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LULIABINTLINLIIAINIAT (Time-Dependent Distribution Models) 71 ISO 22514-2
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Process Location 118 Process Variation
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anudniuisznin (OL) Subgroup Size, Distribution Quantile, Sensitivity 1122 False Alarm
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NILUIUMNT (Process Capability)
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Pmk , Ppk , Cpk
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Fhsnadiaita il (General Geometric Method)

1. mIuanuauuudnd (Normal Distribution)

2. Empirical Quantile — n3ou'Indizaseny

3. Log-normal Distribution — m3uanuaifenieiuea

4. Rayleigh Distribution — MIuaNUIAIsaN

5. Folded Halfnormal Distribution — n13tanuaauuuss andu

z-Score Method Tdad iUy Pp.Z / Ppk.Z

One-Sided Specification Limits Tadidadoimuadiu@on

mmmminmfﬂumju (Within Capability) (Cw , CwL . CwU , CwK )

- I-MR Chart — Individuals and Moving Range

. nanmsiazaetamlszynd 19 I-MR Chart

L4 1391781 Control Limits AN Shewhart & AIAG SPC 2nd
L4 1311181 Control Limits A1} AIAG & VDA SPC Ist

L4 Standardized Normal Distribution

L]

Standardized Range (D-Distributio

- Zone Chart / Stoplight Control
. nanMsIazAI8t19M31szynd 19 Red / Yellow / Green Zone
° Pre-Control, Stoplight Concept Liag SPC Control Chart

o o & 2 P
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- Xbar—R Chart — Average and Range
wanMsnazAet1en1lszynd s Xbar—R Chart
115111 Control Limits A1 Shewhart & AIAG SPC 2nd
1154171 Control Limits A1 AIAG & VDA SPC Ist
Standardized Normal Distribution

Standardized Range (D-Distribution

Xbar - S Chart — Average and Standard Deviation
ndnmsuaziied1amayssgndly Xbar - S Chart
M15%191 Control Limits 713 Shewhart & AIAG SPC 2nd
1391181 Control Limits A1 AIAG & VDA SPC Ist

Standardized Normal Distribution

Chi-squared Distribution
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. M3 UA Control Limits 910 Standardized Pearson Curves - dofmuamssionun ldmsumsansinszuiums Taoi 1
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= p Chart — Proportion of Nonconforming

. nanmsuazdetumailszgnald p Chart
L4 M311A1 Control Limits A13 Shewhart & AIAG SPC 2nd
L4 M54 Control Limits A1 AIAG & VDA SPC 1st 910 Binomial Distribution /

Binomial Table

- np Chart — Number of Nonconforming

®  wdnmsuazdiedumsyszyndly np Chart
L4 M54 Control Limits A1 Shewhart & AIAG SPC 2nd
o 31171 Control Limits A3 AIAG & VDA SPC 1st 910 Binomial Distribution /

Binomial Table

- u Chart — Number of Nonconformities per Unit

. wanmsuazdletainsilszgndld u Chart
o M5M171 Control Limits 713 Shewhart & AIAG SPC 2nd
L4 M311A1 Control Limits A4 AIAG & VDA SPC Ist 910 Cumulative Poisson

Distribution / Table

- ¢ Chart — Number of Nonconformities

. ndnmsuazdrodumsyszgnd 14 c Chart
L4 M511A1 Control Limits A4 Shewhart & AIAG SPC 2nd
L4 M311A1 Control Limits A1 AIAG & VDA SPC Ist 910 Cumulative Poisson

Distribution / Table
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Requirements
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Input - ! Output PPAP File
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- Drawing
wuuulau / uwouidisu PFMEA , CP, WI, SD, OPL
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@ APQP...6 Stage Gates (or more...company dependent)

Concept Program Design Model/ Pilot Launch
Initiation/Approval Approval Prototype ') °
L L] ® $ s

e Product Design and Development

Faiture Mode and Effects Analysis

@ APQP FMEA Handbook M SA
Third Edition @ Fourth Edition

Control Plan

AAG ™ & VDA

a —
AAG: & VDA
: Statistical Process Control P PA P

PC Manual Fourth Edition

First edition




BIG Qi

T malasuuilasnd g
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Statistical Process Management Y83 ISO/TC 69/SC 4 TﬂmeWWﬂflelJWﬁ@uﬁLﬁm‘lgl}fN Hag YNUIMNV9I SPC Lﬂéﬂuﬂm “MIAMUIN
anuagawil” |1°]J€j “SZUVUITNITNTZLIUMT” ‘ﬁl‘%ﬁm Stability, Distribution, Sampling, Measurement System, Capability, Control Plan
1z OCAP A8

ISO/TC 69/SC 4 AMZNFTUMS ISO M3VfAvoUAAAAU 2N (Applications of Statistical Methods)

1SO 11462-1 Guidelines for implementation of SPC

1SO 11462-2 Catalogue of tools and techniques
IS0 3534-1 General Statistical Terms

Assessment of

Quality Management Methods IS0 3534-2 Applied Statistics

Statistical Process Control

== 025t SPC Manual

>1S0 11462-x  F+]ISO/TC 69/SC 4

Statistical Proces|

- > 150 7870-x

> AIA 4

ISO 7870-1 General guidelines for control charts IS0 22514-1 General principles

ISO 7870-2 Shewhart control charts IS0 22514-2 Capability and performance indices for normal distribution
1SO 7870-4 CUSUM charts 1SO 22514-4 Process capability estimates and performance measures
1SO 7870-6 EWMA charts IS0 22514-6 Capability statistics for non-normal processes

1SO 7870-7 Multivariate control charts 1SO 22514-7 Measurement process capability and performance

1SO 22514-8 Machine performance studies
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Quantile Formula / Referenee Valuc

Xo0.135%> X50%, X09.865%
n adaifen 2000

‘ X, = explc®(a) + 4]

)

‘ X, =7+ €[~ In(1 —p)]/?

pes

‘ F(z) —1—exp (7ﬁ

14 Normal distribution table TaulFu
probability a3t €6

X, =p+ 3 (p)owsa X, = p+
2,0

ISO 3534-1 1 PDF/{ienu Distribution
Tailely Quantile formula

pv=P(X >U).p,=PX <L) ‘

Lo

*"haild Quantile method

S\, = within-subgroup standard deviation

A 4

' [y . ] ' v Y 'y a .
4. 1NUNYOUTY Performance iag Capability “lllﬂiliﬂlﬁmmﬂ‘]fﬁlﬂ1ﬂlﬂﬂ HAADIND1TMU Sample Size + Confidence Level +

Characteristic Classification + CSR 112113151 Target Value 19¥110A10619493 90199 1NUU1AB19D 4

Table 7-3: Adjustment of P, target values depending on sample size

Confidence level for adaption of target value
99% 99,90%

1,67 2,00

95%

1,67

99,99%

2,00 167

2,33 2,00 1,33 1,00 233 2,00 1,33 1,00 (233 167 1,33 1,00 233 1,33

2,36 2,02

2,06

1,69
1,72

1,35
137

1,01
1,03

2,37
2,42

2,04
2,08

1,70
1,74

1,35
1,38

1,02
1,04

2,39
2,46

2,05
2,11

171
1,76

1,36
1,40

1,02
1,05

2,40
2,49

2,06
2,14

172
1,78

1,37

239 1,42

244 209 175 139

143

105(249 213 1,78 142 107|255 2,19 1,82 145 109|260 186 149

2,50 2,14 179 107|257 221 184 1,47

A

1,10

A

2,87 229 191 152 114|276 198 1,57

2,58
2,70

221
231

185
193

147
1,54

111
1,16

2,69
2,87

231
2,46

195,152 18 2,84

3 2,43
123 3,10

2,66

2,03
2,22
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1,77

1,22
1,33

298
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2,14
239

1,70
1,90

2,06 1,64
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5 1A304510 Control Chart 3@ 1% Control Limits 1/Aou1nmsfamA Nty 30 W1 Az, D3, D4 ifumdn 'lﬂg'mmmaﬁal%'
Probability / O / Quantile ita2 distribution VY99 statistic ﬁwﬁﬂﬂ G Normal, X?, standardized range ww, Binomial @& Poisson a5y
Attribute Charts 101413119 Exact Binomial §715U p/np L1ag Exact Poisson §115U c/u WY unumstszanadae Normal fivsothaifio
30951 Special Cases 111ﬂ“ﬁu 19U One-Sided Specification, Multivariate / geometric tolerances uazﬂixmumsﬁﬁwqﬁnﬁummam Hazya
Lﬂ%ﬂﬁﬁﬂ Control Chart ﬁmmﬂmnéﬁuvﬁu CUSUM (Cumulative Sum) EWMA (Exponentially Weighted Moving Average)

Control Chart @1%5U Non-normal distribution

Pearson control chart / unugiimuauwiasdu
X - Pearson 99.73%( n=5; i = %, & = /5]

exemplary skewed

B
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Figure 9-13: Pearson Chart
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u = Population mean ANRDIVDY x_ = Sample mean ANRDIVDY

Measurement
Series
Series 1 47 45 57 44 47 46 58 45
Series 2 48 49 45 50 49 47 47 48
Series 3 53 46 51 44 50 45 45 51

Calculation of Mean (%) for Each Series

- 47 + 45 + 57 + 44 + 47 + 46 + 58 + 45 + 46 + 45
Series1: X = =
10
= 48 +49 + 45+ 50 + 49 + 47 +47 + 48 + 49 + 48
Series2: X = =
10
- _ 53 +46+51+ 44+ 50 + 45 + 45 + 51 + 50 + 45
Series3: X = =
10
°
Series 1 o0 P
(n=10) eeee
40 45 A 5 55 60
X=48
(X
Series 2 oo
(n=10) ® o000
40 45 A 5 55 60
=48
[
Series 3 @ oo
(n=10) (XX o0 o
40 a5 50 55 60

« Most data around 44-46

Frequency

+ Two high values at 57 and 58

1
|
|
v
I
1
'
'

Frequency

. o
: sganng Sod1e

46 45 48

: L b Sl B e . Ixi _ XipbXiptxigbxigbxighe-txin
% | 48 P n :Ext - Xy s +xiz+xig+Xig xin g=2_
N N n n

50 45 48

480
= — =48

10

450, o 1. Left-Skewed (Negative Skew) 2. Symmetric (Normal Distribution)
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Mean Median Mode

« Data clustered around 47-50

« Very consistent b

wamwt
smnadndviadulimoedy

Mean < Median < Mode
+ Data spread in two groups -

« Around 44-46 and 50-51

annasisroiim
suadu sugm uasgulzuagsuniafiviu

= Mean (Ftad)

Mean = Median = Mode

Legend (drydnual)
-~ Median (isugmu)

Mode Median Mean

Value

WormeEm
smnalufsrniadulimem

Mean > Median > Mode

===~ Mode (swiiuy)
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Spec 50.02+0.03

LSL

%X wmas = 50.01

G,S ﬁjmmummgm — 0.005

SL USL

Spec 48.05+0.03

LSL

Workshop
%% mde = 48.04
S,S La‘jﬂqguummﬁgm = 0.006
SL USL
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& Excel or Minitab
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T e TRARING 4.3 53UUMINIVANNTLVIUNIT (A Process Control System)
BIG Q TRAINING CO.,LTD. a

v
@

a Vi1 g P o A ' & o 2
szuumMsAIIauaszUIUMsmNIsaesinelaiuilu ssuufleundy (Feedback System) Taw SPC Wluiosszuudoslszinnuilivesszuudanan wail
seuvilounduinlai1¥ada (Non-statistical Feedback Systems) 84 ) Bndag

o

a
N3

$ 0w daa o ¢
R34 IS0 3534-2 FamuamAnining I desivadnyszgna ldeSuieh
“D13AIVANNTZUIUMS (Process Control)” fio MIVTHITTANTNIZUIUMINY iU I nszUmse el fidnwdedmuavesnszuiums (Process
Requirements)
% aa R A a A0 9 v = aa A = Y ) 4 o
“MINIVANNTZUIUNIIAITADA (Statistical Process Control)” flo Aongauijuriumalfimatianadfiiieanaimmlsisa winarwianudluneamy
A3z tazAIUquiameveanszuIuns auiu U lunamandesms

- mnansegasanuihviineiiviua Target = Nominal
- amwilsAufiviosfiga Target Variation = Minimum

LSL SL usL LSL usL

Production

7
Pre-Launch / 26 ’ 1 | L1 ] L ik T ]
o

&

4
LSL SL usL LSL SL UsL
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=X ‘]j, £ d'd o
S oTAING oo NIIANHIVIVUNNNANIZND

Y= f(Xl,Xg, ,Xn) + e

UATUNU = F(ANNFI, aounad, us9na) + ¢

o ! ' < o A ' ' { -
f(X) (Controllable Factors): Aindaualsiisiniuguld (g Ay, usene) dilawade "aunde" (x W) 199911

. { a3 o Ay ' o L.
€ (Epsilon) = Aonnunlsisruiines lifiuniequenn dildmasne "n15nsz10M" (Variation) $1 € 1oz nsvlazuiu

1 v
a A

F9NA0911  Control f(X) and Reduce £

¢

Mdulszans
o Y A v o & ) as
dulsduidawanseny  audwius ANwulsu Fomanugu
*  anunilad +0.035 / X-MR .
e U 1J 2 Y
o eRiaviu +0.12 X WI-PT-02 adsaunaesanis
. seps LA L 037 X Barcode auto setup program
f(X) o AnuEImINu 0.45 X Barcode auto setup program .
o Bmadui +0.16 / X-MR ANNYUIG Spec
° U3IAU +0.63 / Barcode auto setup program 0.04+0.01
*  gamgiinedniu -0.0024 I Tiimugu

Aeadnszi tay Wann3Ismsniuauneurin FMEA

snduilhivigeusginmsi FMEA
seyilododalinsy

A Ao
nozzle (SUUN AU
€00

Unknown

° anuwiianasumuna , v mwrw Cw e A
o Diieunsaiaald/Toyamsia oo
Wosomalud gl

Ay ayr o 22 Vl n/ly
quunigiitiosnidhingi A5MINIUAN LU lara

YV V VYV

wous hilananau
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Control f{X)

) v d @ = ' I
UNNN AIMHUANAANT 11998 4 M nade Ll -
oy ‘b{ Tidesaulaniugu ‘
L Y w3 li2
GER] @
;f.
Sl mans S libingede

X, @ g
S’h ) awisaiaala Action
i —_—— - o 4,
2 301 -3 iAnm uay AR Correlation ,
HIioly v
doantsuas € ) X R
Gmmmm e ————————— ok , kegression
‘ Sa'ld/deyariniedio
€ (Noise) ( Gamaunuhild/ lui'ldgu / 35ms
g A lild/ i ldmunu =
AMUTAIUAN 1A nauid)
a —

) g Action
ol ,
deamantas € X - SPC, Check sheet , Reaction Plan

, emmmmmmmmmmmmmemee-
‘ nuqula

€ (Unknown) (312 hianunsadaan1d)

x hisufudesniuny 19issmaithanme

finano Y 061l No Significance Action
—_—
WodAgiola - Check sheet
* Significance
X suiludesniunu ) ,
' e = = an Ao o A
- 1 spc dlunilaludsmsiaga maduiiuns
MINTTNY e 4 N Yy .
*  Control Plan danandeserdsnnuinleesdilsznenves SPC
. A '
ﬁ Snane ° seC e lWaunsanTdudyapavesia ldnaus

. 1 A o A v 1 '
Beactionlpla » seaziudu wazgdniumsud luneundounnsos
o Auto control (913)

VNN FINTLNIOHATNT diRnT

° OCAP : Out-of-Control Action Plan R
Reduce €
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3 o o ¥ aa 9 aa A A o '
Quality Control Loops 1{uszuuniuguuateszauinaunsdsmsnaaauas hilsmeada ieusmisnazdivlganszuiumsedie
< a 4 Ay 1A 1A o Y A A )
Wuszousec ldaamuieauninszuaumsi liadesvse lulinnuawso nazderedoya ldsasmsauguiinerde e 6
ATOUARUMITAILANATZUIUMT MIdudunnuasandesvesnandust mslfullenszuiums uaymsasinilsziiu

? 6: System Audits
_o 0529USHDUSZUUATINIWYDVDVANS
lvT;an:nuaonna‘oulta:Us:ﬁnéwauaos:uuTnus:u
5: Process Audits 4: Product Audits
@ Control = T
asooUs:DUNS:UUMS v Q asooUsHBuKEaAR -
Wonnwasandovua:Us:ansna Loop Wand a0
fudanikua CUSTOMER
1

v &
Characteristics

.!‘ Inputs Pzgg‘ﬁis R 0 Outputs Customers
— s
« 1A300d9ns @ @ ° ArNW
* 3andu ' @ / » AxwUasariy anA
o 38ms / « msavuau msuan/malu
o doudadou i Control s dunu —_—

Loop ’ 2
1: Statistical Process Control (SPC)

1
ASUAUADIUIIUSUSOUTDVNSIUDUNS | e i, VOICEOR

P o - PROCESS
r doundoviionoana
Control Control
=y
3: Post-Process improvement cycle ( . .
Continual o ____ /\}i g s 2: Quality Conformance gates
improvement j.luuua. Su s_nns.u.aums_‘ AOUALAMINIWARANSID/ING
WwoaanWuUsUsOuaEvcaLloY

oUdouiukiofaoon

——————————

TRAINING
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STATISTICAL PROCESS CONTROL
AIAG & VDA SPC '

#w Excel or Minitab
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ANUAUWUSSIHIWNISDINUUU NISIA LLAzNSIUDUNISHARN
Relationship among Design, Measurement and Production

AJIUSUAGYAU L dnsriarAnULED (auuUL/IVUSIe) U
(Responsibility) Tolerance limits (drawings)

< >
= kidouniuriudadiAneuKtRNISIEU =
.~ o identical to functional limits
dofiHum / L e i Ua
= | Msaanuuu UAINANISYIUSU
Specification / Acceptance limits
Design duviusAunnuluuiuat zusun1s3a Uyp
e ; —_—)y
g in relation to Uy, the measurement process é
T T
nsasavdau / § 3 . ] : § 3
naluladnisia S i ASZUSUMSWANADASIASAUAKITYS : ; o
£ £ i g : £
o H t
Verification / 3 s i Capable and stable production process : él 8
Measuring - 5 B
Technology 5 3 I
(] <]
=] 2
2 3
g €
= = =
l ‘ MSWan /
h MsHIRANGU9S
Realization /
Production

L LA ANAAUINAT / AMNIKUG (WUKwe) UA U
Target value / Nominal value

KBLKe : NlUuds Gadrinniseausv (L, , Uy) dovAUNITASIAaAANLILED ( Wwasavsuanwlluduauyaamssa (Upe) ua:mun_umﬁuxiimamumm

: Generally, acceptance limits shall be narrower than tolerance limits (L , U) to account for measurement uncertainty (U,,) and to manage risk appropriately.

; - . 4 - o o .o . . o
JUf 6-2: AvwdningszHdemnmAmIAREEY (LU Drawing), AW bimineums anuuvneeInsz LN I UMP, taziindiianisuensy (Acceptance Limits) 388052 IMmsHandiil
s
awannsauaziiadosnmuniiiseatias liilds ey 1eddanulu 180 8015 udraiFassnzie

" 2 ¥ woa . N o Yoy = v ' | s 2 Ay Y o 9o PR ' P
thomsnanRe T UAAOUABMITHAAILIL “zero defect” AT mﬂmmammaﬂﬂ'mlmﬂzlﬂu‘ummmamuamwVlmﬂu'lﬂmmanmuﬂiwmmm Tagdewiulannszuaumseaninnuannsn

_/

= aa PUNEE PR I 2 en o o = -
INGPINDLASHADYTNINSPC A 1WITOU lﬂiﬁﬁlﬂ‘lilﬂﬂnﬂllulﬂlWIElLlIﬂ‘lIﬂ'li“]J{]‘lNlVI'liJH?lﬂﬂTI‘LIiUNﬂWE]UL"ZI'I'H
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BIGQ% 5.2.2 MINATIEHANMFE (Risk Analyses) 45
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%’ﬂaﬁ“‘umuﬁﬁﬁ%ﬂumsﬂw spc W% femsilsziiunudsavesqudnsazvomaasaaiiasmanunaamae (olerances) oarnsiin lidamannsalunsihms
Aanwdio spc Tl Fumnaadnuae nazlumuoanagsn %qﬁﬁvliiﬁumqﬁuwmbﬁuﬁu

é’aamq'ﬁ msthAanusenasgnirialiegluveuaiimnzay Taudennmeaadnyasiifertoaluudazssauvesmsasaaouaugndes fnsutuneuntsoensy
m’faaé’u’uua:mswﬁﬁm“%m%ﬂsmiwﬁﬁ iiueudnzdesaseunquaansuziuannnivzgminthianm luszozedaeunuginaugy (Control charts)

wﬁﬂu’ﬁﬂ13ﬁﬁ1u11ﬁ’1’1ﬁﬂimﬂszmﬁﬁﬁﬂ "MIATHdn Mz doUNNIeaTHaNIENY" (Failure Mode and Effects Analysis 130 FMEA) AmsuneazBeaneiuns
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o a o A v ¢ a ¢ a 4 ' ' o 2 wa v o
AMNANYUSWIAY ﬁaﬂmaﬂym:@umwammm ﬁ%’ﬂw151ﬂmﬂiﬁl€)\iﬂ$$1J’J‘Hﬂ13NﬁﬁﬁﬁﬂlﬁﬂﬁﬁWﬁﬂiz‘ﬂllﬁ?]ﬂ’ﬂilﬂﬁEJﬂﬂEJ ‘Vidiﬂfﬂﬁﬂf‘]ﬂﬂﬁ1ﬂﬂgimﬁﬂﬂﬁi’ﬂﬂﬁﬂﬂ, ANUNOA (fit),

52.3 ﬂmﬁﬂymzﬁmy (Special Characteristics)

BIG Q TRAINING CO.,LTD.

3159 (form), w3 1 (function), dussaus w?amiﬁwﬁmﬁ’iucwﬂlﬂﬂi”mawasia‘luﬂjzumauﬁ'ﬂ"lﬂ

°lumuu mﬂﬂsmmiﬂﬁgmmummgm TIATF 16949 1JV|V| 8.3.3.3, fl,iJE] AIAG “Control Plan” ¥150 VDA 183 “A Process Description Covering Special Characteristics™ Tas3sms
ATt azeR R amanuaEnens (multidisciplinary approach) tie321), Swuniszinn, Saruendsquinsmzfiny uazitormuauasnstlosiu Gusmsaaugy
Aan) lunsguaqua (value stream) o xﬁaiﬁ'ﬁuh’hmimnaumiwﬁﬂﬁuﬁﬂizﬁwﬁmmmxﬂiz'?miwa

woANInt esfnsmINTaAMUALszIANEUA lensnuozanuuandeszniegudnszimnlszinnde mazrielfidaunlsanniigndimuadhimsame 1§

il é’aaﬂ“u151ﬁwﬂmﬁ'ﬂymzﬁmuma'ﬁﬁ]u'lﬂmui’aﬁmuﬂ Taonssammang EUGUANNA T AVBINTZUIUMT (capability) tazmssiiumsdsziliunnuaiios (stability)
winlaunsafignildnnszviumsiianuamsadisie onnduiudenimsasvasunun 100% 1

CONTROL PLAN SPECIAL CHARACTERISTICS Page  of
Orrowotspe O predaunch O Production 1 safe Launeh (If Safe Launch is included in Pre-Launch or Production Control Plan, check both boxes)
Control Plan Number: 5 ani¥ Key Contact/Phone: Date (Orig): Date (Rev):
Part Number/Latest Change Level: Customer Eng. Approval/ Date(If Req'd):
Part Name/Description: Supplier/Plant Approval/Date: Customer Quality Approval/Date (If Req’d):
Supplier/Plant: Supplier Code: Other Approval/Date(If Req"d): Other Approval/Date(If Req'd):
No. Description/Rationale Specification/Tolerance Class. | Process/Product illustration/Pictorial
= - 2 = a
1 madvesmseniuuFuIY A19N0.002, AE < 2.0 (tfion Master Sample) | S/C
= 1t
2 ANUALDIAVDITUII Tifidsarnilsn (0 defect) sic
o 2 2 £

3 ATUINUDIFHNY ATUATW W/O (0 FUUIA /0 FUnu)

4 denus/dydnudl Aoanudn, hiflviacas, duni 02 mm | sic PHONE

s fumisaniu (Positon) £020 mm €184 Datum Ne

6 AWMAINTN (Ink Thickness) 10-20 pm s/ic

7 n13BAIN1E (Adhesion) Cross-hatch > 4B (ASTM D3359) s/ic R ETDURN

8 ATWNUADNITTAY (Abrasion) 2 500 cycles (linganen) sic

9 ANyAIAYeIM AN "33} pinhole / void / uneven siC

10 ANUE5IAT (Chemical resistance) liifiviga/da nifa PA wipe 20 A3y sic >
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5.7 UNUNTTAIUAY (Control Plan)

wrumsmuauiiienmsndnvesiivaavaninin asduduvilvesmsnuruguawasamii Taslsznoudae
TugeutanuAveInsELINMIHAN AuEnB Iz YeHANS LT uazIsTlineSYeensTuIuNs T HadeRam VR IHAR QAT
wazded ldsumImuguuenmileanmsnanas wda uwumimmm}“@amﬁmauﬂaqmﬁmsmuﬂuﬁm%”u%umaums
goufuGuAuIazmsoiatdoslFnugUnsalnmsnan (19U Pre-Launch, Safe Launch)3zuumsia nszuaums iauazms
ATIVAOU TIUDIIDMIATIVAOV ﬂzgﬂﬁmuﬂ"l'i'w%’amﬁyﬁﬁmuﬂﬂ:1mﬁ“lumﬁdnﬁ’aathmazmmﬂﬁmfiN MU
uHuMIARLABIREMIazTiaTAT1TANIAIUANKS pTATIRAMAIIMIA (Out-of-ControDurumsaLgudtangnlfhil
wzugmmmumifﬂﬂmuwumimnaau (Inspection Plans) ldonane muumnmﬂuimgmmmumsﬂswﬂnﬁ% SPC
Vlﬁﬁllﬂi1EJa°’l,Elflﬂl,WiJm11ﬁ11ﬂiﬂﬁﬂ‘]en"lﬂinﬂ AIAG Control Plan, IATF 16949, VDA Assessment of Quality Management
Methods (8¢ VDA Volume 6.3.

Control Plan Page of
Oreomene O et O o e Lawmch (If Safe Launch is included in Pre-Launch or Production Control Plan, check both boxes)
[Contra [ace Origy: 173168 ]n.. (Revp: A
[Fart NumberLates Change Levl: MEIC2CT26-AB ECN N0 [Customer Eag. Approvat Daett Req
 Part Name/Description: nseusifioning |Supplier/Plant Approval/Date: 3152 (1/3/6% ) |Cust ity Approval/Date (If Req d):
T [Soppicr Coter V33X [Other Approva Dottt Reg a: [ower Approvat et Req -
[ cncrmsics sy wimons Aty
mocess | oreratio MACHINE,BEVICE . [ThRoniCT PROCESS | EVALUATION
o PRODUCT oS G SPECIFICATION e Ll AcTion one
NuMseR [ pescriTioN ~ weseonsimie [ o o RESPONSIBLE
roumoes | meeusour
S Rasmn R0 e
s Kappa =075 ,6<2, .| oousw o wronmziigio wior .
o umsFRumI0zA - KaPPA o | aw | goadiou s il | QA Man
e s sz oo mmssamiume)
oinndos oo Kaona )
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: idnsinue vofo [douitu | Sauawestarl X Yumsmagy [ udulnmasn | e
o
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5.8.2 A710a3138 14 SPC (Competencies in SPC)
winnuynaudedigaauianonnzauiuunumi ldfuueunune m5199 6-1 MuanuaastouuhdmsuaussauzmmzaMuINM

£ 5
= & =
£ 3 2 5 < g
N B R
B E P K|
Role iof
g E 2 EE = Z 2 5
2 & & T = S e g 5
Q a =5 2 & & 3 3
2 £ g a ) = = z
=] = = =
£ = z g £ S 2z a
=~ | s £ 5 k1 = =
< = > =l <9
& = 2 5 2
2 g E: & (<4 S
Competence § 8 = £
E o -
A -
Quality Management System(understanding links between core tools, X ) ) X ) 5 X
understanding pre-requisites)
Technical Statistics 1 - 1 1 1 2 1
Machine Performance(conditions and setup) - - 1 2 - 2 -
Process Performance(understanding capabilities, stability) - - 2 1 - 2 1
Understanding Critical Parameters(process knowledge, e.g., DoE,
- - 2 2 1 1 -
regression analysis)
Process Control, defining Control Charts(feedback loop 3) - - 2 - 2 2 -
Process Control, using Control Charts(feedback loop 1) 1 2 1 - - 1 - y
MIN 6-1: Fouuzihdmsvanssouzmmzmuunuinlu SPC g
Key:1 = Basic level (53AUNUg1W) 2 = Expert level Gaudifenmngy) - =hisududmSuunumiu g
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, £ a ) Yoo o ) o A WYy 1 4 v ¥
5'lfJﬂ15ﬂﬂllﬂuaﬁ1.|'lfJ"Uﬂﬂ'lﬁuﬂ'ﬂuﬂ‘l'ﬁ]WiUﬁNiiﬂuzﬂlﬂﬂ'\]'ﬂﬂ\] ﬂ]ﬂﬂguuﬂQmﬂQﬁUQﬁ@ SPC Llaz"lllhlﬂ@'l\ifﬂlﬂui'lﬂﬂ'liﬂﬂiUﬂ'Ju‘WQWNﬂ

mﬁﬂmiqmmw (Quality management) ﬂ)lill‘i’i11€lﬂ1i1ﬁlﬂa§ﬁﬁ1ﬁ’ﬂlu (Understanding critical parameters)

*  mmbwanswaieengaaa (AauinveuAendata) °  UUDTIABINTZUIUMIUVUNADIG (black box) AMFUMIBBNULUNITNARDINNADA (DOE)
o dodmuaninnnsdmsumsdaauazmsia o mnfafuimsnanes (Experiment space) 11a21/3521ANUBINTOONULUMINAADY

o msmwqudeyaenas o mnmadalsiFuazunn iaesnunaianaon (eror model) — uuamsdmiumaUTy
o msdmuagudnymzvesHdadmual 111 (optimization) #IuMaR A3

* mwaeandes anrbideandes nazransznuvesdananiu o mydnnsiszumitermuadanls doiy nazsaamsasiealad

* NITUMNTOWIA (Release) nazmaaouruoslunsdifiianam lidoandos *  neenuuumInaaesmeladesita uuiiaeiimy Wudu

o Temauazanuios * fugnvssmatsziudoyannmsesnuuunimaaes (M39Anes - regression)

o mslulgeedunniies . ﬂfumummmﬁmﬁsﬁmmﬂnau—m@mmmuﬂ'amfumu

ABANMANA (Technical statistics) o doniiavesmstlsziindeyalusdn (historic data)

. ﬁ]ﬁwﬁﬁuymuazﬁﬁﬁﬂmm * MNIIMVDILUINITILAY (Robustness, Taguchi, Shainin)

. th’fﬂymwimﬁm (fauls) uazhinerio (ean30ad) NIATVANNIZVIUNT MIMHUAUHUYIAIVAN (Process control, defining control charts)
°  AdAMaAsIazMIIATIITIAIAY * flugnies spe

o Temanazanumheziu o nimuanazzUuuumslFnuvesdaiiianisaaugy (control limits)

e msnaaaranuunsliaymsdsziiungainy o mahurugiinounu 1)1 dmunadnuasiuudamls Anndouazaanlas nag
e anudAgveInsuInunAmnasgIu dmfunadnyazuUeANT I

o ywufaesnsuenussdmiugadnuaziuy hiserdios MIAIVANNIZYIMMS M3TFumugiinIugu (Process control, using control charts)

o awhimiveuvesesiilszneumasia . ﬁuﬁmmm SPC

AUTI0UVOURTRIINT (Machine performance) . mwé’f‘:umun?'nuﬁu%ﬂiw’fﬂmsmuqmmzuwugﬁmv@n

o pudnyarmiasvdey Jediia nazmsdudted o mslFaumugiaugulumalfiid msiszidiuea vagmsduiiumsaouaues

o mdsziiuermainngianuiand
*  nudAnmnnuEdssuazlatinaaadesdmsuA R AsazdnudsuuuINATg I
®  MIAIIU PmP_mPm 1Ag PmkP_{mk} Pmk
S U] ' o v Y Y
o nszwaumsiiunTinae iaunsamials
AUITOUSVRINIZUIUNT (Process performance)
* MIguAI961 1azMIAUIL PpP_pPp 11az PpkP_{pk}Ppk
S & . R o vy
*  nszuaunsninuiuszuy (systematics) 1 lhiaunsamiald

o nszuaumsi it il (rend)
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E?m Ref: ISO 22514-4:2016 C.3 Log-normal distribution , p38
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Deviation Square Table / 1131901 (Yi = Ybar)A2
IL = Ybar-0.91841

SUM

x1  0.10747 0.00038 0.14710 0.00496 0.03479 0.21519 0.24630 0.00459 0.06228 0.27446 0.00863 0.06395 0.41862 0.04614 0.11585 0.02532 0.00015 0.01773 0.28518 0.59134 0.46386 0.02865 0.03393 0.02013 0.02600 3.24300
X2 0.08346 0.03636 0.07200 0.48340 0.17572 0.23427 0.63423 0.15869 0.09929 0.01881 0.00048 0.03175 0.94838 0.00011 0.13324 0.18707 0.16749 0.17724 0.31876 0.02138 0.20107 0.26736 0.17296 0.03620 0.03795 4.69765
x3  1.12804 0.00259 0.00589 0.01374 0.52054 0.65215 0.04351 0.16342 0.00217 0.00901 0.01803 0.01374 0.28069 0.09771 0.03557 0.12820 0.02388 0.09359 0.57492 0.45227 0.36280 0.03975 0.61066 0.01803 0.07511 5.36602
x4 0.13346 0.05457 0.09143 0.04719 0.43754 0.14875 0.00901 0.49384 1.14354 0.48447 0.00130 0.19043 0.00015 0.08580 0.23180 0.07406 0.23778 0.09349 0.00005 0.00017 0.44026 0.10629 0.67914 0.94491 0.00752 6.13696

x5 0.00780 0.00000 0.01333 0.01246 0.08939 0.34635 0.09987 1.12709 0.26363 0.62544 0.16168 0.74888 0.07238 0.12820 0.08362 0.14222 0.03479 0.18546 0.14430 0.00011 0.96865 0.07238 0.25443 0.39782 0.01891 5.99919

X (Yi—Ybar)"2 25.44282

2. vinan i, 62 war & anziayandemalas log(X)

125

N
| |  —114.80140 P
i e P NZHYl _ T = —0.918411

Bl 52 = 0.205184

N
52 1 Z (X, X.)z 25.44282
i1 124

1 _
6= g7 2 -Y)) —./0.205184 & = 0.452972
i=1
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d8ed1u1au C.3.2 — Transformation to Normality
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L — logL
waz log wanufsaan13vinsssuna:

log U = In(U), log L = In(L)
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d a
L. aeulnag an M uaz O i

aeu Induunasiady X, =exp (0@ '(a) + p)

Xg_135% = 0.102558

—3 o
Xo135% = € o e—3(0.452972)+(-0.918411) — ¢ 2.277327

Excel/in3939AA18Y = EXP(-2.277327) = 0.102558

_ omsa _ 0o | X0 — (.399153

X509 = €

i _ (30452072 +(-0.918411)  — 0440505 Xg9.865% = 1.553492

_ 30
Xogo.865% = €

o ) o o a a A
e EXP : Exponential Function — anguend 1nmuiFea iuladsunniuveiasnsnusssuesna meuaq tV>

\© ] A @ o v a
it mnnasaenisnunay lldanassaau

—(Trainin
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a Y Jd Ao Y
2. Yszdiuanuannsanszuiums 14 aseulna nauanla

doyai@un C3.1  Spec = 0.70£0.60, L =0.10, U =1.30, Tolerance=1.20

i=—0918411)  [5 = 0.452972]
b o U-L ~ 130-0.10
mGr TpC VPG T osoti g%+ 1553492 — 0.102558 = 0.827054
B Bl re e i ~0.399153 — 0.10
G TpRG TPRG T i e %k T 0.399153 — 0.102558 = 1.008624
N 1.0 - 0.399153 — 0.780401
mUGh SpUG MIUG T S h b ~ 1.553492 — 0.399153 -

Purkcs Porc, Ciic = min(1.008624, 0.780401) | = ().780401
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Ak,
Standard Normal Cumulative Probability Table /’ s
&
A N\
y
Cumulative probabilities for POSITIVE z-values are shown in the following table: et 1 =
z 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09

0.0 0.5000 0.5040 0.5080 0.5120 0.5160 0.5199 0.5239 0.5279 0.5319 0.5359
0.1 0.5398 0.5438 0.5478 0.5517 0.5557 0.5596 0.5636 0.5675 0.5714 0.5753
0.2 0.5793 0.5832 0.5871 0.5910 0.5948 0.5987 0.6026 0.6064 0.6103 0.6141
0.3 0.6179 06217 0.6255 0.6293 0.6331 0.6368 0.6406 0.6443 0.6480 0.6517
0.4 0.6554 0.6591 0.6628 0.6664 0.6700 0.6736 0.6772 0.6808 0.6844 0.6879
0.5 0.6915 0.6950 0.6985 07019 0.7054 0.7088 0.7123 0.7157 0.7190 07224
0.6 0.7257 0.7291 0.7324 0.7357 0.7389 0.7422 0.7454 0.7486 0.7517 0.7549
0.7 0.7580 0.7611 0.7642 0.7673 0.7704 0.7734 0.7764 0.7794 0.7823 0.7852
0.8 0.7881 0.7910 0.7939 0.7967 0.7995 0.8023 0.8051 0.8078 0.8106 0.8133
09 0.8159 0.8186 0.8212 0.8238 0.8264 0.8289 0.8315 0.8340 0.8365 0.8389
1.0 0.8413 0.8438 0.8461 0.8485 0.8508 0.8531 0.8554 0.8577 0.8599 0.8621
1.1 0.8643 0.8665 0.8686 0.8708 0.8729 0.8749 0.8770 0.8790 0.8810 0.8830
1.2 0.8849 0.8869 0.8888 0.8907 0.8925 0.8944 0.8962 0.8980 0.8997 0.9015
13 0.9032 0.9049 0.9066 0.9082 0.9099 09115 0.9131 09147 0.9162 0.9177
1.4 0.9192 0.9207 0.9222 0.9236 0.9251 0.9265 0.9279 0.9292 0.9306 0.9319
1.5 09332 0.9345 0.9357 0.9370 0.9382 0.9394 0.9406 09418 0.9429 0.9441
1.6 0.9452 0.9463 0.9474 09484 0.9495 0.9505 0.9515 0.9525 0.8535 0.9545
1.7 0.9554 0.9564 0.9573 0.9582 0.9591 0.9599 0.9608 0.9616 0.9625 0.9633
1.8 0.9641 0.9649 0.9656 0.9664 0.9671 0.9678 0.9686 0.9693 0.9699 0.9706
1.9 09713 0.9719 0.9726 09732 0.9738 09744 0.9750 0.9756 0.9761 0.9767
2.0 09772 09778 0.9783 0.9788 0.9793 0.9798 0.9803 0.9808 0.9812 0.9817
21 0.9821 0.9826 0.9830 0.9834 0.9838 0.9842 0.9846 0.9850 0.9854 0.9857
22 0.9861 0.9864 0.9868 0.9871 0.9875 0.9878 0.9881 0.9884 0.9887 0.9890
2.3 0.9893 0.9896 0.9898 0.9901 0.9904 0.9906 0.9909 0.9911 0.9913 09916
24 0.9918 0.9920 0.9922 0.9925 0.9927 0.9929 0.9931 0.9932 0.9934 0.9936
25 0.9938 0.9940 0.9941 0.9943 0.9945 0.9946 0.9948 0.9949 0.9951 0.9952
2.6 0.9953 0.9955 0.9956 0.9957 0.9959 0.9960 0.9961 0.9962 0.9963 0.9964
27 0.99865 0.9966 0.9967 0.9968 0.9969 0.9970 0.9971 0.9972 0.9973 0.9974
2.8 0.9974 0.9975 0.9976 0.9977 0.9977 0.9978 0.9979 0.9979 0.9980 0.9981
29 0.9981 0.9982 0.9982 0.9983 0.9984 0.9984 0.9985 0.9985 0.9986 0.9986
3.0 0.9987 0.9987 0.9987 0.9988 0.9988 0.9989 0.9989 0.9989 0.89990 0.9990
341 0.9990 0.9991 0.9991 0.9991 0.9992 0.9992 0.9992 0.9992 0.9993 0.9993 .
32 0.9993 0.9993 0.9994 0.9994 0.9994 0.9994 0.9994 0.9995 0.9995 0.9995
3.3 0.9995 0.9995 0.9995 0.9998 0.9996 0.9996 0.9996 0.9996 0.9996 0.9997
3.4 0.9997 0.9997 0.9997 0.9997 0.9997 0.9997 0.9997 0.9997 0.9997 0.9998
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Ref : ISO 22514-4:2016 C.4
Rayleigh distribution
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“ = Ref:ISO 22514-4:2016 C.4 Rayleigh distribution MILANLANTTAN, p39

It 4 a o X <
msuanuasildifeummziie e3uamiuwiia ANEeIgud 1az run-off i
aa t4 v A g o ad A A A o oo
ifsy,mamm Tugowmsaimanil iWuanyuznanez liiosvading

f(x) o foyaifuannn
Y o 9 a A I
YOMUUAAUIAYI AD Upper U =0
o 1559 0
- Position error U943(01£910032VIUNIT CNC . f:rhqqqauﬁmﬂm
R

.. v v A
- Eccentricity s::mnjlunumuan
- Run-out Uadwial ﬁ%ﬂ%udmﬂgu

- Radial error Y94 wheel hub 130 bearing seat T > x

sEgEMa / AAuAmIARAB I FaF

- Offset distance YDI¥HIIHINAMTHI1983 (Distance / Radial error)

o

J o A % dy
MITLANLIUTYAN Nﬂﬂﬂﬂfuﬂﬁm}ﬂuﬂﬂ U 5
i
F(xz)=1—ex —
(2) »(-5)

{ < a s Qo o g a s
Tﬂﬂ‘ﬁ X>0uae O Lﬂuwsmmasmn iglJ'l Xl,...,XN!‘]Juﬂ'JﬂFJ'Ni]'lﬂﬂ'li!ﬁ]ﬂ!lﬁ]\?!iﬂaﬂ NW151URB5 6 gﬂﬂigiﬂ‘m‘lgﬁﬂﬂ

N 2
i =+ P X;
2N
\ 2 .
nazdaaiulaslszunaveayuaiuuenvomnuali lag

p exp -
ey
Y P

BIGQ%w

BIG Q TRAINING CO.,LTD.

I5MImuI 1AsuuIN1g Rayleigh distribution

2 #i1 Rayleigh parameter é

v X2 _ [29.265212 ==
ST T

3 M FU) daaaulagilszanavesniwanisian 3y Upper Specification Limit

=%
Il

z=U Spec =0.70 £ 0.60, L =0.10, U =1.30

' @ A Y ra
Tﬂﬂ mmuwmﬂuﬁﬂmammﬂ X ﬂﬂmﬂum X

F(z) =1 exp (—ﬁ) F(z)=P(X < z) flx)

ey 1.30
B B 2(0.34214)2 dadwitiu U

F(U) = 0.99926708 o o

F(U) = 09992
\F(U) = 0.99926708)] 0 U= 130

{ Quality )
\f i S— Rayleigh distribution #14 ISO C.4 inl¥rudeimuamuiden fe Upper Specification Limit
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4. MAATIHTUNHUDNVIMHUAMUDY

. NU? fx)
e (55

o - 125(1.30)°
P\ " 39265212

dadminu U
fisfesnn o = 0.00073292

pu = 0.00073292
BIGQu MINIVPUNIZTUIUMIAIWADA
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ISO 22514-4 C.6
Folded half-normal
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C.6 Msuanuavidndaduiiouuuniu (Folded half-normal distribution)

aswantstndaivuilswuuwuinldifaaduraanuundsiuaasanadneasfidaniinunuasnardne g usIng

ANyARIALASaUNINLIIIAdle datrunisaliivinlitAadandimusdiuiied Taanildasldluasdivifinisssunat
ANFAULNIILILIALA TUNTI LATAANIY

Aswanuasdndaseudlouuuiy dedwindienas y uas o SlsAduaunuwiuzasauasiludeil:
2
fa) = — |l
A expl —= | ———
oV2r 2 o

0<X <0

Taan

nswanuasdndfiasenisuuuWudlugagrudunisuanwasind detiu fasdrulnalszunauasnsuanwasiogiunsa
A Taaldn15719nTaNRIUNENIATFIV ATHIAINAITIIARNZANNI AU 2

QUALITY A °
BIGQ TRAINING ﬁmsmmmiﬂmamma Folded half-normal
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5911 quantile Tfuaat Pp.G, PpL.G, PpU.G, Ppk.G

Tae Spec = 0.0, U =1.30
iay X0_135% = 0.000819 X50% = (0.326359 X99865% — 1550840
I — L 1.30 — 0.00
P = = —
LR T — 1.550840 — 0.000819 Pp.c = 0.838698

o

AT AN RUALAWIZTATULIU:

U — Xo, 1.30 — 0.326359 — —
Poo— P mee, SO = P = D = 0.795146
L A — 1.550840 — 0.326359 Pk.G pU.G
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wim Probability 1w Standard Normal Table

/

B L e $(2.686721) = 0.996392

2u P ~ 0.483861

6. annadaaun liivldmudemruadmuuy

A A v ad
‘W‘Ll'ﬂﬁ']\iﬂ1uﬂuﬂlﬂqﬂﬁ'L!fﬂﬂlW\‘lﬂﬂﬂﬂ@

— $(2.686721) = 1 — 0.996392 = 0.003608

Y v

WA AU DUYDINITLINLNAYDI Folded half-normal AR08 2:

pU =21 — &(2p)] = 2(1—0.996392) |p” =0.007216| = 0.7216%

=2*(1-NORM.S.DIST(1.30/0.483861,TRUE))

Standard normal distribution

| ®(zy) =0.996392 |

2zy=2.686721

[ Folded half-normal: pY = 2[1 - ®(zy)]=2(0.003608) = 0.007216 (DJZIS%)J

aiﬂ: é -2 -1 0 1 2 3
v =1 ) a ts 9 > =
szanasasar 0.7216 wialsvana 7,216 PPM aasassununsiienvAiutadinuasiuuu U = 1.30 49
danadadiuna Ppr.c = 0.795146 < 1 nszanunisdebiianusiunsaifiaswasiuyu

¥ aa
MINIUANNIZUIUMINAnN

STATISTICAL PROCESS CONTROL
AIAG & VDA SPC '

#w Excel or Minitab

nangas 3 I
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6.8.2.3 z-Score Method
ad v 1

’Jﬁﬂﬂﬁ’?ﬂ!ﬁu%@ﬁ]ﬂuﬂ
Pp.Z/ Ppk.Z
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6.8.2.3 38 dmarutAudaniviuea / 38 z-Score

Exceedance Proportion Method / z-Score Method

“38 z-Score” fluignmisAnalaussausildiuadisunwsais deiadnarunasiusruiatuandanivua (Out of
Specification: Q0S) Faiiiflunisiaauatinsavasnszanuastumsudaduaulvagaaludadirdndadivuani
syu'ld “38 z-Score” afunadaa1u 00S Taaiszuralusiuasdniianuainisanasnmsuanuladlnfiniasgiu 4o

o

HUNEAMUI ArdanuasaarduiusAudaaaiu O0S Miaviiiana lag'luduagAunisuanuwadngana’le

lumsAinnaiAiaugasdmsunisuanuashidnduasduil Py, 7 asldWedduanumuuiy f(z) vasnisuanuad
TNilaénlsznaa1y tiadivuadadruv bitdulilewadvue dadraidy AuRuasnisuanuasbidné@iasi

UandadNARARATVUAG U UULAZATUR:
i
= f f(z)de
—00

Pu = me(x)dm

QUALITY o
BIG Q% I5MImuIn g z-Score
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Auaiflazgauilaaiilud z TaaldWeAdunisuanuasazauunduaaInIsuanualAfuIns§gIU AaMEa A1 2]

uay zpy Tuauaisealidiasgadvualiiiluldeudauludei:

i} e
2y = lIfl(pL) =y Sl = E f e dx
1 wo
ZU=¢’_1(1—pU)=ZU:1~pU=\/?f e ?2dx
™ J—c

Tani @’l(p) AaWuAdunmsuanuaaraukniuzadnsuanuadlndunasgiu aniu:

min(—zy, zy)

Pz = 3
uay
-2+ 2y
B

Tunsdizadniswanuagtidnd Ja8n1svivaasvinaawsuiiauiuy
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2. ¥ [ uay 0 aavzayauvadvulay Log(X)

PR N —114.80140 .
_v-Lvy _ iy = —0.918411
i N; o fi=—0918

R 1 al 512 — w 3
& ﬁ;(n_y) =14/ 125 — 1 o = 0.452972

3. mdaduFunuiisguendamnuamiuaaazuUY pL taz pU

) In(U) — ji
In(L) — — i s A T
PL:‘I’(M) by =1 (ﬁ( & )
g
o 0.452972 0.452972
-‘gi\ﬁ
¥ = ®(—3.055761) =1— ®(2.606729)
wm @(z)nn Standard

Normal Table =NORM.S.DIST(-3.055761, TRUE)
pr = 0.00112245

py = 0.00457058
pr = 0.112245% py = 0.457058%
Tomanauaudedu U Ua1nnnii L

=1-NORM.S.DIST(2.606729,TRUE)

BIGQuix

as [
S TRAINHG IBNIINTIUIU Iﬂ‘c’l z-Score
BIG Q TRAINING CO.,LTD.

4. mlasdaaruieguentemvnailum z, uaz z, Mmugas AIAG & VDA SPC

2z, = ® (pr) 2y =& (1 - py)
= ®71(0.00112245) = & 1(1 - 0.00457058)
2z = —3.055761 2 = 2.606729
(\ =NORM.S.INV(0.00112245)

=NORM.S.INV(1-0.00457058)

wim Z »n Standard
Normal Table

3§ﬂ1iﬁ1ﬁ1 zp 1D Standard Normal Table

LANYIM Probability % Standard

d Normal C: ive Pr ility Table

4 Y A Y]
Normal Table NnaiAgan

ve probabilities for NEGATIVE z-values are shown in the following table: — J

f.8. d(zL)=0.00112245 —ST ot oo —s a0t ot :

. < o
2. QM z, NUBY/AAN it )
d’ ' d’ I -2'5 0.0062 0.0060 0.0059 0.0057 0.0055 0.0054 0.0052 0.0051 0.0049 0.0048
ANV P NASINU

D1y
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General Geometric Method | z-Score Method
Step 1 AU uuus1 aavnIsuAnNUAYisNNsaas Ut aya leatNdwiHIwa
Step 2 AN AUAURULANAAINISTUIALA ...
« dashuiatuandafiviua « fadhuiaguandafivun
- aaulna: o p_L AdadrAasiuae L
o fiadAnN1TATYANEAIUA X0.135% o p_U fifiasndAnsuum U
o AINA X50% - A1 z imanadasfuGMTLINTLAALANINGITidaRIuaE
o finAnAnN1TATEALAIULU X99.865% uanafiinuaLviniu
* viunawie: finsainliausadnatz L wsa z U 'le
1lavann p_L wia p_U i@ ilu 0 wsa 1 éhatnviiu
dadirAnzanivuaviaguanuauluAUaINITULANLIILULGAR
dans
Step 3 Al alaaiiann ...
- maulna A1z
Step 4 Wnl"aqamna”‘uﬁtﬁmﬁu
« aNULUIRURaINILINUATT/ANTATEANLUDILAUARTD . fadiuniaguandaiwua dotainsviaily Pp.Z, Ppk.Z
38IUNS (99.73%) ARuWusAuRAaaula (Pp.G,
Cp.G)
« funidaasnsTnuATAuTuEMRaquEna19uaIide
auda (Ppk.G, Cpk.G)
Step 5 mm"aual,ﬁﬂl,ﬁua'mmﬁ LAS1EWASELNUANSA LN AL ...
« dasgiuniatiuantiandivuua (ppm) * fashundnaliudlrlu Step 2 >
y

=

BIGQu: MINIVPUNIZTUIUMIAIWADA
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6.8.2.2 One-Sided Specification Limits
= o v Y o % =
VAV INAVDINII U 11LAED
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X-3s X+3s

g x U
> L A
£ 20003 I = 0.166
g s = 0.0457
% 1000] C, = 146
3 Chi =171
£

0 1Ty B e e
0.00 . 0.10 0.15 0.20 0.25 0.30 035 0.40
Location close to 0.17 [mm]

£ X-3s 54 X+3s 7]
= 3000 T T
g ! I = 0.250
& 2000 | s = 0.0292
£ " c; = 228
£ I
3 10004 : Chm =171
3 1
2

0 A i
0.00 0.05 0.10 0.15 0.20 0.25 .. 035 0.40
Location close to 0.25 [mm]
51197 6-6: AW IITARIVIURARAIGIAW IS A NAgnT1ARnIusTINeNd (LY &d1isy “dad1Ana messueid”

uay C’; awsu “C, AdaTaald L uazU”)

= a

dusuanerauvianyingnInia linqudalagsssurdnianianiunn agiiadiauiimsaimiadriiausuiTe

ravnsyuns C), via'li daTeudolsznsuiionanmsdina C, Aamnuidavsianisdniuda 1aa C, fngauad
Fniludrgoaaiiiulllavas Cp wiituwsunil Cpr snnsafidngenia Cp 'le

Tunndudu msdwa C), anadhulssTani wilasan Cor agamnsafanldadedaufsadaiatsansm
fu C, winifu Cor vigeatsda bilalvitayanitanurisemisidmidmAudunionasnsziunis daRuane
Taansdifian Cpk winduginsauaaddegauAsainuanevfuag 19 n'ld uananadl tadvuauuylasyey
Cp > 2uay Cp > 1.67 azanansain llldldadeiinnuvinefdadiafiansanduiesasudu Wadums
isgiilsyuan SanuzinTduaa Cp weliAvuad oW WAL G
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M3AIUIY Pm/Pp/Cp , Pmk/Ppk/Cpk d M5 URmansmz GD&T Niasnatemuuamiuun U naziidadnania
a 1 o ' IS
FITUMAMUAI L*=0 11 shunida Tns 1ild anusu anuvuiu anwnan aAnuilunsinszuen anuase wazms

10149
: tilu Unilateral Tolerance (A1 uaaiatadaunmaiéu) ua'bild One-Sided Specification Limits (fiadhdia

Apfmuas i) dmiunsdnnaanuannsansanums Wasndmuathennefivautylalinsuaas
s da

de dudu
I*'<z<U

o Flatness (mu511): < 0.10 mm

Pty

e Straightness (aums9): < 0.08 mm 10.00 < z < 10.05

o Roundness (Circularity) (a3unax): < 0.05 mm ot

o Cylindricity (ananflunsenszuan): < 0.06 mm L=1000, U =10.05

o Parallelism (A nauu): < 0.05 mm mamutsswususts —0 Lilswnuarmmbififasadataimuasiusis usmnammsbiauagnaliaase

shninaiwua 10.00 dofudriidindn 10.00 fairbidullaniaiwue

e Perpendicularity (Aaugdeann): < 0.05 mm

Q’Gﬁ General Geometric Method For Normal Distribution Only
5 B —
Pm‘G, PP.G! C;G == _—
Xo99.865% — X0.135% 6s
U — Xsoy U—-z

Pk Porgy Cor.g = Prve, Bue, Cve = -
Xo9.865% — X50% 3s
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" .
M3AUIN Pm/Pp/Cp , Pmk/Ppk/Cpk d s uuanyuzvesrunuiidadinadeimvuadiuais L nazidading
MNUBITNFIA MUMN HIoMATAMUUY U* 19U ANUANLUATDY ANNENINMIVLNEEI ANUAAMIAINGA ANED
y a g o ' o &

FUAWTL ANUENFOUTUVBITBRENI HazANNUIMTIAUKAD 1WuAY

L < T < U * g E 101505
— == i \flu Unilateral Tolerance (Fanuaaaindaunoidiun) udlily One-Sided Specification Limits (fiad1dia

dadmuaduidm) dmiunmsdinnamiuannsansanuns Wasanndmuathsmnadisaniulaliasusas

o Weld Penetration: > 3.0 mm (U* = 5.0 mm: mmvam’ﬁua‘m) b A
o Thread Engagement Length: > 8.0 mm (U* = 12.0 mm: ANNANFHU) 9.95 <z <10.00
o Press-fit Insertion Depth: > 18.0 mm (U* = 20.0 mm: 5¥e13891i1) g
o Case Hardening Depth: > 0.80 mm (U* = 2.00 mm: AMNUUIHIY) L=995, U=1000
5 . * . < @ Aamudesuudiuu +0 Bildwnoaitbifideddadadimuediuuu usmnoaitbiaygnalisiadeqs
» dlisie Overiap Length. Z 20 . (U - 25 - wumqfﬂumﬂ@\jﬂ‘ﬂ) nhwnadmue 10.00 dafurigonia 10.00 dairbidllamdadmue

e Remaining Wall Thickness: > 1.50 mm (U* = 2.00 mm: @HURUILGN)

aas General Geometric Method For Normal Distribution Only
U*— L > — L
Pm.G Pp.G’ C*G = =
’ PR Xo9.865% — X0.135% 6-s
Xegw, — L —
Poie: Piey Cope = Prray Fpre, Cpre = 50% — u
X509 — Xo0.135% 3.5
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v Y o

o 9 o A [3 = b4 a Tan o a A
NITATUIU Pmk/Ppk/Cpk @11 TUNTUNUYANAVDNM K HAINEIN AL !m&’ﬂﬂﬂﬂlﬂﬁnﬂﬂﬂ]“ﬁiiﬂ‘]ﬂﬂ NIYNTN 113D

a a9 A A 9
INAUADNATUNINYIVD

= k4 o YV
HRMBVOMHHAMHUUY U General Geometric Method For Normal Distribution Only
#rathe SPEC:

« Component Mass (nadiuau): < 500 g

e Assembly Force (usvilsznaw): < 250 N

e Maximum Operating Temperature (aauuafilaougedn): < 90°C
« Noise Level (szsiudev): < 60 dB(A)

o — X U-—z
Pore, Porgy Cop.g = Prv.g, P, Coug = ﬁ = —
09.865% — <X50% 3-s8
= Y o Y '
URNICUDNTIHUAATIUAN L
éhatine SPEC:
e Tensile Strength (austuusediv): > 600 MPa
e Yield Strength (anueuusasn): > 350 MPa
e Pull-off Force (usedionan): > 500 N
e Breaking Torque (usviiaauuanin): > 40 N - m
Kigeg — b z— L
Pura, Borgy Cpeg = Parg, Bora, Cpre = # =
50% — <%0.135% 3-5

g‘)m lisuan Pm/Pp/Cp o n lifidadinadnduiihordosdmsimuagis u—L %
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—rT T T
0.00 0.05 0.10 0.15 0.20 0.25 030
Location close to 0.25 [mm]

0.250
0.0292
2.28
1.71

oo

0.40

dmuald  L*=0.000mm, U =0400mm Z = 0.250 mm, s = 0.0292 mm
e -
c: — U _ 0.400 — 0.000 i — 228
6s 6(0.0292)
Cop = Car= it = 0t = 0.290 Cpr = Cpr = 1.71
3s 3(0.0292)

@1 C; F9n373U7A 1 twszgUi 2 dasaszanaaasaszuiunsuaunit udaada £ — 0.250 wdaurhlndda

Adasuuu U = 0.400 vinTiled Cpr, = 1.71 wihAuTi 1.
\—’<Trainin9>
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mmmmmmﬁluntju (Within Capability)

aalszanen R (c"nw
TdAduadsdadsynaanuulsilsu:

o lhimungrudianunenandasnanIIviIalvindy 10
« Goudnauazidssdavninadiniuaslszandlidiuninounaa

£
4

tidadnuasdrudaouuuiassiutasnaudas:

dailszueu 3 (&w =

o @unsaldldAunnnuianausdan
 wu'ldluaawuiadaudayadelulaviadayamuage

dnlszane v s? (&w = .?2)

Tdanaanrasanuulsdmunasnaueas:

o ‘lhidufludaclddndsnauunlule 9 viu dy wia ¢y
o gunsaldlddunanuianausdan
o wulaluanmwesauiayadantuldndadayanudae

Ulsa311397 Cup asiianununaddaannuuilnlnuaialunsudasdimanatfiudunuzasaiiuulsdnuiag

sTTuAracnTrLIUAITVINTY Mmadanld R w3a § duadduruianautasuaziamaiouasdaya
Quality

Tugrusadaviiaiesie Cy, wia Oy, thasruiiassuunsuasaiasasnismsdiueeniamsdivdseludiula >
g

TaninalssavAtialddmiumsidadawiniu uaslhinsliddmiunaissioouadiadlumenis

—
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Spec = 0.70 £+ 0.60,
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mmmmmmﬁlumju (Within Capability)

L =010, U =130, Tolerance=1.20

Within Capability - Input Data / FoyadmsuainnannisaniaTunas

Item 1 2 E] a 5 3 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 Overall / s flu
x1 0.554 0407 0272 0372 0481 0251 0243 0373 0311 0.674 0438 0514 0209 0322 0284 0468 0404 0456 0234 0.185 0202 0337 0332 0460 0.469 0.370
x2 0299 0483 0.522 0.800 0.607 0.246 0.180 0.268 0.547 0.348 0408 0477 1.057 0395 0.575 0259 0601 0262 0702 0462 0.625 0.238 0.605 0330 0.485 0.471
x3 0.138 0420 0431 0355 0.194 0.178 0324 0598 0381 0363 0349 0355 0.678 0.292 0482 0571 0342 0542 0.187 0.782 0.729 0.327 0.872 0349 0.525 0.431
x4 0277 0316 0.295 0496 0.206 0.587 0363 0806 0.137 0.199 0385 0.258 0404 0.535 0.646 0.524 0.650 0294 0402 0.394 0.775 0.553 0910 0.151 0.366 0.437
x5 0436 0400 0448 0357 0296 0.719 0.291 1.154 0667 0.181 0.267 0.168 0.305 0.571 0.533 0582 0481 0614 0273 0395 1.068 0305 0.661 0.750 0.458 0.495
v r ’ ’ v r v ’ v ’ v v v 4 v v v 4 v v ’ 4 v v r
Average / uafiu 03408 0.4052 0.3936 0.4760 0.3568 0.3962 0.2802 0.6398 0.4086 0.3530 0.3694 0.3544 0.5306 0.4230 0.5040 0.4808 0.4956 0.4336 0.3596 0.4436 0.6798 0.3520 0.6760 0.4080 0.4606  0.44085
v v v v v v v v v v v v v v ’ v v v ’ v v v ’ v v
Range / Wdu 0.4160 0.1670 0.2500 0.4450 0.4130 0.5410 0.1830 0.8860 0.5300 0.4930 0.1710 0.3460 0.8480 0.2790 0.3620 0.3230 0.3080 0.3520 0.5150 0.5970 0.8660 0.3150 0.5780 0.5990 0.1590  0.43768
v v v v v v v v v v v v v v v v v v v v v v v v v
Variance / axunususau 0.0254 0.0036 0.0113 0.0362 0.0327 0.0580 0.0051 0.1258 0.0425 0.0391 0.0043 0.0211 0.1173 0.0156 0.0187 0.0174 0.0168 0.0234 0.0430 0.0466 0.0984 0.0141 0.0542 0.0488 0.0034 0.03692
J—— ’ ’ v ’ v r ’ ’ v v ’ v v v ’ ’ v v ’ ’ v v ’ ’ ’
UL 01593 0.0597 0.1065 0.1904 0.1809 0.2408 0.0713 0.3547 0.2061 0.1978 0.0658 0.1454 03425 0.1251 0.1369 0.1319 0.1296 0.1531 0.2074 02160 03136 0.1188 0.2328 0.2210 0.0587 0.17463

nasg

o ' aa & 3 ~
1. e atadfidnugsiusdiusunislssuna 6,

5

Aundos 7— L% _ BIEES z = 0.44085
k 25
fdumay B = ZTRZ = %4;200 R = 0.43768

ANNAY SD

AMAY Variance

2.8
k

|

w

436575
25

092300
25

52 = 0.03692
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2. Uszanaadruidaviuusnassrunialunaueian 6,

R 0.43768 "
I — T = 018817
YT dy 2.326 —
587 2 ddndadH udasiuuinassiu 5
5 0.17463 =
Oy = — = — .1
%= 0.93999 0w = 0.18578

aad v pa|
581 3 ldfeaduminuuilsisru s2

5,=Vs =+003602 |G, =0.19215

BIG Q& ANNEINsaMelungy (Within Capability)
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3. e agaidanustusanalunau C, waz Cyup

Tag Spec = 0.70 £ 0.60, L =0.10, U =1.30, Tolerance = 1.20

gadeenamuulaelian 6, = ° |G, = 0.18578
ey

UF—L 1.30 — 0.10
Cu = g5 ~ IR C = 1.07654
G = 2L _ s — 1R Cur = 0.61157
36 3(0.18578)
U—z ~1.30 — 0.44085 —
Cur = 55 ~ — SRl Curr = 1.54152

Cuh = min{Cyy, Cuz} = min{1.54152, 061157} | Cur = 0.61157 |
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A ' . = A . .
7.2.5 MSIAUATOINATDINOUISNNSANE — N19AeN Pre-Production Run (optional)
??Wi%mlﬁiaxﬂmﬁﬂymzﬁlﬁﬂ’ﬁ’l}mfT‘UﬂTJﬂE)iJ%"]J Farmmua 3lumunsasiraey e linsRunisamaasenauisumsany Wiens9aeUs
g 4 1 A & o
J5UAUATEITATOENANINZEN ADUITUMIANUIANTTOULIATBIAT

Y o . A9 o . Y a A Y v o = v yys <
» mamwu@ma"lﬂui*}mmmnmmnﬂﬂmxmﬂmmmﬂnmsaﬂmumuwnmﬂu% lﬂﬂlﬂu‘lﬂﬂ'lll
Center (fonawyoownn)

L § - ‘ v UHUNTATIIADL
i ' i
25% Tol A 4 PP 2
M3IAMATINARRINONISNNMSANY §113M 1 Tu
: 1 ; @ o daao A P
< . > —dmiuqudnyusiiinannuiiede i
12.5% Tol ® dgudnpuzdengnelu £12.5% vewiinanuiie WeriisuduAnnalavesiaiiia
(9INNINAWLOVWNRA) &
| N | ANwIEe
: e W2 : Vs Py 4y an o w -
0% 20% 0% 60% 80% 100% - dmiSunudnvasniitaanuioa R uaziiadinasssuma
= dnudnyuzdeegnielu 62.5% vesiiiannuiie Fadnunniadinassuend
L Center
H ]
i . o & o = o 2
MIAUIATOMAROINOUENMIANE $1131 5 Tu
62.5% Tol (L = natural limit) ‘ i don 4y
- ~ i | - dmfunudnvaniinaanuiodosdiy
0% 20% a% ' 60% 80% 100% = Aundedecegnialy £12.5% vesgiinaauniie iofeuiumninatsuesteiinanuie
Center u = iidudoaiaoni 25% vesreiiian e
| H 1 H H o @ @ laa o 4 o w a
i : i - dmfunadnvaziliidaanuieduiRouaziiatnasssuna
[ 25X Tl Snatural ity = Aundedoangmaly 62.5% vesriaiinan e FadaunnTadiass A
! ! ) ; > Sy Y Y ' " e &
% . e = fidudeaioondt 25% veariinan e

\—./<Trainin;>
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Requirements for Machine Performance Indices

Table 7-1: Example Target Values

foduanthwinedmsudsiiaussougdnenmuasdsiiaussouzdiga

N =50
4 2 e A . . Machine performance
Pm / Pmk fitaaalumsng Yuegnustiavesnuanbue mysummlszian P Ponie
. - B 2 L Critical 2.33 2.00
VDIAUANHULAINNINATITHANUTE 1AZUYUIAAIDE N Major 200 T
Minor 1.67 1.33
, Others 1.00 1.00
o 1Y A A o \l
msdSumidhrnadielimsanvinadiedig
" 9 A o ada o o v ' &
athnuengniSulunsaintimsaavuiadiedis ansasunnldangasae il
Vsample
Practuat = Pmuimit * =
Xaivsample
1 Xé;vl- i i Vsample
Prk.actual = Pmiciimit * 1 L 2-N ! 2
Ve Viimit sample Xa;vsamp,e
2+ Nyimit
Pm.actual At e ad 115y Pm d1iSUULIARI9619959 Nsample
Pmkactual  MNMINEITIEIMTY Pmk SIMSUUHIARI0819939 Nsample
Pum.limit Adhmned vy Pm dmsuvinadeaiiiune Nimit
Pk limit audminednsy Pmk dmsuvinadleciadhving Niimit
Nlimit vinadegrauthiuneg
Nsample YUIAAIDETTT
Viimit asmdaszdmsurmadioiaihning Nimit
Vsample 09AMDaTE M VUUIAAIDE1993 9 Nsample
Xa;vm  foulndvesnsuanuadlaaunid dmduszduanuderu Q uazesmndas: Viimit Avinadiodiathwing Nlimit

BIGQ%w I o Ll I 165
S AIDYWNDITATUIUTIA UL NI TIDUUINAIDYIN
BIG Q TRAINING CO.,LTD.
5 v P a o o . n o a Table 7-1: Example Target Values
n3fifIeENe: AoansIsziliuguanbuZ AU Minor ua liansonaa
. 2 . 2 . N =50
#2061318AT1 50 ¥ FeanvuIAfIBE 1A 30 FU Machibe perfomenice P Pr
Critical 2.33 2.00
Aae: Major 2.00 1.67
| Whnensd N> s0 Minor 1.67 1.33 |
Nizmic = 50 Others 1.00 1.00
Nsample =30

Wimit = Nigmit —1 =50 —1=49
Vsample = Nsample —1=30—1=29

Tafsedumnuidaliu 95%
aatiuladr leauaiseuaai

a=0.05
AR50 Chi-square:
o s =0310803 =CHISQ.INV(0.05,49)
X%AOE;ZQ — 17.7084 =CHISQ.INV(0.05,29)
[\
. ~ . . \ ]
i 1574 Chi-Square U1 df a2 AuAv19r9 X2a/- V limit 1% Excel:
o 7= anliasemiindesms1i1e excel Tumaman
Uy =CHISQ.INV(probability, degrees freedom)

__/
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avfhmuned sy Pm divsy avouIndvosmsuanuas lnauaasii
vinametathvune %910 Chi-Square VLIAFIDE1

arnaatihwine’senas By,

Whvane
gas IMBATT AN TVUUIAAI0E1995 9
i ! Vsampl
aswlimit sample ' I
B oy o= P o N~ aeu Indvesmsuanuad laanaisn
e i 1#9n Chi-Square VH1AAIBE13934
IO ATE AN UUUIAAIDE1
167 33.9303 29 Whnne
49 17.7084
= 1.67 % 0.8322 % 1.2797
Pm.actuaI = 1.7784
; LA 2, . .
ANUINeAD oM UAIE1995 uiiea 30 Fu Authuie (Pm) luiaasldm
el ' v A
b 1.67 Taoasa uadeaSuiiudualszine 1.7784

BIGQuix
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7.5.2 AMAN Bz A WA/ Ma1wAuls Multi dimensional / Multivariate Characteristics

o 1 o 2 NYY ana A A A - v aw v Ad ¥ o @\ Aoy 0
M “naeans” aansonuenalana Gaganun lunsonveanaTuTagmsiaina uazmsianmerteny Usmanialduarea
wu anliauga

F) P ° Awa®R A 9 ° a o A o A s =] v g
Momauadumai 1 1Fumal§iia 3adenld nuudraesmsuanusalnanaredanls imesnamsimesneznanndluiive
o'l
. < A o O 9 " Yo < v ~ o A a Ay
p819 1501 Mmudenuuusiasail et lu'lddaanuth il 1dnluwnidl vuusiassmsuanusauudue1vesuIeaa1Izesald
uugIn M
dy Y Y o a wa d”ﬂ A 9 o 1 =3 aa =t aa
vennnil Momgradiumsth l1dlumal§iid masgruiisudenly veuwaanudunlsuuugunsSvateia Taslunsaiaeda

VOUIAAINAIVITENIN 193

nanmsuagzdeiinsamanguiidnnerty msuanusalndnanedunls Tdesue 131 150 22514-6
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7.5 NTUNLAH Special Cases

BIG Q TRAINING

7.5.2.1 G¥HANIIOULINTDITNS Pmk NNLNTBINDA KUV INIZVIUMIHAA1M 5% Machine Performance Index Pmk

Related to Process Location and Variation
A s v ' ' & ' P Aoy o '
W'Iii'IllLGIE]ﬁ‘UE]Qﬁﬂﬂ“lﬂlﬂ’J']iJﬁu’ILLHuGUﬂ\‘]ﬂ'J'INu'ﬁ]%Lﬂu Qﬂﬂﬁ%ll']mﬂ'lﬁ]'lﬂﬂ'l‘l’]"lﬂhlﬂ‘l]ﬂ\‘lﬁ"lﬂﬂ'l\‘]
g ° o ' Aa & v 1y v o 4
NUU ﬂxmﬂuﬂmamwmmwuuﬂmuqusﬁﬂmﬂm ‘]N"Uf’]‘]J"UﬁN‘UE]iJL‘lJﬂﬂQﬂa'l'JﬁilNﬁﬂ‘iJ‘Uf’Jll‘Uﬁ]\i‘l]ﬁ]ﬂl‘l]ﬂﬂ')'lillﬁﬁ]ﬂiﬁaﬁﬂa'lﬂ
) .
ua !Lﬂ;‘iﬁ’Ju51”]\1Wﬂﬂ@E‘l‘ﬂ'lilclu"u’(’)UL‘]Jﬁﬂ’J13JLﬁE]TI§\ﬁ"HaWﬂMﬂ

: A ¢ o - ) \ = { aad
i]‘]ﬂﬂTW'ﬁn.llﬁﬂi‘“ﬂ\ﬂ]ﬂu!mﬂﬂ'ﬂuwullﬂi!luuquﬁ ﬂ$ﬂ1u3ﬂ!ﬂ31uu1§]$!ﬂu p ﬁl!ﬂumﬂul‘uﬁﬂi\ﬁiﬂa'muﬂﬁ

15 Ax Uy, . L x = Fanaarsvasing X (Lower specification limit in X)
VBUIARNMIHBN TR
10 4 u, (i A - S
/ Tolerance hyperellipsoid x = UAIINAUUYBINNA X (Upper specification limit in X)
L y = FaNNAE9VINNA Y (Lower specification limit in Y)
51 T i nansiia Uy = FYadAuUYLINI®A Y  (Upper specification limit in Y)
\ hi
% dmiuimuamnilinedi WM -
% 0 L. ¥ Hyperellipsoid random variation range for f = ﬁ"]lﬂi‘i‘ﬂﬁf.\’ﬂ X (Mean in X)
g y the process
S = _ s oaw "
> Yy = awaswnaY (MeaninY)
s e av.
-5 4 X = minalavesdiatng
Nadfuulsuuug Twaniia (Measured sample values)
dmiuarsieaiy 1-a = 99.73%
1 L Hyperellipsoid random variation range
=10 o for probability 1-a = 99.73%

X coordinate

31 7-3: AeesaealiAdIMTUMIMUIN Pmk

QUALITY
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7.5 NI AUNIAY Special Cases

7.5.3 MIMuUAvIIALEZATANNMAIM U NIAGIA (GD&T) uazan1Iziaginnge/iieaga (MMC/LMC)

o a9 o v o Y ddd g o 2 o Y 2 AN Y o
NITATUINTNITTOUZUINUUVDNIUUAATUNTIT MU UINNNIIVDINUBUTIU AI0813 1B U @l'ﬁlﬁﬂigﬂ@‘]ﬁﬂﬂﬂﬂﬂgl‘ﬂ"l 1
TR Aa o =
LAHIANUAANLINAYD
Y o v | J
maﬂmuﬂmuwmguﬂnang
— . ﬁuummwu'ﬂ (Nominal size) D =20.0 mm
Y 70,2 @ « NAAANIND (Tolerance) TD=0.2 mm
) i 3 - Yasfatemmuaaid (Lower specification limit) LD = 20.0 mm
— | [30.000 | Y Bracket A 0w 9 o
¥ ____g»_» with a hole  °* Vadiademmuauu (Upper specification limit) UD = 20.2 mm
] +0,2
- ; (%) 20,0,
WL AT U ’jjﬁﬁﬁ - IE‘ VINAIAAINNGA (Maximum Material Size : MMS )
uwmimun (Nominal sizey D =20.0 mm s ° L. .
| fiinemui (Tolerance) D= 02 mm X * VUIAFAIFA (Minimum bore size) MMS =LD =20.0 mm
Fndaiana (Lower specification fimity | LD = 20.0 mm
;‘;av'j;'quu ((l:pper ;:::mrm'mn |:mitt)) UD = 20.2 mm

Figure 7-5: Drawing Example Dimensioning

dommuadimsumnnandauuudiuniagagavess

« AAAMMINDAINUS (Position tolerance)

TP = 0.2 mm
- YasfateiMuAaId (Lower specification limit) LP =0.0 mm
(VOUIUAN YT ITUYIA / Natural boundary)
- Yaddatemuauu (Upper specification limit) UP = 0.2 mm

@
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Ao ' 9 - F o Table 8-3: Examples of Target Values for Preliminary and Final Process Performance and
ﬂﬁﬂ!ﬂ?ﬂﬂ%?:ﬁﬂ\‘]ﬂ']ﬁ‘l]iglllu’(‘ﬁ.l559”5ﬂ5$ﬂ3“ﬂ15lﬂﬂ\‘]@]um'ﬂ\1ﬂmaﬂﬂmg o— Conebiy.
'reliminary
@ . 1 3 9 Y L L g 1 @ [l rocess
2R Major isiasainudeya laiiies 30 3u Fadesnitvinadiodns Charactrs promance 7/ P"’:e/‘:”“""-'-'";“”“’
v P v v . A criticality o 2 /Py OF Co/Co
Khvue 125 U %Qﬁﬂﬁﬂi'ﬂﬂnﬂﬂlﬂiﬂﬂ Pp u8g Ppk AMUVUIAAIDYINITI Nz125 N=z125
Pp Ppk Pp/Cp Ppk/Cpk
Critical 2.00 1.67 1.67 1.67
ANUAAN: I Fvenial N> 125 Major 167 | 133 133 133
- Wm_cr To8 | 100 T00 T00
AunedagILil LA (Others 100 | 1.00 1,00 100

Nignae = 125
AUNAEIDENIAFI
Nygmpte = 30
Viimit = Niimir — 1 =125 — 1 =124
Viginple = Nsampte— 1 =380 —1=29

Useduanandaiiu 95%

Y
Xza; V. limit 1% Excel:

=CHISQ.INV(probability, degrees_freedom)

gotfuladalaaumisauaei

o =0.06
A131Ne1519 Chi-square:
Xg.05;124 = 99.2826  =CHISQ.INV(0.05,124)

Xb.0s20 = 17.7084  _CHISQ.INV(0.05,29) :

QUALITY
TRAINING

e "’(";‘)’ Right o 999 0.99865 0.995 0.99 0975 095 0.9 075 05 025 0.1 0.05 0.025 0.01 0.005 0.0025 0.00135 0.001

Areain Left- 0.001 0.00135 0.005 0.01 0.025 005 01 025 05 075 09 095 0.975 0.99 0.995 0.9975 0.99865 0.999

)
101 62.7005 63.6333 68.1459 70.9007 75.0835 78.8132 83.2675 91.0855 100.3341 110.1890 119.5887 125.4584 130.6997 136.9710 141.3513 145.4908 149.0047 150.6671
102 63.4840 64.4231 68.9652 71.7374 75.9457 79.6975 84.1773 92.0380 101.3341 111.2365 120.6789 126.5741 131.8375 138.1345 142.5322 146.6878 150.2152 151.8838
103 64.2687 65.2140 69.7853 72.5748 76.8086 80.5823 85.0875 92.9907 102.3341 112.2838 121.7686 127.6893 132.9747 139.2971 143.7122 147.8839 151.4246 153.0995
104 65.0544 66.0058 70.6064 73.4130 77.6722 81.4678 85.9982 93.9436 103.3341 113.3308 122.8580 128.8039 134.1112 140.4590 144.8913 149.0790 152.6330 154.3141
105 65.8411 66.7987 71.4282 74.2520 78.5364 82.3537 86.9093 94.8968 104.3341 114.3776 123.9469 129.9180 135.2470 141.6201 146.0696 150.2732 153.8404 1556.5277
106 66.6288 67.5925 72.2509 75.0918 79.4013 83.2403 87.8208 95.8502 105.3341 115.4242 125.0354 131.0315 136.3822 142.7804 147.2470 151.4664 155.0468 156.7403
107 67.4175 68.3873 73.0745 75.9323 80.2668 84.1273 88.7327 96.8038 106.3341 116.4706 126.1234 132.1444 137.5167 143.9400 148.4236 152.6587 156.2523 157.9518
108 68.2071 69.1831 73.8989 76.7736 81.1329 85.0149 89.6451 97.7577 107.3341 117.5167 127.2111 133.2569 138.6506 145.0988 149.5994 153.8502 157.4568 159.1624
109 68.9978 69.9798 74.7241 776156 81.9997 85.9030 90.5579 98.7117 108.3341 118.5627 128.2983 134.3688 139.7839 146.2569 150.7743 1556.0407 158.6603 160.3721
110 69.7894 70.7774 75.5500 78.4583 82.8671 86.7916 91.4710 99.6660 109.3341 119.6084 129.3851 135.4802 140.9166 147.4143 151.9485 156.2304 159.8629 161.5807
1 70.5819 71.5759 76.3768 79.3017 83.7350 87.6808 92.3846 100.6204 110.3340 120.6539 130.4716 136.5911 142.0486 148.5710 153.1218 157.4192 161.0646 162.7885
112 71.3754 72.3754 77.2044 80.1459 84.6036 88.5704 93.2986 101.5751 111.3340 121.6992 131.5576 137.7015 143.1801 149.7269 154.2944 158.6072 162.2654 163.9953
13 72.1698 73.1757 78.0327 80.9907 85.4728 89.4605 94.2129 102.5300 112.3340 122.7443 132.6433 138.8114 144.3110 150.8822 155.4662 159.7943 163.4653 165.2011
114 72.9651 73.9769 78.8618 81.8362 86.3425 90.3511 95.1276 103.4851 113.3340 123.7892 133.7286 139.9208 145.4413 152.0367 156.6373 160.9806 164.6644 166.4061
115 73.7613 74.7790 79.6916 82.6824 87.2128 91.2422 96.0427 104.4404 114.3340 124.8339 134.8135 141.0297 146.5711 153.1906 157.8076 162.1661 165.8625 167.6102
116 74.5583 75.5819 80.5221 83.5293 88.0837 92.1338 96.9582 105.3959 115.3340 125.8784 135.8980 142.1382 147.7002 154.3438 158.9771 163.3508 167.0598 168.8133
"7 75.3562 76.3857 81.3534 84.3768 88.9551 93.0258 97.8740 106.3515 116.3340 126.9228 136.9822 143.2461 148.8288 155.4964 160.1460 164.5347 168.2562 170.0156
118 76.1550 77.1903 82.1854 85.2250 89.8271 93.9183 98.7902 107.3074 117.3340 127.9669 138.0660 144.3537 149.9569 156.6483 161.3141 165.7178 169.4519 171.2171
119 76.9547 77.9957 83.0182 86.0738 90.6996 94.8112 99.7067 108.2634 118.3340 129.0108 139.1495 145.4607 151.0844 157.7995 162.4815 166.9002 170.6466 172.4177
120 77.7551 78.8019 83.8516 86.9233 91.5726 95.7046 100.6236 109.2197 119.3340 130.0546 140.2326 146.5674 152.2114 158.9502 163.6482 168.0817 171.8406 173.6174
121 78.5564 79.6090 84.6857 87.7734 92.4462 96.5985 101.5409 110.1761 120.3340 131.0982 141.3153 147.6735 153.3379 160.1002 164.8142 169.2625 173.0338 174.8164
122 79.3586 80.4168 85.5205 88.6241 93.3203 97.4928 102.4585 111.1327 121.3340 132.1416 142.3977 148.7793 154.4638 161.2495 165.9795 170.4426 174.2261 176.0145
123 80.1615 81.2254 86.3559 89.4754 94.1950 98.3875 103.3764 112.0895 122.3340 133.1848 143.4798 149.8846 155.5892 162.3983 167.1441 171.6219 175.4177 177.2118
124 80.9652 82.0348 87.1921 90.3273 95.0701 99.2826 104.2947 113.0464 123.3340 134.2278 144.5616 150.9894 156.7141 163.5465 168.3081 172.8005 176.6085 178.4083
125 81.7697 82.8450 88.0289 91.1798 95.9457 100.1782 105.2132 114.0035 124.3340 135.2707 145.6430 152.0939 157.8385 164.6940 169.4714 173.9784 177.7985 179.6040
126 82.5750 83.6559 88.8663 92.0329 96.8219 101.0742 106.1322 114.9608 125.3340 136.3134 146.7241 153.1979 158.9624 165.8410 170.6341 175.1556 178.9878 180.7989
127 83.3810 84.4675 89.7044 92.8866 97.6985 101.9706 107.0514 115.9183 126.3340 137.3559 147.8048 154.3015 160.0858 166.9874 171.7961 176.3321 180.1763 181.9930
128 84.1878 85.2799 90.5431 93.7408 98.5756 102.8674 107.9710 116.8759 127.3340 138.3983 148.8853 155.4047 161.2087 168.1332 172.9575 177.5078 181.3641 183.1864
129 84.9954 86.0931 91.3825 94.5956 99.4532 103.7646 108.8908 117.8337 128.3339 139.4404 149.9654 156.5075 162.3312 169.2784 174.1182 178.6829 182.5511 184.3791
130 85.8037 86.9069 92.2225 95.4510 100.3313 104.6622 109.8110 118.7917 129.3339 140.4825 151.0452 157.6099 163.4531 170.4231 175.2783 179.8574 183.7375 185.5710
131 86.6127 87.7215 93.0630 96.3070 101.2098 105.5602 110.7315 119.7498 130.3339 141.5243 152.1247 158.7119 164.5746 171.5673 176.4378 181.0311 184.9231 186.7621
132 87.4225 88.5367 93.9042 97.1635 102.0888 106.4586 111.6523 120.7081 131.3339 142.5660 153.2039 159.8135 165.6957 172.7108 177.5967 182.2042 186.1080 187.9526
133 88.2329 89.3527 94.7460 98.0205 102.9682 107.3574 112.5734 121.6666 132.3339 143.6076 154.2828 160.9148 166.8162 173.8539 178.7550 183.3766 187.2922 189.1423
134 89.0441 90.1693 95.5884 98.8781 103.8482 108.2566 113.4948 1226252 133.3339 144.6490 155.3614 162.0156 167.9364 174.9963 179.9127 184.5484 188.4757 190.3313
135 89.8560 90.9867 96.4314 99.7362 104.7285 109.1561 114.4165 123.5839 134.3339 145.6902 156.4397 163.1161 169.0560 176.1383 181.0699 185.7195 189.6585 191.5196
136 90.6686 91.8047 97.2749 100.5948 105.6093 110.0560 115.3385 1245429 135.3339 146.7313 157.5178 164.2162 170.1753 177.2797 182.2264 186.8900 190.8407 192.7072
137 91.4818 92.6233 98.1191 101.4539 106.4906 110.9563 116.2608 125.5019 136.3339 147.7722 158.5955 165.3159 171.2941 178.4207 183.3824 188.0599 192.0222 193.8941
138 92.2958 93.4426 98.9638 102.3136 107.3722 111.8570 117.1833 126.4611 137.3339 148.8130 159.6729 166.4153 172.4124 179.5611 184.5377 189.2292 193.2030 195.0803
139 93.1104 94.2626 99.8090 103.1737 108.2543 112.7580 118.1061 127.4205 138.3339 149.8536 160.7501 167.5143 173.5303 180.7009 185.6926 190.3978 194.3832 196.2659
140 93.9256 95.0832 100.6548 104.0344 109.1369 113.6593 119.0293 128.3800 139.3339 150.8941 161.8270 168.6130 174.6478 181.8403 186.8468 191.5659 195.5627 197.4508
141 94.7416 95.9045 101.5012 104.8956 110.0198 114.5611 119.9526 129.3397 140.3339 151.9344 162.9036 169.7113 175.7649 182.9792 188.0006 192.7333 196.7416 198.6350
142 95.5582 96.7264 102.3481 105.7572 110.9032 115.4631 120.8763 130.2995 141.3339 152.9746 163.9799 170.8092 176.8816 184.1176 189.1537 193.9002 197.9199 199.8186
143 96.3754 97.5489 103.1956 106.6194 111.7870 116.3655 121.8002 131.2594 142.3339 154.0147 165.0560 171.9068 177.9978 185.2555 190.3064 195.0665 199.0975 201.0015
144 97.1932 98.3720 104.0435 107.4820 1126711 117.2683 122.7244 132.2195 143.3339 155.0546 166.1318 173.0041 179.1137 186.3930 191.4585 196.2321 200.2745 202.1838
145 98.0117 99.1958 104.8920 108.3451 113.5557 118.1714 123.6489 133.1797 144.3339 156.0944 167.2074 174.1010 180.2291 187.5299 192.6101 197.3973 201.4509 203.3655
146 98.8308 100.0201 105.7411 109.2087 114.4407 119.0748 1245736 134.1401 145.3339 157.1340 168.2826 175.1976 181.3442 188.6664 193.7611 198.5618 202.6267 204.5465
147 99.6505 100.8451 106.5906 110.0727 115.3261 119.9786 125.4986 135.1006 146.3339 158.1735 169.3577 176.2938 182.4588 189.8024 194.9116 199.7258 203.8019 205.7270
148 100.4709 101.6706 107.4406 110.9372 116.2118 120.8826 126.4238 136.0612 147.3339 159.2129 170.4324 177.3897 183.5731 190.9380 196.0617 200.8892 204.9765 206.9068
149 101.2918 102.4967 108.2912 111.8022 117.0980 121.7870 127.3493 137.0220 148.3339 160.2521 171.5069 178.4854 184.6870 192.0730 197.2112 202.0521 206.1505 208.0860

150 102.1133 103.3234 109.1422 112.6676 117.9845 1226918 128.2751 137.9829 149.3339 161.2912 172.5812 179.5806 185.8004 193.2077 198.3602 203.2144 207.3239 209.2646
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1 /99.2826 1 [ 29 3
=l 1 1nhvune
o= 14 il 124 ( G 2(30)) 17.7084

2(125)

= 1.33 x 0.9960 x 0.8948 x 1.0167 x 1.2797

Ppk.actual = 1.5422

4 ' A A 2 ' '
e ANuMeAe Weonui1081393 uited 30 ¥ Audhuine (Ppk ) liaasldan @
2 o \ o A
i _oaml 1.33 Tnonsa uadealSuiiudualssunm 1.5422

Table 8-4: Adjustment of C,, and B, target values depending on sample size

p Confidence level for adaption of Cp/Pp target value

N 95% | 99% | 99,90% | 99,99%

125|233 2,00 167 1,33 100|233 200 167 1,33 100|233 200 167 1,33 100|233 2,00 167 133 1,00

120 2,34 2,00 167 133 100234 201 168 133 100|234 201 168 134 100|234 201 168 134 1,01
110 2,35 2,02 168 134 101|236 202 169 135 101|237 203 1,70 135 102|238 204 170 136 1,02

100 2,36 2,03 169 1,35 101|238 204 1,70 1,36 102|240 206 1,72 137 103|241 207 1,73 138 1,04
90238 204 1,71 1,36 102|240 2,06 1,72 137 103|243 2,09 1,74 1,39 104|246 2,11 1,76 1,40 1,05

80| 240 206 1,72 1,37 103|243 209 1,74 1,39 104|247 212 1,77 141 106|251 215 180 143 1,08
751241 2,07 173 138 104|245 2,10 1,76 140 105|250 214 179 143 107|254 2,18 182 145 1,00

Table 8-5: Adjustment of C,,, and P, target values depending on sample size

_pk Confidence level for adaption of Cy /Py target value

N 95% 99% 99,90% 99,99%

125| 2,33 2,00 1,67 1,33 1,00| 2,33 200 167 1,33 100|233 2,00 167 1,33 100|233 2,00 167 1,33 1,00

120 2,34 2,01 1,67 1,33 100|234 2,01 168 133 100|234 201 168 134 101|234 201 168 134 1,01
110 2,35 2,02 168 1,34 101236 202 169 135 1,01)237 203 1,70 135 102|238 204 1,70 1,36 1,02

100 2,37 2,03 1,70 1,35 102|238 204 1,71 136 102|240 206 1,72 137 103|241 207 1,73 138 1,04
901238 205 1,71 1,36 102|241 2,07 1,73 137 103|243 2,09 1,75 1,39 104|246 2,11 1,76 140 1,06

80|24 207 1,73 1,37 103|244 209 1,75 139 105|248 2,13 1,78 142 106|251 2,16 1,80 144 1,08
75242 2,08 1,73 1,38 104|246 211 1,76 1,40 106|251 215 180 143 108|255 2,19 1,83 145 1,09
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ISO 7870-2:2023 — Shewhart control charts

4.3 Process in statistical control

4.3.1 The upper and lower control limits on the control chart, on each side of
the centre line, are typically placed at a distance of three times the standard
deviation of the statistic (30) being plotted. If large number of observations
from a process in statistical control are studied in form of frequency
distribution, it often shows a bell shaped symmetrical pattern, which is well

represented as normal distribution.

4.3.2 Placing the limits too close to the centre line will result in many searches
for non-existing problems and yet placing the limits too far apart will increase
the risk of not detecting process problems when they do exist. Under an
assumption that the plotted statistic is approximately normally distributed 30
limits indicate that approximately 99,73 % of the values of the statistic will be
included within the control limits, provided the process is in statistical control.
Interpreted another way, there is a 0,27 % probability, or about three out of
thousand plotted points will be out of the upper or lower control limit when the
process is in control. The word “approximately” is used because deviations
from underlying assumptions such as the distributional form of the data will
affect the probability values. In fact, the choice of kO limits, instead of 30
limits, depends on costs of investigation and taking appropriate action vis-a-vis

consequences of not taking action.
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(Normal Distribution)
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People
UAAINS

Equipment
wasavdnsuazgunsal

Materials

a0

Methods
38ms

Measurement
n5ia

Environment
ANNUIANDH

e Training — MsAnausy

¢ Authorisation —
MsauIRans /
MsuNauEUI

Compliance to

Machine capability —
AnNENsIUBILAIaIINS

Aligrément =
MIAFUE / ANUATIUUD

Vibration — msduaziiiau

Within batch variation —
anuulstungludan

Batch to batch variation —
anuulsiuszuwinedan

* Periodic variation —

* Standard method —
ABanesgm

* Process capability —
ANUANTAVRINTZUIUMT

Process setup —

Part / dusm

.

Coef thermal expansion —

o v v
dulszansmspenamiiasnnanuiou
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Personal protective

equipment —
Fe
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* Contamination —

Reproducibility —
m’mmumsqsnﬁw:ﬁm s
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Tool selecti * Procedure — i\mauﬂﬁﬁﬁ qﬂnimunmaaumu

* lool selection — % e o
msidania3aviia * Physical limitations — « FOD control —
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9.2 AN1IFUBNMIAIVANLAZTLANTHAVDWHUUAILAN

9.2.1 HHUHAAIVAMMVUADUNAT VA VINUANAIVAN SPC

4 a o a !, o a e o o o A s £
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o613 157a 1 e l4unugiiniugu SPC Anuiineriunganssuvenszunumsiiiuin wgnldiiluiugmudmsumsarugunszuiums

a8

Tueuina 7 N
Past Time of fbservau'on 'now’ Future
afin namdung ‘e’ auAN
= =
Retrospective control chart SPC control chart
UHUDNAIUANIUUERUNAY ukugiAIUAN SPC
Retrospective evaluation of previous Suggestion on future control based on
process behavior previous process behavior
maszdudoundaamgingsu umensmuniluaAalaede
NITLAUMSTEIMIN WOANTINTBINTELIUNMSHHIUAN
9 J

Figure 9-1: Two Different Assessment Methods: Retrospective Control Chart or SPC Control Chart
vﬂlr‘f 9-1: 3FMIVUsHdu 2 JUuv: unu)inIvANUUYTaUNEY V3o unugiinIugu SPC

midsziivanosnnlaslfunuginuguuundeundavieuuuinizi rfJuﬁyugmﬁm%’umsuﬂﬂﬂ’nmmmimzwiw ANNANNT
VOINILUIUNIT (Process Capability) LA AUITIDUSUYDINTEUIUNT (Process Performance)

unugiinauau SPC ldmsuMsnIuaunsELIUMs TAsAs (WTOUMIAILANT 1 qUNT 4.4) lunsdiil unuginuauazgnldifienugu
nszvaums Tasasa 34 lusensumsaziiadaiinaniugu

uﬂﬂitﬁﬁﬁmsazLﬁﬂadmi]°1ﬁ'ﬂmuq1m§ﬂmmcvﬂﬁﬁﬂimw fosduiiumsaiy uwuﬂﬁ‘ﬁ'ﬁn15Lﬁanizmun1‘m§iuﬂnn1‘mmqu (Out of
Control Action Plan: OCAP) @.‘U‘I/]‘ﬁ 5.6
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Is the rational No
Taila x-bar & s-chart

; i
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seunin 5 wialsi?

Defectives
Suenlsiiuluonu
Constant fanimua Defects or .
Sample Size? Defectives? Is the rational Yos

subgroup size

4 x-bar & R-chart
greater than 1?

uwHund x-bar

FOUNWIDI N3DTUIY
ifhluanadarimug?
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uamIBENAi
S oK
w3ala?

suangNtiasBunaua waz R
annnin 1 u3elai?
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fFaunwias
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uwuud np uaz p
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When Shewhart Charts Do Not Work / aﬁmmugﬁ Shewhart ‘l%f"lu"'!ﬁwa

1.Pre-Control / msmaunuideadu

®  Zone Charts (Red/Yellow/Green, Stoplight Control) / trugfi Iy (uavmaeaided, miniuguuundyam i)

2.Non-Normality / m15uanuad bitdlualn@

*  Shewhart (with transformation using parametric/non-parametric fit) / Uil Shewhart (t1}asdeyadismsdszmnanuumsiiimes/ lisdewsines)
*  Median chart (averages should not be calculated) / urugiiiisogu (limsdnuaunio)

®  Zone Charts (Red/Yellow/Green) / iugii Tans (uaaindoa/gd)

®  Pearson Chart (not transformed) / uwugﬂ Pearson (Vlliuﬂm%’aya)

* Percentile chart (distribution free) / uruninlodiduing (hitusunsianiag)

3.Batch Processing with multiple systematic sources of variation / ﬂizumnmmmmﬂ%ﬁﬁuﬁdaﬂinuﬁusnﬂsﬁaiwuwmmmdq

®  (Multiple) Levey Jennings Charts (according to JESD 557D) / Lmugﬁ Levey Jennings (H018%A) @14 JESD 557D

4.Autocorrelation / 5’ﬂﬁﬂ€ﬁlﬁ’u1§

¢  CUSUM (cumulative sum) / CUSUM (Wa 30T TN)

®  UWMA/EWMA (uniform/exponentially weighted moving average) / UWMA/EWMA (ﬂ'un%’%ﬂméauﬁ'fiwfmﬁnuuuaﬁnﬁm/ﬁnﬁwmuﬁfﬂa)
®  Regression Control Chart / uwugﬁmuﬂmmummﬂ

5.Short Run SPC (different targets, same machine) / SPC svpzi (hvanediadi nesdinsmedna)

®  Z-Chart/unWugil z

®  Other normalization (e.g. Delta to Target) / msﬁﬂﬁlﬂummg mzmu%‘u (m}u Delta to Target)

6.Multiple variables / tiaee 311

®  Hotelling T Control Chart/ uwuqﬁmuﬂu Hotelling T

7.Rare Events / mamsaininalaivos

® G Chart (Geometric: Opportunities between events can be determined) / uwugﬁ G (l,i‘lﬂﬂﬁ@]: mmmﬁmuﬂiamﬁiwimmmmﬂﬁ'}
® T Chart (Time: Date and time between events are known) / uwugﬁ T (1a: mmfuﬁuammiwinmamitﬁ)
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Control and Alert Flow Between Process Controller and Product Inspector

WAJUAUNS:UDUMS QGSDOHOUNEOﬁNn
Process Controller OO Product Inspector
I N =
(1] /\/\/ Gamudoudsns:usums 0S29d0UNAAWSUDVHANATUT
Monitor Process Variables =~ Inspect Product Characteristics
! msudoidouna:msdoas i
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(g i K i) udwdounufiowunnwdaund (g
(> Ji— ser  POUAUAINS:UIUMSTRagTutNEUT Q ' 2} ' Sususadisuivawa
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Control Plan Page  of
O proonpe O pretaunch O production O Sae Launch (If Safe Launch is included in Pre-Launch or Production Control Plan, check both boxes)
Control Plan Number: 5. n5zu2un1saniu Key Contact/Phone: auilod (13w msunaniu ) Tel: XXXXXX Date (Orig): 1/3/68 ]Dnemw): N/A
1oniie(QC), 3154 , aufia, 301 (wusanIu ) , aueid (PE)
Part Number/Latest Change Level: MB3C-2C326-AB ECN No:00 |Customer Eng. Approvall Date(If Req’d):
Part Name/Description: n3ouniiioning Supplier/Plant Approval/Date: 3132 (1/3/68 ) |Customer Quality Approval/Date (If Req'd):
Supplier/Plant: Supplier Code: V33XB |Other Approval/Date(If Req'd): |Other Approval/Date(If Reqd):
CHARACTERISTICS Special METHODS REACTION PLAN
PART/ PROCESS NAME/
MACHINE, DEVICE, Char. c LU,
PROCESS OPERATION PROCESS PRODUCTEROCESS | EVALUATION' | ) SAMPLE OWNER/
JIG, TOOLS, FOR MFG. § Class . ¢ *
NUMBER DESCRIPTION » No. PRODUCT SPECIFICATION CONTROL METHOD AcTION
S am RESPONSIBLE | ¢ FREQ. RESPONSIBLE
TOLERANCE TECHNIQUE S g
wifna : dasannsansanaon
. o FM-QA-15 ( . |-Mousnorr wior .
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° !ﬁﬂ Measurement System Ay Cpk g4 — % a V:h Hﬁﬁ)aﬂ False Alarm

* o Cpk anas — erutin A tfieri 1 Control Limits tavasaziiuam1h1un15a3798L Process Shift

* a qafﬁu —> Sensitivity qﬁu 1i# False Alarm tiyau

* 1N QMS>15%, CMS<1.33 ¥i30 Cpk<1.00— lims1¥mailsn A wovameilaynt oa1/501/39 Measurement System %30 Process Aou

10 22514-7 uuzti 1 QMS iy 15% uag CMS 311ANI1 1.33 #1151 Measuring System Capability.

Process Capability Cpk | / @un QMS<10% / CMS sausu'led 10%<QMS Tlaikinu QMS>15% / CMS Critical
Measurement System — >2.00 <15% / 1.33<CMS<2.00 <133 fitica
Cpk=>1.67 Amnuaunsagounn 0.0027 0.0027-0.01 0.01 0.01 + tSampling

1.33<Cpk<1.67 anuaunsaf 0.0027 0.01 0.01-0.025 0.025 + 1Sampling

1.00<Cpk<1.33 Margin ¢ 0.01 0.01-0.025 0.025 0.025-0.05 + Containment

Cpk<1.00 Process ligunsasu

Improve Improve Containment Stop / Improve

_an

7>m 13/® Measurement System A1NLAL Process Capability [FUAAT LTI Sensitivity

Spec

£20)

2 o K
U®4 Control Chart ﬁ'wmimu da3399V Shift Swu
___/
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v . v d y Y
aswl aasnnIuNy Quantile ﬂ’lﬂ?ﬂ‘lﬂﬂﬂ / ummm,msnﬁ‘l%

UCL = ﬂ+U(h Qﬁ)&
P

1 “(ey)
LCL=jg—u (u'&# ) o)
I-MR 1111 910 Standardized Normal Distribution
Moving Subgroup
UCLR = Wp1 /26 Wn;1-a/2
MR
LCLp = 'wn;a/z& W /2

911 Standardized Range w-distribution

BIGQ%w

BIG Q TRAINING CO.,LTD.

n3l gAsmIAIuNN Quantile MAY01INa / Distribution
. L
UCL# =+ Ur—q/2 ° " 0
m v 1 -
LOL, = fi—t o =6 -
Xbar Chart ke =E e i

910 Standardized Normal Distribution

Foaldousnlszinm s_ B
ds
_ g e —a/2
Xbar Xbar-R UCL/.L =X+ U1 —a/2 \/ﬁ = /
< 1 R
LCL”—X—U]_ a/2 —'d—
n 2 910 Standardized Normal Distribution
Fowldoudnlsznn
o=Vs?
= 1 = Ul —/f2
Xbar—S UCL, =X +u1_op2 - = 52 /
. 1 —
LCLM =X — Ul—a/2 ﬁ . 910 Standardized Normal Distribution
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R — Exact :

Calculation based on w-
distribution of the

Standardized Range

R —

Approximate

Calculation based on
quantiles of the normal
distribution (approximated

calculation)
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5l

S — Overall

formula A9

g msy
ERRNE
VAN

gAINISAMIHIUMIAILAN

FAIMAILAN
g Q

'
ana

59 1 — 19 w-distribution Y84 Standardized Range

& R
UCLg = Wni1—/20 = 11)n;1—oz/2£72

. R
LCLg = Wpya/20 = wn;a/2d72

2 —1¥ Quantile Y93 Normal distribution

_ R
UCLR =R+ ul,a/g - dg ) CT
2
_ R
LCLR =R - U1,Q/2 g dg g ==
ds
3o
ds\ -
UCLR = 1+u1_a/2— R
ds
d _
LCLp = (1 - ula/zdz) R

gAINIANHIUAIAILAN

FAIMAILAN
g Q

2
UCLSZW/XfﬂfM.(g

234

Quantile ﬂ'maﬂu"lwﬁ / Distribution

Wr:1—a/2

W2

910 Standardized Range w-distribution

Ul —a/2

91N Standardized Normal Distribution
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Quantile fhﬂ:l@‘u“lﬂﬂd / Distribution

2
Xfil-a/2

2
X fia/2

910 Chi-squared distribution
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d
nsl gAIMAIUYY Quantile MA3eHINa

%ﬂ%ﬁﬂﬂ’mmﬁnﬂ Cumulative Binomial Distribution Function

T a
YOL= "2 o B
- iy, 0, 0) = 1 5

p
€ . Q
LCL =2 G(mlo§n:p) o
n 2
A31AAAIUANIN Binomial Table
ClEup;n, ) > 1— 2
UCL = z,, (Zup;m,P) 21—
np

LCL = zy, Glziym, P) <

MR

g,
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d
nsl gAIMAIUYN Quantile MA3eHNa

idlﬂihﬂwﬂﬂ’mﬂijmﬂ Cumulative Poisson Distribution

n; 2
u
Iy _ (8
oL == F(zp;8 1) < <
6TJﬂii"IfT@?l’J1.Iﬂilﬂ‘lﬂ Cumulative Poisson Distribution
a
)Y > 1 - =
UCL FUCL;p) > 1 5
C

Py 5 F(LCL; i) < %
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uHURAILANM A ez iidenae i (Individual and Moving Range : 1 — MR 138 X-MR ) 131887 (x) taziduinaoui (Rm)
(Gondned 19 KL I-MR)
% | aq v a &'
fedamsdszgnaliunugiiniuguil
*  msnadevunuuinae a1y uazmselinl¥iega

Voo 1A ¥ a o ' ~ 2y
*  msguiedanauuatuinalugiiianudhuiie@oriuge wu gaamvnisuall veelva ne Wiemsasinaen 100% 'l

aunsasanguieaifuquale
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auyANYUA False Alarm Probability O = 0.0027 uaz n=3

( = Cumulative Probability uq : Standard Normal Quantile at probability q
v 3y ' a A4 o v
ANty mareulnduesmananusalafmasguiszduanningilu g
14 +v/1—
g= + @ U1+ Via
2 2

1+ ¢/1—0.0027
= = U(0.9995495944) ~ 3.3198

2
3/ v
= %ﬂ 38m1310 1 19 Excel =NORM.S.INV(0.9995495944)
o~ 130 =NORM.S.INV((1+(1-0.0027)"(1/3))/2)
o
| = 0.9995495944 | -

3511511 2 HIA19INA13 1 Z-Table

«dq_ wd 2 4
- WA 0.99954959 Wsean Indige luiuhueaise
- DINNITNIEWDN

=(1+(1-0.0027)(1/3))/2
(3.31) = 0.99953350

(3.32) = 0.99954990

z ~ 3.32 :

Standard Normal Tables

APPENDIX |

Standard Normal Tables

x.x0 x:xl xx2 X.X3 xx4 XX X.X6 XXx7 x.x8 x.x9

0.0 | 0.50000000 0.50398940 0.50797830 0.51196650 0.51595340 0.51993880 0.52392220 0.52790320 0.53188140 0.53585640

0.1 0.53982780 0.54379530 0.54775840 0.55171680 0.55567000 0.55961770 0.56355950 0.56749490 0.57142370 0.57534540

0.2 | 0.57925970 0.58316620 0.58706440 0.59095410 0.59483490 0.59870630 0.60256810 0.60641990 0.61026120 0.61409190

0.3 0.61791140 0.62171950 0.62551580 0.62930000 0.63307170 0.63683070 0.64057640 0.64430880 0.64802730 0.65173170

0.4 | 0.65542170 0.65909700 0.66275730 0.66640220 0.67003140 0.67364480 0.67724190 0.68082250 0.68438630 0.68793310

0.5 | 0.69146250 0.69497430 0.69846820 0.70194400 0.70540150 0.70884030 0.71226030 0.71566120 0.71904270 0.72240470

0.6 | 0.72574690 0.72906910 0.73237110 0.73565270 0.73891370 0.74215390 0.74537310 0.74857110 0.75174780 0.75490290

0.7 0.75803630 0.76114790 0.76423750 0.76730490 0.77035000 0.77337260 0.77637270 0.77935010 0.78230460 0.78523610

0.8 | 0.78814460 0.79102990 0.79389190 0.79673060 0.79954580 0.80233750 0.80510550 0.80784980 0.81057030 0.81326710

0.9 | 0.81593990 0.81858870 0.82121360 0.82381450 0.82639120 0.82894390 0.83147240 0.83397680 0.83645690 0.83891290

1.0 | 0.84134470 0.84375240 0.84613580 0.84849500 0.85083000 0.85314090 0.85542770 0.85769030 0.85992890 0.86214340

1l 0.86433390 0.86650050 0.86864310 0.87076190 0.87285680 0.87492810 0.87697560 0.87899950 0.88099990 0.88297680

1.2 | 0.88493030 0.88686060 0.88876760 0.89065140 0.89251230 0.89435020 0.89616530 0.89795770 0.89972740 0.90147470

1.3 0.90319950 0.90490210 0.90658250 0.90824090 0.90987730 0.91149200 0.91308500 0.91465650 0.91620670 0.91773560

14 | 091924330 0.92073020 092219620 0.92364150 0.92506630 0.92647070 0.92785500 0.92921910 0.93056340 0.93188790

1.5 | 0.93319280 0.93447830 0.93574450 0.93699160 0.93821980 0.93942920 0.94062010 0.94179240 0.94294660 0.94408260

1.6 | 0.94520070 0.94630110 0.94738390 0.94844930 0.94949740 0.95052850 0.95154280 0.95254030 0.95352130 0.95448600

7] 0.95543450 0.95636710 0.95728380 0.95818490 0.95907050 0.95994080 0.96079610 0.96163640 0.96246200 0.96327300

1.8 | 0.96406970 0.96485210 0.96562050 0.96637500 0.96711590 0.96784320 0.96855720 0.96925810 0.96994600 0.97062100

1.9 | 0.97128340 0.97193340 0.97257110 0.97319660 0.97381020 0.97441190 0.97500210 0.97558080 0.97614820 0.97670450

2.0 | 0.97724990 0.97778440 0.97830830 0.97882170 0.97932480 0.97981780 0.98030070 0.98077380 098123720 0.98169110

2.1 0.98213560 0.98257080 0.98299700 0.98341420 0.98382260 0.98422240 0.98461370 0.98499660 0.98537130 0.98573790

22 0.98609660 0.98644740 0.98679060 0.98712630 0.98745450 0.98777550 0.98808940 0.98839620 0.98869620 0.98898930

0.98927590 0.98955590 0.98982960 0.99009690 0.99035810 0.99061330 0.99086250 0.99110600 0.99134370 0.99157580

3
4 | 0.99180250 0.99202370 0.99223970 0.99245060 0.99265640 0.99285720 0.99305310 0.99324430 0.99343090 0.99361280
5. 0.99379030 0.99396340 0.99413230 0.99429690 0.99445740 0.99461390 0.99476640 0.99491510 0.99506000 0.99520120

0.99533880 0.99547290 0.99560350 0.99573080 0.99585470 0.99597540 0.99609300 0.99620740 0.99631890 0.99642740

0.99653300 0.99663580 0.99673590 0.99683330 0.99692800 0.99702020 0.99710990 0.99719720 0.99728210 0.99736460

0.99744490 0.99752290 0.99759880 0.99767260 0.99774430 0.99781400 0.99788180 0.99794760 0.99801160 0.99807380

0.99813420 0.99819290 0.99824980 0.99830520 0.99835890 0.99841110 0.99846180 0.99851100 0.99855880 0.99860510

R B R
~1 [ O\

o |wloe|-

0.99865010 0.99869380 0.99873610 0.99877720 0.99881710 0.99885580 0.99889330 0.99892970 0.99896500 0.99899920
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Pre-Control/Stoplight Control 13114 Shewhart SPC Control Chart 1ta¢ Pre-Control l¥vaumanduiusiy Specification
Limits 30 Tolerance 13i1% UCL/LCL Afhuamainanudumnlsvesnszuaums

Setup Process
MIATNNSTUIUNTS

‘ ’ “R” RED @01ugialna ﬂ]jﬂjgﬂﬂﬁi%ﬁiu
a
EY o ' Normal Producti
‘ AOIULAITITEI A3 A199)
ag
“G” GREEN d0uzilnaaun ey
\dandiagne 2 Bu
usL
e i
_ ucL - Yes /W Al Green?
! 9 Yy & xX¥  ssssscasssssssaa: dgmonua?
¥9ueIms IFaudunou xX
Sk L El No / il
Any Red? Yes / T4
LGl fiduaomiolai?
Nom - % Tol usL Nom - % Tol usL LSL - No / lils Implement
..... v Reaction Plan
Select 3 Additional Samples dniumsaa
Nom - % Tol| Nom - % Tol \Ranshaghaitudn 3 Su UHUARUAUDY
Nominalf - - - - - Nominal - MR,R.S,P.N UCL -
................ Any Red? Yes / 18
Cu fiduamioli?
Nom + % Tol Nom + % Tol
C.L - No / Liitg
Nom + % Tol LSL Nom + % Tol LSL
LCL. No / liils 3-5 Yellow? Yes /18
@ M Fmdos 3-5 5u?

Figure 111.3: Pre-Control
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urugiinugu XoR — Medansylszgnaly

- Vmuguandnsaziiiluteyaderties iy vwna durdugudnas A wierdniin

- awsadumeduiunguiendungua meldieu lumskdadertunazlugrana Indidetu
- nqudesfivinaiin Tau AIAG & VDA SPC sz1iilautnaniniesnt s Sudendudes
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Visualization of the control chart, including description
firagauNU)IMIAIUAN WiaNABSUY

X -99.73% (n=5i=X; 6 =R/dy)
14.070 ucL |
YAINAVY
14.068 4
i AN = /
14.066
e b
D
$ 3 106 e\ L g
B
2’3 14.062 v \_./'/ v ufanana
n."g
E Z 14.060 4
e
Y% 14,058 e
14.056 T T T T Fadriaan
0 5 10 15 20
R-99.73% (n=5;5 =R /dy)
ucL
0.006 § Fadiauu
& 0.005 3
o Z
€5 0004 /\'/\ A /\.
x & I N CL
S & 0003 L,
'E-ﬁ 000 ./\/ \'/\/ No—¢ \/\'/ idinana
a 0.001 4
LCL
0.000 e i e S i S e eI
0 5 10 15 20
Subgroup number #@dUngugoY

Figure 9-7: X/R-Chart for Subgroup Size n = 5 and Estimators fi = Xand 6 = R /d,
3UN 9-7: unugil X/R dwiuvunangugos n = 5 wazdilsanm i =X uazs =R /d,
Note: The control limits are calculated according to 1SO 7870-5:2014, using a two-sided false alarm probability « = 0.0027 (1 — a = 99.73%). g
winewmeg: FadiamsauauinumasgIu SO 7870-5:2014 Tasldanumhandudyg mudeuliawaadesdin a = 0.0027 (1-a = 99.73%).
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VDA / AIAG & VDA SPC: Rational subgroup Apalinnudutlsaelungui

= v 9 aa . q o A e ooy
g >m VDAIIILIN: NIUVYATY Spmdle / Cav1ty/ AUUBFIUIUAANNT WA THUNIUU
S g 9 g (3 I

Production Line / Mold #3® Die A2399NQUYDY

LLFJﬂﬂ']llﬁ'llL'ﬁliﬂvlijﬂﬂliiﬂntﬂuﬂdﬂFjﬂﬂlafn ISO 7870-2:2023 Y0 11.3.3: Qijﬂ’lii'«m‘\?@y‘ﬁmﬂ!ﬂgﬂiﬁﬂi MOMIHAA uRa

a ) :
M3 oUnAIHARNUANA 1AL MInLMaRInalinadoaanEME ALY
Subgroup 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

x1 20.240 | 20.245 | 20.230 | 20.270 | 20.245 | 20.258 | 20.280 | 20.260 | 20.250 | 20.240 | 20.238 | 20.267 | 20.226 | 20.259 | 20.228 | 20.267 | 20.247 | 20.263 | 20.229 | 20.256 | 20.230 | 20.265 | 20.244 | 20.266 | 20.237

x2 20.250 | 20.265 | 20.250 | 20.250 | 20.270 | 20.238 | 20.245 | 20.245 | 20.270 | 20.260 | 20.243 | 20.242 | 20.256 | 20.244 | 20.253 | 20.237 | 20.257 | 20.238 | 20.259 | 20.241 | 20.255 | 20.235 | 20.254 | 20.241 | 20.267

x3 20.235 | 20.235 | 20.235 | 20.240 | 20.255 | 20.268 | 20.255 | 20.250 | 20.255 | 20.245 | 20.248 | 20.252 | 20.246 | 20.264 | 20.243 | 20.257 | 20.242 | 20.268 | 20.249 | 20.251 | 20.245 | 20.255 | 20.239 | 20.271 | 20.257

x4 20.230 | 20.255 | 20.220 | 20.260 | 20.240 | 20.253 | 20.265 | 20.240 | 20.260 | 20.250 | 20.253 | 20.262 | 20.236 | 20.249 | 20.258 | 20.277 | 20.252 | 20.253 | 20.239 | 20.261 | 20.260 | 20.275 | 20.249 | 20.256 | 20.247

x5 20.245 | 20.250 | 20.240 | 20.255 | 20.265 | 20.248 | 20.230 | 20.255 | 20.240 | 20.230 | 20.258 | 20.237 | 20.266 | 20.254 | 20.233 | 20.247 | 20.237 | 20.243 | 20.269 | 20.246 | 20.235 | 20.245 | 20.234 | 20.246 | 20.277 SUM

r 4 y y r r r r r r r r r v v 4 r r r r r r r
Average [20.240 120.250 | 20.235 | 20.255 | 20.255 | 20.253 | 20.255 | 20.250 | 20.255 | 20.245 | 20.248 | 20.252 | 20.246 | 20.254 | 20.243 | 20.257 | 20.247 | 20.253 | 20.249 | 20.251 | 20.245 | 20.255 | 20.244 | 20.256 | 20.257 | 506.250

y 4 y y y r r r v r v v v 4 4 4 4 4 4 4 ¥ y y
Range 0.020 |1 0.030 | 0.030 | 0.030 | 0.030 | 0.030 | 0.050 | 0.020 | 0.030 | 0.030 | 0.020 | 0.030 | 0.040 | 0.020 | 0.030 | 0.040 | 0.020 | 0.030 | 0.040 | 0.020 | 0.030 | 0.040 | 0.020 | 0.030 | 0.040 | 0.750

Subgroup Mean Subgroup Range
i i i lixi,- R; = Xmax;i — Xmin,i
- Ry = 20.250 — 20.230

n "

n = number of samples in a subgroup

X - 20.240 + 20.250 + 20.235 + 20.230 + 20.245 = 0.020
1= 5

_ 101.2

= % = 20.240

w AFMIKIA Z 10 Quantile at probability q 270
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A ' A o 1Y k% ' g
11a8nf1 q A la 2 UM Probability lu Z-Table
Hq v a
q = 0.99865000 1104 q 0.99865000 WINNGA
.
0.99865010 =~ q
g
‘ :| ‘ x.x0 xxl xx2 %3 x.x4 I x.x5 ‘ x.x6 [ xx7 ‘ xx8 I xx9 ‘
23 0.99653300 0.99663580 73590 0.99683330 0.99692800 0.99702020 0.99710990 0.99719720 0.99728210 0.99736460
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Figure 9-6: X/s-Chart for Subgroup Size n = 5 and Estimators fi = X and § = V/s2.
Variation Chart Calculated on exact formula for x? Distribution.
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A1 UCL, , LCL, AUIUAI UCL, , LCL
ﬂwu’mq UCLX’ — ):( <+ A3'§ UT::;::::M UCLS = B4.§
= 20.2500 + (1.287)(0.01073) = 1.970(0.01073)
UCLyx = 20.2638] UCL, = 0.02114|
ANANILANATN LCLS = ng
Ve O = s o = 0.030(0.01073)

= 20.2500 — (1.287)(0.01073) LCL, = 0.00032]

LCLy = 20.2362‘
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= 1 —
UCLIL:X‘F’UQ_Q/Q'%'\/S_Z

1.
= 20.2500 + (2.299977) : % -+ 0.00012302

— 20.2500 + (2.999977)(0.408248) (0.01109144)
UCL, = 20.2636

- 1 -
LOL, =X~y opp-— V&

NeD
1
= 20.2500 — (2.999977) - v 1/0.00012302
A

= 20.2500 — (2.999977)(0.408248)(0.01109144)
|LCL, = 20.2364|

@ >m u: Standard Normal Quantile at probability q
= < a o
- madeulndvesmsuonuesdnfsnasguiiszauanunazii g
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1311 M1 Critical Value Y84 X2

ﬁmg?lﬁ‘muﬂ False Alarm Probability O = 0.0027

a=00027, n=6

>m wiaminas Chi-square

distribution
f=n—-1=5

\
!

e g — 1—0.00135 = [0.99865 X35.0.90865 = 19-82127315
=CHISQ.INV(1-(0.0027/2),6-1)
|
0.0027

Quality
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Pearson Control Chart tM11AUNIZUIMMINTIMIuanuuunnf Taommzaudnyaueil Natural Limit 151 Runout, Flatness 11ag
Straightness 11541 One-sided Specification 150 Asymmetric Tolerance iegetna@ed lilwden lvlun5180n Pearson AvatiuduIms

mmmmmﬂﬁzummsﬁmm"lajaummﬁa

f0613m31UszgnAlY Pearson Control Chart

o dauaunszuaumsiimananuaanuui (Skewed Distribution) ¥3afianu liaunasvesdoya

o mnzdunszuMsia T India 18AA T SUA (Natural Limit) 1991 Runout, Flatness 1102 Straightness

*  tnziield Individual Moving Range Chart ﬁmﬁ'mmﬂﬂtjudaa n<9

* diileTasiianIugun1381ede Quantiles vosmsuanuaauuniimianzean unums 19 Standard Normal Distribution

o fetunuduifinazgUng B Runout, Flatmess, Straightness #3ogaidnyaziiimansznedladiuniledadany

Pearson control chart / uwugiimuauuiasdu
X - Pearson 99.73%[ n=5; fi = X, & = /s7]
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Figure 9-13: Pearson Chart
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NYMIAONAITNAWAURIY ISO 22514-4 Annex B A0:

Table B3 wirnduadasuuneiluau

Table B.3 avta3avuisineinn

Skewness Po135% Pyg 565% Prog,
v >0 Table B.1 Table B.2

11 <0 Table B.2 Table B.1

i =0 B.1=B2 B.1=B2 0

1 1denue Kurtosis ( [32) au

2 (Aenna NIl Skewness (Y1) mumi

299

! Ao v
mnmuanld
Table B.1 (continued) /

funld

BIG

PEARSON CURVES [STANDARDIZE AILS]
\ 4 Pp.1359% (0,135 percentile) for y1 > 0. Pgg g659 (%percenti]e} for y1 <0.
Kurtosis Sk ¥1)
B2) |00 01 02 03 04 05 06 07 08 09 | 10 |11 12 13 14 15 16 17 18 19 20 |79
3,0 |4004 3,430 3,387 3,326 3,274 3,198 3,103 2,983 2,831 2,646 2,427 2,183 1924 1,6€ oy 3,0
3,2 [4,031 3436 3,395 3,346 3,288 3,216 3,127 3,015 2,874 2,69 ST 3 21UA1 Quantile 21NYANA 3,2
34  |4,056 3441 3,402 3,356 3,300 3,233 3,149 3,043 2911 2,747 2,549 2,321 2,072 1,813 1,555 1,317 1,115 0953 0,822 0,712 0,618| 3.4

B]. — P0-135% — 2491 = LCL

B2 — P99.865% =4.810 - UCL
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MU UCL, , LCL,

CL = X =0.440848

UCL = X + 43 - Pogsasn (1, B2)
— 0.440848 + (0.103261)(4.810)

0.937533

UCL =

LOLE =X — S5g - P0.135%(’?1,B2)

= 0.440848 — (0.103261)(2.491)

LCL = 0.183625

Tae

§¢ — 0.103261
P35 = 2.491
Pyg g659, = 4.810
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UM UCL, , LCL Tﬂﬂ :

ko g l2
> i1 5 = Be=lg0

= 0.192154

Qp

CL =

k

|CL, =0.192154|

= (2.089)(0.192154)

UCL, = 0.401410

LCL= By CL

— (0)(0.192154)

LCL, = 0.000000
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LY e
feeamsszgnald p Chart

o Idaany Fadruvesmien i hlmudeimua (Proportion of Nonconforming Units) 31nHan15a59u1y /vl
(Conforming / Nonconforming)

e 14UmMsas1980 Go/No-Go Gauge 15U a5299u1A3191z 10g lunasinie i

o 13 asreaeudsmanuReuFuRIeE VeI (Boundary Sample) 151 5¥FUANITH BENHAZAIVE AT LAY

o 1dAamy Fadnduau NG 1wy suauds suanalsznenlins wienanaaen i

o aunsaldldia mmﬂmjudﬂﬂmﬁ!mz‘lﬁmﬁ (Constant / Non-constant Subgroup Size) Tﬂmf]aﬂmmncjmiamﬂﬁau Yana
AuauIzlaounu ni

uHuDil p ﬁﬂuwmnéudﬂn‘lﬂﬁﬂﬁ / p-chart with non-constant subgroup size

p-99,73% p-99,73%
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wBLaeNgubas SG no. — / Subgroup no. wisiagnautas SGno. = / Subgroup no.
3Ui 9-20 / Figure 9-20: urugdl p dwsudndiusasmizeiilbidulumadaivua U 9-21 / Figure 9-21: unugil p dwiudadruvesmisnilidulumudeimug

engueasAsil / p-Chart for the Proportion of Nonconforming Units, Subgroup Size Constant winangueioalaingii / p-Chart for the Proportion of Nonconforming Units, Subgroup Size Not Constant
nangugaeesii n = 100 (1 nqudssunaAsiiiguanmsnan) / vwangugoshingil 102 < n < 120 (19w wandneiu) /
subgroug size constant n = 100 (e.g., fixed subgroup size drawn from production) subgroup size not constant 102 < n < 120 (e.g., daily output)

wangwwg / Note: 1 nnndofinnanniinssawuwiniu (Hoyaiiv) 1swdiaTudcu (gdx‘f’; 9-20) /
Same amount of detected errors (raw data) as above (Figure 9-20)
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Phase 1 Trial

0.14
0.12
0.10
0.08
0.06
0.04
0.02
0.00
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
4
. . Y 1w < . a
Phase 1 Trial baseline m’mﬁauum'nmami;mﬂu Special Cause 33 LASAUNAYN
P o v Y o ' . .. o o . e R Y
(o /_,m N1ALAINITAIUIUHIA1Control Limits G141 71U Phase 2 Ongoing Monitoring INAD
S
o
9naa  ki4 1az k22 99n
p CharPhase 1 Trial
Subgroup 1 2 3 4 5 6 7 8 9 10 11 12 13 15 16 17 18 19 20 21 23 24 25 Sum
Date 12/1/69 13/1/69 14/1/69 15/1/69 16/1/69 17/1/69 18/1/69 19/1/69 20/1/69 21/1/69 22/1/69 23/1/69 24/1/69 26/1/69 27/1/69 28/1/69 29/1/69 30/1/69 31/1/69 1/2/69 3/2/69 4/2/69 5/2/69
Under torque 1 0 1 1 ) 1 0 1 1 0 1 0 1 1 0 1 1 0 1 1 1 o 1 15
Non-start 0 1 1 1 o 0 1 ) 1 0 1 1 0 1 1 0 1 1 0 1 0 0 [} 12
Leaker 1 o 0 1 1 1 1 1 1 1 1 1 1 1 o 1 1 1 o 1 1 1 1 19
Smoker 0 2 0 0 ) 0 0 1 0 0 0 o 0 0 0 0 0 0 0 0 0 0 0 3
Total Units Identified (np) 2 3 2 3 1 2 2 3 3 1 3 2 2 3 1 2 3 2 1 3 2 1 2 [ 49
Sample Size (n) 60 48 52 55 55 65 46 58 51 55 63 47 54 52 45 57 53 42 54 64 55 49 45 1225

Proportion (p=np/n) 0.03333 0.06250 0.03846 0.05455 0.01818 0.03077 0.04348 0.05172 0.05882 0.01818 0.04762 0.04255 0.03704 0.05769 0.02222 0.03509 0.05660 0.04762 0.01852 0.04688 0.03636 0.02041 0.04444 0.92304
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g
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515

0.8, k1 UCLs, :ﬁ+37\/p(p)
V1
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V50
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(UCLp, =0.12313844 |

p(1—p)
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= —0.04313844
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T lans uaunanautanasouad Phase 2 1 kg windu 20 Tild ny = 20 éunew UC Lp, uaz LC Lp, dwmdu
T dsziflutayavas ko Taadeaald = 0.04000000 ann Phase 1 tilu Baseline L

£.8. k2 \/}ﬂ

UCLp =7+3
B, =p-t -

UCLp, = 0.04000000 + 3

1/0.04000000(1 — 0.04000000)
V20

UCLp, = 0.17145341

VP(1 — p)
\/7Ti

LCLp, = 0.04000000 — 3

v ()
= —0.09145341

LOLp =p—3

1/0.04000000(1 — 0.04000000)
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P diansurunanaudanadouas Phase 2 ko windu 20 Wiled ny = 20 dudat UCLp, uaz LC Lp, & wsu
ST dsndudiayauas ke Tanduasld p = 0.04000000 ann Phase 1 iilu Baseline uéiu

Upper Control Limit x,, = Upper boundary of the number of nonconforming units

oL =22
= (0% n
G(mup; nap) == 9 » 4
G (Zup; 20,0.04000000) > 0.99865 20
UCL = 0.2000
Tup = 4
Lower Control Limit 1, = Lower boundary of the number of nonconforming units Tio
- LCL = —
G("L'la; n, ﬁ) < 5 e
Yaiflel
G/(z1; 20, 0.04000000) < 0.00135 » :“210‘“

z, LifiAN = Lower limit az13lu 0 ‘

' o 2 L ' . . . P d '
WAV VIUAIUIUYY Nonconforming #auuLazA1e 910 Binomial Cumulative Distribution Table #1 n=20, p=0.04 Taom

7 ° WM NHIaAY 0.99865
© . -

- HazFAnIMI0MIAY 0.00135
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Figure 9-22: np-Chart for Number of Nonconforming Units /
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LCL,=np-3 np(l—@) =np =34 np(1-D) Glan: n,p) < )
n




TRAINING
BIG Q TRAINING CO.,LTD.

BIGQu: MINVANNIZUIUMINET DA

STATISTICAL PROCESS CONTROL
AIAG & VDA SPC 't

BHUHTAIVAN u

Tag
i BIG Q TRAINING CO.,. LTD.

www.bigq.co.th , www.bigqtraining.com @

Vo = A a A o & & v ;
a!?‘iﬂ‘nrﬁﬁﬂ‘lel‘l!!ﬁ%ﬁlﬂﬂﬂﬁiliﬂﬂllﬂﬂ]“ﬂw !Wﬂﬂ?‘l?»l‘].liz“ﬂﬂc!ﬂ!!ﬂﬂ!ﬂﬂ!ﬁimlﬂﬂﬂ! @

BIGQ%w

poadetusaie. AL 9.3.6.4 Number of Nonconformities per Unit (u Chart )

fed1amsszgnald u Chart

o dmuguimiudeunnissneniiie

* I mbwanunsolideunnsesldnarsyamatnlszion
o 1&ilovinanguton n iy

o ' '
® #798719: 11U Injection Molding t¥H Short Shot, Flash, Sink Mark, Burn Mark, Weld Line, Black Spot/Contamination
u-99% =
ot u-2,580
0404 _\_l—\_,—|_l—|_l—|_]— el T 009 ucL
T =L
5 g 009 4 I8 ¢ 0.08 ° A
£ 2008 © i = -
o [\ at
3;0,07- /1) 1N 3 "
£% 006 gt g 0.06
o E 005 / \ g 005
5t . 5 - =N - o o A - C UMM ' U0, O O L1 . T S s oo
£ & o004 / \ / o T 004 o—
2€ 003 \,_—* \ / J & £
2 . / e 003 .
£ .3 002 | ¥ 3|
&2 \ e 002 °
% 001 % 5 /
000 RS SS  —————— “g o ooy
12 3 4 5 & 7 8 9 10 1 12 13 1 : 0.00 — LoL
SG no. / ddungution 0 1 2 3 4 5 6 7 8 9 10 1 12 13 14
Figure 9-23: u-Chart for the Proportion of Nonconformities per Unit Based on Poisson Distribution " 39 no. =~
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Efror Liog Shest foF on-constant number of Uits and & ditferent 6FFoF tyRes in siim Figure 9-24: u-Chart for the Proportion of Nonconformities per Unit Based on Normal Distribution
calculated based on Poisson distribution U7 9-24: unugiimuga u dwiudadudwauieunnsesdamiae Tasdsenmauanuasng
uriutiufindodignwannadmiva heiiliaei uarsiudod 7 6 Uszan
TasAwinuuRugums uanuasihves Error Log Sheet for non-constant number of units and 6 different error types in sum

calculated based on approximated normal distribution. Same raw data as in Figure 9-23.
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