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Abstract. This paper addresses the problem of vibration transmission from the propulsion system 
to the hull of unmanned underwater vehicles (UUVs), which is one of the primary sources of 
acoustic radiation and vehicle detectability. Conventional passive vibration isolation methods 
exhibit limited effectiveness in suppressing low-frequency vibrations generated by rotating 
machinery. To overcome this limitation, a compact hybrid active-passive vibration isolation 
mount is proposed, combining a rubber vibration isolator with piezoelectric actuators. To 
investigate vibration transmission characteristics, a coupled dynamic model of the “vibration 
source-isolation mount-hull” system was developed using the finite element method (FEM). The 
parameters of the passive isolator were determined based on stiffness requirements and finite 
element simulations, while active vibration suppression was implemented through a multichannel 
MIMO control system employing the adaptive filtered-x least mean squares (Fx-LMS) algorithm. 
The results demonstrate that the proposed active-passive isolation system effectively reduces 
vibration transmission within the frequency range of 10-500 Hz. A maximum vibration reduction 
of 26 dB was achieved, providing significantly better suppression of low-frequency vibrations 
than conventional passive isolation solutions. The proposed approach can be applied to enhance 
the acoustic stealth performance of unmanned underwater vehicles and other compact underwater 
platforms.  
Keywords: vibration, underwater drone, vibration isolation, active-passive support, adaptive 
control, FEM, piezoelectric actuator. 

1. Introduction 

Unmanned underwater vehicles (UUVs) are widely used for environmental monitoring, 
marine infrastructure inspection, scientific research, and defense applications. One of the most 
critical requirements for such systems is acoustic stealth, as their detection is primarily based on 
acoustic signatures. Vibrations generated by the propulsion system and auxiliary equipment are 
transmitted through supporting structures to the hull, causing structural oscillations and acoustic 
radiation into the surrounding water. According to previous studies, a 10 dB reduction in radiated 
noise can decrease the detection range of an underwater vehicle by approximately 32 % [1]. 

At low operating speeds, the dominant source of the acoustic signature is mechanical vibration 
generated by the propulsion system. These vibrations are characterized by pronounced low-
frequency tonal components associated with shaft rotation and periodic excitation forces [2]. Such 
vibrations propagate efficiently through the hull structure and significantly increase the acoustic 
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detectability of the vehicle. 
Various passive vibration isolation techniques have been developed to reduce vibration 

transmission, including rubber isolation mounts, viscoelastic damping materials, composite 
structures, and optimized support configurations [3]. However, the effectiveness of passive 
methods is limited in the low-frequency range due to structural stiffness requirements and the 
occurrence of resonance phenomena. Consequently, low-frequency vibration components 
continue to be transmitted to the hull and remain a major source of underwater noise. 

To address this issue, active vibration control techniques based on the generation of 
compensating control forces have received increasing attention. Nevertheless, their 
implementation in unmanned underwater vehicles is challenging because of limited installation 
space and the need for integration into existing structural configurations. 

In this study, a compact hybrid active-passive vibration isolation mount for underwater 
propulsion systems is proposed. The mount combines a rubber vibration isolator with integrated 
piezoelectric actuators. The main contributions and scientific novelty of this work are as follows: 

– Development of a compact hybrid active-passive vibration isolation mount for unmanned 
underwater vehicles. 

– Establishment of a coupled finite element model of the vibration source-mount-hull system. 
– Implementation of a multichannel active vibration control strategy based on the Fx-LMS 

algorithm. 
The performance of the proposed system was evaluated through numerical simulations. The 

obtained results demonstrate a significant reduction in vibration transmission to the hull and 
highlight the advantages of the proposed approach compared with conventional passive vibration 
isolation systems. 

2. Referencing 

Research on vibration isolation in underwater vehicles is primarily focused on reducing the 
transmission of vibrations from propulsion systems and shafting assemblies to hull structures. 
Most existing studies investigate passive vibration isolation approaches based on elastic elements, 
damping materials, and optimization of supporting structures. 

In study [3], a dynamic model of a shaft–hull coupled system was developed, taking into 
account the elastic properties of both the shaft line and the hull structure. The authors demonstrated 
that the application of a dynamic vibration absorber can effectively reduce vibration amplitudes 
near resonance frequencies. In [4], an improved support structure was proposed, achieving a 
reduction in hull vibration levels of up to 7 dB compared with conventional mounting 
configurations. 

Composite vibration-isolation structures for marine equipment were investigated in [5]. Finite 
element analysis showed that the use of composite materials reduced vibration levels by 2-4 dB 
compared with conventional steel support components. In [6], vibration isolation performance was 
enhanced through the use of flexible couplings and metal-rubber elements, which reduced 
vibration transmission from the propulsion system to the hull. 

Despite these advances, most existing solutions rely exclusively on passive vibration isolation 
techniques. In [7], vibration reduction was achieved through the use of rubber damping mounts, 
while in [8] improvements were obtained by optimizing the materials of structural components. 
However, the effectiveness of passive systems decreases significantly in the low-frequency range, 
where tonal spectral components generated by engines and rotating machinery are dominant. 

A review of the published literature indicates that the suppression of low-frequency vibrations 
under space-constrained installation conditions remains insufficiently investigated. Therefore, this 
paper proposes a novel hybrid active-passive vibration isolation mount that combines the 
advantages of passive damping and active vibration control through the integration of 
piezoelectric actuators. 
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3. Materials and methods 

Dynamic loads are transmitted from the propulsion system to the hull of an unmanned 
underwater vehicle through supporting elements. Conventional designs typically employ flange-
mounted supports that provide sufficient structural strength but exhibit limited effectiveness in 
reducing vibration transmission. To address this issue, a compact hybrid active-passive vibration 
isolation mount was developed, as illustrated in Fig. 1. 

The passive component of the mount consists of a ring-shaped rubber vibration isolator 
positioned between inner and outer steel rings. Owing to the viscoelastic properties of rubber, 
vibration energy is dissipated, thereby reducing the transmission of high-frequency oscillations. 
The active component is based on piezoelectric actuators which, through a mechanical 
amplification mechanism, convert axial deformations into radial control forces, enabling vibration 
suppression in the low-frequency range [9]. 

The parameters of the passive vibration isolator were determined according to the operating 
conditions of a propulsion system with a rotational speed of 1500 rpm (25 Hz) and a total mass of 
200 kg, including the motor and auxiliary equipment. To avoid resonance conditions, the required 
dynamic stiffness was calculated using classical vibration isolation theory. Considering the 
geometric constraints of the design, the thickness of the rubber layer was selected as 13 mm. 

 
Fig. 1. Proposed hybrid active-passive vibration isolation mount for connecting  
the propulsion motor to the underwater vehicle hull (developed by the authors) 

To determine the stiffness characteristics, finite element analysis (FEA) was employed. The 
rubber layer was modeled using the Mooney-Rivlin hyperelastic material model, whereas the steel 
components were assumed to be linear elastic with a Young’s modulus of 210 GPa, a density of 
7850 kg/m3, and a Poisson’s ratio of 0.3. The outer ring was assumed to be rigidly fixed, while 
the inner ring was connected to a reference point (RP) where a static load ranging from 700 to 
1600 N, with increments of 100 N, was applied. 

Based on the simulation results, a load-displacement relationship was obtained. The analysis 
showed that rubber with a hardness of 45 Shore A provided a static stiffness of approximately 
3.1×106 N/m and a dynamic stiffness of approximately 4.6×106 N/m, satisfying the design 
requirements. 

To investigate vibration transmission, a finite element model of the coupled vibration 
source-isolation mount-hull system was developed. The hull was modeled as a cylindrical shell 
with a length of 1.2 m, a diameter of 533 mm, and a wall thickness of 6.5 mm under free-boundary 
conditions. Twelve mounting locations corresponding to the control channels were incorporated 
into the model, and the control points were positioned at the interfaces between the active vibration 
isolators and the supporting structure [10]. 

To simulate excitation from the propulsion system, harmonic forces were applied at the 
excitation point along the 𝑋- and 𝑌-axes with a phase difference of 90°. Frequency-domain 
analysis was performed over the range of 0.5-500 Hz with a frequency resolution of 0.5 Hz. 

To suppress vibration transmission, a multichannel MIMO (Multi-Input Multi-Output) active 
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vibration control system was employed. The adaptive Filtered-x Least Mean Squares (Fx-LMS) 
algorithm was selected as the control strategy because of its high stability, relatively low 
computational complexity, and ability to adapt to variations in the dynamic characteristics of the 
system. 

The algorithm iteratively updates the coefficients of the control filter based on the measured 
error signal and the reference excitation signal. Its objective is to minimize vibration levels at the 
control points by generating compensating control forces through the piezoelectric actuators. 

Harmonic disturbance signals with frequencies of 30 Hz and 70 Hz, corresponding to the 
dominant tonal vibration components of the propulsion system, were used as excitation inputs. To 
monitor vibration characteristics on the hull surface, twenty-four acceleration measurement points 
were uniformly distributed over the structure. 

Numerical simulations were performed under harmonic excitation at frequencies of 100, 250, 
350, and 400 Hz. The system was evaluated under three operating conditions: 

1. Without vibration isolation. 
2. With passive vibration isolation only. 
3. With the proposed hybrid active-passive vibration isolation system. 
The obtained results were used to assess the effectiveness of the developed system and to 

compare its performance with the numerical predictions [11]. 

4. Results 

The finite element simulation results demonstrated that the developed hybrid active-passive 
vibration isolation mount effectively reduces vibration transmission from the propulsion system 
to the hull of the unmanned underwater vehicle over a wide frequency range. 

The analysis of the passive vibration isolator revealed high effectiveness in suppressing 
medium- and high-frequency vibrations due to the damping properties of the rubber element. 
However, its performance decreases in the low-frequency range, which is consistent with the 
well-known limitations of conventional passive vibration isolation systems. 

The implementation of active vibration control based on the Fx-LMS algorithm provided an 
additional vibration reduction of up to 20 dB. A decrease in vibration amplitudes was observed 
not only at the control points but also across the entire cylindrical hull surface, indicating effective 
attenuation of vibrational energy throughout the structure. Frequency-response analysis further 
confirmed the capability of the proposed system to suppress the dominant low-frequency and 
resonant vibration components. 

For validation purposes, the coupled vibration source-isolation mount-hull system was 
analyzed under three operating conditions: without vibration isolation, with passive vibration 
isolation only, and with the proposed hybrid active-passive vibration isolation system. The 
corresponding results are presented in Table 1. 

Table 1. Vibration reduction results 
Frequency, 

Hz 
Without vibration 

isolation, dB 
Passive vibration 

isolation, dB 
Active-passive vibration 

isolation, dB 
100 110 98 86 
250 101 90 84 
400 90 65 64 

The results indicate that passive vibration isolation reduced vibration levels by up to 12 dB, 
while active control provided an additional reduction of up to 12 dB. The maximum overall 
vibration attenuation achieved by the hybrid system reached 26 dB. 

A comparison of the calculated results showed good agreement between the different analysis 
approaches, confirming the accuracy of the developed finite element model and the effectiveness 
of the proposed control algorithm. 

Overall, the combination of passive damping and active vibration control enables efficient 
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vibration suppression within the frequency range of 10-500 Hz. The proposed vibration isolation 
mount can be applied in unmanned underwater vehicles and other compact underwater platforms 
to reduce structure-borne noise and enhance acoustic stealth performance. 

5. Conclusions 

This paper investigated the problem of vibration transmission from a propulsion system to the 
hull of an unmanned underwater vehicle, which represents one of the primary sources of 
structure-borne noise and acoustic detectability in underwater platforms. Particular attention was 
devoted to the suppression of low-frequency tonal vibration components, which propagate 
efficiently through hull structures and significantly contribute to the acoustic signature of 
underwater vehicles. 

To address this issue, a novel compact hybrid active–passive vibration isolation mount was 
developed for applications with limited installation space. The proposed design combines a ring-
shaped rubber vibration isolator, providing passive damping, with piezoelectric actuators that 
enable active vibration control. A coupled finite element model of the vibration source-isolation 
mount-hull system was established to investigate vibration transmission characteristics. 

The conducted analysis made it possible to determine the optimal parameters of the passive 
vibration isolator and justified the selection of rubber with a hardness of 45 Shore A, which 
provides the required stiffness and vibration isolation performance. For active vibration 
suppression, a multichannel adaptive Fx-LMS control algorithm was implemented, ensuring 
stable operation and effective compensation of low-frequency disturbances. 

The numerical simulation results demonstrated that the proposed system provides a significant 
reduction in vibration transmission within the frequency range of 10-500 Hz. The study confirmed 
both the validity of the developed numerical model and the effectiveness of the proposed vibration 
control approach. It was found that passive vibration isolation reduced vibration levels by up to 
12 dB, while the implementation of active control provided an additional reduction of up to 12 dB. 
The maximum overall vibration attenuation achieved by the proposed system reached 26 dB for 
the dominant tonal vibration components. 

The obtained results indicate that the combination of passive damping and active vibration 
control offers substantially higher performance than conventional passive vibration isolation 
systems, particularly in the low-frequency range. The proposed vibration isolation mount can be 
applied to enhance the acoustic stealth performance of unmanned underwater vehicles, 
autonomous underwater vehicles, and other marine systems for which the reduction of 
structure-borne noise is of critical importance. 

Future research should focus on further optimization of the control system parameters, 
extension of the effective vibration suppression bandwidth, and experimental validation under 
conditions representative of real underwater vehicle operating environments.  
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