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Executive Summary

Solid-state design in LED sign cabinets generally refers to an architecture that
minimizes or eliminates moving parts (for example, replacing fan-forced airflow with
passive thermal pathways and sealed enclosures). From a reliability perspective, this
matters because moving parts introduce wear-out mechanisms, and elevated internal
temperatures accelerate aging of key electronic components. Across electronics
industries, the Arrhenius-based “10°C rule” is commonly used to approximate that
many temperature-driven failure mechanisms accelerate significantly with heat;

for electrolytic capacitors specifically, multiple technical sources describe lifetime
reductions on the order of half for each 10°C increase in operating temperature. p-4

This paper summarizes the most defensible, non-competitor evidence supporting
why fanless, solid-state cabinet design can reduce unplanned downtime and lower
the frequency of service interventions. It focuses on measurable engineering drivers
(failure modes and thermal acceleration), and avoids unsupported percentage claims
about maintenance savings unless a project provides field data.



Scope and definitions

What “solid-state” means in this paper

+ No moving parts required for normal cooling or operation (for example, no cabinet fans or motor-
driven airflow).

+ Thermal management is achieved through passive methods: conduction paths, heat spreaders/
sinks, cabinet-as-radiator designs, and controlled airflow by enclosure design.

+ Cabinet design favors environmental protection (dust, moisture, pollutants) to reduce contamination-
driven faults.

Note: “Solid-state” is used here as an architectural concept for cabinet reliability, not as a claim that every component is
immutable. Power conversion, LED drive electronics, and connectors still exist and must be engineered correctly.

Reliability fundamentals: why fewer parts usually means fewer failures

In reliability engineering, each additional component can add failure modes and increase the probability that at least
one component fails over time. While high-quality design and redundancy can mitigate this, the simplest way to reduce
failure exposure is often to reduce the number of wear-out components and the number of interconnects that can
loosen, corrode, or degrade.

Mechanical wear-out is a known reliability category

Cooling fans are a common example of a wear-out component:
bearings, motor electronics, and housings can degrade under real-
world environmental stressors such as dust, humidity, and heat. A
PHM Society conference paper reviewing fan failure modes describes
internal failures including motor and bearing issues, and external
failures including casing degradation. (s

Thermal Management Without Mechanical Cooling
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System lifetime vs. LED diode lifetime

A frequent misunderstanding in LED products is equating LED lumen maintenance (for example, L70 projections)
with complete system lifetime. The Illuminating Engineering Society (IES) explicitly cautions against using LED lumen
maintenance life as the sole metric for determining solid-state product lifetime.

Similarly, U.S. Department of Energy guidance notes that using LED device lumen maintenance as a proxy for total
system lifetime can be misleading, because lumen maintenance is only one component of overall reliability and other
components often determine system life.



How solid-state cabinet design can reduce service
interventions

Mechanism 1: removing fan-driven failure modes

If a cabinet design does not rely on fans for cooling, it removes '] ‘I "‘ Hast Sink
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failure, casing degradation) from the system's fault tree. This does t /t
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Mechanism 2: stabilizing temperature to slow aging

Fanless thermal strategies emphasize consistent heat conduction and radiation through designed pathways. Because
temperature is a key accelerator for aging in components such as electrolytic capacitors, keeping internal temperatures
lower and avoiding thermal spikes can materially extend component life. (1-4

"Mechanism 3: reducing contamination-driven faults

In many outdoor electronics deployments, environmental contamination (dust, moisture, pollutants) contributes to
corrosion, blocked airflow, and intermittent connections. Fanless and sealed or semi-sealed cabinet designs can

reduce the amount of external contaminants pulled into the cabinet compared with forced-air designs that continuously
exchange air with the environment. The magnitude of benefit depends on gasket design, pressure equalization
strategies, and serviceability considerations.

A Practical Cost Model for Service-Event Impact

The financial benefit of solid-state architecture is realized through the reduction of unplanned service interventions, or
“truck rolls”.Cost Model: Expected Annual Service Cost = (Service events per year) $\times$ (Cost per service event).
Industry Benchmarks: In 2026, the average cost of a “truck roll” ranges from $200 to $500, with specialized labor and
equipment for large-format signs often pushing total costs toward $1,100 per event.Operational Uptime: By eliminating
fan-specific failure modes (bearing wear, motor failure), owners can significantly reduce these high-cost interventions.
Design and procurement checklist (what to ask, regardless of vendor)

+ How is heat moved from power supplies and drivers to the outside environment (conduction paths,
heat spreaders, cabinet-as-radiator features)?

+ What is the cooling dependency: does the cabinet rely on fans or forced airflow for normal operation?

« What is the environmental protection approach (sealing strategy, corrosion mitigation, ingress
protection targets)?

- How are temperature-sensitive components specified (capacitor ratings, thermal derating approach,
junction temperature margins)?

+ What is the service philosophy (front-service vs. rear-service, modular replacement strategy, time-to-
repair assumptions)?

+ What evidence is provided for reliability claims (third-party tests, published reliability models,
standards-based reporting)?



Limitations and statement on evidence

This paper intentionally avoids hard percentage claims (for example, “X% fewer truck rolls”) unless they are supported
by verifiable, non-competitor published data or a project’'s own service history. The strongest broadly applicable
evidence for solid-state cabinet design focuses on (1) eliminating mechanical wear-out mechanisms such as fans and
(2) reducing thermal stress, which is well established as a life accelerator for key electronic components. [1-7]
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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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