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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The prog¢edures used to develop this document and those intended for its further maintenance ‘ate
describefd in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordance,with the
editorialrules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may\be the subject pf
patent rights. ISO shall not be held responsible for identifying any or all such patent-rights. Details pf
any patept rights identified during the development of the document will be in the Tntroduction and/¢r
on the IS0 list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the conveniénce of users and does n¢t
constitufe an endorsement.

For an ¢xplanation of the voluntary nature of standards, the-mganing of ISO specific terms and
expressipns related to conformity assessment, as well as jnfermation about ISO's adherence to
the Worlld Trade Organization (WTO) principles in the echnical Barriers to Trade (TBT), sge
www.isd.org/iso/foreword.html.

This doqument was prepared by Technical Committeé, ISO/TC 69, Applications of statistical methods,
Subcomrnittee SC 4, Applications of statistical methodsin process management.

Alist of 3ll parts in the ISO 11462 series can befound on the ISO website.

Any feedback or questions on this documentishould be directed to the user’s national standards body.|A
completg listing of these bodies can be found at www.iso.org/members.html.
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Introduction

The test examples given in this document were developed for the assessment of statistical process
control (SPC) systems. They allow SPC software developers to evaluate their systems. Thus, the
end user of those systems can be sure that the data sets are evaluated correctly with a high level of
reliability. In order to cover the widest possible spectrum, suitable data sets were prepared individually
for various constellations. The evaluation results of those data sets are documented and commented on
the following pages.

—]

€ results were verified multiple times using different computer programs. This turns the {lata sets
nd the results into references for validation of the software. The data sets are listed in@Anilex A. An
ectronic version is available at https://standards.iso.org/iso/tr/11462/-3/ed-1/en/.

D O
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Guidelines for implementation of statistical process
control (SPC) —

Scope
btail ISO 7870-2, ISO 22514-2 and ISO 22514-8 are covered.

sample statistics and process capability indices.
The test examples cover the following situations:

al General:

b) SO 22514 series:

— calculation of sample statistics for lo€ation and dispersion;
— different distribution models;

c] ISO 7870-2:

— calculation of control dimits;

— visualization of data/(histogram, control charts);

— detection of outiof control situations.

2| Normativereferences

There areno normative references in this document.

3| CTerms and definitions, and symbols and abbreviated terms

1

This document describes examples for software validation for SPC software implementing the s
of the ISO 7870 series on control charts and the ISO 22514 series on capability:and perforn
d

Ifprovides data sets and test results for testing the implementation of thé evaluation methods d
in these standards. This includes the detection of out of control situations as well as the calcu

— different sample and subgroup sizes, accuracy of calculation for large/small numbers;

rfandards
hance. In

escribed
lation of

3.1 Terms and definitions

No terms and definitions are listed in this document.

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

© IS0 2020 - All rights reserved
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3.2 Symbols and abbreviated terms

Symbols used in this document are identical to the symbols used in ISO 22514-2 and ISO 7870-2:

Cp

Cok

CpkU

process capability index
minimum process capability index

upper process capability index

CpkL

Prku

P mKkL

Py
Ppxy
Ppki
T

U

L

Utr
Ly
Abbreviz
SPC

lower process capability index

upper control limit

lower control limit

number of subgroups

sample size of each subgroup
machine performance index
minimum machine performance index
upper machine performance index
lower machine performance index
process performance index
minimum process performance index
upper process performance index

lower process performance index

Centreline (target value) for the respective characteristic in the control charts

upper specification limit

lower specification limit

upper specification limit, transformed values

lower spegcification limit, transformed values

ted terms:

Statistical process control

© IS0 2020 - All rights reserved
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4 Overview of the test examples

See Table 1 for an overview of the test examples.

Table 1 — Overview of test examples

ISO/TR 11462-3:2020(E)

Test data Distri- | Resulting | , . ., | Total |Subgroup
set Subclause | bution | distribu- . sample | sample Description of data set
. points - .
number model tion size size

1 51 Al normal 4 125 5 Data fqllows a no'rmal distribu-
tion with no‘eutliers
Correctealculations fqr a

2 5.2 A2 Weibull 3 600 3 sampléfollowing a Wefibull
distribution

3 53 B non-normal 2 1000 5 Normal distri})ution wjith time
dependent shift of megn

4 54 c1 normal 2 1000 5 chation: rf'andon.i norrhally dis-
tributed; dispersion: cpnstant
Location: random nonfnor-

5 5.5 C2 |non-normal 2 1000 5 mally dlStrlbUte.d; dls-per_smn:
constant; resulting digtribu-
tion: non-normal

6 56 3 non-normal 2 600 6 Capabllllty indices for { rend
production (tool wear]

7 57 c4 non-normal 5 500 5 f:apablllty indices for fix tool-
ing (tool change)

Systematic and randoin chang-

8 5.8 D non-normal 3 500 5 es in location and dispjersion
- non-normal
Correct calculations fqr a

9 59 A2 Rayleigh 3 500 5 sample following a Rayleigh
distribution
Correct calculations fdr a

10 5.10 A2 Weibull 0 200 5 sample following a Wefibull
distribution

11 545 c2 | normal 1 30 (10) |'S022514-8 capability of mul-
ti-state production pr¢cesses

NOTE

— The,decision which distribution model fits the data and its use is up to the statistical expert. Within this
decument distribution models for each example are therefore assumed. The procedure to select a $tatistical
distribution is not part of this document.

According to 1SO 22514-2 the calculation method d = 5 for the dispersion is not suited for non-normal

distributions. It is calculated and given in this document even for non-normal distributions for the purpose
of validating the implementation of the calculation method of d = 5.

The resulting distributions for test 2,9 and 10 are pre-selected models and with no means the "best natural”

resulting distribution models for the same reason no goodness of fit statistics are given, knowing they will
lead to reject H,, for the pre-selected distribution models.

values are rounded (ISO/IEC/IEEE 60559, rounded-to-the-nearest).

© IS0 2020 - All rights reserved
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— Control limits were calculated using all values in the test data set.

— All control limits were calculated using tabulated correction factors in ISO 7870-2. Using the exact quantiles
of the corresponding distribution functions instead can lead to a deviation in the results <0,1 %.

— The

centrelines for the control charts were chosen according to the respective statistics given by

ISO 7870-2:2013, 6.1 to 6.3

— The histogram plot is not part of the validation, since the procedure is not specified in ISO 7870 series nor in
ISO 22514 series. Histograms are for visualization purposes only.

— Nou
— Tims
— Inter

— Ifthd

5 Refi

5.1 Te

5.1.1

This set
accuracy
test data
data set

[1ILS are givel, No unit conversion nds to be done.
-dependent distribution models A-D are specified in ISO 22514-2.

nallyaprecisionof 15 digitsisused, when already calculated valuesare used again in further ¢atculation

v

data are not normal distributed an individual chart and a MR chart cannot be used.

erence data sets description and evaluation
st data set 1

[est data set 1 information

of test data is taken from a process following a normakKdistribution and is for checking the
of calculation for control limits, sample statistics and process capabilities. A description pf
set 1 is given in Table 2. Figure 1 shows a histogram and Figure 2 a probability plot of the tept
| with the purpose of data visualization.

UT

Table 2 — Description of test data set 1

Description of data input
Distribugion model Al Resulting distribution Normal
Data set Annex A, Table.A.1 decimal points 4
Total sample size 125 U 14,075
Size of sybgroups 5 L 14,060
4 © IS0 2020 - All rights reserved
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Y1 Y2
L Xx-3s X X+3s U

30 } }
| \ |

25 } } 20
| \ |
| |

20 } }
| | -15
| |
| |

15 ‘ J ‘
| / | 110
| / |

10 } / }
| | i

5 ; ; ’

\ \
\ \

14,06 14,062 14,064 14,066 14,068 14,07 14,072 14,074
14,061 14,063 14,065 14,067 14,069 14,071 14,073 14,075

X —

Key

X| wvalue
YL absolute frequency

YR relative frequency in %

Figure 1 — Histogram of test data set 1

© IS0 2020 - All rights reserved 5
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Y1 Y2
L x-3s X X+3s U
T T
99,999 | | 0,001
99,99 i ! 0,01
99,9 } ‘ 0,1
99 ‘ — ‘ 0,5
95 ‘ : ‘ 5
90 | o | 10
8 T /‘F‘é{ T 20
7p ‘ ‘ 30
\ \
5p 1 bl 1 50
3p } ",pf } 70
2p | W | 80
1p 7 ‘ 90
5 — - i 95
D,1 ; ; 99,9
D,01 1 ‘ 99,99
D,001 ‘ ‘ 99,999
14,06 14,062 14,064 14,066 14,068 14,07 14,072 14,074
14,061 14,063 14,065 14,067 14,069 14,071 14,073 14,075
X —
Key
X valug
Y1 probpbility in %
Y2 1-pr¢bability in %
Figure 2 — Probability plot of test data set 1
NOTE The width of the class intervals.is'©;,000 7.
The class|interval with the highest frequency of values is from 14,067 95 to 14,068 02.
The density plot is based on the assiimption of normality and estimated parameters/=1,d = 5.
5.1.2 Test data set 1 results
5.1.2.1 | List of sample statistics
Table 3 ljsts all.'sample statistics which are necessary to calculate the target values and control limifs
for the dontrol charts described in ISO 7870-2 as well as the estimators for location and dispersign
given in [SO/22514-2 for the calculation of the process capability indices.
Table 3 — List of sample statistics for test data set 1
Statistic Value Reference
Location
x (I=1) 14,067 958 [SO 22514-2:2017, Formula (11)
X (1=2) 14,068 000 1SO 22514-2:2017, Formula (12)
X (1=3) 14,067 958 IS0 22514-2:2017, Formula (13)
X (=4 14,067 828 1SO 22514-2:2017, Formula (14)
6 © IS0 2020 - All rights reserved
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Table 3 (continued)

ISO/TR 11462-3:2020(E)

Statistic Value | Reference
Dispersion
A d=1) 0,007 240 (normal distribution) IS0 22514-2:2017: Formula (15)
6(d=2) 0,001 187 1SO 22514-2:2017, Formula (16)
6 (d=3) 0,001 200 [SO 22514-2:2017, Formula (17)
6 ([d=4) 0,001 180 SO 22514-2:2017, Formula (18)
6 (d=5) 0,001 207 ISO 22514-2:2017, Formwa|(19)
S 0,001 128 ISO 7870-2:2013, 3.2
R 0,005900 ISO 7870-2:2013,3:2
R 0,002 744 ISO 7870-2:2013,3.2
I_?m 0,001 379 ISO 7870-2:2013, 3.2
5/1.2.2 X chart
The x control chart calculated according to ISO 7870-2:2013, 6.1, is'shown in Figure 3.

K

2

X

Y

14,069 5

14,069

14,068 5

14,068

14,067 5

14,067

14,06625

aumber of subgroup

10

15

20 25 X

Y mean value

Figure 3 — Mean control chart for test data set 1

The control limits are (see ISO 7870-2:2013, Table 1, using s ):

Ley = 14,066 349

Ucp, = 14,069 568

© IS0 2020 - All rights reserved
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5.1.2.3 Xchart

The individuals control chart calculated according to ISO 7870-2:2013, 6.2, is shown in Figure 4.
Y
14,072

14,071

14,07 I

RN
il

L

T

14,069 I\

|
oo L
i

14,067

|
oos| 1|

14,065

[ e

—e— |
| —e

——
e
—
i
—
——
I
k’—
——eo— |
—
—

——
—
e

P
o—
oS

o]

hﬂ

14,064 La
0 10 20 30 40 50 60 70 &0 90 100 110 120 X

Key
X valud number
Y individuals

Figure 4 — Individuals-control chart for test data set 1

The contjrol limits are (see ISO 7870-2:2013, Table 3):
Ly, § 14,064 29
Uc, § 14,071 63

8 © IS0 2020 - All rights reserved
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5.1.2.4 X chart

The median control chart calculated according to ISO 7870-2:2013, 6.3, is shown in Figure 5.
Y

14,069 5

s T h
g A N AV O

14,068 7 K v T T I RA ]

14,067 5 \/
wer ||| IR

14,066 5 \/
14,066 1 Ly
0 5 10 15 20 25 X
Key
X| subgroup number
Y| median value

Figure 5 — Median control chart for test data set 1

—3

he control limits are (see [S0,7870-2:2013, Table 4):
L, = 14,065 93
Ucp, = 14,069 72

Oput of control situdtions are given in Table 4.

Table4 — Results of pattern tests for the median control chart and test data set 1

Out of control situations

Subgroup Result/violation Subgroup Result/violation

6 Viohattomof

© IS0 2020 - All rights reserved 9
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5.1.2.5

s chart

The s control chart calculated according to ISO 7870-2:2013, 6.1, is shown in Figure 6.

Key
X
Y

The contj

10

subg

empirical standard deviation s value

Ley, 7
UL

Y
UCL
0,002
0,0015 /\ /\
NAANA AR
0’001 \ / \ / N A / \ /
0,0005 /
0
0 5 10 15 20 25 X

Foup number

0

+ 0,002 356

rol limits are (see ISO 7870-2:2013, Table 1):

Figure 6 — s control chart for test data set 1

© IS0 2020 - All rights reserved
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5.1.2.6 R chart

ISO/TR 11462-3:2020(E)

The R control chart calculated according to ISO 7870-2:2013, 6.3, is shown in Figure 7.

Y

0,006

Ky

<

—3

0,005

0,004

0,003

0,002

0,001

subgroup number
range R value

Uep, = 0,005 801

Figure 7 —:R ¢control chart for test data set 1

he control limits are (see [SO 7870-2:2013, Table 1):

© IS0 2020 - All rights reserved
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5.1.2.7 Moving range chart

The moving range control chart calculated according to ISO 7870-2:2013, 6.3, is shown in Figure 8.

Y
0,qUZ5 Uc
0,004 ! h
0,003 5 A /\ I
O 1
0,402 5 - ﬂ ] I
odor L L [T TP G [
T A A
. : . . T
ogor LI VAL Hl WL LT L L P T
odons [ LU EATE L B G
T T T Rl AT
0 0 10 20 30 40 50 600 80 90 100 110 120 X
Key
X individuals number
Y moving range value
Figure 8 — Moving range control chart for test data set 1
The control limits are (see ISQ 7870-2:2013, Table 3):
Le 30
Uc, 0,004 51
Out of cantrol situations are given in Table 5.
Tabfe 5 — Results of pattern tests for the moving range control chart and test data set 1
Out of control situations
Value Result/violation Value Result/violation
77 to 84 run below centreline

12
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5.1.2.8 Process capability

ISO/TR 11462-3:2020(E)

The process capability is calculated according to ISO 22514-2:2017, Clause 6, with calculation method
I = 3 for the location estimator and calculation method d = 5 for the dispersion estimator.

Capability indices (calculation method M; <)

Process is stable (mean, R - chart) - C,/C, is used

Cp

2,07 Cox

1,95

CDkL

2,20 Cor

1,95

5{2 Test data set 2

9]

D

t

2.1 Test data set 2 information

(o8

Table 6 — Description of test data set 2

his set of test data is taken from a process following a non-normal distribution'd@nd is for che
ccuracy of calculation for control limits, sample statistics and process capabilities. A descr
gst data set 2 is given in Table 6. Figure 9 shows a histogram and Figure 18/aprobability plot of the test
hta set 2 with the purpose of data visualization.

rking the
iption of

Description of data input

Distribution model A2 Resulting distribution Weibull
[)ata set Annex A, Table A.1 decimal points 3
Total sample size 600 U 0,04
Size of subgroups 3 L 0
Y1 Y2
L —
X 0135% X X 99,865 % u 35
200 — }
: : |30
\ \
150 ; ; 25
| \
: : &
100 1 1
: : 719
| \
\ | -1 10
50 | ;
| | 715
0 ‘ 0
U 0,005 0,01 0,015 0,02 0,025 0, U5 0,035 0,04
X —

Key

X  value

Y1 absolute frequency

Y2 relative frequency in %

© IS0 2020 - All rights reserved
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Y1t L - Y2
X 0,135 % X X 99,865 % u
99,99 F—r———— - — — 0,001
99 } et 1
90 ‘ ‘ 10
0 = - 1 30
40 I ; } i 60
20 i 1 80
10 ; - ; 90
5 __+ — | — + _________________ — 95
2 1 ‘ 98
1 7 } 99
0,5 — \ 99,5
0,7 V ; 99,8
0,1 f * i 999
0,95 ‘_f}T _____ Y S — £~499,95
0,02 ‘ T 99,98
0,01 i i 99,99
0,J05 : ‘ 99,995
0,J02 [—¢ i 99,998
0,001 ‘ ‘ 99,999
0 0,005 0,01 0,015 0,02 0,025 0,03 0)035 0,04
X —
Key
X valudg
Y1 probhpbility in %
Y2 1-pr¢bability in %
Figure 10 — Probability’plot of test data set 2
NOTE The width of the class intervals is 0,003.
The class|interval with the highest frequency of'values is from 0,003 5 to 0,006 5.
The density plot is based on the assumption of a two parametric Weibull distribution with estimated parametefs
scale a = P,009 39 and shape b = 1,897 82. Both estimators have been calculated using the method of Maximum
Likelihoo(d.
The 0,133 %- and the 99,865.%-percentiles are calculated using the inverse distribution function of the Weibyll
distribution

F*l
XO,l

X

9,

1
(pla,b)=a><[—ln(1—p)](3)
B5 % = 0,000 29
659 = 0,025 39

5.2.2 Test data set 2 results

5.2.2.1 List of sample statistics

Table 7 lists all sample statistics which are necessary to calculate the target values and control limits
for the control charts described in ISO 7870-2 as well as the estimators for location and dispersion
given in ISO 22514-2 for the calculation of the process capability indices.

14
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Table 7 — List of sample statistics for test data set 2

Statistic Value Reference
Location
x (=1 0,008 29 1SO 22514-2:2017, Formula (11)
% (=2) 0,007 00 1SO 22514-2:2017, Formula (12)
X (1=13) 0,008 29 ISO 22514-2:2017, Formula (13)
;:( (1=4) 0,007 51 ISO 22514-2:2017, Formula (14)
Dispersion
Ad=1) 0,025 11 (Weibull using parameters in 5.2.1) |ISO 22514-2:2017, Formula ([L5)
¢ (d=2) 0,004 88 1SO 22514-2:2017, Farmula (|L6)
<|§ (d=3) 0,004 87 1SO 22514-2:204% Formula ([L7)
¢ (d=4) 0,004 81 1SO 22514-2:2017, Formula ([.8)
¢ (d=5) 0,004 67 1SO 22514-2:2017, Formula ([L9)
K3 0,004 32 1S0'7870-2:2013, 3.2
R 0,026 00 1S6°7870-2:2013, 3.2
R 0,008 13 1SO 7870-2:2013, 3.2
Rm 0,005 14 ISO 7870-2:2013, 3.2
5/2.2.2 X chart
The X control chart calculated according to ISO 7870-2:2013, 6.1, is shown in Figure 11.
Y
0,017
0,016 i UgL
0,015 I
0,014 I
0,013
o011 , : T T
e T O Y Y Y (O P
0009 otk At 1 T [T LI TR PG S
O 00 AT i TR T I LA T Ty 7
0G0 (L L L TR G 8 e 0 TUIRE TR 02 1 & i DA
aoue LA T Wl e I UL By
e S S 10 0 1 W
’ IR I ’
0,004 )
0,003
0,002
0,001
5061 La,
"0 50 100 150 200 X

Key
X number of subgroup
Y mean value

Figure 11 — Mean control chart for test data set 2

The control limits are (see ISO 7870-2:2013, Table 1, using s ):
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Lc, =-0,000 15 (The calculated lower control limit is negative and the dataset is one-sided against
0 limited characteristic. Therefore, the lower control limit is not shown, L =----)

Ugp = 0,016 72

5.2.2.3 Xchart

The individuals control chart calculated according to ISO 7870-2:2013, 6.2, is shown in Figure 12.

Y
0,03
0,025
Ug
0,02
0,015 [ I r i T A I ‘
[l A mM b “T IJT
0,01 [ HIIIWIM\!}Iﬂiﬂ“‘.ﬂ\“g 1l r
0005 [ AT 3 A
’ {iiﬂl‘“ I 4 IElI ”}
0
-0,005 Lo
0 100 200 300 400 500 600 X
Key
X  valug number
Y individuals
Figure 12 — Individuals control chart for test data set 2
The contjrol limits are (see ISO 7870-2:2013, Table 3):
Lc, 5-0,005 39
UcL, 70,021 96
Out of cantrol situations are given in Table 8.
Taple8 — Results of pattern tests for the individuals control chart and test data set 2

Out of control situations

Value Result/violation Value Result/violation
75 violation of Uy, 433 violation of Ug,
155to 163 run below centreline 435 to 441 run below centreline
222 to 228 run below centreline 464 violation of Uy,
367 violation of Ug; 468 violation of Ug,
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5.2.2.4 X chart

The median control chart calculated according to ISO 7870-2:2013, 6.3, is shown in Figure 13.
Y
0,02

UcL

o (P e | )
*) \ 11 N

o00s LR VAT T e ]
’ ol WTHuyl WHH‘U Ul'w
0
LCL
0 50 100 150 200 X
Key
X| subgroup number
Y| median value
Figure 13 — Meédian control chart for test data set 2
The control limits are (see ISO 78%0-2:2013, Table 4):
Lc,=-0,002 15
Uq,=0,017 17

Ofut of control situations are given in Table 9.

Table‘9— Results of pattern tests for the median control chart and test data set 2

Out of control situations

Subgroup Result/violation Subgroup Result/violation

91%0 97 run below centreline 155 violation of Ugy,

© IS0 2020 - All rights reserved 17
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5.2.2.5 schart
The s control chart calculated according to ISO 7870-2:2013, 6.1, is shown in Figure 14.
Y

0,011 Ug,
0,01
0,009

0,008 r

0,007 2 I il
0006 ﬂ : HI 1 |
o0s |

—
Lo

0,005
0,004

0,003 \y
0,002 \1
0,001

9|

E—t —

——
=

p——1 |

° I — —

e

ot | &

1 = | | |

0 50 100 150 200 X

Key
X  subgfoup number
Y empirical standard deviation s value

Figure 14 — s control chart for test data set 2

The contjrol limits are (see ISO 7870-2:2013; Table 1):
LeL 30
Uc, 0,011 083
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The R control chart calculated according to ISO 7870-2:2013, 6.3, is shown in Figure 15.

Y
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0,015
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|

e
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|

——|
e | o

>
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=
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=}
=
o
=
o
3
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@
—~

Lep=0
Ugp, = 0,020 94

Figure 15— R control chart for test data set 2

The control limits are (see 1SQ:7870-2:2013, Table 1):
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5.2.2.7 Moving range chart

The moving range control chart calculated according to ISO 7870-2:2013, 6.3, is shown in Figure 16.

Y
0,015 f o
o 1L [l | L
0,005 | [l M Ml | Tl T
0 M,Vl mﬂmﬁlww w *L |
100 200 300 400 600 X

Key

X indiviiduals number

Y moving range value

Figure 16 — Moving range control chart for test data set 2

The control limits are (see ISO 7870-2:2013, Table 3):

L, 50
Uc, 0,016 80

Out of cantrol situations aregiven in Table 10.

Table 10 — Results of pattern tests for the moving range control chart and test data set 2

Out of control situations

Value Result/violation Value Result/violation
44 to 57 run below centreline 268 to 275 run below centreline
60 to 68 run below centreline 321to 331 run below centreline
75 violation of Uy, 336 violation of Ug,
156 to 163 run below centreline 337 violation of Ug,
166 to 174 run below centreline 408 violation of Ug,
199 to 206 trend decreasing 433 violation of U,
199 violation of Uy, 465 violation of Uy,
201to 211 run below centreline 468 violation of Ug,
221to 228 run below centreline 469 violation of Ug,
229 violation of Ug;,
20 © IS0 2020 - All rights reserved
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The process capability is calculated according to ISO 22514-2:2017, Clause 6, with calculation method
I = 3 for the location estimator and calculation method d = 5 for the dispersion estimator.

Capability indices (calculation method M; <)

Process is stable (mean, R - chart) - C,/C, is used

G

1,43

Cok

0,59

CbkL

0,59

Cka

2,26

o)

ecause of non-normal distributed data (Weibull) M3 5 cannot be used - instead M3 ; is used:

Capability indices (calculation method M; ,)

Process is stable (mean, R - chart) - C,/C, is used

G

(1,59) theoretical limit

Cox

1,83

CbkL

CﬁkU

1,83

5{3 Testdata set3

>0 v o - U1

3.1 Test data set 3 information

his set of test data is taken from a process following a.non- normal distribution with a
spersion parameter o and is for checking the accuracy of calculation for control limits
tatistics and process capabilities. A description of test.data set 3 is given in Table 11. Figure 19
stogram and Figure 18 a probability plot of the data set with the purpose of data visualizatid

Table 11 — Deseription of test data set 3

varying

, sample

shows a
n.

Description of data input
Distribution model B Resulting distribution non-normal, unirnodal
[)ata set Annex.AyTable A.1 decimal points 2
Total sample size 1000 U 5
Size of subgroups 5 L -5
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Figure 17 — Histogram of test data set 3
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Figure 18+ Probability plot of test data set 3

ODTE The width of the classtintervals is 0,74.
he class interval with the highest frequency of values is from -0,005 to 0,735.

he density plot is based-en the assumption of normality and estimated parameters/=1,d = 5.
3.2 Testdataset 3 results

3.2.1 -list of sample statistics

hblé 12 lists all sample statistics which are necessary to calculate the target values and control limits
rthe control charts described in ISO 7870-2 as well as the estimators for location and dispersion

given in ISO 22514-2 for the calculation of the process capability indices.

Table 12 — List of sample statistics for test data set 3

Statistic Value Reference
Location
X (I=1) -0,0025 ISO 22514-2:2017, Formula (11)
X (1=2) 0,0000 1SO 22514-2:2017, Formula (12)
X (1=3) -0,002 5 1SO 22514-2:2017, Formula (13)
X (=4 0,000 6 1SO 22514-2:2017, Formula (14)
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Table 12 (continued)

Statistic Value | Reference
Dispersion
A (d=1) 5,292 3 (normal distribution) ISO 22514-2:2017, Formula (15)
6 (d=2) 0,856 1 [SO 22514-2:2017, Formula (16)
6 (d=3) 0,759 9 1SO 22514-2:2017, Formula (17)
G (d=4) 0,767 5 ISO 22514-2:2017, Formula (18)
6 (d=5 0,8821 1SO 22514-2:2017, Formula (19)
s 0,714 3 ISO 7870-2:2013, 3.2
R 8,150 0 ISO 7870-2:2013, 3.2
R 1,785 2 [SO 7870-2:2013, 3.2
Rm 0,859 0 ISO 7870-2:2013, 312

5.3.2.2 | X -chart

The Xx— fontrol chart calculated according to ISO 7870-2:2013, 6.1, is show#in Figure 19.
Y

1,5

| il

-0,5 w V

-1,5

0 50 100 150 200 X
Key
X number of subgroup
Y mean value

Figure 19 — Mean control chart for test data set 3

The control limits are (see [SO 7870-2:2013, Table 1, using 5 )
Lo, =-1,0218
Uy, =10168

Out of control situations are given in Table 13.

24 © IS0 2020 - All rights reserved



https://standardsiso.com/api/?name=33e96a2bbae64f61a99dc16e69c6b59c

ISO/TR 11462-3:2020(E)

Table 13 — Results of pattern tests for the mean control chart and test data set 3

Out of control situations

Subgroup Result/violation Subgroup Result/violation
10 violation of Ug;, 106 violation of L¢;,
14 violation of Ug, 116 to 122 run below centreline
16 violation of U, 125 violation of Ug;,
28 violation of Uy, 128 violation of Uy,
166 viotatiomof %45 viotatiomof 4,
102 violation of L¢;.
5/3.2.3 Xchart
The individuals control chart calculated according to ISO 7870-2:2013, 6.2, is shown in Figure 0.
Y
4
3
2 UeL
1 hhh L, I, tal . [l
0 T
1 ! x 1 ¢
-2 :
" Ley,
-3
-4

Key
value number

>

Y| individuals

100 200 300 400 500 600 700 800 900 1000 X

Figure 20 — Individuals control chart for test data set 3

The control limits are (see ISO 7870-2:2013, Table 3):
Lo =-2,2874
UcL=2,2825

Out of control situations are given in Table 14.
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Table 14 — Results of pattern tests for the individuals control chart and test data set 3

Out of control situations
Value Result/violation Value Result/violation

12 violation of Ug;, 523 violation of U,

16 violation of L, 528 violation of Ly,

24 to 33 run above centreline 532 violation of [Jo,

48 violation of Ug;, 534 violation of L,

66 violation of Uy, 538 violation of Ug,

106 to 112 run above centreline 581 violation of L.

113 violation of L, 588 violation of Lg,

120 violation of L¢;, 599 to 608 run below.céntreline
126 violation of Ug, 622 violation of Ug;,

150 violation of L, 639 vidlation of U,

204 violation of Uy, 652 violation of Ug,

205to 211 run below centreline 672 violation of Uy,

222 violation of L, 673 violation of Ug,

228 violation of L, 684 violation of Ug;,

251 to 241 run below centreline 697 to 705 run above centreline
288 to 298 run above centreline 726 violation of Ly,

504 violation of Uy, 747 to: 770 run above centreline
505to 511 run below centreline 958 violation of Ug,

507 violation of L, 960 violation of Ug,
Because |of the variation in dispersion another set of control limits can be calculated e.g. based on|a
Johnson kransformation.

Lo §-2964 6
UcL ¥ 29597
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5.3.2.4 X chart
The median control chart calculated according to ISO 7870-2:2013, 6.3, is shown in Figure 21.
Y

1,5

I

A9,

A |

| Ll
i

gl

1Ll
0,5 ik V ﬂ |
-1
LCL
-1,5
0 50 100 150 200 X

Key
X| subgroup number
median value

-

Figure 21 — Median control chart for test data set 3

The control limits are (see ISO 7870-2:2013, Table 4):
L =-1,2330
Ue,=1,2342

Oput of control situations’are given in Table 15.

Table 15.- Results of pattern tests for the median control chart and test data set|3

Out of control situations
Subgroup Result/violation Subgroup Result/violation
g0 t0'86 run below centreline 119 violation of L,
1£5 Q7 ran halag, cantealing 1209 aalation AFTT
1-£6-97 run-below-centreline 128 violationof Her
102 violation of Ly,

Because of the variation in dispersion another set of control limits can be calculated based on a Johnson
Transformation.

Lo, =-1,377 4
UeL=1,372 4
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5.3.2.5 schart

The s control chart calculated according to ISO 7870-2:2013, 6.1, is shown in Figure 22.

Key

X subgfoup number

2,5

1,5

0,5

[ IR
R [P
T T I il -
RIS R 0 O O TN

R (L A S 7

0 50 100 150 200 X

Y empirical standard deviation s value

Figure 22 — s control chart for test data set 3

The confjrol limits are (see [SO 7870-2:2013, Table 1):

Le, 30
UeL 14921

Out of cantrol situations aregiven in Table 16.

Table 16-== Results of pattern tests for the s control chart and test data set 3

Out of control situations

Subgroup Result/violation Subgroup Result/violation

3 | violation of Ug 108 violation of Ug

14 violation of Ug;, 112to 120 run above centreline
24 violation of Ug|, 118 violation of Ug;,

26 violation of Ug;, 124 violation of U,

27 violation of Uy, 124 to 131 run above centreline
30 violation of Ug, 131 violation of Ug,

46 violation of Ug; 133 to 140 run above centreline
55t099 run below centreline 135 violation of Ug,

101 violation of Ug;, 142 to 148 run above centreline
104 to 110 run above centreline 156 to 190 run below centreline
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Table 16 (continued)
Out of control situations
Subgroup Result/violation Subgroup Result/violation
107 violation of Ugy, 192 violation of Ug|,

Because of the variation in dispersion another set of control limits can be calculated (Johnson
transformation)

L~ =0,139 22

Uc, = 1,806 07
5/3.2.6 Rchart
The R control chart calculated according to ISO 7870-2:2013, 6.3, is shown in Figuke 23.
Y
6
. I

LT I
U P 2 VR T
e T e P L UL

il PRI e 1 Y‘JWWNW A
%0 50 100 150 200 X

Ky

X[ subgroup number

Y| range R value
Figure 23 — R control chart for test data set 3
The control limits are (see [SO 7870-2:2013, Table 1):
be,=0
Uc,=3,7739

Out of control situations are given in Table 17.

Table 17 — Results of pattern tests for the R control chart and test data set 3

Out of control situations

Subgroup Result/violation Subgroup Result/violation
3 violation of Uy, 107

violation of Uy,

14 violation of Ugy, 108

violation of Ug|,
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Table 17 (continued)
Out of control situations
Subgroup Result/violation Subgroup Result/violation

24 violation of Ug, 112 to 120 run above centreline
26 violation of Ug;, 118 violation of Ug,

27 violation of Ug|, 124 to 131 run above centreline
29 violation of Uy, 124 violation of U,

46 viotatiorrof- U +31 viotatiorrof-ter

47 to 53 run below centreline 135 violation of Ug,
55t099 run below centreline 156 to 190 run below centreling
101 violation of Ug|, 192 violation of Ug,

104 to 110 run above centreline

5.3.2.7 | Moving range chart

The movjing range control chart calculated according to ISO 7870-2:2013, 6.3sis\shown in Figure 24.
Y

AL T |

, L
Te 1311

500 600 700 800 900 1000 X

e
. —

~

Key
X individuals number

Y movinhgrange value

Figure 24 — Moving range control chart for test data set 3

The control limits are (see ISO 7870-2:2013, Table 3):
UcL=2,8063

Out of control situations are given in Table 18.
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Table 18 — Results of pattern tests for the moving range control chart and test data set 3
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Out of control situations
Value Result/violation Value Result/violation

7 to 14 run above centreline 446 to 461 run below centreline
7 violation of Ug;, 475 to 486 run below centreline
12 violation of Ug;, 502 to 509 run above centreline
13 violation of Uy, 504 violation of Uy,

6to33 T betow tentretine 565 viotatiomof Ut
36 to 47 run below centreline 523 violation of Ug{
q6 violation of Ug;, 524 violation of Ug;
q7 violation of Ug;, 533 violation,of Uy,
113 violation of Ug;, 538 violatioh of Ug|,
126 violation of Ug, 582 violation of Ug,
127 violation of Ug, 588 violation of U
134 violation of Ug;, 589 violation of Ug;,
141 violation of Ug;, 636 violation of Uy,
145 to 153 run above centreline 652 violation of Uy,
150 violation of Ug, 672 to 678 run above centreline
151 violation of Ug, 672 violation of Ug,
163 violation of Ug;, 685 violation of Uy,
164 violation of Ug;, 694'to 700 run above centreline
405 violation of Uy, 697 violation of Uy,
205 violation of Ug, 706 to 715 run above centreline
222 violation of Ug, 727 violation of U
223 violation of U, 761to 770 run below centrelipe
228 violation of Ugj 786 to 804 run below centrelirlle
229 violation‘ef U, 806 to 821 run below centrelillle
235 to 245 runbelow centreline 832 to 851 run below centrelixlle
270 to 281 run.below centreline 854 t0 863 run below centrelirlle
283 to 304 run below centreline 867 to 875 run below centrelirlle
308 to 318 run below centreline 881 to 905 run below centrelirlle
320 to 357 run below centreline 920 to 952 run below centrelife
373 to 386 run below centreline 958 violation of Uy,
388 to 408 run below centreline 960 violation of Uy,
417 tod34 run below centreline 982 t0 990 run below centrelipe
43610444 run below centreline 992t0 1000 run below centrelirlle

I

Because of the variation in dispersion another set of control limits can be calculated.

5.3.2.8 Process capability

The process capability is calculated according to ISO 22514-2:2017, Clause 6, with calculation method
I = 3 for the location estimator and calculation method d = 5 for the dispersion estimator.

Capability indices (calculation method M; <)

Process is not stable (mean, R - chart) - P, /P, is used

Py

1,89

PDk

1,89

PpkL

1,89

PpkU

1,89
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Because of non-normal distributed data (dispersion not stable) M3 5 cannot be used - instead M3 ; and

a Pearson or Johnson transformation is used.

Capability indices (calculation method M; ,)

Process is not stable (mean, R - chart) - P,/P, is used. Calculation based on:

Pearson transformation

P, 1,42 Py 1,39
Pori 1,89 Py 1,46
Johnson framsformmation
P, 1,02 P 1,02
Pk 1,03 Poxu 1,02

5.4 Testdata set4

5.4.1 Test data set 4 information

This set|of test data is taken from a process following a normal distributien,\(having changes in t}
values of parameters u and o over time) and is for checking the accuracyof calculation for contr
limits, sample statistics and process capabilities. A description of test data set 4 is given in Table 1P.
Figure 2p shows a histogram and Figure 26 a probability plot of the data set with the purpose of data

visualizdtion.

Table 19 — Description of test data set 4

= o

Description of data-input
Distribugion model C1 Resulting distribution normal
Data set Annex A, Table A.1 decimal points 2
Total saiple size 1000 U 10
Size of sybgroups 5 L -10

32
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Figure 25 — Histogram of test data set 4
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Figure 26 — Probability plot of test data set 4

NOTE The width of the class intervals is 0,97.
The class|interval with the highest frequency of values is from -0,91 to 0,06.

The density plot is based on the assumption of normality and estimated parameters/=1,d =5.
5.4.2 Test data set 4 results

5.4.2.1 | List of sample statistics

Table 20|lists all sample statistics which are necessary to calculate the target values and control limits
for the gontrol charts described in ISO 7870-2 as well as the estimators for location and dispersign
given in ISO 22514-2 for the calculation of the process capability indices.
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Table 20 — List of sample statistics for test data set 4

Statistic Value Reference
Location
x (=1 0,088 5 1SO 22514-2:2017, Formula (11)
X (1=2) 0,065 0 1SO 22514-2:2017, Formula (12)
X (1=3) 0,088 5 1SO 22514-2:2017, Formula (13)
% (I1=4) 0,114 3 ISO 22514-2:2017, Formula (14)
Dispersion

Ad=1) 9,349 0 (normal distribution) IS0 22514-2:2017, Fofmula |(15)
¢ (d=2) 1,157 9 ISO 22514-2:2017,’'Eormula [16)
cl? d=3) 1,158 3 1SO 22514-2:2017, Formula |(17)
<|§ d=4) 1,1650 IS0 2251422017, Formula [(18)
¢ (d=5) 1,558 2 1SO 22514-2:2017, Formula |(19)
§ 1,088 8 1SQ 7870-2:2013, 3.2

R 10,6400 ISO 7870-2:2013, 3.2

R 2,709 7 IS0 7870-2:2013, 3.2

J?m 1,344 9 ISO 7870-2:2013, 3.2
5(4.2.2 X chart

—3

Y

3

he X control chart calculated according to ISO 7870-2:2013, 6.1, is shown in Figure 27.

% I
14,

k)
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Key
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Figure 27 — Mean control chart for test data set 4

The control limits are (see ISO 7870-2:2013, Table 1, using s ):

LCL = _1,465 2

U = 1,642 2
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Out of control situations are given in Table 21.

Table 21 — Results of pattern tests for the mean control chart and test data set 4

Out of control situations

Subgroup Result/violation Subgroup Result/violation

16 violation of Ug;, 103 to 105 violation of U,

20 violation of L, 113 violation of Uy,

22 violation of Le, 114 t0 122 run below centreline
32 violation of L, 120 violation of L¢;,

33 violation of L, 123 to 126 violation of Ug,

35 violation of L, 131 to 140 run above centreline
36 violation of L, 136 violation of Ug,

39 violation of L¢;, 145 to 155 run abovécéntreline
42 to 59 run below centreline 153 violation of Ug,

42 violation of L, 155 vidlation of U,

45 violation of L. 156 to 163 run below centreline
47 violation of L, 157 violation of Ly,

49 to 53 violation of L¢;, 159 violation of L,

58 violation of L, 165 violation of L¢;,

59 violation of L, 173 violation of U,

72to 78 run below centreline 174 violation of L.

86 to 101 run above centreline 176 violation of Ly,

86 violation of Ug;, 178 violation of L¢;,
881090 violation of Uy,

Because [of the variation in location (not stablg) another set of control limits can be calculated.
The calcfilation can be done using s, or €xtended control limits.

In this example extended control limits are proposed (extension = 3).

Lcp 3 -2,965 2
Uc, §3,142 2
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5.4.2.3 Xchart

The individuals control chart calculated according to ISO 7870-2:2013, 6.2, is shown in Figure 28.
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Figure 28 —Individuals control chart for test data set 4

The control limits are (see 1SQ:7870-2:2013, Table 3):
L, =-3,4889

Oput of control situations are given in Table 22.

Table'22 — Results of pattern tests for individuals control chart and test data set

4

Out of control situations
Value Result/violation Value Result/violation
25to0 31 run below centreline 506 to 513 run above centreline
42 violation of L, 510 violation of Uy,
56to 63 run above centreline 515to 525 run above centreline
102 to 110 run below centreline 516 violation of Ug,
108 violation of L¢;, 586 to 610 run below centreline
154 to 165 run below centreline 600 violation of L,
168 violation of Ug;, 611 to 634 run above centreline
192 violation of Uy, 618 violation of Uy,
207 violation of L¢;, 659 to 665 run above centreline
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Table 22 (continued)

Out of control situations

Value Result/violation Value Result/violation

210 to 270 run below centreline 667 to 674 run above centreline
222 violation of L¢;, 676 to 684 run above centreline
246 violation of L, 714 violation of L¢;,

253 violation of L, 732to 738 run above centreline
276 viotattorroffr F4-0-+to—749 rirabovecentretine
284 to 295 run below centreline 751 to 758 run above centreline
288 violation of L, 767 to 775 run above centreline
307 to 313 run below centreline 774 violation of U,

336 to 342 run below centreline 776 to 783 run below céntreline
365 to 374 run below centreline 787 to 799 run below'centreline
378 to 349 run below centreline 801 to 808 run below centreline
396 to 4(4 run above centreline 821to0 830 run below centreline
426 violation of Ugy, 822 yiolation of L¢;,

428 violation of Ug;, 859 to 865 run above centreline
431 to 436 run above centreline 875 to 890 run below centreline
444 violation of Ug, 876 violation of L¢,

448 violation of U 914 to 921 run above centreline
459 to 469 run above centreline 931 to 938 run below centreline
487 to 493 run above centreline

Because|of the variation in location (not stable) another set of control limits can be calculated.

The calcplation can be done using s, or extended control limits.

In this example extended control limits areproposed (extension = 3).

LCL 3 _5,417 6
Uy + 5,594 5

38
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5.4.2.4 Xx-chart

The median control chart calculated according to ISO 7870-2:2013, 6.3 is shown in Figure 29.
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Figure 29 — Median control chart for test data set 4

The control limits are (see [SO 7870-2:2013, Table 4):
LCL = _1,758 1
Uc,=1,9867

Oput of control situations,are given in Table 23.

Table 237=>- Results of pattern tests for median control chart and test data set 4

Out of control situations
Subgroup Result/violation Subgroup Result/violation
16 violation of Ug;, 107 to 113 run above centreline
35 violation of L. 113 violation of U,
36 violation of L¢, 114 to 122 run below centreline
421063 run below centreline 123 violation of Uy,
42 violation of L¢;, 131 to 140 run above centreline
47 violation of L. 136 violation of Ug;,
49 to 51 violation of Ly, 145 to 155 run above centreline
58 violation of L¢;, 153 violation of Ug,
69 violation of L¢;, 155 violation of Uy,
72t0 79 run below centreline 156 to 163 run below centreline
86 to 105 run above centreline 157 violation of L,
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Table 23 (continued)

Out of control situations
Subgroup Result/violation Subgroup Result/violation
86 violation of Ug, 159 violation of L¢,
89 violation of Ug;, 173 violation of Ug,
90 violation of Ug;, 174 violation of L¢;,
103 to 105 violation of Uy, 187 to 194 run below centreline

Because |of the variation in location (not stable) another set of control limits can be calculated
The calcplation can be done using s, or extended control limits.
In this example extended control limits are proposed (extension = 3).

L $-3,2710

UcL ¥ 3,447 9

5.4.2.5 | schart

The s control chart calculated according to ISO 7870-2:2013, 6.1, is shown in Figure 30.
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Figure 30 — s control chart for test data set 4

The control limits are (see ISO 7870-2:2013, Table 1)
L, =0
UeL=2,274 5

Out of control situations are given in Table 24.
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Table 24 — Results of pattern tests for the s control chart and test data set 4

Out of control situations

Subgroup

Result/violation

Subgroup

Result/violation

39

violation of Ugy,

61 to 68

run below centreline

5.4.2.6 R chart

The R control chart calculated according to ISO 7870-2:2013, 6.3, is shown in Figure 31.
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Figure 31 — R control chart for test data set 4
The control limits are fsee1SO 7870-2:2013, Table 1):
Le,=0
Uc, = 5,7283

Oput of corftrol situations are given in Table 25.

Table 25 — Results of pattern tests for R control chart and test data set 4

Out of control situations

Subgroup

Result/violation

Subgroup

Result/violation

39

violation of Ug;,

61 to 68

run below centreline
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5.4.2.7 Moving range chart

The moving range control chart calculated according to ISO 7870-2:2013, 6.3, is shown in Figure 32.
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Key
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Ly,
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Out of cantrol situatioefrs are given in Table 26.

Taple 26— Results of pattern tests for moving range control chart and test data set 4

0

+4,3937

Figure 32 — Moving range control chart for test data set 4

500 600 700

rol limits are (see ISO 787052:2013, Table 3):

900 1000 X

Out of control situations
Value Result/violation Value Result/violation

26to 35 run below centreline 426 violation of U,

42 violation of Uy, 519 to 527 run below centreline
48 violation of Uy, 555 violation of Uy,

155to 165 run below centreline 566 violation of Ug,

166 violation of Uy, 685 violation of Ug,

181 violation of Ug;, 715 violation of U,

192 violation of Uy, 786 violation of U,

193 violation of Ug, 922 t0 929 run below centreline
42 © IS0 2020 - All rights reserved
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Table 26 (continued)
Out of control situations
Value Result/violation Value Result/violation
197 violation of Ugy, 949 violation of Ug,
208 violation of Ug;, 963 to 971 run below centreline
307 to 319 run below centreline 980 to 988 run below centreline
366 to 376 run below centreline

4.2.8 Process capability

9] 1

he process capability is calculated according to ISO 22514-2:2017, Clause 6, with calculation]
= 3 for the location estimator and calculation method d = 5 for the dispersion estimator.

—

method

Capability indices (calculation method M; )

Process is not stable (mean, R - chart) - P, /P, is used

P 2,14 Py 2,12

P
Poki 2,16 P 2,12

5[5 Testdata set5

© IS0 2020 - All rights reserved

5/5.1 Test data set 5 information
This set of test data is taken from a process following a non-normal distribution with g shift of
phrameter u and is for checking the accuracy ofcalculation for control limits, sample statistics and
process capabilities. A description of test data set’5 is given in Table 27. Figure 33 shows a histogram
and Figure 34 a probability plot of the data setwith the purpose of data visualization.
Table 27 “=Description of test data set 5
Description of data input

Distribution model C2 Resulting distribution non-normal, unirnodal

[)ata set Annex A, Table A.1 decimal points 2

Total sample size 1000 U 7,5

Yize of subgroups 5 L -5
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Figure 33 — Histogram of test data set 5

The width of the class intervals is 1
interval with the highest frequency of values is from -0,585 to 0,415.
nbility plot is based on the assumption of a logarithmic normal distribution.

sformation used heré is f(x) = 1n(12,969 3+x).
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Figure 34 — Probability plot of test data set 5

5/5.2 Test data set 5 results

9] ]

5.2.1 List of sample statistics

=

hble 28 lists all sample statistics which are necessary to calculate the target values and cont
or the control charts described in ISO 7870-2 as well as the estimators for location and di
ven in [SO 22514-2 for the-calculation of the process capability indices.

gQ =

Table 28 — List of sample statistics for test data set 5

Fol limits
spersion

Statistic Value Reference
Location
¥ (=1 0,585 1 1SO 22514-2:2017, Formula|(11)
¥ (&2 0,420 0 [SO 22514-2:2017, Formula|(12)
X G£3) 0,585 1 ISO 22514-2:2017, Formula|(13)
% (1=4) 0,6039 SO 22514-2:2017, Formula (14)
Dispersion
A (d=1) 9,572 0 (normal distribution) [SO 22514-2:2017, Formula (15)
o (d=2) 1,204 7 [SO 22514-2:2017, Formula (16)
6 (d=3) 1,198 2 1SO 22514-2:2017, Formula (17)
G (d=4) 1,200 4 1SO 22514-2:2017, Formula (18)
O (d=5) 1,595 4 [SO 22514-2:2017, Formula (19)
s 1,126 3 ISO 7870-2:2013, 3.2

© IS0 2020 - All rights reserved
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Table 28 (continued)
Statistic Value Reference
R 10,980 0 ISO 7870-2:2013, 3.2
R 2,792 1 ISO 7870-2:2013, 3.2
Em 1,310 4 [SO 7870-2:2013, 3.2
5.5.2.2 X chart
The X c@ntrol chart calculated according to ISO 7870-2:2013, 6.1, is shown in Figure 35.
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Figure 35 — Mean control chart for test data set 5
The contjrol limits are (se€1S0 7870-2:2013, Table 1, using s ):
Lo, -1,0221
Ucp ¥ 2,1922

Out of cc1ntrol situations are given in Table 29.

Table 29 — Results of pattern tests for the mean control chart and test data set 5

Out of control situations
Subgroup Result/violation Subgroup Result/violation
3to 22 run below centreline 151 violation of Ug;,
5 violation of L, 152 violation of Ug;,
29to 43 run below centreline 156 to 160 violation of Ug,
45to 61 run below centreline 163 to 167 violation of U,
45 violation of L, 169 to 175 violation of Uy,
46
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Out of control situations

Subgroup Result/violation Subgroup Result/violation

46 violation of L¢;, 177 to 181 violation of Ug,
54 violation of L¢, 183 violation of Uy,
63z071 run below centreline 184 violation of Uy,
73 to 81 run below centreline 188 violation of Uy,
YFto124 rtrbetow-eentretine 94 viotatiorrof-ter
126 to 136 run below centreline 193 to 196 violation of Ugf
149 to 200 run above centreline 200 violation of gy
149 violation of Ug;,

The calculation can be done using extended control limits.

I this example extended control limits are proposed (extension = 3).

Because of the variation in location (not stable) another set of control limits can be“calculated.

LCL = _2,506 6
U, =37143
5/5.2.3 Xchart
The individuals control chart calculated according to,ISO 7870-2:2013, 6.2, is shown in Figure B6
Y
7
6
X ]
4 T n” 4| T UCL
2 1 T . To . T.I I I | ‘
1 k TTJ‘ I *ﬂw T & ‘
A T 1111 T
lﬁ e
0
W 1] T TTH TR
-2 T Il i :
-3 Ley
4
-5
0 200 300 400 500 600 700 800 900 1000 X
Key
X  value number

Y

individuals

© IS0 2020 - All rights reserved

Figure 36 — Individuals control chart for test data set 5
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The control limits are (see [SO 7870-2:2013, Table 3):
Lc,=-29006
Uc,=4,0708

Out of control situations are given in Table 30.

Table 30 — Results of pattern tests for individuals control chart and test data set 5

Outofcontrotsituations
Value Result/violation Value Result/violation

30 violation of L¢. 764 to 770 run above centrelinie
35t0 46 run below centreline 772 to 786 run above centreline
55to 61 run below centreline 778 violation of Ugy,

92 to 104 run below centreline 786 violation of U,

201 to 216 run below centreline 793 to 808 run,above centreline
221to 232 run below centreline 798 violation of Ugy,

249 to 2642 run below centreline 810 to 837 1run above centreline
250 violation of L, 816 violation of Ug;,

264 to 270 run below centreline 834 violation of Ug;,

270 violation of L¢. 839 to 859 run above centreline
316 to 343 run below centreline 846 violation of Ugy,

330 violation of L¢;. 858 violation of Ug;,

342 violation of L. 861 to 873 run above centreline
372 to 384 run below centreline 864 violation of Ug;,

384 violation of Ly, 875 to 909 run above centreline
396 violation of Ug;, 876 violation of Ug;,
521to 548 run below centreling 882 violation of Ug;,

522 violation of L. 888 violation of Ug;,

537 to 546 run below centreline 894 violation of Ug;,

558 violatiop-0f L. 900 violation of Ugy,

565 to 577 run below centreline 911 to 922 run above centreline
636 to 649 run’below centreline 918 violation of Ug;,

654 to 662 run below centreline 930 violation of Ug;,

667 to 677 run below centreline 934 to 945 run above centreline
698 to 794 run below centreline 947 to 957 run above centreline
720 violation of L¢;, 959 to 986 run above centreline
741 to 747 run above centreline 966 violation of Ug;,

752 to 760 T abOVE CEentretine 974 viotattonmof U

755 violation of Uy, 9881to 1000 run above centreline
756 violation of Ug, 996 violation of Ugy,

762 violation of U,

Because of the variation in location (not stable) another set of control limits can be calculated

The calculation can be done using extended control limits.

In this example extended control limits are proposed (extension = 3).

Ley,=-4,100 6

48
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5

The median control chart calculated according to ISO 7870-2:2013, 6.3, is shown in Figure 37.
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Figure 37 — Médian control chart for test data set 5
he control limits are (see SO 78%0-2:2013, Table 4):
Le,=1,3255
Uc,=2,5332

Table 31 — Results of pattern tests for median control chart and test data set 5

Oput of control sityatiens are given in Table 31.

Out of control situations
Subgroup Result/violation Subgroup Result/violation
Jte22 run below centreline 171to 173 violation of Uy,
34to43 run below centreline 175 violation of Ug,
51to 59 run below centreline 177 violation of Uy,
63to 71 run below centreline 178 violation of Uy,
73 to 80 run below centreline 180 violation of Uy,
126 to 135 run below centreline 181 violation of Uy,
149 to 200 run above centreline 183 violation of Ug|,
151 violation of Ug, 184 violation of Ug;
152 violation of Ug, 193 violation of Ug|,
154 to 157 violation of Ug;, 195 violation of Uy,

© IS0 2020 - All rights reserved
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Table 31 (continued)

Out of control situations

Subgroup Result/violation Subgroup Result/violation
159 violation of Ug, 196 violation of Ug,
160 violation of Uy,

Because of the variation in location (not stable) another set of control limits can be calculated

The calc

In this e3

Ley, 7
UL

5.5.2.5

-2,8255

+4,0332

s chart

ation can be done ncing extended control limits

rample extended control limits are proposed (extension = 3).

The s comtrol chart calculated according to ISO 7870-2:2013, 6.1, is shown in Figure 38.
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Figure 38 — s control chart for test data set 5

The control limits are (see [SO 7870-2:2013, Table 1):
Lc,=0
Uc,=2,3527

Out of control situations are given in Table 32.
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Table 32 — Results of pattern tests for the s control chart and test data set 5

Out of control situations

Subgroup Result/violation Subgroup Result/violation

70 to 76 run below centreline 187 to 193 run below centreline

5.5.2.6 R chart

The R control chart calculated according to ISO 7870-2:2013, 6.3, is shown in Figure 39.
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Oput of control situations are given in Table 33.

Table 33 — Results of pattern tests for R control chart and test data set 5

Out of control situations
Subgroup Result/violation Subgroup Result/violation
187 to 193 run below centreline
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5.5.2.7 Moving range chart

The moving range control chart calculated according to ISO 7870-2:2013, 6.3, is shown in Figure 40.

Y
6
5
’ Uc
: ] B,
Tl i IS
|||t|1u. T
\‘\‘
300 400 500 600 700 900 1000 X

Key

X individuals number

Y moving range value

Figure 40 — Moving raitige control chart for test data set 5

The control limits are (see ISO 7870-2:2013, Table 3):

UCL E=

Out of cantrol situations @rg given in Table 34.

Taple 34 — Results of pattern tests for moving range control chart and test data set 5

4,2811

Out of control situations
Value Result/violation Value Result/violation

30 velatienef-Hrr 566-to-577 run-belowcentreline
56 to 65 run below centreline 606 violation of Uy,

75 violation of Ug|, 607 violation of Ug,

93 to 103 run below centreline 661 to 667 run above centreline
132 violation of Ug;, 674 to 681 run below centreline
156 to 164 run below centreline 721 violation of U,

259to 266 run below centreline 762 violation of Uy,

270 violation of Uy, 763 violation of Ug,

271 violation of Ug|, 787 violation of Ug;,

285 to 293 run below centreline 865 violation of Ug,
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Table 34 (continued)
Out of control situations
Value Result/violation Value Result/violation
385 violation of Ugy, 895 violation of Ug,
397 violation of Ug, 976 to 987 run below centreline
537 to 546 run below centreline
5528 Process capabhility

~

= 3 for the location estimator and calculation method d = 5 for the dispersion estimator)

he process capability is calculated according to ISO 22514-2:2017, Clause 6, with calculation} method

Capability indices (calculation method M; <)

Process is not stable (mean, R - chart) - P, /P, is used

P 1,04 Py 0,92

D
1,17 Pow 0,92

PpkL

p—

1 this case the general definition (M3 ;) on P, and P, will give the fellowing results

Capability indices (calculation method M; )

Process is not stable (extended mean, R chart) - P, /P, is used

P 1,27 Pox 1,14

p
P 1,14 Pow 1,42

91}

6 Testdataset6

6.1 Test data set 6 information

Table 35 — Description of test data set 6

5

This set of test data is taken from @' process following a non- normal distribution, showing linear
dpcreasing trend of the parameter 1, and is for checking the accuracy of calculation for contrpl limits,
sample statistics and process capabilities. A description of test data set 6 is given in Table 35. Figure 41
shows a histogram and Figure42 a probability plot of the data set with the purpose of data visualization.

Description of data input

Distribution medel C3 Resulting distribution non-normal, unirnodal
[)ata set Annex A, Table A.1 decimal points 2

Total sample€ size 600 U 20,3

Size of subgroups 6 L 19,7
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Figure 41 — Histograni of test data set 6
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Figure 42 — Probability plot of test data set 6

NOTE The width of the class intervadls'is 0,03.

;ﬁ

he class interval with the highest frequency of values is from 19,965 to 19,995.

—

he density plotis based on the)assumption of normality and estimated parameters/=1,d = 5.

5/6.2 Test data set 6.results

5/6.2.1 List of sample statistics
Thble 36 lists'all sample statistics which are necessary to calculate the target values and control limits
far the eontrol charts described in ISO 7870-2 as well as the estimators for location and dispersion
glvenrin'1SO 22514-2 for the calculation of the process capability indices.
Table 36 — List of sample statistics for test data set 6
Statistic Value Reference
Location

x (=1 19,997 3 ISO 22514-2:2017, Formula (11)

X (1=2) 20,0000 ISO 22514-2:2017, Formula (12)

X (1=13) 19,997 3 ISO 22514-2:2017, Formula (13)

% (1=4) 19,996 9 ISO 22514-2:2017, Formula (14)
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Table 36 (continued)
Statistic | Value | Reference
Dispersion
A (d=1) 0,382 4 (using normal distribution) IS0 22514-2:2017, Formula (15)
0 (d=2) 0,030 1 [SO 22514-2:2017, Formula (16)
6 (d=3) 0,0301 ISO 22514-2:2017, Formula (17)
G (d=4) 0,0299 ISO 22514-2:2017, Formula (18)
6 (d=5 0,063 7 [SO 22514-2:2017, Formula (19)
s 0,028 7 ISO 7870-2:2013, 3.2
R 0,3200 [SO 7870-2:2013, 3.2
R 0,0758 [SO 7870-2:2013, 3.2
Rm 0,033 7 ISO 7870-2:2013, 312

5.6.2.2 | X chart

The X control chart calculated according to ISO 7870-2:2013, 6.1, is shown‘in Figure 43.

Y
201 [
\\/\NA
v
20,05 LA+
’ \// N \/\M
1 dEN Ucw
20 \Mm . .
V¥ V&\/\\
), L
19,95 LA cL
NV
A
o Il
19,9 L

Key

X number.of'subgroup

Y meanvaiue
Figure 43 — Mean control chart for test data set 6

The control limits are (see [SO 7870-2:2013, Table 1, using s ):
Lcp, =19,960 4
Uc, = 20,0342

Out of control situations are given in Table 37.
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Table 37 — Results of pattern tests for the mean control chart and test data set 6

Out of control situations

Subgroup Result/violation Subgroup Result/violation
1to43 run above centreline 63 to 100 run below centreline
1to 17 violation of Ug;, 63 violation of L,

19 to 30 violation of Ug;, 70 violation of L,
32 violation of Uy, 72 to 100 violation of L,
7% viotatiomof U

5(6.2.3 Xchart
The individuals control chart calculated according to ISO 7870-2:2013, 6.2, is shown i1 Figure 4.
Y
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y wml w
19,9 in 1 LCL
i W[
! ‘H
19,85 ! T
19,8
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Key
X| value number
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Figure 44 — Individuals control chart for test data set 6

The contr6l limits are (see ISO 7870-2:2013, Table 3):

L =19907 6
1] =720 N07 N
OCL - #9907 Y

Out of control situations are given in Table 38.

Table 38 — Results of pattern tests for individuals control chart and test data set 6

Out of control situations
Value Result/violation Value Result/violation
1to 50 run above centreline 398to 411 run below centreline
1to5 violation of Uy, 411 violation of L,
7 violation of Uy, 419 to 465 run below centreline
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Table 38 (continued)
Out of control situations
Value Result/violation Value Result/violation
12to 15 violation of Ug, 450 violation of L,
17 violation of Ug;, 461 violation of L,
18 violation of Ug;, 467 to 476 run below centreline
21to 25 violation of U, 468 violation of L¢;,
27 viotatiorrof-ter 478-to-666 rirbetow-eentretine
33 violation of Ug, 483 violation of L, ¢
35 violation of Ug;, 487 violation of L, O
36 violation of Ug, 494 violation of L¢, N
38 violation of Ug, 495 violation of L, '\Q‘)V
43 violation of U, 498 violation of L¢;, ,\'\M
N
44 violation of Ug, 499 violation of L)
47 violation of Uy, 501 violation of o}
49 violation of Ug;, 502 violatio cL
52 to 104 run above centreline 504 violgﬁ.phvof Ley,
53 violation of Uy, 507 _\i@lz}t'lion of L,
58 violation of Ug;, 510 Wiolation of Ly,
60 violation of Ug, 515 ) \\\ violation of L¢;,
65 violation of Ug, 517 \V violation of L¢;,
74 violation of U, 526 \\S\v violation of L,
75 violation of Uy, 5;@ violation of L,
79 violation of U, {531 violation of L,
83 violation of Uy, <537 violation of Lg
84 violation of Ug, \\C)t 539 violation of L¢;,
88 violation of Uy, X @) 544 violation of Ly,
92 violation of Ug, N\ 545 violation of L,
97 violation of Ug, ,.Q‘ 548 violation of L,
98 violation of Ucny 550 violation of LCL
108 to 1713 run above‘g@\e/line 551 violation of L¢;,
113 violatio ‘CL 557 violation of L,
115 Viol‘a\Qn\{)f UcL 567 violation of Ly,
118 \(@i‘on of Uy, 569 violation of L,
140 ) b‘}?ovlation of Ugy, 570 violation of L,
153 O:\‘ violation of U, 574 violation of L¢;,
161 —viotatiomrof e 577 viotatiomrof £
163 violation of Uy, 580 violation of Ly,
173 violation of Ug, 582 violation of L,
175 to 182 run above centreline 585 violation of L,
184 to 197 run above centreline 586 violation of L,
192 violation of U, 589 to 593 violation of L.
199 to 206 violation of Uy, 596 violation of L,
208 to 216 run above centreline 597 violation of L¢;,
241 to 249 run above centreline 600 violation of L¢;,
373 to 381 run below centreline
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In this case an extended normal distribution can be used.

5.6.2.4 X chart

ISO/TR 11462-3:2020(E)

The median control chart calculated according to ISO 7870-2:2013, 6.3, is shown in Figure 45.
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Figure 45 — Median control chart for test data set 6

Ofut of control situations are given in Table 39.

he control limits are (see ISO 7870-2:2013, Table 4):

Table:39 — Results of pattern tests for median control chart and test data set 6

Out of control situations
Subgroup Result/violation Subgroup Result/violation

1 t0-36 run above centreline 63 to 100 run below centrelipe
1to17 violation of Uy, 63 violation of L,

19 to 28 violation of Ug, 70 violation of Ly,

30 violation of Ug, 72t0 76 violation of L,

34 violation of Ug;, 78 to 100 violation of L¢;,

52to0 59 trend decreasing

This process is a trend process. Therefore, the control limits can be expanded with 0,2.

Then the control limits will be
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Uq,=20,1384

5.6.2.5

s chart

The s control chart calculated according to ISO 7870-2:2013, 6.1, is shown in Figure 46.
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Figure 46 — s control chart for test data set 6
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5.6.2.6 R chart

The R control chart calculated according to ISO 7870-2:2013, 6.3, is shown in Figure 47.
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Figure 47+ R control chart for test data set 6

—3

he control limits are (see [SO 7870-2:2013, Table 1):
L =0
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5.6.2.7 Moving range chart

The moving range control chart calculated according to ISO 7870-2:2013, 6.3, is shown in Figure 48.
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Figure 48 — Moving range control chart for test data set 6

300 400

The confjrol limits are (see [SO 7870-2:2013, Table 3):

Le, 30
Uc § 0,110 2

Out of cantrol situations are-given in Table 40.

Taple 40 — Résults of pattern tests for moving range control chart and test data set 6

500

600 X

Out of control situations

Value Result/violation Value Result/violation

18 to 25 run below centreline 412 violation of Uy,

50to 59 run above centreline 420 to 430 violation of Ug,

129to 138 run below centreline 567 violation of Ug,

304 to 313 run below centreline 583 violation of Ug,

329to 336 run above centreline 598 violation of U,

350 violation of Uy,
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5.6.2.8 Process capability
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The process capability is calculated according to ISO 22514-2:2017, Clause 6, with calculation method
I = 3 for the location estimator and calculation method d = 5 for the dispersion estimator.

Capability indices (calculation method M; <)

Process is not stable (mean, R - chart) - P, /P, is used

P, 1,57 P 1,55
Poki 1,58 Poxy 1,55
Ill this case an extended normal distribution can be used as calculation method (M3 4).
Capability indices (calculation method M; ,)
Process is not stable (extended mean, R - chart) - P,/P,, is used
P, 1,83 Py 1,83
PoxL 1,85 Py 1,83

5{7 Testdata set7

9]

o -

= n

7.1 Test data set 7 information

his set of test data is taken from a process following a nen-hormal distribution which has f
F the parameter u over time and is for checking the accufacy of calculation for control limits
tatistics and process capabilities. A description of test.data set 7 is given in Table 41. Figure 49
stogram and Figure 50 a probability plot of the data set with the purpose of data visualizatidn.

Table 41 — Deseription of test data set 7

ve shifts
, sample
) shows a

Description of data input
Distribution model Cc4 Resulting distribution non-normal, unirnodal
[)ata set Annex.AyTable A.1 decimal points 2
Total sample size 500 U 30,13
Size of subgroups 5 L 29,87
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Figure 49 — Histogram-of test data set 7
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5|7.2 Test data set Zresults

7.2.1 List of sample statistics

NOTE The width of the class intervdls'is 0,02.

Figure 50 — Probability plot of test data set 7

he class interval with the highest frequency of values is from 30,005 to 30,025.

he density plot is based on the)Jassumption of normality and estimated parameters/=1,d = 5.

hble 42 lists all sample statistics which are necessary to calculate the target values and contfol limits
far the eentrol charts described in ISO 7870-2 as well as the estimators for location and dispersion
glvenin'1SO 22514-2 for the calculation of the process capability indices.

Table 42 — List of sample statistics for test data set 7

Statistic Value Reference
Location
X (=1 30,006 7 1SO 22514-2:2017, Formula (11)
% (=2) 30,010 0 ISO 22514-2:2017, Formula (12)
X (1=3) 30,006 7 [SO 22514-2:2017, Formula (13)
X (=4 30,006 3 1SO 22514-2:2017, Formula (14)
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Table 42 (continued)

Statistic | Value | Reference
Dispersion
A (d=1) 0,238 2 (normal distribution) 1SO 22514-2:2017, Formula (15)
6 (d=2) 0,0103 [SO 22514-2:2017, Formula (16)
6 (d=3) 0,010 2 1SO 22514-2:2017, Formula (17)
G (d=4) 0,009 7 [SO 22514-2:2017, Formula (18)
6 (d=5 0,0397 1SO 22514-2:2017, Formula (19)
s 0,009 6 ISO 7870-2:2013, 3.2
R 0,160 0 ISO 7870-2:2013, 3.2
R 0,022 6 [SO 7870-2:2013, 3.2
Rm 0,0117 ISO 7870-2:2013, 3.2

5.7.2.2 | X chart

The X c@ntrol chart calculated according to ISO 7870-2:2013, 6.1, is shown‘in Figure 51.
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Figure 51 — Mean control chart for test data set 7

The control limits are (see [SO 7870-2:2013, Table 1, using s ):
Lc,=299930
U, =30,020 3

Out of control situations are given in Table 43.
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Table 43 — Results of pattern tests for the mean control chart and test data set 7

Out of control situations

Subgroup Result/violation Subgroup Result/violation

1to 14 run above centreline 41to0 80 violation of L,

19to 40 run above centreline 81 to 100 run above centreline
21to 40 violation of Ug;, 81 to 96 violation of U,
41to 80 run below centreline 98 to 100 violation of Uy,

The mean in this dataset is not stable. Therefore, a multimodal distribution model can be used
Therefore, the control chart is expanded with 0,1.

Lc,=299430

Uc,=30,070 3

9]}

7.2.3 Xchart

—3

he individuals control chart calculated according to ISO 7870-2:2043;-6.2, is shown in Figure 2.
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Figure 52 — Individuals control chart for test data set 7

The control limits are (see [SO 7870-2:2013, Table 3):
Lc,=299755
U, =30,0378
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Out of control situations are given in Table 44.

Table 44 — Results of pattern tests for individuals control chart and test data set 7

Out of control situations

Value Result/violation Value Result/violation
28to0 35 run above centreline 403 violation of U,
41 violation of Uy, 405 violation of Uy,
59 to 70 run above centreline 408 violation of [Jo,
59 violation of Ug;, 415 violation of Ug, QQ
100 to 290 run above centreline 416 violation of Ug, Q‘QV
101 to 134 violation of Ug, 418 violation of Uy ™y
121to 128 Trend increasing 422 violation of‘l(c;l/
136 to 200 violation of Ug;, 424 to 426 violation bfU,
201 to 235 run below centreline 430to 500 run g)gg'v\e centreline
203 to 2¢5 violation of L, 430 to 432 \QQM\I’on of Ugy,
218 violation of L, 436 |vidlation of Ug,
231 violation of L, 437 «_“[violation of Uy,
234 violation of L, 442 & ~ |violation of UcL
238 t0 240 violation of L¢, 444 RO violation of Ug,
242to 400 run below centreline 447 \\\‘ violation of Uy,
243 violation of L, 449 As\\) violation of Uy,
248 violation of L, 456 ,{(\‘0 violation of U,
251to 233 violation of L, 4;@ violation of Ug,
251 to 240 trend increasing &“ﬁ violation of Ug,
261 to 244 violation of L, \O 463 violation of Ugy,
266 violation of L, ‘.\('\}‘ 464 violation of Uy,
268 violation of L, C)\\ 471 violation of Ug,
269 violation of(l\,&: : 472 violation of Ug,
271 Violatiop.@l\a 476 violation of Ug,
278to 291 trensi.'kn\;-l)easing 479 violation of U,
283 to 288 tr\@‘decreasing 486 violation of Uy,
289 to 291 _[iolation of L, 487 violation of Ug
296 Q)’violation of L¢, 489 violation of Ug,
301 to 374 X X" |violation of Ley, 490 violation of Ug;,
375to0 400 ‘\ev violation of L, 492 violation of Uy,
401 to 438~ \ run above centreline 499 violation of Uy,
401 ~ vielation-of U 500 vielation-of-l
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5.7.2.4 X chart
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The median control chart calculated according to ISO 7870-2:2013, 6.3, is shown in Figure 53.
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Figure 53 — Median control chart for test data set 7

Ojut of control situations are given in Table 45.

50

60 70

he control limits are (see 1S0,7870-2:2013, Table 4):

80

Table 45 — Results of pattern tests median control chart and test data set 7

90 100 X

Out of control situations
Subgroup Result/violation Subgroup Result/violation
THo7 rumabovecentretine 8% viotatiomrof -t
1to8 trend increasing 82 violation of Uy,
9to 15 run above centreline 84t0 90 violation of Uy,
19to 40 run above centreline 92 violation of U,
21to 40 violation of Uy, 93 violation of Uy,
41 to 80 run below centreline 95 violation of Ug;,
41to0 80 violation of L¢;, 96 violation of Ug;,
81 to 100 run above centreline 98 to 100 violation of Uy,

The mean in this dataset is not stable. Therefore, a multimodal distribution model can be used.
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Therefore, the control chart is expanded with 0,1
L, =299407
Uc,=30,0719

5.7.2.5 schart

The s control chart calculated according to ISO 7870-2:2013, 6.1, is shown in Figure 54.
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Figure 54 — s control chart for test data set 7

The contjrol limits are (see ISQ-7870-2:2013, Table 1):
Le, 30
Uc, #0,0200
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5.7.2.6 R chart

The R control chart calculated according to ISO 7870-2:2013, 6.3, is shown in Figure 55.
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Figure-55 — R control chart for test data set 7
The control limits are (see ISO 7870-2:2013, Table 1):
LCL = 0
Uq,=0,0478
Oput of contro}situations are given in Table 46.
Table 46 — Results of pattern tests R control chart and test data set 7
Out of control situations
Subgroup Result/violation Subgroup Result/violation
9 violation of Ug, 49 violation of Ug|,
27 violation of Ug;, 55to 65 run below centreline
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5.7.2.7 Moving range chart

The moving range control chart calculated according to ISO 7870-2:2013, 6.3, is shown in Figure 56.
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Figure 56 — Mboving range control chart for test data set 7

The control limits are (see ISQ7870-2:2013, Table 3):

LCL E O

UCL

#0,0382

Out of cantrolisituations are given in Table 47.

400

500 X

Out of control situations

Value Result/violation Value Result/violation

28 violation of Ug;, 207 to 216 run below centreline

29to 39 run below centreline 241 violation of U,

59 violation of Ug, 252 to 260 run below centreline

67 to 78 run below centreline 273 to 288 run below centreline

86 to 97 run below centreline 293 to 300 run below centreline

101 violation of Ug;, 328 violation of U,
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Table 47 (continued)
Out of control situations
Value Result/violation Value Result/violation
116 to 132 run below centreline 329to 338 run below centreline
136 violation of Ug;, 340 violation of Uy,
149 to 156 run below centreline 341 violation of Uy,
162 violation of Ug;, 347 to 354 trend decreasing
178 tU 185 IuIr bC}U \A4 bclltl C‘l;llc 361 tU 372 Ul bC}UVV LClltl C};me
190 violation of Ugy, 367 to 374 trend increasing
191 violation of Ug, 374 violation of Wgy
193 to 200 run below centreline 401 violation,of U,
201 violation of Ug;, 430 violdtion of Ug;,
5/7.2.8 Process capability
The process capability is calculated according to ISO 22514-2:2017, Clause 6, with calculatior] method
1 £ 3 for the location estimator and calculation method d = 5 for the dispersion estimator.
Capability indices (calculation method M; ;)
Process is not stable (mean, R - chaft))- P, /P, is used
P, 1,09 Py 1,04

Poki 1,15 P 1,04

In this case an multimodal distribution can be uséd and the calculation based on M3 ;
Capability indices (calculation method M; ,)
Process is notstable (mean, R - chart) - P, /P, is used
P, 154 Py 1,52

Py 1,55 Py 1,52
5|8 Testdataset8
5/8.1 Test data set 8 information
This set of test data@’is taken from a process following a non-normal distribution and is for che¢king the

a
test data set\8-is given in Table 48. Figure 57 shows a histogram and Figure 58 a probability p
dpta set with the purpose of data visualization.

Table 48 — Description of test data set 8

ccuracy of calcwlation for control limits, sample statistics and process capabilities. A descr

iption of
ot of the

Description of data input
Distribution model D Resulting distribution non-normal
Data set Annex A, Table A.1 decimal points 2
Total sample size 500 U 20,04
Size of subgroups 5 L 19,96
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Figure 57 — Histogram of test data set 8
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Figure 58 — Probability plot of test data set 8

NOTE The width of the class intervdls'is 0,01.

—

he class interval with the highest frequency of values is from 20,004 5 to 20,014 5.

—

he density plot is based on the)Jassumption of normality and estimated parameters/=1,d = 5.

5|8.2 Test data set 8. results

9]}

8.2.1 List of sample statistics

=3

hble 49 lists all sample statistics which are necessary to calculate the target values and cont
far the eentrol charts described in ISO 7870-2 as well as the estimators for location and di
glvenin'1SO 22514-2 for the calculation of the process capability indices.

Fol limits
spersion

Table 49 — List of sample statistics for test data set 8

Statistic Value Reference

Location

|

(I=1 20,004 53 1SO 22514-2:2017, Formula

(1n

(I1=2) 20,005 ISO 22514-2:2017, Formula

(12)

(1=3) 20,004 53 [SO 22514-2:2017, Formula

(13)

al| <l <

20,005 46 ISO 22514-2:2017, Formula

~
~—~
1l
S
L—

(14)
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Table 49 (continued)
Statistic Value | Reference
Dispersion
A (d=1) 0,075 32 (normal distribution) 1SO 22514-2:2017, Formula (15)
0 (d=2) 0,009 68 SO 22514-2:2017, Formula (16)
6 (d=3) 0,008 89 1SO 22514-2:2017, Formula (17)
G (d=4) 0,008 82 1SO 22514-2:2017, Formula (18)
6 (d=5 0,012 55 SO 22514-2:2017, Formula (19)
s 0,008 35 ISO 7870-2:2013, 3.2
R 0,1 ISO 7870-2:2013, 3.2
R 0,020 52 ISO 7870-2:2013, 3.2
Rm 0,010 85 ISO 7870-2:2013, B,2

5.8.2.2 | X chart

The X cgntrol chart calculated according to ISO 7870-2:2013, 6.1, is shownfn Figure 59.
Y

20,04 ﬁ

20,03 I ]

.
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o
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/

e
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o]

I
20 1

|
19,99 \

|
19,98 {
| |

19,97
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Key
X number,df Ssubgroup
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Figure 59 — Mean control chart for test data set 8

The control limits are (see ISO 7870-2:2013, Table 1, using s ):
Lc =19,992 61
UcL, = 20,016 45

Out of control situations are given in Table 50.
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Table 50 — Results of pattern tests for the mean control chart and test data set 8

Out of control situations
Subgroup Result/violation Subgroup Result/violation
3 violation of L¢, 53to 61 trend increasing
7to 13 run below centreline 62 violation of L,
14 violation of Ug;, 63 violation of U,
20 to 27 trend decreasing 72 violation of L,
8 vivtatiorrof-Her 93-t099 rumrbetow-tertretime
1 violation of Ug, 100 violation of Ugf
40 to 47 run above centreline
5/8.2.3 Xchart
The individuals control chart calculated according to ISO 7870-2:2013, 6.2, is'shown in Figure 0.
Y
20,06
20,05 ?
20,04 i
20,03 1 Ug,
20,02 I # ! 4
2001 H—z il r / Lo laddd o,
’ ' 1 Mk J st ISR 9l T
A g i
19,99 | It l IJ T i i
19,98 L
19,97 f o
19,96
19,95
0 100 200 300 400 500 X
Ky
X| value number

Y| individuals

Figure 60 — Individuals control chart for test data set 8

The control limits are (see [SO 7870-2:2013, Table 3):

Ley = 19975 67

Uep = 20,033 39
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Out of control situations are given in Table 51.

Table 51 — Results of pattern tests individuals control chart and test data set 8

Out of control situations
Value Result/violation Value Result/violation
10to 16 run below centreline 186 to 195 run below centreline
11 violation of L, 199 to 213 run above centreline
13 violation of Le, 218t0 224 run above centreline
18 to 25 run below centreline 257 to 270 run below centreline
66 violation of Uy, 299 to 305 run above centreline
67 violation of Uy, 307 to 309 violation of L.
136 violation of Ug, 312 violation of Ug,
140 violation of Ug;, 358 to 360 violation bfL;,
151 to 137 run above centreline 366 to 373 run below centreline
152 to 135 violation of Uy, 440 to 446 run‘below centreline
176 to 145 run above centreline 497 violation of Ug,

5.8.2.4 | x chart

The mediian control chart calculated according to ISO 7870-2:2013) 6.3, is shown in Figure 61.
Y

20,05

20,04 R

oLl

20,02

RERIRilANY
o L
f

19,99 =

19,98

B
]
[

19,97

0 10 20 30 40 50 60 70 80 90 100 X

Key
X subgroup number
Y median value

Figure 61 — Median control chart for test data set 8

The control limits are (see ISO 7870-2:2013, Table 4):
Lc,=19,991 28
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Uc, =20,019 64

Out of control situations are given in Table 52.

Table 52 — Results of pattern tests median control chart and test data set 8

Out of control situations
Subgroup Result/violation Subgroup Result/violation
3 violation of L, 62 violation of L¢;,
14 violation of Uy, 65 violation of Ug,
31 violation of Uy, 72 violation of Ley.
32 violation of Ug, 100 violation of Ug|,
40 to 49 run above centreline
5|8.2.5 schart
The s control chart calculated according to ISO 7870-2:2013, 6.1, is shown in Figure 62.
Y
0,02 |

0,015 :I /‘ 1 ] |

o i /MNA ol A/\ Mﬂ /
MEIN

Key

X| subgroupthumber

<

empirieal standard deviation s value

Fignrp 62 — s control chart for test data set 8

The control limits are (see ISO 7870-2:2013, Table 1):
Uc,=0,017 45

Out of control situations are given in Table 53.
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Table 53 — Results of pattern tests for the s control chart and test data set 8

Out of control situations
Subgroup Result/violation Subgroup Result/violation
16 to 23 run above centreline 68to 79 run below centreline
32to 39 trend decreasing 92 to 100 trend decreasing
32 violation of Uy, 100 violation of U,

5.8.2.6 —Rchart

The R coptrol chart calculated according to ISO 7870-2:2013, 6.3, is shown in Figure 63.
Y

0,06

0,05 “

T S PG T
Wir i

Key
X subgfoup number
Y rang¢ R value

Figure 63 — R control chart for test data set 8

The contjrol limits-are (see ISO 7870-2:2013, Table 1):
Lc, 30
Ucp, 0,043 38

Out of control situations are given in Table 54.

Table 54 — Results of pattern tests R control chart and test data set 8

Out of control situations
Subgroup Result/violation Subgroup Result/violation
32to 39 trend decreasing 92 to 100 trend increasing
73t0 79 run below centreline 100 violation of Ug,
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5.8.2.7 Moving range chart

The moving range control chart calculated according to ISO 7870-2:2013, 6.3, is shown in Figure 64.
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Figure 64 — Moving range control chart for test data set 8

—3

he control limits are (see [SQ7870-2:2013, Table 3):
Le,=0
Uc, = 0,035 45

Oput of control situations are given in Table 55.

Table 55 — Results of pattern tests moving range control chart and test data set 8

Out of control situations
Value Result/violation Value Result/violation
11 violation of Ug, 201 to 213 run below centreline
62 violation of Ug, 25810 271 run below centreline
66 violation of Ug;, 289 violation of Uy,
88 violation of Uy, 306 violation of Uy,
114 violation of Ugy, 311 violation of Ug,
116 to 127 run below centreline 342 to 355 run below centreline
136 violation of Ug, 384 to 395 run below centreline
141 violation of Ug;, 423 violation of Uy,
158 violation of Uy, 442 to 450 run below centreline
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Table 55 (continued)

Out of control situations

Value Result/violation Value Result/violation
187 to 195 run below centreline 492 violation of Ug,
198 violation of Ug;, 497 violation of Ug,
199 violation of Ug|, 498 violation of Ug;,
5.8.2.8 _Process capability

The prodess capability is calculated according to ISO 22514-2:2017, Clause 6, with calculation methdd
[ = 3 for the location estimator and calculation method d = 5 for the dispersion estimator.

Capability indices (calculation method M; <)

Process is not stable (mean, R - chart) - P, /P, is used

P, 1,06 Py 0,94
P 1,18 Py 0,94
In this cdse an extended normal distribution can be used and calculation nfethod M; ;.
Capability indices (calculation method M; ;)
Process is not stable (extended mean, R - chart}~P},/P, is used
P, 1,03 By 091
PoxL 1,14 Poxu 091

5.9 Testdataset9

5.9.1 Testdata set9 information

This set pf test data is taken from a process following a non-normal distribution and is for checking the
of calculation for control limit§, sample statistics and process capabilities. A description pf
test datd set 9 is given in Table 56. Figure 65 shows a histogram and Figure 66 a probability plot of the
data set ith the purpose of data viSualization.

accuracy

Table 56 — Description of test data set 9

Description of data input
Distribugion model A2 Resulting distribution Rayleigh
Data set Annex A, Table A.1 decimal points 3
Total sample size 500 U 0,1
Size of sybgroups 5 L 0

82
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Figure 65 — Histogram of test data set 9
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Figure 66 — Probability plot of test data set 9

NOTE The width of the class intervals is 0,007
The class|interval with the highest frequencyof values is from 0,016 5 to 0,023 5.

The densjty plot shows a Rayleigh distribution using the estimated scale-parameter ¢ = 0,020 17 based on the

Method of M Ly
ethod of Moments HRayteigh =0% E ==X |.
Using thd inverse distributioh function of the Rayleigh distribution F~!(p|c)=0x/-2xIn(1-p) leads to the

following| estimators af’distribution percentiles and of the process dispersion according to method d = 1 pf
1SO 22514-2:

. . )
Xy 1ok o 71 (0,001 35[0,020 165 73) ~0,001 05

_ -1 ~
X865 =F (0,998 65]0,020 165 73)~0,073 31

A=X99?865 % —X07135 % =0,073 308 2-0,001 048 2=0,072 26
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5.9.2 Test data set 9 results

5.9.2.1 List of sample statistics

ISO/TR 11462-3:2020(E)

Table 57 lists all sample statistics which are necessary to calculate the target values and control limits
for the control charts described in ISO 7870-2 as well as the estimators for location and dispersion
given in ISO 22514-2 for the calculation of the process capability indices.

Table 57 — List of sample statistics for test data set 9

Statistic Value Reference
Location
¥ (=1 0,025 27 1SO 22514-2:2017, Fermula (11)
¥ (=2 0,024 00 [SO 22514-2:2017,/Formula (12)
¥u=3 0,025 27 1SO 22514-2:2017, Formula (}3)
¥ (=4 0,024 20 1SO 22514-2:2017, Formula (14)
Dispersion
Ad=1) 0,072 26 (using parameters in 5.9.1) IS0 22514-2:2017, Formula (15)
¢ (d=2) 0,013 46 [SO 22514-2:2017, Formula (16)
<|§ (d=3) 0,013 51 1SO 22514-2:2017, Formula (17)
¢ (d=4) 0,013 30 ISO 22514-2:2017, Formula (18)
¢ (d=5) 0,013 52 [SO 22514-2:2017, Formula (19)
§ 0,012 70 ISO 7870-2:2013, 3.2
R 0,073 00 ISO 7870-2:2013, 3.2
R 0,03093 [SO 7870-2:2013, 3.2
R, 0,015 15 IS0 7870-2:2013, 3.2
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5.9.2.2 X chart

The X control chart calculated according to ISO 7870-2:2013, 6.1, is shown in Figure 67.
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The contjrol limits are (see ISO 7870-2:2013, Table 1, using s ):

Lc,3 0,007 15
Uew ¥ 0,043 40

10 20 30 40 50 60 70 80 90 100 X

Figure 67 — Mean-control chart for test data set 9
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5.9.2.3 Xchart

The individuals control chart calculated according to ISO 7870-2:2013, 6.2, is shown in Figure 68.
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Figure 68 = Individuals control chart for test data set 9

—3

he control limits are (see [SO-7870-2:2013, Table 3):
Lc,=-0,01503

Oput of controlsituations are given in Table 58.

Table 58 — Results of pattern tests individuals control chart and test data set 9

Out of control situations

Value Result/viotation Vatue Result/viotation

171 violation of Ug, 483 violation of Ug|,
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5.9.2.4 X chart

The median control chart calculated according to ISO 7870-2:2013, 6.3, is shown in Figure 69.
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Figure 69 — Median control chart for test data set 9

The contirol limits are (see [SO 7870+2:2013, Table 4):
L, 30,002 83
UcL ¥ 0,045 57
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5.9.2.5 schart
The s control chart calculated according to ISO 7870-2:2013, 6.1, is shown in Figure 70.
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Figure 70 — s control chart for test data set 9

—3

he control limits are (see SO 7870-2:2013, Table 1):
Le,=0
Uc, = 0,026 53
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5.9.2.6 Rchart

The R control chart calculated according to ISO 7870-2:2013, 6.3, is shown in Figure 71.
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Figure 71 — R control chart for test data set 9

The contjrol limits are (see ISO 7870-2:2013, Table 1):
LCL E 0
Uc, 7 0,065 39
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5.9.2.7 Moving range chart

The moving range control chart calculated according to ISO 7870-2:2013, 6.3, is shown in Figure 72.
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Figure 72 — Moving range control chart for test data set 9

—3

he control limits are (see 1S0,7870-2:2013, Table 3):
Le =0
Uc, = 0,049 50

Oput of control situdtions are given in Table 59.

Table 59 — Results of pattern moving range control chart and test data set 9

Out of control situations
Value Result/violation Value Result/violation
67T0 75 TUIT DETOW CEentretine 36810376 TUT DETOW Centreiine
81to 89 run below centreline 398 to 407 run below centreline
363 violation of Uy, 436 violation of Uy,
364 violation of Ugy, 449 to 456 run above centreline
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5.9.2.8 Process capability

The process capability is calculated according to ISO 22514-2:2017, Clause 6, with calculation method
I = 3 for the location estimator and calculation method d = 5 for the dispersion estimator.

Capability indices (calculation method M; <)
Process is stable (mean, R - chart) - C,/C, is used
G, 1,23 Cok 0,62
Coil 0,62 Coky 1,84
In this cgse a Rayleigh distribution can be used and the calculation method M5 ;.
Capability indices (calculation method M; , ) Rayleigh distribution
Process is stable (mean, R - chart) - C,/C, is used
(1,34) theoretical limit -
Cp no lower specification limit Cpi Lot
Not defined - no lower
Cor specification limit Coru Lot
5.10 Test data set 10
5.10.1 Test data set 10 information

This set
accuracy
test data
data set

bf test data is taken from a process following a non-normal distribution and is for checking the
of calculation for control limits, sample statistics, and process capabilities. A description pf
set 10 is given in Table 60. Figure 73 shows a hisfogram and Figure 74 a probability plot of the
with the purpose of data visualization.

Table 60 — Description of test data set 10

Description of data input
Distribution model A2 Resulting distribution Weibull
Data set Annex A, Table A.1 decimal points 0
Total sample size 200 U 920
Size of sybgroups 5 L 500
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Figure 74 — Probability plot of test data set 10
NOTE The width of the class intervals is 40,
The class|interval with the highest frequency of values is from 725 to 765.
The density plot is based on the assumption of a Weibull distribution with two parameters. Using the Maximurh-
Likelihood-estimator to estimate both parameters leads to:
Scale a = 44,596 6
Shape b 414,830 85
Using the|inverse distribution function of the Weibull distribution
1
F (jple; b)=a><[—1n(1—p)](bj

leads to the following estimators for the distribution quantiles and for the process dispersion according to
method d =1 of ISO 22514-2:

X0713

A~

99,865 %

A=X

94

5%

99,865 %

=F~1(0,001 35|744,596 6;14,830 85) = 476,92

=F~1(0,998 65/744,596 6; 14,830 85)~845,70

X) 135, = 845,696 2-476,92 5=368,77
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5.10.2 Test data set 10 results

5.10.2.1 List of sample statistics

ISO/TR 11462-3:2020(E)

Table 61 lists all sample statistics which are necessary to calculate the target values and control limits
for the control charts described in ISO 7870-2 as well as the estimators for location and dispersion
given in ISO 22514-2 for the calculation of the process capability indices.

Table 61 — List of sample statistics for test data set 10

Statistic Value Reference
Location
¥(U=1 718,30 [SO 22514-2:2017Eormula |(11)
¥ (=2) 730,00 ISO 22514-2:2017, Formula |(12)
¥ (=3 718,30 [SO 22514~2:2017, Formula (13)
¥ (=4 725,25 ISO 22514-2:2017, Formula [(14)
Dispersion
Ad=1) 368,77 (Weibull distribution) ISO 22514-2:2017, Formula[(15)
¢ (d=2) 60,30 ISO 22514-2:2017, Formula |(16)
<|$' d=3) 61,21 [SO 22514-2:2017, Formula |(17)
cl? (d=4) 62,12 [SO 22514-2:2017, Formula |(18)
¢ (d=5) 61,03 ISO 22514-2:2017, Formula (19)
¥ 57,54 [SO 7870-2:2013, 3.2
R 340,00 [SO 7870-2:2013, 3.2
R 144,50 ISO 7870-2:2013, 3.2
Rm 67,14 [SO 7870-2:2013, 3.2
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5.10.2.2 X chart

The X control chart calculated according to ISO 7870-2:2013, 6.1, is shown in Figure 75.

Y
800 Uc
790
740
770 !
7do I
5 A | ﬁ
5N A I 3
e NI YA ¥
& AR R TR A
1o | / [ L ] AV, / 1 \
2do \/ / ITAENALN Y AT
edo ! ITRREAY \/ ’ ]
T [ v T
i I v
o i
650
640 L
60 CL

0 5 10 15 20 25 30 35 40 X

Key
X number of subgroup
Y mean value

Figure 75=~Mean control chart for test data set 10

The contjrol limits are (see 150-7870-2:2013, Table 1, using s ):
Lc, § 636,19
UcL 800,41
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5.10.2.3 X chart

The individuals control chart calculated according to ISO 7870-2:2013, 6.2, is shown in Figure 76.
Y

UcL

o |
—1
o——
—t—1
p—

0 50 100 150 200 X
Key

>

value number

Y| individuals

Figure 76 — Individuals control chart for test data set 10

—3

he control limits are (see ISO 7870-2:2013, Table 3):
Lc,=539,72
Uc, = 896,88

Oput of control situations are given in Table 62.

Table®2 — Results of pattern tests individuals control chart and test data set 1(

Out of control situations

Value Result/violation Value Result/violation
39te 66 run above centreline 85 violation of L,
72 violation of L.
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5.10.2.4 Xx chart

The median control chart calculated according to ISO 7870-2:2013, 6.3, is shown in Figure 77.
Y

8(0

ol A A LN
A IV
1L WA S

630

Key
X  subgfoup number
Y median value

Figure 77— Median control chart for test data set 10

The contjrol limits are (s€e’1SO 7870-2:2013, Table 4):
Ly, 625,40
Uc § 825,10
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5.10.2.5 schart

The s control chart calculated according to ISO 7870-2:2013, 6.1, is shown in Figure 78.
Y

120 {

110

:Z /\ l /\ i
. I N A
NI A ES LN ASS AN

ol LU T g [
ol ST
ol [ L

|

Y| empirical standard deviation s value

Figure 78 — s control chart for test data set 10

=3

he control limits-are/(see ISO 7870-2:2013, Table 1):
Le,=0
Uc, =320,20
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5.10.2.6 R chart

The R control chart calculated according to ISO 7870-2:2013, 6.3, is shown in Figure 79.
Y

370

230

A /\ !
1o |- A /\/\/\ﬂ A

CISTI
T | [

Key
X subgfoup number
Y rang¢ R value

Eigure 79 — R control chart for test data set 10

The control limits are{see SO 7870-2:2013, Table 1):
LCL E 0
UcL T 30547

100 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=33e96a2bbae64f61a99dc16e69c6b59c

5.10.2.7 Moving range chart
The moving range control chart calculated according to ISO 7870-2:2013, 6.3, is shown in Figure 80.

ISO/TR 11462-3:2020(E)

Y
250
200 .
wl b SINE
4]
b U L IR
L (et TR AR ] L o
50 ML Hw i HHM\JHH | HIWW ) UH%WHH\
Gl R Rl
0 0 100 150 200 X
Key
X| individuals number
Y| moving range value
Figure 80 — Moving range control chart for test data set 10
The control limits are (see [SO 7870-2:2013, Table 3):
Le,=0
U, =219,33

Ofut of control situationsiare given in Table 63.

Table 63 ~~Results of pattern tests moving range control chart and test data set 1

0

Out of control situations
Value Result/violation Value Result/violation
41 tel31 run below centreline 140 to 147 run below centrelipe
715 to 84 run below centreline 158 to 165 run above centrelirle
100 to 108 run above centreline 181 violation of Uy,

5.10.2.8 Process capability

The process capability is calculated according to ISO 22514-2:2017, Clause 6, with calculation method
I = 3 for the location estimator and calculation method d = 5 for the dispersion estimator.

Capability indices (calculation method M; <)

Process is stable (mean, R - chart) - C,/C, is used

1,15

Gy

| 1,10
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Capability indices (calculation method M; <)

Cort 1,19 | Corv | 1,10

D.

In this case a Weibull distribution can be used, and the calculation method M3 ;. But the result is the
same as when using the method M3 5.

5.11 Test dataset 11

5.11.1 Test data set 11 information
This setof test data is taken from a multi-stage process following a normal distribution in each’ state
and is fof checking the accuracy of calculation for process capabilities. A description of test data'set 11
is given |n Table 64. Figure 81 shows a histogram and Figure 82 a probability plot of the data set with
the purpjose of data visualization.
Table 64 — Description of test data set 11
Description of data input
Distribugion model C2 Resulting distribution normal
Data set Annex A, Table A.2 decimal points 1
Total sample size 10 per state (30 in total) U 45
Size of sybgroups — L 25
Y1 , 1Y2
X+3s
I 25
7 |
|
6 | 20
|
5 |
{ 415
* |
|
3 | 10
|
2 i
} -1 5
1 |
|
0= . 0
0 45
X —
Key
X  value

Y1 absolute frequency

Y2 relative frequency in %

102

Figure 81 — Histogram of test data set 11
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