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Airfield Ground Lighting (AGL) represents one of the most critical safety infrastructures in modern aviation. Far
beyond simple illumination, AGL systems provide visual guidance for pilots during taxi, takeoff, and landing,
ensuring operational continuity in various meteorological conditions. As global air traffic increases and the demand
for zero-visibility operations (CAT I1ll) grows, the technology behind these systems has transitioned from basic
incandescent circuits to highly sophisticated, intelligent LED networks. This technical analysis explores the
engineering principles, electrical architectures, and strategic implementation of AGL systems, with a specific focus
on industry-leading solutions from providers like ADB SAFEGATE.

1.The Theoretical Framework of Airfield Lighting

The primary function of AGL is to provide a visual interface between the aircraft and the runway environment. This
interface is governed by international standards, most notably ICAO Annex 14 and FAA Advisory Circulars (AC
150/5340-30J). These standards define the "4 Cs" of runway lighting: Configuration, Color, Candela, and Coding.

» Configuration: The spatial arrangement of light fixtures to define runways and taxiways.

e Color: Standardized chromaticity (e.g., green for thresholds, red for runway ends, white for runway edges) to
convey specific situational data.

e Candela: The intensity of the light, categorized by Low, Medium, and High Intensity (LIRL, MIRL, HIRL).

¢ Coding: The pattern or flash sequence (e.g., Sequential Flashing Lights or SFL) that assists in identifying the
approach path.

Mathematical Modeling of Luminous Intensity

To ensure visibility at specific distances during fog or heavy rain, lighting designers use the Allard’s Lawformula
for point sources:

E=(1*Trd)/ d?

Where:

E is the illuminance at the observer’s eye.
| is the source intensity (in candelas).

T is the atmospheric transmissivity.

d is the distance from the source.

This formula informs the design of ADB SAFEGATE RELIANCEfixtures, ensuring they provide sufficient intensity
to meet Runway Visual Range (RVR) requirements.

2. Electrical Infrastructure: Series Circuits and CCRs

Unlike standard commercial lighting, airfield lighting operates on constant current series circuits. This
architecture ensures that every light in the circuit—which may span several kilometers—receives the exact same



current, resulting in uniform brightness.

The Role of Constant Current Regulators (CCR)

The CCR is the heart of the AGL electrical system. It transforms the incoming voltage into a controlled current
(typically 6.6A or 20A). Modern CCRs, such as those within the ADB SAFEGATEportfolio, utilize Silicon Controlled
Rectifiers (SCRs) or pulse-width modulation (PWM) to maintain current stability within £1%, even if multiple lamps
fail or short out.

Isolation Transformers

To prevent a single lamp failure from breaking the entire series circuit, each fixture is connected via an Isolation
Transformer. These transformers use electromagnetic induction to transfer power while isolating the secondary
lamp circuit from the primary high-voltage loop. This maintains circuit integrity even if a fixture is physically
destroyed by an aircraft strike.

3. Technical Breakdown: LED vs. Halogen in Airfield Environments

The industry shift from Tungsten-Halogen to LED technology has revolutionized airport operations. The following
table provides a technical comparison based on operational metrics.



Metric Tungsten-Halogen Modern LED (e.g., ADB RELIANCE)

Lifespan 1,000 — 2,000 hours 50,000 — 100,000 hours

Power Consumption High (Significant heat waste) Low (Up to 80% reduction)

Color Stability Shifts toward red when dimmed Stable chromaticity across all steps
Maintenance Frequent relamping required Predictive/Condition-based
Response Time Slow (Filament warm-up) Instantaneous (Support SFL/TIL)

4. Advanced Components: The RELIANCE Approach and DRC/DTZ Fixtures

ADB SAFEGATE'’s RELIANCE range includes specialized fixtures for specific runway zones. Two critical
components mentioned in technical audits are the DRC (Runway Centerline) and DTZ (Touchdown Zone) lights.

Runway Centerline (DRC) Lights

Inset DRC lights must withstand the immense mechanical load of aircraft tires. These are typically bi-directional
lights, coded with white for the first 3,000 feet, alternating red/white for the next 2,000 feet, and red for the final
1,000 feet. The engineering challenge is thermal management; LEDs generate heat at the junction, which must be
dissipated through the aluminum alloy housing to prevent lumen depreciation.

Threshold Identification Lights (TIL) and Sequential Flashing (SFL)

The SFLsystem creates a "rabbit" effect—a ball of light traveling toward the runway threshold. This is crucial for
pilot orientation during the transition from instrument to visual flight. ADB SAFEGATE’s SFL systems utilize high-
speed communication protocols to synchronize flashes with millisecond precision, ensuring the sequence is fluid
and recognizable even in heavy precipitation.

5. Airfield Lighting Control and Monitoring Systems (ALCMS)

Modern airfields are too complex for manual switching. An ALCMSprovides a centralized interface for Air Traffic
Control (ATC) to adjust lighting intensities based on current RVR readings.

Architecture of ALCMS
ALCMS typically follows a three-tier architecture:

Human Machine Interface (HMI): Located in the Control Tower.

System Logic/PLC: Redundant servers that process commands and monitor circuit health.

Distributed Field Elements:Power line communication (PLC) or fiber-optic nodes that communicate directly with
individual lights or CCRs.

The integration of Individual Light Control and Monitoring Systems (ILCMS)allows technicians to identify the
exact location of a failed lamp from the maintenance shop, significantly reducing Mean Time To Repair (MTTR).

6. Case Study: Bhogapuram Greenfield Airport Project

The award of the AGL contract to ADB SAFEGATE for the Bhogapuram International Airport (developed by



GMR) highlights the modern requirements for greenfield projects. In this implementation, the focus is on a fully
integrated airside solution. This involves not just the installation of fixtures, but the integration of Smart Apron
management and intelligent tower solutions.

Key technical deliverables for such projects include:

Category ll/lll compliance: Ensuring the AGL system can support operations in near-zero visibility.

Sustainability: Maximizing LED usage to reduce the carbon footprint of the airport's electrical demand.

Scalability:Designing the CCR loops and vault layout to allow for future runway extensions without replacing the
core infrastructure.

7. Field Guide: Installation and Maintenance Procedures

The reliability of AGL is only as good as its installation. For inset lights (DRC/DTZ), the precision of the core drilling
and sealing is paramount.

Step-by-Step Inset Light Installation

1. Core Drilling: Using diamond-tipped saws to create a cavity in the asphalt or concrete.

2. Pavement Preparation: Cleaning and drying the cavity to ensure the bonding of the grout or epoxy.

3. Setting the Shallow Base: Aligning the base within £0.5 degrees of the runway centerline using optical transit
equipment.

4. Torquing: Securing the fixture with high-tensile bolts to a specific torque (e.g., 20-30 Nm) to withstand
vibration.

5. Electrical Connection: Utilizing L-823 primary and secondary connectors to ensure a watertight seal.

Troubleshooting Insulation Resistance

A common failure mode in AGL circuits is an "Earth Fault." Technicians use a Megger(insulation tester) to check
the resistance of the primary series loop. If the resistance falls below 50 Megohms, it indicates a breach in the
cable insulation or a failing isolation transformer. Systematic "half-splitting" of the circuit is required to isolate the
faulty segment.

8. Operational Safety: The Impact of Photometric Testing

To comply with ICAO standards, airports must perform regular Photometric Testing. This involves using a mobile
sensor trailer that measures the light output of each fixture while driving at speed down the runway.

If a fixture's output falls below 50% of the required intensity, it is considered "unserviceable." Modern ADB
SAFEGATE systems mitigate this through Intelligent Maintenance, where the ALCMS tracks the "on-time" of each
fixture and predicts failure based on historical decay curves, allowing for proactive replacement during scheduled
maintenance windows.

9. Synthesis and Future Outlook

The field of Airfield Ground Lighting is moving toward a state of "total airside integration." In this future, AGL
systems will not only provide light but will act as data nodes within a larger A-SMGCS (Advanced Surface
Movement Guidance and Control System). By integrating AGL with ground radar and aircraft transponders,
lights can be switched on and off dynamically to create a "follow-the-greens" taxi path for individual aircraft. This
reduces pilot navigation errors and minimizes the risk of runway incursions.



The engineering excellence demonstrated by ADB SAFEGATE in projects like the Bhogapuram airport serves as a
blueprint for the next generation of airside infrastructure. By combining the efficiency of LED technology with the
intelligence of ALCMS and ILCMS, airports can achieve higher throughput, lower operational costs, and, most
importantly, an unparalleled level of safety for passengers and crew. As aviation continues to evolve, the silent
guidance provided by these complex lighting networks remains the unsung hero of the global transportation
network.
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