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Abstract

This paper confirmed the risk of oil immersed transformer through analyzing statistical data and other
information. It classified the components by using the reliability evaluation software where FMEA (Failure
Modes and Effects Analysis) technique can be applied, and used these to determine the failure mode and
its percentages and derive the RPN (risk priority number) and criticality. The criticality of the components
was found in insulation, insulating oil, tank and bushing for “H grade.” Insulation may be thermally decomposed
and damaged due to mechanical stress, causing overheating or fire. In addition, when the abnormal operation
of the coil occurs, the temperature of insulating oil rises and an abnormal sound is generated, which may
cause an explosion or a power failure if overheated. Unlike the criticality analysis, the RPN of insulating
oil is low due to the easy detection of abnormal sound and high temperature.
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Figure 1. Number of electrical fire for electric equipments of KESCO
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Figure 2. Property loss for electrical equipments
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Table 1. Terms of use for transformer

Corporate name Terms of use Environments/conditions Criteria
KEPCO 15 - Accounting
Domestic KESCO 15 Comparison of domestic and Terms of use
external standards
JECA 15-20 Aging and installed environment | Recommended replacement time
Foreign country
NPRD 20-35 Aging and installed environment | Life forecast
% Source: Kim & Shong, 2009,
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Table 3. Classification and grades of severity

¢

Class Severity Level | Criteria . severity of effect
2~ -
]9/] AH 9 B [ | negligible 1 No effect,
317] YJole] 8 &= Failure inducing unplanned
II | minor 2 | maintenance but has no
severe effect on system,
Inducing failure such as
major 3 functional incapability on
corresponding subsystem,
Failure inducing consequence
A& (detectability) IV | serious 4 | such as operable incapability
of system,
V| hazardous 5 Failure has possibility of very

severe consequence,

% Source: Park, 2016,
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Table S. Failure modes for component and sub-components of oil

immersed transformer

Components | Sub—component Failure modes %
Mechanical Failure 92.3

Induced failure 5.3

Coil Opened 1.9

Drift 0.2

Shorted 0.2

Frame
Insulation Deteriorated 100
Broken 54,50
Binding/Sticking 18,20
Core

Improper Output 18.20

Out of Specification 9.10

Insulating Deteriorated 100

oil
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Seal failure 64.10
Unknown 20.50
Tank
Mechanical failure 12.80
Case
Degraded operation 2.60
Pressure—
relief vent Leakage 100
Cracked 50
Bushing
Leakage 50
Dial Failed to operate 50
thermometer Improper output 50
Mechanical Failure 40.4
Unknown 30.5
0il level Seal Failure 18.9
gauge Out of Specification 5.8
Binding/Sticking 2.9
Parts
Intermittent Operation 1.5
No Operation 46.5
Auto False Operation 33.3
resetting Seal Failure 16.7
pressure
relief device Unknown 2.6
Leaking 0.9
Failed to operate 66.70
Buchholz Corrosion 25.00
relay
Damaged 8.30

% Source: FRONTIS & FMD, 2016,
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Table 6. Failure modes of oil immersed transformer

Component Failure modes %
Mechanical failure 27,40
Induced failure 26,50
Improper output 8.50
Degraded operation 6.00
Unknown 6.00
Loose 5.10
Opened 5.10
Worn 3.40

Oil

immersed Binding/Sticking 2.60
transforme Shorted 2.60
' Alignment improper 0.90
Burned out 0.90
Deteriorated 0.90
Electrical failure 0.90
Improper response to electrical input | 0,90
Intermittent operation 0.90
Leakage 0.90
Video faulty 0.50

% Source: FRONTIS & FMD, 2016,
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Table 7. RPN and Criticality at FMEA sheet
Item No, Potential failure mode Potential causes Potential effects SEV OCC DET RPN CRI
1000 Frame
1100 Coil
. . Overload, abnormal current, loose  Heat discoloration

1101 Mechanical Failure . 3 4 2 24 12
body parts, poor contact surfaces, Dust, dirt, parts damaged

102 Induced failure Overload, abnormal current, loose  Heat diécoloration 5 3 4 ” 6
body parts, poor contact surfaces, Dust, dirt, parts damaged

1103 Opened Coil failure Breakout 1 3 1 3 3

1104 Drift Coil failure Overheat 2 2 4 16 4
Coil failure, Short circuit t -

1105 Shorted or Jarue, STOT CEHE O SEON Overheat, electrical fire 5 3 5 75 15
dary insulation deterioration

1200  Insulation

Discolourati d cracking of
1201 Deteriorated Local heating, aging . 15eo 9ura fon and eracking 5 4 3 60 20
insulation

1300 Core
Overload, abnormal current, loose  Heat discoloration

1301 Broken . 5 3 1 15 15
body parts, poor contact surfaces, Dust, dirt, parts damaged

1302 Binding/Sticking Overload, abnormal current, loose  Heat diécoloration 4 4 5 2 16
body parts, poor contact surfaces, Dust, dirt, parts damaged

1303 Tmproper Output Overload, abnormal current, loose  Heat di§colorati0n 3 3 4 36 9
body parts, poor contact surfaces, Dust, dirt, parts damaged

1304 Out of Specification Overload, abnormal current, loose  Heat diécoloration 3 3 2 18 0
body parts, poor contact surfaces, Dust, dirt, parts damaged

2000 Insulating oil

2001 Deteriorated Local heating, aging Overheat, electrical fire 5 4 2 40 20

3000 Case

3100 Tank

3101 Seal failure Rusted, defective packing Overheat 5 4 3 60 20

3100 Unknown Overload, abnormal current, loose  Heat diécoloration 5 4 3 ” 8
body parts Dust, dirt, parts damaged

3103 Mechanical failure Loose connection Damage 4 2 2 16 8

3104 Degraded operation Rusted, defective packing Overheat 3 2 3 18 6

3200  Pressure-relief vent

3201 Leakage Rusted, defective packing Overheat 5 2 3 30 10

4000 Parts

4100  Bushing
Overload, ab | t, |

4101 Cracked verioad, aonommat Curent, 005 e theat, electrical fire 5 4 3 6 2
body parts, poor contact surfaces,

4102 Leakage Damage, disconnection Reduced energy output 5 3 3 45 15

4200  Dial thermometer

4201 Failed to operate Instrument fault, overload Fragmentary, degraded performance 2 2 4 16 4
Instrument failure, voltage drop
Overload, harmonic inflow, and

4202 Improper output overreceiver. Life lost, damaged 4 3 3 36 12

Internal fault of windings, ambient
temperature over
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4300  Oil level gauge
4301 Mechanical Failure Loose connection Damage 3 4 3 36 12
Overload, abnormal current, loose  Heat discoloration
4302 Unknown . 2 4 3 24 8
body parts Dust, dirt, parts damaged
4303 Seal Failure Rusted, defective packing Overheat 2 2 3 12 4
4304 Out of Specification Overload, abnormal current, loose  Heat diécoloration 5 5 5 8 4
body parts, poor contact surfaces, Dust, dirt, parts damaged
1 | t, | Heat discolorati
4305 Binding/Sticking Overload, abnormal current, loose ca d1§co oration 4 4 2 2 16
body parts, poor contact surfaces, Dust, dirt, parts damaged
4306 Intermittent Operation Loose connection Damage 2 2 2 8 4
Auto resetting pressure
4400 o ind o
relief device
Overload, transformer internal fail- . .
i fan fail h Heat discoloration
ure, cooling fan failure, ther- .
4401 No Operation ’ g . Dust, dirt, parts damaged, 5 3 2 30 15
mometer failure, air filter con- .
. Fire.
tamination and blockage
Overload, transformer internal fail-
4402 False Operation ure, cooling fan .failure, ther- Overheating, breakage, and 4 3 ’ 2 12
mometer failure, air filter con-  electrical fire
tamination and blockage
4403 Seal Failure Rusted, defective packing Overheat 3 2 2 12 6
4404 Unkatown Overload, abnormal pressure, loose ~ Heat di§colorati0n 2 2 2 8 4
body parts Dust, dirt, parts damaged
4405 Leaking Loose connection Damage 3 2 2 12 6
4500 Buchholz relay
Overload b 1 t
. ver Oé or abnormat cutrent, Overheating, breakage, and
4501 Failed to operate Loose jaws, . 4 3 3 36 12
electrical fire
Contact surface defect
4502 Corrosion Deterioration of coating Electrical failure 2 2 4 16 4
4503 Damaged Frequent contact. Partial failure Electrical failure, fire 2 2 2 8 4
% Source: FRONTIS & FMD, 2016,
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