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WA a4 o4 = SE SR A A S
(Process capability ratio) [(Parts per million defective ; ppm)
0.50 133600.0000
0.75 24400.0000
1.00 2700.0000
1.10 966.0000
1.20 318.0000
1.30 96.0000
1.40 26.0000
1.50 6.8000
1.60 1.6000
1.70 0.3400
1.80 0.0600
2.00 0.0018
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5.7 B L T & HFfoszta &

3 = A2 4 $7 (BPMS, Process Map, QFD
Define = > ’ ’ ’ ’
é Cause and Effect Matrix, FMEA)

A 4

:r; =Bk Sue 37 (Gage R&R, MSA)
.ﬂ N |][| = / 9
Measure £ 7 = 8 #2454 45 (Process Capability Study)

‘ = 2k & i3t (Basic Statistics)
Analyze 4 +7 HI]I:> = A A &5 1 E (Basic Quality Tools)
= % % #c 4 37 (Multi-vari Analysis)

A 4

‘ = 4p B & 47 (Correlation)
Improve % i ﬂl]l:> = % B #iA 49 (ANOVA)
=F &K (DOE)

‘ =3 jF & 17 (Regression)
Control =+ /0% = F J&d & (Response Surface)
= # $ B (SPC)

= EPC—APC
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Process Analysis ~ QFD
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- Process Capability

Correlation
ANOVA
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Regression v Basic Quality Tools
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S1x Sigma Roadmap

P ETE & 30480 TR ¥ F 8L, A
FD, Process Mappin (D) 7 *ﬁ,% L LR
Q | pping Y TIEY
AP T FERL AR
AR Rl C&E Process #t 3
== FMEA T %% ¥ 13- % & * DOE - Regression
. LN S
Process £ /8| I —
AT i3 endk 153K e [
WA B PR AR F A A Response Surface
Gage R&R ~ MSA o | N
| LATE #13"%
RFeh i AL ee
¥ 413+ % Process Capability, Process J
Control Charts :Ei#
== WARE 413 E
Process 4 17 F :
|
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- EMEA TR 2
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8. 2 42/ (milestones)
1. .Flowchart l- % X ¢
T AL 35 MR AR 0 3T .
oy 2-P M : Y FE D
D(=&) | =M 4 8 42 2 % &« % rocess Viapping Characterize 11
CTO/KPI 3 - CE Matrix 2 @ E R
(CTQ/KPD 4 - FMEA £ X’s
(1) TS THELHFE | ] MSA
. e 2 - GR&R
El g j—%— ,‘3_/ L
M (£ #) (2) =B PE 3 - Process Capability Check Y
(3) mE e L w Az 4 dpik Analysis
(DAL F) A~ 4745 £ & ] | | . CE/ FMEA YV B
A (%~ +7) + 2 - Statistical Tools Cause % i )'(,
() $5 %3 LR 3 - Multi-vari Analysis A A8
(1) #FF&HEF>H M2 X | 1. DOE : v -
[T(ed) | $I XY 2Bk 2 - Regression C(XZ?;;VG f{f); Y5
(3) &7 HcH 3 - RSM cdAs
1T Ae v & (i
s p g
(1) BB el b it @fl;»iﬁxr# hay s
CHrz#4D) | Q) FHzec i +x - . Close Loop " -
®) % Ui Hi 27 CPIEPIR Zoench Red Xs
EALE 3
3 - Control Charts
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Process Mapping/C&E Matrix

Rating of Importance to Customer 9 7 10 3 3
1 2 3 4 5
Process Step Process Inputs Total
11 Order Entry Computer entry screens 9 9 9 9 3 270
8 Internal Info Order worksheet form 9 9 9 1 9 264
3 Answer Phone Answering procedure 9 9 9 9 0] 261
10 Order Entry Order worksheet 9 9 9 0 9 261
6 Internal Info Order info 9 9 9 1 3 246
17 Order Confirmation Production contact info 9 0 9 9 0 198
1 Answer Phone Info from customer 9 3 9 1 0 195
7 Internal Info Plant loading info 9 3 9 0 0] 192
5 Internal Info Cross ref for P/N 3 9 9 1 0 183
12 Order Entry Lead time information from mfg 9 1 9 0] 1 181
15 Order Confirmation Production schedule 9 0 9 1 0 174
18 Order Confirmation Confirmation procedure 0 0 9 9 9 144
14 Order Confirmation Printed confirmation sheet 3 3 3 9 9 132
13 Order Entry Shipment method 1 3 9 0 0] 120
16 Order Confirmation Customer contact info 0 0 9 9 1 120
9 Internal Info Pricing algorithm (0] 9 0 0 0] 63
2 Answer Phone Greeting script 1 1 1 3 0 35
4 Answer Phone Telephone system (0] 0 0] 1 0] 3 47
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Process/Product
Failure Modes and Effects Analysis

Process Potential Potential Potential Current Actions Actions
Step/Input | Failure Mode | Failure Effects =8 Causes oEE Controls RNl Recommended RESI, Taken S5V e || DT RPN
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Operational Excellence Control Plan

Product: Core Team: Date (Orig):
Key Contact:
Phone: Date (Rev):

Current Control Plan

Process Current
Cpk / Date Control .
Process Spec P Measurement | %R&R or Reaction
Process Step Input Output (LSL, USL, (Ssa_mple System P/IT Mfethod Who Where When Plan
Target) ize) (from
FMEA)
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Quality improvement Stages:
o B R AL Rk

™ r%ﬁﬁi’fi—} N

Process
Model
Quality DOE
Improvement
SPC
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Process Stability

Process Control >\

Out of Control
— Si1ze€ — (Special Causes Present)
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In Control and Capable

(Variation from common
causes reduced

In Control but not Capable

(Variation from common
g causes excessive)
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Continuous Improvement

Cpk = 20

= 1.3

A S

: ~—— Spread In the process F
-3 e / ;
/4$proad n lly speciflcalion—= 55
- ‘130
OV 1-25
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6. » E&E I 52 Rt

= Projectic & e 52 FE I =

= Project& 5 ' /e & £ 0 f &

= Project& 3 & 32z [

s Projectz. = % 5 27 5 v & &

» Project® B 5 530 » ¥ R JF e 4L R

I RIGER A -

= “All improvement takes place project by
project......and in no other way” (Dr. J. M. Juran)
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1. 545 8% 150%
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1% 3% € =29.7
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Entitlement : &
Goal : 1.543% :>3.0mm? <0.6 * 1.5~3.0mm?*=1.1 > 0.5~1.5mm?>=0.8 » <0.5mm>=1
BHEL=149
2.4 F B ¢ 1.5£0.1(sec/100ml)

AP W F173 5%
1.KX% P g BCEM-1R 2 R FRE ¥ RS 2 ARF 1.8 &tk
2. it
2.% Zinde P # H DRIV IDE 4 Dd HEDif o) B3t
3. B B 4cit 94.11% ~955% #)igCEM-1apF » ¥ RF &8 * ¢ &4 | | 2%

Mo gAdFd B P s KRBT BFART A
¥ig+7 cfhedd

4.% % p (0 AUCEM-142 7% 2 54 5 » 2 4% 1.2 AR e84
2. it

5.p4 f+ 3% ¥ VHEwps & 1,972,800/ & Bpiix L B it

6.3 w3z F R CRTMEE ORCEFRREFS ) I A R R
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E %332 e

H {78 WP HEFN(EE)
D (&) F_H At 1 M aElag, CTQ 1.5 A2 W)
2.Process Mapping
3.C&E Matrix
4. FMEA
M (2R FTEREEREZ FFE G SN 1. Gage R&R
HREE R 2. W Aga 4 A7

A (A 4%) ARt ALAFEHNPELLE | L& FL Y

71+ 2. FMEA

[ (G24) BERHFRPFDIMgX T L& (2 v Lgk #1)
AR IR ERELT | 2w fp i

C (=4 1. ke d &%k Cp/Cpk /Z bench &% ¥
2. F 5@ A2 134 57
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licd# % 2544 € T3513.79%/7

> | 94.11 94.12 | 95.01 95.02 | 95.03 95.05

£E
=~ ")
RF | AE 5| &7 -

13.8T | 245T | 00T 09T | 243T | 184T

BFR|BFR|BFAR
(IPN) | 2 & | #* &
P94E11% ~95&5% » L3572 2 & 11 5 13.7T/*

(DF94£10% HHE R AKPRE > B EFF 4
(2)95.4* F1% # § R4S &4 CEM-1

<4

23x% s e A2 E 0 ¢/
a4 T~ & =(13.7- 0 )=/ *12,000 =~ /7F (0= 164,400~/ 7%
=1,972,800 ~ /& (3£ 7 g & #£=12,000 =/ ~#)
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Process Mapping

Inputs Type Process Steps Outputs
% .?A’%%PULPER'E_ C i3 9] Rip> (BFR)
X/V/ZAHin C %ok et (A F R)
k7 R C fRAS
k7 C 48 FRAL
deckle shower: & C RAD
RICAGA F C S R
R SUR C KT EkF S SFR
5z A C L3 ST §okF
U-BOX 3% C R N
SR & fi C BirA 2
LRCELA S D N 4 C RN Nl
1D FF R C AEBAS
T35 ' E B C Wi AP EAS
I~ AFF 7 B M C 2d AR
HOOD 3F g i fe % C REFRT

60 -



I}:: m "P, )

d_
Mational Cheng Kung University

C&E Diagram

T SR

¢ Reel 5- £RH
LY

% >4 EL
W. ] 3'5” Zil‘j X/Y/Z,.:‘X«a]{:/n B

Bixhiegoh £—> ,
ool & 3T R R —>

ErRpPRBREZR)
vk B

PR TS

S N
Deckle dower 235

CEMI14

SRR
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AIDF's C&E Matrix Analysis

Mational Cheng Kung University

Cause & Effect Matrix %
Rating of Importance to Customer 7 9 9
1 2 3
Process Step Process Inputs K¥ |87 # 5§ R | TOTAL
9 R 3R 2 7 % (U-BOXE 7 B) 9 6 8 189
8 R 3R R IRABR 8 7 7 182
3 & L XIYIZAFE - & 9 0 9 144
13 Mg 1DF%F # % R 9 9 0 144
12 dn BEEPRE £ 3 9 3 129
11 R 3% L Y 4 7 3 118
16 YA HOOD 3F)g [ & 5 7 0 98
2 % ) 2 A& » PULPERE 3 3 5 93
1 R A e 3 3 4 84
5 e 30 k7 8 0 0 56
10 TR 30 U-BOXii i 5 1 1 53
4 e 3R k7 RRA 7 0 0 49
14 Mda 13 Mo 5 F 7 0 0 49
15 o 3~4FEN 7 B P RE 6 0 0 42
6 e 3R deckle shower} % 4 0 0 28
7 R 3R BIVAWRMETZ o 4 0 0 28
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Failure Modes and Effects Analysis

FMEA %

Process/Product

S (0] D
Process Potential Failure E C E Actions
Step/Input Mode Potential Failure Effects | V Potential Causes C | Current Controls | T [RPN| Recommended
B | BB/EF R/ CEMH # L7 % 8 B30 R 7| RERRBE |[5]280 PR IE .
R 30 K¥/4F R8BI CEM ¢ g2 2 9 U-BOX E % B 6| BAxFIz 4216 | HEEETE
T Mo AT CEMA @+ & 9 1DF~F 55 6| FRIDF# 4216 | <3 B
g .45 CEMA L & 8 BiERHE R E 5| AFBERR [5(200| BAEHFRER
4 g47 CEMA ?H 3 2 8 SR £ 5 i g 51200 i #
& BE/EFR CEMA ¢ 7 2 9 X/YIZ X5 4 gt 51180 4 pe
Py B cEMsAma v 9| DETOVE Sl agke (6]108| weirpm
347 BF R BFR? R 9 % X % » PULPERE 3 #BEME 41108 BERE
AR 3N A CEMMA *h 3 2 7 U-BOX* 4t ¥ # 7% 4 gL 3| 84 T FR
T A CEMA @3 2 T|3~4%37 kb3 HE |6 R 2| 84 R F I
e 2% AP CEMH *H 7 2 8 k7 R4 ER 3| P¥ s (3|72 RIRIFR
A A CEMA*H 7 2 8 1# o ' F 4% 3| BF3Lme 3] 72 T FERG
B S5 R SRR 9 KR 2| EBRE 354 PR
do Mofs /BT CEMA @3 2 8 HOOD 3Fjg # e & 3 {#m 2| 48 T #
B3R A CEMA *H 2 2 8 k7 IVERA 2 Beds { A7 3| 48 L AT
R 3R A% CEMA?H 7 ? 7 BIWAWH T 2 & 4 LR FR 1|28 T
63
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5B

Current Control Plan

Current
Process Process Spec Measurement | Control Reaction
Process Input Output Who | Where | When
Step P P 1 (LSL,USL,Targety | System Method Plan
(from FMEA)
A | B LEPY gepse | O ke | pearaE | g | | S| pERe
B | BRE | ELZRF(UBOXEZR)| B3 20~34cmHg REhT | AFIZR O|BREAR| OIP | Ky | AERE
RN | %A 1D F R HHARE ERRHE ARHE | FEIDRF A 3T IP | BEF | FHrd
PR | A | BEP S fidmperBR | R EFE 100% ARAK |BANBFER | 1fF | P | BIE | AKER
ikl R 3 R & 52 RAET 3400 # Aikd {#+48 1#F IP | ep | (#H24
AP | A# XYZAE % g 558 37/43/20 AR | BiE g3 P | &3 | AFR
R 30 deckle shower3 & B HARLT 2> P 86.4L/min AERE AELE 1fEfF IP | &3 | showers ¥
3: A Lt d , =
| pn | esmoeuee | weps | PRIEPR g | agse | aar | e | sn | e
THEX U-BOXi HHARE Ry ARk d CRFRO|BRIFAR| P | FF | AR
Hd | Ba | 3 4EID BRI RE [MREEE EAR ARHE CHRAFE |BaAR| P | Ex | KBRF
B | e k7 R4 BRIEs 10~14 kg/em?2 REHF | PFRREs (#NAR| P | Ey | AFRKE
G| %A | walERs REHN |(FHAEE £ AL ARdA | BEIMAMR | 4 IP |3 | FRmd
REE | RFR KR ET LS REPEHRE QCA Rt | EA%E |FFLE| QC | *RF | Rf/If
R | e HOOD 3Fig # 1= & BE3E > 80mnH20 Rt 7 {#Hne AEFL P 1523 | (#ipd
B | k7 HHERE <0.4mm LR A BE{HN | 1#F | IP | BEp| {4k
/| R ERARHT25 HRAEE %6 % F ‘R d ABFR | amp | P BRI | RPEF
64
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0, X 3,
T ’yw* Measure Gage R&R (A} 1 %)

Gage name:
Date of study:

Gage R&R (Xbar/R) for Response Reported by:
Tolerance:
Misc:
Components of Variation Response by #f #
100 —f —-— % Contribution 0.7 —
zza % Study Var
‘ac: 0.6 —
g 50 —
a 0.5 —
0o — = — ; — 0.4 — ‘ ; ; ‘ ; ; ; ; ; ;
Gage R&R Repeat Reprod Part-to-Part i 1 2 3 4 5 6 7 8 9 10
R Chartby Operator Response by Operator
® 2 UCL=0.02450 07 —] ] - - p
D 0.02 —
§ r‘/\ 0.6 — [] L} - .
° [\ 8 - ' 8
g 001 — =3 R S W, S sttt | R=0.0075 05 —] o ———® ® -
& 0.00 —] J—\Z_\.LM_\/—\.- LCcL=0 04 —| [ ] [ ] [ ] [ ]
Operator i é é 21
Xbar Chart by Operator Operator*4f 7 Interaction
Operator
. 07 — 0.7 — - 1
S 06 —] UCL=0.5201 2 06 —| . 3
o) [ 4
@ 0.4 — LCL=0.4919 0.4 —I
L
%Contribution
Source Variance  (of Variance) Part-to-Part =% & B A 09.51%
Total Gage R&R ~ 4.42E-05 049 | oo | % R&R % **Gage R&R =% £ 0.49%
1 T & e d 2%
Repeatability  442E-05  0.49 & ﬁﬁ%ﬂ f"» ,‘
Rt RART SRS E
Reproducibility  0.00E+00  0.00 BHTEE o
Part-to-Part 9.05E-03  99.51

Total Variation ~ 9.09E-03  100.00
o _ Number of Distinct Categorles =15 * & FW R
Number of Distinct Categories = 15 IR =5 R R -~ -Em o
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% iaru;wif':hlmq FunqL'nruaMeasure Ga s e R&R (

Gage name:
Date of study:

Gage R&R (ANOVA) for Response Reported by:
Tolerance:
Misc:

Components of Variation

100 mm % Contribution 1.8
=z % Study Var 1.7
§ 1.6
E 50 1.5
1.4
0 £ 13 T T T T T T T T T T T T T T =%
Gage R&R Repeat Reprod Part to-Part %R E 1 2 3 45 6 7 8 9101112131415
R Chart by Operator By Operator
o 0.10 — B 2 3 1.8 — = - -
2 1.7 — = - -
g 1.6 — = - -
| P - &
v 008 UCL=0.01452 15 | € © z
o .
£ - - _ 1.4 — = - -
D 900 —J et R=0.004444 13 — - -
LCL=0 Operator 1 2 3
Xbar Chart by Operator Operator*i®# & /& Interaction
1.85 — T 2 3 1.8 —| Operator
S 175 — \ = 1
3 165 '\-\ /\-\1 UCL=1.557 o 7T = 2
= : ] 2 16 —| - 3
Q 1.55 — VH)(R yﬂyx Mean=1.549 g
S ¢ 15 —
£ 1.45 — _ <
& 135 —| LCL=1.541 1.4 —
125 - . 1.3~.7 T T T T T T T T T T T T T T T
%R E 1 2 3 4 5 6 7 8 9101112131415
%Contribution
Source VarComp (of VarComp)

Part-to-Parts% & 7 A+ 98. 21%

Total Gage R&R 3.89E-05 1.79 " .
Repeatability 2.22E05 1.03 sl % RER ® (?’a§e,1§8me%¥‘ 1.79% R
Reproducibility  1.67E-05 0.77 T ARG m@lfi%ﬂ £d ¥

Operator 8.00E-06 0.04 AT A b iR d ARk
Operator*i § A 1.59E-04 0.73 BHEEL o

Part-To-Part 2.13E-02 98.21

Total Variation 2.17E-02 100.00

o , Number of Distinct Categories = 10# % #%| & 45 1%
Number of Distinct Categories = 10 B RS L R A RE S i e o
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A% Rating

AL gikip .

A >3. Omm?2 1. 5~3. Omm? 0.5~1. bmm? <0. bmm?2
Rating 10 5} 3 1
1~-37 T ok #k 1.2 2.2 1.6 1.9
‘'L 12 11 4.8 1.9
EES TS 2 29.7

i3St upRRkLuELEL B8
% %P4 >3 0m* <0.6> 1.5~3. 0mn*<1.1> 0.5~1. 5mm* =0.8 > <0. 5mw* =1

i BB EL AT
0.6x10 + 1.1x5 + 0.8x3 + 1.0x1 =14.9> *FE %X p ;2 KkEL<14.9
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Process Data

USL 74.0
Target *
LSL *
Mean 29.7
Sample N 30

StDev (Within) 18.3419
StDev (Overall) 20.9162

Potential (Within) Capability

Within

Overall

Z.Beheh 242
Z.USL 2.42
Z.LSL *
Cpk 0-8% | |
Cpm * -40 -20 0

Overall Capability

Z.Bench 2.12
Z.USL 2.12
Z.LSL *
Ppk 0.71

Observed Performance
PPM < LSL
PPM > USL
PPM Total

*

66666.67
66666.67

| | |
20 40 60

Exp. "Within" Performance

PPM < LSL *
PPM > USL 7862.51
PPM Total 7862.51

| |
80 100

Exp. "Overall’ Performance

PPM < LSL *
PPM>USL  17088.54
PPM Total 17088.54

15
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LSL USL
Process Data
USL 1.7000 } Within
Target * ‘
LSL 1.3000 | Overall
Mean 1.6125 |
Sample N 40 |
StDev (Within) 0.0750136 |
|
StDev (Overall) 0.0916972 |
|
|
|
Potential (Within) Capability |
Z.Bench 1.17 |
Z.USC 17 }
ZLSL 4.17 |
| |
Cpk 039 | | | | | | |
Cpm * 1.3 1.4 15 1.6 1.7 1.8 1.9
Overall Capability Observed Performance Exp. "Within" Performance Exp. "Overall" Performance
Z.Bench 0.95 PPM < LSL 0.00 PPM < LSL 1551 PPM < LSL 327.26
Z.USL 0.95 PPM>USL  75000.00 PPM>USL 121715.37 PPM>USL 169984.31
Z.LSL 3.41 PPM Total 75000.00 PPM Total 121730.87 PPM Total  170311.57
Ppk 0.32



Mational Cheng Kung University

“J

Cpk/Z & Analysis(Gz 3 =)

m @ﬁ%w%ﬁiﬁﬁa;um@ﬁ%Jéﬁ’%mﬁ%ﬁéaiﬁ
Cpk A B 5 0.81220.39 (% /] *1) =

B ¥ AR RA R ARy S ant L 2 /oo
A HF R

Cpk 0.81 0.39

Zy ench 2.42 1.17
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DOE R 1 73" %] %

1.8 473 x % -4 2(6 Factor 2 Level)

F % T+ R - K -
U-BOXE 7 & <20 cmHg > 20 cmHg

1Pa ~ (S SRR 1.7 kgf/cm2 1.9 kgf/cm2
2P= ~ B | 0.6/0.5 kgf/em2 | 0.7/0.6 kgf/cm?2
3P=v ~ f& SR 1.5 kgf/cm2 1.7 kgt/cm2

X/IY/Z3A ”F*/,. T 40/40/20 37/43/20
*gﬁ«lﬂ%‘zf»m& 18 & 50% & 100%

SRS TREEE 1 SR R

C 4
B 0 rERT T 2R R Lg(27)

1 47
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DOE § % & {7

BLgEv 42 R%RES S S

# %% | U-BOX | 1P ~ |[2P% ~ | 3P%0 » X/Y/Z | @iEf | Kb 5 R | e K |G B | HiEEd
%5 | 2R |Gk | vag | s | KEnl | #rE || SN | SN S/N
1. 0.6/0.5 1.5
I | <20cmHg | gﬂz ol gﬁ/c o2 | kafromp | 2040720 | BRS0% | 364 | 167 | 0 | -31.23 | -44753| -9.826036
2 <20cmHg kg11°/Zm2 l?gf6/i:(:n52 kgfl/;:7m2 37/43/20 | B & 100% | 28.5 1.60 0 -29.1 | -4.1041 | -9.103484
1. 0.7/0.6 1.5
3| <20cmHg | gﬁfmz kg;/c o2 | kafromp | 2040720 | BR100% | 341 | 163 | 0 | -30.67 | -42225| -9.51108
1. .7/0. 1.
4 <20cmHg kgf/c9m2 l?gt?//c(znz kgf/c7m2 37/43/20 | B & 50% | 26.8 1.61 0 -28.57 | -4.1258 | -9.014708
1. 7/06 | 1.
5 |>20cmHg | | gﬂz > l?g;//c(ing y gﬂcs | 3774320 | mASO% | 124 | 152 | 0 | 219 | 3614 | 7271184
6 |>20cmHg kgi‘/Zm2 l?g;/c(inz kgtl‘/;:7m2 40/40/20 | # & 100% | 9.6 1.70 0 -18.76 | -4.5886 -7.4224
19 |06/05] 15
7| >200mbg| | o opoms | ke | 374320 | BA100% | 103 | 156 |0 | -2023 | -3.8402| -7.118684
8 >20cmHg kgtl‘/c9m2 l?gg/c(inz kgé;:7m2 40/40/20 | B B50% | 8.1 1.73 0 -18.29 | -4.761 -7.465784
SINEHELRP  NEEL02 B FREL08-
72
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15585 % B B 2.5 F B ¥ B W

Main Effects Plot for S/N Ratios Main Effects Plot for S/N Ratios
A B C D E F A B C D E F
-20.0 4
-4.00 —
-225 — \
-4.12 —
£ .0 el pans BN - d —
z B0 — — / ik z 428 A B / —
n n
275 -4.36 — \
-4.48 —
-30.0 4
N N NN N v o SN " N SN S IS S N o

Bt T 4  A2B2C1D2E1F2 BiEHFITES 1 A2BIC2D1E2F2
3AB+EFAYRF

Main Effects Plot (data means) for 44 S/N

h% Y Y Y Y Y v
-7.4 —
-7.9
z -84 — [ p— / ——
n
-8.9 —
9.4
A B C D E F

B i3k 2L 1 A2B2C2D2E2F2 B 1
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ANOVA & 7

1 4 o~
« W NP

Source DF Seq SS Adj SsS Adj MS F P
A 1 203.927 203.927 203.927 1209.28 0.018
B 1 1.308 1.308 1.308 7.75 0.219
(o] 1 0.137 0.137 0.137 0.81 0.533
D 1 10.841 10.841 10.841 64.29 0.079
E 1 0.094 0.094 0.094 0.56 0.592
F 1 0.188 0.188 0.188 1.12 0.482
Error 1 0.169 0.169 0.169

Total 7 216.663

A-D:EFTS
R BEE T BE AR £ B SR A

Source DF Seq SS Adj Ss Adj MS F P P

A 1 203.93 203.93 203.93 538.06 0.000  93.25%

D 1 10.84 10.84 10.84 28.61 0.003 4.13%

Error 5 1.90 1.90 0.38 < = 2.63%5 ) _
s oo wRerror™ 2-63% e Perrer © 2.6396<15% 4 7
ota . o -

R & A2B1C2DI1E2F2 » 54 471 & i = & A2(B)(C)D2(E)(F)
B iR BIER S 4258 1 S/N=-42.2155+9.32063A+2.55205D
S/N7g ip| £.=-18.47014

74 59
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ANOVA & 17

245§ &

Source DF Seq SS Adj Ss Adj MS F P
A 1 0.00192 0.00192 0.00192 0.14 0.770
B 1 0.00351 0.00351 0.00351 0.26 0.700
C 1 0.04958 0.04958 0.04958 3.68 0.306
D 1 0.25472 0.25472 0.25472 18.91 0.144
E 1 0.69800 0.69800 0.69800 51.82 0.088
F 1 0.00609 0.00609 0.00609 0.45 0.623
Error 1 0.01347 0.01347 0.01347

Total 7 1.02728

C-D-Ei¥¥75
R s SR TR IR = TRy

Source DF Seq SS Adj Ss Adj Ms F P o]

c 1 0.04958  0.04958  0.04958  7.94 0.048  2.39%

D 1 0.25472  0.25472  0.25472 40.78 0.003  22.36%

E 1  0.69800  0.69800  0.69800 111.75 0.000 65.51%

Error 4  0.02498  0.02498  0.00625 -::'[‘)‘emr= 9.73% Perror - 9:73%<15% % 7%
Total 7 1.02728 e FHRIABLEER TS o

B & A2B2C2D2E2F2 > A 514 & i & & (A)(B)C2D2E2(F)
B R BEIER D A28 1 S/N=-4.36634+0.11365C-0.18015D+0.42931E
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ANOVA & 17

3.k +EF R

Source DF Seq SS Adj Ss Adj MS F P

a 1 8.3584 8.3584 8.3584 7.3E+04 0.002
B 1 0.0329 0.0329 0.0329 286.55 0.038
c 1 0.0108 0.0108 0.0108 94.57 0.065
D 1 0.0649 0.0649 0.0649 565.75 0.027
E 1 0.3686 0.3686 0.3686 3212.86 0.011
F 1 0.0223 0.0223 0.0223 194.08 0.046
Error 1 0.0001 0.0001 0.0001
Total 7 8.8581

A-D-Ei¥ %7

7= b 2 ks A g oy 2 — VaYd A\ >

WA BEF T AR AAEFT & H G R A AT
Source DF Seq SS Adj Ss Adj Ms F P o]
A 1 8.3584 8.3584 8.3584 505.74 0.000  93.61%
D 1 0.0649 0.0649 0.0649  3.93 0.119  -0.01%
E 1 0.3686 0.3686 0.3686 22.30 0.009  -2.24%
Error 4  0.0661  0.0661  0.0165 Perror= 6-40% Perror - 6-4096 <15% % 77
Total 7 8.8581 e \ R ELEERF]T o

& A2B2C2D2E2F2 » 54 718 & & 2 & A2(B)(C)D2E2(F)
B E-REIER G 25N P S/N=-17.9837+4.08863A+0.360304D+0.85862E
S/N7g B iE=-7.1178 76

22
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ﬁ\zo\} A 5&

1.3 R 3
S/N=-17.2837+4.08863(U-BOXE 7 & )+0.360304(3P= -~ {3 2 /&)
+0.85862(X/Y/Z.:A % o o
S/N3E ip| E=-7.1178

Z.FE S R 5&
FE ™ R &

U-BOX 3P - X/Y/Z S/N
L3R s SR L 32
28~31 1.7 kgf/cm2 37/43/20 -7.3614
28~31 1.7 kgf/cm2 37/43/20 -7.1368
28~31 1.7 kgf/em2 37/43/20 -7.2356
28~31 1.7 kgf/cm2 37/43/20 -7.1703
28~31 1.7 kgf/em2 37/43/20 -7.2669

T35 -7.2342

= = ES %ﬁm 1.61% <5%%:
| 3£ | =(-7.2342-(-T. 1178))/-T7. 2342 =1, 61% v ey
23
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Process Capability Analysis for 4ff; 8

USL
Process Data
USL 74.0 | Within
Target * :
LSL * | Overall
Mean 9.5 :
Sample N 24 :
StDev (Within) 4.92202 |
StDev (Overall)7.98790 i
|
|
Potential (Within) Capability i
Z.Bench * :
Z.USL 13.10 |
Z.LSL * |
Cpk 4.37 i i i i ' |
Cpm - 0 20 40 60 80
Overall Capability Observed Performance Exp. "Within" Performance Exp. "Overall" Performance
Z.Bench * PPM < LSL * PPM < LSL * PPM < LSL *
Z.USL 8.07 PPM > USL 0.00 PPM > USL 0.00 PPM > USL 0.00
Z.LSL * PPM Total 0.00 PPM Total 0.00 PPM Total 0.00
Ppk 2.69

8 24
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Mational Cheng Kung University

Box-Cox Transformation, With Lambda = 3.82

Process Capability Analysis for &R &

—
LSL* USL*
Process Data

USL 1.70000 ‘ ‘ —
USL* 7.59128 | | Within
Target * } A —
Target* * } } Overall
LSL 1.30000 !
LSL* 2.72435 | |
Mean 1.54000 |
Mean* 5.24151 | !
Sample N 50 | |
StDev (Within) 0.0568 | |
StDev* (Within) 0.7291 \ !
StDev (Overall) 0.0574 | |
StDev* (Overall) 0.7341 | |

Potential (Within) Capability | |
Z.Bench 3.12 1 |
Z.USL 3.22 ‘ | | | | | \ |
Z.LSL 3.45
Cpk 1.07 3 4 5 6 7 8
Cpm *

Overall Capability Observed Performance Exp. "Within" Performance Exp. "Overall" Performance
Z.Bench 3.09 PPM < LSL 0.00 PPM < LSL* 277.97 PPM < LSL* 302.93
Z.USL 3.20 PPM > USL 0.00 PPM > USL* 635.00 PPM > USL* 684.89
Z.LSL 3.43 PPM Total 0.00 PPM Total 912.97 PPM Total 987.82
Ppk 1.07

19 25
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- R REF AR 2ZCEM-1¥:ed)i-PIr L5 £ 2

R/C A
80M
60% ZaN i —l
FC923 —v v
R/C B MIX/C M/C
80MY  50% N 55% 50%
FCO01
80M 80M
F.B/C CON: 3. 6% CON:3. 2%
80M
5% @
ZaN
FC092

1. #RIcsmmBA & 1P:1.9/1.9 ~ 2P:0.6/0.6 ~ 3P:1. 7
2. Hz B > 1 X/Y= 60/404 » MIX/C » 344~ 4&:%
X/Y/ZT gt 37/43/20

3. #F# & Suin 2 FC092 2 AUTO#2 4 5 0. 6 M3/MIN

4. U-BOXE # &2 + 3*20cmHg

5.REEL PIT#E A H P B & 2.35~404 4818

6.REEL PITe -t % & F (AL ~EAR ~BAR - BFR) EF A2 BLH> -

TAEERLE X/ VR 2RSSR AFAKAIOH0/50 HorgpFRFR > 3 a% 2% SPOOL -
80 46

/1.7
& F RRAR




% Ay s
Mational Cheng Kung University

PBICAR » XIS H - BRSRBRAST
4. E#7
"11 -MR Chartg /B % &
EHIIE ¥ 2 26
%éﬁmtx :ulvk P RIZ AR I EERE
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Control Plan
Current
Process Process Spec Measurement Control Reaction
Process Step Input Output (LSL,USL,Target) System Method Who | Where | When Plan
(from FMEA)
1P/2P/3P : oy . ,
: ) B A &4k t &% * |
R B REAE | 1.90.6/1.7 = ﬁ;; o IR ;g?
f kgf/cm2 R f -
‘:E: ;‘- @ ‘;#-‘ = i3 ey . L
13 E¥-3 iR B 3% & | AR
B | R | (U-BOX ~ | 20~34cmH o , IP
BEEEL OO0 | a Bl HA | pa | <R s | 4
- + )
X/Y/Z % F A R ## A
ol | 3ol 4B FT
L kg | R 37/43/20 2% 2o 7 P e
82
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Individual Value

| and MR Chart for &)

before improve

100 —

50

92
c
o
Q
=
o
c
T

Moving Range

. before ! improve '

70
60
50
40
30
20
10

A

5/6 7/4

UCL=30.20
Mean=9.5
LCL=-11.20

UCL=25.43

R=7.783
LCL=0
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o R #| @ (I-MR Chart)

| and MR Chart for iE5R& &

before i e improve ., gy

1.85 —

I
I
1.75 — i
Les | : UCL=1.681

155 W\/\/‘ \[_V V\..vaﬂvﬂvAuAvmumuA\[fuﬂvﬂ\/. Mean=1.54

1.45 —

Individual Value

LCL=1.399

1.35 — | | | | | | |
Subgroup 0 10 20 30 40 50 60 70 80 90

before improv,

03 . | | II p ﬁ
@ |
[@)) |
S 0.2 — |
ks /\ M M [\ | UCL=0.1734
o |
% 01 — =+t n jall i R=0.05306
@) |
= 50 _ ' LCL=0

5/6 6/1 7/4
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L=

o SR TN

1.AKEL Jd 29.7% X3 9.5 % 468 %

7 P =g AT =g A

KEgE 29.7 9.5
Cpk 0. 81 4. 37

Z bench 2. 42 >6

2.5 F B Az 4 1613 < 5154 -

I B =g A T =g A

HF R 1.61 (sec/100ml) | 1.54 (sec/100ml)
Cpk 0.39 1.07

Z bench 1. 17 3. 12

85
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R &g

1.7 FBCEM- 1A &% F 4142 & F]15 | U-BOXE % & :>20cmHg
~ 3P {4 AR 1.7 kg/em? )QY/Z.?A%T;;Z_’IE WL :37/43/20 B_* =%
%i*&%ﬁﬁ%’%%Q%ﬁ%ﬁéﬁﬂéﬁﬁﬁgﬁgo
WX ERPE
(1).?&*,, B 150%

EhExLisHABELEY 29.7T% 595 % 468 %
Q)& F BEAEN 4 d 1.740.1 %2 5 1.5+0.1(unit:sec/100ml)
ERkwd s BF RAEAEN A J 1618 F]1.54
B)VrAEBITE%
ChRwdis o s BERBITRG
3o EFERP
3.9 84 A A 1,972,800/ F o
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e e L e

(1) FiEz h 2t d 2 5;,)%; BT R s
R SR -2 L EVRNCW W F
X: Zg g BH (QFD) - Benchmarking -
A &2 Hld A 4 0 etc. o

-r\

(2) FRREZ ¥ MEFFHRAL 2 ERE
B R AR
X"ﬁ )’L)‘L(DOE)~1‘}ETF/,}7}%\W TN )F‘rlﬁv_‘
25 4 447 etc. o
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SRicd 2 £k fodp Mens 1 8 ()

(B)F RE2 TRR| - FE TIN5 2 [ W 8E

fe2 AP MEHASE U2 TE ST L
EX : Strength-Stress4 47 ~ 3T B & 7 >

Reliability/ Maintainability/ Availability(RMA)

AT N RS 2 R 1 (FMEA) -
Finite Elements ~ = & 2 2§ & 47 o
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T ERE T (FE 7 B SRS 81)
| Product In-process Pre-Product/Process
Tl e B g Iy s NI

Topics
1.7 4% 7_%& (Definition)

i * #vE(Application Scope)

&
al

&
al

A

A

A

= 3 L
fRRR 42 2 sita B

Tz ek pfE(r 4 pam)
Fee L 241 (TQWD
i & & (QFD)
WP | R RIS A
D Bl 2 & Fle 47 B

R SR e
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A

LR F]F R R>TFF E B %% (DOE)
v or 3V &8 1 42 (Taguchi Methods)

.70 B39 %3k 7+ (Shainin Methods)

3 GF A AT (Regression Analysis)

# #]®(Quality Control Charts)

# A2 s 3 & +7(Capability Analysis)
A 52 2 ¢ ipliE(Life Testing)

e fa s 17 (FTA)

2. B R % £ /2 (Discovery)

A

A

A

A

A

A

A

3. 3 p]+ ;2 (Prediction)

- I % %fest 2 0 S5 (FEMA) % b ' A 49
- 2. % k2 A 4% (Cost-Benefit Analysis)
3. 7+ F Bt~ 47 (Simulation)
4.7 F AR~V RBAEZ T LS 47 (RAD
L. &4 % 5 B & 17 (Stress-Strength)
«— 6.7 "t~ % » {7 (Finite Elements)

!< 7.4 #% 4 17 (Sampling Schemes) ¢

A

A
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8. &3

WE MUST REDUCE VARIATION UNTIL WE HAVE SATISFIED IT.

-

ek B A - oEe FIE AR (B
EV AR RE
“If I had to reduce my message for management to just a few

words , I’d say 1t all had to do with reducing variation.”
Dr . W. Edwards Deming
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