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STATISTICAL PROCESS CONTROL 

AIAG & VDA SPC 1st

Excel or Minitab
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- QMS 

Automotive Core Tools

-
- IATF SPC

SPC

- Variance)

- Statistical Distribution)

- Average / Mean)

- Range)

- Standard Deviation)

- Workshop: 

-
-
- SPC 

- x ,  y

-
SPC

-
-
-
-
- Special Characteristics) 

- Out-of-Control Action Plan: OCAP) 

- Control Plan) 

- SPC
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-
-
-
- Pm / Pmk

- n Customer-Specific 

Requirements (CSR)

- Special Cases)

-
-
- Time-Dependent Distribution Models) ISO 

- Pp / Ppk

- Cp / Cpk

-
- n Customer-Specific 

Requirements (CSR)

Process Location Process Variation

In-Control / Out-of-Control, Special Cause 

Control Limits: AIAG SPC 2nd / Shewhart vs AIAG & VDA SPC 1st

False Alarm Probability ( ) Control Limits 

( ) Subgroup Size, Distribution Quantile, Sensitivity False Alarm

I MR Chart Individuals and Moving Range

I MR Chart

Control Limits Shewhart & AIAG SPC 2nd 

Control Limits AIAG & VDA SPC 1st 

Standardized Normal Distribution 

Standardized Range -Distributio

- Zone Chart / Stoplight Control

Red / Yellow / Green Zone

Pre-Control, Stoplight Concept SPC Control Chart

Xbar R Chart Average and Range

Xbar R Chart

Control Limits Shewhart & AIAG SPC 2nd 

Control Limits AIAG & VDA SPC 1st 

Standardized Normal Distribution 

Standardized Range -Distribution

Xbar S Chart Average and Standard Deviation

Xbar - S Chart

Control Limits Shewhart & AIAG SPC 2nd 

Control Limits AIAG & VDA SPC 1st 

Standardized Normal Distribution 

Chi-squared Distribution
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Pearson Control Chart

Pearson Control Chart

Control Limits Standardized Pearson Curves

Skewness Kurtosis

p Chart Proportion of Nonconforming

p Chart

Control Limits Shewhart & AIAG SPC 2nd 

Control Limits AIAG & VDA SPC 1st Binomial Distribution / 

Binomial Table

np Chart Number of Nonconforming

np Chart

Control Limits Shewhart & AIAG SPC 2nd 

Control Limits AIAG & VDA SPC 1st Binomial Distribution / 

Binomial Table

u Chart Number of Nonconformities per Unit

u Chart

Control Limits Shewhart & AIAG SPC 2nd 

Control Limits AIAG & VDA SPC 1st Cumulative Poisson 

Distribution / Table

c Chart Number of Nonconformities

c Chart

Control Limits Shewhart & AIAG SPC nd

Control Limits AIAG & VDA SPC st Cumulative Poisson 

Distribution / Table

-
-
-
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https://www.aiag.org/about/board-of-directors
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,

Core Tools

ISO9001 

A

B

IATF 

SWOT
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ISO/TC 69/SC 4 ISO Applications of Statistical Methods)

ISO 11462-1  Guidelines for implementation of SPC 

ISO 11462-2  Catalogue of tools and techniques 

ISO 3534-1 General Statistical Terms

ISO 3534-2 Applied Statistics

ISO 7870-1 General guidelines for control charts

ISO 7870-2 Shewhart control charts

ISO 7870-4 CUSUM charts

ISO 7870-6 EWMA charts

ISO 7870-7 Multivariate control charts

ISO 22514-1 General principles

ISO 22514-2 Capability and performance indices for normal distribution

ISO 22514-4 Process capability estimates and performance measures

ISO 22514-6 Capability statistics for non-normal processes

ISO 22514-7 Measurement process capability and performance

ISO 22514-8 Machine performance studies

1. AIAG + VDA OEM Supplier 

Statistical Process Management ISO/TC 69/SC 4 SPC 

Stability, Distribution, Sampling, Measurement System, Capability, Control Plan 

OCAP 

Quality

Big

10
Machine Performance Preliminary Process Performance Current Ongoing Process Capability

Pm Pmk Pp Ppk Cp Cpk

Within Capability Cw, CwL, CwU, CwK Total / Between-subgroup 

variation Ppk Cpk
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± Normal 

Distribution 

Quantile 

distribution 

Quality

Big

12
Performance Capability Sample Size + Confidence Level + 

Characteristic Classification + CSR Target Value 
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Control Chart Control Limits A , D , D

Probability / Quantile distribution statistic Normal, ², standardized range ww Binomial Poisson

Attribute Charts Exact Binomial p/np Exact Poisson c/u Normal

Special Cases One-Sided Specification Multivariate geometric tolerances

Control Chart CUSUM (Cumulative Sum)  EWMA (Exponentially Weighted Moving Average)

Control Chart Non-normal distribution

Quality

Training

Big

20Mean)

Mean) 

Population Parameter Sample Statistics

N = n = 

µ = Population mean = Sample mean 

https://statisagri.files.wordpress. com/2012/09/mean1.png?w=614

https://statisagri.files.wordpress. com/2012/09/mean2.png?w=614
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Spec 50.02±0.03 = 50.01
= 0.005
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27Workshop

Spec 48.05±0.03 = 48.04
= 0.006



Quality

Training

Big

BIG Q TRAINING CO,. LTD.

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

STATISTICAL PROCESS CONTROL 

AIAG & VDA SPC 1st

Excel or Minitab
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A Process Control System) 31
Feedback System) SPC 

Non-statistical Feedback Systems) 

ISO 3534-2 

Process Control) Process 

Requirements)

Statistical Process Control)

- Target = Nominal

- Target Variation = Minimum
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Spec 

FMEA

X

X

X

/

/

/

X-MR

WI-PT-02

Barcode auto setup program

Barcode auto setup program

X-MR

Barcode auto setup program

(Epsilon) = Variation) 

f(X) (Controllable Factors): x , ) 

Control f(X) and  Reduce

f(X)

nozzle 

Unknown

FMEA

Quality
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M 

Y 

X VS 

(Unknown) (

Action

- Correlation , 

DoE , Regression

(Noise) (

Action

- SPC , Check sheet , Reaction Plan

x

Y No Significance
X 

Action

- Check sheet 

Significance

X  

x

Control Plan

SPC 

Reaction plan

Auto control

OCAP : Out-of-Control Action Plan

Shift

Reduce

Control f(X) 

SPC 

SPC 
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Quality Control Loops

SPC 
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Big

BIG Q TRAINING CO,. LTD.

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

STATISTICAL PROCESS CONTROL 

AIAG & VDA SPC 1st

Excel or Minitab
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Drawing), Acceptance Limits) 

ISO 8015 

zero defect

SPC 

Quality

Training
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Risk Analyses) 45
SPC tolerances)

SPC 

Control charts)

Failure Mode and Effects Analysis FMEA) 

FMEA AIAG VDA 

FMEA

Company Name: Subject: PFMEA ID Number: 

Manufacturing Location: PFMEA Start Date: Process Responsibility:

Customer Name: PFMEA Revision Date: Confidentiality Level: 

Model Year(s) / Program(s): Cross Functional Team: 

:
OJT WI-01 WI-01 (

)
3 10 M -

QA KAPPA 

3 
30-3-62 6 28-3-62 7 3 6 M -

  :

550
550 10 (

GR&R,Bias )

7 H
X-MR 

- 30-3-62 1 28-3-62 7 3 7 M

: Line 

( WI-54 )
3

Tag 

Line  ( Kappa )
8 M - - - - - - - - - - -

2 : : Line 

Your Plant 7

Ship to Plant 

1 7

End User 4

7
/

10 Line (

Kappa )

8 H

(PP 

Corrugated Box) - 30-3-62 1 28-3-62 7 5 6 M

:

Tag 
10 (FM-PT-02)

( GR&R,Bias )

7 M

WI-01 

FM-PT-02 OJT 

- 30-3-62 2 28-3-62 2 3 6 L

: 
10

Line ( Kappa )

6 M

WI-03 

Line

- 30-3-62 4 28-3-62 2 3 6 L

5. Your Plant:

Ship to Plant :

End User :

7

: No 002

3 

Your Plant: 

2

Ship to Plant: 1

End User: 1

2
W/O

Your Plant 7

Ship to Plant

1 

7

End User 4

Target 

Completion 

Date
Status 

Action Taken 

with Pointer to 

Evidence

Completion 

Date

5.1 , , , 

1 

: No 002

Detection Action
Remark

Prevention Action

PFMEA Risk Analysis (STEP 5) Optimization (STEP 6)

1. Process Item

System, Subsystem, Part 

Element or Name of Process 

2. Process Step

Station No. and Name of 

Focus Element 

3. Process Work

Element 

4M Type 

4M

1. Function of the Process Item

Function of System, 

Subsystem, Part Element or 

Process 

, , 

2. Function of the Process 

Step and Product 

Characteristic 

(Quantitative value Is 

optional)(

3. Function of the Process Work 

Element

and Process Characteristic 

1. Failure Effects (FE) to the

Next Higher Level Element and/or End User 

(FE)

/

Responsible 

Person's Name

2. Failure Mode (FM) of the 

Focus Element  

(FM)

3. Failure Cause (FC) of the Next 

Lower Element or Characteristic 

(FC)

Current Prevention Control (PC) of FC 

(PC) FC

Current Detection Controls (DC) of FC or 

FM (DC) FC 

FM

Ford Evrest 2.2 2016 ( QC ) , , , ( ) , ( PE )

Structure Analysis (STEP 2) Function Analysis (STEP 3) Failure Analysis (STEP 4)

Planning and Preparation (Step 1)

Form C: Standard PFMEA Form Sheet (AIAG & VDA Form Sheet Supporting 7 Step Approach)
KI (code no:V33XB) MB3C-2C326-AB ECN No:00 -

7 10/12/1967( rev 00) ( ) Tel: XXXXXX

BBB 30/2/68 ( rev 01)
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fit), 

form), function), 

IATF 16949 AIAG Control Plan VDA A Process Description Covering Special Characteristics

multidisciplinary approach) 

value stream) 

capability) stability) 

Page _______ of ______

(If Safe Launch is included in Pre-Launch or Production Control Plan, check both boxes) 

No. Class. Process/Product

1 S/C

2 S/C

3 -

4 S/C

5 S/C

6 S/C

7 S/C

8 S/C

9 S/C

10 S/C

illustration/Pictorial

/ IPA wipe 20 

, / , ±0.2 mm

±0.20 mm Datum

Cross-hatch  4B (ASTM D3359)

500 cycles ( )

pinhole / void / uneven

Description/Rationale Specification/Tolerance

(Position)

(Ink Thickness)

(Adhesion)

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):

Date (Rev):

Part Number/Latest Change Level: Customer Eng. Approval/ Date(If Req`d):

CONTROL PLAN SPECIAL CHARACTERISTICS
     Prototype                 Pre-launch                 Production             Safe Launch

Control Plan Number:  5 Key Contact/Phone: Date (Orig):

No.002, E 2.0 ( Master Sample)

(0 defect)

W/O (0 / 0 )

/

(Abrasion)

(Chemical resistance)

Quality

Training

Big

Control Plan) 49

Page _______ of ______

(If Safe Launch is included in Pre-Launch or Production Control Plan, check both boxes) 

SIZE FREQ.

: 
 :Kappa >0.75 , ß< 2, 

a<5 , >90
KAPPA QA ALL 3 

OJT WI-01 WI-01 (

)

RP-03 (

Kappa )

QA Man

:
550 1 X-MR 

FM-MT-15 

: 
Line

Line 

( WI-54 )

: Line
Line

(PP Corrugated Box)

:
Tag 

WI-01 

FM-PT-02 OJT 

: 3

Line

WI-03 

Line

Date (Rev): N/A

Part Number/Latest Change Level : MB3C-2C326-AB ECN No:00 Customer Eng. Approval/ Date(If Req`d): 

Control Plan
     Prototype           /     Pre-launch                 Production             Safe Launch

Control Plan Number: 5. Key Contact/Phone: ( ) Tel: XXXXXX

( QC ) , , , ( ) , ( PE )

Date (Orig): 1/3/68

Part Name/Description: Supplier/Plant Approval/Date: ( 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 Req`d):  

PART/ 

PROCESS 

NUMBER

PROCESS NAME/ 

OPERATION 

DESCRIPTION

MACHINE, DEVICE, 

JIG, TOOLS, FOR MFG.

CHARACTERISTICS Special 

Char. 

Class

METHODS REACTION PLAN

NO. PRODUCT ACTION
OWNER / 

RESPONSIBLE

EVALUATION/ 

MEASUREMENT 

TECHNIQUE

OWNER / 

RESPONSIBLE

SAMPLE
CONTROL METHOD

PROCESS

4M

PRODUCT/ PROCESS 

SPECIFICATION 

TOLERANCE

5.1 N/A

Pre-Launch, Safe Launch)

Out-of-Control)

Inspection Plans) SPC 

AIAG Control Plan, IATF 16949, VDA Assessment of Quality Management 

Methods VDA Volume 6.3.
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Quality Management System(understanding links between core tools, 

understanding pre-requisites)

Technical Statistics

Machine Performance(conditions and setup)

Process Performance(understanding capabilities, stability)

Understanding Critical Parameters(process knowledge, e.g., DoE, 

regression analysis)

Process Control, defining Control Charts(feedback loop 3)

Process Control, using Control Charts(feedback loop 1)

SPC (Competencies in SPC)

SPC

SPC

Key:1 = Basic level ( Expert level ( )     

Role

Competence

Quality

Training

Big

52SPC

Quality management)

Release) 

Technical statistics)

Machine performance)

PmP_mPm PmkP_{mk}Pmk

Process performance)

PpP_pPp PpkP_{pk}Ppk

systematics) 

trend) 

Understanding critical parameters)

black box) DoE)

Experiment space) 

error model) 

optimization) 

regression) 

historic data) 

Robustness, Taguchi, Shainin) 

Process control, defining control charts)

SPC 

control limits) 

Process control, using control charts)

SPC 

SPC 
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STATISTICAL PROCESS CONTROL 

AIAG & VDA SPC 1st

Excel or Minitab

Quality

Training

Big

59

Process Spread) U L

X . % X . %

Lower-side)

X % LSL X % 

X . %

Upper-side)

X % USL X . % 

X %
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PP , CP  =

PPL , CPL =

PPU , CPU =

PPK , CPK =

PP , CP  =

PPL , CPL =

PPU , CPU =

PPK , CPK =

Workshop
Spec 50.05±0.03 = 50.04      = 0.007

Spec 50.05±0.03 = 50.06      = 0.005

Quality
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66Workshop

Spec 5 ±0.03 PP,CP = 2

PPK,CPK = 1.5
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Quantile (

X 50% 

Median)

X0.135% X99.865

Non-normal 

Quantile 

ISO 22514-1 reference interval X0.135% 

X99.865% Normal 3

Quantile Normal
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796.8.2.1 General Geometric Method) 

ISO 22514 ISO 3534 

Pm.G / Pmk.G Pp.G / Ppk.G Cp.G Cpk.G ISO 22514 ISO 3534

X0.135% X99.865% 

ISO 

Quality
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Normal Distribution Case

6.8.2.1 General Geometric Method 

ISO 22514-2 X0.135% X99.865%
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stable

Control Limits special cause

Confidence Interval 
Normal

Normal 
Non-normal

Quality
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BIG Q TRAINING CO,. LTD.

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

STATISTICAL PROCESS CONTROL 

AIAG & VDA SPC 1st

Excel or Minitab

Ref : ISO 22514-4:2016 

C.2  normal distribution 
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quantile Pp.G, PpL.G, PpU.G, Ppk.G
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BIG Q TRAINING CO,. LTD.

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

STATISTICAL PROCESS CONTROL 

AIAG & VDA SPC 1st

Excel or Minitab

Ref 

ISO 22514-1:2014, 3.1.25 3.1.26, 

ISO 3534-1:2006, 2.13

Empirical Quantile
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STATISTICAL PROCESS CONTROL 

AIAG & VDA SPC 1st

Excel or Minitab

Ref : ISO 22514-4:2016 C.3 

Log-normal distribution 
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Ref : ISO 22514-4:2016 C.3 Log-normal distribution , p38

X > 0) ln(X) 

Lifetime Bearing 

Repair time 

Process time 

Wear amount 

Surface roughness 

Particle size 

Leakage rate 

X > 0) ln(X) 

Lognormal Distribution 
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104Lognormal Distribution C 3.2 

Log-normal 

logX = lnX C3.2

C.3.2 
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Excel/ = EXP(-2.277327)  = 0.102558

EXP : Exponential Function 

Quality
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108Lognormal Distribution C 3.3 

C
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STATISTICAL PROCESS CONTROL 

AIAG & VDA SPC 1st

Excel or Minitab

Ref : ISO 22514-4:2016 C.4 

Rayleigh distribution
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Ref : ISO 22514-4:2016 C.4 Rayleigh distribution , p39
run-off 

Upper
- Position error CNC

- Eccentricity 

Run-out 

Radial error wheel hub bearing seat

- Offset distance 

X>0 X , ,XN

Rayleigh distribution 

Training

Big

116Rayleigh distribution 

X x

Rayleigh parameter

F(U) Upper Specification Limit
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AIAG & VDA SPC 1st

Excel or Minitab
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Spec

quantile Pp.G, PpL.G, PpU.G, Ppk.G
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Probability Standard Normal Table

Folded half-normal 

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

Quality
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STATISTICAL PROCESS CONTROL 

AIAG & VDA SPC 1st

Excel or Minitab

6.8.2.3 z-Score Method 

Pp.Z / Ppk.Z
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132z-Score 
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pL pU

=NORM.S.DIST(-3.055761,TRUE) =1-NORM.S.DIST(2.606729,TRUE)

U L

Quality
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Big

z-Score 

=NORM.S.INV(0.00112245) =NORM.S.INV(1-0.00457058)

Probability Standard 

Normal Table 

zL)=0.00112245

zp

P 

z= 3.05

zp Standard Normal Table
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General Geometric Method z-Score Method

Step 1

Step 2

:
X . %

X %
X . %

p_L L
p_U U
z 

: z_L z_U 
p_L p_U 0 1 

Step 3

z

Step 4

/
(99.73%) (Pp.G, 

Cp.G)

(Ppk.G, Cpk.G)

Pp.Z, Ppk.Z

Step 5

(ppm) Step 2

...

...

...

...

Training

Big

BIG Q TRAINING CO,. LTD.

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

Excel or Minitab
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6.8.2.2 One-Sided Specification Limits

Pmk Ppk Cpk L 

U*
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U

L

6.8.2.2 One-Sided Specification Limits



Quality

Training

Big

6.8.2.2 One-Sided Specification Limits
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AIAG & VDA SPC 1st

Within Capability)
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Item 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 Overall / 

x 1 0.554 0.407 0.272 0.372 0.481 0.251 0.243 0.373 0.311 0.674 0.438 0.514 0.209 0.322 0.284 0.468 0.404 0.456 0.234 0.185 0.202 0.337 0.332 0.460 0.469 0.370

x 2 0.299 0.483 0.522 0.800 0.607 0.246 0.180 0.268 0.547 0.348 0.408 0.477 1.057 0.395 0.575 0.259 0.601 0.262 0.702 0.462 0.625 0.238 0.605 0.330 0.485 0.471

x 3 0.138 0.420 0.431 0.355 0.194 0.178 0.324 0.598 0.381 0.363 0.349 0.355 0.678 0.292 0.482 0.571 0.342 0.542 0.187 0.782 0.729 0.327 0.872 0.349 0.525 0.431

x 4 0.277 0.316 0.295 0.496 0.206 0.587 0.363 0.806 0.137 0.199 0.385 0.258 0.404 0.535 0.646 0.524 0.650 0.294 0.402 0.394 0.775 0.553 0.910 0.151 0.366 0.437

x 5 0.436 0.400 0.448 0.357 0.296 0.719 0.291 1.154 0.667 0.181 0.267 0.168 0.305 0.571 0.533 0.582 0.481 0.614 0.273 0.395 1.068 0.305 0.661 0.750 0.458 0.495

Average / 0.3408 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

Range / 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

Variance / 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

STDEV / 0.1593 0.0597 0.1065 0.1904 0.1809 0.2408 0.0713 0.3547 0.2061 0.1978 0.0658 0.1454 0.3425 0.1251 0.1369 0.1319 0.1296 0.1531 0.2074 0.2160 0.3136 0.1188 0.2328 0.2210 0.0587 0.17463

Within Capability Input Data / 

Variance
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Excel or Minitab
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Requirements for Machine Performance Indices

Pm / Pmk

Pm.actual Pm Nsample

Pmk.actual Pmk Nsample

Pm.limit Pm Nlimit

Pmk.limit Pmk Nlimit

Nlimit

Nsample

limit Nlimit

sample Nsample
2 .limit limit Nlimit

Quality

Training

Minor 

N 50

=CHISQ.INV(probability, degrees_freedom)

2
.limit  Excel:

=CHISQ.INV(0.05,49)

Chi-Square df

excel 
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Pm 

Chi-Square

Pm ) 

Big

176Special Cases

Multi dimensional / Multivariate Characteristics

ISO 22514-6



Big

177Special Cases

Pmk Machine Performance Index Pmk

Related to Process Location and Variation

p 

Pmk

Big

183Special Cases

GD&T) MMC/LMC)

Nominal size)                                         D = 20.0 mm

Tolerance)                                          TD = 0.2 mm

Lower specification limit)  LD = 20.0 mm

Upper specification limit)   UD = 20.2 mm

Maximum Material Size : MMS )

Minimum bore size)                MMS = LD = 20.0 mm

Position tolerance)                   TP = 0.2 mm

Lower specification limit)       LP = 0.0 mm

( Natural boundary)

Upper specification limit)         UP = 0.2 mm
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STATISTICAL PROCESS CONTROL 

AIAG & VDA SPC 1st

Excel or Minitab
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probability plot histogram net correlation 

Pmk, Ppk Cpk

DIN ISO 22514-2 A D
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Time-dependent distribution model / 
Example / Location / Variation / 

Instantaneous distribution / Resulting distribution / 

C3
trend, caused by wear and cycle

function oriented(see 

examples) Constant Unimodal any shape
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Pp/Ppk Cpk) 

Cp.actual Cp Nsample

Cpk.actual Cpk Nsample

Cp.limit Nlimit

Cpk.limit Cpk Nlimit

Nlimit Nsample

limit Nlimit

sample Nsample

limit2 Nlimit
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Major 

Ppk

N 125

=CHISQ.INV(probability, degrees_freedom)

2
.limit  Excel:

=CHISQ.INV(0.05,124)

=CHISQ.INV(0.05,29)
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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 155.5277
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 77.6156 81.9997 85.9030 90.5579 98.7117 108.3341 118.5627 128.2983 134.3688 139.7839 146.2569 150.7743 155.0407 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
111 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
113 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
117 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 122.6252 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 124.5429 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 112.6711 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 124.5736 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 122.6918 128.2751 137.9829 149.3339 161.2912 172.5812 179.5806 185.8004 193.2077 198.3602 203.2144 207.3239 209.2646

Area to the Right 
(R)

0.999 0.99865 0.995 0.99 0.975 0.95 0.9 0.75 0.5 0.25 0.1 0.05 0.025 0.01 0.005 0.0025 0.00135 0.001

Area in Left-
hand Tail (L)

0.001 0.00135 0.005 0.01 0.025 0.05 0.1 0.25 0.5 0.75 0.9 0.95 0.975 0.99 0.995 0.9975 0.99865 0.999

df ²(R=0.999)
²(R=0.99865

)
²(R=0.995) ²(R=0.99) ²(R=0.975) ²(R=0.95) ²(R=0.9) ²(R=0.75) ²(R=0.5) ²(R=0.25) ²(R=0.1) ²(R=0.05) ²(R=0.025) ²(R=0.01) ²(R=0.005) ²(R=0.0025)

²(R=0.00135
)

²(R=0.001)

Critical Values of ² (Chi-Square) Distribution Extended Tail Range
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Pmk

Chi-Square

Chi-Square

Ppk ) 
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Special Cause Tests): Minitab The eight Nelson Rules) 214
. . /

1
1 3 

/ 

2
9 ( 9
) (shift)

Test 1 

3
6 

( 6 
)

(Trend)

4 14 
(Systematic

 Variation)

5
2 3 > 2 

( )( 3 )

6
4 5 > 1 

( )( 5 )

Test 5 

7
15 > 1 

(
)

(Stratified Data)

8
K 8 > 1 

( )
" " (Mixture Pattern)
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Process in Statistical Control 216
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 (3 ) 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 3

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 

from underlying assumptions such as the distributional form of the data will 

affect the probability values. In fact, the choice of k limits, instead of 3

limits, depends on costs of investigation and taking appropriate action vis-à-vis 

consequences of not taking action.

UCL) LCL) 

Center Line) 

)

Frequency Distribution) 

Bell-shaped Symmetrical Pattern) 

Normal Distribution)

4.3.2

Normal Distribution) 

Statistical Control)

UCL LCL

approximately" (

k
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Shewhart Random cause / Common cause / Chance cause 

Special cause 

: ISO 3534-2:2006
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SPC 

Process Capability) Process Performance)

SPC 

Out of 

Control Action Plan: OCAP)

SPC
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When Shewhart Charts Do Not Work / Shewhart 

1.Pre-Control / 

Zone Charts (Red/Yellow/Green, Stoplight Control) / 

2.Non-Normality / 

Shewhart (with transformation using parametric/non-parametric fit) / Shewhart (

Median chart (averages should not be calculated) / 

Zone Charts (Red/Yellow/Green) / 

Pearson Chart (not transformed) / Pearson (

Percentile chart (distribution free) / 

3.Batch Processing with multiple systematic sources of variation / 

Multiple) Levey Jennings Charts (according to JESD 557D) / Levey Jennings ( JESD 557D 

4.Autocorrelation / 

CUSUM (cumulative sum) / CUSUM (

UWMA/EWMA (uniform/exponentially weighted moving average) / UWMA/EWMA (

Regression Control Chart / 

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

Z-Chart / Z 

Other normalization (e.g. Delta to Target) / Delta to Target) 

6.Multiple variables / 

Hotelling T Control Chart / Hotelling T 

7.Rare Events / 

G Chart (Geometric: Opportunities between events can be determined) / G (

T Chart (Time: Date and time between events are known) / T (
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2. Measurement System Measurement System

Rational Subgroup   

Subgroup Size n   

Sampling Frequency

Control Chart / Statistic 

Control Limits
Distribution   

Quantile

Trial CL / UCL / LCL 

6. Process Stable? Special Cause

SPC Control Chart -Ongoing Monitoring

8. OOC Signal / Unnatural Pattern? Run Reaction Plan

Quality

Training

Big

228( Alarm ) Visual Management

SPC 



Quality

Training

Big

229
Page _______ of ______

(If Safe Launch is included in Pre-Launch or Production Control Plan, check both boxes) 

SIZE FREQ.

: 

Ref: MSA ( KAPPA )
FM-QA-15 (

kappa )
QA 3 

 - OJT WI-01

 - WI-01 ( )
RP-15 MA QA

: 550 X-MR 

: 
Line

Line 

( WI-54 )

: Line
Line

(PP Corrugated Box)

:
Tag 

(FM-PT-02)

WI-01 

FM-PT-02 OJT 

: 3
Line

WI-03 

Line

PROCESS

4M

PRODUCT/ PROCESS 

SPECIFICATION 

TOLERANCE

5.1 N/A

PART/ 

PROCESS 

NUMBER

PROCESS NAME/ 

OPERATION 

DESCRIPTION

MACHINE, DEVICE, 

JIG, TOOLS, FOR MFG.

CHARACTERISTICS Special 

Char. 

Class

METHODS REACTION PLAN

NO. PRODUCT ACTION
OWNER / 

RESPONSIBLE

EVALUATION/ 

MEASUREMENT 

TECHNIQUE

OWNER / 

RESPONSIBLE

SAMPLE
CONTROL METHOD

Part Name/Description: Supplier/Plant Approval/Date: ( 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 Req`d):  

Date (Rev): N/A

Part Number/Latest Change Level: MB3C-2C326-AB ECN No:00 Customer Eng. Approval/ Date(If Req`d): 

Control Plan
     Prototype           /     Pre-launch                 Production             Safe Launch

Control Plan Number: 5. Key Contact/Phone: ( ) Tel: XXXXXX

( QC ) , , , ( ) , ( PE )

Date (Orig): 1/3/68
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Measurement System Process Capability Sensitivity

Control Chart Shift

Measurement System Cpk False Alarm

Cpk Control Limits Process Shift

Sensitivity False Alarm 

15 1.33 Cpk 1.00 Measurement System Process 

ISO 22514-7 Measuring System Capability.



Quality

Training

Big

Quantile ,

I-MR 

Moving Subgroup

I

MR

232

Standardized Normal Distribution

Standardized Range w-distribution
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Quantile / Distribution 

Xbar

Xbar Chart

Xbar R

Xbar S

Standardized Normal Distribution

Standardized Normal Distribution

Standardized Normal Distribution
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Quantile / Distribution 

R

R Exact : 

Calculation based on w-

distribution of the 

Standardized Range

w-distribution Standardized Range

R 

Approximate 
Calculation based on 

quantiles of the normal 

distribution (approximated 

calculation)

Quantile Normal distribution

Standardized Normal Distribution

Standardized Range w-distribution
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Quantile / Distribution 

S

S Overall 

formula 

S 

Chi-squared distribution
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Quantile 

p

np

Cumulative Binomial Distribution Function

Binomial Table
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Quantile 

u

C

Cumulative Poisson Distribution

Cumulative Poisson Distribution
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STATISTICAL PROCESS CONTROL 

AIAG & VDA SPC 1st
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Individual and Moving Range : I MR X-MR ) x) Rm) 

( I-MR)

I-MR 239

Specification: 0.005 0.001 mm
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q = Cumulative Probability

False Alarm Probability = 0.0027 n=3 

Z-Table

-

-

Excel =NORM.S.INV(0.9995495944)

=NORM.S.INV((1+(1-0.0027)^(1/3))/2)

u : Standard Normal Quantile at probability q

q

I-MR 
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Pre Control : UCL  
1.5S SPEC

Pre Control : LCL
1.5S SPEC

UCL  3S 

LCL  3S 

New UCL  3S 
lot 

New LCL  3S 
lot 

UCL  3S 

LCL  3S 

New UCL  3S 
lot 

New LCL  3S 
lot 

Pre Control : UCL
3S SPEC

UCL  3S 

LCL  3S 

New UCL  3S 
lot 

New LCL  3S 
lot 

UCL  3S 

LCL  3S 

New UCL  3S 
lot 

New LCL  3S 
lot 

X , Xbar

MR , R , S  / np , p ,u ,c

Target=SL

Target=0
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Control) / 

STATISTICAL PROCESS CONTROL 

AIAG & VDA SPC 1st
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Zone Charts (Red/Yellow/Green, Stoplight Control) 257

R RED 

Y YELLO 

G GREEN 

X,

MR,R,S,P,NP,

C,U

Pre-Control/Stoplight Control Shewhart SPC Control Chart Pre-Control Specification 

Limits Tolerance UCL/LCL 
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AIAG & VDA SPC 1st
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Spindle / Cavity / 

Production Line /  Mold Die

9.3.3.3 Average and Range

Quality

Training

Big

Z Quantile at probability q

1 q 

q = 0.99865000

2 Probability Z-Table

q 0.99865000 

0.99865010 q

3 z 

3.0  +  x.x0  uq 3.000
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STATISTICAL PROCESS CONTROL 

AIAG & VDA SPC 1st
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AIAG & VDA SPC 1st

UCLX , LCLX

9.3.3.2 Average and Standard Deviation
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False Alarm Probability = 0.0027

=CHISQ.INV(0.0027/2,6-1)

=CHISQ.INV(1-(0.0027/2),6-1)

9.3.3.2 Average and Standard Deviation
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Pearson Control Chart 294
Pearson Control Chart Natural Limit Runout, Flatness 

Straightness One-sided Specification Asymmetric Tolerance Pearson 
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Skewness ( ) 

Quantile 
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AIAG & VDA SPC 1st

UCLX , LCLX
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AIAG & VDA SPC 1st

UCLS , LCLS
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P 

STATISTICAL PROCESS CONTROL 

AIAG & VDA SPC 1st
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9.3.6.2 Proportion of Nonconforming (p Chart) 313
p Chart

Proportion of Nonconforming Units)

Conforming / Nonconforming)

Go/No-Go Gauge

Boundary Sample)

NG

Constant / Non-constant Subgroup Size)
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3169.3.6.2 Proportion of Nonconforming (p Chart)

Phase 1 Trial

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
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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 0 1 0 1 1 0 1 0 1 1 0 1 1 0 1 1 1 0 1 15

Non-start 0 1 1 1 0 0 1 0 1 0 1 1 0 1 1 0 1 1 0 1 0 0 0 12

Leaker 1 0 0 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 0 1 1 1 1 19

Smoker 0 2 0 0 0 0 0 1 0 0 0 0 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

p CharPhase 1 Trial
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AIAG & VDA SPC 1st

Nonconforming Binomial Cumulative Distribution Table n=20, p=0.04  
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9.3.6.3 Number of Nonconforming (np Chart) 333
np Chart

Conforming / Nonconforming)

Number of Nonconforming Units)

Go/No-Go Gauge

Boundary Sample)

NG
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AIAG & VDA SPC 1st

9.3.6.3 Number of Nonconforming (np Chart)

Binomial CDF G:

Nonconforming 
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Number of Nonconformities per Unit u Chart ) 341

u Chart

ni

Injection Molding Short Shot Flash Sink Mark, Burn Mark, Weld Line, Black Spot Contamination
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Pre Control : UCL
3S SPEC

UCL  3S 

LCL  3S 

New UCL  3S 
lot 

UCL  3S New UCL  3S 
lot 

New LCL  3S 
lot 

MR , R , S  / np , p ,u ,c

p / u Chart UCL / LCL subgroup baseline CL 

Phase 1 

Phase 1 

Trial Control Limits

Special Cause

k 1 k 2 k 3 k nk 4 k 6

n 92 76 65 81 67 67 98

n 
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Number of Nonconformities per Unit u Chart )

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
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0.02
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0.12

0.14

Phase 1 Trial baseline Special Cause 

Control Limits Phase 2 Ongoing Monitoring

k14 k22 

Subgroup 1 2 3 4 5 6 7 8 9 10 11 12 13 15 16 17 18 19 20 21 23 24 25
Total / 
Overall

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

/ Short 
Shot

1 0 1 1 0 1 0 1 1 0 1 0 1 1 0 1 1 0 1 1 1 0 1 15

/ Flash 0 1 1 1 0 0 1 0 1 0 1 1 0 1 1 0 1 1 0 1 0 0 0 12

/ Sink Mark 1 0 0 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 0 1 1 1 1 19

/ Burn Mark 0 2 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3

Total Nonconformities (x_i) 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

Nonconformities per Unit 
(u=x_i/n_i)

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 0.04000

u Chart Phase 1 Trial
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Number of Nonconformities per Unit u Chart )

Control Limits ni nbar

Shewhart & SPC 2nd AIAG & VDA SPC 1st

Cumulative Poisson Distribution

Control Limits:
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Shewhart & SPC 2nd

Number of Nonconformities per Unit u Chart )
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AIAG & VDA SPC 1st
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AIAG & VDA SPC 1st

UCL Check = POISSON.DIST(5,0.04000000*20,TRUE)>=0.99865

LCL Check = POISSON.DIST(0,0.04000000*20,TRUE)<=0.00135

Number of Nonconformities per Unit u Chart )
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9.3.6.5 Number of Nonconformities (c Chart)

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

Subgroup 1 2 3 4 5 6 7 8 9 10 11 12 13 15 16 17 18 19 20 21 23 24 25

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

/ Short Shot 1 0 1 1 0 1 0 1 1 0 1 0 1 1 0 1 1 0 1 1 1 0 1 15

/ Flash 0 1 1 1 0 0 1 0 1 0 1 1 0 1 1 0 1 1 0 1 0 0 0 12

/ Sink Mark 1 0 0 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 0 1 1 1 1 19

/ Burn Mark 0 2 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3

Total Nonconformities (x_i = c_i) 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 = constant) 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 1150

Number of Nonconformities (c_i = x_i) 2 3 2 3 1 2 2 3 3 1 3 2 2 3 1 2 3 2 1 3 2 1 2 2.1304

c Chart Phase 1 Trial Constant Subgroup Size n=50

Total / 
Overall
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SPC / Capability Verification Validation

Verification Validation

Black Box

Customer Specific Requirements

Validation Dataset Test Case Documented Reference Results
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DOCUMENTATION AND REPORTING
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General Requirements

1. Process Identification): 

2. Specification Limits): U) L) 

3. Data Collection Conditions): 

4. Measurement Process): 

5. Sample Information): N) n) k) 

6. Graphical Analysis): Run/Value Chart Histogram) Probability Plot) 

7. Distribution Model): 

8. Stability Evaluation): 

Capability Indices) Performance Indices) 

Retrospective Control Chart) 

9. Sample Statistics): X . %, X %, X . %, Confidence Intervals) 

10. Calculated Indices): Pm/Pmk, Pp/Ppk, Cp/Cpk

G Z 

11. Interpretation): 

PPM) 
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1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12) Run chart

13) Probability plot

14) Control Chart

15)

16)

17)

18)

19)

20)
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