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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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Practical Engineering & Technical Training Technologies

Founded in 1992 to deliver engineering and technical
training that supports industry needs.

Specializes in professional development across:
* Electrical Engineering

* Instrumentation & Process Control

* Information Technology

* Mechanical Systems

* Project Management

Focuses on practical, real-world learning with skills that can be applied immediately in
the workplace. Courses, workshops, and conferences are developed in consultation
with industry to ensure relevance and impact. Supports engineers, technicians, and
technical professionals in building job-ready expertise. Over 30 years of training
experience with a strong presence across Australia and international markets.
Continues to play a key role in upskilling the engineering workforce and strengthening
technical capability across industries
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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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Please keep discussion lawful and respectful; follow the moderator’s directions.

Do not share illegal or abusive content. Recording is not permitted unless authorised.
Breaches may lead to removal.

To protect intellectual property, confidential information, and the privacy of presenters and
attendees, the use of Al note-taking bots, recording bots, or automated meeting assistants is

not permitted during this webinar. Any unauthorized Al agents may be removed from the
session at the organizer's discretion.
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Engineering Institute of Technology. Engineering College of Technology. Engineering College of Science and Technology. Technologies

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 /'ndustry 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.”



Agenda

1 | Learning Outcomes

2 | The Mystery

3 | Protection System Overview
4 | Standards Applied

5 | Lessons Learned

6 | Discussion Exercise

7 | Q&A

El

nnnnnnnnnn

Institute of Technology. ‘ Engineering College of Technology. ’ Engineering College of Science and Technology. )

IDC

Technologies



Learning Outcomes DEIT | DECT | DECST ->IDC

Technologies

. . Bus Circuit
By the end, participants should: o1 Breaker
Explain how protective relays detect faults =) 52 Plff"“"'er
. . . ne
Analyse situations where relays may fail to operate T_
Evaluate CT and VT influences on protection - Relay Other
Diagnose hidden causes of relay maloperation PT Communications
Apply systematic engineering investigation methods $
|dentify lessons for protection system design Siation
Battery
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A feeder experienced a phase-to-phase short circuit. 1) Transformer Rim2 | X/me
Pr, =630 kVA

Observed: Uk =6% 3.1 | 135
U =400V

v Visible arc flash

v Circuit conductor damage

v/ Customer outage

v Fault confirmed after inspection

Yet:

Cable 125 | 25
35m 50 mm°

-

&
-4—*""(—/

X Protection relay did not trip Cable
X Breaker remained closed =om zmm i

X Backup protection operated 12 seconds later

Cable
% 15m 2.5 mm® 110.0 1.1

@ ¥ 139.6 | 186

10
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Common Assumptions

Most engineers initially conclude:
* Relay failure
e Software bug
* Wiring error
* Human error
e Fault recorder malfunction

Important Principle:

The obvious explanation is not always the correct explanation.
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Typical Protection Chain

Fault Occurs

v 111
Current Transformer (CT) SISTe ] [ [E Relay 5

Circuit Breaker Transformers Battery

M- | | Vo

3

r—---——------—-—-—-------

v d
Protection Algorithm f '
NY : 990 Power System
Trip Logic I | Protection
! =
N2 i ) l
NY

Fault Clearance
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How Overcurrent Relays Detect Faults

Basic Principle

Normal current:
 Within operating limits

Fault current:
* Exceeds the pickup threshold

The relay issues a trip command
Example

Normal load: 150 A

Relay pickup: 300 A

Fault current: 5000 A

Expected outcome:

Relay trips rapidly.

PEIT | 2ECT | ECST |-> 1DC
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Callege of Science and Technology.

Investigation Findings
 Phase B and C conductors contacted
 Arc marks present
* |nsulation destroyed
 Damage consistent with fault current

Evidence strongly confirmed:

A real short circuit occurred
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Event Records

Relay Event Log
Recorded Current:
Phase A: 140 A
Phase B: 165 A
Phase C: 155 A

Trip Status:
* No operation
* Noalarm
* No fault indication

T
09.495761

T
09.485761

o /\J"[\\ /A i \[\"A*
-

09.595761

09.595761

Engineering Institute of Technology. ‘ Engineering College of Technalogy. Engineering College of Science and Technology.
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SYNCHROWAVE EVENT 2015

Legend
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#0032 x
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1:1G_A
1:IN_A

T T T
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Critical Question

Did the Relay See the Fault?

Two possibilities:
1. Relay saw the fault and chose not
to trip

2. Relay never saw the fault

Which is more likely?

Fault Detected

Technologies

DEIT | DECT | DECST +> IDC

Protection Coordination

Fault Occurs = Nearest Relay Trips = System Stays Active

Nearest Relay Trips System Stays Active

Relay A = A 2 1
3(/ ‘ TRIED D A 7 g - AN
— dm

Relay A Operates Other Relays Stay Closed

Fault Isolated

Short Circuit or Fault
Rest of the System Active

Selective Tripping \ Fault Isolation ] Continued Operation
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Instrument Transformers EIT | DECT | DECST +»>1IDC

Current Transformers (CTs)

Purpose:

Convert large primary currents into manageable secondary currents.

Example:
1000A/1ACT
1000 A primary
N2

1 A secondary

17



CT Saturation

What Happens During Large Faults?
CT magnetic core may saturate.

Consequences:
e Distorted waveform
* Reduced output
* Measurement error
e Protection blindness

Current (A)

PEIT | 2ECT | ECST |-
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=30 +
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0.20
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Time (s)

0.26

0.28

0.30
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Understanding CT Saturation PEIT | DECT | ECST > 1DC

Normal Operation

Primary Current — Accurate Secondary Current T

Saturated Operation

. . Ramarsn
Primary Current - Distorted Secondary Current " Fit I

Le=nsty

Relay sees:

Much smaller current

H-
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Fault Current Analysis

Calculated Fault Current
Network study predicted:
9.8 kKA

Relay pickup:

600 A

Large margin available.
Question:

Why wasn’t the pickup reached?

+>1DC
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Oscillography Review

Disturbance Record Findings

Fault inception visible

Current waveform heavily distorted
Flattened waveform peaks observed
Strong indication:

CT saturation

DEIT | DECT | DECST > IDC
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Distortion in Saturation

u

/\

V \V

Linear Load
(60 Hz)

@

W

Non-Linear Load
(60 Hz)




The DC Offset Problem

Fault Current Components
AC Component

.I_

DC Offset Component

Asymmetrical Fault Current

Large DC offset increases the risk of CT
saturation.

Current

jult at
Jitage
Zero

— DC offset

Total fault current i(t)

AC component

7
Decay with 1 = L—R
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Contributing Factors L

High fault level Secondary » Prwer Sysiem Dperation Shiles

Uales i
ll-.‘l--IE |III E:I._l =| '-:_ =I=Ii;_|-

Long CT secondary leads P
High burden ' —
Small CT knee-point voltage . If..:;m._.p.:i--:
Significant DC offset

T -

Ecosaben Cument (5]




Relay Algorithm Limitations

Modern Relays Use Filtering

Functions include:
*  RMS estimation
* Harmonic filtering
* Noise rejection

Excessive waveform distortion can create
unexpected behaviour.
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Workshop Testing

Relay operated correctly.
Trip output functional.
Settings verified.

Conclusion:

Relay hardware healthy
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Site Testing

High current injected through CT circuit.
Results:

Abnormal CT performance observed.
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CT Ratio Error

Further investigation discovered:

Incorrect CT replacement during maintenance.
Installed CT:

600/1

Required CT:

1200/1

Relay settings not updated.
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Multiple Factors Aligned
1. Incorrect CT ratio
2. Severe saturation
3. High DC offset
4. Marginal relay settings

Result:

Relay underestimated fault current.

ing Institute of

ing College of Science and Technology. Technologies

1. Matching Voltage and Current Is Not Enough

A relay that “looks suitable® on paper may still fail quickly in real operation.

WHAT WE MATCH (DATASHEET) WHAT THE RELAY ACTUALLY EXPERIENCES

Inrush Current Inductive Kickback Switching Arc Thermal & Mechanical
(At Power On) (At Switch Off) (During Switching) Stress (High Frequency)
Curment (A) Voltage () Tempesature (C)
) Cod Violtage = Control Voltage
. e . 3 300 15
Contact Current Rating 3 150 &
= Load Current
0 40
150 & at
Time
+
Example: 10A Reiay High inrush current High reverse voltage Arc generated when Heat accurmslation and
T when load Is generated by inductive contacts open o close, mechanical wear from
—— energired lnads, causing erasion, frequent operations,
15
Rated Current: 104 3
0 — -
5 Fe. -4
— B ’ el
0
Time
0 Steady-state current
Looks safe on paper The relay sees more
than steady current:
Imrush Current Inductive Kickback Switching Are Thermal Stress

";" Matching voltage and current is only the first step. Real-world conditions determine relay reliability.
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Swiss Cheese Model

Protection Failure Layers
Design
N

Installation

N2

Commissioning

N/

Maintenance

J

Operation

Multiple holes aligned.

Fault escaped detection.

SUCCESSIVE LAYERS OF DEFENSES
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Technical Causes P — I lf
-- ‘; J
* CT saturation R P

* |ncorrect CT ratio
Organisational Causes
* |nadequate maintenance control

* Missing commissioning verification

Unlocking Peak Maintenance Performance:
* Poor documentation Poor Maintenance Practices Lead to Out-of-
Control Operational Costs
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Lesson 1

Why Learning From
Failure Matters

Every setback can reveal insights that make
your next business move stronger.

LeSSO n 2 ; Builds resilience

over time
Turns mistakes Practice bouncing back

@ into insights / S . from hard setbacks.

Capture what went wrong
SO you can improve.

Never assume relay measurements are correct.

Always investigate CT performance.

Guides smarter
decisions

Lesson 3

Verify settings after equipment replacement.
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Modern Solutions

Emerging Technologies
Digital substations
IEC 61850 process bus
Optical current transformers
Adaptive protection
Al-assisted fault diagnostics

IDC

Technologies

Controller

Controller

v

!

00 Controller

v

Process Bus >

—

Ethernet Interface

Analogue Input Digital Output

A

v

Ethernet Interface

Analogue Input Digital Output
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Discussion Exercise

Group Question
What would you investigate first?

You arrive at a substation where:
* A physical fault exists
* Relay did not trip
* Eventrecords appear normal

+>1DC

Technologies
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Remember

( FACTORS ° P— [

mm(m\ v Relays only act on what they measure
LIFESPAN CONCERNS CHALLENGES ? s

AGING SUSTAINABILITY &
INFRASTRUCTURE ENVIRONMENTAL IMPACT

| COMPLEX SYSTEM SUPPLY CHAIN
{ @ INTEGRATION DISRUPTIONS .
C different modules, interfaces material shortages roads, bridges, utilities climate change, %

- g 9 v/ CTs can lie

(KEVISSUES, [ FACTORS }
=7 REGULATORY (@), QUALITY CONTROL
N i E COMPLIANCE & CODES X/ &DEFECTS

SAFETY & RISK PROJECT MANAGEMENT
MANAGEMENT EFFICIENCY

ENERGY EFFICIENCY a2 RAPID TECHNOLOGICAL
CES

e sowcee T R V' Saturation can hide faults

G ETHICAL
OBSOLESCENCE CONSIDERATIONS

°} UNREALISTIC SCHEDULES SKILLED LABOR MAINTENANCE B 5 CYBERSECURITY RISKS . ';
A & BUDGETS SHORTAGES & RELIABILITY ; B\’ smart systems, loT :

v Settings matter

V' Verification is essential

v Systematic investigation beats
assumptions.
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Was the Relay Actually Wrong?

Or

Was It Acting Correctly on Incorrect
Information?
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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
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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) 1 September 2026
52892WA Advanced Diploma of Electrical and Instrumentation (E&I) Engineering in Mining 1 September 2026
Professional Certificate of Competency in Power Distribution 3 November 2026

Professional Certificate of Competency in Hazardous Areas & Intrinsic Safety For Engineers & 11 August 2026

Technicians

Graduate Diploma of Engineering (Electrical Systems) 4 January 2027
Associate Degree in Electrical Engineering 8 February 2027
Bachelor of Science (Electrical Engineering) 8 February 2027
Master of Engineering (Electrical Systems) 4 January 2027
Master of Engineering — Applied Research (Electrical Systems) 4 January 2027

Doctor of Engineering 8 February 2027

38
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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) 5 October 2026
Master of Science (Industrial Automation and Instrumentation Control) 5 October 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

39
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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

=

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 4014

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, Waterfall
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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