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Introduction

Background RCM

Time -based PM has little effects on 
reliability01

Complex systems have non -time -related 
failure model02

RCM utilizes maintenance tactics03
Applied at equipment level, system level, 

& program level04

Initiated in aviation industry in early 60 s01
Developed to alleviate maintenance 

burden02
e.g. Boeing reduced labor hours from 4 
M to 66 k; 7 major overhauls versus 33903

Employed in power system in 80 s04
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Identify current failure rate Identify brand -new equipment 
failure rateIdentify critical equipment
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Methodology

Methodology Post -analysisMain analysisPre-analysis

Failure rate modeling

BCR and update load 
point failure rate.

Find failure rate

Form weighing table for each 
critical equipment

Evaluate load point failure 
rate
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PM cost CM cost BCR
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Case Study

Case 
Study

Substation resides in Saudi Arabia.

Power system feeds utility, academic, commercial, & 
residential loads 

Two incomers coming from utility 13.8 kV

Open -loop configuration

RCM applied to medium voltage system

Low voltage equipment at premises of MV & LV
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Methodology

Pre-analysis

System boundary identification

03
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Methodology

Pre-analysis

System reliability target

05

Reliability 
Indices

λ𝑳𝑳𝑳𝑳𝑳𝑳𝑳𝑳𝑳𝑳.𝑫𝑫𝑫𝑫𝑫𝑫.
(Occ./Yr.)

𝑼𝑼𝑳𝑳𝑳𝑳𝑳𝑳𝑳𝑳𝑳𝑳.𝑫𝑫𝑫𝑫𝑫𝑫.
(hr./Yr.)

Ta rget  Va lue 0 .8 1.5

P re-Ana lys is
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Methodology

Pre-analysis

Single -line diagram

Data requirements

System boundary identification

Component -type selection for analysis

System reliability target

Pre-Analysis Summary 
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Methodology

Main analysis

Pre-analysis
Scenario Scenario 1 Scenario 2

Equipment λ R u λ R u

C1 0 .0 1 1 0 .0 1 0 .0 1 1 0 .0 1

C2 0 .0 9 2 0 .18 0 .0 9 2 0 .18

C3 0 .0 24 6 0 .15 0 .0 24 6 0 .15

C4 0 .0 9 2 0 .18 0 .0 9 2 0 .18

C5 0 .0 1 1 0 .0 1 0 .0 1 1 0 .0 1

Ceq 0 .79 2.2 1.75 0 .72 1.66

Ind ices 1.0 168 2.27 0 .94 2.18

Crit ica l co m po nent  ident ifica t io n

01

Ma in Ana lys is  
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Methodology

Main analysis

Pre-analysis

Components λ2𝑳𝑳𝑳𝑳𝑳𝑳𝑳𝑳 𝑳𝑳 𝑼𝑼2𝑳𝑳𝑳𝑳𝑳𝑳𝑳𝑳 𝑳𝑳 𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬2𝑳𝑳𝑳𝑳𝑳𝑳𝑳𝑳 𝑳𝑳 Criticality Factor CF

C8 0 .94 2.18 - 0 .5 0 .5

C13 0 .94 2.18 - 0 .5 0 .996

C9 0 .8 3 2.28 - 0 .18 1.2

C14 0 .8 3 2.28 - 0 .18 1.4

C2 0 .997 2.234 - 0 .1 1.4

C4 0 .997 2.234 - 0 .1 1.5

C7 0 .98 7 2.28 - 0 .0 6 1.56

C12 0 .98 7 2.28 - 0 .0 6 1.6

C10 0 .98 2.25 - 0 .0 5 1.7

C15 0 .98 2.25 - 0 .0 52 1.7

C3 1.0 1 2.24 - 0 .0 51 1.78

C6 1.0 0 9 2.25 - 0 .0 5 1.8

C11 1.0 0 9 2.25 - 0 .0 5 1.8 8

C1 1.0 2 2.27 - 0 .0 3 1.95

C5 1.0 2 2.27 - 0 .0 3 1.95

Equipment 
Criticality 

Factor

Crit ica l co m po nent  ident ifica t io n

01

Ma in Ana lys is  
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Equipment Failure Modes Failure Causes

Po
w

er
 T

ra
ns

fo
rm

er
s 

C
8

 &
 C

13

Ext e rna l leakage
• Po rce la in  fa ilure
• Co rro s io n
• Lo o s e co nnect ions  Va lve  leak

• Weld  fa ilure
• Over p res s uriza t io n
• Gas ket  fa ilure

Deterio ra t ed  
ins ula t ion

• Lo w o il leve l
• Ins ula t ion fa ilure
• Tap  changer fa ilure
• S o lid  ins ula t io n fa ilure

• Winding  ins ula t ion fa ilure
• Oil d ie lect ric fa ilure
• Bus hing  fa ilure
• Oil: co nt am ina t ion/degrada t io n

Fa ls e  o utput  
Read ing /No  o utput

• S ho rt ed  wind ing  t urns
• Open circu it
• High im pedance  lo ad  pa th
• Out  o f ca lib ra t io n
• Auxilia ry  co nt ro l fa ilure

• Radia to r: clo gged /co rro ded
• Fan fa ilure
• Pum p fa ilure
• Res t rict ed  o il flo w
• Bus hing  CT fa ilure
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Components 𝑿𝑿𝒕𝒕𝒌𝒌 λ

Tra ns fo rm er C8 0 .59 1.8 6

Tra ns fo rm er C13 0 .61 1.97

Ca b le  C9 0 .67 1.8 8

Ca b le  C14 0 .68 1.99
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Methodology

Main analysis

Pre-analysis

Load point reliability assessment

λ
(Occ./Yr.)

𝑼𝑼
(hr./Yr.)

0 .918 2.248

λ(𝑳𝑳𝑫𝑫𝑫𝑫𝒅𝒅𝒅𝒅𝑫𝑫𝑳𝑳)
(Occ./Yr.)

𝑼𝑼(𝑳𝑳𝑫𝑫𝑫𝑫𝒅𝒅𝒅𝒅𝑫𝑫𝑳𝑳)
(hr./Yr.)

0 .8 1.5

04

Ma in Ana lys is  
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Outline possible maintenance strategiesMethodology
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Pre-a na lys is
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Plan Maintenance Tactic
Plan 1 Oil-level t es t ; g a s ket  & o il s am p ling  va lve; o il contam ina t ion & d ielect ric fa ilure  ana lys es ; 

o il cons erva to r a s s es s m ent

Plan 2 Va lve leak & weld  fa ilure  checkups ; s ea l fa ilure  & paper s am p le ins pect ion; s o lid  
ins ula t ion ins pect ion

Plan 3 Corro s ion ins pect io n; ca lib ra t ion checkup ; high im pedance load  pa th  t es t

Plan 4 Loos e connect ions  ins pect ion; over p res s uriza t ion t es t ; s ho rt  circuit  vo lt age ana lys is ; 
no -load  current  & lo s s es

Plan 5 Buchho lz  re lay ins pect ion; p res s ure  re lief device , ind ica to rs , cont ro l circuit s , and  wind ing  
res is t ance ana lys is ; p ro tect ion ana lys is

Plan 6 Ins pect ion o f bus hings , o il level & gas ket , s urge a rres to rs  & bus hings  connect ions  
ins pect ion

Plan 7 Tap  changer ins pect ion; dehyd ra t ing  b rea ther a s s es s m ent ; m o to r d rive cond it ion 
ins pect ion; contact s  & leads  ins ula t ion o f t ap  changer connect ions  & leads  ins pect ion

Plan 8 Rad ia to r, coo lers , fans , and  pum ps  ins pect ion
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Maintenance
Plan

Maintenance Costs Maintenance Benefits

BCR
𝑪𝑪𝒑𝒑𝒑𝒑,𝒅𝒅

𝒑𝒑 𝑪𝑪𝒑𝒑𝒑𝒑,𝒅𝒅
𝒕𝒕 𝑪𝑪𝒑𝒑𝒑𝒑,𝒅𝒅

𝑰𝑰 �𝑪𝑪𝑳𝑳𝑫𝑫𝒕𝒕 N Benefit

Pla n 1 1,0 0 0 10 ,0 0 0 12.5 11,0 12.5 2.3 25,695.8 3 2.33

Pla n 2 1,0 0 0 60 ,0 0 0 50 61,0 50 2.18 132,8 73.5 2.18

Pla n 3 1,0 0 0 20 ,0 0 0 25 21,0 25 2 42,0 50 2.0

Pla n 4 1,50 0 1,0 0 0 12.5 2,512.5 1.8 3 4 ,60 6 .25 1.8 3

Pla n 5 1,90 0 1,0 0 0 25 2,925 1.77 5,175 1.77

Pla n 6 1,30 0 20 ,0 0 0 37.5 21,337.5 1.67 35,562.5 1.67

Pla n 7 1,8 0 0 21,0 0 0 62.5 22,8 62.5 1.71 39 ,192.8 6 1.71

Pla n 8 1,8 0 0 1,0 0 0 12.5 2,8 12.5 1.71 4 ,8 21.43 1.71
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λ
(Occ./Yr.)

𝑼𝑼
(hr./Yr.)

0 .8 10 749 1.5618 64
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Methodology

Main analysis

Pre-analysis

Post -analysis

Record reliability data

Document progress

Use knowledge management tools

Post -Analysis Summary
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Summary

Methodology Post -analysisMain analysisPre-analysis

Formulation

Data collection

Numerical 
analysis

Critical equipment 
identification

Identify current failure rate

Identify brand -new 
equipment failure rate

Identify critical equipment

Failure rate 
modeling

Historical records

Mathematical interrelation

Inspection -based condition 
ranking

Cost -benefit 
analysis

PM cost

CM cost

BCR
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