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1978 Reliability Centered Maintenance Report

The 1978 Nowlan and Heap Report for US DoD titled reliability centered maintenance
noted:

* Most equipment had and still has a random failure pattern characteristic

e Condition monitoring is considered the best solution
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AM Counclil — Types of maintenance

 Maintenance is all activities necessary to retain an item in or return it to a
serviceable condition

* Maintenance types were derived from the Nowlan and Heap report

* Role of preventive maintenance programs is to achieve inherent/desired levels of
safety and reliability designed into the equipment.
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Condition Monitoring Process Model

e Drawn from the Nowlan and Heap report
e Describes 6 variables related to likelihood and consequence

Resistance to

fa”ureA 19 Conditional Failures
100% Degrading Asset Condition
Standards
Decision
Conditional Defect Poi Functional
Failure Point
20 Items , 1 Functional Failure
o 0 0O O O o o o—-<—.<: Time
Inspections / Task Period < Warning period and Warning Period
Ci Task Effectiveness of 0.95
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MIL-STD-2173AS Reliability Centered Maintenance

Task Period =T -MTBF .-
T |

In
(Cff — Ccf)*In(1-0)
In(1-0)
E:e:z:;:lar:ce 19 Conditional Failures

100% Degrading Asset Condition

Standards
Decision (Ccf)

Functional
Failure Point {CH)

1 Functional Failure

0%

@ @ ® o———o—© i Time
/ W
Inspections 1. Task Period < Warning period Warning
Ci 2. Task Effectiveness of 0.95 (8) Period (T)
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Optimising scenario and cost sensitivity

Variables 0 $140,000
Cost of examination $40
Cost of Failure (Cond) $1,500
Cost of Failure (Funct)]  $50,000]
MTBF mths 60
Warning period mths 12| $120,000
Task effectiveness % 95%
Population 100|
Optumim Number of exams 2.20|
Optimum Period Mths 5.46 $100,000
Days 166|
Cost of Examinations/Yr ,E $80,000
Cost of Conditinal Failures/yr E I
Cost of Functional Failures/Yr I l
Total Cost/Year ‘6 |
g J === (ost of Examination/year 1

wsCost of Conditional failures/year 1

Number of Functional Failures/Yr
Number of Conditional Failures/Yr
Failures/Yr

Cost of Functional Failures/year 1

Total cost 1

SZOiOOO/yr
e

$20,000 \

I
1
-T'-—-_r > i
50 = i
1 2 3 4 5 6 r B 9 10 11 12 13 14
Examination Period Mths
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Some data matters and some does not!

. . . . Variagbles 0 =1
e Financials have little impact AR 7 I
i - 68 &0
Task eff Ctiveness % | 95% 150%
In ———Gomtof-Fm .,.e‘z:&, reber—etsd 508 — 511580
. . Cife--GeEY ] é(%))too $5q,000
e Technicals have some impact n= — Popu,at,on( o
Warning n,ecind mths 12 12
Optumi =N Fxams 2.20 7.39
® O rga N |Sat|0 na I rea I Iy m atte rs OpTIRTUMm Fenoa” itis 546 1762
Days 166 49
Difference
Change multiple/Task period Vary
Formula Variable Start Value 15 2.0 :
1 0, 0, 0,
VBEURIEEIED kL i L i 0.50 || 0.25 || 0.125 | 0.0625| 0.03125
Cost Conditional Failure $1.500 0% 2% 5%
Cost Functional Failure $50,000 -6% -20% -26% \
Mean ime between Failures (mth) 60 7% 32% 5% L 075 |
0.75 050 | 0.875 I
Warning Time (mth) 12.00 -68% 0.0375
_______ 090, e D75 e 050 \ TG J

Task Effectiveness

-10%



Verifying the estimated task period

Process Steps

Actual Failure Data
1. Guess T and task success @ rimmaiasrica

Number of Conditional Failures| 56

Actual Task Interval Months 6

2' Flnd TaSk PeriOd (Guess) IF[Examination Success Rate| 90% = : :
[T
. ENNNANANNN
3. Use Task Period so0 [ LTI RNENEANANANY
IF[Examination Success Rate| 50%) | ! l |
H THEN CF Interval Mths 29.1 | I
4. Collect new failure data H N H] | Original guess
i 0 = 90%
5. Create a Reality Curve . aisky CF= 15 Mths
6. Update MTBF results 3 HIHH | l |
‘E | Ll 1 LU === CF interval
. 515.0 : POLLIRTEEE] ! P LLLELEL LI ] ] o4
7. Update task effectiveness T H
(Reason value) T Hih
100 4 ! ! 1 -
| | |
8. Determine new value of T 884 | | | _ |
(CF Interval) I anR R AR R RN RNANRRRN NN RN NNNAN] ERRRANANNANARRRRRRA U
9. Produce new plan (Voila) | . @ ARERANAY
10. But we are not in control! BclrEion Siicoute Rak
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Role of human error and violation — James T Reason

To err is human:
e Recognition failures
e Memory lapses
e Slips of action
e Errors of habit
e Mistaken assumptions
e Knowledge based errors

To adapt is also human
e Violations (routine breaking rules, optimising and situational adaption)

These actions are, of themselves, not bad — they are NORMAL!.

“Our assets and their support systems must be designed to be tolerant
of these expected human error”
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Assessing task effectiveness - Reason

Task effectiveness can be a

. . Seq [Task Description Effect @ Violation Behaviour Effect
com b In at on Of h uman 1 Totally unfamiliar 045 Compliance unimportant 065
error and violation Performed at speed Easy to violate
No klea of possible consequences Little inducement to comply
e Select the task scenario
d escC ri pt | on (d eSig ] ) 3 Complex task 0.84 Personal benefit from non- 0.82
. . compliance
High level of comprehension
) . Moderate to high likelihood of
. High level of skill .
e Select the behaviour detection
(culture)
6 Routine task — highly practices 098 Socially unacceptable 0.9998
° A SSess com b| ne d t as k Rapid delivery Chance of detection high
e ff ec tIV eness Low level of skill Chance of bad outcome high

* Recalculate Task Period EWW

0.45 0.65 0.29
e Make the savings! 3 084 0.82 0.69
6 0.98 0.9998 0.9798
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Does i1t work? - Qutcomes achieved!

o Maintenance Tasks in TIS FMECA/RCM

tasks that did not have a due date.

Old tasks - to FY2001 FMECA tasks - from FY2092-“' T .
70,000 ‘,“ PFOCESS app||Ed
e | &L
/ I | Y
60,000 : : 5
Nofe that the issued & overdue figures here 1 .
do not include 34,000 known maintenance 1 | o
50,000 1 i *
|
|

40,000

L.

EGA vas introduced o Eield Services in
2002, and to Technical S’et;vfces in FY2003,
duclng and simplifying the numbgr. and type of

Per Year

30,000

\\\

"tag,,

; 1=« Results Achieved
10,000 / .T.\-\I\.__?'vé

- i

1990 1991 1992 19893 1994 1995 1996 1997 1998 1999 2000 2001 200252003 2004 2005 2006 2007 2008 2009 2010

i i ; —=— FMECA Issued
Financial Year E EMEGA oo o
5 —e— Old Tasks Overdue
Present —m— Old Tasks Issued (in Bundles)

e Process used in the initial program to test guesses (2001-2002)

e Then used to verify and update the program 10 years later

* Finally used to verify task effectiveness for improvement potential

e Savings over life were in excess of 65% OMAINTEC 12




Verifying Your Condition Monitoring - Summary

Use a risk based quantitative analysis method.

Use best information at the time to set task period

baseline.

Deliver tasks to that baseline and collect data to verify

the outcome.

Re-do the analysis and take the verified savings.

Thank you for this opportunity to share
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