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About EIT

We are dedicated to ensuring that you
receive a world-class education and
gain skills that you can immediately
implement in the workforce.

Engineering Specialists

EIT is one of the only institutes in the world specializing
in Engineering. We deliver professional certificates,
diplomas, advanced diplomas, undergraduate and

graduate certificates, graduate diplomas, bachelor’s and
master’s degrees, and a Doctorate of Engineering.

Industry Oriented Programs

Our programs are designed by industry experts, ensuring
- you graduate with cutting-edge skills that are valued by

—0—0_- employers. Our program content remains current with
rapidly changing technology and industry developments.
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World-Class Australia Accredited Education

Our vocational programs and higher education degrees are
registered and accredited by the Australian Government. We
have programs that are also recognized under three
international engineering accords.

Industry Experienced Lecturers

Our lecturers are highly experienced engineers and subject
specialists with applied knowledge. The technologies
employed by EIT, both online and on-campus, enable us to
source our lecturers from a large, global pool of expertise.

Unique Delivery Model

We deliver our programs via a unique delivery methodology
that makes use of live and interactive webinars, an
international pool of expert lecturers, dedicated learning
support officers, and state-of-the-art such as hands-on
workshops, remote laboratories, and simulation software.

EIT CRICOS Provider Number: 03567C | EIT Institute of Higher Education: PRV14008 | EIT RTO Provider Number: 51971
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Engineering College of Technology. Engineering College of Science and Technology.
ECT delivers interactive and online UK qualifications. ECT is committed to ECST delivers a South African accredited qualification on-campus. ECST is
providing students with a world-class education, where they acquire the committed to providing students with a world-class education, where
knowledge and skills that are applicable and valued in industry. they acquire the knowledge and skills that are applicable and valued in
industry.

* Bachelor of Engineering (Honours) in Industrial Automation
* Bachelor of Engineering (Honours) in Electrical Engineering * Bachelor of Engineering Technology in Electrical Engineering (SAQA
*  Master of Science (Power System Analysis and Renewable 123645)

Integration)
* Master of Science (Industrial Automation and Instrumentation Learn more here.

Control)

The Engineering College of Science and Technology (Pty) Ltd is provisionally registered with
L h the Department of Higher Education and Training until 31/12/2028 as a private higher
el el education institution under the Higher Education Act, 1997. Registration certificate no.
2025/HE07/007.
Registered UK Higher Education Provider | UKPRN: 10089771
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Disclaimer . EIT ‘ F
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The courses and qualifications mentioned in this presentation are offered by separate legal entities
operating in different jurisdictions — one in Australia, one in South Africa and one in the United Kingdom.
Each entity is subject to its own local regulatory requirements and accreditation standards.

Prospective students should refer to the relevant institution’s official website for accurate, up-to-date
information specific to their location, including course availability, fees, regulatory status, and enrolment
conditions.

* Forthe Engineering Institute of Technology (EIT) visit: https://www.eit.edu.au/

* Forthe Engineering College of Technology (ECT) visit: https://www.ect.ac.uk/

* Forthe Engineering College of Science and Technology (ECST) visit: https://www.ecst.ac.za/
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Introduction — Presenter 2EIT

Engineering Institute of Technology.

Emeritus Professor Akhtar Kalam

Emeritus Professor at Victoria University and EIT.

Academic Director and Chair of the Academic Board - Texila College Australia.

Director of Al-Kalam Educational Solutions.

Editor-in-Chief of AJEEE

Distinguished Professor/Adjunct Faculty in Australia, India, Malaysia and Oman.

He has published over 610 publications in his area of expertise and has written over 29 books.
Supervised 51 postgraduate research students to graduation, including 39 PhD’s and 12 MEngs. Currently, 10 postgraduate
research students (four PhD students at VU and six DEng students at EIT) are being supervised.
Public, University, and Motivational Lecturer.

Consultant for the electricity supply industries in Australia and overseas.

Assisted in change management plans for Universities and the higher education sector.

Education “My vision is to provide
The University of Bath, Bath, UK, D.Eng., Electrical Engineering exciting higher education
The University of Oklahoma, Norman, USA, MS, Electrical Engineering science and engineering
Al|garh I\{Iushm University, Al|gar.h, Indla-, BSc..Eng., Electrical Engineering courses, research, cohsultancy
St Xavier's College, Calcutta, India, Applied Science .

and collaborate in
Professional Society Activities development work of the
Australian Institute of Energy — Fellow industry and communities

Engineers Australia — Fellow
The Institution of Engineers and Technology, UK — Fellow.
The Institution of Electrical and Electronic Engineers, USA —Life Senior Member.

within Australia and beyond.”
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Learning Objectives
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High-power
transmission lines

e Understand the surge arrester
operation

e Analyse non-lightning transient
events P ot Subsiaton

e Diagnose protection failures

e Apply system-level reasoning

Power lines
fo property

“Step-down”
Substation




Why This Case Matters PEIT | DECT | HECST
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e |ncreasing unexplained
equipment failures

e The growing complexity of
modern grids

e Misinterpretation of
protection events
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Case Scenario PEIT | DECT
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11 kV Line
e 11 kV distribution feeder
G.0. Switch
e Multiple surge arresters failed éCab,eBox
. . i Underground
e No lightning recorded | Cable
e Failures occurred within minutes %nwo.c.s.
50:55 gC.T.
< >
To 1MVA“Q‘QQW'Q’ To
Consumers Consumers
4—<l> 11 kV/ 400V
ooy (D g‘ vain Kooy
200:5& 2C.T. &2 &g 1200/5

400 V Bus-Bar
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What is a Surge Arrester?

e Protective device against , /[ Sealing ring
Venting outlet

overvoltage Cement joint

Pressure relief diaphragm

e Diverts surge energy to ground MR pacar

Compression spring MO resist
resistor

e Typically, metal oxide varistor
(MQOV)

Supporting rod (FRP)

Holding plate (FRP)

Porcelain housing

Aluminum flange

~1
2
T
i
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Normal Operation 2EIT

e High resistance under normal voltage

e Conducts during overvoltage A

A B
e Returns to normal after surge

buckling

or crushin
- plateau stress, o,

|

absorption energy .

! densification
| strain, ¢,

/
/
/,
I

stress, o

mqdulus, £,

strain, &
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Failure Observations PEIT | ECT DECST

e Arrester rupture
e Burn marks

e No external
lightning evidence

& .
1 §
o
=
Pl ™ -
4

a) Slip-on housing blown off. b) Mol-m-ace housihg split. | c) Small holes.




Initial Hypotheses 2EIT | ECT | DECST

e Undetected lightning

- ®
G
e Manufacturing defect
OR
® Agei Ng WEATHER EXTERNAL
EVENT SUPPLY LOSS
e System transient e fo'R\
HIGH LIGHTNING TRANSFORMER EXTERNAL
WINDS STRIKE MALFUNCTION SUPPLY LOSS
FLOODING FLOODING GENERATOR
FAILURE
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Lightning Data Analysis PEIT | ECT | ECST

e No strikes recorded in the area
e \Weather conditions stable I S, Y

e Hypothesis rejected

Created with

LIGHTNING DENSITY - ANNUAL
: - - weather

AVERAGE PULSES PER SQ. KM PER YEAR / 2015 - 2021
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Load & Switching Logs

e Switching operations occurred
e Capacitor bank energisation

e Timing aligns with failure

(pu)

Voltage

-1.00 |

3.00

2.00 -

1.00 |-

0.00 -

-2.00 4~

-3.00 |-

16.7

1
50.0

66.7
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Switching Transients 2EIT | ECT | DECST

e Fast voltage spikes
e High frequency oscillations

e Can exceed insulation limits

17



Capacitor Bank Energisation 2EIT 2ECT »ECST

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

e |nrush current
e \/oltage overshoot

e Resonance possibility
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Travelling Waves PEIT | DECT | RECST

e Reflections along feeder

e \oltage amplification (

e Localised overvoltage

19



Resonance Condition PEIT | DECT | »ECST

e [nductance + capacitance interaction 7,

e Amplified oscillations

Indu ctive C apacitive
. Xo= KL AP XL
e Sustained overvoltage -« R

Crynamic
impedance

1 -

Frequency, f

Jr
Farallel Resonance
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Arrester Stress Mechanism 2EIT 2ECT
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e Repeated energy absorption

e Thermal buildup

MOA LEAKAGE CURRENT ANALYSIS

e Failure without lightning

,’ (Failure Risk)

———ao

r\




Hidden Cause Identified  2EIT 2ECT 2ECST
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e Capacitor switching transient

e Resonance in feeder

Insulator assembly to
be protected

e Repetitive stress on arresters ——
(SVU) ~—

| ~ep
(\
N\

\
— -
S

=

(e
A

=

Series airgap  =—

=~ Power line
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Why Multiple Failures? PEIT | DECT | RECST
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e Distributed resonance points
e Similar arrester ratings

e Simultaneous exposure

23
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Role of Harmonics PEIT | ECT DECST

e Background distortion

Fundamental (60Hz) = 2307 , THD= 7.38%

e Amplifies resonance

® |[ncreases stress

I |‘ ‘I‘Illlhl||I|“I|II||.“|-I“IIII|I.I |I| I-Ill.-u-.l-.llllllulhll.lll..uull.ltl‘llll.-.ul.n
1] 10 20 an Aai 50 L711] | ) 90 100

a0
Harmanet arder
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Protection Coordination Issue 2EIT 2ECT »ECST
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. Effective Zon Ineffective Zone
e Arresters not designed for « — = < 1
5
repetitive events o ages
without Surge
) ) ) ;‘ 4 Protective Devices
e Coordination mismatch s
23
. : o
¢ NO u pSt rdea m prOteCtlon % we Arrester Piotectf\/t Leve] — Wfthsrand Vo‘rtage _
t“gge re g 2 _Stige-/:\rriste_r' Low Frequency Withstand Voltag
g | - -
0

Lightning Overvoltages Switching Overvoltages  Temporary Overvoltages Maximum System Voltag

(Ms) (ms) (s) ()
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Engineering Lessons 2EIT

e Not all surges are lightning |
m

e Switching events are critical T Indirect
1 Lightning Strikes

e System modelling is essential [ T S

Direct

=g Lightning Strikes -~

AEE
YT el | -

26
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Solution 1: Controlled SwitchiagEIT | DECT
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e Point-on-wave switching

e Reduces transients

Random instamt of,_ switching

swiching command .‘-._.~ instam

Improves system stability

Breaker operating time

................................................. e 3
Signal analysis | prediction Lalculated time delay
gL
"-

"Release Instant of
Crcuit breaker

Principle of Controlled Switching

27



Solution 2: Surge Protection Redesign )ElT | )ECT \ )ECST

e Higher energy-rated arresters (D E
e Proper placement

e |mproved coordination

........
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Solution 3: Damping & Filters DEIT | DECT \ YECST
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e Harmonic filters
e Damping resistors

e Reduce resonance

_____________ o '_P_“’W_”-_Z—I(“—m;e_r—”__L_HSP—NlﬁﬁI
_l il i [ 1 | inverter |l A~y _ |
| L || I ] I I “ Ia1 y ” Ia R
' ORI | | I fey | |
\?5 I || I ] g—RL I |+ l + C Il + |
| | | Ve | Uy | U == f“®|
| I | | I I
i i i | v I |
_______ R B | b H |
Filter network Damping network CPL !_ o ”_ = _!!_ ______ |
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Solution 4: System Studies PEIT | DECT  2ECST

Engineering Institute of Technology. Engineering College of Technology. Engineering College of Science and Technology.

e EMT simulations

500

Pressure Static vs. Time
475 ?

e Transient studies

425 Time 5.023 (seconds)

- Pressure Stetic 371.5 (psia) Pressure at Valve A Inlet
400 | Pressure at Valve C Inlet o TR

1 ime R (seconds)
375 ¢ Pressure Static 264.9 (psia) L7

e Scenario testing .

| Pressure Static 270 9 fo ia)
325 | -

Time 5.00@ (seconds)
Pressure Static 477.9 (psia)

o

0 |

0

]

300 -
275 .
250 |
225 .

200

Pressure Static (psia)

175
150
125

100

so | v Static Pressure - P3, Sta. 4 (Outlet)

= [v] Static Pressure - P5 , Sta. 4 (Outlet)

Static Pressure - P6 , Sta. 4 (Outlet)

45 46 47 48 49 5 51 52 53 sS4 55 56 S? S8 59 6 61 62 63 64  6S
Time (seconds)
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e Renewable integration . ol
increases switching \m—g =

e More power electronics -

e Higher transient risks

31




Discussion Questions PEIT DECT  BECST
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e Could this be predicted in design?
e \What data is most critical?

e How would you protect the system?
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e Surge arresters can fail without lightning
e Switching transients are major threats

e System-level thinking is essential
LIGHTNING ARRESTER : SURGE ARRESTER

EXTERNAL PROTECTION : INTERNAL PROTECTION

|

A ) o [ 3
[ee[e[e] ‘
Main T S
THT |
i [elelels] I J
| |® —|= ?
{} e "

Sensitive

| Y[~ INDIRECT / INDUCED SURGES
10-100 kA

DIRECT STRIKE
100-200 kA
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e Questions & Discussion

e Thank You
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Upcoming Mysteries Webinars

14 May — The Disappearing Neutrals in a TN-C-S Network

21 May - Why the UPS Failed During a Blackout But Passed All Tests?

11 June — Cable That Melted at 60% Load

18 June - The Phantom Neutral - Why the Feeder Voltage Floated Overnight?
9 July — The Relay That Refused to See a Short

16 July - The Capacitor Bank That Blew Itself Up Quietly

13 August — The Motor That Wouldn’t Start - Unless It Was Empty

20 August - The Neon Sign That Pulsed with Passing Trucks

10 September — The Battery Bank That Lost Capacity Overnight

17 September - The Streetlight That Kept Turning on at Noon

12 November — The Transformer That Changed Tap Position by Itself

19 November — The Circuit That Lost Half Its Phase Over the Years

10 December — The PLC That Spoke Back - A Control Loop with a Mind of Its Own
17 December - The Resonant Substation - Lights Flicker Without Load Change
27 January - The Induced Voltage That Woke the Cattle

ring College of Technology.
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Please note: courses listed below are subject to their own regulatory requirements—refer to the
relevant website for further information.

Engineering Institute of Technology (EIT)

Australian Accredited Qualifications & Short Courses Start Date

52888 WA Advanced Diploma of Applied Electrical Engineering (Power Industry) 5 May 2026

Professional Certificate of Competency in Electrical Power System Fundamentals for Non Electrical

Engineers > May 2026

52910WA Graduate Certificate in Hydrogen Engineering and Management 5 May 2026

Professional Certificate of Competency in Substation Design (Main Equipment) 12 May 2026
Professional Certificate of Competency in Battery Energy Storage and Applications 12 May 2026
Professional Certificate in Essential Practices for Electrical Safety, Earthing, and Lightning Protection 18 May 2026
UET60222 Advanced Diploma of ESI - Power Systems (Australia and New Zealand Only) 2 June 2026
Professional Certificate of Competency in Power Distribution 9 June 2026
Online - Master of Engineering (Electrical Systems) 29 June 2026
Graduate Certificate in Power System Analysis and Design 29 June 2026

37



Upcoming Courses 2&IT | 2ECT | 2ECST

ing College of Technology. ring College of Scil and Technology.

Please note: courses listed below are offered by separate institutions in the UK and South Africa, each
subject to their own regulatory requirements - refer to the relevant website for location-specific details.

Engineering College of Technology (ECT)

UK qualifications Start Date
Bachelor of Engineering (Honours) in Industrial Automation 21 September 2026
Bachelor of Engineering (Honours) in Electrical Engineering 21 September 2026
Master of Science (Power System Analysis and Renewable Integration) 1 June 2026
Master of Science (Industrial Automation and Instrumentation Control) 1 June 2026

Engineering College of Science and Technology (ECST)

Start Date

South African accredited qualification & ECSA-endorsed

Bachelor of Engineering Technology in Electrical Engineering 3 August 2026

38



Certificate of Attendance

To receive your digital certificate of attendance for
participating in this webinar, please fill out the
form and survey here (or scan the QR Code):

https://ap1.hubs.ly/yOMv2X0
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Engineering Institute of Technology.

Website
www.eit.edu.au

Head Office
6 & 8 Thelma Street, West Perth,
Perth, WA 6005

Phone
Inside Australia: 1300 138 522
Outside Australia: +61 8 9321 1702

Email
webinars@eit.edu.au
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Do
Do

Courses
https://www.eit.edu.au/schedule/
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Engineering College of Technology.

Contact Us:

Website
www.ect.ac.uk

Head Office
Whittle Way, Stevenage SG1 2FS,
United Kingdom

Phone
Inside UK: 0208 335 4014
Outside UK: +44 208 335 401

Programmes
https://www.ect.ac.uk/programmes/
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Engineering College of Science and Technology.

Website
WWW. ecst.ac.za

Head Office

Unit 3, Elevation Gardens,

Elevation Close, Water fall

Office Park, Midrand, 1686

Phone
Within South Africa: 010 823 4497
Outside South Africa: +27 11 823 4497

Programmes
WWW.ecst.ac.za/course-
types/bachelor-of-engineering/
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