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Article Overview

Distribution Network Automation (DNA) uses advanced control systems and real-time monitoring to maintain

voltage stability and optimize reactive power across the distribution network.

Overview of Distribution Network Automation

Distribution Automation (DA) systems enable utilities to monitor, coordinate, and operate distribution

components remotely in real time, improving reliability, efficiency, and power quality (Parikh, 2026) . Key

functions include:

o Fault Location, Isolation, and Service Restoration (FLISR) to quickly respond to outages.

o Volt/VAR control to manage voltage levels and reactive power.

o Direct Transfer Trip for coordinated protection between substations and feeders.

o Monitoring field devices like transformers to predict maintenance needs and prevent outages (Cisco, 2026) .

DA relies on a robust communication network connecting substations, feeders, and distributed energy

resources (DERs), often using wired, wireless, and cellular technologies to ensure secure, real-time data

exchange.

Voltage Control in Distribution Networks

Voltage control ensures that all buses along a feeder maintain acceptable voltage levels (typically +-5% of

nominal) under varying load and generation conditions (Harvard University, 2016) . Voltage control strategies

are categorized by time scale:

o Primary (local) control: Fast, local adjustments using measurements at the device access point.

o Secondary control: Coordinated control to maintain critical bus voltages across a region.

o Tertiary control: Optimizes overall system stability and economic operation (IET Research, 2026) .

Traditional methods, such as transformer tap changes and capacitor banks, operate slowly and may not

respond effectively to rapid voltage fluctuations caused by DERs or electric vehicles. Modern approaches use

inverter-based devices to adjust reactive power in real time, enabling decentralized voltage control without full

communication networks (Harvard University, 2016) .

Advanced Voltage Control Strategies

Recent research proposes integrated dynamic voltage control using:

o State-space prediction models of controllable equipment.
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o Improved Model Predictive Control (IMPC) for rolling optimization and real-time feedback.

o Coordination between local and secondary voltage control to suppress fast voltage fluctuations and maintain

system resilience (IET Research, 2026) . These strategies are particularly important in active distribution

networks with high DER penetration, where voltage can fluctuate rapidly and unpredictably.

Substation and Circuit Considerations

Voltage circuits in substations can be implemented using:

o Gas Insulated Switchgear (GIS) for compact, secure installations.

o Metal-enclosed indoor switchgear for medium-voltage circuits.

o Hybrid solutions combining outdoor GIS bays with integrated breakers, disconnectors, and measurement

devices (ABB, 2026) . These configurations support remote control and automation, allowing voltage

regulation and reactive power management to be executed efficiently.

Key Benefits

Implementing DNA with advanced voltage circuit control provides:

o Improved voltage stability and power quality for sensitive loads.

o Faster fault response and service restoration.

o Optimized reactive power flow to reduce losses.

o Scalable integration of DERs and EVs without compromising voltage reliability. By combining real-time

monitoring, predictive control, and decentralized algorithms, utilities can maintain secure and resilient voltage

profiles across the distribution network.

To address these issues, a power flow equivalent circuit model for the medium voltage distribution loop

network was

The handbook describes various power distribution system constructions and elements there-of, technical

considerations, distribution

2.1 Interconnectedness of Distribution Automation Functions Individual distribution automation (DA)

functions, such as monitoring

A distributed coordination control method is first proposed for distribution system Volt-VAR control,

considering both
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Our distribution automation solutions optimize primary equipment O& M, boost supply safety &  voltage

The Why and How of Distribution Automation DA involves the integration of intelligent devices,

communication networks and

This article constructs a state space or equivalent circuit model of the DN (Distribution Network),

characterizes the

While designing the construction of a primary distribution substation, there are a number of different busbar

arrangement alternatives

Distribution automation is how electric utilities utilize forward-looking hardware and software tools to

optimize power grid efficiency,

Automated Voltage Control for a Distribution Network using Volt-Var Mode of Smart Inverters Abstract:

Increasing penetration of

Exploring distribution network automation options This article by NOJA Power is the first of a series covering

the many

With the current increase of distributed generation in distribution networks, line congestions and PQ issues are

The intelligent distribution network is an important foundation and support for the smart grid, and it has

covered substations at all

Those pertaining to distribution systems and in particular to the automation of distribution systems (or

distribution automation) will be

This paper has comprehensively reviewed recent research on advanced VVC in active distribution networks,

Automated control of devices in distribution systems involves a closed-loop control of switching devices,

voltage
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