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affects the reliability of outdoor LED signs and 
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Executive Summary
Outdoor LED signs operate in some of the most demanding environments of any 
electronic system. Exposure to heat, cold, moisture, ultraviolet radiation, airborne 
contaminants, and temperature cycling places continuous stress on electronic 
components. 

This white paper examines how environmental exposure impacts outdoor LED 
sign reliability and explains why enclosure design, sealing methods, and system 
architecture are critical to long-term performance.



Scope and definitions
This paper evaluates environmental factors that influence the reliability and service life of outdoor LED sign 
systems.

•	 Environmental exposure includes temperature extremes, moisture, humidity, ultraviolet radiation,  
	 and airborne contaminants

•	 Reliability refers to the ability of an LED sign system to maintain consistent operation and 		
	 performance over time

•	 Thermal cycling describes repeated expansion and contraction of materials caused by  
	 temperature changes

•	 Ingress protection (IP) ratings define resistance to dust and water intrusion

•	 Environmental stress refers to the combined effect of multiple exposure conditions acting 		
	 simultaneously  on electronic components .

Temperature Extremes and Thermal Cycling
Outdoor LED signs experience wide temperature swings across seasons and daily operating cycles. Thermal 
cycling causes expansion and contraction of materials, stressing solder joints, connectors, and circuit boards.

Mechanism of Failure: Repeated thermal cycling creates mechanical stress at the interface of 
components with different coefficients of thermal expansion (CTE), such as where a ceramic resistor meets a 
fiberglass circuit board. This stress leads to solder joint fatigue and micro-cracking. [1]

Statistical Impact: Research indicates that solder joint voids—microscopic gaps formed during 
manufacturing or stress—significantly reduce thermal conductivity. Voiding greater than 50% is considered a 
major contributor to joint failure, as it prevents heat from escaping the LED die. [2]

Moisture, Humidity, and Condensation
Moisture ingress remains one of the leading causes of outdoor electronics failure. High humidity and 
condensation can lead to corrosion, short circuits, and degradation of conductive paths.

Ingress Risks: Ingress protection failures are especially common in ventilated or fan-cooled enclosures 
that rely on active airflow, which naturally draws in humid air. [3]

Corrosion Acceleration: When moisture combines with atmospheric pollutants such as sulfur or chlorine, 
it forms acidic compounds that rapidly corrode copper traces and silver-plated components. [4]

Dust, Airborne Contaminants, and Sulfurization
Airborne contaminants such as dust, salt, industrial pollutants, and vehicle emissions accelerate corrosion 
and insulation breakdown.

The Sulfurization Threat:  Silver is commonly used 
in LED packages for its high reflectivity. In sulfur-rich 
environments, silver reacts to form silver sulfide, darkening 
reflective surfaces, reducing light output, and potentially 
causing electrical failure. [5]

Thermal Blockage: Accumulated particulates on 
electronic assemblies restrict heat dissipation, effectively 
insulating hot components and increasing operating 
temperatures. [6]



Ultraviolet Exposure and Material Degradation
Prolonged ultraviolet exposure degrades plastics, gaskets, and cable insulation used in outdoor enclosures.

Polymer Breakdown: UV radiation breaks chemical bonds in materials such as PVC and standard acrylic, causing 
discoloration, cracking, and loss of impact resistance. [7]

Material Selection: UV-stabilized polycarbonate retains structural integrity and optical clarity for more than 15 
years in high-sunlight environments, significantly outperforming non-stabilized plastics. [8]

Ingress Protection and Enclosure Design
Ingress Protection (IP) ratings provide a standardized measure of resistance to dust and water intrusion.

IP65 vs. IP67: IP65 enclosures are dust-tight and resistant to water jets, making them suitable for most pole-
mounted installations. IP67 enclosures provide protection against temporary submersion and are better suited for 
ground-level applications. [9]

Maintenance Implications: Outdoor enclosures typically require gasket and seal replacement every 2–5 years 
depending on exposure. Sealed, solid-state designs with fewer access points significantly extend maintenance 
intervals. [10]

Environmental Stress as a Reliability Multiplier
Environmental factors interact to accelerate system degradation. Combined exposure to heat, moisture, and 
contaminants produces substantially higher failure rates than isolated stress conditions. [11]

Design Strategies for Environmental Reliability is improved through sealed, fanless architectures, corrosion-
resistant materials, and controlled thermal pathways. Designs that minimize air exchange while maintaining effective 
heat dissipation demonstrate longer service life and reduced maintenance frequency. [12]

Engineering Implications for Outdoor LED Sign Systems: environmental exposure must be treated as a 
primary design constraint. LED signs engineered to withstand temperature extremes, moisture, ultraviolet exposure, 
and airborne contaminants achieve higher reliability, lower maintenance costs, and more predictable long-term 
performance.



Limitations and Statement on Evidence
This white paper is based on publicly available technical standards, industry research, and established engineering 
principles related to outdoor electronic systems. Performance outcomes may vary depending on site conditions, 
materials, and system configuration. This document is intended for technical evaluation and comparative analysis and 
does not constitute a performance guarantee.
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ABOUT NEXT LED SIGNS
NEXT LED Signs is a U.S.-based manufacturer of large-format LED display systems, specializing 
in outdoor LED signs, digital scoreboards, and high-performance video displays for education, 
municipal, commercial, and live-event environments. With decades of combined engineering 
experience, NEXT LED Signs designs and builds solid-state LED displays engineered for long-term 
reliability, reduced maintenance, and lower total cost of ownership.

NEXT LED Signs systems are deployed across the United States in schools, stadiums, civic spaces, 
and commercial installations where performance, uptime, and durability matter most. Every display 
is built with a focus on thermal management, component longevity, and serviceability—delivering 
dependable operation in demanding outdoor conditions.

For more information about LED signs, scoreboards, and solid-state display engineering, visit www.
nextledsigns.com, email info@nextledsigns.com, or call (888) 359-9558.
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