" proBABILITY ||
PLOTTING

... what is probability
plotting?




human beings are good at
identitying straight lines in things ...
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.. some people might be able
to judge this angle to be
avound 12°
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human beings are good at
identitying straight lines in things ...

.. but not different curves
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/ . lie time to failuve (TTF)
. let's say this line vepvesents the
magnitude of sorme vandom
vaviable we ave investigating

.. novmal .. Weibull distvibution
distribution (shape pavametev of 5.28)

tie to failuve (TTF)
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cumulative distribution function
(CDF)
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tie to failuve (TTF)
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.. weivd scale

cumulative distvibution function

(COF)

.. if data follows a stvaight line, it suggests the
TTF is described by the Weibull distvibution

% B | 3_ :
time 1o failwve (TTF) . logavithmic scale
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cumulative distvibution function

1 Weibdl

distribution
plotting paper
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| normal
~ distribution
plotting paper
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lognormal
- distribution
plotting paper
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Weibull distribution plotting paper
A
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curnulative distribution function
(CDF)

v
time to failuve (TTF)
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lognormal distribution plotting paper

cumulative distribution function
(CDF)

time to failuve (TTF)
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normal distribution plotting paper

curnulative distribution function
(CDF)
£

N

| 2
time to failuve (TTF)
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two data sefs.

AN

. typically one ‘empivical’ data .. and one theovetical’ set like a
set which could be the set of vandorn vaviables
obsevved times to failuve on a described by a novmal,

veliability dermonstvation test lognovmal, Weibull, ... distvibution
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probability plotting

papers

.. scaled and for a specific probability distribution

It plotted data creates a straight line, it suggests
that the underlying random process is described
by the specific probability distribution
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probability plotting papers

each axis is scaled -

to accormmodate
data govevned by a
pavticulav probability
distvibution
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\——gndom vaviable

data descvibed by the
papev's govevning
probability distvibution

22




... and the most popular
probability plotting paper
is the one based on the

Weibull distribution

.. starting with being able

to estimate distributi
parameters directly

ion
from

our probability plot
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Curmulative

Distvibution —~ .,
Function (CDF) > &*

expvessed as &

pevcentage o o

. USPGE METRIC
expvessed
logavithrically -
each ved line
indicates an incvease
by a factov of |0

N~

a5

05 %

03 %
02 %

i

- these numbevrs are
used to estimate the
Weibull distvibution
SHAPE PARAN\ETER

.. this line is used to
estimate the Weibull
distvibution SCALE
PARAN\ETER

.. slopes in this
vegion indicate an
INCREASING
hazavd vate
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.. slopes in this
vegion indicate a
DECREASING
hazavd vate
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- Weibull distvibution
A (shape pavametey of S
and scale pavarneter of 2)

e

time to failuve (TTF)
31
. it can ‘rimic’ a lavge .. the slope can immediately tell
vange of probability you if the failuve vate is increasing,
distributions ,\ / constant ov decveasing.

Weibull distribution
probability plotting paper

\ . distvibution
pavanmetevs can be

divectly estimated.

32
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the 8 steps for
probability
plotting

.. are the
subject of a
specific lesson




... and we can find
different failure
modes on one chari!
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... but don't try

and see things
that aren’t there ...

.. let's say our system has three components

Top Event . ¢
. OR’ gate ..
syster (device) sevieps 20 fern
failuve *

Basic Event . 7
corponient failuve

40
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.. let's say our system has three components

.. this one d) d) - this one

WEPARS-IN or expeviences Fom  WEPRS-OUT
infant movtality — 7
- this one has a
CONSTANT hazavd vate
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... so let's simulate failures
ot this system

42
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g | . we Enow that the SHAPE

{;;;;Q“ PARANETER for virtually al
g wedv-in hazovd vates is
B NN\ N\ bétween 03 and 05
< % N
A\ ‘
o IS
£ | N
N \
-
=

.. s0 let's compare this to a
bathtub curve with a lower
hazard rate
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AWy GeldZHH
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. and again
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AWy GeldZHH
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.. Region |

(infant movtality) — i
failuves — 58 %
e .. Region |l

= il (constant hazavd vate)
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49
- these ave the WEAR- ‘
OUT failures thatwe vy o |
to eliminate through
sewicing ov pveventive
maintenance (PN\)
50
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00 %
50 “:n
HO %
0% shape pavametevs
20%
0% - probably too close
59 \ to | (implying a close
3% T 1o constant hazavd
% vate) for sewicing to
1% be influenced ..
05
034 | - even though 53 %
02% 1~ of failuves ave
‘weav-out

.. Weibull analysis just
the beginning - you need
to understand why
failures are occurring
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.. this is a problem it we

are using the Weibull
distribution for servicing or

preventive mainfenance
(PM) intervals...

HAZARD RATE

54
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.. this is actual data frvom the
Pustvalian Land Rover 10 vehicle fleet -
vaviants showing how vivtually all
failuves occurved in Region | .. ov
weve INDUCED BY PREVENTIVE
MAINTENANCE

HpZARD RATE

| | | |

... 50 by doing less
preventive maintenance
(PM) we improved
reliability by 23 %.
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... but don't try

and see things
that aren’t there ...

this data was generated using a Weibull distribution

cumulative distvibution function

(COF)
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tie to failuve (TTF)

.. 50 these
Yrini-lines’
ave voutinely
seenin
probability
plots of
vandomn
vaviables
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... but don't try and
see things that aren't
there ...

... especially at small

CDF values

cumulative distvibution function
C

05 06 07 0% 04 |

tie to failuve (TTF)
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o b . the scales down heve
ave vevy, vevy small

61
.. and we ave typically only intevested
in the tirme it tak-es fov the fivst 5 -

10 pev cent of ouv systerms to fail
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.. and these ‘dots’ vepresent the
A statistical uncevtainty of our COF
§_ I estimates we plot on our chavt
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.. always understand the
uncertainty or the
‘confidence’ we have on
our results

65

... and the confidence

on the results?
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.. softwave can
calculate
confidence
intevvals — like
this 40 %
confidence
intevval vegion
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.. your contidence
increases as you have
more data or information
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... but most
commercial software

makes a tonne of
assumptions
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.. ved avea
vepvesents 90 %
confidence
bounds based on
the algovithms
vivtually all
commevcial
softwave uses ..
- using the Fisher

Infovration’ matvix
approach

o0
0

0
0S

(]

.. dotted lines
vepvesent
ACTUAL
confidence
bounds ..

.. based on 10 million
Mavkov Chain
Monte-Cavlo
simulations of the
undevlying li-elihood
function
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... it gets worse tor the
less information you have
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73
.. it is statistically
inmpossible fov
COF confidence
| ¥~ bounds to have
- ond the : | : a negative slope
appvoximate 0% /]
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... do you know what
assumptions your

probability plotting
sottware makes?
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