BRI Weibull - Reliability Analyses
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The Weibull analysis shows the failure frequencies or the unreliability of parts and
components in the Weibull-net and interprets them. Basics and more details can be
found at www.weibull.de/COM/Weibull.pdf.

Visual-XSel Software-Guide for Weibull

Here, the application of Weibull is shown in Visual-XSel by using the most important
issues. When you first join the program, it is recommended to use always the main
guide (select the menu item File / New if the guide is not visible):

..or use the icon N
. - EF s
Weibull above allu o ¥ &

Weibull DoE  Analyze Macro

Diagram

At first time using Weibull a dialog appears for the most important methods:

™ Methods and test-procedures
Comparison, Mixed distr., Woehler, Temp. etc.

" Test planning
Load Test Matrix, simulation, defined Weibul

{” System- and Fault Tree Analysis
FTA - Block-diagr. - Cause Effect Diagr.

" Formulas
Weibull-formulas - pocket calculator

=] More methods via templates.

(" Candidate prognosis based on miles
Estimated running times from field

=

E. {" Sudden Death Testing (groups)
Groups with one failure

X

==,  Interval censored data

—r
Time of failure between control pnts.

Special Methods

possible faults

E " Success Run
Rmin, sample size, duration, etc.

% " WeiBayes

Suspensions (possible faults), define b

[l] © Binomial

Analog Larson-Nomogramm

Weibull Analysis Guide *
m Method ‘Weibull - chart Options
(o ) = 5 .
L 2%, € Allunits tofsl faied . ¢ Wih suspensions (¥ 2-parametric (straight-ine)
\ Complete evaluation Running times »= last failure Mgt
- . . . ™ 3-parametric (fauli-free-time)
{¥ Failed units and suspensions - o 3
Censored data, field evaluation = Uncompl. but kn running times
. . ™ Prognosis based on month in service [v Extrapolation
o TR =3 uncompl. useful life from prod.-time
Success Run; WeiBayes ... == Pl us prod.

[ Show function

[~ Confidence bounds

N E A

EE [ Define freguencies in 2nd column

Pyaige | Test of Weibul-distribution

[~ Show more options later
Max. Likelihood, Mixed., MTTF, Diagr-Opt.

v Continue | X Exit

. == Methods via Methods via
| F =D | f Ersmh | @' Templates Dialogbox

Select the analysis or method and consider the meaning of the icons.

The Guide of Weibull allows a quick selection of charts and methods. Some of them
are used as templates with examples. These are marked as blue text. The following
sections are included in the Weibull-Guide:


http://www.weibull.de/COM/Weibull.pdf
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Weibull-Net Data
Here dlfferent types Of data and thell’ File Edit Insert Statistics StatTemplates Format Options Project Help

associated methods can be chosen S 082 B Bl gl B 5
fOI’ the WEIbU”-net Dependlng On 3 g e @ fx’ Paste Diagram  Weibull Evaluate  DoE Analyse
the origin of the data und the [ s [73s

meaning of the other columns, A B 1 Feeeiaos ot s e st 7 B
. . . Runring times at second row (first row legend).
various OptIOnS can be Se|ECted on E‘ ‘when freuguencies are used, one cal. iz runtime
h H h 394?' [&.C...] and in following failures or % (B.D...]
t e rlg t 7957 File open Paste Paste Special

After this selection it is recommen-
ded to follow the bubble-speeches
step by step (see right example).

15038 2. Choose chart Weibul
or use icon on the right

o = ||

Weibull-Specification
To define a Weibull-Net without concrete data, this option needs to be selected. It is
possible to define a straight-line or an empty net.

Methods

Under the section Methods templates can be used. These templates include exam-
ples and the algorithm is built via the flow-chart macro. One of the most important
methods is the Mixed Distribution. In principle to use the templates it is advantageous
to have data in the clipboard. Therefore copy your data before using the templates.

Life Time Tests

Here it is possible to plan experiments, in terms of reliability requirement, the test
duration, or the required number of samples. Here various case studies can be
calculated. This method is also well known under “Success Run”. Furthermore,
unexpected failures during the test can be regarded also.

WeiBayes allows it to create a Weibull-slope with few data. And it is possible to have
intact parts combined with failures.

System Reliability

Th|§ ql'lows a dlrgct using of EE—— X )
Reliability-Block  diagrams to
calculate a reliability for systems || | webukdensity-ncton 3 oy 2
with a lot of components. Today L et .[g]“; i [ e
more and more the Fault-Tree- E“ﬁH T hertors
Analysis is used to achieve the | [ e E:ﬂziﬁ'nfi
same task Weibull Formulas ‘ H:HH soscens |
This opens the formula library. | S ——— e
With these formulas one can [::]“ swioss
calculate or via Drag & Drop one (AR SurcSystens !
can use this in the main-window 1 )
graphically. Click to the wanted L Ca(1- KT . B &5 &
Lormula and use the right mouse wR O R I
utton. S -
The formula library can be | : =
opened also from the main- | Lot
) 7 Formmaecan be rovght by
window. || . e Yoo
e S S
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Analyse Macro

Macro Macro Formulas |JParameter 2
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Creating a Weibull-chart

The Weibull-chart (Weibull-net), can also be created directly as a diagram-type from
the spreadsheet. The spreadsheet is shown on the left.

The data entry must start at the second row. The first row is reserved for the legend.
After the input of the data the column must be marked and the icon diagram has to
be selected as well as the diagram-type Weibull

File Edit Insert Statistics StatTemplates Format Options  Proje
ﬁ_‘? ) ('T:ﬁ E g @ Fl ﬂﬁ e
Q\iti jal iy | E
— g @ @ ‘x’ Paste Diagram jbull  Eval.
JA N
A2=[0,1]  [1738 \)
A B C D E
1 ©
2 1738 Visual-XSel - Diagram-types - Diagram 1 1
3 3947 — = :
avorites
4 7957 Standard] Stahstlcs] Spemal] Tahlz ]
5 15038
b
7 =
Line Bar Pie-Chart Histogramm Normal
Ii I ==
ﬁ— mmlji =k
Weibull plot Pareto Text anly All attributes
Wweibull - distribution [
m Function Determination parameters Frequencies
e b
& 2_parametric P L =] [Least Square AV v Bl # petermine frequencies from existing val
1 [ - ed cohimn
. " 3-parametric _l_h]b T @ " Absolute frequencies 2nd colu
]‘. £ to- ,— H= 1-g LTt T " Percentage frequencies
L &'h il By points : ! = " Percentage sum-frequencies
i ! \Z ] " d4-parametrig H=lee T ol 12 [~ only at start point: m— ) .
I - Z \ \ " Abs. frequencies or survivors
. i (" 5-parametrig O T WP T
I b )
I h = " Convex with func H=1-e'[T]“::ﬂ Class.—width: l— ilj-talus-lz-xaj- .
J  Expon.-curve H=|-e'e-[“e =Tl Only for one curve SHLTES AnE s
i
& Axis Frequency-range Scaling
( . 0}
58 [ Show function 1] ¥ Main axis unreliability LR ® iz o=
= Ti " 0.19%-99,9% " promille
=] I¥ Charact. life timi I~ Reliability
&= f+ 0.01%-99.99% £ ppm
I Lines between points liTi [ 2nd axis refiability
Verteilungstest .
[~ Show only points ) ) @ Limits...
fu” Right axis b |kein Test j
[v Extrapolating p-value in Formel iiber Diagramm Further parameter...
[™ Linear axis
‘ % [~ confidence level |%0 =] % H
- Lo e i \/ oK | F Exit / Diagr. overview | ? Help |

If there are survivors without failures, the amount of failures and survivors can be

defined under “total size”. The assumption is here, however, that those have reached
at least the running time of the last failure-time.

If the option “Show function” is chosen, the Weibull formula is represented above the
diagram. In this formula the Weibull-Parameter can be interpreted. Furthermore the
often used tio (B1o) — value is available. This value represents the running time, when
10% of the total size have failed. Beside this the so called R? (coefficient of
determination) shows the goodness of fit. Normally it is recommended to have at least
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R2=0,95. If R2 < 95, it is recommended to use another Weibull-functions, for example
the 3-paramtric Weibull (see also case study at the end).

T=9025958 b=077
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If one moves with the mouse over the chart a red-cross-line appears. The
precondition for the cross-line is that no element is selected. In the middle (the red
text on the top of the diagram) the running time is shown. For this time the unreliability
(failed units) on the left is the result of the Weibull-function. The complementary value
of this, the reliability (survivors), is represented on the right.

Another possibility to get the unreliability is to have a look where the mouse point is
positioned. The exact value is shown in the status bar on the left bottom.

35
[ v\ T1 AT2 AT3 A T4 A T5 A #Charti

| ¥=4.079inch Y=3.161inch | X=2100km & 235 % | Site 1
I
J <

For using other Weibull-parameters,

. . . . _,_,_EF =,
click to the diagram icon. For new |nput B S %-E
of data or Changing data use the Spl’ead- Diagram | Weibull Evaluate DEIE Analyse Macro
sheet icon.

Beside the standard options of the Weibull characteristics, it is possible to define
some additional parameters. For this use the button “Further parameter”.
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[ B

— Function — Determination p —F i

t]b

{+ 2-parametric H= el

" S-parametrig H=P[1-e-[;_1]b‘]+[""][1-9-["_2]"2]

b= I LI I Least Square AY* LI % (+ Determine frequencies from existing val

[ERTT
" Absolute frequencies {2nd column)
- =TT
" 3-parametric [ ER e @ mas. i
‘. t°=| e reduce ™ Percentage frequencies {2nd column)
ints - IU 3 &
oMol B points x " Percentage sum-freguencies {2nd column)
™ d4-parametrig PP i PR i i )
Zl I only at start point: EEE {~ Abs. frequencies or survivors {2nd column)

b . |5«57
¢~ Convex with func [~ i I g*
. Weibull Parameter als, example 20; 40; 60
pon.-curve

— Parameters

[~ Charact life time

+e®] [~ Form parameter

I~ | Fautt-fres time
4

— Options
@ ¥ Show function

[V Charact. life time
[~ Lines between poin
[~ Show only points
| Extrapolating

% [~ Confidence level
upper conf. limit 85%

[~ Expected value

[~ Standard deviation

[~ Failure rate at t=

[~ Running time at 50% (Media | [~ Confidence 150
I Runningtimeatl o ix
¥ Unreliability at t= |1uuuu

% I~ Upper confidence st first point

—

Scaling
%

= promille

[~ Confidence T

[~ Confidence b  ppm

[ vimits...

Further parameter...

" OK ¥ Exit

Besides the direct representation of the ||

Weibull chart, there are some more
methods, that are available as templates
including examples.

Alternatively to access via the main guide
the templates can be opened through the
menu File/Templates/05_Welibull. Some of
these are available only in this way.

For the next steps follow the speech
bubbles.

Edit “iew Insert Data Diagram Statistcs Method  Arrange

i v le i vee i@ h
(33 open... Strg+0 ' :
File manager... E‘ F £ U A o
Templates 4 System Analysis. ..
Bl save Strg+5 Experiment...
Save as... Distributions. ..
Export 4 Statistical Tests. ..
Send to... Weibul... r g
Format and frames. .. Data Analysis... P\>
% Print... Multivariate
ﬁ Exit Control Charts...
Capability...
SixSigma. ..
Shainin. ..
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-
Arrhenius Model ﬁ

%Amm_nsjouel.vxg . -
Crow_AMSAA wxg T Arrhenius Model |

Distribution_Comparison.vxg www omrach com ) .

@Examp\e_l—‘m_auiler g SRR Bk MNormed failure rate (i =1}

@ Example_Weibul_Prognosis.vxg

@ VWear_extrapolation.vxg

@ ‘Weibull_Combined_Reliability vxg

‘;’Walbul\_cumpansun.vxg

|ati) Weibul_Density_Function.vxg /

@“'nfaibul\_lnterval_Censured.vxg )

@WamuILKUImuguruvﬁ‘smlrnuvjest.vxg 3 / / / f / —— EfD

[ati) Weibul_Layered_Lines vxg 8 ; ¥ Es=D

Es=0

| / Activation ene

Walbul\_l.lﬂxlmum_leaIlnuud.vxg
@ Weibull_Mean_Running_Time. vxg
@WaibuI\_I.‘i\eage_Distributmn VXg
@ Weibul_Mixed_Distribution.vxg
@Weibul\ Monte_Carlo_Method.vxg
WaibuI\_NU_Defediva_Parts.vxg

[ati) Weibul_Parameters.vxg ; //

@ ‘Weibull_Prognosis.vxg E| L —H Es~0
@WalbulLPrugnuslsfl.\llage.vxg 2 = |
@‘.'u’eibul\_Prngnns'B_IJunthlnServicE_Pmdudiun vxg 3 ____'____—o~—)‘_i_

Weibull_Sample_Minimum.vxg =
[ati) Weibul_Sudden_Death.vxg e 220 Mo e =0 Kelvin
[uti] Weeibull_Test_to.vxg
@‘;’WalbulL‘;’fuen\er.vxg
@‘.'u’neh\er_Pear\_Cnrd_Methud vXg -

n

failure rate i

¥ 0K X Exit | [w Preview Pl ——rr— v

In some templates no data is needed. For example in the template LvRb20.vxg only
a formula is represented (see .\Templates\O4_Test Planning). This is about the
determination of a minimum guaranteed reliability in testing with no failures (success

run).
P,=038
b=2
1
nL,?
R = 100%{1-P4y
100 3 Number test samples
%3 - n=1
80 — n=2
. —
2 60 n=4
g ] = n=5
° ] n=6
x : / /
NS WY/ /4 —
s ]
/7y —
20 / n=9
/////// /
0 _E [ ”/| T L L L L L L L L T
0,0 0,5 1,0 1,5 2,0 25 3,0

Relative lifetime (Test- duration/ Lifetime- targetl)

The parameters of the formula can be changed by a double click to the formula in the
top of the diagram.
Alternatively the formula can be opened through the menu point Tools/Formula
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r

Formula-Interpreter

=)

b
100% {1-p,]" 1

" Curves represents

f* Curves and formulas represents
[~ Curves-discuzsion

" Only Formulaz

f(# sin W @ o A7 o

[Pa=0,8:6=2:R=100[%]*(1-Paj(1/{n*Lv*b))

IY_.,, Kestark |0 #-end 3
Zstart |1 Z-end 10
¥
I ¥ T-ztat |auto v-end auto
. '
o 0K [ | ? Help ‘ & e

=
[
Yarable: L H-points 100 1
Yanable: |n Curves: 10
{+ 2D-Diagram " 3D-Diagram
fiormuls dats-points can be shown wundsr 1

u Ins=rt/Grafic data in the spreadshest
-

The templates Weibull_Density _Function.vxg or Arrhenius_Model.vxg are also
simple formula charts.

New templates can be created or existing can be modified. Of course, new or
modified templates must be saved under a different name, otherwise later updates
of Visual-XSel overwrite this possibly again.

Weibull density function (Histogram)

By default, the Weibull distribution is used as the probability net. In some cases one
want to show, however, where is the center of failures. In the previous section, it was
mentioned that there is a template for the density function. This is purely a functional

il ]
[] I =
Diagram Weibull Ewvaluate
A B

representation
parameters. From the data, one can also

A =
e @ Ly %‘E

DoE Analyse

create

Macro

00| = || N | fa L B =

w

10
1
12

(formula) with  known

a density-diagram, in this case a

histogram. For an example, start Visual-

XSel again, or

|:! Favorites lStandard] Statistics | Special | Table | select the menu
1 - item File / New.
18 llﬁﬁ i!jﬂ Go to the Spread-
ég Line JD-Net Bar Pareto Boxplot SEheet (Ieft ar,ea)'
I .nter the running-
1.3 ﬁﬁ zzzz:  times, shown on
37 = PR == the right, begin-
?g Histogram | NormakDistr.  Log-Normal Weibull Text only n | ng from the
' second row.

Select the entire column A and the icon Diagram and then select
Histogram (hint: do not use the icon Weibull in this case).
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Use Weibull-Distribution. Other parameters can be

T

Class-width: |1 oollba

— Declarations

|+ Distribution-curve

Al

I Density-functon  [NormalDistribution]  ~ |

[~ Show median and stand
More param. in Spresdshed

— Probabilties

Normak-Distribution

Log-Mormalk-Distr.

Folded Normal-Distr.

Rayleigh-Distribution
X jalDis

— Darstellung

s @ standard

oBffn ¢ Steeled

r— Distribution test

Inutest

[

Pyaipe™ 0.08 : Data does not comespond to selected distrib.

Qverztepping
f* calculated from function
~ numerate from data

{fior not norm. distr. data)

[~ Show process capability CpliCpu

¢ oK I P Diagram overview |

Optionally select Distribution test

? Help |

Frequency
N

40

%

30

20

10

Relative frequency
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Life time tests —required sample size

Via the main guide or the menu point Statistics in
the main window, the required reliability, the
necessary test duration or the sampling size can be
calculated. For this a default information is the
confidence level.

This method is also well known as ,Success Run®.
Here, however, it is also possible to make
calculations with unexpected failures. In the dialog
it is recommended to go step by step from the top
left to the right bottom.

In the dialog below there is shown an example to
determine the necessary number of sampling for a
required reliability of 95%. The Weibull-parameter
b was estimated by b=2. It is shown what was
needed if instead b=1.5 or b=2.5 would have been.

|ES] Weibull Analysis Guide...

B

(-] E]m

Analysis  Six Sigma

]
B
=

Weibull Tool

E‘x Weibull for complete faults ...
H‘m Weibull censored data (faults and suspensicns) ...

[=1 Weibull candidate pragnosis (censored) ...

B Weibull comparison ...

7] Test of mixed distribution ...
Weibull & Woehler ...
Weibull &Temperature ...

EEE Arrhenius model (activation energy]) ...

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

W

-
Visual-XSel - Life time experiment ‘ ‘

)

m ariant for calculation Formula -
't‘ % {* without failures (test planing) . [1 . ]n-[LU-K]b
& min = - A
. " without failures with different times
1 44 .I_1*‘! [~ without failures with pre-information R min Min Reliability
Nyl &2
T " Wanted ?
- C with falures 12 o = ame
g i+ Required Reliabiity 5 el
. equal max. unreliabithy 5%
e
i Precondition L Test duration
B — = Confidence level Pa |80 -| %  Wanted = =
[<F ") o )
= ) Wanted confid. lev. choose formulas above
=== f+ Test time 150000 km
- — Reguired life time 100000 km - Lv= 15
¥« v Acceleration factor [1,5
b Weibull parameter
™ Define b= 2 = n Sample size =
f+ Use standard b=2 {* Wanted ?
. " Number is defined 5 =
@ Se= sl template WaibullLy REZ0. vieg Results Ey
s e e | Necessary number of tests -
For different conditions and lead use Data/Experiment
b=15 n=10 L
@ Formulas ‘ ? Help ‘ b=2 n=7
b=25 n=5%
L
¥ Exi ‘ @3 Report ‘ v |J
= —

This method assumes that a required life time is given. If there is no reference, then

the method WeiBayes is an alternative.
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Censored data

In a life-time test it is often the case that only

. A B C
some samples fail. The other samplesare not |, ;. Frequency Censor
tested to the end, may be because of |, 145 1 Failure
prematurely removing from the test or i

3 330 2 Failure
because of other reasons (defect of the test-
. - . 4 445 6 Censored
rig, etc.). The following table shows a typical
: . . . 5 600 8 Censored
situation. Select File/New and the icon i
. . 6 650 3 Failure
Weibull:
7 900 3 Censored
= 8 910 2 Failure
7 e
il B B @ = 9 1200 3 Censored
Diagram  Weibull Evaluate DoE  Analyse 10 1250 1 Failure
11 1400 2 Censored
Use in the Weibull Guide the marked options | 12 2200 1 Censored
13
Weibull Analysis Guide
Method Weibull - chart
= " Allunits total failed mﬂ " With suspensions
= Complete evaluation ' Running times == last failure M gt
'Hﬂ {* Failed units and suspensions: " Suspensions with shorter times
:_u Censored data, field evaluation '_.—Fs':*x Uncompl. but known running times
=, . ) rognosis based on mon
— . Jtllunrts aresup;en.nl;mns g uncompl. useful life from prod.-time
Success Run; WeiBayes .. =
(" Candidate prognosis bazed on mies
E=timated running times from field
@ " Methods and test-procedures = ) )
Comparizen, Mixed distr., Woehler, Temp. etc. o £ Sudden D'faﬁth Testu.'lg {groups)
Groups with one failure
F==]  Testplanning i
= Load Test Matrix, simulation, defined Weibull # { Interval censored data

Time of failure between control pnts.

Add the appropriate data from the Clipboard, or load a file. In the case that the data
start not in the first row use the dialog Paste special and use the option “Row higher”.
Column C must include the word “censored” or “suspension”, to define the parts,
which are not failed. If the column B — Frequency is not available, one sample for
each Time is expected.

E13=[4,12] |
A
1 |Time
2 145
3 380
4 445
5 600
6 650
T 900
8 910
9 1200
10 1250
11 1400
12 2200
13
14

B C D
Freguency Cepsar

E F

1 Fa

1. Input data in col & and second row
[First row iz reserved for legend)
In column B 1 for Eaulk

"0" for suspenzions

File open

Paste Paste Special

2. Chooge char

el
or use icon right

3 Censored
1 Failure

2 Censored
1 Censored

v

After that, the icon
Weibull must be selec-
ted.

In the Weibull-diagram
the failed samples are
shown with thick blue
points, the suspensions
with a gray point. Thus is
shown where are the last
running times of the non
defective parts.
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Those suspensions re-
duce the unreliability
either by the Least-
Square- or the Maxi-
mume-Likelihood me-
thod. The first method is
the default option.

To change this use the
menu Diagram/ Dia-
gram-type... and then
‘Determination  para-
meters”
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One of the most important methods for field data is the prognosis of censored running
times. This means that some customers have not reached yet the mileage where
others have already a failure.

In the template Weibull_Prognosis_Milage.vxg the mileage distribution is calculated
from the list of failures and its repair- and registration-date. Therefore the repair-date
and the registration-date are additionally needed.
Open the Spreadsheet via the menu Data/.... or use the icon in the main bar.

— , ===nrs -RR =, = =
el CHS B G jh B B I s o & = L
: 4 g e @ E}f’ Paste Diagram  Weibull Evaluate DoE Analyse Macro Tools Functions ]
L26=[11,25)] |
A B C D E F @ G H | J K
1 Registr. dat{Repair date|Faults/km |Month km/Month
2 | Basis data 1/26/10 341 23637 14 1740
3 |Lot size 165000 212610 31511 23696 13 1892
4 |Production period: 1/1/08]  4/30/110] 12/28/09 32 16272 14 1157
5 |Registration period: 5/29/09 1118/ 2/26/10 314111 31098 12 2489
6 |Last data input 12/24/09 3M16/11 13077 15 592
T [Month of 20 11/30/09 310/11 5402 15 354
8 | Considered time 14 22410 2111 7434 13 581
9 |Last data input - last registr. 3 212710 31611 14959 13 1194
10 |Mileage distribution after 1 month 12/7/09 66799
11 [X1: 10 703 1/1/10 3T 33474 14 2374
12 (X2: 63,2 1812 41210 311 24720 1 2264
13 X3¢ 90 2681 3/30/10 3T 4829 12 418
14 |from all data 8/31/09 I 54600 18 2990
15 |Class width: 1 3N 16316
16 11/30/09 3411 28514 15 1854
17 [Mum faults 551 31710 31311 17686 12 1494
18 7/31/09 31511 28541 19 1470
149 12/M1RN0 AN A48 1R INAR

Because of the information of the real start and the time in use (month in service ->
repair® - registration®) the delay time is not necessary here. Missing registration
date will be no problem. All failures defined through the mileage will be considered in
the Weibull-net, nevertheless.

11
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After the input of all data in the yellow cells the evaluation will start with the icon ®
or with F9.

To guide the user through all steps there are bubble speeches, but please note:
Before starting the macro some more spreadsheet cells have to be filled. The bubble
speeches will appear always if files or templates are loaded from the directory
.\Templates\. So, in case of developing own templates, those must be saved under
the directory ..\Templates\.

Case studies for Weibull-curves

Field complains with premature failures

How to be adapted the Weibull-function only

for a section of the mileage and what is the

best prognosis for the long term unreliability

(extrapolation)?

MNew

EET,] Open...

File manager...

Templates

E Save
Save as...

Export
Send to...

Strg+
Strg+0

Strg+5

]

&

16

Edit View Insert Data Diagram Statistics Method Arrange

I8 e mhE R

F £ U A o

-

System Analysis...

Experiment...

Distributions. ..

Statistical Tests. ..

W

eibull...

weibull-Analysis

o

Arrnemus_mudel vXg -
Crow_ANSAA vig

Distribution_Comparison.vxg

Example_FTA_Boiler.vxg

[ul) LvPAZ0.vxg

LvRb20.vxg

LvRD35.vxg

I8 CRERAPH
MWW _Crgrapn.com

Lotz

165000

Prognosis of faults not yet occured, with integrated milage distributi L

Weibull- Analysis

-

‘Wear_extrapolation.vxg E::Efrm jﬁ =
Weibul\_Cumbined_Re\iabilﬁy.vxg Moot 0 oo s
@‘f\ieibulLCUmparisun.vxg z‘;’?ﬂ"em . 'f '
[uli) Weibull_Comparison_Probabilty.vxg mmem,h;mf,‘m : % E
‘Weibul_Comparison_Probability_Percent vxg x 0 a2 = _Z
[uki) Weibul_Density_Function.vxg i “; ;':,: o 2
@WeibulLKuImuguruvﬁSmirnUvﬁTes{.vxg 1 el
WeibuILLayeredemes.vxg Classwin 1 0
Welbul\_maxlmum_L\ke\mnnd wvXg = E P £
‘Weibull_Mean_Running_Time. vxg E 1 ekl B
|| Weibul_Mieage_Distrioution.vxg . o -4
@WeibuILMixedeistﬂbuhun.vxg 5 a1
WeibuILMonteﬁl‘.ar\oj.‘ethud.vxg 1"
Weibul_No_Defective_Parts vig (i
‘Weibull_Parameters.vig el 5
‘f\ieibul\_Prugnusis.vxg gx
WeihulLPngnusisﬁM‘\lage.vxg 000 - -
‘Weibull_Sample_Minimum.vxg 0,0004
',:we!nun_smnen_neam g gm .
|ui Weibull_Test_to.vxg - o o o0 o o o o e
\/ 0K F Exit ‘ | Preview a ~
Premature failures. 99,99 .
How can these be excluded o -
from the curvature. .
40 N
20 E
Step @ 10 ¥
H H 4 -
Click to one element in the )
. . 2
Weibull-chart to activate the = 1
diagram g N i
. o > -
g 0,1 o
0,04 N
Step ®. . 00
Go to dialog box Weibull. 0,01 i -
0,004 7
0,002 L= ",;’ r
===nr2 === 9, —| _~ o I
B o = f
I i e — L
- - 0Q02 —— r
Paste DiﬂgrRNeibull Evaluate 0,0001
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BRI Weibull - Reliability Analyses

Weibull - distribution

X=)

Function Determination parameters

\ f'..' | " 2-parametric

| Least Sgquare AY*® ﬂ

{* 3-parametric

b2 L l—?o]b Extremn area
]‘ P T-ta.
I‘ .. &;."
g Al el BB
{ i (" S-parametrig I P |
|
1k
2 " Conwvex with func H=1-e'[T]""'
- Lot
J " Expon.-curve H=‘_e_e-[«e br)
"I
’J = Options Axis Freguency-range
- "ol
5 7 {58 I~ show function Ti [V Main axis unreliability L
= £ 0.1%-99,9%

[¥ Charact. life time | I Reiabilty

[~ Lines between points liTi I 2nd axis reliability

" 0.01% - 99.99%

Freguencies
@ " Determine frequencies from existing val

H ~ Absolute frequencies

" Percentage freguencies
¥ Percentage sum-freguencies

" Abs. frequencies or survivors

total size n g*
Scaling

{+ other.. o o
" promile
" ppm

[~ Show only points .
Ebl— Right axis b

g I™ Linear axis

% [~ confidence level |30 =] %

upper conf. limit 353

e

' 0K

[” Extrapolating TeT D BT I T

[~

F Exit / Diagr. overview | ? Help

[ vimits...
Diagramm Further parameter...

Step @

Reduce points in the extreme area, in this case only the start points. In this example
there are premature failures because of process problems in the manufacture. The
guality management has to regard these problems separately.

Step @
It is believed that the remaining curve is well fitted with the 3-parametric Weibull-
function.
The 3-param. function is 10
already significantly better, )
but at the end of the . |
Weibull-curve there are 1 d
relative strong deviations. 04 — =
The question is, if there are 1]
better functions available o1
for this problem? 004
0,02
Step ® 001 y
Go to dialog box Weibull — 5
. 0,004 —=
once again. 0,002 = v
0,001 ',// AL
S==nes === o~ —
(s ills By oo
0,0002
Paste Diagram mll Evaluate 0,0001
®\) 600 1000 2000 4000 10000 20000 40000 km
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BRI Weibull - Reliability Analyses

Weibull - distribution -

Function Determination parameters Frequencies
m. . b
\ ".' i " 2-parametric H=1-e['] Least Square AY* v % " Determine frequencies from existing val

© Ab i
E solute frequencies

R (" 3-parametric b Extrem area e
|| & y . H=‘_e[mo reduce @ " Percentage frequencies
q % o
" | points : 4 5 EEH i
: ¥ i‘ . _[ -['_]b‘] [ ['_]bz]_[][] ¥ Percentage sum-frequencies
L5 | Zl ™ 4-parametrig Help-e'ml - ol [ only at start points ~ Abs. fre
. EEH Abs. frequencies or survivors
{ " S-parametrig H=P[|_e'[;_1]b‘]+[|-P][|-e-["_2]b2]

’— total size n g*

Options © Axis Frequency-range Scaling
i T - + other.. v o
2| M| TrriTE | ¥ Main axis unreliability o=LLed Q wirz 0
" 0.1%-99,9% " promille
[T Charact. life time Ti [ Reliability
(" 0.01% - 99.99% " ppm
[ Lines between points ] T 2nd axis refabiity I

B |
% [T Confidence ﬁ I~ Linear axis

. upper conf. i o oK | F Exit / Diagr. overview | ? Help |
(&

[ Show only points _
Eb I~ Right axis b

"

Step ®

Selecting the so called Exponential-curve, which is more suitable for the points at
the end, because it is more bended there (consideration of the reduction of older
vehicles in the field).

Step @

If not already done, use the option
Extrapolation to get a statement
about higher mileages.

Step
Expand the axis range to
150,000km. For this make a double
click in the last axis number or use
- the icon Axis range.

i J

Axis-Range - Diagram 2
5'-?"! soRE
T @ = | ol B
Paste Diagram |Weihull Fualiate
1 EEEH
~ ﬁ_t' “ﬁ i %

- Titles Axis +Axis Grid

¥-uis

0.0001 T A T P T T

[
'
Al Distance of numbers, grid an logarithm scale
see menu Diagram/Grid. ..

T e —
5
‘

, Step @
0,04 Statement of the

0,02

0,01 unreliability at
0,004 2 150,000km

0,002 \A— 4

0,001
0,0004 [ /l
0,0002 ‘y/
0,0001 \

600 1000 2000 4000 10000 20000 40000 km
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BRI Weibull - Reliability Analyses

Representation with reduced number of points

It can happen that the candidate prognosis
overrides at the last point and is much too high.
The prognosis in this area seems unrealistic and
the point should be deleted (the last point of the v
gray actual data remains on the level of the
previous point). To achieve this, it does not help,
as previously described, in the dialog box of e o
Weibull to reduce points. This only affects to the
curve, the points are still visible in the diagram.
The point of the prognosis has to be deleted from |
the table. First click on the Weibull diagram and L]
use the right mouse button to pop-up menu item Data Source. (The presentation is
here on the spreadsheet page T2). Delete the last two cells, the running time and the
percentage.

File Edit Insert GStatistics StatTemplates Format Optio
3&% 5 H S M@
s e o4
DSE2={3,551] |[1,25022231091539

A B C

It is then important not to restart the macro. It
£ would be overwrite table T2 with the last
values. Rather, should only the graph be
updated via the icon Diagram / Update

illn

Paste Diagram

0 In the chart now the rear point of the forecast

60287 1.1693402

544 5189403290889 51894 0.930733
545 54600 0329695 54600 1,0027503 does not appear any longer. One can also
M6 | 54657, 0,330301) 5465710248874 delete the actual data on the left. But then
547 54828/0,3309071 54828 1,0473978

548 £5710 03315131 55710 1 0719741 one would not be able to see how far the last
549 5772/0,3321192]  BAT72/1,0966976 failure was.

550 58669 0,3327253 58669 1,1299411

551 60287 0,3333313

552 | 66799 0 3339374 [WEERRNT 250 If one can not assume that this is an outlier,
553 ‘ and if there are several points not on a
n common curve, it is assumed that this is a
mixed distribution. The reason is usually a different failure mode. See the description
in the section on the next page.

Representation of two prognosis curves in a common Weibull chart

Via the spreadsheet page T2 side, it is also possible to replace all data series. Should
e.g. predictions are compared with that of another evaluation (column C and D), so
you can exchange the data of the columns A and B (curve of the actual data is no
longer needed). After updating the graphics the gray curve is the forecast made
before from the evaluation and which has been copied. But before the data is copied
in column A and B, one should delete the columns for the case that the old rows of
data are longer than the new one.

Colors of the presentation can be

changed later. CL]

e
Tools Draw Arrange %

|4n

i N
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BRI Weibull - Reliability Analyses

Mixed distribution

How to recognize different causes of the

failures?

A good example is provided by the
template \Templates\ 05_Weibull\

Wear_extrapolation.vxg.

Edit View Insert Data Diagram Statistics Method Arrange

MNew Strg+M : : = .
. iR ivee ihE
L‘Q Open... Strg+0 : '

File manager. .. ~|16 |~ F & U A_o

Templates 4 System Analysis...

Bl save Strg+s Experiment. ..

Save as.. Distributions. ..

Export r Statistical Tests. ..

Send to...

Weibdll...

‘Wear extrapolation

Arrhenius_Model.vxg .
Crow_AMSAA vxg

Distribution_Comparisen.vxg

Example_FTA,_Boiler.vxg

LvPA20.vxg

LvRb20.vxg

LvRb35.vxg

i) Wear_t VED
Weibull_Combined_Reliability. vxg
Weibull_Comparison vxg
‘Weibull_Comparison_Probability. v<g
Weibull_Comparizon_Probability_Percent.vxg
Weibull_Density_Function.vxg
‘Weibull_Kolmogorov_Smirnov_Test.vxg
Weibul_Layered_Lines.vxg
Weibull_Maximum_Likelihood. vxg
‘Weibull_Mean_Running_Time.vxg
Weibull_Mileage_Distribution.vxg
Weibul_Mixed_Distribution.vxg
Weibull_Monte_Carlo_Method.vxg
Weibull_Mo_Defective_Parts vxg
‘Weibul_Parameters.vxg

Weibull_Prognosis. vxg
Weibull_Prognosis_Miage vxg
‘Weibull_Sample_Minimum.vxg

uls) Weibull_Sudden_Death.vxg

i) Weibull_Test_to vxg o

' 0K

m

EFEFEFEEEEEEEEEEEEEEESE]

F Exit | Iv Preview

Dpen SpreadshestiTi

npulown daia

Firstup date dlagram
10 gelermine me x-omnset.
The cuve must go

thmugh the start paint

The besti-ofzet nasto
used In cell G3 I the
zprezosnest

SRrtmacro win F9
The resuitls me

W elpull- Chan on
fne 2nd page

Attribute

Wear extrapolation

E xample for comm utater

m

LT}

a8

a4

=1
54

=1
=

E o g ©
3 Cd )
E| P2 o § °
] |
. ! ——— ! — T
0 100 200 300 xm® 10
Webu
Rumning time on nex

Step @

Go to diagram Weibull on the 2nd page (scroll down with the mouse).

T=62768,34 b=1,35

[t} b
H = 100%-(1 - e \T
tyo = 11815 R? = 0,657

99,99

%

80

o

60 -

40

20

10

Unreliability

10000 20000

40000

100000

300000

1000000 3000000 10000000
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BRI Weibull - Reliability Analyses

Can this curve be described better with the 3-paramtric Weibull?

Step @

Go to dialog box Weibull (Weibull-Diagram should
be clicked before to be the active one). Select

(o=

illn

H H H Paste Diagram | Weibull Evaluate
the 3-parametric Weibull function.
r 5
Weibull - distribution [
Function Determination parameters Frequencies
7 Tk
{ "'. A rs l " 2-parametric H= 1-9'[7] Least Square AY®  » % {* Determine frequencies from existing val
5 & " Absolute frequencies
»a = Jan) Extrem area @ CE
|| ! o] Lk T " Percentage freguencies
q ) - o~
% —tm= [ 2
& ,ﬁ]" ( _['_]b‘] ( .['_]b‘g] 0 points : > " Percentage sum-frequencies
? s ™ 4-par LI ERPR 2 o PR B [ only at start point: W (Tm ST T TS
[ T .

AL
i ™ 5-parametri
= " Convex with func

" Expon.-curve

b

Options
15 [ Show function

[~ Charact. life time

[~ Show only points
[~ Extrapolating

Step @

[~ Lines between points

\ % [~ Confidence level |30 =%

upper conf. fimit 25%

T - ) Y O |

b
[l i
TG (L] Class.width: l— total size n g*
it ~ [ als, example 20; 40; &0
H=‘_e_e-[ece'Pl -T] Only for one curve als. exampie
Axis Frequency-range Scaling
i = " other.. v 9
Ti [v Main axis unreliability o=tk
™ 0.1%-99,9% " promille
H I Reliabitty
% 0.01% - 99.99% " ppm

mi [ 2nd axis reliabiity

Verteilungstest

[ Limits...
|kein Test j
p-value in Formel iiber Diagramm Further parameters...

\/ 0K | F Exit / Diagr. overview

Eb I~ Right axis b

g [™ Linear axis

| ? Help |

It is believed, that the further curve is describable well with the 3-parametric

function.

T=58556,37 t,=6658,009
b=1,22

t-t,)b
1Tt
H = 100%- |1 - e

tyo = 14862 R2 =0,754

99,99

e

%

80

60

40

20

The result is absolutely not sufficient

10

(R2<0.95)! In this case there is no

alternative function that follows these

points, because this is a mixed distribution.

o]

Unreliability
N
QQ%

H
Q

04 1119

The curvature has obviously two different

0,2

characteristical sections.

0,1 4

0,04

0,02

0,01

10000 20000

40000

100000 300000 1000000 3000000 10000000
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BRI Weibull - Reliability Analyses

Step ®

Now it has to be tested, whether there is a
mixed distribution. To apply this test, the
data of the Weibull curve has to be found
first. For this, click the right mouse button
and select the menu which shows where the
data source is.

i
=== O H S| % G|
Start g @ @ Paste Diagram
A1=[0,0] km Weibull Analysis Guide...
B Change Weibull parameter ...

=, Weibull for complete faults ...

E=] Weibull comparison

=%, Weibull censored data (faults and sUspensions) ..
[=1 Weibull candidate prognosis (censored) ..

Edit

l@ Copy diagram 2

a Paste

_’ Color line
_! Line-types
E Diagram-size [ move [ 3D-rotate

[ Data source... ]

B3 Test of mixed distribution .
Weibull & Woehler ...
Weibull &Temperature ...

E@é Arrhenius model (activation energy] ...

[Eﬁ.gl Regression model for life time ...
Warranty and long-term forecast ..
Layered lines ("Schichtlinien") ...

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

More ...

Step ®

Select the menu StatTemplates/Test of mixed distribution (Weibull). Make sure that

the columns are still marked.

Step ®
Start the macro with F9 9999 [T ] [ Y
or follow the bubble % =
speech. Then go step 60
by step through the 40
next dialogs. Use in any ig D
case the default defi- _ ,
nitions. After that the = )
result is shown below = o
c /G
> V1
Mixed distribution is
confirmed. The chart
shows two different 2
unreliability reasons. 2
10000 30000 100000 300000 1000000 3000000 km

Running time
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BRI Weibull - Reliability Analyses

Unreliability

Detecting pseudo-mixed distribution

In the file .\Templates\05_Weibul\Example Weibull _Prognosis.vxg it seemed to be

a mixed distribution with to fault-free time.

Unreliability

0,0004
0,0002
0,0001

%

—_——

prognosis

0,4

0,2

T

0,1

0,04 =

0,02

0,01

.ﬁﬂ'\M

0,004

0,002

second section

first section

0,001

5000 7000 10000

20000

30000
Running time

50000

km

The previously shown test method to determine a mixed distribution can not be
carried out, because the method is not applicable to the 3-parametric Weibull distri-
bution. The two sections are very significant and one would say that there are different

failure mechanisms, even without testing.

The reason is, however, in this example, a different customer behavior. In the first
section there are vehicles in urban traffic and have very less mileage per month. This
can be seen in the running distance distribution on page 2 (log-normal distribution to
the right). Another clue is that the Weibull distribution based on useful life, does not
show a kink (left diagram).

%

0,4
0,2
0,1

0,04
0,02
0,01

0,004
0,002
0,001
0,0004
0,0002
0,0001

T=71,94911b=55H=100p4(1-eX-(1T) b)) {t10 = 47,792 R? = 0,908}

14

15

16

7 18 19 20 21 22

Useful life (month in service)

24

26

Probability

99,99
%
%
o
%
ey
2
80 H‘(’oo
60 e
P}
20 ~T ) &
v =
57
AQ//
£
1 >
0,1
0,01
500 700 900 1300 1700 2300
km

Running distance per month
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I I Weibull — Reliability Analyses

Important: Format Options |Project | Help
® To go back to the pre- Add file
vious representation a_nd |ﬂ. 7] Delete
data, choose the Main- . .
. . Diagram  Weibull
project! The active tem- Main-Project L
plate IIS shown in  the v WEiI::uII_MixEdk\\%uﬁnn
example. D E F— TG~ H I

Hint for mixed distributions: When using a Weibull function the direction of the
points maybe cannot be seen sufficiently. Here it is recommended to select "Lines
between points " (menu Diagram / Diagram type).

Options
ST

[~ Charact. life time

[v Lines between points
[~ Show only points

I~ Extrapolating

% [~ Confidence level Iﬁ % T‘W'wﬂ

upper conf. fimit 35% —lL

0.5

0.3 T
0.2 /Vg/

0.1

Ausfallwahrsc

sl

0.05

0.03
0.02

0.01

2000 3000 4000 5000 7000 9000

Laufzeit bis Ausfall
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