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1. [bookmark: _x4p4gec6u0y7]Introduction

What is a variable speed drive (VSD)?

“A variable speed drive (VSD) is an electronic system that controls the speed and torque of an electric motor by adjusting the power (frequency and voltage) supplied to it, allowing for precise matching of motor output to the actual operating demand. VSDs are essential for energy efficiency, as they reduce power consumption by slowing motors when full speed isn't needed, and also offer benefits like smoother operation, reduced mechanical wear on equipment, and optimised process control in various industrial and commercial applications. “, Google Artificial Intelligence.

Electrical faults can occur if the movement of the motor is impeded or stopped by a mechanical fault. This will drain high currents from the variable speed drive. Also, there could be an electrical fault with conventional current leaving the active terminal of the power supply, not equal to the conventional current coming back to the power supply (neutral terminal). This occurs when there is equipment damage or someone is receiving an electric shock. There are Residual Current Devices (RCDs) for this purpose. 


How do Residual Current Devices (RCDs) work?

“How RCDs work:
· Detecting imbalance: In a healthy circuit, the current flowing through the "live" wire equals the current returning through the "neutral" wire. 
· Interrupting the circuit: An RCD constantly monitors this current flow. If a fault occurs, such as a person touching a live wire, the current will leak to earth or through the person's body, creating an imbalance. 
· Instant shut-off: The RCD senses this imbalance and, within milliseconds, shuts off the electricity supply, preventing serious injury or fire.”, Google Artificial Intelligence.

However, most faults are stopped with earthing. If high current is flowing via the earth wire, then this is an indication that there is a fault. Thus, detecting high current in the earth wire allows fault detection. Those systems are known as earth fault protection systems:

“Earth fault protection systems use devices like GFCIs, ELCBs, and relays to detect dangerous leakage currents to the earth and shut off power to prevent electrocution and equipment damage. These systems respond to unsafe connections between electrical circuits and the ground, which can occur due to insulation breakdown or damaged cables. Devices vary from simple GFCIs for homes to sophisticated Restricted Earth Fault (REF) protection for large transformers and generators.”, Google Artificial Intelligence.
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2. [bookmark: _659lo2rzerye]Issues with VSDs Protections

VSDs protections do not work well with high-resistance earthing (HRE) systems.

Why are high-resistance earthing (HRE) systems used?

“High resistance earthing is used in critical industries for enhanced safety and operational continuity, as it limits ground fault currents to a low level that minimizes equipment damage, reduces electrical shock hazards and arc flash risks, and allows the system to remain online after a first ground fault. This approach reduces burning or melting in faulted equipment, minimises line voltage dips, and helps prevent costly shutdowns in continuous-operation facilities such as chemical processing plants, refineries, and mines.“, Google Artificial Intelligence.

Many VSDs internal earth fault protection systems only activate when the fault current reaches 33 % or 50 % of the maximum load current. However, many HRE systems are designed to limit the fault current. This is why faults are never detected by VSD internal earth fault protection systems.

This problem is solved by using an Earth Leakage Relay (ELR).

What is an Earth Leakage Relay (ELR)?

"An earth leakage relay (ELR) is an electrical safety device that monitors for dangerous current leaks to earth and automatically trips a circuit, preventing electric shock and equipment damage. It works by comparing the current in the phase and neutral conductors using a core balance current transformer (CBCT); a difference indicates current is leaking, triggering the relay to activate a shunt trip to open the upstream circuit breaker. ELRs are essential for protecting people and equipment in various installations, from domestic to industrial settings.", Google Artificial Intelligence.

What is a core-balance current transformer?

"A core-balance current transformer (CBCT) is a type of current transformer designed to measure the current flowing in a power system. Its primary function is to provide a current signal that is proportional to the primary current passing through the conductors enclosed by the CBCT.", Google Artificial Intelligence.

Variable Speed Drives work at frequencies ranging from 0 to 120 Hz. Unfortunately, most ELRs have filters to eliminate the power system harmonics noise signals with frequencies above 50 Hz or 60 Hz (Alternating Current (AC) mains signal (electrical signal in a socket) frequencies). Another problem is that most Earth Leakage Relays cannot detect faults with frequencies below 20 Hz or DC voltages. There are DC (direct current) Earth Leakage Relays, but they cannot detect alternating current (AC) faults. Thus, those earth leakage relays are useless for Variable Speed Drives (VSDs).

However, we cannot connect a number of devices to the same system because this will cost a lot of money. This is why a versatile digital solution is needed.
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3. [bookmark: _sq4139t1f940]Solution

The EL731 is a microprocessor-based AC/DC sensitive Earth-Leakage Relay (ELR) that detects faults for all frequencies, ranging from 0 Hz to 6 kHz.
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4. [bookmark: _1r8ixmgxwdng]Conclusion

Microprocessors and microcontrollers offer versatile and cost-effective solutions to power system protection problems.
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