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Requirement and related topics

Basics of statistics are beneficial for these descriptions. Further and related topics in-
clude: www.weibull.de/COM/Measurement_System_Analysis.pdf

Keywords:

Process capability, machine capability, short-term capability, long-term capability, PFU,
MFU, Cp, Cpk, capable processes, controlled processes, one-sided limited, limited
characteristics, not normally distributed, Folded normal distribution, lognormal distribu-
tion, Weibull, Rayleigh, percentile method, mixed distribution, ISO 21747, ISO 22514

Introduction

The quality of a production process is subject to certain fluctuations. What are known as
capability indexes are calculated so that these processes can be assessed, with a broad
distinction being made between machine capability studies on the one hand and process
capability studies on the other.

Both are designed to identify and evaluate random and also systematic influences.

Purpose and benefit

The specialist department shall stipulate the properties definitive for the capability in-
dexes. It is impractical to apply process capability to each individual part. Instead of this
function-critical or quality-critical properties of the assembly should be considered.

Single parts that are not capable by themselves, can be classed and paired so as to
achieve a capable functional dimension in the assembly, for example the bearing shell
and crank pin. If re-adjustment takes place in final assembly, the process property of the
finished product shall be assessed, e.g. body parts and their gap dimensions.

Fundamentals

For the reference to the dispersion, it was historically determined that 99.73% should
be within the tolerance, which means +3s (s = standard deviation). This leads to the
general relationship:
with
USL — LSL T LSL : lower specification or tolerance limit

D G- 5 USL : upper specification or tolerance limit
S S T : Tolerance = USL-LSL



http://www.weibull.de/COM/Measurement_System_Analysis.pdf
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1 & _
s = \/ 1 E (xl, —x)2 n . measured sample data, should be at least 125
n—1;4

At the beginning of industrialization, the requirement was C,.> 1.0. Later, processes
improved and +4s could be maintained, which means that 99.9937% of the process re-
sults (e.g., parts) are within the tolerance. However, for comparability reasons, the ref-
erence was kept at £3s and the requirement now is:

C,>1,33

To account for a mean shift (deviation from the ideal process situation), the value Cy is
introduced, which is always worse than or equal to C, (Cpr <C)).

Cpu - 3-s Cpo - 3-s

¢, =Min(C,,;C,,)

pu?

As arule, a process is considered capable if Cpr > 1.33.

Examples:

4o 4o

;

e
USL-LSL=8 ¢ USL-LSL =8 ¢

C, =133 Cpu=133 Cpo=133 Cu =1,33 C, =133 Cpu=20 Cpo=0,67 Cpic =0,67
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Beside the normal distribution, there are some other statistical distributions:

Normal Folded nor- Folded nor- Log-normal Weibull Mixed
distribution mal distr. B1 | mal distr. B2 | distribution distribution distribution

o _/\ /\ /\ F/\/\

Exampl. | Geometric dimen- Properties limited Properties limited Properties limited Properties limited Con-mingling of
sions e.g. diame- on one side, e.g. on one side, e.g. on one side, e.g. on one side, e.g. process fluctua-
ter, length, etc. roundness, paral- imbalance, co-axi- | true-running with time refer- tions, e.g. ma-

lelism ality ence chines, batches,
etc.

Param. 2-parameter Negative propor- Corresponds to 2-parameter 2- or 3-parameter Only triple mixed
(Gaussian stand- tions are mirrored Weibull distribution distribution on
ard) at x=0 with b=2 basis of propor-

tional normal
distribution al-
lowed

Calcula- | Calculation ana- Calculation ana- Calculation by Calculation ana- Calculation by Calculation ana-

tion lyticby p + o lytic with least-square Ay lytic by median & least-square Ay lytic, percentile

folding <> 0 scatter factor method
_ Xy, — LSL USL- X,
Formula C = USL—-LSL C,. = Min 50% : 50%
! 6s Koo, = XO,ISS% X99,865% = X

with X500, : median; Xoiss+ : 0.138%-quantil; Xo g0 : 99.86%-quantil

depends on the relevant distribution

For more information, please have a look to
www.weibull.de/COM/Statistics.pdf

Important notes:

1.) Invariably, distributions are assigned with the technical context taken duly into
account. In the case of the roundness property, for example, the distribution to
be used is the folded normal B1, even if the statistical test would accept a nor-
mal distribution.

2.) In a folded normal distribution, the mean value is determined from the data and
not set to 0 (folding <> 0).

3.) A mixed distribution shall be used only if the normal distribution is rejected by
the statistical test!

The folded normal distributions for standard properties are given as follows:


http://www.weibull.de/COM/Statistics.pdf
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In addition to the normal distribution, €.9.  [characteristic Distribn.
for a unit of length, additional distribution gy 2 orinecs — B1
types exist for the subsequent character- [~ =2~ /7 B1
istics: Roundness O B1
LN* Log-normal distribution Cylindrical shape £ B1
B1 Folded normal 1st t Linearshape a B
ype
Surface shape £ B1
B2 Folded normal 2nd type Roughness B1
* If LN is not offered in the evaluation |Imbalance B2
strategy it can be mapped by using Parallelism // B1
the 3-parameter Weibull distribution. Perpendicularity T B1
Slope/angularity ya B1
Position L B2
. . . Coaxiality, concentricity © B2
Properties with non-normal dis- Symmety = a1
tribution Concentricity Y B1/B2
For all other properties with non-normal |Linearmovement S B1, LN*

distribution and upper specification limit
only (natural lower limit at 0):

C

= CpkU =

1
1
USL - XSO% i USL - X50%
Pk :
1
1

1

T oW !

f— 1

X 99,865% X 50% : Loy
! 1

1 1

1 .
X50% :4——-»: USL
X0 = median Xo9.865% - X50%

If there is a lower specification limit as well, for example for minimum surface roughness,
Cy has to be calculated as well:

_ X~ LSL
Xso% _Xo,135%

pkL

Process capability is then expressed as:

/

HEH 1
. KXspy = LSL USL - X, LSL ! ,"_"u\ 1 X50%
C, = Min ; Sy
Xso% _X0,135% X99,865% _Xso% 50% = A0.135%

One-sided restricted characteristics

In some cases, there is only a single specification limit, e.g., an upper limit for exhaust-
relevant parameters or a lower limit for holding forces.
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Case 1: Natural limits exist

A natural zero limit exists, for example, for roughness, roundness, and flatness. Here,
only the USL requirement applies. The same principle applies when there is a physical
upper limit for a lower limit, e.g., saturation at upper limit = 100% in a liquid solution.
Here, only the LSL requirement applies. As a rule, such relationships are not normally
distributed, which will be discussed in the following sections. However, if the "operating
point" is far from the natural limits, a simplified normal distribution is often used. The re-
lationships for both cases are then:

Natural limit at 0 Natural upper limit
one sides upper specification limit one sides lower specification limit
i —
0 USL LSLL Limypper
0SG Lim,, — 0SG
Cor = — Cok = ——
6-s 6-s

Case 2: Application known or nominal value is defined

If there are empirical values from process data and a corresponding expected value at
X50%, Or a target value xsoll, the approach according to the so-called percentile method
applies (see the following sections), or simplified:

one sides upper specification limit one sides lower specification limit

USG  Xsws Xsws  OSG

Xsoy, — LSL USL — Xsoo,
pu = 3-s pk po 3-s

Xs0 : expected value of the process (depends on the relevant distribution)

The expected value X3 is usually estimated from the mean of the data used. In the
case of a normal distribution, the following applies:
X500 = X
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Machine capability study

A machine capability study reveals the short-term scatter and the production and repeat
precision of the machine when, under near-series conditions, only machine-related in-
fluences apply. This is sometimes also referred to as a short-term capability study.
The purpose of the study is to ascertain a machine's capability with regard to the pro-
duction process. In principle, a machine capability study has to be conducted for each
new machine in the framework of acceptance testing. Reasons for deviations from this
standard practice shall be given and the deviations documented.

Calculation of the indexes for process capability

Evaluation is carried out entirely in accordance with the evaluation strategy described in
the Appendix.

The relationships as stated below shall apply for properties with normal distribution
(standard deviation ascertained by single-sample strategy, verification of normal distri-
bution by the Anderson-Darling test.

_USL—LSL c - Min( USL-x Xx-— LSL)

Cm
6s

5

3s 3s

where x and s are calculated from the specified sample.

For all other properties with non-normal distribution, such as folded normal distribution,
for example, calculation shall be by analogy with the descriptions for process capability.
Requirement for machine capability

The requirement is satisfied if:

Cm >1.67, ka >1.67

Sample size

Sample size shall be 50. Parts manufactured in direct sequence shall be removed from
the machine. The prerequisite is that production of these parts must be under series
conditions.

In justified exceptions, for example short-run production, a smaller sample size is possi-
ble but shall be documented (evaluation is impractical with fewer than 20 parts). If the
sample size is less than 50, the requirement applies with reference to the lower confi-
dence limit (confidence interval 95%, table by analogy with VDI/VDE 2645):

n ka i n—_l

20 1.93 (1 2 ”) r-la

25 1.85 Cmk = 1,67

30 1.79 (1 + 1 ) Msoll/spec — 1
35 1.75 2 nSOHESﬂSC X"z?-sal].-'spec'l-“
40 1.72

45 1.69 with 7gpec = 50

50 1.67
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A
c capable © confidence-
2 ot limit
Coni 1,67 __<_g capable* ®
o}
©
e not capable ®
» n
20 50

* Cmk 2 1.67 for existing plant, e.g. on repeat acceptance testing after repair
or other modifications, also permissible for sample sizes n<50 (no
provision for confidence interval made)

Boundary conditions

The capability study shall also be conducted after repairs, on a change of production,
after modification to the machine and/or relevant part properties and on production of
new parts. Necessary interventions shall be documented (planned interventions can be
routine adjustments to the process necessitated by a trend). If an unplanned intervention
is necessary the study shall be restarted from the beginning. Data shall not be sorted
out (see example in the Appendix, isolated outliers are the exception, proved by a sta-
tistical outlier test and with technical reason).

A machine capability study shall be conducted regularly for threaded fastener technol-
ogy, with the concurrence of the specialist department. Other, agreed regulations shall
be applied.

Process capability studies

Process capability studies, also known as long-term capability studies, establish the
long-term quality capability of the entire process. A study of this nature aims at taking all
the influencing variables listed below duly into account. A process capability study is the
prerequisite for process monitoring/steering, particularly with control charts or statistical
process control (SPC).

A process capability study is conducted for the first time when a new process is intro-
duced. The process capability study has to be repeated at least when, for example, a
relocation or a serious change in the production process has taken place. Information
indicating which changes necessitate this is set out in the production-process and prod-
uct-release process (see VDA Volume 2).

Calculation of the indexes for process capability

Evaluation is carried out entirely in accordance with the evaluation strategy described in
the Appendix.
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Properties with normal distribution

The relationships as stated below shall apply for properties with normal distribution
(standard deviation ascertained by single-sample strategy, verification of normal distri-
bution by the Epps-Pulley test (n>1000 y? test). Alternatively, the Anderson-Darling test
can also be used.

o _USL-LSL C, = Ml.n(USL—x x—LSL)

’ 6s 3s 3s

Note: The sample sizes were grouped for calculation of s in the formula above.

= Sy

n—17%3 n : scope of complete data

Requirement for process capability
The requirement is satisfied if:

¢,>133;C, >133

Process capability shall be verified no later than three months after the start of standard
production.

The measured data of the machine capability study cannot also be incorporated into the
process capability study, because long-term influences are not taken into account in the
machine capability study.

Sample size

In this instance 'sample size' means the total number of measurements taken to calculate
the Cp and Cpk indexes. Split, usually cyclic single samples ni are needed for the purpose
of ascertaining whether a process is stable.

The total size of the sample is defined as 125, individual samples to be taken uniformly
from production over a period of 10 to 20 weeks, or over 4 weeks at least. Ensure that
the process proceeds under series conditions when sampling is in progress and is not
disrupted or changed. An intervention is permissible only between samples and shall be
documented. If parts are removed only in samples, the possibilities include the following:



-l_" Versuchsplanung & DoE www.crgraph.com

Random samples

Random samples
from subgroups

Cyclic removal from
process in progress

Ensure that process-changing influences are taken into account, for example tooling and
set-up processes, shift changes, batch changes (raw material), etc. The single samples
ni mentioned above shall be defined accordingly and should be at least 5 in number.

In justified exceptions, for example short-run production, a smaller sample size is possi-
ble but shall be documented (min n=20). Data shall not be sorted out (see example in
the Appendix, isolated outliers are the exception, given technical reason, or proved by a
statistical outlier test).

n Cpk 2 If the sample size is n < 125, the requirement applies with
20 1.67 reference to the lower confidence limit (confidence interval
25 159 95%, table by analogy with VDI/VDE 2645).

30 1.54

40 1.48

50 1.44

60 1.41

Cppe =

70 1.39 Pk

80 1.37
100 1.35

125 1.33
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A

- capable © confidence

-% limit

o conditiona

[3) © capable*
Cok 1,33 8

o)

c not capable ®

n

20 125

* Conditionally capable is not permissible for specified criteria, L and S
classifications and category-A threaded fasteners!

Boundary conditions

In order for the indexes to the calculated the process data must correspond to the sta-
tistical basics such as stability and controllability. Capability and stability are prerequi-
sites for a forecast of the process. This should be taken as meaning that the capability
indexes are not merely used to describe the performance of a process but they serve for
reliably mapping how the process can be expected to perform in the future.

If capability indexes are calculated with non-stability (non-controllability) as a hypothesis,
the risks involved with application of these factors is borne by the process owner. These
calculated values are merely for a process description; they do not reflect on capability.

Processes are described by their capability and stability. In simplified terms, processes
can be said to be in the following possible states:
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stable unstable

capable

not
capable

Cp/ Cpk < 1,33

These states are identified by dividing the data, for example from the process capability
study or from control charts, chronologically into single samples, see section Sample
Size. State A is preferable to all others. It indicates that the process is both capable and
stable. This state shall be achieved, because is returns no rejects in practice.

State C, although capable, is not stable or controlled, no reliable forecast can be made
regarding future capability. A position consistently to one side of the mean values is also
undesirable. The suggestion is: if the distributions of the single samples are one-sided
at the lower or upper tolerance limit, the mean value *: shall be no more than within
+ 25 % of the tolerance middle. For normalized consideration this means a maximum
mean value offset of + 2s. In this instance standard deviation s is related to the process
capability study with n = 125. Note that this is applicable only to processes with unavoid-
able drift, for example the "allowance" for tool wear. If Cp is not significantly greater than
1.33, in the control chart, the warning limit will frequently be overshot and the probability
of violation of the control-intervention limit increases accordingly! Establish the cause of
fluctuation (e.g. tool changes, batches, shifts). Design of experiment (DoE) tests can be
applied to quantify the effects of the influences.

In state B it is necessary either to improve the process toward A or introduce suitable
measures to prevent the dispatch of faulty units.
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1| Application in Visual-XSel
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Our software Visual-XSel is a powerful tool for all important statistical quality and relia-
bility methods. To get started, use the topic areas in the guide (see also
crgraph.de/en/themen-index), or the icon Evaluation.

W Visual-XSel 20 - u] X
File Edit Insert Data Calculate Statistics Options Help
oo [ e
s 088 bdp gy B ER|P u28
S e ¢ & Paste Diagram  Weibul| Evauate | DoE  Analysis Six Sigma Tools  Macro Draw ® 2
Project
Visual-XSel 20.0 )
R
-

Help (7]

N o~
T o s o

Lifetime Tests ; Weibull Analysis Fault Tree Analysis

ERE¢@E -—G—+ 100% A

Here you can find an introduction and a short video:
crgraph.de/en/visual-xsel-software/

Here you can also find some introductory videos:
crgraph.de/downloads/software/Visual-XSel Basis Functions.mp4
crgraph.de/downloads/software/Visual-XSel Methods.mp4

It is not for nothing that this software is used in many well-known companies:
References

The following description is a guide and introduction to the topic shown

13 © 2025 CRGRAPH
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All procedures and analyses are carried out via templates. There are several possibilities
to open them. The direct way is via the selection in the start guide, or via the icon Eval-
uate/ Capability. The recommended item here is the Guide process capability ....

0o EIN 5y 5 JF

Diagram  Weibull

Evaluate

For this a data column in the spreadsheet shall be

selected before.

For example the file Example Diameter.vxt can be

used (File/Examples/..).

i =
Wi ]
S A A B
ANOWVA  Regresszion Dizcrete Hypothesis | Capability Shainin
= MSA Overview
MSA continuous measurements L4
MSA discrete measurements 4
MSA ordinal scaled ... 4
Mare ...
[# & o 0
achine capability Cm,/Cmk ...
Process perfornance Pp/Ppk ...
Process capability Cp/Cpk L4
More ...
— Tolerance specification

The Guide includes a distribution test and make an
proposal which is the best one, here Weibull is rec-

A new option in Visual-Xsel 17.0 is a calculation of a needed limit to achieve a wanted —

Cpk — value.

A1=(0,0]  [Diameter
> K ) B C D E =
1 ||Diameter I
2 15,215
3 15,210 -
4 15,210 <( ~ [” evaluation strategy BMW GSS8000
] 15,180 © Pusive
6 15,235 I " Normal distribution .
7 15.200 [l Standard for normal dimensions and propfrties. o0.0s2 Knowing which characteristic
8 15'240 7 e H selection only if feature is not listed in theffollowing block. should be a priority
- H
9 15,240 £, H
10 15,245 H " Folded normal 1st type
1 15,220 : i Straightness, leveiness, roundness, cylinfirical-, linear-, surface-shape, 0,000
12 15,240 . ] I - . . 1 roughness, parallelism, perpendicularity, §ngularity, symmetry
13 15135 514 TSAE 545 1520 1522 1524 136 W
8 [
14 15.145 £ Folded normal 2nd type 0.000
15 15'230 Imbalance, position, coaciality, concentric]
16 15'225 Humber values = 20
17 15'220 Only positive values " Weibull-, or Lognormal-distribution 0.05
= 15.240 Min = 15,145 Max = 15,245 One-sided limited features, especially tlw f”d cycles
i) 15,220 (3 Weibull-Verteilung (3-parametrig) 0.43
i? E?gg One-sided limited features, in particular service life, cycles, etc
2 Possible outier at the beginnig If not one-sided or lifetime, then the normal-distribution should have priority
23 r o ifal Wagliche Toleranzen fiir Cpk = |1.23 »
2 Unstable process (several machines, batches or new tool previous Median = 1522
2 : ; 005 LsL=0 usL=1528 <
ig i oK Ext Help | (15,28
28 = . J
29 ‘ |
30

If you select the button OK the relevant template will be loaded.
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There is also a menu item to load directly measurement data in the AQDEF® format.
www.g-das.com/en/service/data-format-aqdef

File Edit Insert Data Calculate Statistics Options Help After loading one
New - - ' o g . Can select the
(> Open gg Visual-XSel *.wxgn Strg+0 analysis method.
Load last file ... 5&3 Load additionally embed file ...
.= Templates » 3¢ Load Excel data or replace ...
B Save 7 Measurement or process data (AQDEF) ...
Save as... Data examples ...
& Export » Program examples ...
Comaas r

On the right side the existing attributes are show and can be select later.

AQDEF Evaluation x

By using the first three options

the relevant templates with an e shaft

underscore *_.vxgn are shown e o  Svatem Analve Num measurem. 100
here, as a sign for the AQDEF® Fesueme Systen s Numatiroutes &
form’at ﬂ {+ Process- or Machine capability; Diameter 1
" Diameter 2
A% " Control Charts E?ﬂmstsrt"
After loading the source data, Demeer?
please select the wanted R » Diameter &
method, for example the Pro- S
il : [~ and check distributi
cess  Capabilty  Analysis e ek asibton

Cp/Cpk. The evaluation (macro)

starts here automatically. & oot |

B8 Gffnen s
Suchen in: | 08_Process_Capability ﬂ |‘j€ v

% Narme Anderungsdatur

Schnellzugrlf EE Machine_CapaFJ?Iity_AnaI}rlsﬁ_Cmka_.wg 25.07.2021 11:M

;_.,. Process_Capability_Analysis_CpCpk_wxg 25.07.2021 11:10

Eg Process_Capability_Folded_Mormal_Distribution_Type_1_... 17.07.2021 17:46

~ o1 OB by rece Canahilite Falded KMarmal Dictribotinn Tune 3 17 07 2021 17.24

For templates without an underscore *_.vxgn the macro has to be started manually. The
instructions in the speech bubbles will guide you through the procedure here.

The output for the example of the normally distributed process capability for the template
Process_Capability Analysis_Cpk._vxgn is:


http://www.q-das.com/en/service/data-format-aqdef
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B—: 16 99,99
E % v
E P
6—: 12
" e
43 8 &0 o)
3 s 30 s o
E 10 ek
23 4
] 1 @
E 2 0,1
03 0 0,01
56,828 56,829 56,830 56,831 56,832 56 829 55,830 56,831 56,832
Specification Measured values Statistical values
Sollwert x _ 56,830 | Xmin 56,829 % 56.830
Toleranz T 0.0040 | Xmax 56.831| X -3s 56,829
R 0.0022| x+3s 56,831
| Nges 50| 6= 0,0025
| s 0,0004
MNormal distributed
-
o= 5s 1272 < 1,585 < 1,898 Tmincp=1,33 0.0034
_ C
0SG-X  ¥-USG pk calc.
Cpe = Min- 1
3s ' 3s
Cpk required* T :
. - p q min/Cpk required 0.0039
Cok ist: 1,175 = 1,482 <1790 1.442 f
Process capable (Cp, Cpk) and stabil T

If a confidence calculation for the Cpk is selected and the number of repetitions is less
than 125, the Cpk required has a higher value than 1.33.

On the right side, a minimum tolerance is displayed, which is necessary to meet ex-
actly the requirement. If the process capability is not achieved, it is possible to extend
the tolerance, if this is possible for the function of the characteristie:

Stabil process

Whether a process is stabil, that can be judged LUsL

in the chart on page 2. The mean of the defined

sample size should lie inside +1/4 Tol. Other- | T
wise the process is considered as not enough I\ sampl. mean

stabil. r:ax nom
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Process-/Machine-Capability “Quick — Test”

To proof several attributes the template Process Capability Cpk QuickTest.vxg nor
Machine _Capability Cmk_QuickTest.vxgn is useful. To open this template the following
steps are necessary. Open Visual-XSel or use the menu File/New. Click to the icon Ca-
pability

or use File/ Templates/ Capability....

Open one of the templates and follow the speech bubble.

Fill your.data by using the Link = = = = = =
,Paste“in the speech-bubble. 1 | Sample 1] Sample 3] Sample 3] Sample 4] Sample &
2 1530 151 153 153 153
Then fill manuel the USL/LSL before i LS%‘ i hee;;m';ﬂm o ;’put = “"\ éfﬁ
starting the macro with F9 or with 5 2 your awn data inghe marked cells 15 16
the icon where the next speech- - L = e Paste-Spec ] 15,18
T 4 15T 15, ThT T, T7'Y Th,ThY 16,191
bubble appears. 8 5| 15192] 15161] 15148] 15165 15137
9 6l 15161 15194] 15.164] 15149 15117
The resu'ts are ||Sted above the BOX 10 T 15,189 15,216 16,141 15,176 15,133
11 a 1R 1R2 17 144 1A 1R9 1R 177 1R 142

plots. It is recommended to use a
confidence for Cpk, which regards the sample size (Cpk-limit).

The data columns are displayed via normalized box plots, i.e. the values are related to
the USL-LSL range. This allows different units and value ranges to be compared side

by side.
Quick test for machine capability several characteristics
10
w
-] —
n X
T o5 1=— T 4 L
. =
7 ] T ' | t
.(ilj ] & E | — : =T —
o ] T s . L L 2 1 L
= ] T 3 | 4
£ .05 144 = t —
= ] =
=
G ==
o ]
-1,0 4
gt t:if\1 ik o\l‘\ ot o‘f‘ of" oT‘ o'l" d‘g 5 gt 19 0,;\'-.‘\0 O-p't 0‘\\‘\'\ 0‘“ of
Oedp ec.'i’ ed?" ecw eav Qad% Qexw o ? 9@9 399 ca " a9 0P et ® Eg HP eao
daif‘? QR c)?ﬁ“ c);\ﬁ‘i’ e L d.g{\? 0 daﬁ\? e
cp\\J cp\‘i cp\"i U‘\\‘J cp\\l U;\\‘J c;\\‘I cpN o o™ O O d"“ o
*m ] LSL USL Min Max Cm Cmk Cmk limit* | p-value n
only clamped point 1 0066 0086  -0434 0566 0194 0173 1,935 1934 1,818 | 0,000 2,000
only clamped point 1~ 0022 0,020  -0522 0478 0047 0,044 8294 8290 1,818 0,067 27.000

R N S [ N nno nonac ncno noAnn nnAn n Ano 4 F4C A T44 4 040 A AR AT Ann

If one or more attributes are not normal distributed (p-value<0.05), it has to be checked
an alternative distribution.
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For this go into the spreadsheet /table T1 and mark the data for the regarded column

beginning at row 4 and use the following menu

L T »E

new from data ...

new with parameters ... L

File Edit Insert Calculate Statistics Format  Options  Help
Ko Statistik Surnma
== = . ry
=== € S | L parmrererm—
Start 9 U @ J{ *i Hypothesis tests ...
=lncE Sample size..,
B38={1,37] 15,214 (54 DoE Experiment
A B‘ B Correlation 4
1 Object 1 8 Data analysis / Regression ...
2 USL 163 A ANOVA
3 st fe o8
4 % Cross table + Chi® test ...
3 Cluster analysis ...
g Principle Component Analysis ...

Filx't =]

G H | J K
bject 6| Object 7
253 153
15 05 1505
15,185 15,207 == start of data rows here
15221 15,19
15,213 16 227
15.206 15 204

In this case the Lognormal-distribution is the best one. With the same data selection
click to the icon gﬁi Evaluation and select the relevant distribution here...

A B C D E F G H | J K L M N
1 Object 1] Object 2| Object 3| Object 4| Object 5) Object 6] Object 7
2 USL 153 153 153 153 153 153 153
3 LSL 15,05 — =" E— A E— s A |
4 1 15138] -
5 2] 151647, - Pusie
6 3 161564 Normal distribution
7 1 1516 Standard for normal dimensions and properties. 0118
8 3 15 1'92 selection only if feature is not listed in the following block.
9 6 15,161
10 7 15,189 | | " Folded normal 1st type
1 8 16,162 Straightness, levelness, roundness, cylindrical-, linear-, surface-shape, 0,000

roughness, parallelism, perpendicularity, angularity, symmetry
12 g 15‘116 15,12 1514 1516 1518 1520 1522 1524 1528 W
13 10 15.15 " Folded normal 2nd type R
14 1] 15178 € i
15 1 15‘249 Imbalance, position, coaciality, concentricity
16 A 15‘208 Mumber values = 40
16 13, 15209 b ——— {¥ Lognormal-distribution Qe
18 T 1;5 % Min = 15,114 Max = 15,26 One-sided limited features, especially time and cycles
Possible mixed distribution 2 times

19 16 15177 " Weibull-Verteilung (3-parametrig) 0000
;? 1; 1:1?; One-sided limited features, in particular service life, cycles, etc.
22 19 15,169
ii 3[1] 12?;? L Too less data
25 57 15181 Unstable process (several machines, batches or new too
26 23 15.14 oK
27 24 15,201 i
28 25 15,175 ",
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i | | - E==
= 88D B N H
Capability

Start 90 & EE' Paste Hypothesis Shainin

= Project Diagr.* 55 MSA Overview
B4=[1,3] |15.138 MSA continuous measurements *
A B C H ] MSA discrete measurements 4 N 0 P

1 Object 1] Object.  Object 7 MSA ordinal scaled ... ’
2 15, 153 Mare ...
3 A AE g e -
4 1510 15207 | <= STEI‘IE" Guide process capability ...
5 15,22 11519 Machine capability Cm/Cmk ...
b 1519 16,227 Process perfomance Pp/Ppk ... .
T 15,16 16,205 MNormal distributed ... |
8 15,16 15,183 More . Folded normal type 1 ... L
9 15,18 156,253
10 15 21 15247 Tolerance specification Folded normal type 2... |
11 15,14 15,173 Lognormal ... |
12 1512 _ 156,247 ([ weibull distribution ... )L
13 15,16 16,264 Mixed distributi |
14 15156 _ 15,172 peEd QIS . |
15 161 16,242 Percentil-Methode ...
16 15.19 15,232 [ [ [

An alternative method is to create a histogram by using the icon Diagram/ Type. For this
it is the best to copy the data and use it in a new instance of Visual-Xsel (File / New).

i o | = e 2B fix
5= 088 b R BR 7 ¥k B %

Start 20 & o Paste Diagram | Weibull Evaluate DoE  Analyse Six Sigma Tools  Mac
= Project
A1=[0,0] | L
A B|

1 Favorites lStandard Statistics | fmmeiall Tabia |

2 15,138 [ Frequency-distribution

3 15,164

4 15,154 ,

5 15 16 - Class-width: 0.m E'.D..DEE'

6 15,192 ] Lin S0-Met Declarations

[ 15,161 .

8 15.189 ﬁﬁ = | ¥ Distrioution-curve zﬂﬂh&

9 15,152 | = ¥ Density-function |Log-Normal-Distr -
10 15,116 Histogram ) MormalDistr L )

11 1E 1E { [~ Show median and star [

Go with the mouse in the axis area where an upper limit has to be defined and use the
right mouse button.
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15,285 =0,05196% == Z 0.05097%

N LN RN R
-
o

E
Jency

m
o
-

ﬂi Change diagram 1
% Copy diagram 1

Freguency
.
|

1 \ @ Paste
2 _; \ _! Color line
7Z Line-types

E Diagram-size / move / 3D-rotate

Data source...

16,15 1620 16,25

If the mouse position is not really exact, the value can be set directly. Set the option
“Show process capability...”.

— . After that the limit with 1
Cpu is shown on the F—T
e . right side. Here we have B! - 15
: an unsufficient value - = Fe
[ [15.285 |2 F
lower upper Cpu <1.33 ~ : — 10
direct values or 1s; -1s; 2s; -2s.. § E
(" Probability of limits g E_ 5
l & Ehow process capabiity CpUCPU l -
 Quantil for prokabilit :
"0

Ok | Exit | Delete | 15,25 | | | :15,30
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Automatically Analysis from a data base

Process Capability Analyses can be started automatically from a data base. The steps
are shown in principle:

% Select a data set for one at-
tribute to analyse

= | Export data set as AQDEF
file *.qdf (complete path)

Start Visual-Xsel 17.0 with

the wanted Analysis and the

file name, e.qg. —t

\Executtle :>‘C:\Apps\XSel_1 7\XSel1 7.exq \CPKFile.qdf
Y Y Y

N =]
“H

specific command to Location of XSel17 Order for
start applications e.g. Process

Windows comm. CMD Space Capability

A ' <+

possible commands |

\MSA1 : Measurement_System_Analysis_Type1 _CgCgk_.vxg
\MSA4 : Meassurement_System_Analyse_ ANOVA_MSA4_.vxg
\VDAS5 : Meassurement_System_Analyse_ ANOVA_VDAS5_.vxg

\CMK : Machine_Capability_Analysis_ CmCmk_.vxg

\CPK : Process_Capability _Analysis_CpCpk_.vxg

\CF1 : Process_Capability Folded Normal_ Distribution_Type 1 .vxg
\CF2 : Process_Capability Folded Normal_ Distribution_Type 2 .vxg
\CPW : Process Capability Weibull .vxg

* between order and file name no space is allowed

If the process capability is used and the data is not normal distributed check the best
one with this icon:

- I TN
& ¥ & B

DoE Analyse Sk Sigma Tools

e EA

Diagramme Weibull
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~
<( . A~ [~ evaluation strategy BMW GSS8000
Pualue
" Normal distribution
Standard for normal dimensions and properties. 0,000 Knowing which characteristic
selection only if feature is not listed in the following block. should be a priority
‘Characteriste Symbol | Distibn,
Lin_meas. N
ol Fom norm‘al 1.“ type ) . . oo oo =
traig . , T , cylindrical-, linear-, surface-shape, 1 Ty . -
roughness, parallelism, perpendicularity, angularity, symmetry Rouncness [] B
1415 W Cylndrcalshaps f¥i B
< 3 ” Folded normal 2nd type Linoarshaps ) 81
U'UUU Surlace shaps ) B
Imbalance, posttion, coacialty, concentriciy scaess =
Humber values = 229 Imbslance B2
Only postive values - * Lognormal-distribution o5 :;
Min = 0,28 Max=158 One-sided limited features, especially time and cycles Skipalangulaty F B1
. . L . Positon i B2
Possible mixed distribution 2 times - c . i N . Coariity samoeniioly [ o
teilung (3-p ig) 0,001 Bpemaney = &
One-zided limited features, in particular service life, cycles, etc. Concuntricity d BB
Lingas mavemant el B1 LN
Possible outlier at the end - =
. Migliche Toleranzen fir Cpk = [1.22
" Mixed distribution " Percentil  distribution-free ifall 2 £ =
Unstable process (several machines, batches or new tool) previous Median = 0,58036
<0.05 LsL=0 USL=2,008
Exit | Help |

Select the distribution with the best p-value or choose the wanted via the right table
and push OK to open an to add the new template

22 © 2025 CRGRAPH



