Executive Research Draft

Future Trends and Research Directions in Marine Vessel
Deck Equipment

Executive Research Draft (For Discussion and Collaboration)

Purpose of This Draft

This document is shared as a working research draft to support discussion within the IMT
alumni network and related professional communities. The intent is to clearly
communicate the technical direction, research value, and future publication potential
(targeting ASME journals), while inviting collaboration, data sharing, and expert input.

This is not a final publication, but a structured technical draft designed to demonstrate
seriousness, scope, and engineering depth.

Research Motivation

Marine vessel deck equipment is undergoing a fundamental transition driven by reduced
crew sizes, stricter safety expectations, environmental regulations, and advances in
electrification and digital technologies. While propulsion and hull systems have received
extensive research attention, deck equipment remains largely dependent on conservative
designs and experience-based operation.

There is a growing industry need for smarter, safer, and more energy-efficient deck
machinery, particularly in mooring, anchoring, and lifting systems. This research aims to
address that gap by identifying high-impact future research directions and forming a
foundation for collaborative technical development.

Core Research Focus

This research focuses on the next generation of marine deck equipment, with emphasis
on: - Electrification of deck machinery - Smart load monitoring and control - Predictive
maintenance and lifecycle optimization - Human-centered and safety-oriented design

Key Research Questions

e How can electrified deck equipment outperform traditional hydraulic systems in
terms of efficiency, control, and environmental impact?

e What role can real-time load monitoring play in preventing deck accidents and
structural failures?

e How can predictive maintenance models reduce downtime and lifecycle cost for
deck machinery?

e What design changes are required to support smaller crews without compromising
safety?
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Methodological Direction

The proposed research approach combines: - Engineering analysis and system modeling -
Review of class rules and regulatory requirements - Case studies from vessel operation
and shipyard experience - Industry feedback and collaborative discussion

Quantitative analysis and simulation will be developed in later phases with support from
collaborators.

Expected Technical Contributions

e Clearidentification of future-demand research areas in deck equipment
e Engineering-based comparison of hydraulic and electric deck machinery
e Conceptual framework for smart and predictive deck equipment systems
e Practicalrecommendations aligned with ASME research standards

Call for Collaboration

Marine engineers, designers, operators, researchers, alumni and student with experience
in deck equipment are invited to contribute: - Operational challenges and failure cases -
Design insights and performance data - Suggestions for research direction or collaboration

The long-term objective is to develop this work into a peer-reviewed ASME publication,
supported by real-world engineering data and collaborative expertise.

Abstract

Marine vessel deck equipment is a critical subsystem that directly affects ship safety,
operational efficiency, and compliance with international regulations. With increasing
pressure from environmental regulations, digitalization, and crew safety requirements,
traditional deck equipment designs are approaching their practical limits. This draft
research paper explores current deck equipment technologies, identifies operational and
design challenges, and proposes future-demand research topics that warrant focused
investigation. The paperis intended as a foundation for collaborative research, discussion,
and joint development among students, IMT alumni, marine engineers, designers,
operators, and researchers.

1. Introduction

Deck equipment such as mooring winches, windlasses, cranes, capstans, davits, and
cargo-handling systems are essential for vessel operation in ports and offshore
environments. These systems operate under high loads, cyclic stresses, and severe
corrosive conditions. Despite their importance, deck equipment often receives limited
research attention compared to propulsion or hull systems.

Recent developments in automation, electrification, and digital monitoring present new
opportunities to improve deck equipment performance, safety, and lifecycle cost. At the
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same time, reduced crew sizes and stricter environmental regulations demand more
reliable and intelligent systems. This paper aims to outline key research gaps and propose
future-demand topics for focused study.

2. Overview of Marine Deck Equipment
2.1 Mooring and Anchoring Equipment

Mooring winches, windlasses, and capstans are responsible for securing vessels safely
during berthing and anchoring operations. Key design considerations include holding
capacity, brake performance, fatigue life, and compliance with class requirements.

2.2 Lifting and Handling Equipment

Deck cranes, davits, and A-frames support cargo handling, rescue operations, and
offshore activities. These systems must balance high load capacity with precise control
and operational safety.

2.3 Supporting Deck Systems

Supporting systems include fairleads, rollers, stoppers, foundations, and structural
reinforcements. Poor integration between equipment and deck structure often leads to
premature failures.

3. Current Challenges in Deck Equipment

3.1 Mechanical and Structural Issues

e Fatigue cracking in drums, shafts, and welded structures
e Overdesign leading to excessive weight and cost
e Misalignment between equipment and deck foundations

3.2 Corrosion and Material Degradation

e Accelerated corrosion due to saltwater exposure
e Coating failures and poor surface preparation
e Limited use of advanced corrosion-resistant materials

3.3 Operational and Safety Concerns

e Line snap-back accidents during mooring operations
e Limited visibility and feedback to operators
e High dependence on crew experience rather than system intelligence

3.4 Maintenance and Lifecycle Cost

e Reactive maintenance instead of predictive approaches
e Difficulty in condition assessment without dismantling

Mohiuddin Sohan
Mechanical Engineer | Mechanical & Industrial Design | IMT Alumnus | +65 8413 2029 (WP)



Executive Research Draft

e High downtime during repairs
4. Future-Demand Research Topics in Deck Equipment

4.1 Electrification of Deck Equipment

The shift from hydraulic to electric deck machinery is gaining momentum due to: -
Reduced environmental risk from oil leakage - Improved energy efficiency - Better control
and integration with vessel power management systems

Research is needed on motor sizing, power quality, redundancy, and performance under
harsh marine conditions.

4.2 Smart Deck Equipment and Digitalization

Future deck equipment is expected to incorporate sensors and digital control systems.
Potential research areas include: - Load monitoring and real-time tension measurement -
Integration with ship-wide digital platforms - Data-driven decision support for operators

4.3 Condition Monitoring and Predictive Maintenance

Embedding sensors for vibration, temperature, strain, and corrosion can enable predictive
maintenance. Key research questions include: - Sensor durability in marine environments -
Reliable failure prediction models - Cost-benefit analysis for ship operators

4.4 Human-Centered and Safer Design

With smaller crews, deck equipment must be safer and easier to operate: - Ergonomic
control stations - Automated mooring concepts - Visual and audible safety feedback
systems

4.5 Lightweight and Advanced Materials

Reducing equipment weight can improve vessel stability and fuel efficiency. Research
opportunities include: - High-strength low-alloy steels - Composite materials for non-load-
critical components - Corrosion-resistant alloys and coatings

4.6 Modular and Standardized Design

Modular deck equipment designs can simplify installation, maintenance, and retrofitting.
Research is needed to develop: - Standardized interfaces - Flexible foundation concepts -
Plug-and-play control systems

4.7 Environmental and Regulatory Compliance

Future regulations may impose stricter requirements on noise, emissions, and energy use.
Research topics include: - Noise and vibration reduction in deck machinery - Energy
recovery during braking operations - Alignment with future class and IMO requirements
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5. Proposed Research Methodology

e Review of class rules, IMO guidelines, and industry standards

e Analysis of operational data and failure reports

e (Case studies from different vessel types

e Simulation and modeling of deck equipment loads and dynamics

e Collaborative input from industry professionals through forums and workshops

6. Expected Contributions

e Identification of high-impact research areas for future deck equipment
development

e Practical design and operational recommendations
e Framework for smart and sustainable deck equipment systems
e Foundation for collaborative academic and industry research projects

7. Conclusion

Marine vessel deck equipmentis entering a period of significant transformation driven by
technology, safety expectations, and environmental regulations. Focused research on
electrification, smart systems, predictive maintenance, and human-centered design can
deliver substantial improvements in safety, efficiency, and lifecycle cost. This draft paper
serves as a starting point for discussion and collaboration among stakeholders interested
in shaping the future of marine deck equipment.

8. Call for Collaboration

Researchers, marine engineers, ship operators, equipment manufacturers, and
classification society professionals are invited to contribute ideas, data, and experience.
Collaborative efforts can help translate research concepts into practical and commercially
viable solutions.
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