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Technological Advancements in
Shipbuilding and Research

1. Introduction

The shipbuilding industry, a cornerstone of maritime trade, naval defence, and marine
exploration, has undergone transformative changes over the last two decades. Rapid
advancements in technology have led to smarter, more efficient, safer, and environmentally
sustainable vessels. This report explores the key innovations shaping modern shipbuilding
and highlights cutting-edge research areas that are redefining the marine industry
landscape.

2, Digital Transformation in Ship Design
and Manufacturing

2.1 Computer-Aided Design (CAD) and 3D Modeling

o Impact: Transition from 2D blueprints to fully interactive 3D models using software
like AVEVA Marine, Siemens NX, and AutoShip.

o Benefits: Enhanced precision, reduced design errors, streamlined structural
validation, and easy collaboration across global teams.

2.2 Digital Twins

o Definition: A real-time digital replica of the ship that simulates performance, wear,
and system interactions.

o Use Cases: Predictive maintenance, real-time diagnostics, and virtual sea trials.
o Platforms: Rolls-Royce’s “Ship Intelligence” and Kongsberg’s “Kognifai”.

2.3 Integrated Project Lifecycle Management (PLM)
e Software: Dassault Systémes' 3DEXPERIENCE and Siemens Teamcenter.

e Application: Manages end-to-end lifecycle from concept, design, construction,
commissioning, to decommissioning.



HARBOURLINK GLOBAL

3. Automation and Robotics in Shipbuilding
Yards

3.1 Welding Robots and CNC Machines

e Usage: Robotic arms perform high-precision welding and cutting of steel plates.

e Advantages: Improved accuracy, reduced labour cost, faster production cycles.

3.2 Automated Panel Lines and Block Assembly

e Technique: Modular block construction and automated panel fabrication optimize
hull manufacturing.

o Example: Hyundai Heavy Industries’ SMART shipyard deploys AI-based welding
and cutting systems.

3.3 Drones and Laser Scanning

e Function: Used for structural inspections, tank surveys, and 3D scanning of ship
interiors.

¢ Result: Enhanced safety, reduced downtime, faster survey processes.

4. Smart Ships and Onboard Technology

4.1 Autonomous Ships

¢ Goal: Unmanned ships navigated and operated using Al, GPS, and satellite
communications.

e Projects: Yara Birkeland (Norway) — world’s first electric autonomous cargo ship.

e Research Focus: Obstacle avoidance, Al decision-making, maritime cyber-security.

4.2 Internet of Things (IoT)

o Use: Real-time monitoring of fuel usage, engine temperature, cargo humidity, hull
stress.

¢« Framework: IoT sensors communicate with onboard control units and remote fleet
centres.

4.3 Marine Cybersecurity Systems

e Necessity: Protect ship navigation, control, and communication systems from
cyber-attacks.

o Initiatives: IMO's cybersecurity guidelines under the International Safety
Management (ISM) Code.
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5. Green Technologies and Sustainability
Initiatives

5.1 Alternative Fuels

e LNG (Liquefied Natural Gas): Lower CO2 and sulfur emissions; adopted by
Maersk, CMA CGM.

e Methanol & Ammonia: Promising zero-carbon fuels under exploration.

e Hydrogen and Fuel Cells: Used in ferry prototypes in Norway and Japan.
5.2 Air Lubrication Systems

e Mechanism: Inject air beneath the hull to reduce frictional resistance.

¢ Outcome: Up to 10% fuel savings; used by NYK Line and Silverstream Technologies.
5.3 Energy-Efficient Hull Designs

e Advancement: CFD-based hull optimization for reduced drag.

e Research: Advanced coatings, bulbous bow redesign, and hybrid propulsion
layouts.

6. Advanced Research in Materials and
Construction Techniques

6.1 High-Performance Marine Materials

e Focus: Lightweight composites (GRP, CFRP), marine-grade aluminium, corrosion-
resistant alloys.

o Impact: Fuel efficiency, reduced maintenance, and better weight distribution.

6.2 Additive Manufacturing (3D Printing)

e Application: Production of complex, customized marine components (e.g.,
impellers, valves).

e Benefit: Reduced lead times, on-demand manufacturing, and rapid prototyping.

6.3 Biofouling and Anti-Corrosion Research

o Innovation: Nanotechnology-based paints, graphene coatings, and smart materials
to reduce marine organism growth.
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7. Simulation, Testing, and Safety
Enhancements

7.1 Virtual Reality (VR) and Augmented Reality (AR)

e Use Cases: Crew training, engine room simulations, remote maintenance support.

o Toolkits: Microsoft HoloLens, EON Reality, Kongsberg AR Bridge.

7.2 Structural Testing and Hydrodynamic Modeling

o Facilities: Towing tanks, cavitation tunnels, wind tunnels simulate real-sea
conditions.

e Goal: Optimize ship design for fuel economy, seakeeping, and stability.

8. Conclusion

The shipbuilding and marine industry is amidst a profound transformation led by
digitalization, automation, smart systems, and green technology. These advancements are
not only enhancing ship performance and reducing operational costs but also aligning with
global sustainability goals. Continued investment in research, international collaboration,
and skilled workforce development will be critical to drive the next wave of maritime
innovation.



