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Introduction

v Assets used in plants are very costly and require
huge investment.

v" Giving a great attention to design a solid reliability
maintenance strategy will positively impact the
plants reliability and the systems availability




Definitions
Reliability Center Maintenance (RCM)

IS @ methodology used to determine the Right
Maintenance Tasks to ensure that any
physical asset or system continues what ever Is
users want it to do, In Its present operation
context
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Definitions
Reliability

v" The Probability that equipment will not fail
In a given time.

v" A measure of the frequency of downtime.




Changing Views of Maintenance

* Higher availability,
reliability and throughput

* Greater cost-effectiveness
Hich Lbilit * Greater safety
t . * Higher availability ‘
L * Better product quality
* Llower costs

* Fix it when it * Longer asset life * No damage to the
breaks environment

* Longer asset life

1930 1940 1950 1960 1970 1980 1990 2000 2010
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Vantenance Development

* Reliability
% = Anticipate the mistakes by centered
* Scheduled, evaluating the state of the Maintenance.
1 * |nspections based on machine. * Maintenance
components wear and * Preventive diagnosys by costs Optimization,
* To repair when life expectation. ; . ;
p p Thermography, Ultrasonics, » Recurrent process.

failure happens oil analysis etc.

* \Weak point based on
the average time
between fails.

= CORRECTIVE
PREVENTIVE :
CORRECTIVE = e = el -~ ACM
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RCM Advantages

v" It can be the most efficient maintenance program.

v" It lowers costs by eliminating unnecessary
equipment maintenance.

v It minimizes the frequency of overhauls.

v" It reduces the probability of sudden equipment
failures.

v" It focuses on critical system components.

v" It increases component reliability.
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RCM Investigations how equipment falls

Failure

A failure is the inability of an equipment, system or plant to fulfill one
or more of its intended functions

Failure mode
What is wrong? What we need to prevent or physically fix?

Failure cause
Why it went wrong?

Failure effect
What is consequence of the failure mode, when it occurs?

Failure patterns
(failure @ specific age)
Recommendation

OMAINTECS



RELIABILITY CENTRED MAINTENANCE
HIERACHY

RELIABILITY
CENTRED
AINTENANMNC
L 1
REACTINVE PROACTIVE
MAINTENAMNCE MAINTEMANCE
FSmall iterm FRoot cause Failure analysis
*Mon critical PREVENTIVE PREDICTVE *Age exploration
*Unlikely to Fail MAINTEMAMNCE MAINTEMAMNCE = EM EA
*Redundant
*Subject te wear aut *Mot subject to wear out
*Known faillure pattern *Random failure
*Consumahble *FM induced failure
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Equipment Avalilability

Consequence Categories: There are five
conseguences categories that can be used to assess the
Impact of a risk. 1) Financial, 2) Reputation 3)
Operational or Production Loss 4) Health &
Safety, and 5) Environmental

Likelihood Scale: There are 5 levels of likelihood.
The type of scale to be used usually depends on the
type of risk being frequency. L1, L2, L3, L4, and L5

OMAINTEC 11



System Risk level calculation

Measured Risk Score

Consequence | Score Likelihood Score (Likelihood X Risk Level
Consequence)
| Cl1(VeryHigh) = 12 | L1 (Very Likely) 8 32-96 RL 1 (Major)

C2 (High) b 12 (Likely) 6 12-24 RL 2 (Significant)

C3 (Moderate) 4 L3 (Possible) 4 6-8 RL 3 ( Minor)
C4 (Low) 2 14 (Unlikely) 2 1-4 RL 4 (Insignificant)

C5 (Very Low) 1 L5 (Very ] 1-4 RL 4 (Insignificant)

Unlikely)

— ORI



Criticality Assessment
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RCM AnalysisReport 5

Function: 5563-1: Todrive cracked gas compressor  [To drive cracked gas compressor train with required RPM (max speed 3707 RPM) and power (55
frain with required speed and power. MW to 62MW).
Functional Failure: 5563-1-1: No speed at all. No speed at all.
Risk Assessment
Failure Mode Failure Effect Saft. |Env. |Oper. |Reput. |Recommendation Description [Category/ Type |Interval  |Resource
3363-1-1-1: Sudden closure of = 15563-1-1-1-1 : Turbine will trip | ! it \3563-1-1-1-1-1 ~ To be studied by :Control System - | :
trip and throttle valve, governor  1as trip and throttle valve, :- :- | : RIS, ! : ;
valve and extrtion valve dueto jon ! : | ! | ! :
solenoid fallure: 12-XV-2854 A (D):valve suddenly dosedueto  + + ¢ : ; 5 :
Sudden dosure of trip and throttle; Turbine will tip as tripand  \Consequence: Operational .To be studied by RIS.This task
valve, governor valve and extrction; throttle valve, governor : ,should also assigned for following
valve due to solenoid failure ivalve.and extrction valve : 1ag.
1suddenly dose due to solenaid

{CGC Turbine KT-1200 :12-
XV-2854B,

Efailure, If solencid fail it will
'release all control oil hence all
the above valve will be dosed.
‘There is a direct impact on
.operation as without CGC
‘compressor running its not
'possible to circulate
Jhydrocarbon at required
\pressure.

TTR: 8 Hours.




RCM implementation flow chart action

m criticality Assessment l//

[ Syste
__[ RCM implementation flow chart Action |
—| Select the System to Analee'd under RCM }

—| Perform RCM Analysis

— Generate Recommendations

p—

Implement the generated recommendation

Assess the recommendation effectiveness

e
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Casel: Oxygen Supply System criticality : RL1 with total risk score of

(M1): corrective maintenance orders, (M2): breakdown maintenance orders and
(M3): planned maintenance orders

Number of Maintenance orders

Cost of Maintenance orders
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Case 2: Demineralized Neutralization system criticality:RL1 Total risk score

i i
Number of Maintenance orders Cost of Maintenance orders
70 £4,000.00
. 70, 000.00
0,000.00
50
. | TR
4 .
- B 4000
23 2 e
2 0000000
L
’ 1, 004000
. M el H
0 —— W7 M08 2009 NI0 11 M1 MI3 2004 S
W7 08 e MI0 M1l N1 ML MM NI (110,000,004
s | ] (ot ) L M3 Comni s L] (it e LT Cgini K3 Cat
weeeees Limear (M1 Cous) Linear (A3 Coun) ereve- Limear (M1 Cos) Lmear (M3 Cost)
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RCM Potential Economic benefit (SAR) vs. Plants

700.00
622.06
= 600.00
o
z
2 _ 50000
oy Y
i
E 7 400.00
e E
o = 300.00
= =
—
— T
& 20000 177.00 153.94
fr 116.62
£ 10000
20.05
0.00 |
1 2 3 4 5
Plant
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Economic Risk (SAR) before & after RCM

The potential economic

: 11 : 2,000.00
benefits of RCM will include 50
the followings 2 o
< 16000
« Reduced production losses 1o
and maintenance cost §'1,200.00
(Economic Benefit) < Lo
- I_ncreased reliability and up : i o Exonic Risk (§48)
time of an asset . L, -
* Reduced failure e o T fﬁ%-)(Emmmchk
consequences g
: 0000
e Improved mechanical
Integrity 00

Economuc Risk before ~ Economue Risk after

o Improved product quality RO ROM
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RCM Recommendation Cost to Total Maintenance

Cost (Millions SAR)

2007 2008 2009 2010 2011 2012 2013 2014 2015

Year
mmm Total Maimtenance cost Ml RCM recommendations cost Linear (RCM recommendations cost)
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Equipment Avallability

1400
Sum of Downtime Sum of Equipment Availability 00
(Hours) Time (Hours)
_ 1000
2007 77699 233,833,800 -
0 800
2008 1751.16 321,025,512 —
> 600
10693.16 409,031,184 ~
7]
-
13668.04 505,272,840 5 0
13897.4 602,684,952 s 200
1456503 706,952,064 0
007 9 ) | /
17552 56 809,871,768 2007 2008 2009 2010 2011 2012 2013 2014
Year
1784391 1,167,750,672
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Conclusion

v RCM reduce the maintenance cost and improve the equipment
availability.

v By implementing the RCM, a lot of improvement will be gained

v RCM study consume a lot of efforts and cost a lot of money,
Organization will have a good return later, financial return &
reliability advantages.

v RCM is an effective tool for deciding the right maintenance
strategies and eliminating the unwanted maintenance tasks.

v In the case studies, implementing RCM the risk level of the
critical systems has been declined
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