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Introduction

Shipbuilding has always been a choreography of heavy materials, complex
geometries, and tight schedules. Today, the pressures of global competition,
fluctuating demand, and an aging workforce are accelerating the shift toward robotics
and digital assembly. Across the world, shipyards are discovering that automation is
no longer a niche experiment but a strategic capability that governs cost, schedule,
quality, and safety. This book explains how to implement that capability—practically,
incrementally, and with measurable results.

We begin with the core production processes where automation makes an immediate
impact: robotic welding, automated material handling, and vision-guided assembly.
Robotic welding stabilizes quality on thick plate and long seams while reducing
rework; AGVs and autonomous tuggers move panels, blocks, and outfitting kits safely
and predictably; vision systems provide the perception needed to align large
structures without relying solely on fixtures. Each of these technologies is explored in
depth, from fundamentals and equipment selection to integration with cranes, skids,
and existing transport methods. Throughout, we connect technical choices to
outcomes such as throughput, first-time quality, and injury reduction.

Human-robot collaboration is equally central. Rather than replacing skilled trades,
collaborative robots and mobile manipulators augment them—holding parts,
performing tacks, or executing repetitive weld passes while human experts handle
fit-up, inspection, and the nuanced tasks that still benefit from judgment. Safe shared
workspaces, clear risk assessments, and adherence to relevant standards enable this
collaboration. When people and robots work together, productivity gains are amplified,
ergonomics improve, and training pathways become more attractive for new entrants
to the trade.

Modern shipyards succeed by uniting automation with digital assembly. Bills of
process, line balancing, and takt planning translate engineering intent into executable
work. Simulation and digital twins allow teams to validate cell layouts, robot reach,
and AGV traffic before committing capital. Offline programming shortens
commissioning time, while integrated MES and PLM keep the digital thread intact from
design to weld bead. These tools turn variability into data, and data into predictable
performance.

Because many shipyards operate in brownfield environments, retrofitting strategies
are a major focus. We address how to phase investments around existing panel lines,
how to adapt to cramped footprints and legacy utilities, and how to integrate new
controls with older equipment. Case studies demonstrate practical sequencing—from
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pilot cells to scaled deployment—showing not only the technical steps but also the
contracting, training, and maintenance structures that sustain change. We present
real-world ROI models grounded in cycle time, labor utilization, consumables, energy,
and safety metrics.

Finally, we look beyond technology to the organizational capabilities that make
automation durable: governance, vendor partnerships, cybersecurity, and reliability
engineering. We outline how to build a workforce that can operate, program, and
maintain robotic systems—and how to measure progress with KPIs that matter. By the
end of this book, you will have a roadmap for implementing robots, AGVs, and digital
assembly in a way that modernizes ship production while safequarding people,
improving quality, and delivering ships on time and on budget.

This is a practical guide for leaders, engineers, and craft professionals who want to
move from curiosity to execution. Whether you are launching your first pilot cell or
scaling automation across multiple yards, the chapters ahead provide patterns you
can adapt, pitfalls to avoid, and evidence from case studies to justify decisions. The
goal is simple: give you the knowledge and confidence to make shipyard robotics and
automation work in your context—and to realize the safety, reliability, and financial
benefits that follow.
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CHAPTER ONE: Robotic Welding Fundamentals for
Large Steel Structures

Welding, at its heart, is a controlled act of fusion, a powerful alchemy that binds
disparate pieces of metal into a unified whole. In shipbuilding, this act is performed on
a monumental scale, transforming flat steel plates and profiles into complex,
watertight structures that can withstand the harshest marine environments. For
decades, the human welder, with torch in hand, has been the linchpin of this process.
Their skill, developed over years of practice, has been indispensable for navigating the
myriad challenges of fit-up, distortion, and varied joint geometries. Yet, even the most
seasoned human welder faces limitations when confronted with the sheer volume of
repetitive, long, and often ergonomically demanding welds characteristic of modern
ship construction.

Enter robotic welding—a technology that, while mature in many manufacturing
sectors, has taken a more measured approach to adoption within the unique
environment of the shipyard. This isn't due to a lack of capability in the robots
themselves, but rather the inherent complexities of shipbuilding: massive workpieces,
often with imperfect tolerances, requiring adaptable and robust welding solutions.
Unlike the automotive industry, where a robot might perform the same hundred welds
on an identical car body thousands of times a day, a shipyard robot frequently
encounters variations in plate thickness, gap sizes, and surface conditions.
Understanding these fundamental differences is crucial to appreciating the specific
demands placed on robotic welding systems in this domain.

At its core, robotic welding for large steel structures leverages the precision,
repeatability, and endurance of industrial robots to execute welding tasks that would
otherwise be performed manually. The primary goal is not simply to replace human
labor, but to enhance overall productivity, improve weld quality consistency, and
mitigate the health and safety risks associated with traditional welding processes.
Imagine a robot tracing a perfectly uniform weld bead along a 20-meter panel line,
hour after hour, without fatigue, eye strain, or exposure to fumes. This consistent
performance directly translates into reduced defects, less rework, and a stronger,
more reliable finished product.

The journey to successful robotic welding begins with the selection of the right robot.
For large steel structures, the work envelope and payload capacity are paramount.
These aren't the nimble, small-scale robots you might see assembling electronics.
Shipyard robots are typically heavy-duty industrial manipulators with significant reach,
capable of carrying substantial welding torches, wire feeders, and sometimes even
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integrated vision sensors. Articulated robots, with six or more axes, offer the flexibility
needed to navigate complex geometries and reach difficult-to-access joints. Gantry
systems, where robots are mounted on overhead rails, extend the reach even further,
allowing a single robot to cover vast areas, ideal for welding large hull blocks or deck
sections.

Beyond the robot itself, the welding power source is a critical component. Modern
robotic welding systems integrate advanced power sources that offer precise control
over arc characteristics, enabling them to adapt to different materials, thicknesses,
and joint types. Gas Metal Arc Welding (GMAW), often referred to as MIG/MAG welding,
is the predominant process in robotic shipbuilding due to its high deposition rates,
relatively clean operation, and suitability for a wide range of steel thicknesses. Flux-
Cored Arc Welding (FCAW) is another common choice, particularly for outdoor or semi-
outdoor applications, as its flux core provides shielding gas and often improved
resistance to atmospheric contaminants. Submerged Arc Welding (SAW) is also highly
effective for long, straight seams on heavy plates, offering exceptional deposition
rates and deep penetration, though it typically requires more dedicated setups.

The interface between the robot and the welding process is managed by the robot
controller and specialized welding software. This software allows programmers to
define weld paths, set welding parameters (voltage, wire feed speed, travel speed),
and manage torch angles and weave patterns. The ability to program these
parameters offline, away from the production floor, is a significant advantage,
reducing downtime and optimizing robot utilization. Offline programming software
often works in conjunction with CAD models of the ship's components, allowing
engineers to simulate the welding process and identify potential collisions or
unreachable areas before a single arc is struck in the physical world. This digital
rehearsal is invaluable for optimizing efficiency and preventing costly errors.

One of the persistent challenges in robotic welding of large steel structures is dealing
with variations in fit-up and part tolerances. Unlike a precisely machined part, large
steel plates often have inherent distortions from rolling, cutting, and previous welding
operations. Gaps between plates might vary, and the exact position of a seam can
deviate from its CAD model. To overcome these inconsistencies, robotic welding
systems often incorporate various sensing technologies. Touch sensing, where the
welding torch itself is used to physically probe the joint, can accurately determine the
start and end points of a weld and compensate for minor shifts in part position.

More advanced systems employ vision-guided robotics. These systems use cameras
and laser scanners to "see" the weld joint in real-time, allowing the robot to
dynamically adjust its path and welding parameters based on the actual geometry of
the gap. This can involve seam tracking, where the robot constantly monitors the weld
pool and adjusts its trajectory to stay centered in the joint, or gap sensing, which
measures the opening between plates and modifies welding parameters to ensure
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complete fill and penetration. Vision systems are particularly powerful for complex,
non-linear seams and for situations where human intervention for frequent
adjustments would negate the benefits of automation. They represent a significant
leap forward in making robotic welding truly adaptive to the real-world conditions of a
shipyard.

The ability to manage and mitigate distortion is another crucial aspect of robotic
welding for large steel structures. Welding introduces heat, and heat causes expansion
and contraction, leading to material distortion. While robots themselves don't
inherently prevent distortion, their precise control over heat input and travel speed,
combined with consistent parameters, can help minimize its effects compared to
manual welding, where variations in technique can exacerbate the problem.
Furthermore, robotic systems can be integrated with distortion control strategies, such
as planned weld sequences that balance heat input or the use of clamping and
fixturing systems that hold parts rigidly during welding. Advanced simulation software
can predict distortion, allowing engineers to optimize weld sequences and fixturing
even before production begins.

The sheer size of shipbuilding components necessitates innovative approaches to
robot deployment. Fixed-base robots are suitable for panel lines or block fabrication
areas where workpieces are brought to the robot. However, for larger assemblies like
grand blocks or entire hull sections, the robot often needs to move to the workpiece.
This is where mobile robotic welding platforms come into play. These can range from
robots mounted on linear tracks, allowing them to traverse long sections, to fully
autonomous mobile robots (AMRs) or automated guided vehicles (AGVs) that transport
the welding robot to different locations within the yard. The integration of mobile
platforms with precise navigation systems ensures that the robot can accurately
locate and orient itself to the desired welding position.

Safety, as always in a heavy industrial environment, is paramount. Robotic welding
cells must be designed with robust safety measures to protect personnel. This includes
physical barriers, light curtains, safety scanners, and emergency stop systems that
bring the robot to a controlled halt if a human enters its work envelope. The high
power requirements and intense arc of welding also necessitate appropriate personal
protective equipment (PPE) and ventilation systems, regardless of whether a human or
robot is performing the weld. Human-robot collaboration (HRC) systems, while offering
greater flexibility, introduce additional safety considerations, requiring careful risk
assessments and the implementation of collaborative safety standards to ensure
humans and robots can share a workspace safely and effectively.

The economic justification for implementing robotic welding extends beyond just labor
cost reduction. While robots reduce direct labor hours on repetitive tasks, the true ROI
often comes from indirect benefits. Consistent, high-quality welds significantly reduce
rework, which is a major cost driver in shipbuilding. Less rework means faster
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production cycles, improved throughput, and a more predictable schedule.
Furthermore, robotic welding contributes to a safer working environment by removing
human welders from hazardous positions and reducing exposure to fumes and arc
flash. The improved ergonomics can also lead to a healthier workforce and reduced
injury claims.

Integrating robotic welding into an existing shipyard operation often involves a phased
approach. Rarely does a yard immediately transition to full automation. More
commonly, a pilot cell is established for a specific, repetitive welding task—perhaps on
a panel line or for a particular sub-assembly. This allows the team to gain experience
with the technology, refine processes, and demonstrate tangible benefits before
scaling up. This incremental strategy minimizes risk and provides valuable data to
support further investment. Lessons learned from the pilot can then inform the design
and implementation of subsequent robotic welding stations, gradually expanding the
automated footprint across the shipyard.

Looking ahead, the evolution of robotic welding in shipbuilding is driven by continued
advancements in artificial intelligence, sensor technology, and collaborative robotics.
Al-powered vision systems are becoming even more sophisticated, capable of not only
tracking seams but also analyzing weld quality in real-time and even predicting
potential defects. Machine learning algorithms can optimize welding parameters based
on extensive datasets, constantly improving efficiency and quality. Collaborative
robots, or cobots, are making inroads into shipbuilding, offering a more flexible and
human-friendly approach to automation, particularly for tasks requiring close human
interaction or where the work environment is less structured. These advancements
promise to make robotic welding even more adaptable, intelligent, and pervasive in
the shipyards of tomorrow.
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