technical specification of transformer

technical specification of transformer is a critical aspect in the design, selection, and application
of transformers across various electrical and electronic systems. Understanding these specifications
ensures optimal performance, reliability, and safety in power transmission, distribution, and
utilization. This article provides a detailed overview of key transformer parameters including ratings,
electrical characteristics, mechanical features, and operational conditions. It also explores the
significance of these specifications in practical scenarios and their impact on efficiency and lifespan.
Readers will gain insight into the essential technical data that define transformer capabilities and
limitations. The discussion includes voltage ratings, current capacities, frequency, insulation levels,
cooling methods, and more, offering a comprehensive guide for engineers, technicians, and industry
professionals. Following the introduction is a clear outline of the main topics covered in this article.

Basic Electrical Specifications of Transformer

Mechanical Specifications

Thermal and Cooling Specifications

Insulation and Dielectric Properties

Performance Parameters and Efficiency

e Operational and Environmental Conditions

Basic Electrical Specifications of Transformer

The fundamental electrical specifications define the capacity and performance of a transformer in an
electrical system. These parameters are essential for ensuring compatibility with the load and source
while maintaining system stability and efficiency.

Voltage Ratings

Voltage rating is the maximum voltage the transformer can handle on its primary and secondary
windings without insulation failure. It is typically expressed in volts (V) or kilovolts (kV) and includes
the rated primary voltage (input) and rated secondary voltage (output). Correct voltage rating
selection prevents overvoltage damage and ensures proper transformer operation.

Current Ratings

Current rating indicates the maximum current the transformer windings can safely carry without
overheating. It is measured in amperes (A). This rating is determined by the conductor size, winding
temperature limits, and cooling method. Exceeding the current rating can cause excessive heat



buildup and reduce transformer lifespan.

Power Rating (KVA or MVA)

The power rating, often expressed in kilovolt-amperes (kVA) or megavolt-amperes (MVA), defines the
apparent power capacity of the transformer. It represents the maximum load the transformer can
supply under specified conditions without exceeding temperature limits. Power rating is a critical
parameter in transformer selection for electrical networks.

Frequency

Transformers are designed for specific operating frequencies, commonly 50 Hz or 60 Hz depending on
the regional power system. Frequency affects core design, magnetic flux, and overall efficiency. Using
a transformer at a frequency different from its rating can lead to increased losses and reduced
performance.

Connection Type and Phases

Transformers may be single-phase or three-phase, depending on their application. The connection
type, such as delta or wye (star), influences the voltage levels, phase shifts, and fault tolerance.
Proper specification of connection type ensures compatibility with the power system configuration.

Mechanical Specifications

Mechanical aspects of transformers impact their installation, durability, and maintenance. These
specifications often relate to physical dimensions, weight, enclosure type, and structural features
necessary for safe and reliable operation.

Core and Winding Construction

The transformer core is typically made of laminated silicon steel to reduce eddy current losses. The
winding material, usually copper or aluminum, is specified for conductivity and thermal properties.
Mechanical design includes the arrangement of windings and core to minimize vibrations and noise.

Dimensions and Weight

Physical size and weight are important for transportation, installation space, and foundation
requirements. These parameters depend on the transformer’s capacity, cooling type, and insulation
system. Accurate specification ensures proper handling and support infrastructure.



Enclosure Type

Transformers may be housed in various enclosures such as tank-type, dry-type, or sealed units. The
enclosure specification defines protection against environmental factors like moisture, dust, and
mechanical damage. It also affects cooling and maintenance accessibility.

Mounting and Installation Requirements

Specification includes the type of mounting (floor-mounted, wall-mounted, pole-mounted) and
installation guidelines. These ensure safe operation and compliance with regulatory standards. Proper
mechanical support prevents damage from vibrations and external forces.

Thermal and Cooling Specifications

Thermal management is crucial in transformer design to prevent overheating and maintain efficiency.
Cooling methods and temperature limits are specified to guarantee reliable operation under full load
and varying environmental conditions.

Cooling Methods

Transformers use different cooling systems based on their size and application, such as:

¢ Qil Natural Air Natural (ONAN)
¢ Oil Natural Air Forced (ONAF)
» Qil Forced Air Forced (OFAF)

e Air Natural (AN) for dry-type transformers

Each cooling method has an associated thermal rating and affects the transformer's capacity and
lifespan.

Temperature Rise Limits

Temperature rise is the increase in winding or oil temperature above ambient conditions during
operation. Specified limits ensure insulation integrity and prevent premature aging. Common limits
include 65°C or 80°C for winding temperature rise depending on the insulation class.

Ambient Temperature Range

Transformers must operate within a defined ambient temperature range to avoid overheating or
material degradation. This range is specified to align with the installation environment, from cold



climates to tropical regions.

Insulation and Dielectric Properties

Insulation quality directly influences transformer reliability and safety. Specifications cover materials,
classes, and dielectric strength to withstand electrical stresses during normal operation and transient
conditions.

Insulation Class and Material

Common insulation classes include Class A, B, F, and H, each indicating maximum allowable
temperature ratings. Materials such as impregnated paper, enamel, and epoxy resins offer different
thermal and mechanical properties tailored to the transformer's application.

Dielectric Strength

Dielectric strength measures the insulation's ability to resist electrical breakdown under high voltage.
Specifications define minimum withstand voltages for routine testing and surge conditions, ensuring
safety margins during faults and switching operations.

Impulse Voltage Rating

This rating defines the maximum transient voltage the transformer can endure without damage,
typically caused by lightning strikes or switching surges. Impulse testing verifies compliance with this
specification.

Performance Parameters and Efficiency

Performance specifications provide insight into the operational effectiveness of a transformer,
focusing on losses, regulation, and overall efficiency, which impact energy consumption and cost of
ownership.

Efficiency

Transformer efficiency is the ratio of output power to input power, usually expressed as a percentage.
High efficiency minimizes energy losses, primarily composed of copper losses (I?R) and core losses
(hysteresis and eddy currents). Efficiency varies with load and is a key factor in transformer selection.

Voltage Regulation

Voltage regulation indicates the change in secondary voltage from no load to full load, expressed as a



percentage. Lower regulation values mean better voltage stability under varying load conditions,
crucial for sensitive equipment.

Losses

Transformer losses are categorized as:

e Core losses (no-load losses) - constant and occur due to magnetizing current

e Copper losses (load losses) - vary with load current

Minimizing losses improves efficiency and reduces operating costs.

Operational and Environmental Conditions

Transformers must be specified considering the conditions under which they will operate.
Environmental and operational parameters affect design choices and long-term reliability.

Altitude and Atmospheric Conditions

Operating altitude influences cooling and dielectric performance due to reduced air density.
Specifications include altitude limits and adjustments for high altitude installations. Atmospheric
conditions such as humidity, pollution, and corrosive gases are also considered.

Short Circuit and Overload Ratings

Transformers are rated for short circuit withstand capability and temporary overload conditions.
These specifications ensure the unit can survive fault currents and transient overloads without
mechanical damage or insulation failure.

Noise Levels

Noise emission from transformers is an important specification in urban and residential installations.
Limits on noise levels are defined to comply with local regulations and minimize disturbance.

Frequently Asked Questions

What is the primary purpose of specifying the technical



specifications of a transformer?

The primary purpose of specifying the technical specifications of a transformer is to ensure it meets
the required operational parameters such as voltage, current, frequency, efficiency, and cooling
methods for a particular application.

Which key parameters are included in the technical
specifications of a transformer?

Key parameters include rated power (kVA or MVA), primary and secondary voltage ratings, frequency,
impedance, efficiency, cooling type, insulation class, vector group, and temperature rise limits.

How does the rated power of a transformer affect its technical
specifications?

The rated power determines the maximum load the transformer can handle safely. It influences the
size, winding design, core material, and cooling requirements specified in the technical details.

Why is the impedance voltage important in transformer
specifications?

Impedance voltage affects the short-circuit current and voltage regulation of the transformer. It is
critical for system stability, fault calculations, and coordination with other electrical equipment.

What role does the insulation class play in transformer
technical specifications?

The insulation class defines the maximum temperature the transformer’s insulating materials can
withstand, impacting the transformer's longevity, reliability, and ability to operate under certain
environmental conditions.

How are cooling methods represented in the technical
specifications of transformers?

Cooling methods are specified using standardized codes such as ONAN (Oil Natural Air Natural), ONAF
(Oil Natural Air Forced), or AN (Air Natural), indicating how heat is dissipated to maintain safe
operating temperatures.

What is the significance of the vector group in transformer
specifications?

The vector group indicates the winding configuration and phase displacement between primary and
secondary windings. It is essential for parallel operation, phase matching, and minimizing harmonic
distortions in power systems.



Additional Resources

1. Transformer Engineering: Design, Technology, and Diagnostics

This book provides a comprehensive overview of transformer design principles, manufacturing
technologies, and diagnostic techniques. It covers the electrical, mechanical, and thermal aspects
involved in transformer engineering. Readers will find detailed discussions on insulation, cooling
methods, and condition monitoring to optimize transformer performance and longevity.

2. Power Transformers: Principles and Applications

Focusing on the fundamental principles of power transformers, this book explores their construction,
operation, and applications in power systems. It includes detailed technical specifications, standards,
and testing procedures. The practical approach makes it ideal for engineers involved in design,
testing, and maintenance.

3. Transformer Design and Practice

This text delves into the practical aspects of transformer design, including core selection, winding
configurations, and loss minimization. It features case studies and examples that illustrate common
engineering challenges. The book also addresses recent advances in materials and manufacturing
processes.

4. Electrical Transformers and Power Equipment

A detailed reference on the technical specifications and performance characteristics of electrical
transformers and related power equipment. The book covers standards, testing methods, and
troubleshooting techniques. It is tailored for engineers and technicians working in power generation
and distribution.

5. High Voltage Transformer Engineering

This specialized book focuses on transformers designed for high voltage applications, discussing
insulation coordination, dielectric testing, and safety standards. It provides insights into the design
considerations required to handle high electrical stresses. Advanced diagnostic techniques and failure
analysis are also covered.

6. Transformer Specifications and Standards Handbook

An essential guide to understanding the various international and national standards governing
transformer specifications. The handbook explains technical parameters such as temperature rise,
sound levels, and efficiency ratings. It serves as a valuable resource for compliance and quality
assurance professionals.

7. Power Transformer Design: Theory and Practice

Combining theoretical foundations with practical design strategies, this book addresses
electromagnetic design, thermal management, and mechanical construction. It includes detailed
equations and design examples for different transformer types. The book is suited for both students
and practicing engineers.

8. Transformer Testing and Diagnostics

This book focuses on the technical procedures for testing transformers, including routine, type, and
special tests. It covers diagnostic methods such as dissolved gas analysis, partial discharge
measurement, and thermal imaging. The content is crucial for maintenance engineers aiming to
ensure transformer reliability.

9. Modern Transformer Technology: Materials and Innovations



Highlighting recent advancements in transformer materials and manufacturing technologies, this
book explores innovations that improve efficiency and reduce environmental impact. Topics include
advanced insulation materials, eco-friendly cooling systems, and smart monitoring devices. It is ideal
for engineers interested in the future of transformer design.
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technical specification of transformer: The ] & P Transformer Book Martin J. Heathcote,
1998 Written for engineers and students of electrical engineering, the J & P Transformer Book has
been in publication since 1925. This 12th edition covers all aspects of designing, installing &
maintaining all types of power transformers.

technical specification of transformer: J & P Transformer Book Martin Heathcote,
2011-04-01 Maintaining appropriate power systems and equipment expertise is necessary for a
utility to support the reliability, availability, and quality of service goals demanded by energy
consumers now and into the future. However, transformer talent is at a premium today, and all
aspects of the power industry are suffering a diminishing of the supply of knowledgeable and
experienced engineers.Now in print for over 80 years since initial publication in 1925 by Johnson &
Phillips Ltd, the ] & P Transformer Book continues to withstand the test of time as a key body of
reference material for students, teachers, and all whose careers are involved in the engineering
processes associated with power delivery, and particularly with transformer design, manufacture,
testing, procurement, application, operation, maintenance, condition assessment and life
extension.Current experience and knowledge have been brought into this thirteenth edition with
discussions on moisture equilibrium in the insulation system, vegetable based natural ester
insulating fluids, industry concerns with corrosive sulphur in oil, geomagnetic induced current (GIC)
impacts, transportation issues, new emphasis on measurement of load related noise, and enhanced
treatment of dielectric testing (including Frequency Response Analysis), Dissolved Gas analysis
(DGA) techniques and tools, vacuum LTCs, shunt and series reactors, and HVDC converter
transformers. These changes in the thirteenth edition together with updates of IEC reference
Standards documentation and inclusion for the first time of IEEE reference Standards, provide
recognition that the transformer industry and market is truly global in scale. -- From the foreword by
Donald J. FallonMartin Heathcote is a consultant specializing in power transformers, primarily
working for utilities. In this context he has established working relationships with transformer
manufacturers on several continents. His background with Ferranti and the UK's Central Electricity
Generating Board (CEGB) included transformer design and the management and maintenance of
transformer-based systems.* The definitive reference for all involved in designing, installing,
monitoring and maintaining high-voltage systems using power transformers (electricity generation
and distribution sector; large-scale industrial applications)* The classic reference work on power
transformers and their applications: first published in 1925, now brought fully up to date in this
thirteenth edition* A truly practical engineering approach to design, monitoring and maintenance of
power transformers - in electricity generation, substations, and industrial applications.
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technical specification of transformer: Transformer and Reactor Procurement Gilson M.
Bastos, Tom Breckenridge, Mike Lamb, Tara-Lee MacArthur, Simon Ryder, 2022-09-19 This Green
Book provides those involved in transformer procurement with comprehensive guidance on industry
best practice to avoid wrong decisions. Transformers are one of the expensive components in the
power system, and also contribute a large proportion of the losses. Transformers also have long lives
- more than 40 years in many cases. Making the wrong decisions during the procurement process
can have serious and long-lasting consequences.

technical specification of transformer: NASA Specifications and Standards United States.
National Aeronautics and Space Administration. Scientific and Technical Information Division, 1967

technical specification of transformer: Transformer and Reactor Life Management Luiz
Cheim, Adish Kumar Gupta, Tara-Lee MacArthur, Simon Ryder, 2024-12-28 This Green Book
provides a comprehensive guide to transformer and reactor life management, from procurement to
disposal. Transformers and reactors are among the most expensive components in the power system
and contribute to a large proportion of its losses. Transformers also have long lives - more 40 years
in many cases. Making the wrong decisions on their life management can have serious and
long-lasting consequences. The book is a reference for anyone involved in transformer and reactor
life management. This includes not only operators, but also maintenance, repair, testing, and
disposal contractors. Each of the main steps is described in its own chapter, with special emphasis
on diagnosing and resolving transformer and reactor problems. Each chapter has been written by
experts in the field, and then reviewed in detail by the editorial panel. In addition, the editorial panel
has tried to ensure a clear and consistent use of terminology. The book provides those involved in
transformer and reactor life management with comprehensive guidance on industry best practices
and how to avoid wrong decisions. Readers who would like to comment on any of the published
books or identify errors to the editorial team please contact: cigregreenbooks@springer.com.

technical specification of transformer: GB, GB/T, GBT Chinese Standard(English-translated
version) - Catalog002 CODEOFCHINA - Dr. Meng Yongye , 2018-05-04 All English-translated
Chinese codes are available at: www.codeofchina.com

technical specification of transformer: Large Energy-Saving Wound Core Traction
Transformer Shibin Gao, Lijun Zhou, Chenqingyu Zhang, 2024-10-17 This book delves into the
innovative realm of wound core transformers designed for high-voltage power grids, moving beyond
the traditional laminated core structures prone to magnetic flux leakage and energy dissipation.
Through a novel enclosed wound core design that eliminates joints and corners, it presents a
transformative approach that minimizes leakage and enhances the electromagnetic performance of
transformers. This book not only addresses the technical challenges and solutions in transformer
design but also marks a significant step forward in the pursuit of energy efficiency and performance
optimization in electrical power systems. Targeting a specialized audience of professors, scholars,
and graduate students engaged in transformer energy-saving optimization and related research
fields, it offers an in-depth exploration of the complete loss calculation, innovative manufacturing
processes, and testing technologies of large-scale wound core transformers.



technical specification of transformer: GB,GBT,GB/T Chinese Standard(English-translated
version)-Catalog001- Dr. Meng Yongye CODEOFCHINA, 2018-05-04 All English-translated Chinese

codes are available at: www.codeofchina.com
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technical specification of transformer: Power Transformers Quality Assurance Mr. Ajeet
Singh, 2018-05-16 EduGorilla has its own publishing wing producing exam prep books, trade books,
etc.

technical specification of transformer: Transformer Engineering S.V. Kulkarni, S.A.
Khaparde, 2017-12-19 Transformer Engineering: Design, Technology, and Diagnostics, Second
Edition helps you design better transformers, apply advanced numerical field computations more
effectively, and tackle operational and maintenance issues. Building on the bestselling Transformer
Engineering: Design and Practice, this greatly expanded second edition also emphasizes diagnostic
aspects and transformer-system interactions. What’s New in This Edition Three new chapters on
electromagnetic fields in transformers, transformer-system interactions and modeling, and
monitoring and diagnostics An extensively revised chapter on recent trends in transformer
technology An extensively updated chapter on short-circuit strength, including failure mechanisms
and safety factors A step-by-step procedure for designing a transformer Updates throughout,
reflecting advances in the field A blend of theory and practice, this comprehensive book examines
aspects of transformer engineering, from design to diagnostics. It thoroughly explains
electromagnetic fields and the finite element method to help you solve practical problems related to
transformers. Coverage includes important design challenges, such as eddy and stray loss evaluation
and control, transient response, short-circuit withstand and strength, and insulation design. The
authors also give pointers for further research. Students and engineers starting their careers will
appreciate the sample design of a typical power transformer. Presenting in-depth explanations,
modern computational techniques, and emerging trends, this is a valuable reference for those
working in the transformer industry, as well as for students and researchers. It offers guidance in
optimizing and enhancing transformer design, manufacturing, and condition monitoring to meet the
challenges of a highly competitive market.

technical specification of transformer: Ultra-High Voltage AC/DC Grids Zhenya Liu,
2014-12-11 The UHV transmission has many advantages for new power networks due to its capacity,
long distance potential, high efficiency, and low loss. Development of UHV transmission technology
is led by infrastructure development and renewal, as well as smart grid developments, which can use
UHYV power networks as the transmission backbone for hydropower, coal, nuclear power and large
renewable energy bases. Over the years, State Grid Corporation of China has developed a leading
position in UHV core technology R&D, equipment development, plus construction experience,
standards development and operational management. SGCC built the most advanced technology
'two AC and two DC' UHV projects with the highest voltage-class and largest transmission capacity
in the world, with a cumulative power transmission of 10TWh. This book comprehensively



summarizes the research achievement, theoretical innovation and engineering practice in UHV
power grid construction in China since 2005. It covers the key technology and parameters used in
the design of the UHV transmission network, shows readers the technical problems State Grid
encountered during the construction, and the solution they come up with. It also introduces key
technology like UHV series compensation, DC converter valve, and the systematic standards and
norms. - Discusses technical characteristics and advantages of using of AC/DC transmission system -
Includes applications and technical standards of UHV technologies - Provides insight and case
studies into a technology area that is developing worldwide - Introduces the technical difficulties
encountered in design and construction phase and provides solutions

technical specification of transformer: The Proceedings of the 18th Annual Conference of
China Electrotechnical Society Qingxin Yang, Zewen Li, An Luo, 2024-03-28 This book gathers
outstanding papers presented at the 18th Annual Conference of China Electrotechnical Society,
organized by China Electrotechnical Society (CES), held in Nanchang, China, from September 15 to
17, 2023. It covers topics such as electrical technology, power systems, electromagnetic emission
technology, and electrical equipment. It introduces the innovative solutions that combine ideas from
multiple disciplines. The book is very much helpful and useful for the researchers, engineers,
practitioners, research students, and interested readers.
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technical specification of transformer: IEC 61850-Based Smart Substations Yubo Yuan,
Yi Yang, 2019-06-12 IEC 61850-Based Smart Substations: Principles, Testing, Operation and
Maintenance systematically presents principles, testing approaches, and the operation and
maintenance technologies of such substations from the perspective of real-world application. The
book consists of chapters that cover a review of IEC 61850 based smart substations, substation
configuration technology, principles and testing technologies for the smart substation, process bus,
substation level, time setting and synchronization, and cybersecurity. It gives detailed information
on testing processes and approaches, operation and maintenance technologies, and insights gained
through practical experience. As IEC 61850 based smart substations have played a significant role in
smart grids, realizing information sharing and device interoperation, this book provides a timely
resource on the topics at hand. - Contributes to the overall understanding of standard IEC 61850,
analyzing principles and features - Introduces best practices derived from hundreds of smart
substation engineering applications - Summarizes current research and insights gained from
practical experience in the testing, operation and maintenance of smart substation projects in China
- Gives systematic and detailed information on testing technology - Introduces novel technologies for
next-generation substations
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