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… some people might be able 
to judge this angle to be 

around 12°
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… let’s say this line represents the 
magnitude of some random 
variable we are investigating

… like time to failure (TTF)

… Weibull distribution 
(shape parameter of 5.28)

… normal 
distribution

time to failure (TTF)
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… weird scale

… logarithmic scale

… if data follows a straight line, it suggests the 
TTF is described by the Weibull distribution
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… typically one ‘empirical’ data 
set which could be the 

observed times to failure on a 
reliability demonstration test

… and one ‘theoretical’ set like a 
set of random variables 
described by a normal, 

lognormal, Weibull, … distribution
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Re
lia

bil
ity

 or
 C

DF

random variable

each axis is scaled 
to accommodate 

data governed by a 
particular probability 

distribution

data described by the 
paper’s governing 

probability distribution
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PARAMETER

… these numbers are 
used to estimate the 
Weibull distribution 

SHAPE PARAMETER

… USAGE METRIC 
expressed 

logarithmically -
each red line 

indicates an increase 
by a factor of 10
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… slopes in this 
region indicate an 

INCREASING 
hazard rate

… slopes in this 
region indicate a 
DECREASING 
hazard rate
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… Weibull distribution 
(shape parameter of 5 

and scale parameter of 2)

time to failure (TTF)

… it can ‘mimic’ a large 
range of probability 

distributions

… distribution 
parameters can be 
directly estimated.

… the slope can immediately tell 
you if the failure rate is increasing, 

constant or decreasing.

31

32



17

33

34



18

99 %
95 %
90 %
80 %
70 %
60 %
50 %
40 %
30 %

20 %

10 %

5 %

3 %
2 %

1 %

0.5 %

0.3 %
0.2 %

10.1 100.2 0.3 0.4 0.5 0.6 2 3 4 5 6 7 8 9

6.0 2.0 1.0 0.5

1.6

0.92

35

36



19

6.0 2.0 1.0 0.5

99 %
95 %
90 %
80 %
70 %
60 %
50 %
40 %
30 %

20 %

10 %

5 %

3 %
2 %

1 %

0.5 %

0.3 %
0.2 %

100.1 1 0001 100
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(INFANT MORTALITY)
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Top Event …
system (device) 

failure

‘OR’ gate … 
series system

Basic Event …
component failure
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… this one 
WEARS-IN or experiences 

infant mortality 
… this one has a 

CONSTANT hazard rate

… this one 
WEARS-OUT
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… we know that the SHAPE 
PARAMETER for virtually all 

wear-in hazard rates is 
between 0.3 and 0.5

43

44



23

10.01 10 100 1 000 10 000 100 0000.10.001

HA
ZA

RD
R A

TE

10.01 10 100 1 000 10 000 100 0000.10.001

HA
ZA

RD
R A

TE

45

46



24

10.01 10 100 1 000 10 000 100 0000.10.001

HA
ZA

RD
R A

TE

47

48



25

… Region I 
(infant mortality) 
failures – 58 %

… Region II 
(constant hazard rate) 

failures – 80 %

… Region III 
(wear out) 

failures – 53 %

… Region I 
(infant mortality) 
failures – 58 %

… Region II 
(constant hazard rate) 

failures – 80 %

… Region III 
(wear out) 

failures – 53 %53 %

16 %

<1 %

… these are the WEAR-
OUT failures that we try 

to eliminate through 
servicing or preventive 

maintenance (PM)

49

50



26

6.0 2.0 1.0 0.50.60.70.81.21.63.0

99 %
95 %
90 %
80 %
70 %
60 %
50 %
40 %
30 %

20 %

10 %

5 %

3 %
2 %

1 %

0.5 %

0.3 %
0.2 %

0.63 0.98 1.18 shape parameters

… probably too close 
to 1 (implying a close 
to constant hazard 

rate) for servicing to 
be influenced …

… even though 53 % 
of failures are 

‘wear-out’
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… this is actual data from the 
Australian Land Rover 110 vehicle fleet 

variants showing how virtually all 
failures occurred in Region I … or 
were INDUCED BY PREVENTIVE 

MAINTENANCE
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… so these 
‘mini-lines’ 

are routinely 
seen in 

probability 
plots of 
random 
variables
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… the scales down here 
are very, very small
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… and we are typically only interested 
in the time it takes for the first 5 –

10 per cent of our systems to fail
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… and these ‘dots’ represent the 
statistical uncertainty of our CDF 
estimates we plot on our chart
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… software can 
calculate 

confidence 
intervals – like 

this 90 % 
confidence 

interval region
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… red area 
represents 90 % 

confidence 
bounds based on 
the algorithms 

virtually all 
commercial 

software uses …
… using the ‘Fisher 
Information’ matrix 

approach

… dotted lines 
represent 
ACTUAL 

confidence 
bounds …

… based on 10 million 
Markov Chain 
Monte-Carlo 

simulations of the 
underlying likelihood 

function
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6.0 2.0 1.0 0.5 … it is statistically 
impossible for 

CDF confidence 
bounds to have 
a negative slope… and the 

approximate 
confidence intervals 

are very, very 
different from the 
actual confidence 

bounds
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