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IEC 60044-1: An In-Depth Guide to International Standards for Instrument Transformers
Introduction to IEC 60044-1

In the realm of electrical engineering, precision and safety are paramount. Instrument transformers
play a crucial role in measuring and protecting electrical systems, especially in high-voltage and
high-current applications. One of the most recognized standards governing these devices is IEC
60044-1. Developed by the International Electrotechnical Commission (IEC), IEC 60044-1 specifies
the requirements for instrument transformers, particularly focusing on voltage transformers (VTs),
also known as potential transformers.

This standard ensures that voltage transformers adhere to international benchmarks for accuracy,
safety, and reliability, facilitating interoperability across different manufacturers and systems
worldwide. Whether you're an engineer designing a substation, a technician maintaining electrical
networks, or a manufacturer producing instrument transformers, understanding IEC 60044-1 is
essential for ensuring compliance and optimal performance.

Overview of IEC 60044-1
What is IEC 60044-17?
IEC 60044-1 is part of a series of standards under the IEC 60044 umbrella, which covers instrument
transformers such as current transformers (CTs) and voltage transformers (VTs). Specifically, IEC
60044-1 addresses voltage transformers, providing detailed specifications for their construction,
performance, testing, and application.
Purpose and Scope
The primary purpose of IEC 60044-1 is to define:

- The construction and design requirements for voltage transformers.

- The electrical characteristics, including accuracy classes.

- Testing procedures to verify compliance.

- Safety considerations for installation and operation.

The scope encompasses various types of voltage transformers used in power systems, including:
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- Conventional voltage transformers for measurement and protection.
- Capacitive voltage transformers (CVTs) used in high-voltage transmission.

Key Components of IEC 60044-1
Definitions and Terminology
IEC 60044-1 introduces standardized terminology to ensure consistent understanding:
- Voltage Transformer (VT): A device that steps down high voltages to measurable levels.
- Accuracy Class: A classification indicating the permissible error limits of the transformer.
- Rated Voltage (Ur): The voltage at which the transformer is designed to operate.
- Rated Frequency: Typically 50 Hz or 60 Hz, depending on the system.
Construction Standards
The standard specifies the construction features necessary for reliable operation:
- Core Material: Use of high-quality magnetic materials to minimize hysteresis and eddy current
losses.
- Insulation: Adequate insulation to withstand system voltages and transient over-voltages.
- Winding Configuration: Proper winding arrangements to ensure accuracy and durability.
- Enclosures: Weatherproof and fire-resistant enclosures for outdoor applications.
Technical Specifications and Performance Criteria

Accuracy Classes

IEC 60044-1 defines several accuracy classes for voltage transformers, which directly impact
measurement precision:

| Accuracy Class | Description | Typical Use Cases |
R R oo |
| 0.1 | Very high accuracy, used in metering applications | High-precision measurement systems |

| 0.2 | High accuracy, suitable for protection relays | Protective relays and control systems |



IEC 60044 1 Online PDF Vol. 2024, Issue 2

| 0.5 | Moderate accuracy, common in general measurement | Monitoring and control systems |
Voltage and Frequency Ratings
- Rated Voltage: Typically ranges from 1 kV to 500 kV, depending on application.
- Rated Frequency: Usually 50 Hz or 60 Hz, matching the power system frequency.
Burden and Error Limits
- Burden: The load connected to the secondary of the transformer, specified in volt-amperes (VA).
- Error Limits: The permissible deviation from the ideal voltage ratio, which varies with accuracy
class and burden.
Impulse Withstand Voltage
Voltage transformers must withstand transient over-voltages:
- Impulse Voltage: The standard specifies testing with lightning impulse voltages (e.g., 1.2/50 ?s
wave).
- Test Voltage Levels: Vary based on the rated voltage of the transformer.
Testing and Verification Procedures
IEC 60044-1 mandates comprehensive testing to ensure transformers meet specified standards:
Type Tests
Performed on a prototype to verify design and manufacturing quality:
- Ratio and Phase Displacement Test: Confirm the voltage ratio and phase accuracy.
- Accuracy Test: Measure the errors at specified burdens.
- Withstand Tests: Impulse and power frequency withstand voltage tests.
- Insulation Resistance Test: Ensures dielectric integrity.

Routine Tests

Conducted on each manufactured unit:
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- Visual inspection.
- Ratio and polarity test.
- Insulation resistance measurement.
- Power frequency voltage test.
Special Tests
Additional tests for specialized applications or conditions:
- Temperature rise test.
- Short-circuit withstand test.
Installation, Operation, and Maintenance Guidelines
Installation Considerations
- Proper Grounding: To prevent electrical faults.
- Secure Mounting: Ensuring stability and minimizing vibrations.
- Clear Labeling: Indicating voltage ratings and connection points.
Operation Best Practices
- Regularly monitor for signs of insulation deterioration.
- Verify calibration periodically to maintain measurement accuracy.
- Protect against transient over-voltages with surge arresters.
Maintenance Procedures
- Visual inspections for physical damage or contamination.

- Cleaning insulation surfaces.
- Checking and tightening connections.

- Testing accuracy periodically as per manufacturer recommendations.

Advantages of Conforming to IEC 60044-1

Adhering to IEC 60044-1 standards offers numerous benefits:
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- Interoperability: Ensures compatibility across devices from different manufacturers.
- Reliability: Promotes consistent performance in demanding environments.

- Safety: Incorporates safety features to protect personnel and equipment.

- Regulatory Compliance: Meets international and regional electrical standards.

- Enhanced Accuracy: Facilitates precise measurement and protection settings.

Future Trends and Developments

As power systems evolve, IEC 60044-1 continues to adapt:

- Digital Instrument Transformers: Integration of digital technology for improved accuracy and
communication.

- Smart Grid Compatibility: Development of transformers that support remote monitoring and
control.

- Higher Voltage Ratings: Standards extending to ultra-high-voltage applications.

- Environmental Considerations: Focus on environmentally friendly insulating materials and
designs.

Conclusion

IEC 60044-1 is a cornerstone standard in the design, manufacturing, and application of voltage
transformers within electrical power systems. Its comprehensive specifications ensure that these
critical devices operate safely, accurately, and reliably across a wide range of operational
conditions. For engineers, manufacturers, and system operators, a thorough understanding of IEC
60044-1 is essential for ensuring compliance, optimizing system performance, and safeguarding
infrastructure.

By adhering to these international guidelines, the electrical industry can continue to improve the
guality and safety of power measurement and protection systems worldwide, supporting the global
push towards more resilient and intelligent electrical networks.
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Transformers)
Introduction

In the realm of electrical engineering, accurate measurement and protection are paramount.
Instrument transformers, particularly current transformers (CTs), play a vital role in ensuring safe,
reliable, and precise operation of power systems. The International Electrotechnical Commission?s
standard IEC 60044-1 provides comprehensive guidelines for the construction, performance, testing,
and application of current transformers used in electrical power systems. This document is essential
for manufacturers, engineers, and system integrators aiming to ensure compatibility, safety, and
accuracy across various applications.

Overview of IEC 60044-1

IEC 60044-1 is the first part of the IEC 60044 series, specifically focusing on current transformers. It
establishes the technical requirements, testing methods, and performance criteria to guarantee that
CTs meet international standards for safety, accuracy, and interoperability. The standard covers a
broad spectrum of CT types, from protective to measuring applications, and provides detailed
specifications to guide their design, testing, and usage.

Scope and Application
Scope
IEC 60044-1 applies to current transformers used in alternating current (AC) power systems with

nominal voltages up to 765 kV. It encompasses:

- Protection CTs: Designed primarily for relay protection schemes.

- Measurement CTs: Used for metering and instrumentation.

- Specialized CTs: Including those with specific accuracy classes or designed for particular
environments.

Application
The standard?s guidelines help ensure:
- Compatibility across different manufacturers and systems

- Accurate measurement and reliable protection
- Safety for personnel and equipment
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- Longevity and durability of CTs in various operating conditions
Construction and Design Principles

Core Material and Design

- Core Material: Typically made of silicon steel or other high-permeability ferromagnetic materials
to optimize flux linkage.

- Core Shape: Common shapes include ring, window, or toroidal configurations, chosen based on
application and accuracy needs.

- Insulation: Adequate insulation of the primary and secondary windings is critical, with materials
selected to withstand system voltages and environmental conditions.

Windings

- Primary Windings: Usually a single conductor or multiple turns, depending on the rated primary
current.

- Secondary Windings: Typically consist of copper or aluminum wire wound around the core,
designed for standard secondary currents of 1A or 5A.
Mechanical Considerations

- Enclosure and Mounting: Must withstand environmental factors like humidity, dust, and
mechanical shocks.

- Terminal Arrangements: Clearly marked and designed for secure connections to prevent
accidental disconnection or short circuits.
Types of Current Transformers Covered
Protective Current Transformers

- Designed to operate accurately during fault conditions

- Usually have a high accuracy limit factor

- Focus on fast response and robustness

Measurement and Instrument Transformers
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- Prioritize precision over a wide range of currents

- Often have specified accuracy classes (e.g., 0.1, 0.2, 0.5, 1.0, etc.)

- Designed for metering, instrumentation, and control applications
Performance Specifications
IEC 60044-1 specifies detailed performance criteria to ensure CTs meet operational expectations:
Accuracy Classes

- Class 0.1, 0.2, 0.5, 1, 3, 5, 10: Define the permissible error limits at specified current ratios.

- Accuracy is evaluated based on ratio error and phase displacement under rated operating
conditions.
Burden and Voltage Limits

- The burden (load connected to the secondary) directly impacts accuracy.

- The standard stipulates maximum burden values for each accuracy class to prevent errors.
Short-Circuit and Overload Ratings

- CTs must withstand short-circuit currents for specified durations.

- Overload capacity ensures durability during transient conditions.
Temperature Range

- Operating temperature ranges are specified to guarantee consistent performance without
degradation.
Testing Procedures

IEC 60044-1 delineates rigorous testing protocols to verify compliance:

Routine Tests

- Ratio and Polarity Test: Ensures correct current transformation and polarity marking.
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- Winding Resistance Test: Checks for proper connections and absence of faults.
- Insulation Resistance Test: Confirms insulation integrity.
- Excitation Test: Determines the magnetizing current and core properties.
Type Tests
- Temperature Rise Test: Validates the heat dissipation capability under load.
- Short-Circuit Test: Assesses the CT?s fault withstand capacity.
- Impulse Test: Ensures withstandability against overvoltage transients.

Accuracy and Error Considerations

Ratio Error

- The deviation between the actual and rated ratio of primary to secondary current.

- Critical for metering accuracy; must be within specified limits for the chosen class.

Phase Displacement

- The angular difference between primary and secondary currents.
- Impacts precise synchronization in protection schemes.

Composite Error
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- Combines ratio error and phase displacement to give an overall measure of CT performance.

Safety and Environmental Considerations

- Insulation Coordination: Ensures dielectric strength aligns with system voltages.

- Protection Against Overvoltage: Surge arresters or other protective devices may be integrated.
- Environmental Resistance: Design features to resist humidity, corrosion, and mechanical

shocks.

- Clear Markings and Labels: To prevent incorrect connections and ensure safety during

operation and maintenance.

Implementation and Compliance
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Selection Criteria

- Match CT specifications with system voltage, current, and accuracy needs.
- Consider environmental conditions and physical constraints.
- Evaluate the burden and compatibility with protective relays or metering equipment.

Installation Guidelines

- Proper grounding and insulation practices.
- Correct positioning to minimize magnetic interference.
- Regular testing and calibration to maintain accuracy over time.

Advances and Future Trends

While IEC 60044-1 has provided a solid foundation for current transformer standards, ongoing
advancements continue to influence design and application:

- Digital Instrument Transformers: Emerging technology offers improved accuracy and easier
integration with digital relays.

- Smart Monitoring: Incorporating sensors for real-time health monitoring of CTs.

- Environmental Sustainability: Designing eco-friendly materials and energy-efficient
manufacturing processes.

Conclusion

IEC 60044-1 serves as a cornerstone standard for the design, testing, and application of current
transformers in power systems worldwide. Its comprehensive approach ensures that CTs deliver
accurate, reliable, and safe performance across diverse applications, from protection relays to
precise metering. Understanding and adhering to this standard is essential for engineers and
manufacturers committed to excellence in electrical power system instrumentation. As technology
advances, IEC 60044-1 continues to evolve, maintaining its relevance and guiding innovations in the
field of instrument transformers.

This detailed review underscores the critical importance of IEC 60044-1 in ensuring the safety,
accuracy, and interoperability of current transformers used in modern electrical systems.

QuestionAnswer What is IEC 60044-1 and what does it cover? IEC 60044-1 is an international
standard that specifies the requirements for instrument transformers, specifically focusing on the
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current transformers used for electrical measurement and protection in power systems. Why is IEC
60044-1 important for electrical engineers? It provides standardized guidelines for the design,
testing, and performance of current transformers, ensuring accurate measurements, safety, and
interoperability across different equipment and systems. What are the main types of current
transformers covered under IEC 60044-1? IEC 60044-1 primarily covers oil-immersed and dry-type
current transformers used for protection and measurement purposes in high-voltage and low-voltage
systems. How does IEC 60044-1 ensure safety in the use of current transformers? The standard
sets requirements for insulation, dielectric strength, and thermal performance to ensure safe
operation and prevent electrical faults or failures. What testing procedures are specified in IEC
60044-1 for compliance? IEC 60044-1 outlines various tests including accuracy class verification,
insulation resistance, dielectric withstand, and thermal stability tests to ensure transformers meet
specified standards. Are there any recent updates or revisions to IEC 60044-17? Yes, IEC standards
are periodically reviewed and updated; users should refer to the latest edition of IEC 60044-1 for
current requirements and amendments. How does IEC 60044-1 impact the design of new current
transformer products? Manufacturers incorporate IEC 60044-1 requirements into their designs to
ensure compliance, improve accuracy, safety, and compatibility with global electrical standards.
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transformer testing, low-voltage transformers, electrical insulation, power transformer, measurement
methods, electrical testing



