(Six  Sigma)

3.1 [1,2]

1980
Robert . Galvin

CEO (Chief Executive Officer)
.. 1986 Dr. Mikel J. Harry
.. 1988

Malcolm Baldrige National Quality Award

Application Business Systems Division

Malcolm Baldrige National Quality Award 1990



3.2 1]

Cp, Cpk,
Per Million : DPPM)
quality) Sigma Quality Level

16

Yield, Rolled throughput yield,
(Defect Part
(Cost of poor

'Sigma Quality Level

Sigma Quality Level

6 Sigma 0.002
+1.50
34
Sigma quality level 31
31 Sigma quality level
Sigma quality Mean at Center Mean shifted 1.5s
level Percentage DPPM Percentage DPPM
1 68.27 317300 30.23 697700
2 95.45 45500 69.13 308700
99.73 2100 93.32 66810
4 99.9937 63 99.379 6210
5 99.999943 0.57 99.9767 233
6 99.9999998 0.002 99.99966 34
6 Sigma Cp = 20 Cpk = 15 {

£1.5(7)
6 Sigma



17

3.3 [1,2]
!
5
(Five-phase Improvement Model)  Define phase, Measure phase, Analyze phase,
Improve phase  Control phase 31

31 Five-phase improvement model

5
. Edwards Deming  Plan, Do, Check  Act (P-D-C-A)
D-M-A-1-C

D-M-A-I-C



331 DEFINE PHASE (

3.3.2 MEASURE PHASE (

3.3.2.1

3.3.2.2

(Brainstorming Session) [3]

(Process Flowcharting) [3]

18
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32

(non-value added activities)

3.2

19
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3.3.2.3 (Ishikawa or Cause-and-Effeci Diagram) [3]

(Problem-solving process)
(Dr. K. Ishikawa) 1940

, (Man)
(Machine)
(Material)
(Method)
(Measurement)
(Environment)

(C = Controllable factors, N = Noise factors X = Experimental factors)



JnfiartzH MTOjwwni*

OBNTOmonmisina
3.3
Resouroes Timing oo Machine (PCI )
-Nursing shortage N Discharged patient System incorrect

didnat leave

L ) i for ride ot ertered )

@—Unit clerk staffing ik lor lech Functions not usefi

Wait for resuts

Unit clerk trairing

Pl gy

----- Not used

eed more trairing
No trus

Call i
0% 'ar}oeusekeepmg
Call housekeeping

Trarsfer too eay early
from ancther hospital gsed '
Call housekeeping Thlr'két will tak e pen ng discharge
when clean ‘

\ . o
; Patient waits

‘ L for bed

Double rooms s i
Physician dd Adniting unaware nit switch bed
ndh\ﬁite oder Ly i —L“ bedisclean

adF4i0E 5

/ Physician misuse -
ﬁinmtimt

/

MD procedures

33

3.3.2.4

(KPOV)

R%dv&tmn
UFRL

trarsfers
Specialty beds’ /

Cardiac m onitors

[e) ﬁlﬂyed
go busy

Sandbag

Inapprogeiate
ER adn'gttance

ot ertered
Umt clerk unaware

/ S/ of discharge or transfer
/ ift change

/7 Nottold
" 0n break

Hospital procedures ~ Communication

Cause and Effect Matrix [1,3]

Cause and Effect Matrix

(Failure Mode and Effect Analysis : FMEA)

Cause and Effect Matrix
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Cause and Effect Matrix
3.2

3.2 Cause and Effect Matrix

Rating of
Importance 9 9 7 10 10 9 3 2 ¢
to Customer
1 L2 3 4 5 6 7 8 9 10 11 12 13 14 15
2 o
s f 2 g S
g = £ SINaKERN
— @ et o Q0 4] »
3 8 8 E 2 5 £ E
Process inputs 8 € S o 2 8 8 & 3 Total
Scales
1 Accuracy 9 8 2 1 1 9 1 1 8 301
Preheating
2 picy TK 11 01 1 1 1 1 1 1 65
UMP Load
3 Accuracy 3 8 1 1 1 8 1 3 8 255
DMh
4 Cleanliness 11 4 2 1 2 1 1 1 105
DMh Raw
5 Materials 1 1 1 1 1 2 1 1 1 74
DICY Load
6 Accuracy 9 7 1 1 1 9 1 1 2 269
UIUY bnvir.
7 Factors 8 5 3 1 1 8 1 1 2 247
DICY Raw
8  Materials g8 5 1 1 1 9 1 1 2 242
DICY Mixer

9 speecd 11 1 1 7 1 1 1 1 125
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3.3.2.5 (Pareto chart) [3]

20
: 80 20 (Vital Few)

80 [
(Trivial ~ Many)

34

B -2 ] i)
=
=2 /= e 3% = a=
29 e a S 23 Y 2%
o = 3] -0 o = o = gm
@ .= A 29 =
== =
= ®



3.3.2.6 Failure Mode and Effect Analysis (FMEA) [1,3]

FMEA

Failure  Mode)
!

FMEA
F
FMEA
33261 FMEA
!
33.26.2 2
FMEA

FMEA

24

1 (Potential



FMEA 1 FMEA

FMEA
FMEA

3.5

f STA RT—\)

Y

AnpInsEuANINS / HanS U e iMs AN 1EH

y L -
AN TUAAINDUINIIN PIVS
dluda)sueailym

Y
4 iahaA
_3TAUANUNANDH Failure Mode
7 il daea prvs

MANNUADZA NS

S
e T
AUV YIHANIENUN

=T

(Severi.l.‘ﬁcore)

Failure Mode
A 0. 1

(Occurence Score) o

35

25
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Tazuuunuannsaludtmsasasvusanann
Y04 Failure Mode__,miazﬁ'j (Detection Score)
| v
.

ufl 0+ 0D

Failure Modo' Potential Cause
RPN

RPN

END

35(1)

FMEA
(Process Flow Diagram)

1 KPIV n

(Cause and Effect Diagram)
PiVs 6 (Man) (Machine)
(Material) (Method) (Measurement)
(Environment)



KPIV

KPIV

(Output)

Mode

27
KPIV
FMEA

Potential Failure Mode “PEM”

, PFMs

PFMs

FMEA

Potential Failure Modes

Potential Failure Effects Potential Failure

PFMs
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Scoring

category € 10 (Very Bad)
Severe
Severity consequence
of failure
Very high
probability
cause of failure
mode will occure

Occurrence

Very high
probability
failure will escape
to customer

Detection

Cause of Failure)

10

High

28

(Severity Score : SEV)
Potential Failure Modes

33

(Severity Score)

(Product and Process FMEA)

6 4 <2 (Good)
Moderate Negligible
consequence Minor consequence
of failure of failure
Moderate Very low
probability Low probability
cause of failure cause of failure
mode will occure mode will occure
Moderate Very low
probability Low probability
failure will escape failure will escape
to customer to customer

Potential Failure Mode (Potential

Fault Tree Analysis (FTA)



(Cause and Effect Diagram)

Cause

29

Potential Failure Mode

( )

Potential

Potential Failure Mode

of Failure

(SEV) Potential Failure Effect

FMEA

Potential

FMEA
RPN

FMEA
Potential Failure Effect
SEV
\

Potential Cause

(Occurrence Score : OCC)

(Design of Experiment)
3.3

(Current Design Control)
Potential Failure Mode

Failure  Mode

, Poke-Yoke
(Detection Score : DET)
Potential Failure Mode
3.3
RPN (Risk Priority Number)

SEV, OCC ~ DET
SEV *OCC * DET
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RPN

RPN
Potential Failure Mode Potential Cause of
Failure RPN RPN Failure Mode ~ Cause
RPN
RPN
RPN
Failure Mode/Cause RPN
- SEV, OCC |
ET Failure Mode RPN
Failure Mode/Cause RPN 80
RPN (Design  of
Experiment) Failure Mode
Failure ~ Mode
( 0CC)
( DET)
FMEA
RPN
RPN

RPN
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3.3.2.7 (Measurement System Analysis)

(Gage Repeatability and Reproducibility :
GRER) 2

(Repeatability) t

(Reproducibility)

GRER
GRER
GRER
GRER
GRER
2 GRER
GRER 10
( ) *
) 15



2 3
GR&R
(R), (X-bar R)
(Analysis of variance : ANOVA)
GRER
2,
(Precision-to-Total Variation : P/TV)
(Precision-to-Tolerance Ratio : PIT)
PITV = GR&R *100 %
PIT - GR&R *100 00
USL-LSL
PITV 10%
10 30%
GR&R ANOVA

Balance Design ,

30%

32
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<
>

nkr
SS1 Y; %ﬁ? df = nkel
rojoom
b A
1%r nkr of
Y2 )g_ df
nr NKr

55,, kyr" %&lr' - 8% - SSdf = (kY

P

SSp

n-1

k-1

SSF = S8t - 550 - SSn - S5, df = nk(-1)

SST (Total of Square)

SSp (Part of Square)

5So (Appraiser of Square)

SSOp

(Interaction of Part and Appraiser of Square)
SSE = (Error Sum of Square)
ANOVA 34
34 ANOVA
Sum of Square DF Mean Square
. \n/I i 1 MSO . SS. (k1)
AR | MSP . SSpl(n-1)
k
* i jJrL _ #ﬁl =S¢ ¢ (1)1, MSOP . SSop/(n-1)(k-1)

ST SPp S = SS@ k(- MSE . SSEnk(r-1)

nkr-1
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3,33 ANALYZE PHASE ( )

Cause and Effect Matrix FMEA

3.3.3.1 (Hypothesis Testing) [3,6,7]

(Null' Hypothesis : HO)

(Alternative Hypothesis : Ha)
. a 0.05)
. (Test
Statistic)

Reproducibility
@



i d1

Reproducibility

3.3.3.1.1 One-Sample Z-test and Confidence Interval

HO : = 0
Hi: M * M
H: M > lb Ho M < M
Hi: m < Mo B M > M
7 X M
° = 4
Lal
/2
o fl BUGHLI
X . ;a2 (@/ym) X + 212 (alyfn)
;. (0l Zn) X + za (crldn)
3.3.3.1.2 One-Sample t-test and Confidence Interval
t-distribution

. 601Q8

35



3.3.3.1.3 Two-Sample t-test and Confidence Interval

HO: Mi- 2 = 0o
Ha:  Mi- 2 00
> AL 2 2> 00 Ho: 1- 2 < 4o
Ha : - 2 < S Hh @ nl-w7 > o
to= {(x, - V2 )-8§0 S
ta/710
1010
(*1 ) - 017 s (*1 - X7) + tail
(xx - X) - K (x[ - X)) * t
3.3.3.1.4 Paired t-test and Confidence Interval
2
HO: fid — HO



HO :
Ha :

HO :

[6,7,8]

a 2!

a 2i

a 2!

€721

+ 100X Jyfn)

3.3.3.1.5 Test for Equal Variance

- (2
Foo(n
= (2
> (2

Fm -1, 1~
3.3.3.2
2
“ ANOVA "

(Analysis of Variance

3331

37

: ANOVA)
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3.3.3.2.1 One-Way Analysis of Variance

(Linear Statistical Model)

vo= w o+ 1o togivi=l230.a)=123,..

1 = |
1
Sii =
Ho M= M = = Ma
o= oM (i) i
i Ay HANEA
L

o~ o1 ya = 2]
/ SN

ant
SST - P,

/:1j=i(y9

SSmro= - ; ”T
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sf =ssr - 5 = '1

0 = MSS)? > Mg adafn-l)
3.5
35 One-way ANOVA
Source of Degrees of '
o Sum of Square Mean Square
Variation Freedom
Treatment SST 1 MoT
reatmen [ a- a - | MS’
Error SSE N-a !
N -a
Total SST N-1
3.3.3.3 (Correlation

and Simple Linear Regression) [3,6,8]

33331

“ Correlation Coefficient “ (1)
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Kol > *all, -2

Czorrelation between X| and Xjis 0.9  Correlation between X) and%2is 01 Correlation between Xj and ¥215-0.7
X

3.6 2

3.333.2

“ Simple Linear Regression “
“ Multiple Regression *

= M)+ w4 I = 12..
o 2
X
/ -2 g >
(X, X1 = X2



]
I*

Xy y./(*/'*) = i_1X!Y1

A = v - fax\ A =1J]2

SStotal = SSregrssion ‘ SSerror

SStul = 6/, yf
SSregression - (y 3 yf - A5V

83 o v, §.)2

fa =

MS!regreesion
MS0

fa > faxn-2

"LXI

41



42

0 : (Fit)
Ha :
LOF - MStof
SSHE £l MS',
3
1. (Time Sequence)
R (Normality Assumption)
=~ (Variance

Stability)

(Residual ~ Analysis)
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(Time

Sequence)
3.7
Residuals Versus the Order of the Data
(response is M3)
0.2 .
S 4 -:.
= .F o .|. ’ - .7 - \ -“ .
.5 s, s e ..-')_ l,.q." {i#\. ‘\"l' ,g’; """'_
g St ’#"7;' "*J‘ﬁw' oW '“:»R-‘ 3 \ - ""-r\ﬁ‘,;. :‘v N
" '- 3 .’ " ' '. " ' \ "‘
G > A IRJ/z . '.. -.'.
' ) )
0.2 T T T T T T
100 200 300 400 500 600
Observation Order
37
(Normality
Assumption)

NOPP
(Normality Paper Plot)

3.8



Frequency

Normal Score

3.8

Histogram of the Residuals

(response is M3)

100 ] =
50— —
0.— LN
L T T T T
-0.2 -0.1 0.0 0.1 0.2
Residual
)
Normal Probability Plot of the Residuals
(response is M3)
3 = -
L " i
2 ﬂ ’-‘,.l
11—
0
.l —
2 -’
o
-3
W I I 1 ]
-0.2 -0.1 0.0 0.1 0.2
Residual
) Normal Probability Plot
) ) Normal Probability Plot

39

44



Residuals Versus the Fitted Values

(response is M3)

0.2+

Residual

-0.2—

0T4 0.]5 0T6 0']7 018 0.I9 l.'O 1|1——
Fitted Value
39 Fitted value
(Coefficient of Determination)
R? = 55regression et " Larror
Dyt SStotal
R 2 0.80 80

- 3.3.4 IMPROVE PHASE (

(Design of Experiment : DOE)

45



(Treatment Combination)

(KPIV)
(KPOV)
1
(Replication),
3.3.4.1 (Factorial Design) [4]
(Treatment Combination) 2
Treatment combination
(Main Effect)” (Interaction)
3.10
Response Respanse
) )

310 ) )
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1 (One-factor-at-a-
time)

- General Full Factorial Designs :
Treatment Combination.

- Fractional Factorial Designs : General
Full Factorial Design

Treatment Combination “ Generator "

- 2k Factorial Designs :

Full Factorial Fractional Factorial Design
2 Treatment
Combination
Treatment combination » Factorial Designs 311
. b ab
High ()
7 7
Factor B
Low (-) ® ®
(hH a
Low (-) High (+)
Factor A

311 Treatment Combination  2kFactorial Design



AB

3.3.4.2

SSH ) X

-

48

lab-b]+ [a-(1)]}

{ab-b\-[a-(I)\

3332

Box-Cox (The Box-Cox Method) [4]
|

Box-Cox

A power family

A SSe(A)



335 CONTROL PHASE ( )

(Statistical Process Control)
(Control Chart)

H
5
(Subgroup)
(Center line),
(Lower control limit : LCL) (Upper control limit : UCL)
3.12
20
UCL
g CL
LCL
Period of Time

312

49
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3351 X-RChart  X- Chart[3]

CL= 7 UCL =X +A2R LCL = X - A2R
UCL = X +A35 LCL = 7 -A35
CL=R  UCL = U4R ICL = 3~
CL=5 UCL = 45 LCL = 35
3352 p Chart  np Chart[3]

pChart ~ np Chart )

P =
X

CL p = "1mp’

UL = p+3[p b-7)

V. m
LCL -S\b(i-p?
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np Chart

CL = P
UCL = nop +31 "p (1-p)
LICL = np -3y P (1-p)

\

XmR Chart ImR Chart
moving range ( R)1c Chart (Number
of Nonconformities)
Chart (Nonconformities per Unit)
Chart

(Subgroup)
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