInszUIUMINNsEAUAMAIN 6 Fnai1 (Mosaica, 2007)

aw Y a SR - v a 1 ° A A
y5en luIa Tsaa 1deFUe0aiNAaiiuANIN I TTAVFAN AT IUIUVOUTEN
v v
1@naruudniu dumsnansannnnszuiums luyieszeznaidu (Short term) udlay
v ¥ T

UnAuAl nIzuIumMsniseay +6 Fnuniv weimswaasiunannuiulilluszezon
> a Aoy A A ' a a &=

(Long term) nszIUMsuzNaanuhinmasdsunnaundoan liilszunw 1.5 Fnii

(1.5 Sigma shift) wu nsdiduasu lilmanadimmveuanniiganseninla vie +1.5
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¥ ' '
Fni Auildnsiegniolumveuwaszanaanigy 99.99966% wiena1ldd wii
b4 Ed ¥
Tnveudonavu 1@ 1umy 3.4 Fusinmswanaiu 1,000,000 $u 3o 3.4 DPPM (Defect
eqq° & =4 c?l = d a ; & ~
part per million) AT UTEANTTUIUNITUI ATTVIUNITFNT FNUT (Six sigma process)

Yues (Montgomery, 2004)

msRnsa s muevesszaugninez 19l undasnszuIuN150199 RTINS
' v v ¥
ANUABILazHANIZIAATUA LI MINMTHYBIEIe19ITHaATRAvINNISATIvaeD Ti)da
9 ' a ' 1 o 4

anA1 1Hu AsTUIUMIMIHAR urasie Idihvesasunuaes Tulsesnugamnnssy

a g =Y < o : LT 1Y a ] 4 =} 3 1o o
arannsenndnaly anazauihmuneAnszan 13 Fni1 Ne1vITINEINOLA) LATINS D

a ] 1 a 4 A a 9 : sld' Y
aszIuMInan wiasne Ivhvesneunumes lunsesdivazdesautmune inssduga
U a'; ’ o q’/‘ 9}:; Y a 1] d‘ =1
a1 Tae T lugaamnssumstivuazesnmeszauthminginsedn +6 ¥mi1 esnni
a a o LY H 1 ] a w 4
ANudeIMIaulszantnInmsiiau aunwm uazanulasatengandl wu dwaaniud
;’,' a @ U < =1 o 4 a =3 =1 1

wupnavatesluszninemslyauneniinaildiniesdiuanuazinaidonaioess

a1uu (Mosaica, 2007)

¥
o

b |
o o @ = a 1 o o v A Y a
AW IUYUADUUDY Y HFNUT IIUNILUINNNTITIN uazﬂwﬂmﬂmwmimwﬂu

wantiu Mosaica (2007) 1dagihen13dagi) 2.3

| Phase Focus
Select Product or Process Key Charactenistic{s). e.g.... CustomerY I Y

T
Define Performance Standards ForY

R 2
Validate Measurement SystemforY

'
Establish Process Capability of Creating Y

| §

Y

=
Define Improvement Objectives For Y

|

\ T

i _ Identify Variation Sources In Y
|

L2
Screen Potential Causes For Change In Y & Identify Vital Few x;

&
Discover Variable Relationships Between Vital Few x; vital Few X,

.3
Establish Operating Tolerances On Vital Few x; Vital Few X;

Validate Measurament System Forx; Vital Few X;

, 3
Determine Ability To Control Vital Few x; Vital Few X;

L 2
implemant Process Control System On Vital Few X; Vital Few X;

———k-————h-
Lol
ol
ol

4 g a d a ] p
510 2.3 Juneuvel Fnw Fnai1 (Mosaica, 2007)
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2. msmnuagnal (Define customer)
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3. MIMvuaa1¥a (Define metric)
4. MsMruaveUlaY01asems (Define project scope)
° @ d Y P .
5. msmyvuadagisesmsauazithvune (Define objective and target)
6. M3MMuAK3I 1 1A59015 (Define team member)

7. msdszmnaumsmssgndaidu (Estimate saving)

2.2.2 32w29a (Measure phase)
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