PDFs, CDFs, and

other 'Fs' — what
the hell are they?

.. these columns
ave UGLY - ov not
vevy ‘smooth/

tie to failuve (TTF)

" NN = *
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pevcentage things

pevcentage of events that have OCCURRED

timne to failuve (TTF)

. weivd scale

pevcentage things

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

that have failed

06 07 08 04 |

time to failwe (TTF) '\ logavithmic scale




... check out our

Probability
Plotting Webinar
to learn more

.. Weibull distvibution
(shape pavametev of 5.28)

time to failuve (TTF)




... random doesn't

mean unpredictable

. what is my wavvanty peviod if |
want it to be avound the time S %

0 of my products have failed?

. I8 - what is my - how many of
sewicing sevvicing intevval if these things will |
even a | want no move expect to fail in
thing fov than | % of rmy one yeav if | don't
this G——-/ products to fail? do sewvicing?

product?

tie to failuve (TTF)




... our ‘probability

curve’ can tell us all
these things ...

we call this curve the
probability density function (PDF)

A

tie to failuve (TTF)

10



f(x) or the
probability density function (PDF)
gives the relative probability
that a continuous random variable is
equal to a specific value

11

The avea undey the PDF cuvve must be |

s ﬂms QVQQ ines the
_— probability that Z <t < b

N 0 { { e
o R L T A e S g

/A Yy b 5 10
ouwy vandom vaviable - t

12



the values of our

probability density function (PDF)
curve have no direct meaning ...

13

- the probability that t = Z is this avea heve

02

015
0l
0.05

- which is zevo Il

14




conceptually, the probability that
a continuous random variable can
take on a specific value is(zerd)

... we must deal with intervalsf

15

the height of this
column (0.4643) gives
the highlighted avea
undey the PDF

v

0467 AT

E !

07 fteed | . this avea is 04643,
S N and tells us that the
o T probability that the
005 W7 systern fails befove

[ - b hours is 40.93 %»

'ZLl b -S‘HIOV
time (usage) to failure

16




0

046493 N
|
time (usage) to failure
17
the height of - this avea is 09093
this column = 03824 (ov 05764),
(04643 - 0.357H) | and tells us that the
gives the = probability that the
highlighted avea system fails between
undev the PDF\ 2 and b houvs is
j IO g 5709 %
0463 A |
(1)
0384

s o

H & 8 10

2
time (usage) to failure

18




. this PDF cuvwve
gives the slope of
the PREA cuvve

\

. this AREA curve
' gives the aveas under
the PDF cuvve

time (usage) to failure

19

.. this AREA cuvve tells us the probability
that the vandorn vaviable value is LESS
than the value on the hovizontal axis

7 Y b 5 10

- ov in veliability engineeving, the
PROBABILITY THAT OUR PRODUCT OR
SYSTEN\ HAS FAILED

20

10



F(x) or the
cumulative distribution function (CDF)
gives the probability that a random
variable is less than or equal
to a specitic value.

21

... SO how does this

help us”?

11



cunmnulative distvibution

100 %
%0 %
£0 %
70 %
60 %
50 %
40 %
30 %
0%

10 %

function (CDF)

cumulative distribution function (CDF)
A

time to failuve (TTF)

23

T

S % probability of failuve .

- this is our wavvanty peviod!

24

12
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| % probability of failuve . - this is could be ouv sevvicing intevval

100 %

cumulative distvibution

function (COF)

0 %
80 %
70 %
©0 %
50 %
H0 %
30 %
20 %
10 %

&
tie to failuve (TTF)
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probability density
function (PDF)

\

P

N e

time to failuve (TTF)
27
A o .
probability density
function (PDF) .. o mean fime to/between
failuve (N\NTTF/NTBF)
.. sewicing intevval ov
wavvanty peviod / . nean
/ >z """"-\\P gt :A"z’ )
time to failuve (TTF)
28

14



... what happens it we
make the servicing interval

or the warranty period
equal to the MTTF?

? probability density

.. avound U8 % of
products will have
failed if this is your

sewicing intevval ov / |
wavvanty peviodll ‘/,/ : |
v ." / f e

time to fo\ilu (TTF)

function (PDF) .. or mean time to/between
failuve (NTTF/NTBF)

30

15



... SO what is

the mean?

. if we split our PDF so
that theve is the same
\ avea on each side

- this is the highest
point on our PDF cuvve

.. if we weve adble to
pevfectly balance our
POF on this point ..

32

16



. if we split our PDF so
that theve is the same

\ avea on each side
i; / if we weve able to
2 "\ evfectly balance ouv

- this is the highest
point on our PDF cuvve

p
POF on this point ...

meatry,  MEASURES OF
— medla n)) CENTRAL TENDENCY

- ;w‘

33

the mean time to failure
helps us understand how
many failures we expect to
see in a year

34

17



... SO what is

left?

- this is the
RELIABILITY function

36

18



.. anything

else?

PROBABILITY DENSITY

probability density
function (PDF)

0.3
0.25
0.2
0.15
0.1
0.05

RELIABILITY

reliability

function
1
0.8
0.6
0.4
0.2

t—TIME TO FAILURE

10

38

19



Hazard Rate

.. the rate is the rate at which a functioning
system fails with respect to usage

39

... and the most
famous hazard

rate curve of all is
the bathtub curve

40

20



bathtub curve

o)
o Region l:  Region Il Region |l
= Weav-inov  Constant Weav-out
o quality  Hozavd Rate
= velated
0 failuves
S
0
@©
N
@©
-
usage
a1
bathtub curve
9
() manufactwing T
defects ave ©
vermoved, =)
O
ov B
(D) vepaiv makes O
the system ‘better =
than new/old’ <
usage
42

21



hazard (or failure) rate

bathtub curve

usage

.. weav out applies to
any failuve
mechanism that
involves the
accumulation of
darmage (ov
degvadation move
bvoadly)

43

bathtub curve

electrornechanical
(physical) systerns only

44

22



bathtub curve

... not all bathtub
curves look like a

bathtub

23



this is a
bathtub
cuvve for
human
beings
(2005 - USP)

o
[

(DEATHS PER YEAR)
o
e

0.001

2005 US DEATH (HAZARD) RATE

0.0001

AGE (YEARS)

.. this is actual data fvor the
Pustvalian Land Rover 110 vehicle fleet
vaviants showing how vivtually all
failuves occurved in Region | .. ov
weve INDUCED BY PREVENTIVE
MAINTENANCE

HAZARD RATE

0l 10 1000 100 000 107 0% 10" 10° 10°




... 50 by doing less
preventive maintenance
(PM) we improved
reliability by 23 %.

... the next

step?

25



... knowing which

one to use.

51
f(x) F(x) R(x) A(x)
exponentiol N ol
distvibution oisi/’l - -+
novral

distvibution

lognovmal

distvibution

. 07 [, = o

distvibution °‘Sf_,,*.:~; - S oA T T P

52
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