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Analysis on the influence of
submarine's internal tank on the
acoustic target strength

Yan ]iaxiang* , Xing Junhua, Zhang Junping
China Ship Development and Design Center, Wuhan 430064, China

Abstract: [Objectives | The influence of submarine's internal tank on the acoustic target strength control is studied.
[ Methods]| The planar element method based on Kirchhoff high frequency approximation was used to calculate and
analyze the influence of internal tanks at different positions inside the submarine's pressure hull on the target strength,
and their control effects of four tank structure improvement schemes were calculated and analyzed. [Results | The
results show that the internal tank mainly affects the target strength in the frequency band from 1 kHz to 3 kHz. The
internal tank located near the centerline of the broadside has little effect on the original target strength, while the tank
at the bottom of the broadside has a great impact on the original target strength. The calculated results show that the
inclination of the interior wall of the tank located near the centerline can help reduce the target strength in the normal
incidence direction. However, the inclination of the interior wall of the tank located at the bottom can significantly
reduce the target strength in the frequency band above 3 kHz, but the reduction effect on that in the low frequency
band between 1 kHz and 3 kHz is not enough to make up for the influence caused by the internal tank. [ Conclusions ]

In the design of submarine, corresponding measures should be taken to reduce the influence of the internal tank on the

target strength.
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0 Introduction

Acoustic target strength is one of the important in-
dicators of the stealth performance of submarines. In
its early control design, overlays were often used
while less consideration was given to the integration
design of structure and shape to reduce target
strength from the perspective of overall cost—efficien-

", With the development of computer tech-

cy ratio
nology, forecast software is used to model and pre-
dict the target strength of submarines, analyze and
test different schemes. In this way, modification of
the overall design of submarines and selection of ma-
terials, plate thickness and sound-absorbing coating
can be realized at the scheme design stage to reduce

overall acoustic target strength >,
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For the control of acoustic target strength of sub-
marines, it is important to find the scattering source
and make clear its influence rules. Classic hy-
droacoustics mentions that the presence of side lobe
around 20° of submarine's bow and stern will cause
the target strength to increase by 1-3 dB, which may
result from the internal reflection of submarine's cab-
in structure . By calculating and forecasting, Martin
et al” concluded that the hidden reflectors im-
mersed in the water (for example, in enclosure, super-
structure deck and inside the light shell) have a
great impact on the overall target strength. However,
when the line type is perpendicularly incident, the
target strength will change greatly. For a long time,
due to many reasons including the hidden location,

small scale, scattered distribution, uncertain target
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or strong directivity of these scattering sources, they
have often been ignored in the design of submarines
and related studies are rare.

The internal tank is mainly located inside the pres-
sure shell of submarines with wide distribution and
various forms. It also plays an important role in water
storage, diving, surfacing, balancing, and ballasting
of submarines. The mechanism analysis believes that
the submarine is a complex extended body target
with the distribution of multiple bright spots. The
scattered acoustic fields of the target components are
superimposed in different spaces, causing the chang-
es of echo phase and the fluctuations of the mea-
sured target strength, which affects the test results of
the submarine.

With the consideration of the layout and structural
form of the internal tanks of a typical submarine, we
adopted physical and acoustical numerical calcula-
tion to analyze the influences and reasons of three
typical tanks located near the centerline, at the bot-
tom, and at the stern of the pressure body in the
abeam direction, and then calculate and analyze the
control effect of optimization scheme for reference of

overall design.

1 Calculation method

Numerical methods such as planar element meth-
od, finite element method, and boundary element
method are often used for the calculation of target
scattering engineering. Planar element method has
been widely used in engineering due to fast calcula-
tion speed, controllable accuracy, and simple algo-
rithm.

In this paper, the planar element method based on
Kirchhoff high frequency approximation™ is used. By
approximating the scattering acoustic field equation
of the target, we can obtain the acoustic target
strength on a non-rigid surface under far-field and

transmitter—receiver conditions:
TS=201 —K|‘ 1
g’ 27 (D)
where

|=J]ei2kprCOSa-R(f,a) ds (2)

Eq. (2) is to solve surface integral I. In Eq. (2), p
is the vector from the point of the surface element to
the reference point; I is the unit vector from the re-
ceiving point to the reference point; K is the wave-
number of the incident wave; R(f, a) is the surface
reflection coefficient of the shell material; f is the fre-

quency; o is the angle between the incident direc-

tion of the sound source and the surface element nor-
mal; s is the symbol of surface integral.

This paper uses Gordon integral algorithm to solve
I7¥, It is assumed that the surface is meshed and dis-
cretized into M x N meshes and each mesh is approx-
imated as a polygonal small planar element. Then,
for each planar element, the Gordon integral formula
can be used to convert the surface integral into the
contour integral around the region. After coordinate
transformation, its simplified vector form is as fol-
lows.

Cuip= ﬂ e "ds = %
() I2k‘no><l’0‘
NO

> (ngx1,-a,)e™" “sinka, - ro)/(ka, - r,) (3)

n=1
where I, is the position vector of the planar element;

N, is the unit normal vector of the planar element; r,

is the unit vector in the incident wave direction; a,
is the length and direction vector of the n—th edge of

the planar element; b, is the position vector of the

n

midpoint of the n—th edge of the planar element; N,

is the number of sides of the divided polygonal pla-
nar element.
Therefore, the acoustic target strength of the effec-
tive surface area can be obtained as below:
k
TS=201g|5— ZM[R(“U)COS %Gy, (4)

j=1-N

where R(a;) is the surface reflection coefficient of
the (i,]) —th planar element divided by the meshes,
and a; is the angle between the surface element nor-

mal and the incident direction of the sound wave.

First, the three—dimensional model of internal
tank is established, and then the model is divided in-
to triangular meshes of shell 181 type. After obtain-
ing the information of nodes and meshes, we import
the calculation module of the planar element for cal-
culation.

In the calculation of the internal tank, the shell
with the sound transmission of "water—steel-air" is
simplified into a rigid target. For the sound transmis-
sion of "water—shell-water—inner shell-air", the in-
ner shell is simplified into a rigid target and the
transmission situation of shell in water is considered
based on its thickness. Then, the target strengths of
the shell and inner shell are calculated according to
Eq.(4) and the
strength can be obtained based on the principle of in-

)
coherent energy superposition el

comprehensive acoustic target
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TS, /10

TS, =101g[10™" +D(f. @) x10™"]  (5)

where TS, is the target strength calculated separate-
ly for the shell; TS, is the target strength calculated
separately for the inner shell; D(f, a) is the sound
pressure transmission coefficient of the shell, which
can be obtained using the transfer function of lay-
ered medium.

A rigid ball with equivalent size of the tank model
and a radius of 3 m is selected for calculation and
verification. The comparison with analytical results
(Fig. 1) shows that the calculation accuracy of the
planar element method is closely related to the mesh
size. Smaller meshes result in higher calculation ac-
curacy. Accordingly, larger meshes lead to lower cal-
culation accuracy, and the frequency at which the
calculation starts to diverge is also lower. It can be
seen from the figure that when the frequency band
from 1 to 10 kHz and the mesh size below 100 mm
are selected, the calculation error can be controlled
within 0.5 dB, which meets the calculation require-

ments of this paper.

4.2

e Planar element method, 30 mm mesh

40 s Planar element method, 50Jmm mesh

s Planar element method, 1

e Analytical value
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Fig.1 ~ Error checking of planar element calculation method

2 Analysis on influence of internal
tank on target strength

2.1 Calculation model of typical internal
tank

In view of the stability control requirements of the
submarine, the internal tank is generally arranged at
the bottom of the submarine, and may also be ar-
ranged at a high position. As shown in Fig. 2 and
Fig. 3, three typical internal tank schemes are select-
ed and the ratio of the vertical height of the internal
tank to the diameter of the parallel midship is taken
as 0.2. Scheme 1 and Scheme 2 are respectively lo-
cated at the centerline and bottom of the parallel
midship of the broadside. The plane size of the shell

plate of the internal tank of Scheme 2 is the same as

that of Scheme 1. Scheme 3 is located at the bottom
of the cone of the stern and the length and capacity

of the internal tank remain the same with those of

Scheme 2.

Scheme 1 of tank

Scheme 3 of tank Scheme 2 of tank

Fig.2 Schematic diagram of three typical internal tank locations

Fig.3 Main profile dimensions of three typical internal tanks

2.2 Target strength comparison with or
without internal tank

The effect of the presence or absence of internal
tank on the target strength is calculated. As shown in
Fig. 4, in all frequency bands near the abeam direc-
tion, the difference between the abeam peaks with or
without the internal tank is within 1 dB for Scheme
1, and the target strength is basically the same. This
is because the target strength is mainly affected by
the interior wall of the tank in the low frequency
band and the shell in the high frequency band. How-
ever, the interior wall of the tank is not much differ-
ent from the shell in terms of line shape and scale at
the centerline. Therefore, from the perspective of this
conversion relationship between the internal tank
and the shell, the impact of Scheme 1 of internal
tank on the target strength is small near the abeam
direction.

It can be seen from Fig. 5 that when there exists
the internal tank of Scheme 2, the target strength al-
most greatly improves in all frequency bands and azi-
muth angles, indicating that Scheme 2 has a great im-
pact on the target strength at this position. In the fre-
quency band of 1-3 kHz, the target strength in the
abeam direction is increased by more than 15 dB.
The reason is that when there is no internal tank, the
shell basically reflects rigid oblique incidence with
small echo intensity (up to around 0 dB). When there
exists the internal tank as shown in Fig. 6, based on

the relative energy relationships of shell and inner
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Fig.4 The comparison of target strength with or without internal
tank of Scheme 1

shell with integration, it is found that the acoustic tar-
get strength is mainly affected by the interior wall of
the tank in the frequency band of 1-3 kHz. Besides,
due to high transmission and normal incidence of the
rigid plane at the interior wall of the tank, the target
strength increases significantly and is much larger
than that without internal tank of Scheme 2. In the
frequency band of 3-6 kHz, the effects of the shell
and the interior wall on the acoustic target strength
are equivalent. In the frequency band above 6 kHz,
the acoustic target strength is mainly affected by the
shell of the tank.
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Fig.5 The comparison of target strength with or without internal
tank of Scheme 2

It can be seen from Fig. 7 that the result of
Scheme 3 is similar to that of Scheme 2, namely that
the target strength is low without internal tank. After
the internal tank is arranged, the target strength sig-
nificantly increases due to the normal incidence of
the rigid plane at the interior wall of the tank in the
low frequency band. The target strength increases
by more than 15 dB in the abeam direction of the
1-3 kHz band. It is worth noting that due to the inter-
action between the shell and inner shell, a peak ap-
pears near abeam 90° direction in the low frequency

band, and the peak value at the original 78° azimuth

downloaded from www.ship-resear ch.com
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Fig.7 The comparison of target strength with or without internal

tank of Scheme 3

angle in the middle and high frequency bands gradu-
ally becomes prominent, and a double peak phenom-
enon appears.

In conclusion, after the internal tank is arranged,
the target strength is mainly affected by the interior
wall of the vertical plane of the internal tank. The im-
pact of Scheme 1 is small, while the impacts of
Scheme 2 and Scheme 3 are large. Specifically, in
the low frequency band of 1-3 kHz, Scheme 2 and
Scheme 3 have great effects on the target strength
near the abeam direction. The target strength in the
low frequency band is generally difficult to control,
which needs to be fully considered during the design

process of the internal tank scheme.

2.3 Influence of the internal tank on the
whole section of parallel midship

When the tank is located at the bottom (similar to
Scheme 2 and Scheme 3), the impact extent of the
tank on the target strength is further analyzed. Aim-
ing at avoiding the loss of generality, the overall cal-
culation of the parallel midship of Scheme 2 is car-
ried out. The parallel midship is set as long as
Scheme 2. As shown in Fig. 8 and Fig. 9, the target
strength of the parallel midship with or without inter-
nal tank can be obtained. The data analysis result
shows that the internal tank mainly affects the low
frequency band of 1-3 kHz. When the frequency is
lower, the impact is greater. The target strength at
1 kHz in the abeam direction increases by more than
2 dB.

According to the energy contribution, when there
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Fig.9 The comparison of target strength abeam with or
without internal tank of the whole section of parallel
midship
is no internal tank at the location of Scheme 2 at the
frequency of 1 kHz in abeam direction, the only
acoustic energy reflected by the shell accounts for
1.4% of that of the whole section of parallel midship.
However, after the internal tank is arranged, the
acoustic energy reflected by the internal tank ac-
counts for 41% of that of the whole section of paral-
lel midship. Thus, it can be seen that if there are a

large number of internal tanks similar to Scheme 2

in the whole ship, their impact on the overall target
strength (especially in the abeam direction) cannot

be ignored.

3 Calculation and analysis of the
optimized scheme

3.1 Scheme optimization

According to the above analysis, the acoustic tar-
get strength of the internal tank is mainly affected by
the normal incidence of the interior wall of the tank.
Therefore, the internal tank is modified and opti-
mized based on Scheme 1 and Scheme 2. The interi-
or wall of the tank is inclined by 6°, 8°, 10°and 30°
respectively, as shown in Fig. 10. Considering the
feasibility of the project realization, the interior wall
of the 30° inclination scheme is divided into two
equal parts: the upper part and the lower part, which
are symmetrically inclined. The other schemes in-
cline downward along the external normal line of the
interior wall. All inclination schemes have the same

internal volume as the original Scheme 1 or Scheme 2.

Fig.10 The optimized inclination schemes of tank interior wall

3.2 Comprehensive comparison of effects

The above inclination schemes are calculated, and
the results show that the target strength of Scheme 1
in the frequency band below 4 kHz decreases in vary-
ing degrees with the increase in inclination angle.
The larger inclination angle results in more obvious
reduction. However, there is basically no effect
above 4 kHz (Fig. 11).

In order to evaluate its actual impact on the proj-
ect, the average target strengths of different schemes
within the range of abeam 90° + 5° are compared.
The results in Fig. 12 show that at the frequency of
1 kHz, inclination of 8° resulted in the effect close to
1 dB, inclination of 10° the effect close to 1.5 dB,
and inclination of 30° the effect above 3.5 dB. In a
word, it is beneficial to the reduction in the target
strength abeam to incline the internal tank of

Scheme 1 by more than 8°.
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Fig.11 The comparison of target strength with the inclined

optimized schemes of Scheme 1
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Fig.12 The comparison of target strength abeam with

inclined optimized schemes of Scheme 1

The data analysis results of Scheme 2 are shown
in Fig. 13. It can be seen from the figure that the tar-
get strength after inclination is between the situation
with and without the internal tank. As the inclination
angle increases, the target strength gradually returns
to the state without the internal tank. However, in
terms of the frequency band, the inclination of the in-
ternal tank only helps to reduce the target strength
above a certain frequency band, and the effect of
reduction is limited in the low frequency band of
1-3 kHz.

Fig. 14 shows the comparison of the average target
strength of each scheme in the range of abeam 90° +
5°. It can be seen from the figure that at the frequen-
cy of 1 kHz, the inclination of 8° has an effect of
about 1 dB; the inclination of 10° has an effect of
about 2 dB; the inclination of 30° has an effect of
more than 5 dB. However, referring to the state with-
out the internal tank, especially in the low frequency
band of 1-3 kHz, there is still a large gap in the tar-
get strength. Therefore, for Scheme 2, although the
inclination of the internal tank can alleviate this gap
to a certain extent, it cannot counteract the impact of
the internal tank on the target strength in the low fre-

quency band.

downloaded from www.ship-resear ch.com
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Fig.13  The comparison of target strength with optimized

inclination schemes of Scheme 2
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4 Conclusions

The calculation and analysis of the internal tanks
at typical positions show that the internal tank locat-
ed near the centerline has little effect on the target
strength, while the internal tank located on the bot-
tom of the broadside has a large impact. The main
impact is in the abeam direction and the low frequen-
cy band of 1-3 kHz, which cannot be ignored when
compared with the whole section of parallel midship
of the broadside and needs to be considered in the
later design.

Optimized inclination with different angels is car-
ried out for the scheme of tank interior wall. The cal-
culation result shows that the inclination of the interi-
or wall near the centerline is beneficial to the reduc-
tion in the target strength, while the inclination of
the interior wall at the bottom can significantly re-
duce the target strength in the medium and high fre-
quency bands above 3 kHz. However, the reduction
in the low frequency band of 1-3 kHz is not enough
to counteract the influence of the internal tank.

In the design of the submarine, it is necessary to
evaluate the internal tank. The tank interior wall

near the centerline should be inclined and the tank
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located at the bottom of the broadside should con-
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pact on the acoustic target strength.
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