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An Intro to FMEA

Is a systematic process requires thoughtful consideration for all the 
potential failure mode associated with a new design or process.

• Risk (R)

• Severity (S) 

• Occurrence (O)

• Risk Priority Number (RPN)

• FMEA & FMECA

• Confusion between DFMEA and PFMEA !

• Paper include study on 220kV transformers

• Case Study Review of 33kV VT Failure-in-Service

2



©2024 Doble Engineering. All Rights Reserved.

Risk Management and FMEA
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Our Case Study
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1. Define your System or Process

2. Identify Potential Failure Modes

3. Determine Potential Effects

4. Estimate the Severity

5. Determine the potential Cause

6. Estimate the likelihood of Occurrence

7. Determine the Controls

8. Estimate the Detection Level

9. Calculate the RPN for each failure mode

10. Take Corrective Action

10 Steps Methodology
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Risk Identification

Risk Analysis

Risk Evaluation & Control
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Set Ground Rules First
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• Define the Scales 
– An Acceptable 
or Unacceptable 
Risk

• Document the 
Assumptions

• Communicate

Severity Occurrence Detection Ranking

None Remote Almost Certain 1

Very Minor
Low

Very High 2

Minor High 3

Very Low

Mod.

Mod. High 4

Low Mod. 5

Mod. Low 6

High
High

Very Low 7

Very High Remote 8

Haz with Warning

Very High

Very Remote 9

Haz w/out Warning Abs. Uncertain 10

TABLE II IEC-60182 CRITERIA FOR OCCURRENCE, SEVERITY, DETECTION
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Identify Potential Failure Modes
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Failure Failure Mode

M
in

o
r

Outage category

Electrical outage • Buchholz & Pressure relief (B&P)

• Over current (OC)

• Earth fault (EFP)

• Differential (DP)

• Outage of incomers (OI)

• Bus bar protection (BBP)
Mechanical outage • Breakdown & Damage (B&D)

• Fire Fighting System (FFS)

• Hot spots (HS)

• Oil, Air or SF6 leakage 

• Flash over (FO)
Environmental outage • Bad weather (BW)

• Animal & birds (A&B)

• Human mistakes (HM)
Others outage • No Flags (NF)

• Others

M
aj

o
r

• Tap changer                                                    

• Winding

• Core

• Tank 

• Bushings

• Insulation deterioration
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Determine the Effects – Qualitative 
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Failure Failure mode Possible outage cause Local effect Final effect Recommendations S O D RPN
M

aj
o

r

On-load tap changer

Wearing out of selector 

contact, loose base, loose 

spring, low insulation of oil

Arcs and partial 

discharges inside tap. 

Overheating and 

excessive pressure

Replacement of tap 

changer and loss of power

Preventive maintenance based on 

regular periods or number of tap 

changer operations.
7 4 7 196

Winding

Continuous Overloading, 

moisture contents, sludge, 

oxidation

Thermal and 

mechanical ageing of 

winding. Incapability 

to stand future short 

circuits

Transformer ageing, and 

replacement of 

transformer

Mechanical and Electrical condition 

assessment (SFRA, DC resistance of 

winding, turns ratio, excitation 

current, leakage reactance, etc.)

9 2 9 162

Core

Rust deposits, excessive 

heating or burning of the 

laminations insulation

Hot spot, high losses 

as a result of eddy 

current and flux 

distortion

Transformer ageing. 

Replacement of 

transformer

Routine tests 9 2 9 162

Oil-Filled

Bushings

Moisture from leaky 

gaskets.

Gas bubbles from 

prolonged exposure to 

extreme electrical, 

mechanical and 

environmental conditions.

Conducting tracks 

that can short out one 

or more layers of the 

bushing.

Bushing/ gasket 

replacement

Thermal image, bushing tan delta, 

online capacitance and leakage 

current monitoring.

Periodic inspection of oil level of the 

bushing window

6 2 7 84

Tank

Tank rupture as a result of 

severe short circuit and 

malfunction in protection 

system

Transformer 

replacement
Loss of power and 

transformer removal
Strict routine testing program of 

protection systems
9 2 3 54

Insulation deterior-ation

Oxidation, high acidity, high 

dissolved gases in oil,  low 

breakdown of oil, moisture 

of windings paper

High arcing, corona, 

and partial discharge
Transformer removal 

Dissolved gas analysis monitoring, 

Frequency Domain Spectroscopy, 

Furan test,  and chemical analysis of 

oil characteristics

8 4 8 256

TABLE IV QUALITATIVE FMECA ON MAJOR FAILURES
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Determine the Effects - Quantitative
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Asset Related Failure Mode
Outage

cause

Failure Effects
S O D RPN

NF AIMW ACID (min)
ART

(min)

220 kV power transformer

Electrical

B & P 52 2.9825 3.49125 950.19 7 5 2 70

OC 186 21.53 7.48625 133.327875 4 9 2 72

EFP 78 14.0375 7.56 186.81875 3 5 2 30

DP 101 15.3945 8.08875 652.06125 5 6 2 60

OI 39 12.25625 10.6525 846.535 2 3 2 12

BBP 54 4.495 1.15125 92.055 2 5 2 20

Mechanical

B & D 76 0 0 74.3225 7 5 2 70

FFS 30 0.96975 0.73625 496.39 3 3 2 18

HS 26 0.0675 0.01125 85.605 2 2 3 12

Leakage 98 17.89375 8.32125 39.74625 4 6 2 48

FO 20 18.68875 9.19875 136.32125 2 2 3 12

Environmental

BW 23 2.615 0.48625 110.65 3 2 2 12

A&B 12 3.4375 1.0625 192.02 4 2 2 16

HM 50 24.76375 10.6125 46.2425 2 4 3 24

Others
NF 34 12.24 3.058375 120.3675 3 3 6 54

Others 136 8.3775 10.06625 418.7425 5 6 2 60

Table V Quantitative CA On Egyptian Transformer Outages (2002-2009)
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8M’s of a Failure Mode

• Man

• Machine

• Method

• Materials

• Mother Nature

• Measurement

• Management

• Maintenance

Determine Potential Causes

10

Fishbone (or Ishikawa) Diagram



©2024 Doble Engineering. All Rights Reserved.

VTs FMEA – Qualitative Analysis
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Possible Causes
Potential Failure 

modes
Local effect Final effect Recommendations S O D RPN

Poor manufacturing 

process leaving VOIDS in 

epoxy resin

Dielectric

Overheating / Partial 

discharge, if exposed 

to low ambient temps 

and moisture ingress.

Failure in service if fault 

persisted.

Inspect and test the remaining 100+ 

VTs in service.
8 5 7 280

Possible Causes
Potential Failure 

modes
Local effect Final effect Recommendations S O D RPN

Moisture Ingress Dielectric / Mechanical Corrosion

Accelerated Ageing / 

Insulation deterioration 

causing failure

Visual Inspections (during planned 

outages), check for water traps and 

dysfunctional heaters.

8 5 9 360

Possible Causes
Potential Failure 

modes
Local effect Final effect Recommendations S O D RPN

Open Circuit Dielectric

WR – O/C HV

Ratio – O/C

IR – 229Gohm

HV – O/C

Out of Service

Perform offline electrical condition 

assessment on remaining VTs in 

service.

8 5 5 200

Defective insulation 

material (non-electrical-

grade)

Thermal

Localised

overheating / 

circulating currents

Potential of Fire / 

Insulation Deterioration 

To OEM: do not use toilet paper 

in core packing material as 

insulation medium, its hygroscopic 

and cannot tolerate electrical 

stresses.

8 7 8 448
Missing Earth Strips

Thermal / Floating 

Potential

Circulating 

Currents / localised

overheating / 

Electrical Arcing

Thermal Runaway and 

Discharge

Follow standard and best 

practices. Check the installation 

works quality during 

commissioning phase.

6 5 5 150
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• Believe in Reliability Centered Maintenance, use FMEA.

• FMEA gives you a variety and foundation for risk management.

• Thorough understanding of the failure behaviour of a system

• Failure Modes Identification is important.

• Not all FMECAs are done the same way or to the same level of 
detail.

• The criticality analysis and recommendations shall vary 
according to operational condition, fleet failure data and 
implemented maintenance policies

Conclusion
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Key Slides / Takeaway
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RPN into Criticality Matrix 
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VTs Failure in Service
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VTs FMEA – Qualitative Analysis
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Possible Causes
Potential Failure 

modes
Local effect Final effect Recommendations S O D RPN

Poor manufacturing 

process leaving VOIDS in 

epoxy resin

Dielectric

Overheating / Partial 

discharge, if exposed 

to low ambient temps 

and moisture ingress.

Failure in service if fault 

persisted.

Inspect and test the remaining 100+ 

VTs in service.
8 5 7 280

Open Circuit Dielectric

WR – O/C HV

Ratio – O/C

IR – 229Gohm

HV – O/C

Out of Service

Perform offline electrical condition 

assessment on remaining VTs in 

service.

8 5 5 200

Moisture Ingress Dielectric / Mechanical Corrosion

Accelerated Ageing / 

Insulation deterioration 

causing failure

Visual Inspections (during planned 

outages), check for water traps and 

dysfunctional heaters.

8 5 9 360

Defective insulation 

material (non-electrical-

grade)

Thermal
Localised overheating 

/ circulating currents

Potential of Fire / 

Insulation Deterioration 

To OEM: do not use toilet paper in 

core packing material as insulation 

medium, its hygroscopic and cannot 

tolerate electrical stresses.

8 7 8 448

Missing Earth Strips Thermal / Floating Potential

Circulating Currents / 

localised overheating / 

Electrical Arcing

Thermal Runaway and 

Discharge

Follow standard and best practices. 

Check the installation works quality 

during commissioning phase.

6 5 5 150
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• IEC 60812 Ed.2 (2006) - Analysis techniques for system reliability –Procedure 
for failure mode and effects analysis (FMEA)

• IEC 60076-1, Power Transformers-General, 2nd ed., 1993.

• ANSI/IEEE Std C57.117-1986. IEEE Guide for reporting failure data for 
power transformers and shunt reactors on electric utility power systems, 
1988.

Standards / References
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THANK YOU
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