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Designing Laser Systems
for Safe Operation

“Safety is job one” is a familiar phrase in manufacturing, meant to reinforce the importance of
cautious, responsible operation. And for good reason: without proper safeguards and training,
industrial machinery can present serious hazards, leading to injury and, in rare cases, even death.

Defining what constitutes safe operation is a necessary first step before engaging equipment
suppliers. Not all systems are engineered to the same standard. In some cases, cost-driven
decisions on the part of the manufacturer push safety responsibility onto the end user; in others,
safety features are specified but not properly executed. The result is equipment that may appear
compliant, yet does not deliver the level of protection expected in operation.

Laser processing systems demand an additional level of scrutiny. While eye protection is often
the first concern, a comprehensive approach to safety extends far beyond a single hazard.
Laser systems combine high-energy beams, electrical power, mechanical motion, and material
interactions, each introducing its own level of risk if not properly controlled. Add to that a complex
landscape of global safety standards, including CDRH, CE, CSA, UL, ISO 13849-1, and NFPA 79,
which can be difficult to navigate. Often discounted or overlooked, ergonomic safety is also
important, impacting operator fatigue, usability, and the overall risk of injury during daily operation.
On top of ALL of that, manufacturing engineers and laser safety officers depend on equipment
that meets these requirements while also accounting for a simple reality: processes evolve and
conditions change.

This paper provides decision-makers with a framework for safety evaluation, so that machines
meet their manufacturing requirements without compromising operator safety and comfort. When
properly engineered, these systems allow operators to work with confidence, knowing risks have
been anticipated and addressed through thoughtful design and may be operated safely. At AMADA
WELD TECH laser systems are designed for more than basic compliance. Rather than treating
safety as a checklist, it's embedded into every stage of our Define—Design—Deliver approach
and built for real-world use, with systems validated and ready to perform from day one. From
fully enclosed systems that contain laser radiation, to integrated fume extraction that captures
hazardous particulates and gases at the source, to fail-safe electrical architectures designed and
validated to global standards, every element is engineered to support performance and protection
in equal measure.
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LASER RADIATION SAFETY

Let’s start with the most common and unique concern when talking about laser system safety:
radiation. Exposure to laser radiation can cause permanent eye injury and skin burns. The level of
risk depends on factors such as wavelength, power, beam divergence, and pulse duration. Under
the internationally recognized IEC 60825-1 laser safety standard (also used by the FDA for most
laser classifications), lasers and laser systems are categorized according to their potential hazard:

¢ Class 1: Safe under normal operation; hazardous radiation is fully enclosed or
otherwise inaccessible.

e Class 2: Visible lasers that are generally safe because the blink reflex limits
T—_exposure time.

e Class 3R: Direct beam viewing should be avoided.
e Class 3B: Direct exposure to the beam is hazardous to the eyes.

¢ Class 4: Direct and reflected exposure can be hazardous to the eyes and skin;
fire risks may also exist.

Industrial laser sources, like those used for welding, cutting, and marking are classified in the most
dangerous category: Class 4. This means that the radiation from these sources is instantaneously
harmful to eyes and skin, and even diffuse reflections can be dangerous. Protecting operators from
this radiation is imperative to achieving a safe working environment.

Let’s consider how the laser beam propagates. A tightly collimated beam can remain hazardous
over long distances and specular reflections from metal surfaces can redirect the energy in
intended and unintended directions. Even diffuse reflections can be hazardous. Proper control
and containment of these beam paths is essential to effectively manage laser risks and protect
personnel.

For this reason, effective eye safety in laser systems is built on two complementary approaches:
personal protection and containment. While personal protective equipment (laser safety goggles)
and procedures are typically managed by the end-user, containment is the responsibility of the
on-site Laser Safety Officer (LSO). Most AMADA WELD TECH systems are engineered as Class 1
workstations in accordance with standards such as IEC 60825-1, using light-tight enclosures and
safety-rated interlocks to prevent exposure during normal operation. This approach is validated
through rigorous risk assessment and functional safety design aligned with ISO 13849-1 and its
principles directly influence how individual system components are evaluated and specified.

Consider, for example, viewing windows which are intended to allow for safe process observation
while protecting against harmful radiation. These windows typically incorporate neutral density
tinting or UV/IR absorbing layers and wavelength-specific laser filters designed to attenuate laser
radiation to meet Class 1 safety requirements. Selecting an appropriate window based on risk
assessments is a complex and critical part of designing a system that protects operators against
laser radiation exposure.
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Figure 1 - Laser safety enclosure with laser-safe glass for viewing and a solid panel door. Laser
power and beam position in the work cell determine whether a laser safe window is appropriate.

Industry standards use two primary metrics to evaluate the suitability of a laser safety window
design:

¢ The AEL (Accessible Emission Limit) sets the Optical Density (OD) required for a
viewing window to achieve Class 1 classification.

e The LIDT (Laser Induced Damage Threshold) describes the maximum energy and
power density a window can tolerate before it fails.

Designing windows to an LIDT just high enough to withstand the expected stray radiation during
normal operation is a very common practice, but it is minimum compliance. System manufacturers
inadvertently compound that problem by tailoring safety features to the specific part, fixture, and
process running at design time. This approach satisfies regulations but leaves little room for error
if the process changes or if something goes wrong.

Key risks to window integrity

e Beam overexposure: programming errors, misaligned fixtures, or unexpected
reflections from new tooling can cause a high-power beam to hit the window. If the
beam exceeds the LIDT the window can be damaged.

¢ Process debris: manufacturing processes that generate molten weld spatter can pit or
degrade the window surface.

e |[mproper maintenance: using harsh chemicals during cleaning can compromise the
window’s specialized filter or substrate.

Why This Matters

The enclosure is engineered to safely contain radiation under normal, specified operating conditions.
If the window’s physical integrity is compromised by any of the factors above, its ability to act as
a protective barrier is reduced, potentially allowing radiation to escape into the work area. Regular
inspections and adhering to proper operating and maintenance protocols are essential to keeping
the workspace safe.

AMADA WELD TECH designs beyond minimum compliance, prioritizing full containment, often
eliminating viewing windows in favor of camera-based monitoring so that even in worst-case
scenarios, direct and reflected light remains contained within the system. This philosophy reflects
our broader commitment: designing for what can go wrong, not just what is expected to go right.
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ELECTRICAL SAFETY

Electrical safety is foundational to any v
system design. We start with a fail- L
safe philosophy, where functions are
engineered to default to a safe state in the
event of disruption. This includes the use
of dual-channel safety circuitry with cross-
monitoring and fault detection, properly
rated components, and disciplined wiring
practices - down to conductor sizing,
insulation, and color coding - aligned with
recognized standards such as NFPA 79,
UL 508A, and ISO 13849-1, with safety
functions designed and validated to
defined performance levels.

Equally important is how those designs
support safe use in the field. In the United
States, workplace electrical safety is .
governed by OSHA regulations which
emphasize proper equipment condition,
grounding, and control of hazardous
energy. Our systems are designed with
these realities in mind. In practical terms, that means building equipment that not only meets
those standards, but also aligns with how it will be inspected, operated, and serviced in real-world
environments.

Figure 2 Electrical cabinet exemplifying disciplined wiring
practices and proper grounding.

It is important to note that not all equipment on the market is built to this same standard. Buyers
need to do their due diligence: lower-cost systems may appear comparable but can fall short
in critical areas ranging from inadequate wiring practices, to the misuse or misrepresentation
of certification marks. That gap is not always visible until a failure occurs or an inspection is
performed. Our position is straightforward: compliance, transparency, and adherence to recognized
standards are essential to protecting both operators and their operations.

MOTION SAFETY

Moving parts in a workstation pose a risk to operators. One of the most obvious examples of
motion is a robotic arm that can quickly move in a wide range of directions, but motion can also
include motion stages and pneumatics used to position the laser beam, part, or peripherals inside
the workstation. If rapid, unexpected, or unguarded, these movements can create pinch points,
strike hazards, and other risks of injury. Our systems address these risks through a combination of
physical safeguarding and safety-rated control systems designed to monitor and control motion.
Additional measures such as presence-sensing devices (e.g. light curtains) help detect and respond
to unintended entry into hazardous zones with safety functions designed to halt motion or bring
axes to a controlled stop when required. This approach aligns with established machine safety
practices, including those reflected in ANSI B11, which emphasize guarding, hazard isolation, and
controlled access to moving components, as well as functional safety principles from ISO 13849-1,
which define how safety-related control systems are designed and validated to perform reliably,
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even in the presence of faults. By addressing mechanical risks we reduce reliance on operator
intervention alone. Provisions for lockout/tagout during maintenance, along with clear service
access and thoughtful system layout, further support safe interaction over the life of the system,
with service access and diagnostics designed to maintain safety integrity during maintenance and
troubleshooting.

FUME EXTRACTION SAFETY

Laser processing generates fumes, fine
particulates, metal oxides, and other volatile
organic compounds (VOCs) that can pose
respiratory and long-term health risks to
operators if not properly controlled. In the United
States, workplace exposure to these hazards
is governed by OSHA air quality and industrial
hygiene requirements, making effective fume
extraction an optional but critical component of
a laser system.

Internal
Collection
Duct

Effective extraction relies on maintaining
consistent capture at the source, combined with
properly engineered airflow and ducting to
sustain negative pressure. If external venting
isn't feasible, multi-stage filtration systems
incorporating pre-filtration, HEPA, and activated
carbon may be used to remove both particulate and gaseous contaminants. System performance
is further supported through appropriate blower selection, duct design, and access for routine

Spark Arrestor
for Pyrophorics
Connection Ducts

Fume Extractor
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maintenance, all of which are essential to maintaining airflow, preventing buildup, and reducing
fire risk over time.

As with other aspects of system safety, our approach to fume extraction goes beyond minimum
compliance. We evaluate the application, including materials, process parameters, and enclosure
design, to determine the appropriate level of extraction and filtration. By integrating fume
management into the overall system design, we help ensure that hazardous byproducts are
effectively contained and removed, supporting a safer working environment while allowing users
to adapt processes with confidence.

OPERATOR SAFETY - ERGONOMICS AND MORE

With so much attention on potential
hazards, it’s easy to overlook something
more subtle but equally important:
ergonomics. Ergonomics is often discussed
alongside motion and machine safety, but
we believe it deserves its own focus. A
system can be technically safe and still
be difficult or fatiguing to use, leading to
operator strain, reduced efficiency, and
increased injury risk over time. At AMADA
WELD TECH, every system is designed with
the operator in mind, recognizing that how
a machine is used day after day directly
impacts both productivity and well-being.

Our systems are engineered to support
neutral working postures and intuitive
interaction. Operator interfaces, monitors,
and keyboards are positioned for
comfortable viewing and access, while Figure 4 Reflects a design for proper ergonomics to alleviate
workstation heights are developed around operator strain and stress when working at the station for

. extended periods.
the average operator and modeled during
the quotation phase. Features such as assisted lifting for heavier parts and automated door
operation help reduce repetitive strain and unnecessary physical effort. The goal is to minimize
awkward reaches, excessive force, and static positions—factors commonly associated with
fatigue and stress.

Ergonomics extends beyond physical interaction to include mental workload. In high-cadence
manufacturing environments, repetitive decision-making and constant operator input can
contribute to cognitive fatigue, increasing the likelihood of errors over time. Automation plays an
important role in reducing this burden. Smart vision systems, for example, can identify fiducial
references and automatically adjust positioning without relying on continual operator intervention.
By reducing repetitive manual inputs, these systems help maintain accuracy while lowering the
risk of fatigue-related errors.

Well-designed NC programming can further reduce operator workload by balancing process
requirements with operator attention. Inspection intervals can be built directly into the workflow
and aligned with customer acceptable quality levels, whether established as fixed parameters or
adjusted dynamically through an external ERP system. This allows the system to prompt operators
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when detailed inspections are needed, helping prevent missed checks, costly process deviations,
and time-consuming batch reinspection.

Automated weld monitoring adds another layer of support by reducing reliance on continuous
operator vigilance to detect anomalies or failed parts. By providing real-time process feedback
and supporting statistical process control methods, monitoring systems help maintain consistency
while allowing operators to focus on higher-value tasks with greater confidence.

By integrating ergonomic principles into every stage of system design—physical and cognitive—
we create workstations that are easier to operate, maintain, and adapt. The result is a safer, more
consistent production environment that helps operators remain comfortable, focused, and effective
throughout their shift.

TRAINING

Knowledge is power! AMADA
WELD TECH offers in-house
and onsite training for all the
equipment we sell. In our
laser welding training courses,
attendees gain a comprehensive
understanding of both
theoretical concepts and the
practical applications of lasers
in manufacturing. The training
begins with an overview of
laser safety, welding functions,
power density, and key features.
Design aspects such as fit-up
guidelines, tolerances, tooling, and essential design rules are covered in detail, followed by a focus
on common equipment types, attributes, and feedback modes.

Regular, ongoing training on machine operation is essential and builds both confidence and
consistency, helping to ensure equipment is used as intended. New operators and engineers must
be educated not only on how to run the system, but also on the potential hazards associated with
it. This includes understanding proper equipment condition, safe electrical practices, and when
to remove damaged pieces from service. Operator training should also reinforce fundamental
factory safety behaviors such as avoiding circuit overloads, using cords and connections correctly,
verifying and maintaining proper grounding, and keeping work areas clear. Training should clearly
define roles and responsibilities, distinguishing between qualified personnel (those trained to work
on or near energized systems) and unqualified personnel, who should not interact with exposed
electrical components. Safe servicing practices, including lockout/tagout procedures, are equally
critical to prevent accidental re-energization during maintenance.

All these principles align with requirements from OSHA, including 29 CFR 1910.331-335, which
emphasizes training, hazard awareness, and safe work practices. Ultimately, well-trained operators
are a key part of any safety strategy—ensuring that the protections built into the equipment are
properly understood, respected, and maintained in daily use.

Furthermore, companies who operate lasers should have a trained LSO. The LSO plays a central
role in ensuring that laser operations are compliant with recognized standards such as ANSI
Z136.1. Supported by guidance and training from organizations like the Laser Institute of America,
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the LSO is responsible for establishing and maintaining a comprehensive laser safety program that
addresses both beam and non-beam hazards over the life of the system. This includes evaluating
risks, implementing appropriate controls, and ensuring that safety practices remain effective as
processes evolve.

Key responsibilities of the LSO typically include:

¢ Hazard assessment and classification: evaluating laser risks (direct, reflected, and
secondary hazards) and determining appropriate safeguards

¢ Control verification: evaluating engineering controls (enclosures, interlocks),
administrative procedures, and PPE requirements to confirm they adequately mitigate
laser hazards.

¢ Training and compliance: ensuring personnel are properly trained, procedures are
followed, and systems meet applicable standards

¢ Ongoing oversight: reviewing process changes, conducting audits, and verifying that
safety measures remain effective over time

In practice, the LSO ensures that laser safety requirements are consistently followed, verifying that
engineered controls remain effective and that personnel adhere to established safety procedures
during day-to-day operation.

MAINTENANCE SCHEDULES

Routine maintenance and periodic inspections help ensure that all system safety features remain
fully functional. Every laser and system built and delivered by AMADA WELD TECH comes with a
manual that outlines a recommended maintenance schedule including checking and repairing and
replacing fuses and cables, cooling water, air filters, and more. To assist you, AMADA WELD TECH
offers Preventive Maintenance contracts. Contact your local sales representative or the factory for
details.

SUMMARY

Laser system safety goes far beyond eye protection. Safety requires a comprehensive approach
that addresses multiple risks, including laser radiation, electrical, mechanical, and operator
interaction hazards. Understanding these dangers is the first step to proper precautions and usage.

At AMADA WELD TECH, safety is built into every system from the ground up. Our fully enclosed
Class 1 designs enclose laser hazards, while integrated safeguards manage electrical, mechanical,
and environmental risks in alignment with global standards. We go beyond minimum compliance
by designing for real-world conditions—anticipating how systems will be used, maintained, and
adapted over time.

These features are discussed during the Define stage, implemented in the Design phase, and
trained during the Delivery phase. Our commitment extends beyond delivering world-class
equipment that meets local requirements and international safety standards; it includes providing
the training and knowledge operators and engineers need to use and maintain that equipment
safely.

The result is equipment that allows operators to work confidently and efficiently, knowing that
safety has been engineered into every aspect of the system. Safety is indeed job one!
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