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High-stakes military and industrial applications leave no room for guesswork in 
enclosure ruggedization – cabinets must demonstrably meet established standards 
that rigorously test their resilience. Equally important, they must incorporate design 
features (like EMI shielding) to protect sensitive electronics from electromagnetic 
interference. This part explores the key standards governing harsh-environmental 
cabinets and the EMI/EMC techniques used to ensure compliance and reliability.
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Key Standards for 
Rugged Enclosures
A fundamental aspect of rugged cabinet design is compliance with military and 
industrial standards. These standards define test methods to validate that an 
enclosure can survive specific stresses – from explosive shocks to vibration, 
temperature, and electromagnetic noise. Below are some of the most relevant 
standards and what they mean for cabinet design:
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MIL-S-901D (Shock): 
A U.S. Navy standard for high-impact mechanical shock, particularly for shipboard equipment. MIL-
S-901D testing simulates extreme shock events (such as a nearby torpedo blast) to ensure equipment 
mounted in a cabinet can survive without structural failure. Cabinets qualified to MIL-S-901D (often 
called Grade A shock) have demonstrated they can withstand sudden impacts while protecting the 
mounted equipment. For example, a Navy cabinet meeting MIL-S-901D will have a robust frame and 
secure mounting method, often proven via tests like heavyweight hammer blows or explosive charge 
simulations. Any cabinet intended for naval or mobile military use should be designed with this level of 
shock resilience in mind.

MIL-STD-810 (Environmental Conditions): 
A broad Department of Defense standard that defines environmental test methods for equipment. 
MIL-STD-810 (currently revision H) covers a wide range of conditions: extreme heat and cold, humidity, 
sand and dust, rain, altitude, fungus, gunfire shock, and more. Compliance means the cabinet (with its 
electronics) can endure the worst environmental extremes it might encounter in service. For instance, 
a MIL-STD-810 tested enclosure might be certified for operation from –40 °C up to +70 °C with 95% 
humidity, resist ingress of windblown sand, and withstand vibration from transport. Achieving this often 
requires careful material selection (e.g. corrosion-resistant alloys) and robust engineering. In short, 
MIL-STD-810 is the baseline for any truly all-weather, all-terrain cabinet.

MIL-STD-167-1A (Vibration): 
This standard addresses mechanical vibrational durability for shipboard equipment. Naval vessels 
subject equipment to continuous vibrations from engines, propellers, and sea conditions, which 
can loosen fasteners or fatigue materials over time. MIL-STD-167 testing shakes the enclosure 
across various frequencies to ensure it can endure long-term vibration without failure. Cabinets 
meeting this standard often incorporate reinforced structures or vibration isolation mounts to absorb 
persistent vibrations. Proper weight distribution and bracing are used so that no component or joint 
is overstressed by the “buzz” of machinery. For equipment racks on ships (and other vehicles), MIL-
STD-167 compliance is critical to avoid failures from constant vibration

                             

MIL-STD-461 (EMI/EMC): 
This standard governs electromagnetic interference and compatibility for military equipment. It sets 
limits on how much electromagnetic noise a device or enclosure can emit, and how immune it must 
be to external interference. For cabinets, compliance typically requires a conductive, well-bonded 
enclosure (acting as a Faraday cage) with proper grounding of all panels. Any openings (ventilation 
holes, cable ports) must be treated with EMI filters or shielded connectors to maintain shielding 
effectiveness. Meeting MIL-STD-461 is mandatory for most defense electronics because it ensures 
different subsystems can operate together without mutual interference. A well-shielded cabinet 
prevents emitted noise from leaking out and affecting nearby sensors or radios and protects the internal 
electronics from external RF sources.
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Telcordia GR-63-CORE (Zone 4 Seismic):
In industrial and telecom domains, seismic standards ensure equipment can survive earthquakes. 
GR-63 Zone 4 is a common benchmark indicating the enclosure can tolerate worst-case earthquake 
vibrations without tipping or damage. Cabinets advertised as “Zone 4 Seismic Rated” are tested on 
shake tables simulating major quakes. For example, critical telecom racks in earthquake-prone areas 
(or nuclear plants) often must meet GR-63 or similar IEEE/IEC seismic criteria. This means sturdy 
anchoring provisions and often external bracing or snubbers to prevent tip-over. If your cabinet will 
be installed in a region subject to earthquakes or heavy vibrations (from nearby machinery), ensure it 
carries an appropriate seismic rating.

Why Standards Matter
Ensuring standards compliance is not a paperwork exercise; it is a direct proxy for real-world 
robustness. A cabinet built and tested to these standards will incorporate features like heavier-gauge 
frames, shock absorbers or isolators, vibration damping mounts, conductive gaskets, and high-
quality finishes to survive its intended environment. Decision-makers should demand evidence of 
compliance (test reports or certifications) when evaluating cabinets for harsh duty. Using a standards-
qualified enclosure can mean the difference between a system failing at a critical moment versus one 
that performs reliably under pressure. In many cases, a single enclosure may need to satisfy multiple 
standards simultaneously – for instance, a Navy radar cabinet might require MIL-S-901D (shock), MIL-
STD-167 (vibration), MIL-STD-810 (environmental), MIL-STD-461 (EMI) and Zone 4 seismic compliance 
if it will be installed ashore. Leading enclosure providers design with this in mind, offering platforms 
that have been qualified to a suite of MIL/STANAG/IEEE tests.

EMI Shielding: Keeping 
Interference in Check
One technical area of growing importance is electromagnetic interference (EMI) shielding. Modern 
military and industrial sites are filled with electronics – radars, radios, motor drives, computers – all 
of which can generate or be affected by electromagnetic noise. A harsh-environment cabinet must 
act as a fortress against these unwanted emissions and susceptibilities. EMI/EMC performance is 
often mission-critical for defense applications where even minor interference could cause errors or 
failures. Below, we outline key design techniques for EMI protection in cabinets:
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Conductive Enclosure: 
The basic principle of EMI shielding is to surround sensitive electronics with a conductive shell that 
blocks external electromagnetic fields. Rugged cabinets are typically made of metal (aluminum or steel) 
panels that are electrically bonded together, forming a Faraday cage. Lightweight aluminum is highly 
conductive and can provide effective shielding at a fraction of steel’s weight. Importantly, every door or 
removable panel must maintain electrical continuity when closed – which is where gasketing comes in.

EMI Gaskets and Seals: 
Every seam, door gap, or cable opening in an enclosure is a potential leakage point for RF energy. EMI 
gaskets are conductive seals (often made of beryllium copper fingerstock, silver-filled elastomer, or 
conductive foam) that compress between mating surfaces to ensure a tight electromagnetic seal. In 
practice, the cabinet door will have an RF gasket around its full perimeter, and any removable access 
panels are similarly gasketed. The gasket materials must be durable over many open/close cycles and 
resistant to environmental factors (corrosion, temperature). High-performance designs may even use 
double gasketing in critical areas. As one aerospace shielding expert notes, conductive gaskets ensure 
there are “no gaps” in the enclosure’s conductive path, maintaining continuous shielding.

Filtered Openings: 
Certain apertures in the enclosure are necessary – for cooling airflow or cable routing – and these 
must be treated to preserve EMI integrity. Common techniques include honeycomb EMI air filters over 
ventilation holes (metal honeycomb or mesh that allows air through but attenuates RF) and shielded 
conduit or filtered connectors for cables. For example, a vent panel might use a honeycomb insert to 
enable airflow while blocking electromagnetic leakage, and power or signal lines may pass through 
bulkhead filters that choke off RF currents. The cabinet should be designed so that adding these filters 
doesn’t impede its primary function (cooling, connectivity) – it’s a careful balance between airflow and 
shielding.

Even with conductive 
materials and gaskets, proper 
EMI performance requires 
that all enclosure parts share 
a common electrical ground. 

This often means using conductive surface finishes and avoiding 
non-conductive paint at mating interfaces (or using special 
conductive coatings). For instance, aluminum panels are often 
chromate-conversion coated (MIL-DTL-5541, alodine) which 
prevents corrosion while remaining electrically conductive, so 
that gasketed joints make good contact. The Optima Stantron 
MB-Series cabinets use alodine plating on their aluminum 
frames, which contributes to high EMI protection by ensuring 
conductivity across panel interfaces. Internally, grounding 
straps may connect doors to the main frame, and a single ground 
point can tie the cabinet to facility ground. Together, these 
practices make the enclosure act as one contiguous shield.
electronics from external RF sources.

Figure 1 Cabinet showing beryllium 
gasketing for EMI shielding

Grounding and 
Bonding 
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These EMI control 
measures are not optional 
add-ons; they are core 
design considerations for 
any harsh environment 
cabinet. A well-shielded 
enclosure not only passes 

MIL-STD-461 tests, but more importantly it ensures reliable 
multi-system operation in the field. For example, in a naval 
command center filled with electronics, a poorly shielded 
cabinet could interfere with an adjacent radar console, or 
conversely, a powerful radio nearby could upset an unshielded 
computer rack. By meeting EMI/EMC standards, a rugged 
cabinet demonstrates it can prevent such scenarios – different 
subsystems can co-exist and function as intended, a critical 
factor in complex C4ISR networks. Effective EMI suppression 
also aids long-term reliability, as excessive electromagnetic 
noise can degrade components over time. In high-reliability 
sectors like nuclear energy or air traffic control, this resilience 
against EMI-induced errors is paramount.

A recent example: A deployed industrial system required a shielded, seismic-rated cabinet for 
sensitive electronics. The solution involved a heavy-duty enclosure with a special “coffin-style” 
double door – not only to manage extensive cabling, but also to provide extra space for an internal 
cable-management sidecar while maintaining RF shielding. Thanks to a modular design and skilled 
engineering, the team delivered a cabinet that met both seismic shock requirements and the needed 
EMI attenuation, all while keeping the design user-friendly and cost-effective. This underscores 
how multidisciplinary design (structural, EMI, thermal, cable management) often comes together in 
modern rugged cabinets.

In Summary
Electromagnetic compatibility must be built into the cabinet from the start. When evaluating 
enclosures, look for features like continuous EMI gaskets on all openings, conductive interior finishes 
(no insulating paint on mating surfaces), evidence of MIL-STD-461 testing, and options for filtered 
vents or cable shielding. As electronics proliferate and become more electromagnetically complex, 
robust EMI shielding is only growing in importance.

Transition to Part 3: 
Now that we’ve covered what rugged cabinets must endure (per standards) and how they shield 
delicate circuits from shock and noise, in Part 3 we will examine the materials and construction 
of these cabinets. We’ll see how modern enclosures leverage advanced frame materials (like 
aluminum extrusions) and modular design philosophies to achieve high strength, reduced weight, 
and flexible configurations for harsh environments.

Figure 1 Cabinet showing beryllium 
gasketing for EMI shielding

Shielding and 
EMI
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