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OBJECTIVES

– Share and compare traditional maintenance and condition- 
based maintenance model

– Encourage customers to practise Condition Monitoring to 
prevent equipment failures

– Share condition monitoring & condition-based 
maintenance experiences

– Share how to prevent or reduce voltage dip incidents

– Our Way forward



Impact of Power Outage



Largest-Ever Blackout Hits Eastern U.S.
Aug. 14, 2003

A huge power blackout hit U.S. and 
Canadian cities Thursday, Aug. 14, 2003, 
driving workers in New York, in this 
image from television, into the streets, 
shutting subways in blistering heat and 
closing four nuclear power plants in 
Ohio and New York state. New York City 
Mayor Michael Bloomberg said there 
was no evidence of terrorism as a cause. 
(AP Photo/Courtesy WNBC-NY)

Power outage caused inconvenience to the public 6
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Largest-Ever Blackout Hits Eastern U.S.
Aug. 14, 2003

Stranding people in sweltering subways and sending office workers streaming into 
the streets in 90-degree F heat.

The blackout, affecting a large portion of north-eastern United States, caused major 
disruption of businesses and daily life for millions

Power outage caused inconvenience to the public 7
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PD failure leading to a fire (15 Feb 2019)



What is the purpose of 
conducting maintenance 

service for switchgear, 
transformer?



WHAT CAN WE DO ?

Time Based Maintenance on Switchgears

Primary Elements
• AC Pressure tests on Circuit breakers
• Insulation tests on power cables and control 

wires
• Contact resistance tests

Secondary Elements
• Lubricate operating and link mechanism
• Check control wire for loose connections
• Secondary injection tests

Time Based Maintenance on Transformers

Primary Elements 
•Dielectric test on oil 
•Purify oil in main tank or replace if necessary 
•Replace oil in tap changer compartment 
•Ratio test on all tap positions 
•Insulation resistance test 

Secondary Elements
•Calibrate and check gauges & relays 
•Clean cable termination 
•Replace all gaskets 
•Check control wire for loose connections 

Past Time-based maintenance on Small Oil-Volume 
Circuit Breaker 
• Complete overhaul of circuit breaker



Nameplate and Panel No. 
must be Visible
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All indicator LED/ flags must 
be clear and visible
Battery and supporting 
accessories



Time-based Maintenance 
22kV Substation

Complete overhaul of circuit breaker



Time-based Maintenance 
22kV Substation

Tulip contact

Link to high 
voltage 

insulating 
operating arm

Internal structure of the small oil-volume circuit breaker

High speed pole

11Oil-filled Circuit Breaker



Time-based Maintenance 22kV Substation
Common Defective Components….

Faulty tulip contact assembly Faulty high voltage insulating operating arm
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– Uncovered hidden components within 
circuit breaker & bus-bar

– But It cannot prevent power failures

Time-based Maintenance



What do we do in Singapore 
Power?
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Maintenance Development

Inspection + Time- 
based Preventive 

Maintenance
(Before 1997)

Predictive 
Maintenance 
(1998 - 2001)

Condition 
Monitoring & 

Condition-based 
Maintenance 

(Since August 2001)



Frequent visits to 
electrical assets 
to conduct 
preventive 
maintenance

These measures imply the following 
challenges:

• Most of the time manual 
process, which calls for visit at 
site.

• Manual data collection and 
analysis for decision making.

• Dependency on experts with 
domain critical knowledge.

• Risk of overlooking of gradual 
degradation or failure not 
visible at the time of 
inspection.

• The optimization of OPEX & 
improved risk management is 
not taken care of

The most common causes of electrical distribution asset’s failures are well-known and operation/ maintenance 
managers implement several measures to monitor SWGRs, but this implies some challenges too.

Shutdowns to 
check components 

and switching 
devices, check 

bolted connections 
(e.g. torque 

measurements), 
cleaning of 

equipment, etc.

Thermal scanning of 
connections through 

portable devices

Visual inspections

35%

23%

20%

12%

10%

Incorrect 
Work 
(Human 
Mistake)

Loose 
connection 
and parts

Environment 
conditions (Humidity, 
dust, etc)

Faulty insulation 
(Dielectric 
Problems)

Contributing 
Causes for 

Equipment Failure

Faulty Equipment 
(Mechanical, Electrical, 
Electronic)

Source: https://www.hsb.com/TheLocomotive/ElectricalPreventiveMaintenance.aspx

https://www.hsb.com/TheLocomotive/ElectricalPreventiveMaintenance.aspx


Unplanned Shutdowns can be reduced 85% by using a 
proper condition monitoring system

Temperature Monitoring
Can detect loose connections (e.g. bolted busbar connections or 
cable terminations)
and insufficient contacting (e.g. withdrawable VCB)

35%

23%

20%

12%

10%

Incorrect Work 
(Human Mistake)

Loose 
connections,  
e.g. bolts and 
parts

Environment 
conditions 
(Humidity, 
dust, etc)

Faulty insulation 
(Dielectric 
Problems)

TYPICAL Causes 
for Equipment 

Failure

Faulty Equipment 
(Mechanical, 
Electrical, 
Electronic) 1

3

2 VCB Monitoring
Can detect faulty VCB mechanism / components (e.g. trip coils, spring 
charge motors, switching time)

Examples of early failure detection
(e.g. slow changes of behavior/ measured values)

Partial Discharge Monitoring
Can detect faulty components / installations (e.g. MV cables, 
insulators, bushings, voltage transformers)

4 Humidity Monitoring
Can prevent condensation and corrosion (which might lead to 
mechanical and electrical failures)
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Condition Monitoring
Network Health Screening Human Health Screening

Diagnostic tools for Network Health ScreeningNetwork Doctor
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Current maintenance model inclusive of
• Inspection
• Time-based Maintenance

• Condition Monitoring
• Condition-based Maintenance

Maintenance Strategy



MAINTENANCE STRATEGY

Scheduled Maintenance Condition Based  Maintenance

Condition Monitoring Condition Monitoring

Real Time Condition 
Monitoring

T= 0 T= ? The longer the better

Bi-Yearly Manual Checks

Future - Real Time 
Checks
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Condition Monitoring

Ultrasonic Detection Temperature DetectionTEV Detection
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Condition Monitoring

Acoustic Partial Discharge detection TEV Partial Discharge detection Hot Spot detection



CONDITION BASED MAINTENANCE
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Condition Monitoring Tools for Distribution Assets

Acoustic Instrument
• Air mode
• Contact mode

Transient Earth Voltage 
(TEV) Instrument

Thermal Imaging Instrument



Outcome of Condition Monitoring



Network FY 
01/02

FY 
02/03

FY 
03/04

FY 
04/05

FY 
05/06

FY 
06/07

FY 
07/08

FY 
08/09

FY 
09/10

FY 
10/11

FY 
11/12

FY 
12/13

FY 
13/14

FY 
14/15

FY 
15/16

FY 
16/17

FY 
17/18

FY 
18/19

FY 
19/20

FY 
20/21

FY 
21/22

FY 
22/23 Total

400kV 0 1 1 2 0 3 1 1 1 0 1 0 5 1 1 0 1 2 7 1 0 3 32

230kV 1 3 0 1 10 7 5 8 5 8 3 2 6 3 1 1 5 0 1 0 2 0 72

66kV 1 3 2 7 6 4 13 5 11 2 5 3 2 1 3 5 8 2 0 0 1 0 84

22kV 27 11 23 31 36 45 11 15 15 40 28 10 20 28 30 18 18 20 36 102 154 166 884

6.6kV 1 5 41 39 3 34 39 14 23 31 21 27 15 39 56 26 33 42 39 44 34 31 637

Total 30 23 67 80 55 93 69 43 55 81 58 42 48 72 91 50 65 66 83 147 191 200 1709
*

Network Failures Averted by Condition Monitoring



Network Failures Averted by Condition Monitoring

S$95.82m

S$57.16m
S$101m 

Cost 
Avoidance

S$253.98m
Cost of Fault Cost of 

Condition 
Monitoring

Cost of
Rectification

Network 400kV 230kV 66kV 22kV 6.6kV Total

Failures Averted 32 72 84 884 637 1,709

A

C

B

D

Cost Avoidance D = A – B – C 62* Up to 31 Mar 23
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System Average Interruption 
Duration Index (SAIDI) - Elect

Minutes

Record Electricity SAIDI of
6.6 seconds per year

CCK Incident : 3.86 mins (04/05) 
KPI Target : < 1 min
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System Average Interruption 
Frequency Index (SAIFI) - Elect

0.106

0.090

0.073 0.071

0.053

0.097

0.041

0.097

0.011

0.031

0.023

0.016

0.007

0.040

0.009

0.0087

0.02
0.0079

0.0113

0.0059 0.0080

0.0307

0.0366

0.0073
0.0043 0.0082

0.02

0.04

0.06

0.00
97/98 98/99 99/00 00/01 01/02 02/03 03/04 04/05 05/06 06/07 07/08 08/09 09/10 10/11 11/12 12/13 13/14 14/15 15/16 16/17 17/18 18/19 19/20 20/21 21/22 22/23

0.08

0.10

0.12

Interruption KPI Target : < 0.084

Each customer experiences 1
interruption in 233 years
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Going Forward



Condition Monitoring: Circuit Breaker Monitoring

Crucial component monitoring 
(e.g. Circuit Breaker Monitoring)

§ Faulty equipment 
e.g. faulty trip coils, VCB 
spring charging mechanism, 
VCB timing

§ Electrical Lifetime 
of the main VCB contacts 
based on I2t

§ Mechanical lifetime 
of the VCB based on number 
of operations

Assetguard IoT -
VCB monitoring
data acquisition
device

CT sensors for AC 
supply

Hall sensors and VCB monitoring device in LV 
Compartment

VCB monitoring
data acquisition
device

Hall Sensors 
(monitor currents of
trip coil , closing coil
and VCB charging
motor



Condition Monitoring: Partial Discharge Monitoring

§ Defective components
e.g. damaged insulators, 
bushings, voltage
transformers

§ Degradation of insulating
media
e.g. aging

§ Faulty manufacturing
e.g. sharp edges of busbars
instead of rounded edges

§ Faulty installation
e.g. wrong installation of
voltage transformers at GIS 

§ Aggressive environment
conditions
e.g. ingress of dust and 
moisture

PD Monitoring

AIS: Same Antennas used to receive 
temperature values from SAW sensors will 

be used for partial discharge detection

HFCT (split core)

PD Monitoring 
unit

Rogowski coil

GIS: Earth screens of all MV cables in a feeder 
through an HFCT (High-frequency-CT) and one 

Rogowski coil per busbar section for 
synchronization.



ROBOTIC INSPECTION 
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Thank You




