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1. Introduction

Marine vessels employ several screws for
driving. These screws are usually connected to the
engine and transmission via a drive shaft. If the
shaft deflection occurs, the submerged bearing is
often damaged as shown in Fig. 1. In the last
several decades, the deflection of the ship screw
shaft causes around 20 accidents per year such as
engine failure or a ship sinking in the worst case. To
avoid these accidents, general vessels have some
monitoring systems, e.g. bearing temperature,
vibration, and electric resistance. However, pleasure
boats and fish boats cannot equip these monitoring
system because of spatial and cost limitations. To
evaluate the condition of the screw shaft, ships need
to be jacked up at the dock.

The purpose of this study is to develop a
detection system of ship screw deflection which is
assumed to be installed in the harbor. By using a
hydrophone array composed of a small number of
elements, the proposal method would be able to
detect and identify the screw-deflected ship without
installing a monitoring system to each ship. Figure
2 shows the conceptual scheme of the proposed
method. As shown in the figure, several
hydrophones are set on the bottom of a harbor.
Received sound is processed by cepstrum analysis,
and detection of screw deflection and identification
of sound source are performed. For detection,
support vector machine (SVM) is used to classify
the cepstrum of screw sound in order to examine
the ship of wvarious types. For identification,
direction of arrival (DOA) estimation is used to
localize the deflected sounds. As a pilot study, the
authors conducted experiments for detection and
identification of the screw-deflection shaft sound
using a test tank.
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Fig. 1 Flooding caused by the screw deflection shaft
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2. Principle of Measurement

2.1 Detection of the screw deflection shaft sound

The screw shaft deflection is detected by
SVM using the cepstrum of the recorded sounds.
The cepstrum of recorded sound, Ceep(k), is calcu-
lated as

Ceep (k) = F* (log(|F (s(0)])), (1
where s(t) is recorded sound, k is quefrency, and
F(u) and F~1(u)denote the Fourier transform
and inverse Fourier transform of u, respectively.
s(t) is separated into microstructure spectra and
spectral envelope by cepstrum analysis. The
microstructure spectra provides the variation of the
frequency spectrum and the fundamental frequency
of sounds, and it is used to detect the abnormal
states of rotating machines. It is expected that the
cepstrum of the sound of screw deflection differs
from the normal sound.

SVM learns several Ccep(k), to classify the
sound of screw deflection and the normal sound.
SVM is a modern technique of two class pattern
recognition, and provides a high-accuracy
classification with small amount of learning data.

2.2 Estimation of Direction-Of-Arrival (DOA)

The localization of the screw shaft deflection
on specific ship is performed by DOA estimation®.
DOA is estimated from the time difference of
arrival between each element. However, the con-
ventional method could not be applied to this sys-
tem directly due to the existence of continuous
sounds®. To cope with this problem, we use the
cross-power spectrum phase (CSP) analysis®
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Fig. 2 Conceptual schemes of the proposed method
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with a band-pass filter, which only passes the
frequency band of screw sounds, calculated from
spectral subtraction (SS).

3. Experiments

To evaluate the performance of the proposed
method, we conducted two experiments at test tank.
The size of the water tank was L X H X W = 0.8 X
0.4 x 0.2 (m’). As the vessel model and the hy-
drophone array, submersible motor (Submarine
Motor; 70153, Tamiya) and hydrophones (Hla;
AQUARIAN) located with distance of d = 0.2 m,
were used. The sound velocity was assumed to be
1,500 m/s. The screw deflection was simulated by
bending the shaft of submarine motor. The screw
sound was recorded with 48 kHz of sampling
frequency for detection of the screw shaft deflection
sound, and 196 kHz for DOA estimation. By
changing the voltage applied to the motor, the
rotational speed of the screw was controlled in 6
patterns from about 1,200 to 2,800 (rpm).

Figure 3 shows the received sound, ampli-
tude spectra, cepstrum of normal, and deflected
screws, respectively. In this figure, the rotational
speed was 2,215 rpm (36.9 Hz). Focusing on the
difference of cepstrum in Fig. 3(c) and 3(c’), we
found that there are a difference around 3,300 and
3,900 in quefrency, for 5 rotational patterns. Several
reasons can be considered; the screw shaft deviation
from the center of gravity, and the vibration caused
by the screw fins. Table 1 shows the results of
SVM classification with cross validation for each
15 sample of 6 patterns sounds. From the SVM
classification, 90.3% of the discriminate rate was
marked by the conditions of the same rotational
speed. Figure 4 shows the results of DOA estima-
tion from the direction of the hydrophone array. The
SS-CSP method could estimate the correct DOA
compared to the CSP method, and it could estimate
in the range of 0-25 (deg). However, error around
40 (deg) becomes large due to the effect of the
sound reflected from water surface and walls.
Therefore, the proposed method may be utilized for
detection of screw shaft deflection sounds, and
identification of deflected ships.

4. Conclusions

The purpose of this paper is to develop a de-
tection system of screw shaft deflection. From the
experimental result, it was found that SVM could
classify the screw shaft deflection at the discrimi-
nate rate of 90.3%. Moreover, the possibility of
DOA estimation to localize screw-deflected ships
was suggested.
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Fig. 3 Results at 2215 rpm; (a)Received waveform,
(b)Amplitude spectrum, and (c)Cepstrum.

Table 1 Discrimination results of SVM

Result of value of the detection Total
Normal Screw  Deflected Screw
Normal Screw (a) 64 (c) 26 90

Deflected Screw ® 0 (d) 90 90
Accuracy: (a+d) / (a+tb+c+d ) = 90.3 %
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Fig. 4 Results of DOA estimation
(The DOA error of 0 is correct-DOA..)
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