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Lumped-element Model with Consideration of Hydrodynamic Force
for Predicting Underwater Vibration of Sonobuoys
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ABSTRACT

The sonobuoy is a portmanteau word for sound navigation, ranging and buoy. It is a device designed
to float on the sea surface and detect noise radiated from submarines. The fundamental structure of
a sonobuoy consists of a buoy, cable pack, drogue, and hydrophone. The buoy, floating on the sea
surface, vibrates vertically owing to surface waves, causing vertical vibrations in the lower hydrophone
connected by an elastic cable. The vibration of the hydrophone generates an electrical signal, which
decreases its signal-to-noise ratio, thereby degrading its performance. An optimal design is required
to minimize the vibration of the hydrophone; therefore, the development of a model for predicting
the underwater vibration of a sonobuoy is essential. This paper presents a lumped-element model
considering the hydrodynamic force for predicting hydrophone vibration caused by surface waves.
The proposed model includes a hydrodynamic force and a lumped-element model. The hydrodynamic
force acting on each component of the sonobuoy is derived from experiments, which are then input
into the lumped-element model, allowing the accurate prediction of hydrophone vibrations with low
computational costs. The vibration frequency response of the hydrophone is obtained using the model,

and the model’s physical consistency is verified by underwater vibration experiments.
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Table 1 Hydrodynamic parameters of sonobuoy

Component Addfl((ig]mass Equiva[l;nst/ rr(i]amping
Steel 0 (my,) 1.29 (¢,)
Drogue 155.69 (m,,) 35.48 (cy,,)

Hydrophone 0 (my,) 2.06 (¢,,)

Table 2 Material properties of sonobuoy

Component Mass Stiffness Damping
[ke] [N/m] [Ns/m]
Steel 0.56 (m,) - R
Drogue 0.18 (m,) - -
Hydrophone | 1.18 (my) - -
Cable 1 - 7.48 (k) 0.05 (¢)
Cable 2 - 6.98 (ky) 0.04 (¢)
Cable 3 - 95.07 (k;) 131 (¢)
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