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Professional Certificate in High Voltage Engineering

High voltage safety and regulations

Arc Flash – concept: A rapid release of energy caused by an electric arc. Related terms: Arc flash PPE,
Approach boundary. Explanation: When a high‑voltage circuit is unintentionally opened, a plasma channel
forms, producing intense heat, pressure, and bright light. The energy can reach temperatures of 20 000 °C,
causing severe burns and blast injuries. Example: A maintenance worker accidentally contacts a live bus bar
while removing a protective cover, resulting in a flash that ignites nearby clothing. Practical application:
Conducting an arc‑flash hazard analysis to determine incident energy levels and required PPE. Challenge:
Accurately predicting incident energy for complex installations with varying fault currents and protective
device settings.

Arc Flash PPE – concept: Personal protective equipment designed to protect against arc‑flash hazards.
Related terms: Arc flash, Incident energy. Explanation: PPE includes flame‑resistant (FR) clothing, arc‑rated
face shields, insulated gloves, and safety shoes. The clothing is rated by its arc rating (e.G., 8 Cal/cm²) which
indicates the maximum incident energy it can withstand. Example: An electrician wears an FR shirt, hood,
and gloves rated for 8 cal/cm² while servicing a 15 kV switchgear. Practical application: Selecting PPE based
on the results of an arc‑flash study and ensuring proper fit and maintenance. Challenge: Balancing
protection with comfort, especially in hot environments, and keeping PPE up‑to‑date as standards evolve.

Arc Fault – concept: A fault condition that results in an unintended electric arc. Related terms: Arc flash,
Protective device. Explanation: Arc faults can arise from loose connections, damaged conductors, or
equipment failure, producing high‑temperature plasma that may lead to fire or explosion. Example: A
corroded terminal in a motor starter creates an arc fault during start‑up, causing a localized fire. Practical
application: Installing arc‑fault circuit interrupters (AFCIs) in low‑voltage circuits to detect and clear the
fault. Challenge: Distinguishing arc faults from normal switching transients to avoid nuisance tripping.

Arc‑Resistant Equipment – concept: Equipment designed to contain and direct arc energy away from
personnel. Related terms: Arc flash, Enclosure rating. Explanation: Arc‑resistant switchgear includes
reinforced housing, venting mechanisms, and shielding that direct the arc plume upward and outward,
reducing exposure to operators. Example: A medium‑voltage circuit breaker with an arc‑resistant enclosure
is installed in a substation, allowing safe operation from the front. Practical application: Specifying
arc‑resistant equipment in high‑risk areas to meet IEC 61439‑1 requirements. Challenge: Higher cost and
larger footprint compared to standard equipment, requiring careful layout planning.

Approach Boundary – concept: The distance from exposed energized parts within which a person could
receive a shock or arc‑flash injury. Related terms: Arc flash, Limited approach boundary. Explanation:
Defined by IEC 61936‑1 and NFPA 70E, the approach boundary varies with voltage, fault current, and
protective device clearing time. Example: For a 15 kV system with a 10 kA fault, the limited approach
boundary might be 1.2 M. Practical application: Marking the boundary on site with tape or signage to
prevent unauthorized entry. Challenge: Maintaining accurate boundaries in dynamic work environments
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where equipment configuration changes frequently.

Arc‑Resistant Switchgear – concept: Switchgear that complies with arc‑resistant design principles to protect
operators. Related terms: Arc‑resistant equipment, Enclosure classification. Explanation: The design
incorporates reinforced panels, venting, and shielding to limit the exposure of personnel to arc energy.
Example: A 33 kV GIS (gas‑insulated switchgear) with arc‑resistant features allows maintenance from the
front without entering a high‑risk zone. Practical application: Selecting arc‑resistant switchgear for
high‑voltage substations where maintenance personnel must work close to live parts. Challenge: Integrating
arc‑resistant designs with existing plant layouts and ensuring compatibility with protective relaying
schemes.

Boundary – concept: A defined perimeter separating safe zones from hazardous zones around energized
equipment. Related terms: Approach boundary, Restricted approach boundary. Explanation: Boundaries are
established to control access, reduce exposure, and enforce safety procedures. Example: A “danger zone” is
marked around a 400 kV transmission line, prohibiting entry without a work permit. Practical application:
Using physical barriers, signage, and lockout/tagout procedures to enforce boundaries. Challenge: Ensuring
all personnel understand and respect boundaries, especially contractors unfamiliar with high‑voltage
environments.

Clearance – concept: The minimum distance between conductive parts to prevent electrical arcing. Related
terms: Creepage distance, Insulation coordination. Explanation: Clearance is measured through air and
depends on voltage level, environmental conditions, and pollution degree. Example: IEC 60664‑1 specifies a
2 mm clearance for a 600 V circuit in a dry location. Practical application: Designing equipment enclosures
and PCB layouts with appropriate clearances to meet regulatory standards. Challenge: Balancing compact
design with adequate clearance in high‑density power electronics.

Creepage Distance – concept: The shortest path along an insulating surface between two conductive parts.
Related terms: Clearance, Pollution degree. Explanation: Creepage is critical in high‑voltage equipment
where surface contamination can lower breakdown voltage. Example: A 10 kV transformer bushings requires
a creepage distance of 30 mm in a polluted environment (Pollution Degree 3). Practical application: Using
conformal coatings or insulating barriers to increase creepage on printed circuit boards. Challenge:
Predicting long‑term degradation of insulating surfaces and maintaining creepage compliance over the
equipment’s life.

Dielectric Strength – concept: The maximum electric field a material can withstand without breakdown.
Related terms: Insulation resistance, Partial discharge. Explanation: Measured in volts per millimeter (V/mm),
dielectric strength determines the voltage rating of cables, transformers, and insulating components.
Example: Polyethylene has a dielectric strength of approximately 20 kV/mm, making it suitable for
medium‑voltage cable insulation. Practical application: Selecting insulating materials based on required
voltage rating and environmental stress. Challenge: Accounting for aging, temperature, and moisture, which
reduce dielectric strength over time.

Earthing – concept: The process of connecting electrical installations to the earth to limit fault voltages.
Related terms: Grounding system, Equipotential bonding. Explanation: Earthing provides a low‑impedance
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path for fault currents, facilitating protective device operation and reducing touch voltage. Example: A
star‑point grounding scheme connects all transformer neutrals to a common earth electrode. Practical
application: Designing earthing grids for substations to achieve earth resistance below 0.5 Ω. Challenge:
Managing soil resistivity variations and ensuring long‑term stability of earth electrodes.

Earthing System – concept: A network of conductors and electrodes that safely dissipates fault currents to
earth. Related terms: Earthing, TN‑S system. Explanation: Common earthing system types include TN‑C,
TN‑S, TT, and IT, each with distinct protection characteristics. Example: A TN‑S system provides separate
neutral and protective earth conductors, reducing the risk of neutral loss. Practical application: Selecting the
appropriate earthing system based on national regulations and network topology. Challenge: Coordinating
earthing with protective device settings to avoid over‑voltage during single‑fault conditions.

Electrical Hazard – concept: Any condition that can cause electrical injury or damage. Related terms: Arc
flash, Shock protection. Explanation: Hazards include shock, arc flash, arc blast, and fire. They arise from
exposed conductors, inadequate insulation, or improper work practices. Example: A live panel left
uncovered during maintenance presents a shock hazard to nearby workers. Practical application:
Conducting a hazard identification survey before any work begins. Challenge: Recognizing hidden hazards
such as induced voltages on nearby conductive structures.

Electrical Safety – concept: The discipline of preventing electrical injuries and equipment damage through
proper design, procedures, and training. Related terms: Lockout‑tagout, Risk assessment. Explanation:
Electrical safety integrates standards, regulations, and best practices to protect personnel and assets.
Example: Implementing NFPA 70E guidelines for energized work in a high‑voltage plant. Practical
application: Developing a safety management system that includes training, audits, and incident reporting.
Challenge: Maintaining compliance across diverse operations and ensuring continuous improvement.

EN 50110‑1 – concept: European standard for the operation of electrical installations. Related terms:
Operational safety, Work permit. Explanation: EN 50110‑1 defines responsibilities of operators, required
documentation, and procedures for safe operation, including isolation and testing. Example: A utility follows
EN 50110‑1 to issue a “Permit to Work” before energising a new feeder. Practical application: Using the
standard as a basis for internal operating procedures and training programs. Challenge: Aligning the
standard with national regulations that may have additional requirements.

EN 60204‑1 – concept: Safety of machinery – electrical equipment of machines. Related terms: Machine
guarding, Control circuit. Explanation: This standard outlines requirements for electrical design, protective
devices, and documentation to ensure machine safety. Example: A conveyor motor controller is designed in
compliance with EN 60204‑1, including emergency stop circuits and protective relays. Practical application:
Conducting a compliance audit of existing machinery to identify gaps. Challenge: Integrating EN 60204‑1
requirements with existing plant automation without extensive redesign.

EN 61010‑1 – concept: Safety requirements for electrical equipment for measurement, control, and
laboratory use. Related terms: Laboratory safety, Protective earthing. Explanation: The standard covers
insulation, protection against over‑voltage, and marking for equipment up to 1000 V AC. Example: A
high‑voltage test set used in a research lab meets EN 61010‑1 criteria for dielectric strength and creepage.
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Practical application: Selecting test equipment that complies with the standard to reduce lab‑based
electrical incidents. Challenge: Ensuring that modifications or extensions of equipment do not compromise
compliance.

EN 60950‑1 – concept: Safety of information technology equipment, covering low‑voltage and some
high‑voltage devices. Related terms: EMC compliance, Insulation testing. Explanation: Although primarily for
IT equipment, the standard addresses protection against electric shock and fire, applicable to control panels
and PLCs. Example: A PLC cabinet is evaluated against EN 60950‑1 for enclosure integrity and grounding.
Practical application: Using the standard as a reference for design of low‑voltage control electronics in
high‑voltage plants. Challenge: Transitioning to newer IEC 62368‑1 standard while maintaining legacy
equipment compliance.

EN 61326‑1 – concept: Electromagnetic compatibility (EMC) requirements for electrical equipment for
measurement, control, and laboratory use. Related terms: EMI shielding, EN 61010‑1. Explanation: The
standard specifies limits for emissions and immunity to ensure reliable operation in electrically noisy
environments. Example: A high‑voltage power analyzer is designed with filtered power entry and shielded
cables to meet EN 61326‑1. Practical application: Conducting pre‑compliance testing during product
development. Challenge: Balancing EMC measures with cost and size constraints in rugged field equipment.

EN 61800‑2‑2 – concept: Adjustable speed electrical power drive systems – Part 2‑2: Safety specifications.
Related terms: Variable‑frequency drive, Safety functions. Explanation: This part defines safety‑related
functions such as safe‑stop, safe‑speed, and safe‑torque for drives used in high‑voltage applications.
Example: A 15 kV drive for a large pump incorporates a safe‑stop function that ramps down speed before a
fault is cleared. Practical application: Implementing safety functions to meet IEC 62061 requirements for
machinery. Challenge: Verifying functional safety integrity levels (SIL) in high‑voltage drive environments.

EN 61800‑4‑1 – concept: Adjustable speed drive systems – Part 4‑1: Safety requirements for power converter
components. Related terms: Power electronics, Thermal management. Explanation: The standard addresses
protection against over‑temperature, over‑voltage, and short‑circuit conditions in converters. Example: A
33 kV converter module includes temperature sensors and active cooling to satisfy EN 61800‑4‑1. Practical
application: Selecting components with built‑in protective features for high‑voltage drives. Challenge:
Managing the trade‑off between efficiency and protective redundancy.

EN 61850 – concept: Communication networks and systems for power utility automation. Related terms:
Substation automation, IEC 61850. Explanation: EN 61850 defines data models, services, and protocols (e.G.,
GOOSE, Sampled Values) for interoperable communication in substations. Example: A high‑voltage
transformer protection relay communicates trip signals via IEC 61850 GOOSE messages to the bay
controller. Practical application: Implementing a unified communication architecture that reduces wiring and
improves diagnostics. Challenge: Ensuring cybersecurity and deterministic performance in mixed‑vendor
environments.

EN 60364‑4‑41 – concept: Low‑voltage electrical installations – safety requirements for earthing. Related
terms: Protective conductors, TN‑S system. Explanation: The standard provides guidelines for designing
earthing systems, selecting earth electrodes, and verifying earth resistance. Example: A factory installs a

Read online: https://certificates.lsba.org.uk/glossaries/3111389/high-
voltage-safety-and-regulations

London School of Business and Administration · 20 Jun 2026



G LO S S A RY

copper‑clad earth rod with a measured resistance of 0.3 Ω, complying with EN 60364‑4‑41. Practical
application: Conducting periodic earth resistance testing to maintain compliance. Challenge: Dealing with
seasonal soil resistivity changes that affect earth electrode performance.

EN 60757 – concept: Measurement of insulation resistance of solid insulating materials. Related terms:
Insulation testing, Dielectric loss. Explanation: The standard outlines test methods, voltage levels, and
interpretation of results for assessing insulation quality. Example: A 10 kV cable is tested at 5 kV for
60 seconds, and the measured insulation resistance is 500 MΩ, indicating good condition. Practical
application: Incorporating regular insulation resistance testing into maintenance schedules. Challenge:
Interpreting results in the presence of moisture or contamination that can skew measurements.

EN 61439‑1 – concept: Low‑voltage switchgear and controlgear assemblies – general rules. Related terms:
Enclosure classification, IEC 61439. Explanation: The standard defines design, testing, and documentation
requirements for assemblies up to 1000 V AC. Example: A 690 V motor control centre is designed according
to EN 61439‑1, ensuring adequate short‑circuit rating and temperature rise limits. Practical application:
Using the standard to certify new assemblies before field installation. Challenge: Extending EN 61439‑1
concepts to high‑voltage assemblies where voltage levels exceed the standard’s scope.

EN 60364‑4‑42 – concept: Protection against electric shock – protective measures in low‑voltage
installations. Related terms: Residual‑current device (RCD), Touch voltage. Explanation: The standard
specifies the use of RCDs, protective earthing, and isolation to limit shock risk. Example: A 400 V distribution
board incorporates a 30 mA RCD to protect against indirect contact. Practical application: Selecting
appropriate RCD sensitivity based on the type of load and environment. Challenge: Coordinating RCDs with
other protective devices to avoid nuisance tripping while maintaining protection.

EN 61813‑1 – concept: Testing of high‑voltage cable accessories – test methods for insulation. Related
terms: Cable joint testing, Partial discharge. Explanation: The standard describes procedures for assessing
the dielectric performance of terminations, splices, and accessories under high‑voltage stress. Example: A
33 kV cable termination is subjected to a 1.5 × Rated voltage test for 1 minute, confirming insulation
integrity. Practical application: Verifying the quality of field‑installed cable joints before commissioning.
Challenge: Replicating field conditions in a laboratory environment and interpreting partial discharge
results.

EN 61850‑7‑4 – concept: Specific communication profile for protection equipment. Related terms: GOOSE
messaging, Substation automation. Explanation: This part defines data objects, reporting mechanisms, and
performance requirements for protection functions. Example: A high‑voltage breaker uses IEC 61850‑7‑4 to
send a trip command via a GOOSE message with a maximum latency of 3 ms. Practical application:
Designing protection schemes that achieve deterministic response times. Challenge: Ensuring network
bandwidth and redundancy to meet stringent latency specifications.

EN 61850‑8‑1 – concept: Mapping of IEC 61850 data models to MMS (Manufacturing Message
Specification). Related terms: IEC 61850, SCADA integration. Explanation: This section provides guidelines for
integrating IEC 61850 devices with higher‑level SCADA systems using MMS. Example: A substation
automation system retrieves voltage measurements from a 15 kV transformer via MMS services defined in
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EN 61850‑8‑1. Practical application: Achieving seamless data exchange between protective relays and
control centers. Challenge: Managing version compatibility and ensuring security of MMS communications.

EN 60909‑0 – concept: Calculation of short‑circuit currents in three‑phase AC systems. Related terms:
Short‑circuit analysis, Impedance data. Explanation: The standard provides methods to compute prospective
fault currents for equipment rating and protection coordination. Example: Using EN 60909‑0, an engineer
calculates a 30 kA prospective short‑circuit current at a 33 kV bus bar. Practical application: Selecting circuit
breakers with appropriate breaking capacity. Challenge: Accurate modeling of network parameters,
especially for aging infrastructure with unknown impedances.

EN 60984‑0 – concept: Testing of insulating materials – determination of dielectric strength. Related terms:
Partial discharge, Insulation testing. Explanation: The standard outlines test procedures, voltage ramp rates,
and acceptance criteria for solid and liquid insulators. Example: A transformer oil sample is tested according
to EN 60984‑0, showing a breakdown voltage of 75 kV, exceeding the required 60 kV. Practical application:
Qualifying new insulating materials before use in high‑voltage equipment. Challenge: Controlling test
environment variables such as temperature and humidity to ensure repeatable results.

EN 62053‑1 – concept: Measurement of low‑frequency insulation resistance of electrical equipment. Related
terms: Insulation testing, IEC 60364‑4‑41. Explanation: The standard specifies test voltage, duration, and
interpretation for assessing insulation condition. Example: A 15 kV circuit breaker is subjected to a 5 kV
insulation resistance test for 60 seconds, recording a resistance of 200 MΩ. Practical application:
Incorporating insulation resistance testing into routine maintenance programs. Challenge: Dealing with
high‑capacitance equipment where test voltage may cause misleading readings.

EN 61558‑2‑13 – concept: Safety requirements for transformers, reactors, and similar passive components.
Related terms: Power transformer, Thermal protection. Explanation: This part addresses protection against
over‑temperature, overload, and short‑circuit conditions for devices up to 30 kV. Example: A 22 kV
distribution transformer incorporates a temperature sensor that triggers a thermal relay in compliance with
EN 61558‑2‑13. Practical application: Designing transformer protection schemes that meet the standard’s
safety criteria. Challenge: Ensuring that protective devices respond quickly enough to prevent insulation
damage while avoiding nuisance trips.

EN 61558‑2‑2 – concept: Safety requirements for power supplies and converters. Related terms:
Switch‑mode power supply, EMC compliance. Explanation: The standard covers protection against
over‑voltage, over‑current, and temperature rise for equipment up to 1000 V AC. Example: A high‑voltage
DC power supply includes an active current limit to satisfy EN 61558‑2‑2. Practical application: Selecting
converters that incorporate built‑in safety functions for high‑voltage laboratory setups. Challenge:
Maintaining compliance when customizing standard power supplies for specific high‑voltage applications.

EN 61558‑2‑4 – concept: Safety requirements for power supplies with battery backup. Related terms:
Uninterruptible power supply (UPS), Battery management. Explanation: The standard specifies protection
against over‑temperature, battery over‑charge, and fault conditions. Example: A 15 kV UPS system includes
a battery monitoring unit that disconnects the battery if temperature exceeds 45 °C, meeting EN 61558‑2‑4.
Practical application: Designing backup power solutions for critical high‑voltage control rooms. Challenge:
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Ensuring long‑term reliability of battery packs under high‑temperature and high‑voltage stress.

EN 61558‑2‑5 – concept: Safety requirements for power transformers with oil or solid insulation. Related
terms: Oil‑immersed transformer, Temperature monitoring. Explanation: The standard addresses protection
against oil leaks, over‑temperature, and short‑circuit events. Example: A 33 kV oil‑filled transformer is
equipped with a pressure relief valve and temperature sensor as per EN 61558‑2‑5. Practical application:
Implementing condition‑monitoring systems that trigger alarms when oil temperature exceeds 90 °C.
Challenge: Detecting early signs of insulation degradation before catastrophic failure.

EN 61558‑2‑3 – concept: Safety of audio, video, and similar electronic equipment – protection against
electric shock. Related terms: Isolation transformer, IEC 60950‑1. Explanation: The standard provides
requirements for protective earthing, insulation, and creepage in equipment that may be connected to
high‑voltage sources. Example: A high‑voltage signal generator includes an isolation transformer that meets
EN 61558‑2‑3 criteria. Practical application: Designing test equipment that isolates the operator from
dangerous voltages. Challenge: Maintaining performance (e.G., Bandwidth) while providing sufficient
isolation.

EN 61558‑2‑1 – concept: Safety requirements for transformers, reactors, and similar passive components –
general rules. Related terms: Power transformer, IEC 61558‑1. Explanation: This part defines construction,
testing, and protection requirements for devices up to 30 kV. Example: A 15 kV distribution transformer
undergoes type testing for temperature rise, short‑circuit withstand, and dielectric strength per
EN 61558‑2‑1. Practical application: Certifying transformers for use in high‑voltage substations. Challenge:
Adapting the standard to emerging technologies such as solid‑state transformers.

EN 61800‑2‑3 – concept: Adjustable speed drive systems – safety specifications for power electronic
converters. Related terms: Power electronics safety, EN 61800‑4‑1. Explanation: This part addresses
protection against over‑voltage, short‑circuit, and thermal failures in converters used for drives up to 30 kV.
Example: A 20 kV variable‑frequency drive includes a protective crowbar circuit that activates on
over‑voltage, complying with EN 61800‑2‑3. Practical application: Integrating safety functions into drive
design to achieve SIL 2 compliance. Challenge: Validating the reliability of protective circuits under
high‑stress operating conditions.

EN 61800‑4‑2 – concept: Adjustable speed drive systems – safety requirements for control electronics.
Related terms: Control circuit protection, EN 61800‑2‑2. Explanation: The standard defines protection for
low‑voltage control sections of drives, including over‑current, over‑temperature, and insulation monitoring.
Example: A drive’s control cabinet includes a thermal cutoff that disconnects power when internal
temperature exceeds 80 °C, meeting EN 61800‑4‑2. Practical application: Ensuring that control electronics in
high‑voltage drives are shielded from fault conditions. Challenge: Providing adequate protection without
compromising the fast response required for drive control.

EN 61800‑4‑3 – concept: Adjustable speed drive systems – safety requirements for mechanical components.
Related terms: Mechanical safety, EN 61800‑2‑2. Explanation: This part addresses safety aspects of shafts,
couplings, and brakes, ensuring they do not cause injury during fault conditions. Example: A high‑torque
drive includes a mechanical brake that engages automatically if the drive loses power, satisfying
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EN 61800‑4‑3. Practical application: Designing drives that prevent uncontrolled motion during power loss.
Challenge: Verifying brake performance under varying load and speed conditions.

EN 61800‑4‑5 – concept: Adjustable speed drive systems – safety requirements for human‑machine
interface (HMI) devices. Related terms: HMI safety, EN 61800‑2‑2. Explanation: The standard specifies
protective measures for touch screens, keypads, and indicator panels to prevent accidental operation and
exposure to high voltage. Example: An HMI panel on a 33 kV drive is equipped with a protective cover that
isolates the operator from live terminals, complying with EN 61800‑4‑5. Practical application: Selecting HMI
devices with integrated safety features for high‑voltage environments. Challenge: Maintaining usability
while providing robust protection against inadvertent contact.

EN 61813‑2 – concept: Testing of high‑voltage cable accessories – partial discharge measurement. Related
terms: Partial discharge testing, EN 61813‑1. Explanation: The standard outlines methods for detecting and
quantifying partial discharge activity in terminations and splices under high‑voltage stress. Example: A 33 kV
cable joint exhibits a partial discharge onset voltage of 22 kV, below the required 30 kV, indicating a defect.
Practical application: Using partial discharge testing to qualify field‑installed joints before energisation.
Challenge: Interpreting PD results in the presence of external noise and ensuring repeatability.

EN 61813‑3 – concept: Testing of high‑voltage cable accessories – mechanical endurance. Related terms:
Mechanical fatigue, EN 61813‑1. Explanation: This part defines mechanical load tests such as tensile,
bending, and impact to verify the durability of cable accessories. Example: A high‑voltage termination is
subjected to 10 000 bending cycles without loss of integrity, meeting EN 61813‑3. Practical application:
Validating the robustness of accessories for installations subject to vibration or thermal cycling. Challenge:
Simulating real‑world mechanical stresses in a laboratory setting.

EN 61813‑4 – concept: Testing of high‑voltage cable accessories – ageing and environmental tests. Related
terms: Thermal ageing, EN 61813‑1. Explanation: The standard prescribes exposure to temperature,
humidity, and UV radiation to assess long‑term performance. Example: A cable termination is aged at 85 °C
for 500 hours, then re‑tested for dielectric strength, confirming compliance. Practical application: Ensuring
that accessories can withstand harsh field conditions over their service life. Challenge: Accelerated ageing
may not fully replicate all degradation mechanisms encountered in situ.

EN 61850‑7‑2 – concept: Specific communication profile for protection equipment – measurement and
control functions. Related terms: GOOSE, Sampled Values. Explanation: Defines data models for protection
functions such as over‑current, distance, and differential protection. Example: A distance relay publishes
impedance measurements via Sampled Values, allowing the bay controller to perform coordinated
protection. Practical application: Implementing a unified data model that simplifies configuration and
reduces engineering effort. Challenge: Managing the volume of sampled data while preserving deterministic
communication latency.

EN 61850‑7‑3 – concept: Specific communication profile for control equipment – control functions. Related
terms: Control blocks, GOOSE. Explanation: Provides data models for control commands, status reporting,
and supervisory functions. Example: A circuit breaker control unit receives a close command through a
GOOSE message, executing the action within 2 ms. Practical application: Achieving fast, reliable control in
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high‑voltage substations. Challenge: Ensuring that control and protection GOOSE messages do not
interfere, requiring careful network segmentation.

EN 61850‑8‑2 – concept: Mapping of IEC 61850 data models to Ethernet/IP. Related terms: Industrial
Ethernet, SCADA integration. Explanation: Defines how IEC 61850 objects are presented over standard
Ethernet/IP protocols, enabling interoperability with existing automation platforms. Example: A protection
relay’s data is accessed via Ethernet/IP client software, facilitating integration with a plant’s DCS. Practical
application: Leveraging widely used Ethernet/IP stacks to communicate with IEC 61850 devices. Challenge:
Maintaining data consistency and security across protocol translations.

EN 61850‑9‑2 – concept: Sampled measured values (SMV) for protection. Related terms: Sampled Values,
IEC 61850‑7‑2. Explanation: Specifies the format, timing, and transmission requirements for high‑speed
sampled voltage and current data used in digital protection schemes. Example: A 33 kV transformer
protection relay receives SMV at 4 kHz, enabling precise fault detection. Practical application: Replacing
traditional current transformers with direct sampling for improved accuracy. Challenge: Managing
bandwidth and ensuring synchronization across multiple measurement points.

EN 61850‑10‑1 – concept: Conformance testing for IEC 61850 devices. Related terms: Interoperability
testing, IEC 61850‑7‑4. Explanation: Provides test procedures to verify that devices conform to the IEC 61850
specifications and can interoperate with other compliant equipment. Example: A manufacturer submits its
15 kV protection relay for EN 61850‑10‑1 testing, receiving a certificate of conformity. Practical application:
Using the test results to assure customers of reliable integration in mixed‑vendor substations. Challenge:
Keeping up with evolving test suites as new functions are added to the IEC 61850 standard.

EN 61850‑13‑1 – concept: Data model for analog measurements in IEC 61850. Related terms: Analog values,
Sampled Values. Explanation: Defines standard objects for representing analog measurements such as
voltage, current, temperature, and frequency. Example: An analog input module reports a temperature
reading via the “MagTemp” data object defined in EN 61850‑13‑1. Practical application: Simplifying
configuration by using predefined data models for common measurements. Challenge: Extending the
model to accommodate custom or non‑standard analog parameters.

EN 61850‑14‑1 – concept: Data model for protection functions in IEC 61850. Related terms: Protection
objects, GOOSE. Explanation: Provides standardized objects for protection settings, status, and control,
enabling consistent configuration across devices. Example: A distance protection function is represented by
the “PD1” object set, containing settings like “Zone1” and “Zone2”. Practical application: Reducing
engineering errors by using common data structures. Challenge: Mapping legacy protection settings into
the IEC 61850 data model without loss of functionality.

EN 61850‑15‑1 – concept: Data model for control functions in IEC 61850. Related terms: Control objects,
GOOSE. Explanation: Defines objects for commands such as open, close, and lock, as well as status
feedback. Example: A circuit breaker’s control block includes “CtlVal” (control value) and “StVal” (status
value) objects for remote operation. Practical application: Achieving unified control across diverse
equipment types. Challenge: Coordinating control actions with protection schemes to avoid race conditions.
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EN 61850‑16‑1 – concept: Data model for measurement functions in IEC 61850. Related terms: Measurement
objects, Sampled Values. Explanation: Provides a framework for representing measured quantities, including
scaling, quality, and timestamps. Example: A phasor measurement unit (PMU) publishes voltage and current
phasors using the “Phs” data object defined in EN 61850‑16‑1. Practical application: Enabling wide‑area
monitoring and synchrophasor applications.
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