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1. Abstract

All electrical power equipment produces sound. With increasing urbanization, electrical power equipment
is now often installed in close proximity to where people work and live. Additionally with the bulk transfer
of electrical power using both A.C. power transmission and HVDC, the environmental impact of “hub”
substations, in both urban and rural environments, is a key consideration; including the acoustic impact.
Therefore the characterization, predictive modeling, measurement and control of sound emitted by the
wide variety of electrical power equipment has taken on an even increasing importance; including the
impact on electrical power equipment standards development.

The focus of the tutorial will be the environmental impact of audible sound produced by transformers and
reactors. The rapid urbanization that has taken place in many countries has resulted in an increased
focus on the environmental impact related to the application of power equipment such as transformers
and reactors. Audible sound and the affect on people living near installations of power equipment is a
key issue. Key subject areas that will be covered include:

e Regulatory requirements, including factors that influence zoning sound levels, examples of zoning
requirements and project specific initiatives to meet zoning requirements.

e Sources and characteristics of different contributors to transformer noise will be described and
with a focus on load noise; including a perspective of its significance re new power transformer
designs.

e The unique sound characteristics of transformers biased with direct current or loaded with
harmonic current in specific applications, such as converter transformers for HVDC, will be
presented.

e The unique characteristics and special nature of the audible sound produced by oil-immersed
shunt reactors will be addressed.

e The audible sound produced by dry-type air-core reactors including shunt reactors, filter reactors
and HVDC smoothing reactors will be described. Sound mitigation approaches will be presented.

e The sound intensity method of audible sound determination will be presented as it is being
considered for inclusion in IEEE standards.

2. Learning Objectives

This tutorial will provide basic background information; including

e Appreciation of the scope and direction of regulatory requirements

e Modern transformer design strategy and the impact on audible sound

e Characterization and basic theory of sound generated by transformers and reactors, oil immersed
and dry type, based on application and current loading (including DC current and harmonics)

e Designs for reduced audible sound and mitigation



3. Learning Outcomes

Attendees will gain

¢ A general understanding of the physics of audible sound generation in transformers and reactors.

¢ Improved perspective on environmental impact and regulatory requirements

e A qualitative understanding of the audible sound generation mechanism plus possible mitigation
and achievable results will allow attendees to better understand the environmental acoustic
aspect of applying transformers and reactors in urban sensitive areas.

¢ Increased knowledge to participate in this aspect of standards development and also in the
application of this content area of standards for equipment design, purchase and application.
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