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Vessel Engineering and Al
Solutions in the Marine and
Shipbuilding Industry

1. Introduction

The marine and shipbuilding industry is experiencing a paradigm shift driven by rapid
technological advancements, particularly in vessel engineering and artificial
intelligence (AI). From hull design optimization and autonomous navigation to predictive
maintenance and smart fleet management, Al is revolutionizing traditional shipbuilding
practices. This report examines the state of vessel engineering, key Al solutions being
adopted, and their impact on efficiency, safety, and sustainability.

2. Advances in Vessel Engineering

2.1 Modern Ship Design and Simulation

e CAD/CAM Tools: Tools such as Siemens NX, AVEVA Marine, and Rhino3D are
used for designing hulls, superstructures, and interior spaces.

e Computational Fluid Dynamics (CFD): Enables simulation of water flow and
drag resistance on hulls to optimize energy efficiency.

o Finite Element Analysis (FEA): Used to ensure structural strength under stress
and wave conditions.

2.2 Modular Construction Techniques

e Block Construction: Ships are now built in prefabricated sections (blocks) and
assembled in dry docks.

o Benefits: Reduces labour time, cost, and on-site complexities; allows parallel
production of multiple modules.
2.3 Propulsion and Fuel Innovations

o Hybrid Propulsion Systems: Integration of diesel-electric, battery, and LNG
engines.

e Azimuth Thrusters: Replace traditional rudder systems with 360-degree rotating
propulsion units for maneuverability.

e Air Lubrication Systems: Create air bubbles along the hull to reduce drag and
save fuel.
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3. Role of Artificial Intelligence in
Shipbuilding and Operations

3.1 Al in Design Optimization

e Generative Design Algorithms: Al explores multiple design configurations based
on strength, weight, and cost.

o Digital Twins: Al-enabled digital replicas simulate real-time performance and
degradation of ship components.

3.2 Predictive Maintenance

e Sensors + Machine Learning: Continuously monitor engine vibrations,
temperature, and wear indicators.

o Benefits: Alerts engineers before critical failures, reduces downtime, and optimizes
repair cycles.

e Case Study: Wartsild’s Expert Insight platform uses Al to detect anomalies in ship
systems before failure.

3.3 Autonomous and Semi-Autonomous Navigation

e Perception Systems: Use Al with radar, LiDAR, GPS, and AIS data to detect and
avoid obstacles.

o Decision-Making Engines: Real-time AI-driven route planning, weather
optimization, and collision avoidance.

o Example: Yara Birkeland, the world’s first fully autonomous electric container ship.

4. Al in Shipyard Operations and
Manufacturing

4.1 Robotic Welding and Fabrication

o Al-Controlled Robots: Ensure precision and consistency in welding, especially in
hard-to-reach areas.

¢ Real-Time Feedback Loops: Sensors guide the robotic arm based on heat, arc
length, and metal thickness.

4.2 Logistics and Workflow Management

e Al Scheduling Algorithms: Optimize shipyard resource allocation, crane
movements, and assembly lines.

o Inventory Forecasting: Al predicts demand for steel plates, components, and
machinery to minimize overstocking.
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4.3 Augmented Reality (AR) for Engineers

o Applications: Real-time overlays of technical schematics on physical ship sections
for inspection or training.

e Benefits: Reduces human error, supports faster onboarding of junior technicians.

5. AI-Driven Operational Systems Onboard
Vessels

5.1 Smart Engine Control Systems

e Adaptive Thrust and Fuel Management: Al systems adjust RPM and engine
modes for optimal fuel consumption.

e Emission Monitoring: Al tracks sulphur oxide (SOx), nitrogen oxide (NOx), and
COz2 emissions to ensure compliance with IMO standards.

5.2 Intelligent Voyage Planning

e Dynamic Routing: Al considers weather, ocean currents, piracy zones, and fuel
prices to propose optimized paths.

o Fleet Intelligence: Centralized systems manage multiple ships’ data for
coordinated movements and decision-making.

5.3 Cybersecurity and Threat Detection

e Al Intrusion Detection Systems: Monitor communication systems, engine logs,
and crew terminals for anomalies.

o Importance: Protects autonomous ships and digital twins from data manipulation
and remote sabotage.

6. Future Prospects and Industry Adoption

6.1 Maritime Al Startups and Collaborations

e Growing ecosystem of maritime Al firms collaborating with traditional shipyards and
shipping giants.

e Key Players: Orca Al, Kongsberg, Rolls-Royce’s Blue Ocean Al.

6.2 Challenges
o Data Quality and Standardization: Poor-quality ship logs and sensor outputs
hinder Al training.

¢ Regulatory Compliance: Need for standard guidelines for AI-driven navigation
and automation.
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e Crew Adaptability: Skilling up workforce to operate and interpret Al systems.

6.3 Government and Global Initiatives

e IMO’s e-Navigation Strategy: Promotes standard digital and Al solutions
onboard ships.

o India’s Maritime Vision 2030: Focus on digital shipyards, AI-driven logistics,
and autonomous vessels R&D.

~. Conclusion

The integration of Al into vessel engineering is ushering in a new era of intelligent,
sustainable, and efficient marine operations. From shipyards to the open sea, Al
solutions are enhancing productivity, safety, and compliance. As the industry embraces
digitization and automation, success will depend on infrastructure readiness, global
cooperation, and continuous innovation. India and other emerging maritime nations have a
strategic opportunity to leapfrog into next-generation marine technologies by investing in Al
research, workforce development, and sustainable engineering practices.



