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Abstract: The rapid advancement of
Unmanned Underwater Vehicle (UUV)
technology has led to its growing
application in military reconnaissance and
underwater combat, posing severe
challenges to conventional underwater
defense architectures. This paper
investigates the current development status
of international supercavitating projectile
weapons and assesses the counter-UUV
defense requirements for surface
combatants. It further examines the
technical superiority and operational
potential of supercavitating projectiles in
countering UUV threats, proposing an
integrated system architecture for
shipborne supercavitating projectile-based
counter-UUV defense systems. Critical
technological components of each
subsystem are analyzed. By leveraging
ultra-high speed, near-instantaneous
response, and enhanced lethality,
supercavitating projectiles demonstrate the
capability to overcome bottlenecks inherent
in traditional underwater interception
methods, thereby offering a transformative
paradigm for future undersea warfare
strategies.
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1. Introduction
Modern Unmanned Underwater Vehicles
(UUVs) are equipped with capabilities such as
covert reconnaissance, intelligent swarm
operations, and precision strikes, posing a
strategic threat to carrier battle groups and
critical maritime chokepoints. Due to their
stealth, autonomy, and cost-effectiveness,
UUVs are increasingly utilized for underwater
reconnaissance, communication relay, mine
clearance, and other tasks, becoming essential
assets in modern naval warfare.

Supercavitation technology, a groundbreaking
advancement in high-speed underwater
movement, offers new possibilities for the
development of counter-UUV systems. Its
ability to achieve high-speed motion and low
drag allows for effective interception and
destruction of UUVs. This paper explores the
development concept of a shipborne
supercavitating projectile-based counter-UUV
system, providing valuable insights for future
innovations in underwater warfare strategies.

2. Development Status of International
Supercavitating Projectile Weapons
Supercavitation is a physical phenomenon that
occurs when an object moves through water at
speeds exceeding 50 meters per second (100
knots), resulting in the formation of a vapor
bubble behind the object, generating a
"supercavitating" fluid-mechanical effect [1].
Due to the ability of supercavitation
technology to form gas bubbles around the
surface of underwater objects, significantly
reducing drag, the speed of the weapon is
greatly enhanced. As a result, major military
powers around the world have conducted
research in this field.
Russia is a pioneer in supercavitation
technology and holds a leading global
position in the development of supercavitating
projectile weapons. Its research spans
torpedoes, underwater firearms, new missile
systems, and submarine platforms, with a core
strength in engineering applications. The
"Shkval" supercavitating torpedo, which
entered service in 1977, is the world’s first
operational supercavitating torpedo. By
employing a rocket engine for propulsion and
a gas generator in the torpedo’s nose to inject
gas that forms a vapor layer around the
projectile, the torpedo significantly reduces
water resistance, achieving speeds of 90–100
m/s [2]. In terms of new developments, the
Central Institute of Fluid Dynamics and the
Rubin Design Bureau in Russia are working
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on even faster supercavitating submersibles
and underwater missiles. Their goal is to
break the speed limits of traditional
underwater weapons, as seen in the
"Poseidon" nuclear-powered unmanned
underwater vehicle, shown in Figure 1. By
utilizing supercavitation technology for
high-speed underwater propulsion, this
vehicle can carry nuclear warheads and is
designed to target carrier battle groups or
coastal facilities.

Figure 1. Poseidon Nuclear-Powered
Unmanned Underwater Vehicle

Since the 1950s, the United States has
gradually incorporated supercavitation
technology into naval research, with a focus
on exploring its applications in high-speed
propulsion systems and hydrofoils [3]. In the
1990s, the U.S. Navy’s Underwater Warfare
Center initiated the development of
high-speed underwater projectile interception
systems. This system features a flattened
warhead and the surface of the projectile is
covered by bubbles generated through
supercavitation, with initial velocities
approaching those of conventional projectiles
in air. This marked the first practical
application of supercavitation technology in
underwater projectile weapons by the U.S.
The history of American research into
supercavitation weapons reflects a
progression from fundamental theory to
practical military application. Despite facing
challenges such as high technical complexity
and stringent environmental adaptability, the
U.S. has gained a significant advantage in this
field through the development of
multi-environment munitions and
cross-medium weapons, which could
potentially revolutionize underwater combat
tactics in the future.

Figure 2. Supercavitating Penetrator
Projectile

In the mid-20th century, Germany began to
take an interest in the supercavitation
phenomenon, primarily focusing on basic
theoretical research to explore the
mechanisms of cavitation generation and
maintenance. In the 1970s and 1980s, as
technology advanced, Germany applied
supercavitation to torpedoes and other
underwater weapons, enhancing their speed
and maneuverability [4], as shown in Figure 2.
By the 1990s, Germany developed efficient
bubble generators using advanced materials
and optimized designs, increasing the
structural integrity of projectiles and enabling
them to withstand the pressures of high-speed
motion while ensuring bubble stability. In the
early 21st century, Germany significantly
increased its investment in the development of
supercavitating projectile weapons, focusing
on improving range and accuracy, and
exploring their application in anti-ship and
anti-submarine warfare. Additionally,
Germany has collaborated with other
countries and research institutions to further
advance supercavitation technology.

3. Analysis of Combat Requirements for
Counter-UUV Systems Using
Supercavitating Projectiles on Surface
Combatants
Supercavitation technology, as a key feature
of high-speed kinetic underwater weapons,
offers significant operational advantages in
the realm of counter-UUV defense. Its
potential applications are especially evident in
the following areas:

3.1 Countering the Stealth and
Multi-dimensional Threats of UUVs
UUVs, characterized by their small size, low
acoustic and magnetic signatures, and flexible
deployment capabilities, are capable of
performing high-risk missions such as
reconnaissance, mine-laying, and
anti-submarine warfare. Furthermore, UUVs
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can operate in swarms, enhancing their
effectiveness through distributed combat
networks and significantly amplifying their
threat level. Traditional anti-submarine
weapons, however, are limited by speed
constraints and insufficient interception
efficiency, which makes it difficult to counter
the rapid, multi-target threats posed by UUVs.
Supercavitation technology, by reducing
hydrodynamic drag, allows projectiles to
achieve underwater speeds of 100-300 m/s, or
even higher [5]. This dramatic increase in
velocity shortens the interception time frame
and improves the likelihood of successfully
targeting high-speed, low-detectability UUVs.

3.2 Enhancing the Speed and Effectiveness
of Terminal Defense Systems
Surface combatant terminal defense systems
must detect, track, and intercept incoming
threats within a very short time window [6].
Supercavitating projectiles, utilizing
co-mounted launch systems with naval
artillery, provide a high rate of fire (several
dozen rounds per minute), substantial
ammunition capacity, and quick reloading
capabilities—making them ideal for
countering saturation attacks by UUVs [7].
Additionally, the high speed of
supercavitating projectiles increases their
penetration capability and destructive
effectiveness, allowing them to deliver a
combination of kinetic energy penetration and
explosive damage for effective hard-kill
strikes against UUVs.

3.3 Requirements for Technological
Integration and Coordinated Combat
Systems
Effective counter-UUV defense demands the
integration of multiple sensor and weapon
systems. The supercavitating projectile
interception system relies on high-precision
sonar systems (e.g., active/passive sonar
arrays) for accurate target detection and
localization, while real-time fire control
systems calculate the optimal trajectory
parameters [8]. Research suggests that the
sonar’s detection accuracy must be within
meter-level precision, and the system’s
response time must be reduced to the second
level to ensure rapid interception of UUVs.
Furthermore, supercavitating projectiles can
be employed in coordination with soft-kill

systems (such as towed decoys), forming a
layered defense structure that significantly
enhances the overall effectiveness of
counter-UUV operations.
4. Basic Composition and Key Technologies
of the Shipboard Supercavitating Projectile
Counter-UUVWeapon System
The shipboard supercavitating projectile
counter-UUV weapon system is an efficient
hard-kill defense system designed to counter
the threat of UUVs. The core of this system
lies in the integration of supercavitation drag
reduction technology, high-precision guidance,
and effective damage capability. The
fundamental components of the system are
illustrated in Figure 3.

Figure 3. Basic Composition of the
Shipboard Supercavitating Projectile

Counter-UUVWeapon System

4.1 Target Detection and Identification
Module
The Target Detection and Identification
Module is responsible for the detection,
localization, and feature recognition of UUV
targets, providing real-time data support to the
fire control system.
1) Multi-Array Sonar Systems
By utilizing a combination of active and
passive sonar, this system covers vast aquatic
areas, thereby enhancing the probability of
detecting low-detectability UUVs. The sonar
detection accuracy needs to reach the meter
level to meet the interception requirements of
supercavitating projectiles.
2) Electro-Optical/Infrared Sensors
These sensors assist in identifying UUV
targets on the surface or near the surface,
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particularly in shallow waters or complex
hydrological environments, where they help
compensate for sonar blind spots.
3) Data Fusion Processor
This component integrates multiple data
sources, including acoustic and
electromagnetic information, and employs AI
algorithms (such as neural networks) to
perform target assignment and threat-level
assessment.

4.2 Command, Control, and Fire Control
Module
The Command, Control, and Fire Control
Module is responsible for real-time
calculation of ballistic parameters, allocation
of firepower resources, and coordination of
multi-platform operations.
1) Ballistic Optimization Algorithm
Utilizing BP neural networks and genetic
algorithms, this system optimizes projectile
design parameters (such as cavitator cone
angle and centroid position) to enhance
effective range and stability [9].
2) Target Threat Assessment and Multi-Target
Allocation
By analyzing UUVs’ speed, size, and behavior
patterns (such as hovering and evasive
maneuvers), this system dynamically allocates
interception priorities. For UUV swarm
attacks, dynamic priority sorting and
trajectory planning algorithms are employed
to ensure efficient interception of multiple
waves of incoming UUVs by surface
combatants.
3) Anti-Jamming Communication Link
Frequency-hopping or laser communication
technologies are used to resist electronic
warfare interference, enhancing the system’s
anti-jamming capabilities and ensuring
reliable command transmission.

4.3 Launch System and Ammunition
Storage Module
The Launch System and Ammunition Storage
Module primarily facilitates the rapid launch
and sustained firepower output of
supercavitating projectiles.
1) Shipborne Rifled Gun/Electromagnetic
Launcher
Designed to meet the launch requirements of
supercavitating projectiles, this system boasts
a firing rate of dozens of rounds per minute,
supporting continuous saturation attacks.

2) Modular Ammunition Magazine
Featuring vertical launch units or rotary
missile bays on surface combatants, this
system enables rapid reloading and
accommodates various ammunition types
(such as shaped charges and kinetic energy
penetrators).
3) Trigger-Assisted Projectile interception
system
By deploying supercavitating missiles in
specific target areas beforehand, this system
activates the latent supercavitating missiles
when incoming UUVs enter the designated
waters, thereby enhancing the defense against
surprise attacks.

4.4 Supercavitating Projectile Core Module
This module utilizes supercavitation drag
reduction technology to achieve high-speed
underwater movement and deliver precise,
rapid strikes against UUVs.
1) Cavitator and Projectile Shape
The design incorporates a conical cavitator
and a streamlined fluid body, generating a
stable supercavity that reduces water drag by
90%, with speeds ranging from 100 to 300
m/s.
2) Guidance and Control System
Inertial Navigation + Acoustic Correction:
Due to the infeasibility of fiber-optic guidance
during high-speed underwater movement, the
system relies on inertial navigation combined
with active sonar to correct the trajectory.
Spin-Stabilization Design: The projectile’s
spin suppresses tailshock effects, thereby
enhancing ballistic stability.
3) Warhead Types
Shaped Charge Warhead: Featuring a conical
charge structure, it penetrates the UUV’s outer
shell to trigger an internal explosion, offering
significantly higher damage effectiveness than
purely kinetic impacts.
Kinetic Penetrator Warhead: Designed for
lightweight UUVs, this warhead relies on
high-speed kinetic energy to directly destroy
the target structure.

4.5 Damage Assessment and Coordination
Module
The Damage Assessment and Coordination
Module is used to evaluate strike outcomes
and coordinate with other defense systems to
construct a layered defense network.
1) Damage Effect Sensors
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Utilizing sonar echoes, electro-optical
imaging, or pressure sensors, this system
assesses whether the UUV target has been
damaged and to what extent. It monitors the
penetration depth of the supercavitating
projectile and the spread of explosive
shockwaves to quantify the damage.
Real-time data is relayed back to the fire
control system to optimize subsequent
interception strategies and inform decisions
for secondary strikes.
2) Coordinated Combat Network
Working in conjunction with soft-kill systems
(such as external decoys or electronic
jammers), this network forms a
comprehensive "hard kill + soft suppression"
defense strategy against UUVs.

5. System Combat Workflow
The combat workflow of the shipborne
supercavitating projectile counter-UUV
weapon system can be divided into several
stages: target detection, target information
processing, command decision-making, firing
parameter calculation, weapon launch control,
and post-launch processing [10]. The system’s
operational flow is illustrated in Figure 4.

Figure 4. System Combat Workflow
Diagram

6. Summary
The shipborne supercavitating projectile

counter-UUV weapon system, with its rapid
response, high interception efficiency, and
powerful damage capability, is capable of
delivering precise and swift strikes against
incoming UUVs. It can effectively overcome
the limitations of traditional underwater
defense systems, offering new perspectives
for the future development of underwater
offense and defense strategies.
Despite the promising prospects of
supercavitating missile technology, several
challenges remain to be overcome:
1) Energy and Propulsion Efficiency:
Maintaining supercavitation requires
continuous energy input. Existing propulsion
technologies (such as gas turbines) have
limited endurance, necessitating the
exploration of new energy sources for
supercavitating propulsion, such as
electrochemical propulsion.
2) Guidance Accuracy Enhancement:
High-speed underwater movement causes
traditional guidance methods (such as
fiber-optic guidance) to become ineffective.
New composite guidance technologies, such
as inertia-acoustic hybrid guidance (e.g.,
acoustic + magnetic anomaly detection), need
to be developed.
3) Resistance to Swarm Attacks: To counter
UUV swarm attacks, optimization of the fire
control system’s multi-target allocation and
trajectory planning algorithms is required.
Integrating AI algorithms to refine
multi-target interception strategies will be
essential in countering UUV "swarm" tactics.
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