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In the complex landscape of electrical engineering, the design and implementation of Low Voltage (LV) earthing
systems (also known as grounding systems) represent a fundamental pillar of both operational safety and system
reliability. Drawing heavily from the foundational principles established in Schneider Electric's Cahier Technique

no. 172, authored by B. Lacroix and R. Calvas, this article provides an exhaustive technical exploration of the
various earthing arrangements utilized globally. Understanding these systems is not merely a matter of regulatory
compliance; it is essential for protecting personnel, preventing equipment damage, and ensuring the continuity of
service in critical industrial and commercial environments.

The Fundamental Role of Earthing in Low Voltage Networks

The primary objective of an earthing system is to connect specific points of an electrical circuit—typically the
neutral point—to the ground and to connect the exposed conductive parts of the electrical equipment to the same
ground. This configuration serves three main purposes: protecting people against electric shock (indirect contact),
protecting the installation against fire and insulation failure, and providing a stable reference voltage for electronic
equipment while mitigating electromagnetic disturbances.

As outlined in Cahier Technique no. 172, the choice of an earthing system influences the fault current magnitude,
the touch voltage, and the protective device requirements. The International Electrotechnical Commission (IEC)
standard 60364 defines three main families of earthing arrangements, identified by a two-letter code: TN, TT, and IT

e First Letter: Relationship of the power system to earth (T = direct connection of one point to earth; | = all live
parts isolated from earth or one point connected via an impedance).

e Second Letter: Relationship of the exposed-conductive-parts of the installation to earth (T = direct electrical
connection to earth; N = direct electrical connection to the earthed point of the power system).

Technical Breakdown of the TT Earthing System

Ina TT system, the neutral of the power source is connected directly to earth, and the exposed conductive parts of
the load are connected to a separate earth electrode. This system is common in public distribution networks in
many countries.

Fault Mechanism and Protective Strategy

When an insulation fault occurs in a TT system, the fault current ($1_f$) flows through the earth. The magnitude of
this current is limited by the resistance of the source earth electrode ($R_n$) and the installation earth electrode
($R_a$). The formula for the fault current is expressed as:

$l f=U o/(Ra+R nN)$

Where $U_o0$ is the nominal phase-to-earth voltage. Because the resistance of the earth path is typically high
enough to prevent a standard circuit breaker from tripping instantaneously, the Residual Current Device (RCD)is
the mandatory protective component. The safety condition to prevent dangerous touch voltages ($U_I$) is defined



as:
$R_a\times I_{\Delta n} \leq U_I$

Typically, $U_I$ is set to 50V for dry environments. If the earth resistance $R_a$ is 100 ohms, the RCD sensitivity
($I_{\Delta n}$) must be 500mA or less to ensure safety.

The TN Earthing System: TN-C, TN-S, and TN-C-S

The TN systemconnects the exposed conductive parts directly to the earthed point of the source (neutral) via a
protective conductor (PE). This creates a low-impedance path, turning any insulation fault into a phase-to-neutral
short circuit.

Variations of TN Architecture

e TN-S (Separated): The neutral (N) and protective conductor (PE) are separate throughout the system. This is
the most reliable for electronic equipment as it prevents load currents from flowing through the PE conductor.

¢ TN-C (Combined): The neutral and protective functions are combined in a single conductor (PEN). While cost-
effective, it is prohibited for small cross-sections (typically &It; 20mm2 Cu or 16mm?2 Al) and is not recommended in
buildings with sensitive data equipment due to circulating currents.

¢ TN-C-S: A hybrid where the system starts as TN-C and transitions to TN-S at the entry point of the installation.

Short-Circuit Analysis

In a TN system, the fault current is high: $I_f =U_o / Z_s$, where $Z_s$ is the impedance of the fault loop.
Protection is ensured by overcurrent devices (circuit breakers or fuses). The disconnection time must be very short
(e.g., 0.4 seconds for 230V systems) to prevent prolonged exposure to high touch voltages.

Deep Dive into the IT Earthing System (Unearthed Neutral)

The IT system, as detailed extensively in Cahier Technique no. 172, is the "unearthed" or "isolated" neutral
system. Here, the source neutral is either completely isolated from earth or connected through a high impedance
(typically 1,000 to 2,000 ohms). All exposed conductive parts are earthed.

The Advantage of the "First Fault"

The defining characteristic of the IT system is that during a single insulation fault, the fault current is extremely low
(a few milliamps). This current is the vector sum of the leakage currents through the natural capacitance of the
cables. Consequently, the touch voltage remains well below the safety limit (50V), and **there is no need for
immediate disconnection**. This ensures maximum continuity of service, making IT the preferred choice for
hospital operating theaters, continuous industrial processes, and data centers.

Managing the Second Fault

While the first fault is harmless, it must be located and cleared. If a second fault occurs on a different phase before
the first is cleared, it results in a phase-to-phase short circuit, requiring immediate tripping by overcurrent devices.
The Permanent Insulation Monitor (PIM)is the critical device in an IT system, used to alert maintenance staff as
soon as the first fault occurs.

Technical Comparison of LV Earthing Systems

The following table provides a comparative analysis of the three systems based on the technical parameters
identified in Schneider Electric's study data.



Feature

Neutral Connection

Exposed Parts Connection

Fault Current (1st Fault)

Mandatory Protection

Continuity of Service

Fire Risk

TT System

Directly earthed

Separate earth electrode

Medium (Amps)

RCD

Low (Trips on 1st fault)

Low (with RCD)

TN System

Directly earthed

Connected to Neutral (PE)

High (Short-circuit)

Circuit Breaker / Fuse

Low (Trips on 1st fault)

High (High fault current)

Medium

IT System

Isolated or High Impedance

Earthed

Very Low (Milliamps)

Insulation Monitor (PIM)

High (No trip on 1st fault)

Very Low

Maintenance Requirement Low High (Expertise needed)

Advanced Fault Detection: The Ground Fault Location System (GFLS)

In large industrial installations using the IT system, finding the source of a first fault can be challenging. As noted in
Cahier Technique no. 172 (specifically page 23 and 25), modern systems utilize an LF (Low Frequency)
generator and Current Sensors (CS). The generator injects a specific signal into the network; this signal flows
through the fault point and back to the source. Toroidal current sensors placed on different feeders detect this
signal, allowing the GFLS to pinpoint exactly which branch contains the insulation failure without de-energizing the
system.

Mathematical Models for Fault Current Calculation

To accurately design protection schemes, engineers must calculate the maximum and minimum fault currents. The
Cahier Technique 172 provides the framework for these calculations:

1. IT System First Fault Current ($I_{f1}$)

For an isolated neutral system, the current is mainly capacitive:
$I_{f1} = U_o \times 3 \times C \times \omega$
Where $C$ is the average capacitance per phase to earth and $\omega$ is the angular frequency ($2\pi f$).

2.TN System Fault Current ($I_{sc}$)

The fault current at the end of a cable run is calculated using the impedance method:
$1 {sc} = (0.8 \times U_0)/(Z {phase} + Z_{PE}D$

The 0.8 coefficient accounts for the voltage drop at the source during the fault. This calculation ensures that the
magnetic trip setting of the circuit breaker is low enough to detect a fault at the furthest point of the circuit.

Dealing with Electrical Disturbances in LV Networks

As referenced in Cahier Technique no. 141 and 172, earthing systems also play a role in managing voltage drops
and electromagnetic interference (EMI). Transient disturbances, such as lightning or switching surges, can cause
significant damage if the earthing system is not designed with low high-frequency impedance.



Equipotential Bonding

Regardless of the earthing system chosen, equipotential bondingis mandatory. This involves connecting all
metallic parts (pipes, frames, structures) to the main earthing terminal. This prevents potential differences between
different surfaces, which is the root cause of electric shock and many EMI issues in sensitive electronics.

Practical Field Guide: Choosing the Right System

The selection of an earthing system is a strategic decision. Engineers should follow this procedural checklist based
on the application requirements:

1. Assess the Need for Continuity: If a sudden power cut poses a risk to life (hospitals) or results in massive
financial loss (semiconductor manufacturing), the IT system is mandatory.

2. Evaluate Maintenance Capabilities: The IT system requires an on-site electrical team capable of responding
to first-fault alarms. If no such team exists, TT or TN is safer.

3. Consider the Installation Scale: For large-scale industrial sites with their own HV/LV transformers, TN-S
provides a robust and cost-effective solution for high-power loads.

4. Analyze Electromagnetic Compatibility (EMC): In buildings with extensive IT infrastructure, avoid TN-C. The
combined PEN conductor carries unbalanced load currents, which can couple into data cables and cause
corruption. Use TN-S to ensure a "clean” PE conductor.

Case Study: Double Fault Scenarios in IT Systems

A common operational challenge in IT systems is the "second fault." Imagine an industrial plant where a motor
develops an insulation fault on Phase A. The PIM alarms, but the motor continues to run. Before the technicians
arrive, a second fault occurs on Phase B of a different machine.

This creates a phase-to-phase short circuit ($400V$ in a $230/400V$ system). The current $I_{f2}$ is calculated as:
$I_{f2} = (\sqrt{3} \times U_o0) / (2 \times Z_s)$

Because the current is now very high, the circuit breakers for both faulty circuits must trip simultaneously. This case
study highlights the importance of selectivity and discriminationin protection design to ensure that only the faulty
sections are isolated, preserving power to the rest of the plant.

Implementation Challenges and Solutions

1. High Earth Resistance in TT Systems

In rocky or sandy terrain, achieving a low earth resistance ($R_a$) is difficult. Solution:Use multiple earth rods in
parallel or chemical earth enhancement compounds. If $R_a$ remains high, extremely sensitive RCDs (30mA)
must be used, though this may lead to nuisance tripping from natural leakage currents.

2. Harmonic Distortions

Non-linear loads (VFDs, LED lighting) generate harmonics that flow through the neutral. In TN-C systems, these
harmonics can cause the PEN conductor to overheat. Solution: Oversize the neutral conductor or switch to a TN-S
system where the neutral is not used for earthing equipment frames.

3. Testing and Validation

Commissioning an earthing system requires precise measurement. The "Fall of Potential" method is the industry
standard for measuring earth electrode resistance. For TN systems, Loop Impedance Testingis critical to verify



that the fault current will be high enough to trip breakers within the required timeframes.

The Evolution of Earthing Standards

The technical insights provided by Cahier Technique no. 172have shaped international standards for decades. As
we transition toward decentralized energy resources (DERs), such as solar PV and battery storage, earthing
becomes even more complex. Inverter-based resources often have different fault signatures compared to traditional
synchronous generators, requiring more sophisticated protection coordination and a deeper understanding of the
interaction between the source earthing and the local installation earthing.

In summary, the selection of an LV earthing system involves a delicate balance between safety, continuity, and cost.
The TT system offers simplicity but relies heavily on RCDs. The TN system provides high-speed disconnection for
faults but requires careful management of the PE/N conductors. The IT system offers unparalleled continuity but
demands higher technical expertise for maintenance and fault location. By adhering to the engineering principles
detailed in the Cahier Technique series, electrical professionals can design resilient networks that withstand
insulation failures and minimize operational downtime.
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