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Modular Design Philosophy
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Traditional electronics cabinets were often built from welded steel frames -
adequate for benign indoor settings, but not always ideal for modern rugged needs.
A significant industry innovation has been the move toward aluminum extruded
frame constructions, which offer strategic advantages in harsh environments. In
this part, we examine how material choices and construction techniques (welded
vs. bolted frames, steel vs. aluminum, etc.) impact the performance and flexibility of
rugged cabinets. We also explore the modular design philosophy that allows today’s
enclosures to be easily adapted and scaled for different applications.
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Material Innovations: Aluminum
Extruded vs. Steel Frames

LIGHTWEIGHT STRENGTH:

Aluminum is roughly one-third the density of steel, yet certain alloys (like 6000-series aluminum) can
provide high strength when engineered properly. Pound for pound, aluminum boasts a strength-to-
weight ratio about 2x greater than steel jhfoster.com. In practical terms, an aluminum-framed cabinet
can achieve the required rigidity and load-bearing capacity at much lower weight. This is a huge benefit
for mobile and airborne applications, where every pound saved means more payload or lower fuel
consumption. It also makes handling and installation easier - for example, two technicians might lift an
aluminum cabinet that would have required a hoist if made of thick steel. Lighter weight further reduces
the stress on shock isolation mounts and can improve performance in vibration tests.

DESIGN MODULARITY AND FLEXIBILITY:

Extruded aluminum frameworks enable a high degree of modularity. Aluminum extrusions can be
manufactured with slots, grooves, and standardized hole patterns that allow components to be bolted
together rather than permanently welded. For instance, Optima Stantron’s rugged cabinets use a system
of horizontal and vertical aluminum extrusions that bolt together with steel corner inserts to form a rigid
frame. This modular concept means the same basic extruded components can be reconfigured into
different sizes or styles of cabinets without custom tooling each time. It enables rapid customization

- panels and accessories can attach via T-slots or pre-drilled holes in the extrusions. One industry
source notes that “T-slot aluminum profiles offer built-in modularity, making it easy to assemble, adjust,
and reassemble structures as needs evolve”. For the customer, this translates to shorter lead times and
lower non-recurring engineering cost when a unique configuration is needed. If a cabinet needs to be,
say, 10 inches taller to fit new equipment, an extruded frame can often accommodate that by adding
standard profile sections - no full redesign required. In contrast, a welded steel enclosure is largely
fixed in dimensions; changes often mean cutting and re-welding or starting a new frame from scratch.

WELD-FREE ASSEMBLY AND FIELD REPAIR:

The bolted nature of extruded frame cabinets means little or no welding is required during assembly.
This has several benefits. Welding can introduce thermal stresses and potential weak points (weld
seams can crack under extreme vibration if not done perfectly). Eliminating most welds improves
consistency and durability. Optima’s MB-Series “weld-free, bolted design” was specifically designed
to offering increased structural integrity to withstand demanding environments. Secondly, bolted
assemblies can be disassembled if needed. This is a strategic advantage for deploying equipment

in tight spaces - e.g., transporting sub-assemblies through a submarine hatch or a narrow doorway,
then assembling the cabinet in place (something much harder with a one-piece welded frame). Field
maintenance is also easier: if a frame member is damaged, it can potentially be unbolted and replaced,
whereas a bent welded frame might mean scrapping or heavy rework of the entire enclosure.
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CORROSION RESISTANCE:

Aluminum naturally forms an oxide layer that protects it from rust. In marine and industrial
environments, this is a huge plus - aluminum enclosures inherently resist corrosion and don’t require
heavy paint or plating to protect them. Steel cabinets usually must be galvanized or meticulously
painted, because any scratch in the coating can invite rust. Aluminum can still benefit from surface
treatments (like anodizing or conversion coating) for added protection, but even if the coating is nicked,
the base metal will not rust through. This makes aluminum frames well-suited for outdoor, naval, and
coastal deployments, and tends to reduce long-term maintenance (fewer touch-ups of paint).

THERMAL CONDUCTIVITY:

Aluminum conducts heat quite efficiently - roughly 3 to 4 times better thermal conductivity than
steel. While a cabinet frame is not primarily a heat sink, a metal that spreads heat can help dissipate
hot spots. For instance, if a hot power supply is mounted to the frame, an aluminum structure will
draw away some heat and spread it out, potentially reducing localized overheating. Also, if active
cooling like fans or liquid-cooled plates are used, aluminum’s high thermal conductivity helps it
transfer heat to the coolant faster than steel would. This can be an ancillary benefit in high-power
systems, aiding the overall thermal performance of the enclosure.

HYBRID REINFORCEMENTS:

Aluminum frames can be selectively reinforced with steel at critical points to combine the best
properties of both metals. A prime example is using steel corner brackets or inserts in an aluminum
frame. In Optima’s extrusion-based designs, steel corner-key inserts are hydraulically crimped into
the aluminum extrusions to provide extra strength and thread durability at the joints. These steel
inserts bolster the frame where needed (corners, connection points) while the bulk of the structure
remains lightweight aluminum. Designers may also use steel components for magnetic shielding

at low frequencies (since steel is good for blocking low-frequency magnetic fields), while using
aluminum for the overall structure. The key is that extruded aluminum frameworks are compatible
with such enhancements - one can design in slots or cavities to accept steel reinforcements quite
flexibly. The result is a hybrid cabinet that achieves MIL-grade strength and EMI shielding without the
mass of an all-steel unit.

REAL-WORLD SUCCESS:

The superiority of extruded modular frames is backed by practical results. Optima Stantron has
leveraged this approach in numerous defense programs. For example, in one project for mobile
electronics carts, a family of cabinets was built around a common extruded frame design. This
allowed economical development of multiple variants for a military test application. The modular
frame let them easily add features like quick-release side panels, integrated carry handles, and
convenient cable access - all important for users in the field - while keeping mostly off-the-shelf
extrusion profiles. According to one Optima engineer, this approach provided “tremendous flexibility
in the designs we can offer customers without having to start from scratch.”
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Modular Cabinet From a strategu-: perspectlve,
. choosing a cabinet with an
Design aluminum extruded frame can

future-proof your investment.
It is much easier to adapt

to changing requirements - whether that means adding a new
module, enlarging the enclosure, or upgrading the cooling

- when the frame is essentially a kit of interoperable parts.

This adaptability also translates to faster time-to-field for new
projects. Many suppliers maintain a “library” of extrusion-based
frame designs (for EMC shielding, shock isolation, etc.) that

they can quickly tailor to specific needs. This philosophy aligns
with the modular open systems approach that many defense
programs now favor: design infrastructure to be scalable and
upgradable over time. A great example is the U.S. Navy’s AN/

Figure 1 High Strength Modular Extruded . . . . . .
A,ﬁm,-,,um fab,-,,etfrgame SPY-6 Air and Missile Defense Radar program, which explicitly

required hardware modularity and scalability in its enclosures.
The Optima Stantron cabinets selected for SPY-6 met this need
by offering “proven modularity to accommodate application

needs in the future” 5gtechnologyworld.com - a direct nod to

the value of the extruded, bolted-frame approach.

Transition to Part 4:

We’ve seen how advanced materials and modular design enable stronger, lighter, and more adaptable
cabinets. In Part 4, we will turn to the challenges of thermal management and review real-world case
studies that tie together standards, materials, and design strategies. We’ll also discuss overarching
strategic considerations when selecting a cabinet solution for harsh environments.
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