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Main Guide S FEET

The Main Guide shows three important statistical methods: DoE, Reliability and Capability analyses. A pre investigation for
DoE is to find the relevant parameters with the System Analysis.

Most of the methods are available as templates. The calculation methods are open source, can be viewed and easily modified.

=== {3 This icon starts the Further dialogs Templates 7] Help & detailed PDF
R Main Guide

N7

System Analysis Design of Experiment c ]| DoE & Data evaluation

= &=

Life time Tests Reliability & Weibull

=

=
Control Charts — Capabi"ty

ﬁ[::pl'!.
™ Measure. Sys. Analysis N Process Capability

L2F] FOF (7 B3 POF (P PDF POF 5
6o SixSigma  DFSS Design for... M4 Taguchi Shainin
Six Sigma Design for Taguchi des-  Shainin
descriptions Six Sigma criptions of descriptions
and templates  descriptions robust sys- and templates

and templates tems
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Detailed profiles with introduction to the methods and subsequent program descriptions can be found under the links shown

Data Analysis

www.weibull.de/COM/System Analysis.pdf

www.weibull.de/COM/Design_of Experiment.pdf
www.weibull.de/COM/Data _Analysis.pdf

== [— ==

Life time Tests Weibull Analysis Fault Tree Analysis

www.weibull.de/COM/Life _Time Tests.pdf
www.weibull.de/COM/Weibull Analysis.pdf

www.weibull.de/COM/Fault _Tree Analysis.pdf

=

= - =
ﬂ:l— Lpk
U™ Measure. Sys. Analysis N Process Capability Control Charts

www.weibull.de/COM/Measurement System Analysis.pdf

www.weibull.de/COM/Process _Capability Studies.pdf
www.weibull.de/COM/Control Charts.pdf




T—=—

T : T y i 7L g= e ! S T - “dau F;" ‘: o
3 e ol e —— BB el L e D= PSS

« -

~ ,
Visual-XSel 17.0 Introduction / /. Ty " — | -Wwiv.grgraph.com
e, N S e e R

T > / ¥ & i o i

Data and representation

An Excel-like spreadsheet is available on the left, whose width is automatically aligned with the data, or can be adapted
manually. On the right there is the main window for all diagrams, output etc. The representation is exact what you get at
printing out.

8 \icual-KSel 1 - o ®
File Edit Incert Calculate Statistics Format Options Project Help
= (= 2 .
== D0 YR ik Vg 8 | oo 2
Startbild s e ¢ & FPaste Diagram Webul Evaluate DoE  Analysis Six Sigma Tools Macro Draw i) ‘-éxl‘
|StifinRod &
Spreadsheet A B c D Multiple Regression
1 |StifinRod 'DampRod Stabi TrackPole |Pist:
! e T i Response versus factores
1 3 1500 8 5000 4750 i
I 4 2000 8 5000 4750‘_”_, D I The Separatlon
1 5 2500 B 5000 4750 .
e == 3000 8 5000 4750 widens automa-
i 3500 8 5000 4750 Accel = (- 03383 Damp - 18 - 1.15588) Stif - 2750 T Stif - 2750 Damp -18 Riees {St\f-??ﬁﬁ]z S t. II d
8 4000 8 5000 4750 Accel =(-0,83832) + 1, + 06064 + 1054252 + 5, ica epen-
9 4500 ] 5000 4750 11 1750 1750 11 1750 J ) y1 FI:
. . 10 2500 15 5000 4750
Main window 1 2500 20 5000 4750 dlng on where
. 12 2500 8 7200 4750 H
for d|agrams ________ 12 = 2606 = = i 3008 b o [ e e > you are actlvely
14 2500 8 15000 4750 f
and results 15 2500 B 20000 4750 Stabi = 12500 oo Worklng, but can
16 2500 8 5000 1500 U TrackPole = 5750 :
17 2500 3 5000 2500 Dl|  PpictonPole = 225000 85 be Changed
18 2500 8 5000 6000/ T oy 8.0
19 2500 8 5000 10000 Dampihe= A1 5 - manua”y_
20 2500 B 5000 4750 < .
21 2500 B 5000 4750 < 7.0
2 2500 8 5000 4750 65
2 2500 8 5000 47850
2 2500 B 5000 4750 60
25 2500 8 5000 4750 55
26 2500 B 5000 4750 5.0
27 2500 8 5000 4750 "
8 2500 8 5000 4750 g
29 1000 30 5000 1500 40
30 4500 30 20000 1500
3 4500 30 5000 10000
2 1000 30 20000 10000
3 4500 30 5000 1500
3 1000 30 20000 1500
35 1000 30 5000 10000
36 4500 8 20000 10000 o
37 4500 30 5000 1500 Example_MuReg.vxg "
<[ »[\_A WMRPareto_A MRResiduen A MRData A MRMa] | < >
Diagram 1: [no diagram] HBEEHE —-——U—+ 2%
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Spreadsheet functions

There are powerful editing functions for the table, for example for classh:ying data.

- .- e -l
Edit Insert Calculate Statistics Format Calculate = Statistics Format Options Help I Formst | Options Help
= 1
D Undo strg+Z Calculator ... ! i Frames/Pattern styles ...
1 sty
€ Redo strg+Y [kgl Unit conversion ... H
. . 1 Column width ...
:II'{:I Cut Strg+X {i| Frequencies + Filter ... ! )
H Row height ...
% Suy Syt Enumerate equal cells ! Hide col
E —— Strg+V ﬁ, Groups of characteristics - cross table ... i I € cotumns
FEIR TS g COMmpress rows .. i Hld% rows
Delete Entf 5 Classify.. ®==m==m=mmm—m—————————— | ) Unhide columns and rows
Delete duplicates » -
F
Rowrs > @ Randem numbers ... !I rew
Fix column
Columns ' Differentiate 4 Reset fixing
Sheet g Procduct of columns ...
- . "o Filter
Fill continuous Search for result ... Reset filter
Delete duplicates Solver...
Delete empty cells Define data-range for templates
Text structure from indentations .. sum for Program ... Show defined data-range for templates
¥ Rearrange data... S Mean for Program ... —_—
AR A Program-loop for marked range .. \\
Mark all Strg+h IS s
G Search text... Strg+F | Addins — w_ Displays or defines the target
Replace text.., Strg+H \\ N area of the data for templates
Search formula for cell . \\
Goto Creates an outline from .
Cell Mame indented texts from which AN
S’Fructure diagrams can be own Add Ins
displayed = user defined functions




Filter & quick statistics

Click on the first row, or mark the column, a filter symbol appears

D E F G H 1
:kPole PistonPole  DampTubgéccel

4750 210000/ 69000 949469

4750 2100000 69000 808628 | .GF |

4750 210000/ 69000 7,23335

4750 210000/ 69000 6,67517

4750 210000/ 69000, 6,28572

4750 210000/ 69000 6,00264

4750 210000/ 69000 5,78746

4750 210000/ 69000 5,61431

4750 210000/ 69000 6,18275

4750 210000/ 69000,  5,8643

ATR0 210000 REONOT A RTAIT

The statistics below show
the most important charac-
teristic values as well as a
statistical test for normal
distribution.

Depending on the data, a frequency distribution
is shown (numerical are classified here).

1
1
1
1
Accel i 8 %
classified list v )
v [all] T Fiter
v 4 O: {* Selection
g E’S =3‘ " Conditioned fiter
¥ 5.5 s —
v 6 — F = = =
g ?’5 -_ﬁ ? T und |7 oder
v 7.6 Oz - -
v o: =l |
v 9 01
v 95 Oz & Delete fitered rows |
= Reset fiter |
5 Applyselechml X |
— Statistics

¥ Normal distrib.

= Log normal

 Weibull B <
n=54 Min=3,371 Max=9,6533 Range = 62822

Mean = 6,0752 StDev =1,3747 Median =6,1647 classWdth =05

Distribution "confirmed” (pval = 0,085)

click here to
--- copy the results
to the clipboard
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More extensive characteristic values also for several columns are possible via Statistics Summary

File Edit Insert Calculate | Statistics Format  Options  Help

[ [ | I\ Statistical distributions... 4 Row by row mean+std-def. aside
sat | D O & | F8E Hypothesistests..
p
= Project Sample size... L4
| A1=[0,0] |Diameter (3 Dok Experiment
StatSummary *
— BL Correlation +
_lameter <R3 . .
| e _| [..“.:] E:dt;;:ahrslsf Regression ... 7 Mean ————
| il ¥ Std-def. [~ confidence 95%
| M, Cross table + Chi® test ... I variance
| Cluster analysis ...
W M m [~ 10% Quantil %
[ 1=t Quartil [~ 16% Quanti
mEoles [~ 90% Quanti §
W Hin [~ 84% Quanti
¥ Max [~ Skewness A - B
5 Ra  Kurtosi 1 Diameter
nae e s 2 |Mean 15,217
I Sample sizen 3 |StdDef 0025093
? 4 |Median 15,22
5 [Min 15,145
6 |Max 156,245

0K I Exit Select all
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Special paste _ = .

When pasting data from the clipboard, data columns can be selected and or rearranged if there are more than 2 columns of data on the
clipboard (equal to Edit / Paste contents / transform before paste )

<( Clipboard n
% [~ E ¢ Take it unchanged Rearrange
A B c | D E ~
s‘ﬁmm...n?&ﬁml---;m P (™ Transpose Note:

_ IR ﬁz._ﬁ 2 [ This function should also be
Apreview shows the  -=----- = s o aw o %l used if you want to import
contents of the clipboard ] — g‘_ 0] 21000 columns from PDF files

o — separated by spaces.
= e [ e st ~ Rows to columns Otherwise, all the columns
e e e — of the PDF file are copied
& Select columns § “E’ into one column.
¥ [ 1] stiffod [&]
Wanted columr)s can be E}W B
selected or omlttc_ad. ____________ g i
Transf_er is _done in the ] 1 oo € Columns to rows
order in which the check [7] Accel
[A]B]C]
boxes are set g‘
To changs the order, deselect all
and select them one at 3 time (= Reihe in Spalten
% top row | 4 higher | ‘ > i
0 lower | l%
Exit | hd
¥ Inhalt der Zwischenablage immer zeigen wenn mehr als 2 Spalten
o




The icon bar

e B2

" f(x \ T
ik | B &
Diagram Weibull Evaluate DoE Analyse Six Sigma Tools
- ’
x”/ U4
o
Type

Macro Draw
! \ \ AN
/ ! 4 \ AN
g ! \ N S
’ I \ \ \
/ / \ \
[222:] /
I&' m 12 3" % /’ 'l' ‘\‘ ‘\\ \\
< . % \ N
Update Titles Axis +Axis Grid // ',’ “‘ \\\ X
¥ / \ \
. / i \ NxoOQoo r <1y
L 15,2 [ili\ ! \‘ .
'g Zl { = % ! ' \\\ T " P Vo 2 R fﬁ
ANOVA Regression  Discrete  Hypothesis  Capabilty ,' \ \\
v \ .
1
A ‘\ . f@
R i 1 p
¥ X HE & S & |
Ishikawa Cause Eff. Evaluate Intensity FTA RGB QFD 1

= § § <% %

Formula Calculator Library Parameter Units Const.

The icons Weibull and DoE are described in separate sections




Evaluate

A
L
ANOVA
g ll

[opetad
G

E5 ANOVA One Way (u1=p2)...

ANOVA One Way (balanced pl=p2=p3..) ..
ANOVA One Way (pl=p2; pl=p3; p2=p3)..

-

A~

C=————

s ANOVA Two Way (tabular x1x2-y) ..
ﬁ ANOVA Two Way ( balanced y-x1x2x3..)...
B8 ANOVA Two Way (nested y-x1x2)...

N

L]

s\\
AN
A

Regression  Discrete  Hypothesis

Discrete Regression (response with t

e

Capability

-~
-
-~
-~
-
-~
-
-
~~———
-~
-
-~
-
-~
-
=

=] Guide hypotheses ...

f_;\ Test of normal-/Weibull-distribution (non classified)

Test of mixed distribution
Test of outliers (normal distr.)

| MSA Overview

MSA continuous measurements
MSA discrete measurements
MSA ordinal scaled ...

More ...

v v

& Modell-ANOVA  (y-x1x2x3..)

I
!
/
/
’
!
!
/
.} Crosstable + Chi test...
/
/
7
/
!
| 4

0?2 F-Test (variance) ...
ﬂ t-Test (mean) ...
&% Multi-t-Test Simultan Tukey ...

More ...

Analysis Guide...
[ﬁ Multiple Regression manuel ...

59 Regression (straight-line) via diagram ...
Multiple Regression full auto ...

PLS Partial Least Square (correlating data) ...

Discrete Regression (response with two levels) ...

Neural Networks ...

== Use all data-rows for model
For rows mean+std-dev right beside
Repetitions from columns to rows

Model-values in sheet
Normalized data table -1..+1

D8] Reset model

t-Test (one sample) ...
ﬂ t-Test (two samples normal) ...
i Multi t-Test ...

|=] u-Test (two samples non normal) ...
Sign test (one sample) ...
Sign test Wilcoxon (one sample) ...

jﬁ Mood's Median Test (more samples, median) ...

Kruskal Wallis Test (more samples, ranking) ...

/¥ Guide process capability ...

Machine capability Cm/Cmk ...
Process perfomance Pp/Ppk ...
Process capability Cp/Cpk
More ...

Tolerance specification

02 F-Test (two samples normal) ...
Levenes Test (more samples all distr.) ...
Bartlett Test (more samples) ...

Binomial-Test ...
Poisson-Test ...

g Chi cross tab test ...
Chi® multi cross tab test ...
Chi* homogeneity test ...

More tests ...
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Six Sigma
S — Y & B XY
) Project  Requirem. Concepts Risk-Anal. Creativity Rty G
RASIC ... _ S i
/s \ RN TRIZ
Stakeholder - Analyse e \ ‘~\\ g
4
Gantt development ... ol ‘\‘ \s\
~
Gantt problem solving ... o \ N
J \ Sso " "
SIPOC J \ ~ Risk analysis ...
/. \ Risikomatrix .
Design Scorecard ... /s \
/' \ P-Diagramm ..
List of open Points ... // \‘ FMEA ...
¥ 7 Y DRBFM ...
Yol (Voice of Customers) ... AHP single stage ...
CtQ ( Critical to Quality J .. AHP double stages ...
QFD { Quality Function Deployment ] . AHP criteria+assessment
SWOT (Strengths, Weaknesses,, .. .. Pugh-Matrix ...
Affinity diagram ... Morphological box ...

Kano Model ...
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The calculator —T.
The alphanumerical calculator with special — -
. on n
functions
Constants | © Physica ¢ Program specific
| [=] [«
f(x) 7=3,141582654 Use const.
N i o |
0,79,
. f — m! T ke =1 -3'3056_1‘23 New constant
Tos AR B K €% il —' | Formula
=8, BT2E-11 X
Formula | Calculator | Library Parameter Uns  Const. c2sETa2uss library
i g‘;‘r:zz"”“ 55 Formula-Library X
!___._Alphanumeric Calculator iﬁ“&m'ﬂ ——vamanz ~ @ Library  Own
o il Jajl B | i Electricty ~
s {03 -b-)) e
1 InertiaMoments
2 I e ———————" S
- 1 1 Ao = MTTF :::mm
y=1-|e CasHup( ] MG MR SolidCentr
;;?:['lH]}'D[ ] ! @ — Bayes, Reliabiity without failures Statistic ‘
Cos| = mm 1 Erea
Tanl 1 w Supports
R = 1001 P‘("'"'L"b Rt
=== » Iy:1—e“{—5:f2}-'\2 1 -] [1-r4 SurfacesCentre
i 0,99326205 : { — Bayes, Sm[stu:al assurance vjvﬂhom failures SwhiSystone
1 i v
1 H 1 Pu=100 |1 - 0+ TIET
Copy result Help A,
| | ; | Rl O
1 1 1 1 Ll1-py)
i H i "t wR) oo [ e [
. . . . . ! oe g N P3d .
The input is done as in a fully Available math. functions ---_! The most recent N C - |
defln<_ed formula. At the I?eglnnlng, can be accessed under the entries can be . [1 _an,p.;];
a variable for the result is needed, symbol Sin retrieved here nei La(R) Famine o g
here y= . Interpreter or into the main window
< > B ?




Statistical methods/functions

There are three ways to apply statistical methods.

Diagram-functions

e.g. test of normality,
hypothesis of equality with
Boxplot or test of normality

= Select Diagram

oli ofif gl efa

Delete  Add Diagr.  Type Update Delete

Hiztogram Normal-Distr.  Log-Mormal Weibull

— Declarations.

¥ Distribution-curve

|7 Density-function INDrmaI—Distrihutinn vl

[~ Show median and standard-deviation
More param. in Spreadshest Statistics/Stat Summary

=

Pyalue® 0.05 : Data does not correspond to selected distrib.

Internal functions

e.g. calculation of distribu-
tions, DoE, regression,
sample size, etc.

= Select menu Statistics

Statistics | Format  Options  He
Kz Statistik Summary »
[\ statistical distributions... ¥
ﬂ Hypothesis tests ...

Sample size... »
[ Dok Bxperiment

BL Correlation 4

B} Data analysis / Regression ..
o, ANOVA ...

[, Crosstable + Chi test ...

Chicter analrcic

Templates

e.g. hypothesis-test, or
Weibull-Analysis.

= Select menu

File/Templates
File Edit Insert
MNew E
@ Open... Strg+0 (3 ‘
Add file or sheet * ligma T
File manager L4
-
Systern Analysis...
Examples... Experiment ...
Bl save Data Analysis...
Save as... o
Life time tests...
@ Export .
Send to.. Weibull ...
Fault Tree Analysis...
MNew
Close diagr| | Measurement Systeml

© CRGRAPH2021



Examples for diagram functions

Diagram-functions

e.g. test of normality,
hypothesis of equality with
Boxplot or test of normality

= Select Diagram

Mermal-Digtr.  Log-MNormal Weibull

¥ Distribution-curve

¥ Density-function | INDrTnal—DistrihLl‘tiDn vI |

[~ Show median and standard-deviation
More param. in Spreadshest Statistics/Stat Summary

to selected distrib.

Examples from the diagram functions are shown first

Internal functions

e.g. calculation of distribu-
tions, DoE, regression,
sample size, etc.

= Select menu Statistics

Statistics | Format Options He

Hg Statistik Summary »
A Statistical distributions... 4
éé Hypothesis tests ...

Sample size... 4
8} Dok Experiment

BE Correlation »

EiZ) Data analysis / Regression ..

o2 ANOVA ...

M, Cross table + Chi® test ...

(luster analusic

Templates

e.g. hypothesis-test, or
Weibull-Analysis.

= Select menu

File/Templates
File Edit Insert
New E
(3 open.. Strg+0
Add file or sheet » fama T
File manager »
System Analysis...
Examples... Experiment ...
B save Data Analysis...
Save as... Life time test
= e time tests...
T4 Export . ) I
Send to... Weibull ...
Fault Tree Analysis...
New
Close diagr Measurement System )
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Creating a Histogram | =] o

L

A histogram can be made with various settings and representations

@ Click in left area of the program to make visible the spreadsheet

9.99

10.00

10.01

File Edit Insert Calculate Statistics Format Options  Help
o o | =1 oaR2
==088 D R |A &
st | D O F | b pase || ongram |webu ©al yiouatxsel - oiagromtypes - ogamt
= Project . :
@ Favortes | Standard | Stafistics | Special | Tat - quuency~dis_ =)
| A2 |9,93 i [ —— e —
1 A <] B o M b | b -
2 9.98 @) ¥ Disrbation-curve Al oy Stwes
3 3,99 v Bauss-funciion (densf [ i @
4 9,99 Input data ¥ Show median and standard-deviation
5 10 P inni I More in Spreadsheet Statistios/Stat Summary st
5 10 beginning e A
7 10 at 2nd row @ = ipri
8 10 01 & Determine frequencies from existing vak [
9 .1[],0.1 jGakelaled: iquncies & Gt A . 10.013 = 19.16% =5 T 1515% 5
10 10,02 " Define frequencies in second column E E o
11 i £ 40
move the mouse over the T lﬁh s ; E %
. n g - i E
diagram Pyaive <0.03 : Data is not nomal diswibuted E F 30 E
g = F S
c | F =2
(Vo ] Wea | 2, ' -
=2 F 20 o
@ o
i = E %
o ©
F w



Set a limit, for example fo

Frequency

i /

10.013 = 19.16% => T 15.15%

g ® 3

n
o

9.98 999 10.00 10.01 10.02
mm

move mouse along the
gaussian curve

r process capability

10.03 = 16718 => T 0.743%

g8 ® &

ncy

Edit

% Copy diagram 1

a Paste

_‘ Color line
_! Line-types
@ Diagram-size [ move [ 3D-rotate

10.02 10.03 10.04

click the right mouse button and use Limit
(hint: no element has to be clicked before and
the mouse must be over the diagr.)

™
.crgraph.com

e

KT
= F40
g F%
z - 30
T
E - 20
R
— 10
0

10,02 10,03



The most important reliability issues are available via the icon Weibull.
The Weibull Analysis Guide pilots you through more methods, especially for variants of the Weibull-chart.

=R

Weibull JEvaluate DoE  Analysis Six Sigma

Tools

£

Macro

Weibull Analysis Guide... ]

Change Weibull parameter ...

m,_x Weibull for complete faults ...
E‘., Weibull censored data (faults and suspensions) ...
Weibull candidate prognosis (censored) ...

Weibull comparison ...
Test of mixed distribution ..
Weibull & Woehler ...
Weibull &Temperature ...
Eﬁé Arrhenius model (activation energy) ...

[E‘E] Regression model for life time ...
Warranty and long-term forecast ...
Layered lines ("Schichtlinien") ...

Rmin Success Run ..
WeiBayes ...
Load test matrix ...

More ...

More information
www.weibull.de/COM/Weibull_Analysis. pdf

Weibull Analysis Guide

o

" Allunits total failed

Complete evaluation

Failed units and suspensions
Censored data, field evaluation

Al units are supensions

Success Run, WeiBayes .

" Methods and test-procedures

— Weibull - chart
14 ; { I
=4, (" With suspensions
Running times == [ast faiure Mot
@ 5 with shorter

\U"ri'cmpl. but known 'H.'n"ln'rng times:
(™ Prognosis based on menth in service

uncompl, useful ife from prod.-fime
(™ Candidate prognosis based on miles

Estimated running times from field

IF

" System- and Fault Tree Analysis

FTA - Block-diagr, - Cause Effect Diagr.

" Formulas

Weibull-formulas - pocket calculator

ﬁ " More methods via templates.

Comparison, Mixed distr, Woehler, Temp. etc, = ( Sudden DeathTesting (groups)
Groups with one failure
(" Test planning o
; ; =2, Interval censored data
Load Test Matr lation, defind Weibull =
Gl b e Time of faiure between cantrol pnts.
— Special Methods

" SuccessRun  possible fauts
Rmin, sampie size, duration, etc.

" WeiBayes
Suspensions (possible faults), define b

[lie] C Binomial

Anslog Larson-Nomogramm

X Exit

| 7 Hep ?Gﬂide{pdﬂ|

Methods via == Wethods via
T i =E T

~ Options

=

—

" 3-parametric (fault-free-time)

(% 2-parametric (straight-line}

[:+7] ¥ Extrapolation

¥ Show function

I~ Confidence bounds
% [V Define frequencies in 2nd column

Dyaive | Test of Weibulkdistribution

I~ Show more options later
Max. Likelihood, Mixed., MTTF, Diagr-Opt.
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Visual-XSel 17.0 Introduction / .. . Ty : - Www.grgraph.com ‘
i e 3 K 4 r ; 5 - ; ' Lo ] N 7
, = N T F. . 5 7€ J o A
Creating a Weibull-chart
A B =
1 1. Running timas at second row (first row legend]. ? . . . .
2 1589 1 The frequencies has to be defined in col. B Define running times (col A) and frequencies,
3 2934 1 Suspengions must be marked with minus, e.g. 1"
4 4933 R File open Paste  Paste Special (COI B) or Use. Pa\?te' . .
= £906 1 2. o . Click the Weibullicon and define the axis
. Chooge chart Weibul B X
6 6958 1 o use icon on the right titles.
7 8995 1
8 11293 1
9 13578 1
10 15000 4 . . .
11 N Move with the mouse over the chart for crosslines Move with the mouse over
4 -~ define here the number of 1419% —— 3400 — §5.81% the formula, to get expert
I . 2 : . .
i faults and suspensions i ! information
! (marked with ,-“). % I ——
1 . For the selected Weibull-Distribution a
1 : - statistical test can be applied. The coefficient
1 . . . 70 1 pueeeT’ of determ. R*=0,99 for the fitted distribution is
.. define here the running times B B e e e i /“"'A/_, oo e good (may be not for extrapolating)
! L—" ,v.-"“' ' Change distribution or test
30 = o=t -
| —1 | 4/5 :
;__7- 20 - L :
:._E - —— ——————)v—/]['{——————Z————————?————————— T=15478,85 b=1,239
s 10 — : t)b
o 5 R T - =
5 s L= - H = 100%-(1- e (T
> : t,p = 25156 R2 = 0,9905
More information ) !
www.weibull.de/COM/Weibull_Analysis.pdf : :
0,5 :
03 : i
02 ; =
! a:
0,1 :
1000 2000 3000 5000 Y000 10000 20000 30000

Running time
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File Edit

Insert  Calculate

Statistics

Format  Options  Help

| | e | E; = = = =
8= 088 B Gl i A P ¥ we E
Start 9 U 6 ‘x" Paste Diagram | Weibull Evaluate DoE  Analyse Six Sigma Tot
= Project @
| w=ma |[Cons @
A_ | B [ € [ D [ E [ F | G

1  |Weight Fuel Cyl Capacity Power AxleRatio Accel

2 1340 Gas 4 1599 90 3,64 10,1

3 1350 Gas 4 1995 105 3,39 8.7

4 1375 Gas 4 1995 125 3.73 7.7

5 1460 Gas 6 2996 195 3,46 6|

[ 1395 Dies 4 1995 105 3,07 8,9

7 1450 Dies I

8 1495 Diss ] Visual-XSel - Diagram-types - Diagram 1

9 1670 Gas ‘| Favortes | Standaid | Statistics | Special | Table |

10 1730 Gas [

11 1780 Gas | L W

12 1810 Gas i " i

17 1815 Niss [ :

Weibull

Log-Normal

Menu Data/Spreadsheet and open file:
Examples/Example_PLS_Consumption.vxt

%)
c
(=]

(&)

10

- - -
m Boxplot “
Represented data Mitlere Markierung Optionen -
[H] Cons N >
I % Median ¥ Blickfangpunkie
B> ~ Arithm. Mittelwert I~ gleiche nebeneinander
[F]1 AxleRatio
(6] Accel _<|;| _ |~ Werte an Punkte
— Whisker I~ Werte bei 25%; 50%; 75%
1
I~ Werte auRen I
[esd -] | _
___I ‘ I~ Bereich <0 nicht mglich |
| Ll
|
e ~ [~ Test auf Gleichheit
ilﬂ IICI Cyl b Gruppengrofe : |1 'I kein Test o
4 Anzahl Boxpiots mit gleicher Farbe
- @ M =4 Signifikanz:
I Multidiagrams e Breite: |auto v ® 5% (1%
' OK I e Ext | ? Help | o
Gigichheit { Mitte! / Median ) gekenn-
. & vertikal i  quer HEmH il
Vorgabe fir Bestimmung der Bereiche -
Cy=4 : normalverteitt
(* normalverteit ﬁ Cy=6 : normalverteitt
Cy=8 : nicht normalvert.
€ nicht normalvert. %
f PERNILLT TN L
Y
Cy=4 Cy=6 Cy=8




e y
2nd Boxplot with category Fuel

Y

Open Data/Spreadsheet T1 and mark column H. Add diagram with symbol (+) [P ==
File Edit Inset Calculate Statistics Format Options Help
e Data columns (double-ckiick) Represented data
2 & E S Iy E . DDDEI = - Visual-XSel - Diagram-types - Diagram 1 'é.lifi'm 1. Cons
N [E] Power
st |9 G & | & pae | oigam s £ | roone | Standaia | Statistcs | Special | Tatle | P s
= Project Type Update
[ Wm0 ||Cons
A | B | ¢ | b | E | F | @G
1  |Weight Fuel Cyl Capacity Power AxleRatio Accel A
2 1340 Gas 4 1899 90 364 two categories
3 1350 Gas 4 1995 105 3,39 T )1 .
1 1375 Gas 4 1995 125 3,73 . y T S5
* Histi N I-Distr.  Log-Ni 1l Weibull Text [B] Fuel-[Categeric  |[C] Cyl b
5 1460 Gas 6 2996 195 3.46 e e sereme : ™ <l-lff B il ay =
6 1395 Dies 4 1995 105 3.07 - P b Options
7 1450 Dies 4 199 130 2.6 ML LT e [ Disgram-poinis
8 1495 Dies 4 1995 150 2,81 Sk | e | 7w | .
9 1670 Gas 4 1998 125 3,64 C g g ORI
10 1730 Gas 6 2996 160 3,15 L [~ Values at pots
1 1780 Gas 6 2996 200 3,15 | Whisker I~ Values at 25%; 50%; 75%
12 1810 Gas 6 2979 225 3,08 '
11 1815 Nias R 2007 145, 247 § m : [ Values outer range
12 ] [~ Range<0 not possible
] Representation
10 Group-size ¥ = | u-test (no normal-distr.) |
2] 1 _)r_ . _
g 3 umber of boxplots with equal colour Significance
O E Width |auto « & 5% 1%
i — @ @ vertcal [ C o e || (o et
Green arrows between 3 (
Boxplots means that ] Defintton for ranges
. . . 7 - Fu=Dies, Cy=4 : non normaldistr.
there is no statistical 6 C y r nomal dstribuled ri% Fu-Diss. Cy~6 - normal ditriuted
H H 1 : normal distributed
difference in consump- J Fu=Gas; Cy=6 : normal distributed
tion (U-Test). 7 % non normal distrib. & Fu=Gas; Cy=8 : non normaldistr,
. . . 1 99
Red lines indicatea 4 T
significant difference > O > Ol Vd
- -~ . o ‘Cﬁ .Cﬁ Ok I ¥ Diagram overview | 7 Hep
EN 0@@ 0106\
o o, R \)// \)// _— —r
< < < < <
20 © CRGRAPH 2021




Examples for diagram functions

B

The following examples show internal functions

Diagram-functions

e.g. test of normality,
hypothesis of equality with
Boxplot or test of normality

= Select Diagram

ol Gl gle | £Sa (X

Delete AddDiagr.  Type Update Delete

Histogram Normal-Distr.  Log-Normal Weibull

Declarations

[V Distribution-curve o E-}&
[V Density-function Normal-Distribution -

[~ Show median and standard-deviation

Meore patam, in & S Y

Distribution test

Anderson-Darling] |

5 Data TOL correspond to selected distrib.

Internal functions

e.g. calculation of distribu-
tions, DoE, regression,
sample size, etc.

= Select menu Statistics

Statistics | Format  Options  He

Hg Statistik Summary »
L\ statistical distributions... ¥
“ Hypothesis tests ...

Sample size.. »
{2 DoE Experiment

[BL Correlation 4

B Data analysis / Regression ..
o, ANOVA ...

ML, Cross table + Chi® test ...
Clhicter analucic

Templates

e.g. hypothesis-test, or
Weibull-Analysis.

= Select menu

File/Templates
File Edit Insert
5 New E
(34 Open... Strg+0 (3
Add file or sheet » loma T
File manager >
System Analysis...
Bxamples... Experiment ...
E save Data Analysis...
Save as... o
Life time tests...
@] Export )
Sendto..: Weibull ...
Fault Tree Analysis...
New
Close diagr Measurement System
\ 7




=T . Yualy

7 LN ; 2 ‘w -7 - — - " - = = o —— | — = ) 99, & . 3 - .‘-‘ e | ’_7 — [
g ol R . L S P .crgraph.com
St s 4 - P win

How to calculate distribution values or the ,,z“-value R
Statistical distributions - calculate values or display them as a graph

Statistics Format QOptions Help
|Kg Statistik Summary

I Statistical distributions... 4 . ( e dist pecify parameters) ... (D
|89 Hypothesic tests ... create diagramm with parameters from data ...
Sample size... » | A\ Quick test distributions (dialan
|3 DoE Experiment Distribution comparison| Statistical distributions x
'ﬁ Correlation » — Distribution 5 ~Type
[ﬁ Data analysis / Regression ... ) ) Q o . )
& Normal distribution " Binomial " Density function %
" Log-Normal distribution ¢ Poisson { Distribution (cumulative) * &
" Weibull (Z-parameters)  ( Geometric 9 () %{f If using the Inverse normal
 Weibull (3-parameters) { Hypergeometric distribution with mean = 0 and
£ Exponential  Beta  oarameters std-dev = 1, the res_ult x
r ca (normally the quantile) has in
" tdistribution mma z s - % ; ;
— this case the meaning of the
) ) em «
(" F-distribution 0 ! % @ so called ,z“-value
7% distribution = Rectangular (equal) ot
— Output
x
+ Show resutt right W@—
" Results in sheet [~ with parameter column
&O‘.
Calculate I Chart Exit | Formulas | Help




Find the right distribution

i

The guide includes a distribution test
and makes a suggestion which is the

best (the one with the highest p-value,

here the Weibull distribution)

AT |
1 |Diameter |
2 15,215
3 15,210
4 15,210
5 15,180/
6 15,235
T 15,200
8 | 15240
9 15,240
10 15,245
11 15,220
12 15,240
13 15,195
14 | 15,145
15 15,230
16 15,225
17 15,220
18 15,240
19 15,220
an 4cC A2C

of data

il A ER | ¥

: A —
Diagram Weibull| Evaluate | DoE  Anat sﬂ Ty /M\
alli Lo
ANOVA  Regression Discrete Hypothesis
™y

% EEEEE Puaiue
" Normal distribution )
% i ! Standard for normal dimensions and properties. 0,058 Knowing which characteristic
= 1 =election only if feature is not lisied in the following block. should be a priority
E 4 : | Characterahc Symbol | Distribn,
H " Folded normal 1st type ”"-"""“ = "
hy i : Straig| : , roundi cylindrical-, linear-, surface-shaps, 0,000 f:’ M__"""“. = =
n- 7 [ roughness, paralielism, per ity, angularity, sy try =] 1
1544 1518 1518 1520 1522 1524 1535 g [Cylndrical shapa I7] 1
< 3 " Folded normal 2nd type 0,000 Linaarahapa ; n:
Imbalance, position, coaciality, concentricity — T
Number values = 20 only positive values Imbaisnce B2
different valuss = 14 " Lognormal-distribution o ::::-.M Z =
= One-sided limited features, especially time and cycles
Min= 15,145 Max = 15,245 Siapaianguiarmy L 81
Posien g &2
& Weibull-Verteilung (3-parametrig) 0,437 (i vofiommion g =
One-sided imited features, in particular service fife, cycles, et | Comcanicy Id BiER
: i If not one-gided or lifetime, then the normaldistribution should have priority. Linaas movarmant o B1 LN
Possible outlier at the beginnig
€ Wixed distribution ' Percentil { distribution-free iral Postite koS ool s
Unstable process (several machines, tatches or new tool) previous
<005 LsL=0 usL=1s28 -
Exit Help | (15,28)
* Estimated valzes for conf. 90% J

[~ evaluation strateqy BMW GS98000

kCapabiy

> MSA Overview

MSA continuous measurements
MSA discrete measurements
MSA ordinal scaled ...

More ...

%, Guide process capability ...
Machine capability Cm/Cmk ...
Process perffomance Pp/Ppk ...
Process capability Cp/Cpk
More ...

Tolerance specification

B
Possible tolerances

for the data are
displayed here




Standard Regression

X-y regression can be realized via a line diagram

Insert  Calculate  Statistics  Format  Options  Help Data selection * Regression
Hg Statistik Surmmary » R ion
= 8 & | /A Statistical distributions... N } II[D:;aFonllljm[r: t(dnuk?le—’;:klick} R:fe::n.oi t)(axis (empty if Y categor) R p; e T e
uel - [Lategorical 2
59 U ¢ P 88 Hypothesis tests .., c] Cyl g il _>| I[ | Weig 2 e
[D] Capacity Represented data ® ~ y=a+bx
Sample size... L3N [E] Power £ T Cons j 2" W31%
] I Dok Experiment — — TE1_fiselaD: © y=a+bx+cx?
(5 Dok Experimen; Analysis Guide... ﬂﬂ j X\Q/Z e
A | B 7 (8 Multiple Regression manuel ... C y=a+bx+cx+dx?
eight  Fuel T31%
91340 Gas = (straight-line] via diagram ... m @ peaeDneEne. . 2 |4—
1350 Gas offy ANOVA... Multiple Regression full auto ... 4 - -xnﬂ:ﬁ.
1375|G i PLS Partial Least S : T
135 Gas M, Cross table + Chi® test ... y = 169580064 -6 00008773 X | _ ¢ 579 j iy_‘ 330
as Cluster analysis ... Cons w
1395 D!es Principle Component Ang leura 33
1450 Dies 14 —  y=a-ebix)
1495 Dies Rmin Life time tests and planing - 1 . 3%
1670|Gas E weibull & Reliability ... ] ‘ mem
1730 Gas Binomial Larson-Momo: Repents
gr 3 1 " y=a+b-logix)
1780 Gas Poisson - Thorndike Mom, 12 3 V{O’h B0%
1810 Gas ]
1216/ Nias 9 Meaciramen + Curctarn fn E (l>°
S P — Options.
- 10
E o [~ Extrapolate Curves @
] -t
g E — [¥ Show Regression-Function
) 8 ° g [T Least Sguare AN
] ™ o
] o —l—"
E Q"] o
] o 3 © o Ok I Exit
6
"
. O Q
, ] ol T
Menu File/Examples 4 |
! 1350 1400 1450 1500 1550 1600 1650 1700 1750 1800 1850 1900
and open file:
Weight

b=|—

@ C y=a+hx+oz
@ Coy=a+hx+cz?

Cy=a+hx?+cz

Cy=a+hx?+cz?
' No regression

r— Transformation horizontal
X=x+ lu—

[~ Fip ®= lu— x
r— Transformation vertical —M
y=y+fo

¥= |0 -y

[~ Offset

[~ Offset

™ Flip

I~ Confidence

Number of digits
for coefficients:

Help |

@ For optional functions use the Solver under Spreadsheet/Calculation...

Example_PLS_Consumption.vxt
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Design of Experiments - D

oE

In Visual-XSel all important designs are available and new the DSD 2*3?P and DSD IA
(extension for Definitive Screening Designs, e.g. for interactions)

e A ER| &

Diagram Weibull Evaluate\ DoE

Detailed description under:

www.weibull.de/COM/
Design of Experiment.pdf

5

Analyse !

Visual-X5el Experiment

Define | Response  Design |Aujustmnt| Options |

StiffnRod | [ras= _

DampRod " Linear

Stabi = Interactions L&

TrackPole .

FistonPole @} IA

TC:;T”“B B ¢ cubic+ia

StiffnRod*DampRod Nur!'l levels: |3 5 max
StiffiRod*Stabi iETE iz

StiffnRod*TrackPole ﬂ Im .
StiffnRod*PistonPole

StiffnRod*DampTube IDampR.od - I *
StiffnRod"Accel

DampRod*Stabi I i I
DampRed*TrackPole

DampRed*PistonPole — Type — grayed one because of levels or model —————
DampRod*DampTube

DampRod*Accel @ " Ful-Factorial %  CCD
Stabi*TrackPole . 47-9 .
Stabi*PistonPale @ " Fractio. 2 @ " Taguchi
Stabi'DampTube @ " Plackett Burman @' (' Box Behnk.
Stabi*Accel

TrackPole*PistonPole 5 & D-optimal @l Mied
TrackPole*DampTube r P =P
TrackPole*Accel @ D303 DED 243 DSD W
PistonPole*DampTube

PistonPole*Accel Experiments:41+3 Candidates: 2187
DampTube*Accel =. Options

StiffnRod*2 v

Miem M dnT

Terms 35

Qverview Help

Create I Exit Back Next

~ -
.crgraph.com

= Import parameters from tables (other progr.)
= Derive DoE’s from structure diagrams

= Up to 120 parameters and 16 responses

= Categorial parameters

= 3-times interactions

= Considering existing experiments

= Techn. constrains can be defined

= and much more ...

— Factor combination

StiffnRod<=-87,5*DampRod+6162

4500

[stffaRod ]
Q [3s375

1000
[ inadmissible |°°'“PR°¢ 'I
[ usable area «@ |19
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System analyses

In Visual-XSel there are a variety of analyses tools, like a cause effect diagram

Diagram Weibull

System analysis + further steps Pt Eo

Continuous functionality —

P e | cresesteachie dingram from the cause effect
it = } diagram to pareto evaluation
: - to the experimental design.
Create Cause Effect Diagram from te) s the PR ek e o

A fault tree analysis can be
derived from a cause effect
diagram

Create Cause Effect Diagram from FT]

Create text-structure fromCause Effe|

Basics-/Program-descriptions (pdf)

i
e
= |

LY L
More information Case Effect [ Evaluation mamey Pareto Evalutation @ Create DoE
Complete with Infersect. 5‘ lcon Analyse " lcon DoE
www.weibull.de/COM/ Evaluation of Effects Evalutate Case Effect Create from Pareto

System Analysis.pdf

oK I Abbort | Main Effects. ., Example... | Help |




-crgraph.com

|

System analyses ©)

The cause effect diagram can be evaluated and provides cross-links to the assessment of dependencies important to decide what
needs to go into a design and what doesn't.

Inductance

Induction
/ Segment alternation 5@5

Voltage \ __ Brush tipping A parameter library helps to
N\ Contact break overlook anything
Supply v oltage \ﬂjmu
Resistance J \\
\ Inductor

Carbon brush support

Segment spring \
\

\

Beveling

Effects / Parameters *

Brush fire
Title (Selection)

Phys.itechn. effects Examples.
Force ~ Constant_ speed ~
Moment Speed difference
Stroke Impact speed
Flow speed
Commutator Pressure Reaction rate
Flow Wind speed
Material Electricity Sliding
\ Temperature Acceleration
\ Brush Energy Freguency
Heat W Oscillation
Aftributes Last choice
Lo Geomet ~
Coef. of friction e
Spring thickness ;
,—u— Attributes.
Material
Substance v
Contact pressure bediu
Click > show examples General: Double-click > use for title
Spring clamping le
0K I Cancel Formulas




Click to one of

I Edit text (comment or hyperlink) ...

P Define probability...

=5 Calculate (incl. file save)
5%} Top-Down berechnen ...

All FTA elements also Vote-Gates

Sub-Gates with layers

Short-cuts

Calculation of the critical path
Probability from distribution or via a
standardized FMEA table

Import from text structure

Export as FMEA form or cause-effect-diagram
Supports new VDA/AIAG FEMA Handbook 2019

the elements . ciitical path
o and use the o Ak DG
e right button | attach xoR-Gate
=) Attach AND-Gate
/J\ =3 Attach Basis-Event
Combuston @ Attach Sub-Gate ! Occurence probability
lgniton Spark plug i e Sub-structure in ow
energytoo low. not optimal o
—_ = =] Attach Text-elemen| - Defined from FMEA occurrence
j € % E‘ r‘j Change to
esistance fing duration eckode ak i Ve o waeemper- | Negate
R“"”’:" Iw'"?""""’m '"""EI“‘:';WS‘:"’”“" - ts";w Is?r::f::n nrxr:;‘:r::?:sm, n/m events (Vote-Q € P=0 v ppm
= N = =
% Further output via £ P1ES Ypom
Duplikat trennen  P=1E-5 10 ppm
Soldering point broken Wrong material wmngcs‘i’;‘r'::'(‘;’;':m’s) ,_«?y Arrange and word 4  P=1E-4 100 ppm
N N N e " P=5E4 500 ppm
v Inline editing o 2000 ppm
Create new from F1j  p=0.01 10000 ppm
See examples in menu File,
.  P=0.02 20000 ppm
Templates, System-Analysis
 P=0.05 50000 ppm
C P=01 100000 ppm
For more information read

www.weibull.de/COM/Fault Tree Analysis.pdf

— Probability

P: |0,001

for a particular time

[~ P fix for Top-Down
calculation

[ ox |

* Analog FMEA handbook AIAG/VDA 2019 atternative table ( A=1 => 0 ppm not in use)
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The multiple regression is the most powerfull analysis tool for the DoE results or historical data

®- ne
2(E)E 2 2

Diagram Weibull DoE  Analyse Six Sigma

B Analysis Guide...

(55 Multiple Regression manuel ...

C D E F G

abi TrackPole PistonPole | DampTube Accel
5000 4750 210000 69000 949469
5000 4750 210000 69000 B.08628

5000 4750 210000 69000 7.23 pata Analysis Guide X
Rnnn ATEN nnnn Rannn R RT|

Regression (straight-line) via diagram ...
Multiple Regression full auto ... L4

' guantitative - metrical
continual data with sufficient
resolution

{* More parameters
Multiple Regression or PLS

Menu Data/Spreadsheet and open file:
Example_MulReg.vxt

Tslmm ¢ Countable characteristics

Blm ¢ Discrete countable stiributes = _
=0 [ Transformation with arcsin

= two or more characteristics
(™ Lifetime
et R
| . Apply. I — Alternative Auzwertungen )
X
. i [~ Evaluate repetitions as mean and standard-dev.
X Exit | E " Standard diagram regression
E
7 Hep |
X XX X X X
: i ;
€ Matrix Plot E_ﬁ " Cerrelation
EE=




Data analysis Multiple Regression

Menu Data/Spreadsheet and
Example_MulReg.vxt

-

open file:

Spreadsh Table |T1 v _?._E_jﬂ]

Data }dwdlc«rulnagmlmwaleo«coulumlm]mmlupu'oml

o

Ti
None

Data-columns Response
i ;I il Accel
I_
Unit Indep. parameters
StiffnRod
S g
Stabi
Reset | TrackPole
PistonPole
DampTube
I_
Unit
Dbl-click -> indep. param.
SO | BeEs [ acBack | N

Detailed description under:

www.weibull.de/COM/
Data Analysis.pdf

Multiple Regression ]

StiffnRod

DampRod

Stabi

TrackFole
PistonPole

DampTube
StiffnRod*DampRod
StifinRod*Stabi
StiffnRod*TrackPole
StiffnRod*PistonFole
StiffnRod*DampTube
DampRed*Stabi
DampRod*TrackPole
DampRod*FPistonPole
DampRod*DampTube
Stabi*TrackPole
Stabi*PistonFole
Stabi*DampTube
TrackPole*PistonPole
TrackPole*DampTube
PistonPole*DampTube
StiffnRod~2
DampRod~2

Stabi~2

TrackPole~2
PistonFole~2
DampTube~2

[~ Model

RREDEREN

€ Linear
" Interaction
& Quadratic
¢ Quadr. only
" Cubic
€ Cubic only
x4

(¢ MLR (standard for experiments’
(7 PLS  (for high conrelating data
or mixing ratio)

' 0K I ¥ Ext

4 Back

Next b

| Regress. | ANOVA | Box Cox | Optimize | Adjustm. | Charts | Options |

-

Multiple Regression

Data |Mode||m|ﬁagm lANOVAlBoaleOpﬁvﬁeMMmlﬁiuts

0 R
|<'r p-Value
Error probabil

Terms 2816 & MLR O PLS Coefficient pval
onscant 5.013979
tiffnRod -1.16686
Rod -0.83833
cabi -0.47435
TrackPole -0.24166 lesa {fian 0.03.
[PistonPole 0.794462
0.160125
0.60643

= )
- =
—
L
+
o
*
—
0 4 +
0 293 L
-0.09208 B
TrackPole*DampIube 0.09476 B
Pist cle*DanpTube 0.021674 L]
tiffnRod* 1.054252 0O ——
[DampRod* -0.00611 0.96 Bt -
ﬁ Coefficient of determinati 55, T
oefficient of determinatiol
R*=0.985 Explanation quota of the madel Ih:‘]_—‘u LI ?ra'
Risg = 0.979 Fuither infos use Help-button Towak _I EW_]
o The coefficient of determination R* indicates, which quota the
Ll regression model can explain the data.
0K The actual value R*=0.9846 shows, that there is only 1.5%  |* Help
1 ‘ unexplained rest of scattering. The result of the regression is
¥

Further infos use Help-button
o The coefficient describes the importance in the model and the
| -value s the error probability of this influence. it should be

The actual p-value=0.265 means, that the model-term is not
‘ significant (bar is red) and should be excluded of the model




;;-,. L ' .q'}graph.cdm
Calculation of a spot check size

Example car wash: The drying time of a varnish should be examined. It should be reached an exactness
from £0,5 hrs. The drying time has a standard deviation of 2 hrs. How big has to be the necessary sample size?
The calculation can occur with the Calculator (view of the main window):

Calculate = Statistics Format Options  Project  Help

B Statistik Surmmary 4 ooac = -
S & [\ Statistical distributions... v = J-J %’E E‘;
& & B8 Hypothesis tests .. Analysis S Sigma | Tools  Macro Draw

e, G A ~ )

B {3} Dok Experiment Power_Sample_Size_Continuous_Data_t_1_Sample
B Correlation ) Power_Sample_Size_Continuous_Data_t_2_Sample| |— Sample size for required relishility Rimin ~ BRI ~
[E.R‘E] Data analysis / Regression ... (D Power_Sample_Size_Continugus_Data_z_1_Samplg no= 1_Ln[[1 _PA]] =| |Constants
& b ; DifferentialF arms
AMOVA, .. F F Ly LnlR,
ey Power_Sample_Size_Proportions_2_Samples.g o min Dishibutions
@h Cross table + Chi® test .. Power_Sample_Size_Proportion_1_Samplevxg — Metrical zample size for accuracy detta and confidence level 93% ——— Dhurability
) U agejz | Delete Dynamic =
Clicter anahecic L ' i ] -
n= [_] H Insert new farmula Electricity
| 4 ' ImpulzePuzh
| Discrete HEHE i Edt Formuia Bvel 95% ——— Inertizboments
[ Integrales
n= 1.%8) z.p.@ Cony Farmula i F Movernent 4
o opy Formula in kext-Format @ Solid
Copy formula graphic SolidCartre
—Mumber of differen]  Copy formula in Excel-format Shatistic
OProcess Paste Strearn
nele = Oeasuren 1020 bitmap
. . . -
Hint: At step @ there must be clicked s Litmap BB s @
the right mouse button (formula: Gl (5
Metrical sample size)
&
The result of 61.46 is rounded up,
therefore n=62 can ba brought by
Orop into the Formula-
Interpreter or inta the main wind
erpreter or inta the main window
<] w ] & ?




Examples for templates

The other examples treat templates
Diagram-functions

e.g. test of normality,
hypothesis of equality with
Boxplot or test of normality

= Select Diagram

i ol gle | 52 X

Delete Add Diagr.  Type Update  Delete

o

Histogram Normal-Distr.  Log-Normal Weibull
Declarations
[V Distribution-curve x{ﬂf}&

¥ Density-function

Normal-Distribution -

[~ Show median and standard-deviation
More param. in i Stat S

[~ Distribution test

Internal functions

e.g. calculation of distribu-
tions, DoE, regression,
sample size, etc.

= Select menu Statistics

| Statistics | Format  Options He

Kg Statistik Summary >
[\ Statistical distributions...  *
éé Hypothesis tests ...

Sample size... 4
5} DoE Experiment

BE Correlation »

8| Data analysis / Regression ..

sf3 ANOVA ...

M, Cross table + Chi test ...

Clueter anakhucic

Templates

e.g. hypothesis-test, or
Weibull-Analysis.

= Select menu

File/Templates
File Edit Insert
MNew E
m Open... Strg+0 ;
Add file or sheet + ligma T
File manager L4
N
Templates Systemn Analysis...
Examples... Experiment ...
Bl save Data Analysis...
Save as... o
Life time tests...
E Export )
T Weibull ...
Fault Tree Analysis...
MNew
Close diagr | Measurement SyslemJ




-

e - : .ergraph.com
Statistical t-tests via templates

Hypothesis tests are available via templates

Open the Spreadsheet and the table where are the sub-groups of the Boxplots.

Mark col A B.
ark column A and Start the macro

for evaluation

[~ N ) ] Six Sigma
ﬁl Paste data in the yellow fields
Diagram Weibull | Evaluate ] DoE A B c | D
1 Data 1 Data 2 ‘ t_test 471
i = - o 2 N67.2 184.1 t test Lot 207
2 Rasr % 3 I'e== FY-yE] - ignificance F
E@ ’—_,HL st _ ‘ 4 Use "paste” for your data Mean 1 5,6667
ANOVSA  Regression Evaldiscrete Hypothesis | Capability 5 (deletes the data from the example) ﬁfi‘!aarllui 733&2)3
i Guide hypotheses ... 6 Delete Paste  Paste-Spec. ce | '
1 T oo oo The null hypothesis, that the means are equal,
)'_—.:\ Test of normal-/Weibull-distributic 8 188.9 193.3 beta-risk must be rejected!
Test of mixed distribution 9 1924 196.5 power

Test of outliers (normal distr.)

ﬂ t-Test (bwo samples normal) ... |

BHE Multi t-Test ..

I:| u-Test (two samples non normal] ..
Sign test (one sample] ...

Sinn tect Wilrnwnn (nne caranle)

Note:

The template for the test is embedded
in the actual project. To have a view to
the previous representation and data
select Project | Main-Project!

The null hypothesis, that the variances are equal,
can not be rejected.

File Edit Insert Calculate Statistics Format Options
EEE | O H S @
o
B e E
b o 6 Ex’ Paste Diagram  Weit
Diagr.1: Histo/Normal f
B addfile ... ’
BT Delete D E

®

Main-Project 2/

v Lhistribution_! ﬁlison_Tsl_Diametel
4 | |

15211\ > |
EET [



Measurement-System-Analysis

All important methods for continuous or discrete data are available

More information's:

www.weibull.de/COM/Measurement System Analysis.pdf
www.weibull.de/COM/Measurement System Analysis discrete.pdf

Type 1 Cgk...
MBSA discrete measurements 4 Type 1 more attributes ...
i »

::SA ordinal scaled ... Type2 (ARM) ...

ore ...

! Type 3 (ARM) ...
/¥ Guide process capability ... Type 1..3 (ANOVA MSA 4th Edition) ...

Machine capability Cm/Cmk ... Fope 1.3 (AN
Process perfomance Pp/Ppk ... ' — " VDA 57180 22514-7
Process capability Cp/Cpk » Resoluﬂorj.of gauge
M Repeatability master

e Standard uncertainty (Bias)

. . Repeatability test-object

Jolessiics speciliation Repeatability appraiser

Interaction
Calibration
Linearity

Uncertainty measurement
Uncertainty process

Measurement
{refierence to 4=, or 35,45%)

Capability index
{reference to 25, 453%)

Type 1,2 and 3

= Supports VDA 5 or MSA4t edition

ANOVA or nested ANOVA

One sided tolerances or natural limits

Supports AQDEF format for import
Gage R&R, Bowker, Fleiss-Kappa, Kendal

. value /1000

u RE 0,0289
u EvR 0,0738
u =l 0,0058
u evo 0,1513
U av 0,0892
u s 0,0000
U cal 0,0200
U in 0,0000
u ws
u we
% we (54 15,3
% we (95,485 35,4
C 3 1,355
C e 1,288

Bi

Vorg.
“org. 20

value / 1000
0,0100

15




Six Sigma - templates

For Six Sigma also powerful Excel and Visual-XSel templates are available

File Edit Insert Calculate Statistics Format
New

@ Open... Strg+0

(= Measurement or process data ... ma

Add file or sheet
File manager

3

Options  Help

B %

'

Templates b

Examples...

@Sﬂve

Save as..

@ Export

Send to...

Strg+5

Mew

Close diagramme main window

Format and frames...

% Print...

Strg+P

System Analysis...
Experiment ...
Data Analysis...

Life time tests...
Weibull ...
Fault Tree Analysis...

Measurement System Analysis
Process Capability...
Control Charts...

Distributions...
Statistical Tests...

Shainin ...

Own templates
Save as own template...

3

Tools Macro Draw

Table for Cpk - values + overstepping reference values

CAAppe'XSel_1T\Templates'12_SixSigma\*®*

Bl Affinity-Diagram.xisx A

i} AHP_Criteria+Assessment. vxg
[uls) AHP_double_stage.vxg

@ AHP_single_stage_sorted.wxg
Jc ma_Table.vxg

B\ Design_Scorecard.xls
B\ DRBFM xIs
|uli] FMEA. vxg

T{FMEA xis

Bl Gantt_Development xisx
Bl Gantt_Problemsolving xlsx
Bl |Kano-Model xlsx

|uli} Lean_QFD.vxg
Bf|List_of_open_Points.xls
B\ Morphological_box.xlsx
|uli] Multi_\ari_Chart.vxg
Bl P-Diagram xls

Bl |Project_charter xlex

Bl Pugh_Matrix xls

Bl Pugh_Matroc xlsx

0K I Exit

¥ Preview

Table for Cpk - values + overstepping reference val

Sigma Cp Cpk** inside %*| outside %* ppmi*| ppm-S8**
1 0,33 - 8413 15,87 158655 691462
15 0,50 0.00 93,32 6.68 66807 500000
2 0.67 017 97,72 2,28 22750 308538
25 0,83 0,33 99,38 0.621 6210 158655
3 1,00 0,50 99,87 0,135 1350 66807
358 1,17 0,67 99.98) 233E-02 233 22750
4 1,33 0,83 99,9968 317E-03 32 6210
45 1,60 1,00 99,9907 340E-04 34 1350
5 1,67 117 9999997 287VE-05 0,287 233
55 1,83 1,33 99,999998| 1,90E-0§ 0,019 32
6 2,00 1,50 99,9999999 9,87E-08 0,001 34

* pne sided without mean displacement
** one sided with mean displacementof 1.5 5
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More information's at

http://www.crgraph.com/Topics.htm

and

http://www.crgraph.com/Software.htm
(on the right side)

Contact: info@crgraph.de




