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Key technologies and forecasting future trends in high-speed vessels

Frahad Kiani Falavarjani
Malek Ashtar University of Technology; acrospacel362@gmail.com
Absrtact

the links revealed the nature and strength of the relationships between the keywords, the colored clusters in the
network map identified the thematic structure and main subfields of the field, and finally, the technology
density map highlighted the focus of research activity in the field of high-speed vessels. The results of the
analysis showed that the research area related to high-speed vessels is multifaceted and focuses on key concepts
such as hydrodynamics (which is crucial for reducing resistance and achieving high speed), performance
(impact of high-speed movement), management, and design. The structure of the field includes the main sub-
fields related to hydrodynamics and CFD simulations, structural performance and dealing with phenomena
such as pounding and fatigue, and operational and management aspects (in addition to the core technical
aspects, the analysis showed that management aspects including operations and fleet management, risk and
safety management (arising from high speed requirements), and environmental considerations (especially noise
pollution) are also important and relevant topics for high-speed vessels, indicating the breadth of research in
this field beyond mere design. The temporal analysis shows changes in the focus of research, so that alongside
more established topics in the field of hydrodynamics, newer and emerging concepts such as artificial
intelligence (in control or optimization), target tracking are also gaining importance in relation to this field. The
density maps also clearly confirmed the main foci of research activity in the fields of hydrodynamics/CFD and
performance/impact, as the most concentrated parts of this field.

Keywords:

Co-occurrence analysis, role of knowledge, hot research technology, high-speed vessel, hydrodynamics, CFD,
performance, impact,
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Derivation of PID Controller Coefficients for an AUV System
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Abstract

In the zigzag maneuver of underwater vehicles — which is considered one of the most critical maneuvering
motions — the coupling between sway and yaw motions is utilized. Designing a pursuit control system
where the sway frequency can track the yaw frequency may present a suitable candidate to optimally
address the problem. In the present research, an intelligent underwater vehicle in its initial design and
construction phases — which was initially radio-controlled and relied solely on rudders for XY-plane
motions — has been studied. The system upgrade phase involves designing a control system whose
actuators consist of forward and aft thrusters (to implement sway motion) and upper and lower rudders (to
implement yaw motion). The developed approach for the control system design includes: Deriving motion
equations, Extracting open-loop and closed-loop transfer functions, Evaluating and determining stability
criteria and boundaries, after preliminary determination of stability boundaries, implementing these values
in the control loop revealed that: In some ranges, low overshoot was achieved but with long settling time
in other ranges, the opposite behavior occurred. Through trial and error and applying an appropriate ratio
between two consecutive overshoots, an optimal compromise between overshoot and settling time was
established, leading to the determination of optimized stability boundaries.

Keywords

Autonomous Underwater Vehicle, PID Controller, Zigzag Maneuvering, Track and regulation, Overshoot
and peak time.
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Using the IMMPDA Algorithm for Marine Target Tracking in

Radar Systems

Mehran Dehqani', Rohollah Samani’
1, 2 Research Fellow and Lecturer, Imam Khomeini (PBUH) Maritime University

Abstract:

Advanced radar systems employ various methods for target tracking. The utilization of estimation theory in
navigation systems has enhanced decision-making capabilities and confidence. Several approaches exist in this
regard, each suitable for specific conditions. However, in radar systems, noise and interference should be
considered when selecting an appropriate method. For instance, if conventional Kalman filters are used for
tracking, the presence of noise, clutter, and interference in the environment can lead to higher error rates due to
the filter's tendency to select noise instead of the target and increased processing time. Given that marine
targets face more noise, clutter, and interference, optimal algorithms should be employed. This paper
demonstrates that the IMMPDA algorithm offers excellent performance for radar systems in terms of both
processing time and Root Mean Square Error (RMSE) tracking accuracy.

Keywords:
Single-target tracking, Shared Data Assignment Probability, IMM
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Modification of a surface-piercing propeller of the high-speed
craft to remove the engine overload

Mojtaba Pakian Bushehri', Javad Abbasi’, Seyed Javad Hashemi®

1-  PhD in Mechanical Engineering, Pakianm@chmail.ir
2-  PhD candidate in Industrial Management, JMZ114@gmail.com
3- Master of Marine Engineering, hashemi2488@yahoo.com

Abstract

Surface-piercing propellers are used in commercial and military high-speed crafts due to their high
efficiency at speeds above 35 knots. These propellers operate in two stages: fully submerged and semi-
submerged according to the motion of the high-speed craft. The mismatching of engine torque and
propeller torque causes overload or overspeed conditions in the engine. In this paper, the method of
reducing the diameter and blade area has been used to reduce the propeller torque, in which 3% of the
diameter and 3.2% of the propeller area have been reduced. After the propeller modification, 50 rpm
has been added to the engine speed, the maximum speed of the boat has remained almost unchanged,
and the speed of the pre-planing stage has also been increased by 50 rpm. The results obtained are
satisfactory according to the technical specifications of the vessel and this method can also be
optimized for other cases.

Key words: Propeller modification, surface- piercing propeller, Overload condition, over speed
condition.
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Numerical study of the effect of aft-wise and fore-wise transverse
steps on the hydrodynamic performance of a high speed planing
vessel in calm water

Delaram Pakniyat jahromi’, Saeed Jamei>

1,2 Department of Marine Engineering, Faculty of Engineering, Persian Gulf University, Bushehr, Iran
Abstract:
Improving the dynamic performance of high-speed vessels is of particular importance. One of the most effective
ways to increase speed and improve stability in high-speed vessels is the use of a transverse step. Based on this,
in the present research, the manner of the effect of the transverse step with and without angles in calm water has
been investigated. In this regard, using a numerical method, the effect of creating an angle in two angular
transverse steps of seven and eight shapes at three angles of 20, 40, and 60 on the dynamic behavior of the high-
speed vessel has been evaluated. These calculations have been made for longitudinal Froude numbers of 1.4,
1.62, and 2 when the vessel is in planning mode and have been compared and validated with existing experimental
results. VOF model is used for numerical modeling of two-phase flow and SST k-@ model is used for turbulence
modeling. The results show that the use of an aft-wise transverse step compared to non-angled and fore-wise
transverse steps has a better performance in reducing the resistance and trim of the vessel so that the vessel
equipped with the aft-wise transverse step at an angle of 40 degrees compared to the vessel equipped with
transverse step without angle has reduced the vessel of the resistance and trim by 2% and 4.87%, respectively.
Also, the aft-wise transverse step reduced the trim and improved the longitudinal stability of the vessel as
compared with other models.
key words:
high speed vessel, Angular transverse step, Longitudinal stability, Hydrodynamic components, Experimental and
numerical method.
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Increasing the value of JSRmin in deceptive disruptors by
reducing the number of samples of the input LFM signal
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Abstract:

Given the rapid advances in radar technology and the growing complexity of detection algorithms, the design of deceptive
signals to interfere with modern radars has become especially important. In this paper, existing radar signals are first
analyzed and their key characteristics extracted; then frequency-shift and time-shift techniques are introduced as the
primary methods for generating deceptive signals. Next, the effect of reducing the number of input samples of an LFM
signal on the values of JSRmin and the peak-to-average power ratio (PAPR) is examined. Simulation results show that
halving the number of samples leads to a significant increase in JSRmin. This effect can be employed as an innovative
approach in the design of deceptive signals. Laboratory and simulation results indicate that the designed deceptive signals
are highly capable of jamming adversary radars and degrading target detection accuracy. Finally, while discussing the
challenges, the paper confirms the necessity of developing novel methods to counter future advanced radars.

Keywords:
Disruption, deception signal, LFM, disruptor, JSRmin, PAPR, frequency shift, time shift, matched filter.
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Investigating the effect of spray rail placement on the hydrodynamic
behavior of a high-speed craft
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Abstract:

Spray rail, as an element added to the hull of high-speed crafts, can play a crucial role in improving the
hydrodynamic behavior of these vessels if designed and installed correctly. In the present work, by using
numerical modeling for different installation conditions, by examining the effect of some geometric
characteristics of this element on the parameters and hydrodynamic behavior of a specific vessel and comparing
them, the optimal way to place the spray rail in a high-speed craft in terms of being parallel to the keel or in line
with the chine has been considered. The geometric characteristics of the spray rail, such as its cross-sectional
shape, length, installation location, distance between the spray rails, and number, significantly impact the
performance of the spray rail. In this work, the resistance, trim and heave parameters of a high-speed craft with
two deadrise angles of 20 and 25 degrees and in two states of semi-displacement and planing (Froude numbers
1.99 and 3.33) have been studied. The results show that placing the spray rail parallel to the keel has better effects
on the hydrodynamic behavior of high-speed crafts compared to placing it along the chine.

Keywords:
High-speed craft, Spray rail, Keel, Chine, Resistance, Hydrodynamic behavior.
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Needs Assessment for the Construction of a Medical Vessel with a

Humanitarian and Relief-Oriented Approach

Mohammad Binazadeh', Saeid Jaamei’
Master's student, ship architecture, structural orientation, Persian Gulf University, Bushehr, Iran
Assistant Professor of Marine Department, Faculty of Engineering, Persian Gulf University, Bushehr, Iran

Abstract

Marine medicine and maritime relief—concepts that have gained significant traction in global
medical literature in recent years—constitute a specialized branch of medical science dedicated
exclusively to operations in maritime environments. Despite its growing relevance, marine medicine
and the treatment of maritime casualties are not new disciplines; historically, coastal communities
have long practiced forms of sea-based medical care tailored to their unique needs. Although Iran has
a rich legacy in maritime activity and navigation, and possesses extensive coastlines in both the north
and south, along with exposure to natural and military threats from the Persian Gulf and the Sea of
Oman, marine medicine and its associated industries remain underdeveloped and relatively nascent.
The construction of medical vessels has been a strategic priority for naval forces since the earliest
maritime conflicts. In peacetime, these vessels are also deployed for humanitarian missions and to
enhance cultural influence. Iran, with over 2,000 kilometers of southern coastline and numerous
islands and offshore oil platforms in the Persian Gulf and the Sea of Oman, faces a clear need for
such capabilities. This study identifies the construction of medical vessels as a national and
international necessity. By examining how similar ships are utilized in other countries, we present
justifications for building medical vessels and explore their potential applications in both crisis and
non-crisis situations within domestic and global contexts.
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