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Agenda

The Evolution of Substation Control

What is a Substation Automation System (SAS)?

Key Benefits of SAS

Core Functions of SAS (Control, Monitor, Protect)

Introduction to SCADA

Intelligent Electronic Devices (IEDs)

Basic Architecture of an Automated Substation

Summary and Q&A
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Evolution of Substation Control: The Past

Conventional Substations: Relied heavily on human operators.

Control: Huge panels with manual pushbuttons and semaphore
indicators.

Protection: Electromechanical relays (moving parts, springs,
magnets).

Monitoring: Analog dials and chart recorders.

Wiring: Massive amounts of copper wire connecting every
single device point-to-point to the control room.
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Evolution of Substation Control: The Present

Modern Substations: Fully digitized and networked.

Control: Human-Machine Interfaces (HMIs) and remote
control centers.

Protection: Microprocessor-based digital relays.

Monitoring: Digital logging, alarm management, and real-time
data trending.

Wiring: Copper replaced largely by fiber optic cables and
Ethernet networks.
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What is a Substation Automation System (SAS)?

A collection of hardware and software components used to
monitor, control, and protect a substation.

It integrates various Intelligent Electronic Devices (IEDs) via a
communication network.

Eliminates the need for constant on-site personnel.

Provides real-time data to grid operators (load dispatch
centers).
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Key Benefits of Substation Automation

Enhanced Reliability: Faster fault detection and clearing.

Reduced Operational Costs: Unmanned operation and remote
troubleshooting.

Improved Safety: Operators control equipment remotely rather
than standing near high voltage.

Better Asset Management: Condition monitoring of
transformers and breakers extends lifespan.

Smaller Control Rooms: Reduced footprint due to digital
integration.
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Core Functions of SAS

Function Category Description Examples

Control Operating switchgear Opening a CB, changing transformer tap
Monitoring Measuring parameters Voltage, Current, SF6 gas pressure
Protection Isolating faults Overcurrent trip, distance protection
Logging/Alarms Recording events Sequence of Events (SOE) recording
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Intelligent Electronic Devices (IEDs)

The building blocks of SAS.

Microprocessor-based controllers associated with power system
equipment.

Examples: Digital Protective Relays, Bay Controllers, Smart
Meters, Digital Fault Recorders.

An IED receives data from sensors (CTs/PTs), processes it,
issues commands (trip/close), and communicates with the
network.
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Introduction to SCADA

SCADA: Supervisory Control and Data Acquisition.

Supervisory Control: Sending commands to remote equipment
(e.g., ’Open Breaker 1’).

Data Acquisition: Gathering status and measurements from
remote equipment.

SCADA is the overarching software platform that interfaces
the human operator with the SAS.
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SCADA Components in a Substation

RTU (Remote Terminal Unit): The traditional device used to
interface physical wiring to the SCADA network. (Being
replaced by IEDs).

Data Concentrator / Gateway: Collects data from all IEDs and
sends it to the central control center.

HMI (Human-Machine Interface): The local computer screen
where operators can view the single line diagram and control
the substation.

Milav Dabgar Substation Engineering 11 / 16



Basic SAS Architecture (The 3 Levels)

Station Level
HMI, Gateway, Station Computer

Bay Level
IEDs, Protective Relays, Bay Controllers

Process Level
Switchgear, Transformers, CTs/PTs

Station LAN

Process Bus / Hardwired
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The Shift: Hardwiring vs. Networking

Old Method: Every status contact and control coil required a
dedicated copper wire running to the control room.

New Method: Equipment is wired locally to an IED at the Bay
Level. The IED digitizes the info.

Data travels over an Ethernet network (often fiber optic) to
the Station Level.

Result: Massive reduction in copper cabling, reduced fire risk,
and easier expansion.
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Reliability and Redundancy in SAS

If the network fails, does the substation blow up?

No. Protection IEDs operate autonomously. They do not rely
on the network or SCADA to trip a breaker during a fault.

SAS networks are designed with high redundancy (e.g., ring
topologies) so a single cable break doesn’t cause loss of
visibility.

Station batteries (DC system) ensure the SAS runs even
during a total AC blackout.

Milav Dabgar Substation Engineering 14 / 16



Summary

Substation control has evolved from analog, hardwired panels
to digital, networked IEDs.

SAS provides control, monitoring, and protection, improving
reliability and safety.

SCADA systems gather data from IEDs/RTUs and present it
to operators via HMIs.

Modern SAS architecture is divided into Process, Bay, and
Station levels.
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Next Lecture Preview

Deep dive into SAS Architecture and Protocols.

Detailed look at the Station, Bay, and Process levels.

Introduction to communication protocols (Modbus, DNP3,
IEC 61850).

Why IEC 61850 is the global standard for modern substations.
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