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lets start witha story ...
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but the CEO had a hunch that
things weren't that good...

..S0 he launched an
Investigation
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So thetmanagemenbteam did something about it

Among the many things they did, the provided
absolute commitmenbto improving reliability and
quality

They also set agoal:

A tenfold factov decvease in failuve vate
ovey a ten yeav peviod
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who was this?

() Jyvety

.. O company wihose mavi-eting plan
velies on the peveeption of veliability
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Christopher
Jackson

Rellabnlrty andl-ogistics Engineer

Management Specialist

FMS Rellablllty
- Founder of Acuitas Reliability
Founder of the Center for the Safety
“andReliability of Autonomous Systems
(SARAS) @ UCLA

what is reliability?
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reliability/
[ri-lahy-uh-bil-i-tee]

noun

is the(probabilitythat a system
hot failedin designated
€onditi onE)at a partlcular usage

.. & bettey wovd would be ‘usage
duvation’ gs in equiprment life is

a fovn of . .
not just medsuved by tirne
#

avithretic avevage
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.. the wovd is ‘between’ and does .. Wheve ﬂf\e systern inhevently
not imply a ‘failure fvee’ peviod ceases to function
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mean time between failure/
[meen tahym bih-tween feyl-yer]

noun

Is the arithmetic average duration
between successive failures of
repairable systems.

M.I.B.F

sometimes denoted Greek
letter ‘theta or 6
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M.I.B.F

total usage duration

" number of failures
app\/@XlVY\WTIOV\???

. because failuve is a vandorn process, and any obsevved
data is obsevved vandom data
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ov miles ..

@@ / orades.

-
s @ ()i @) e ersecumazover @)ars Y rericn s ) wnmse @) ,w'mgﬂﬁ.
§ '\ S 2 7 -

N d

o




2019-08-13

M.I.B.F

total usage duration 100

~ . — _ 12.5 |
number of failures 8 | 100 hours, .
ov miles .
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but the MTBF (and rnothing else) saus nothing about whethey the vate at
which failuve is occunwing is incveasing, decveosing ov staying the sarme

M.I.B.F

total usage duration 100

" number of failures

‘
Y e I .\f.ﬁ.;'f;,-,._..:‘.p:*?

but the MTBF (and nothing else) saus nothing about whethey the vate at
which failuve is occuning is incveasing, decvedsing ov staying the sarme

g =125 100 hours, ..
ovmiles .
A 34 5 078, orcyes.
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M.I.B.F

total usage duration 100

~ = =12.5 .
number Of failures 8 100 hOU\VS,
ov iles .
L2 3% 4 5 b 7 5. ; ov cycles ..

but the N\TBF (and nothing else) saus nothing about whethey the vate at
which failuve is occunwing is incveasing, decveosing ov staying the sarme

| ama reliability engineer ...

| amnot heretoadmirea
«” problem ™ 4 analysis

J}

éf
write a vepovt

do testing

11
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M.I.B.F

total usage duration 100
~ ; = =125
number of failures 8

P roh

T 3005 078 Wy
:~aa.-nr:w,_-¢ .-’-et-w:‘..#v?\}a.':u.\.r.rzi% ‘

.. so failuve is caused by connpornents slowly
accunnulating damage — and we can nmak-e them

nnove vobust, introduce sewicing, veduce stvesses .

M.I.B.F

total usage duration 100
~ = =12.5

" number of failures 8

»
T sy %—

.. so failue is likely caused by manufactuving defects
— o we reed fo look- at ranufactuving quality,
innpvove Design fov NManufactuvability..

12
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M.I.B.F

total usage duration 100

~ = =125
number of failures 8
L2 3 b s b. )

.. so failue is likely caused by external events — so we
look- at Inurnan evvov, the opevating envivorinment .

| ama reliability engineer ...

| amnot here toadmire a
problem

. | am heve 1o inmprove the design and
NaE-e it move veliable

13
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..andto dOth‘IS Ineedto

MTBF =12.5 tells me nothing

So lets talk about

probability density
functions (PDFs)

14



2019-08-13

The PDF gives the relative
probability that a
continuous random
variableisequaltoa
specific value

The avea undey

the POF ust e |
;J.lz o~/ tisaveagvesthe
L)~ probablity hat 2 <t < b
o N T .
005 if s
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.. lets look at an

example
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~ b i § i :

N - o nata OOF
when it
descvibes
weav-out
failuves

.. most of the vandom vaviables
occur ‘away’ fvom zevo
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..letschange it

weav-out

A i . .
& | § @
_ i i _ ; N =
;
i

N, Constant
. hazavd vate

infant movtality
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~ .sothisis
| what a PDF
 looks like
when it

_ weav-in oy

| infant

moviality
T failuves

-
.. now most of the vandom
vaviables occuy ‘close’ to zevo
they have the same
mean (or MTBF if we are

talking about failure)

18
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- in the case of weav-out, we expect 50 pev
cent of failuves to occur befove the M\TBF
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.. the avea undev the PDF A
befove the PDF is 05 MTBF

.. lets change the PDFs
and see what happens

to the probability
failure occurs before
the MTBF
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weav-out

N

MTBF infant moviality
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so anywhere between
50 and 100 per cent of
failures will occur
before the MIBF

...and which one of

these had a constant
hazard rate?

21
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exponential
distribution

[ek-spoh-nen-shuh L dis-truh-
byoo-shuh n]

_irve to ov between events (failuve) for a
constant hazavd vate

22
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expcnent/
[ek-spoh-nuh nt]

noeun

is the number that denotes the power to
which another number is raised.

x ‘

.. in this cose, ‘a is the exponent to
which ¥ is vaised

x(l

.. so for evevy unit incvease in x, 1he value
%Y will incvease by a factor of ‘..

. noting that it ‘&’ is negative, ¥ will go
down by a factor of &

23
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. he height' of this cuvve halves over the sarve intewal step of tinme
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A =0 failuves pev unit duvation

veliability
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gy, .
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A T I T
usage duvation (1)
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OBSERVATION -

the exponential distribution can be used to model failure
where the probability of failure does not change with respect
to time or usage ...

..thereis no scope for wear-in or wear-out

.. the exponential distribution is simple .. and is often used
(with assumptions) to reduce complexity

so lets look at some
common mistakes

people make about
failure and MIBFs

25
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a lot of people do not ‘imagine’ the exponential PDF
when the MTBF is measured....

a lot of people do not ‘imagine’ the exponential PDF
when the MTBFis measured...

they think of
~ this ‘el cunve’
PDF instead

26
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but it gets
much worse....

some people equate the MTBF with a
failure free period'...

27
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0

some people equate the MTBF with a
failure free period'...

i f i
P P i i &
i i
; o | |
O S W Ty, "JEOS S P Ot
g

- the “failuve free' N\BF

ws not the N\TBF

0

some people equate the MTBF with a
failure free period' ...

. yet time and time again, we see
things lik-e sevvicing intevvals set
to a systern’'s N\\TBF

.. which essentially means that
people ave assuming the N\TBF
to be a ‘failuve free’ peviod

T~

28
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and there are other
things people often
get wrong...

consider a ‘fleet size problem

atransportation company needs to have 8 trucks
available all the time.

They knowthat (on average) each truckis
available 80 per cent of the time

..orin other words the truck's availability is 80
per cent

so they need to have a fleet size of 107 ..

\ o

29
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here are the probabilities of certain
numbers of trucks being available

& ov move tvucks
available

03 | - - theve is only a
08 pev cent
= chance of having
ol !

number of successes

T

here are the probabilities of certain
numbers of trucks being available

- if we incvease the fleet
size to 1, then theve is
still move than | pev cent
chance of not having 8
ov move truck-s available

T

30



OK..solamaboss...

what do | need to do?

2019-08-13

RELIABILITY IS
OUR |
PRIORITY!

&

.. you often tell
your staff how
important
reliability is.

y

Reliability Hevo
of the Month

31
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..and you provide annual
bonuses to your staff who ...

(1) are on budget; and

(2) are on schedule
Engineer #1 Engineer #2
saves
$ 7 million

latev
R“.
focuses on schedule .. does sorme veliability smff

focuses on budget schedule incveases by 2%

budget incveases by $ 150 OQQ‘)

T

32
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Engineer #1

focuses on schedule
focuses on budget

4 N %
L borus )

..Itisirrational
for this personto
do ‘reliability
stuff and save

your company
$1.85 million

Engineer #2

N / saves

$ 2 million
latey

i

. does some veliability stuff |
schedule incveases by 2%

e St

. 7, AN
budget incveases by( (50 000)

oty pamer A
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..your job (as a boss) is to not
check your engineer's work ...

you should have already hired
smart people...

..thisisyourjob... gudance = Wb
/T . he vight
retvic

/

YeSOUVCeS —a e notivation

/
cormpetence & capability

34
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..but | don't care how
reliableitisfor the
customer ...

.| need my equipment
developed fast and cheap

a common or traditional design process

(" cevtification
= I
'E  launch
'§ eliminating failuve / AunNc
g modes and ) ,
g mechanisms /
(8]

design ti\r"ne\ ’(schedule)
’ engineeving
Dv \ suppovt

35
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0

a‘more advanced design process

»
£
z launch
Y

T~

; —
design tigschedule)

0

»
twice the

design
‘effovt

per unit time

cost

i~

“development costs

NS

»

[)]

£

:'é

=

[ .

[J]

o

G

8 /——\/;\
LTION >

design time (schedule)
one quavtev of

\\¢t

gesignt

2 e —
ime (schedule)

developrment time halved
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design pvocess which ~ #
velies on testing to
find failuves with the

-ost per unit time

cost per unit time

>

design
» \
design time (schedule)

_‘vobust design process that scientifically
; ¥ analyses the way components can fail

0 s eavly as possible

—

wtimﬁ (schedule)

0

cost per unit time

»
£
design time (schedule) -
-z launch
////////%_Q N
échedule)

wtl
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These design process characteristics
resulted froma study regarding the
design and development of a liquid rocket
engine for space applications.

But has routinely been replicated across
multiple industries.

.a\

And returningto...

[/;] HEWLETT®
8 PACKARD
They conducted nultiple Design for Reliability (DF12)

surveys acvoss al its divisions to nmedsuve the ‘extent’ to
which velidbility was fovrnalized within its processes

38
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% 1% 1 S e - 5%
2

b 0% U0% 6% 5%  100%
DfR Survey Score

DO NOT USE THE MTBF ...

..and always, always seek to understand
the nature of the probability distribution
before making any important decision.

.. and pevhaps leavn about the Weibull
distribution
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