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are UGLY – or not 

very ‘smooth’
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… if data follows a straight line, it suggests the 
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… Weibull distribution 
(shape parameter of 5.28)

time to failure (TTF)
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time to failure (TTF)

… what is my warranty period if I 
want it to be around the time 5 % 

of my products have failed?

… how many of 
these things will I 
expect to fail in 

one year if I don’t 
do servicing? 

… what is my 
servicing interval if 

I want no more 
than 1 % of my 
products to fail?

… is 
servicing 
even a 

thing for 
this 

product? 
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time to failure (TTF)

9

10



6

6 8 1042

0.05

0.1

0.15
0.2

The area under the PDF curve must be 1

this area gives the 
probability that 2 <t < 6

our random variable - t
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6 8 1042

0.05
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0.15
0.2

… the probability that t = 2 is this area here 
… which is zero !!!
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0.9693

the height of this 
column (0.9693) gives 
the highlighted area 

under the PDF

… this area is 0.9693, 
and tells us that the 
probability that the 
system fails before 
6 hours is 96.93 % 

6 8 1042
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0.3824

the height of 
this column 

(0.9693 – 0.3824) 
gives the 

highlighted area 
under the PDF

0.9693

… this area is 0.9693 
– 0.3824 (or 0.5769), 
and tells us that the 
probability that the 

system fails between 
2 and 6 hours is 

57.69 % 6 8 1042
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6 8 1042
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6 8 1042
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… this PDF curve 
gives the slope of 
the AREA curve

… this AREA curve 
gives the areas under 

the PDF curve

6 8 1042

0.25
0.5

0.75
1

… this AREA curve tells us the probability 
that the random variable value is LESS 
than the value on the horizontal axis

… or in reliability engineering, the 
PROBABILITY THAT OUR PRODUCT OR 

SYSTEM HAS FAILED
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5 % probability of failure … … this is our warranty period!
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1 % probability of failure … … this is could be our servicing interval
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time to failure (TTF)

time to failure (TTF)

… mean 

… or mean time to/between 
failure (MTTF/MTBF)

… servicing interval or 
warranty period
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time to failure (TTF)

… or mean time to/between 
failure (MTTF/MTBF)… around 48 % of 

products will have 
failed if this is your 
servicing interval or 
warranty period!!!!!
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… if we were able to 
perfectly balance our 
PDF on this point …

… this is the highest 
point on our PDF curve

… if we split our PDF so 
that there is the same 

area on each side

31

32



17

… if we were able to 
perfectly balance our 
PDF on this point …

… this is the highest 
point on our PDF curve

… if we split our PDF so 
that there is the same 

area on each side

MEASURES OF 
CENTRAL TENDENCY

33

34



18

6 8 1042

0.25
0.5

0.75
1

… this is the 
RELIABILITY function
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Wear-in or 

quality 
related 

failures

Region III: 
Wear-out

Region II: 
Constant 

Hazard Rate
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(1) manufacturing 
defects are 
removed,

or 
(2) repair makes 

the system ‘better 
than new/old’
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… wear out applies to 
any failure 

mechanism that 
involves the 

accumulation of 
damage (or 

degradation more 
broadly)
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electromechanical 
(physical) systems only
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Region I:
Wear-in or 

quality 
related 

failures

major 
upgrade

more 
‘wear-in’

… this is the 
‘software’ bathtub 

curve
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this is a 
bathtub 

curve for 
human 
beings 

(2005 – USA)

male

female

overall

Kung H-C, Hoyert D.L., Xu J., and Murphy, S.L., Deaths: Final Data for 2005, National Vital Statistics Reports, Volume 56, Number 10, April 24, 2008

100 00010 107 109 1011 1013 10151 0000.1

HA
ZA

RD
R A

TE

… 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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