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The context behind machine vision enclosures

Setting the scene

Machine vision cameras play a central role in modern industrial automation, medical technology, advanced
manufacturing, and inspection systems. Their performance depends not only on sensor resolution, optics,

and software, but also on the mechanical and environmental protection provided by the camera enclosure.

An enclosure is far more than a protective shell. It safeguards sensitive electronics from dust, moisture,
vibration, and temperature variation, while also enabling precise positioning, stable mounting, and efficient
integration into complex systems. As machine vision applications become more diverse and specialized,

enclosure design has evolved into a critical engineering discipline.

This whitepaper explores the role of machine vision camera enclosures, key design principles,

customization strategies, and mounting solutions, drawing on deep machine vision expertise and
a portfolio of U.S. patented enclosure and mounting innovations within Components Express, Inc.
(CEl), 2Connect’s Vision technology entity focused on machine vision connectivity and enclosure

solutions.
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Functional impact

Understanding the role
of camera enclosures

In industrial environments, machine vision cameras are often exposed to harsh conditions: washdown
processes, airborne contaminants, mechanical vibration, and temperature fluctuations. Without proper
protection, even the most advanced camera technology can suffer from reduced accuracy, shortened

lifespan, or unexpected downtime.

Beyond environmental protection, enclosures also influence:
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Integration with lighting, cabling, Overall footprint and

and mounting hardware. system design flexibility.

For OEMs and system integrators operating in high-mix, low-volume environments, standard enclosure
solutions frequently fall short. This has driven demand for enclosures that are not only robust, but also

precisely matched to specific camera models and applications.
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Engineering evolution

From generic housings
to tailored solutions

Through its work in the machine vision ecosystem, CEl identified a clear market gap. Many available
enclosures were essentially generic housings, relying on foam inserts or adapters to accommodate different
camera models. While functional, these solutions often compromise compactness, sealing integrity, and

long-term reliability.

CEl's approach was to rethink enclosure design from the ground up, focusing on exact-fit engineering and
usability in real-world production environments. Rather than treating the enclosure as an accessory, it

became an integral part of the vision system.

Key design drivers

/' Exact fit for specific camera makes and models, avoiding oversized housings
/ Compact construction, minimizing system footprint
High mechanical robustness to withstand industrial use

Designed to protect against environmental exposure, including dust, dirt, water, chemicals, and

both high and low temperatures.
Quick and precise focus adjustment, without disassembly
Versatile mounting options, supporting a wide range of installations

Cord grips facilitate quick replacement of damaged units, while their elimination can hinder
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signal performance and system efficiency.

This evolution reflect a broader trend in machine
vision: moving from generic components toward

application-specific, engineered solutions.
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Core principles

Design principles for modern
machine vision enclosures

Effective enclosure design balances multiple, often competing requirements. Based on industry experience

and CEl’s development philosophy, several core principles emerge.

Precise mechanical fit
An enclosure designed specifically for a given camera model ensures optimal alignment
reduces internal movement, and eliminates the need for foam inserts. This improves repeatability and long-

term stability.

Environmental protection
Designed to protect against demanding environmental conditions such as dust, dirt, water, chemicals, light
exposure, and temperature extremes (heat and cold), ensuring reliable camera performance in harsh and

variable operating environments.

Cable and connector integration
Traditional cord grips squeeze the cable and for many vision protocols this impacts performance. Integrated

connectors and custom cabling reduce failure points and simplify installation and maintenance.

Ease of use
In production environments, cameras often need to be adjusted, replaced, or cleaned. Features such as

alignment marks, tool-free access, and intuitive adjustment mechanisms significantly reduce downtime.

Compact and lightweight construction
Minimizing size and weight improves flexibility, especially for robotic and mobile applications.
Lightweight aluminum enclosures, some weighing as little as 120 grams, enable easy integration without

sacrificing strength.
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Key differentiator

Customization for diverse applications

Machine vision application vary widely, from factory automation and medical inspection to logtistics and

mobile platforms. As a result, enclosure customization has become a key differentiator.
Common customization options include:

Custom lengths and diameters
Tailoring the enclosure to camera and lens combinations minimizes unused space and optimized system

layout.

Accessory integration
Support for visors, air curtains, retractable washdown flaps, and cable management improves performance

in challenging environments.

Thermal management
Passive cooling solutions, such as heat-transmitting shims and enclosure geometry optimization, help

dissipate heat without adding complexity.

Material selection
Aluminum offers and optimal balance of strength and weight, while stainless steel is preferred in corrosive or

hygienic environments.

These options allow OEMs and system integrators to deploy vision systems that are both robust and

precisely matched to their operational requirements.
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Precision and repeatability

Mounting solutions

Mounting is a critical but sometimes underestimated aspect of enclosure design. Even minor alignment
deviations can affect inspection accuracy, while complex mounting mechanisms can slow installation and

maintenance.

CEl's mounting systems address these challenges by combining precision with flexibility.

Key characteristcs

/' 360° rotation and adjustable fit, enabling fine positioning
/" Collet-style locking mechanisms, providing strong and stable fixation
< Index marks, allowing repeatable setup after maintenance or replacement

/" Compatibility with collaborative robots and production lines

These features support fast commissioning and reliable repositioning, which are essential in dynamic

production environments.

EN-M4...

2Connect @ Enclosures for Machine Vision cameras



Precision and repeatability

Best practices and industry trends

Several broader trends are shaping the future of machine vision enclosure design:

Customer-driven engineering
Close collaboration between enclosure designers, camera manufacturers, and system integrators leads to

solutions that address real-world constraints rather than theoretical requirements.

Modularity and scalability
Enclosures and mounts increasingly form modular systems that can adapt to different camera sizes, lenses,

and accessories without complete redesign.

Regulatory and hygienic design
In medical, food, and pharmaceutical applications, material certifications, smooth surfaces, and cleanability

are becoming standard requirements.

Integrated connectivity
Designing enclosures together with cabling and connectors reduces interfaces, lowers failure risk, and

simplifies installation and servicing.

Together, these trends reinforce the importance of treating enclosures as engineered system components,

not add-ons.
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Integrated expertise

Building on partnership

The development of advanced machine vision enclosure solutions highlights the value of close
collaboration between specialized product technology and system-level expertise. Components Express,
Inc. (CEl), as 2Connect’s product technology entity focused on machine vision, contributes deep
application knowledge and domain-specific design capabilities. This includes several U.S. patents
covering key enclosure and mount designs and features, reflecting CEl’s long-standing focus on innovation

within the machine vision industry.

This product technology expertise is complemented by 2Connect’s broader capabilities and expertise in
connectivity, materials, and system integration. By aligning enclosure design with cabling, mounting, and
application requirement within a single engineering framework, OEMs benefit from solutions that are easier
to integrate, more reliable in operation, and better suited for long-term use. This integrated approach

shortens development cycles and reduces complexity across the machine vision value chain.
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Conclusion

The future of machine vision enclosures

As machine vision expands into new industries and applications, the demands placed on camera enclosures
will continue to grow. Flexibility, robustness, and ease of integration will be just as important as optical

performance.

Engineered enclosure solutions, tailored to specific cameras, environment, and use cases, will play a key
role in ensuring reliable system performance. The evolution of enclosure design, shaped by the combined
expertise within 2Connect and its CEl Vision technology entity, demonstrates how engineering expertise

and customer collaboration drive progress in machine vision connectivity.

For OEMs and system integrators facing increasingly complex requirements, enclosure design is no longer a

secondary consideration, it is a strategic element of system success.
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