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Figure 1:  Industrial robots on an automotive manufacturing line – an example of a harsh, vibration-prone environment where sensitive 
electronics must be protected in robust enclosures. Modern “edge computing” often places IT equipment in factories, vehicles, and 
outdoor sites rather than clean data centers
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Part 1: Industry Landscape and Environmental Challenges

Modern military and rugged industrial applications demand more from electronics 
cabinets than ever before. Gone are the days when electronics could live safely in 
climate-controlled data centers – today’s mission-critical systems are deployed in harsh 
environments, from naval ships and desert outposts to factory floors and remote 
unmanned sites. These cabinets face extreme shock, vibration, temperature swings, 
moisture, and electromagnetic interference (EMI), all while protecting densely packed 
electronics. This four-part white paper series explores what to consider when selecting a 
cabinet for such environments. Part 1 this paper surveys the industry landscape and 
environmental challenges. Part 2 will delve into standards compliance and EMI shielding 
techniques. Part 3 examines frame materials, construction, and modular design 
philosophy, and Part 4 addresses thermal management, real-world case studies, and 
strategic considerations for decision-makers. Throughout, our focus is on military and 
rugged industrial cabinet applications – ensuring enclosures are robust, compliant, and 
future-ready for engineers, military program managers, and systems integrators alike.
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Evolving Demands in 
Rugged Environments
Several converging trends have dramatically raised the bar for 
“harsh environment” cabinets. Understanding these industry drivers 
is key to selecting an appropriate enclosure:

Edge Computing and Mobility: 
Critical computing is increasingly moving out of centralized facilities and closer to the action – onto 
vehicles, ships, oil rigs, factory floors, and even outdoor remote sites. This means cabinets are exposed 
to dust, salt spray, rain, and temperature extremes rather than sitting in air-conditioned server rooms. 
For example, military communications and radar equipment are now deployed in the field and must 
function reliably under battlefield conditions. Enclosures at the edge must be built to withstand 
continuous environmental and mechanical stress (shock, vibration, contaminants) on par with mission 
hardware. In essence, electronics have “moved out of the server room and into the field,” driving a new 
emphasis on enclosure ruggedization and environmental sealing.

SWaP and High-Density Electronics: 
The push to reduce Size, Weight, and Power (SWaP) in modern systems has led to far denser electronic 
packaging. Smaller form factors and higher-performance processors mean more computing power is 
crammed into confined spaces – but this also creates intense heat densities and greater sensitivity to 
shock and vibration. As chip footprints shrink and power increases, cooling becomes more difficult 
and critical. A compact cabinet that once housed a few low-power boards may now contain a kilowatt 
or more of electronics, generating significant heat that must be dissipated. Moreover, densely packed 
components are more susceptible to mechanical stress; even minor vibrations can cause fretting or 
connector issues. Engineers are challenged to pack more electronics into smaller, lighter enclosures 
without sacrificing thermal management or structural integrity. In short, today’s cabinets must support 
significant computational horsepower in tight quarters, which contrasts starkly with the spacious, lightly 
loaded racks of the past.

Remote and Unattended Operations: 
Whether it’s an unmanned radar station in a desert or a communications relay on a mountain, many 
systems now operate remotely for long periods with minimal human intervention. Reliability is 
paramount – if a system fails, there may be no technician on site for days or weeks. Cabinets thus serve 
as the front-line protectors of these electronics, maintaining a stable internal environment despite 
external heat, cold, humidity, or corrosion. For instance, trackside railway signal enclosures endure 
constant vibration and weather yet must keep the electronics inside dry, cool, and secure. In such 
scenarios, the cabinet effectively takes on the role of a full environmental control system, shielding 
equipment in the absence of a manned facility. This drives demand for features like sealed NEMA-rated 
enclosures, redundant cooling fans, filtration systems, and robust locks – ensuring the system stays 
running until maintenance is possible.

https://www.elma.com/en/contact


3WHITEPAPER - PART 1: Industry Landscape and Environmental Challenges

Flexible and Custom Deployments: 
Missions rarely allow a one-size-fits-all approach anymore. Today’s programs often require custom-
tailored cabinet designs to fit into unconventional spaces (the belly of a UAV ground station, a 
submarine compartment, an airborne pod) or to meet unique operational needs. The good news is 
that modern modular enclosure technologies enable even low-quantity or one-off custom cabinets 
to be developed quickly and affordably. Rugged enclosure suppliers have responded by creating 
highly configurable platforms. Modular designs allow sections to be added, removed, or reconfigured 
without starting from scratch. Need a rack that’s 10 inches taller to accommodate new equipment? 
A modular cabinet can often be extended with standard components instead of a full redesign. 
This flexibility is crucial for defense programs where requirements can change or for integrators 
adapting a COTS enclosure to a specific use. In essence, adaptability has become as important as 
baseline strength – the ability to tweak a cabinet’s size, mounting, or layout on demand is a strategic 
advantage in modern deployments.

In Summary
The environmental and operational demands on electronics cabinets have never been greater. Edge 
computing means enclosures face the same dust, moisture, and shock as the platforms they’re 
mounted on. SWaP-driven designs concentrate more heat and stress into the enclosure. Remote 
operation raises the stakes for reliability. 

And customization needs push designs toward modular, reconfigurable philosophies. A successful 
harsh-environment cabinet must anticipate these challenges from the outset – combining robust 
construction, thermal management, EMI shielding, and flexibility. In the next part of this series, we 
turn to the formal standards and specifications that encapsulate many of these challenges, and how 
adhering to them ensures an enclosure can survive the rigors of its mission.

Transition to Part 2: 
The harsh conditions outlined here are addressed by rigorous military and industrial standards 
(for shock, vibration, climate, EMI, etc.) and by advanced design techniques (like special gaskets 
and filters). In Part 2, we will examine the key standards for rugged cabinets – such as MIL-S-901D, 
MIL-STD-810, MIL-STD-167, MIL-STD-461, and seismic regulations – and explore EMI shielding and 
gasketing strategies that help cabinets meet those demanding requirements. These standards 
form the rulebook for ruggedization, and EMI control is a critical design area to ensure different 
electronics can operate together without interference. Understanding these will provide a 
foundation for evaluating or designing any harsh-environment enclosure.
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