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… time to failure (TTF)

… or flow, 
operating hours, 
cycles, et cetera

… time to failure (TTF)

… the random 
hand of 
failure
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… time to failure (TTF)

… the random 
hand of 
failure

… preventive 
maintenance

… time to failure (TTF)

… the random 
hand of 
failure

… preventive 
maintenance

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

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 !!!

time to failure (TTF)

… servicing intervals ?
(1 or 5 % failure)
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time to failure (TTF)

… hazard rate

time to failure (TTF)

… h
az

ar
d 

ra
te

… do we conduct our 
servicing based on this 

subsystem only?

… do we service these two 
subsystems whenever we 

conduct servicing?
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5

time to failure (TTF)

… h
az

ar
d 

ra
te

MAINTENANCE 
INDUCED 

FAILURES!!!

time to failure (TTF)

… h
az

ar
d 

ra
te

SYSTEM LEVEL
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6

hazard rate 
for failures 
unrelated to 

PM

wear-out 
hazard rateregion of wear-

out failures

region of wear-in 
or infant 

mortality failures

servicing or preventive 
maintenance (PM) occurs here

MAINTENANCE 
INDUCED 
FAILURES

servicing or preventive 
maintenance (PM) occurs here
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7

servicing or preventive 
maintenance (PM) occurs here

… let’s say this is our 
servicing interval 

servicing or preventive 
maintenance (PM) occurs here

… let’s say this is our 
servicing interval 

… we only ever see 
this part of the 
bathtub curve

… never this part.

servicing or preventive 
maintenance (PM) occurs here

… let’s say this is our 
servicing interval 

… the corresponding 
MTBF based on the 
‘average hazard rate’
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8

servicing or preventive 
maintenance (PM) occurs here

servicing or preventive 
maintenance (PM) occurs here

… this is our new 
servicing interval
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9

servicing or preventive 
maintenance (PM) occurs here

… this is our new 
servicing interval

… NOW we only ever 
see this MUCH 

HIGHER part of the 
bathtub curve

servicing or preventive 
maintenance (PM) occurs here

… this is our new 
servicing interval

… the corresponding MTBF based 
on the ‘average hazard rate’
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servicing or preventive 
maintenance (PM) occurs here

servicing or preventive 
maintenance (PM) occurs here
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servicing or preventive 
maintenance (PM) occurs here

… servicing interval if we want 
to maximize MTBF

servicing or preventive 
maintenance (PM) occurs here

… servicing interval if we want to 
MINIMIZE MAINTENANCE COST

… cost curve based 
on an assumed 

repair or corrective 
maintenance (CM) 
cost of $ 2 500, and 

a service or 
preventive 

maintenance (PM) 
cost of $ 100 
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100 00010 107 109 1011 1013 10151 0000.1

… 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

100 00010 107 109 1011 1013 10151 0000.1

… 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

servicing or preventive 
maintenance (PM) occurs here

34

35

36



2020-05-26

13

servicing or preventive 
maintenance (PM) occurs here

servicing or preventive 
maintenance (PM) occurs here

… we don’t have any data beyond this point

… so 
let’s 
get 

some!
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hazard rate 
for failures 
unrelated to 

PM

wear-out 
hazard rateregion of wear-

out failures

region of wear-in 
or infant 

mortality failures

servicing or preventive 
maintenance (PM) occurs here

MAINTENANCE 
INDUCED 
FAILURES … failures that are 

UNRELATED to 
servicing or PM
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how do we 
maintain?

indicators 
versus 

characteristics PEOPLE!!

why do things 
wear out?

VITAL FEW!!!

right tasks?

can I monitor 
this failure 

mechanism(s)?
I 

need 
data

system 
ROFAS

seriously … how 
do we maintain?

VALUE !!!
(MOEs)

LEAD AND DO 
SOMETHING!
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how do we 
maintain?

indicators 
versus 

characteristics PEOPLE!!

why do things 
wear out?

VITAL FEW!!!

right tasks?

can I monitor 
this failure 

mechanism(s)?
I 

need 
data

system 
ROFAS

seriously … how 
do we maintain?

VALUE !!!
(MOEs)

… try extending 
servicing intervals

LEAD AND DO 
SOMETHING!

VALUE !!!
(MOEs)

corrective 
maintenance

preventive 
maintenance

DOWNTIME BY 
MAINTENANCE 

TYPE?

MAINTENANCE 
COSTS?

VALUE !!!
(MOEs)

A MOE or MEASURE OF EFFECTIVENESS 
is a measure of how much VALUE your 

organization, group or team creates
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LEAD AND DO 
SOMETHING!

… try extending 
servicing intervals

indicators 
versus 

characteristics PEOPLE!!

why do things 
wear out?

VITAL FEW!!!

right tasks?

can I monitor 
this failure 

mechanism(s)?
I 

need 
data

system 
ROFAS

seriously … how 
do we maintain?

VALUE !!!
(MOEs)

how do we 
maintain?

what 
failure 
means

design

system
reliability centered

maintenance (RCM)

run to failure

preventive maintenance (PM) condition based 
maintenance (CBM)

predictive maintenance

prognostics

use 
case

… is there a ‘TIME’ where 
there is little or no 

OPERATION issue about 
doing maintenance?

… can we do PM without 
having to stop our system?

… is there a 
‘BUSY’ time of 
the month or 

season?

what 
failure 
means

how do we 
maintain?

indicators 
versus 

characteristics PEOPLE!!

VITAL FEW!!!

right tasks?

can I monitor 
this failure 

mechanism(s)?
I 

need 
data

system 
ROFAS

use 
case

LEAD AND DO 
SOMETHING!

seriously … how 
do we maintain?

VALUE !!!
(MOEs)

… try extending 
servicing intervals

why do things 
wear out?

root cause analysis

failure reporting and 
corrective action system

what 
failure 
means

design

what 
failure 
means

how do we 
maintain?

indicators 
versus 

characteristics PEOPLE!!

why do things 
wear out?

right tasks?

can I monitor 
this failure 

mechanism(s)?
I 

need 
data

system 
ROFAS

use 
case

seriously … how 
do we maintain?

VALUE !!!
(MOEs)

… try extending 
servicing intervals

LEAD AND DO 
SOMETHING!

VITAL FEW!!!

… or subsystem/ 
component

… what is my most 
‘CRITICAL’ thing to fail?

what 
failure 
means

design

… and what is its 
dominant WEAR-OUT 
failure mechanism?
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what 
failure 
means

how do we 
maintain?

indicators 
versus 

characteristics PEOPLE!!

why do things 
wear out?

right tasks?

can I monitor 
this failure 

mechanism(s)?
I 

need 
data

system 
ROFAS

use 
case

seriously … how 
do we maintain?

VALUE !!!
(MOEs)

… try extending 
servicing intervals

VITAL FEW!!!

LEAD AND DO 
SOMETHING!

… different 
lubricant?

… redesign?

… new 
supplier?

… environmental 
protection?

… different operating 
parameters?

… different maintenance 
procedure?

… try extending 
servicing intervals

what 
failure 
means

indicators 
versus 

characteristics PEOPLE!!

why do things 
wear out?

right tasks?

can I monitor 
this failure 

mechanism(s)?
I 

need 
data

system 
ROFAS

use 
case

seriously … how 
do we maintain?

VALUE !!!
(MOEs)

… try extending 
servicing intervals

LEAD AND DO 
SOMETHING!

VITAL FEW!!!how do we 
maintain?

… make your piece with 
the fact that getting 

maintenance right is an 
ongoing journey of 

LEARNING and 
OPTIMIZING
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what 
failure 
means

how do we 
maintain?

indicators 
versus 

characteristics PEOPLE!!

why do things 
wear out?

right tasks?

can I monitor 
this failure 

mechanism(s)?
I 

need 
data

system 
ROFAS

use 
case

VALUE !!!
(MOEs)

… try extending 
servicing intervals

LEAD AND DO 
SOMETHING!

VITAL FEW!!!

seriously … how 
do we maintain?

… do we have a computer that 
SPITS OUT WORK ORDERS 

(WOs) or do we have a strategy to 
make sure we don’t waste our 

precious maintenance resources?

use 
case

… can we do PM 
without having to 
stop our system?

… what about those 
LESS BUSY 

operational times?

total productive 
maintenance

what 
failure 
means

how do we 
maintain?

indicators 
versus 

characteristics

why do things 
wear out?

right tasks?

can I monitor 
this failure 

mechanism(s)?
I 

need 
data

system 
ROFAS

use 
case

seriously … how 
do we maintain?

VALUE !!!
(MOEs)

… try extending 
servicing intervals

LEAD AND DO 
SOMETHING!

VITAL FEW!!!

PEOPLE!!

operator

maintainer

YOUR MOST 
VALUABLE ASSET

outside 
maintenance 

specialist

maintenance 
specialist

BUY-IN

what 
failure 
means

how do we 
maintain?

PEOPLE!!

why do things 
wear out?

right tasks?

can I monitor 
this failure 

mechanism(s)?
I 

need 
data

system 
ROFAS

use 
case

seriously … how 
do we maintain?

VALUE !!!
(MOEs)

… try extending 
servicing intervals

LEAD AND DO 
SOMETHING!

VITAL FEW!!!

indicators 
versus 

characteristics

… some people suggest 
that the optimal PM to 

CM ratio is 1:6

… any higher then we 
are doing too little PM

… any lower then we are 
doing too much PM

… REALLY SIMPLE 
METRIC THAT ANYONE 
CAN EASILY CALCULATE

(… does it add value?)
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what 
failure 
means

how do we 
maintain?

indicators 
versus 

characteristics PEOPLE!!

why do things 
wear out?

can I monitor 
this failure 

mechanism(s)?
I 

need 
data

system 
ROFAS

use 
case

seriously … how 
do we maintain?

VALUE !!!
(MOEs)

… try extending 
servicing intervals

LEAD AND DO 
SOMETHING!

VITAL FEW!!!

right tasks?

removing 
redundant tasks

cleaning up 
usable tasks

adding 
tasks

SIMPLIFY WOs

what 
failure 
means

indicators 
versus 

characteristics PEOPLE!!

why do things 
wear out?

right tasks?

I 
need 
data

system 
ROFAS

use 
case

seriously … how 
do we maintain?

VALUE !!!
(MOEs)

… try extending 
servicing intervals

LEAD AND DO 
SOMETHING!

VITAL FEW!!!

can I monitor 
this failure 

mechanism(s)?

how do we 
maintain?

reliability centered
maintenance (RCM)

condition based 
maintenance (CBM)

predictive maintenance

prognostics

what 
failure 
means

how do we 
maintain?

indicators 
versus 

characteristics PEOPLE!!

why do things 
wear out?

right tasks?

can I monitor 
this failure 

mechanism(s)?
system 
ROFAS

use 
case

seriously … how 
do we maintain?

VALUE !!!
(MOEs)

… try extending 
servicing intervals

LEAD AND DO 
SOMETHING!

VITAL FEW!!!

I 
need 
data

failure reporting and 
corrective action system

computerized maintenance 
management system
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what 
failure 
means

how do we 
maintain?

indicators 
versus 

characteristics PEOPLE!!

why do things 
wear out?

right tasks?

can I monitor 
this failure 

mechanism(s)?
I 

need 
data

use 
case

seriously … how 
do we maintain?

VALUE !!!
(MOEs)

… try extending 
servicing intervals

LEAD AND DO 
SOMETHING!

VITAL FEW!!!

system 
ROFAS

hazard rate 
for failures 
unrelated to 

PM

wear-out 
hazard rateregion of wear-

out failures

region of wear-in 
or infant 

mortality failures

servicing or preventive 
maintenance (PM) occurs here

MAINTENANCE 
INDUCED 
FAILURES … failures that are 

UNRELATED to 
servicing or PM
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… WE KNOW that 
the downwards slope 

of this curve on 
LOG-LOG axes is 

ALWAYS BETWEEN 
0.3 and 0.5

… we see this in 
anything that has 
infant mortality 

(satellites through to 
vehicles) and 

reliability growth 
testing

… we know that 
this failure rate is 

constant

… and we can assume that 
this region here might have a 
Weibull-like failure intensity
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… most software tries to 
fit a single WEIBULL 
curve to everything

… which also 
means that 
you can’t use 
system level 
data where 
there you 
REPAIR 
things

𝜆 𝑡 =
𝛽ூ𝑡

ఉ಺ିଵ

𝜂ூ
ఉ಺

+ 𝜆ூூ +
𝛽ூூூ𝑡

ఉ಺಺಺ିଵ

𝜂ூூூ
ఉ಺಺

𝜆ூூ

… is between 0.3 and 0.5 … is greater than 1

𝜆 𝑡 =
𝛽ூ𝑡

ఉ಺ିଵ

𝜂ூ
ఉ಺

+ 𝜆ூூ +
𝛽ூூூ𝑡

ఉ಺಺಺ିଵ

𝜂ூூூ
ఉ಺಺

𝜆ூூ

… is between 0.3 and 0.5 … is greater than 1

… to learn more about how to do this:
C. Jackson and B. Mailler, "Post-servicing failure rates: Optimizing preventive 

maintenance interval and quantifying maintenance induced failure in 
repairable systems," 2013 Proceedings Annual Reliability and Maintainability 
Symposium (RAMS), Orlando, FL, 2013, pp. 1-7, doi: 10.1109/RAMS.2013.6517681.
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