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ABSTRACT

This paper summarizes the first part of resultme&sured sound radiation from a torpedo-shapedtsteuunder an
axial excitation. The structure, built for this &y is two meters in length consisting of a cylindt shell, a semi-
spherical shell at one end and a conical sheliebther. Due to the boundary constrains imposettidgemi-sphere
and the cone at the ends of the cylinder, the tstre@xhibits notable difference in its dynamic é&gbur from that of
a shear-diaphragm supported cylinder with closesedée studied the first 13 structural modes expemially and
then concentrated on the sound radiation from e&tose modes in an anechoic chamber structurendtiogs from
this experimental work may be used to verify angpsut the previous analytical and numerical preaiictof
underwater sound radiation from a submarine hdleyTmay also find a broader application in noiselysis and
control of unmanned underwater vehicle and marinetires.

1. INTRODUCTION

Among various practical situations, understandingd a
control of sound radiation from underwater struesyrsuch

as submarines and unmanned survey vehicles, are
challenging tasks. Structural borne sound from dhes
structures poses risks to have them exposed ta strar
devices and to reduce the signal-to-noise ratighef self
sonar systems. Understanding of such structureebsonnd

is important to its prediction, optimisation andntol [1],
which also provides guidance for the design, martufang,

and operation of those structures.

Although the structure-borne sound has been inkgnse
studied by many researchers for several decadesclggdr
understanding of the principle, mechanism and piygpef
sound radiation are still confined to a few simgémmetries
with ideal boundary conditions. When dealing witlorm
practical structures, it becomes difficult to extehe theory,
due to the complexity of their complicated geonestyi
boundary conditions and material distribution.

A typical submarine structure consists of a cylicalr shell
with a hemispherical shell at one end and conicell &t the
other end. The vibration of continuous shell due is
complicated due to the added complexity of cunatwas
well as the sophisticated boundary conditions [Bfferent
shell theories have been derived in the past ané baen
used without united agreement.

Particularly, for a torpedo-shaped structures,atisiquity in
the structures have important impact on the vibreati
energy flow between different parts of the struet{4#, 5],
which contributes to the complexity of structurakponse
and then changes the patterns of sound radiatmmn the
structure. Various forms of discontinuities maysexn the
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torpedo-shaped structures, such as the disconticursdture
at the joints between the spherical, conical ankihascal
shells. They will affect not only the propagatiofi the
flexural wave, but also on the in-plane waves mgtructure.

Furthermore, the effect of structure-fluid intefaot on
structural borne sound is a key issues which careot
circumvented. Although many researchers have ddvtie
this topic and some progress has been made in dse p
decades [6], many of these studies were actuakgdan
numerical solutions or analytical methods with some
approximations, for which experimental validatiorsse
essential and crucial. Thus, it appears necessagpriduct
reliable experimental studies in supporting thdsmietical
works.

However, either due to confidential reasons, oabsee of the
prohibitively high cost of carrying experimentatearch on a
real submarine, nearly no published literatures lmadound
concerning such experimental studies of sound tiadifrom
a submarine type structure.

This study is specifically concentrated on the expental
investigation of sound radiation from a torpedopsth
structure, both in the air and underwater. Thecstine is a
simplification of a scaled submarine model. Attentihas
been focused on the case that the structure ieaelj to
axial excitation, since propeller induced axial raifon is
recognized to be the major source for sound ramfiatiom
submarine at low frequencies [7, 8].

As the first part of this experimental study, thisper
summarizes the results of the structure’s vibraisasponse
and sound radiation into the air from the first stBuctural
modes. The experiments were carried out in an hemec
chamber. In the following sections, we first deserithe
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setup of the test rig and measurement system. Then

experimental procedure and data analysis are @escri
Finally, we summarize and discuss the results.

2. SETUP OF TEST RIG
2.1 model description

The torpedo-shaped structure is shown in Figuralthls
model, the semi-spherical shell and the cone siek added
to the cylinder via screw connection. To simuldie axial
excitation, a mechanical shaker was employed aettieof
the conical shell to apply an axial force along ¢batral axis
of the structure, where special attention had be&id to
guarantee the excitation is cantered and towardsattial
direction as accurately as possible. Mass blockse we
designed and placed inside of the structure tonialghe
buoyant force during underwater test, which algoresent
the mass loading of onboard equipments.

Shaker Excitation

Simulate Onboard
Equipments

Figure 1 Experimental torpedo model

The model was geometrically scaled from the submeari
model studied in [8]. The scale factor was 1:2Z.&ble 1
lists the data of the model, where minor adjustnhewt been
made for practical manufacturing.

Table 1 Experimental model data

Parameter Value Unit
Total mass 160 kg
Total length 2000 mm
Cylinder length 1500 mm
Radius 161.5 mm
Cylinder thickness 6 mm
Semi-sphere thickness 4 mm
Cone thickness 4 mm
Cone height 230 mm
Cone smaller radius 50 mm
Material Carbon steel 1020
Young's Modulus 200-210 GPa
Density 7872 kg/rh
Working depth 40 m
Seal type O-ring

One of the key parts of the experimental rig desigis to
guarantee the experimental modal meets the reqeirenof
a test 40 meters underwater. Proper design for peater
supply, signal transmission and condition monitgrinad
been adopted to satisfy the requirements.

2.2 system setup

The setup for the experiments system is shown enflthw
diagram in Figure 2.
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Figure 2 Experimental setup

The setup consists of three sections. The firsigeds the
sound pressure measurement equipments, mainly the
microphone array, which was outside the torpedacsire,
and sited in the anechoic chamber. The secondseistithe
structural response measurement equipments, sis&tkithe
torpedo structure and include (a) IEPE accelerometad
signal conditioning modules (b) B&K force transdudge)
NI-DAQ (d) B&K electromagnetic shaker (e) Infrared
Camera and (f) local DC-DC power supply.

The third section is for collecting signal, exciginthe
structure and monitoring the working condition desithe
structure. The equipments for this section incl@@eSignal
generator (b) Power amplifier (c) Monitor (d) Remat€-

DC power supply (e) Measuring and analysis systedn(8n
Impact hammer.

In the experiments, sinusoidal signal was produggdhe
signal generator and amplified by the power anwggliiefore
sending into the mechanical shaker. IEPE acceldmrme
were employed to measure the structural respomse the
force transducer for measuring the excitation faeplied by
the shaker. To avoid using large bundles of lorges all
the analog signals were converted into digital sigmefore
they were transmitted to the computer for analygikich
only requires one single Ethernet Cat5e cable. Arared
camera was utilised to monitor the condition ofipments
inside the structure.

3. EXPERIMENTS
3.1 modal test

To study the dynamic behaviour of the torpedo-stape
structure, modal test had been carried out to ifyethe
characteristic frequencies and corresponding mbepes.

The three parts of the structure were assembledttieg
before the structure was freely suspended in thexhaic
chamber to simulate the free-free boundary conditb a
submarine. Figure 3 shows the grid of measuringtpand
the corresponding coordinates originated at themgéry
centre of the structure. Along the circumferendiaéction of
the structure, 12 points on each cross section selected
for vibration measurement. In total 25 cross sectiovere
measured along the longitudinal (axial X) directiaith 6 on
the semi-sphere, 14 on the cylinder and 5 on tme.c®he
cross sections were axially equal-spaced on thadsd and
the conical shell, and angularly equal-spaced @ sbmi
spherical shell as well. The photo of the actuatiahdest is
shown in Figure 4.

An impact hammer was used to apply impulse exoitatd
the structure along the axial direction. The meadur
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response was the acceleration in the normal diredt the

shell surface (also referred as "radial" directioh the

cylinder). Two sets of signals were collected facte
measuring point, the structure acceleration andirtipulse

force. The Frequency Response Function (FRF) at jaici

was then calculated and saved for the synthesizedaim
analysis, where the resonance frequencies and rsbdaks
were identified.

Modal Test Torpedo Structure
Freguency: 0.0Hz
Date & Time:  25-May-2010 21:30:44

Figure4 The tesing rig for the modal testin

3.2 sound pressure measurement in anechoic
chamber

After obtained the dynamic properties of the torped
structure, the radiated sound pressure was measurtce
anechoic chamber at each natural frequency oftthetsre.
In this study, we focused on the directionalitytieé sound
radiation from the first 13 modes, with naturalgiencies
ranging from 88Hz to 518Hz.

A sinusoidal signal at the natural frequency of thede was
sent to the shaker to excite the structure. Thasomements
of sound radiation were carried out on a semi-spaker
surface above the torpedo structure, with the diemef 4
meters, as shown in Figure 5. The origin of thefazer
coincided with the geometrical centre of the toxped
structure, which was also the origin of the XYZ atinate
defined in Figure 5. The XYZ coordinate is usedalhthe
descriptions in the rest of this paper.

Due to the limitation of the space in the anechaiamber,
only the sound pressure on the upper semi-spherieof
surface was measured, which gives 145 points ial for
each vibration mode. In each of the XY measureméote
(on the horizontal plane), pressure was measurd pbints
with an equal angular space of 15°. On each thdcak
semi-circle (the 180° arc on each vertical plangp
measurement points were equally distributed inahgular
space of 15°.
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At each excitation frequency, the sound pressugpats at
the 145 measuring points were collected by the apitone
array. Figure 6 shows the photo of the actual dquressure
measurement.

2000 .-
1500 ]+
10004 .-

500,

2000

=2000  _2000

Figure6 The actual rig of sound pressure measurement
3.3 data analysis

For the modal test, dual channel spectrum analysis
conducted for each measuring point to obtain teguency
response function (FRF). Due to the small struatiamping,
resonance peaks at characteristic frequenciesretiy plear.
Corresponding to each frequency, the amplitude drabe
information were extracted from the FRF functions tioe
calculation of modal shapes.

The sampling frequency for measuring the systemorese
in the modal testing is 5000Hz. Attention was famlisn the
frequency range below 1000Hz, where the first 18lescare
located.

The sound pressure signals in time domain were uneas
through recording the analog output voltage of optione
array. Single channel spectrum analysis was thewdwzied
to calculate the Power Spectrum Density (PSD) ie th
frequency domain for each measurement point.
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4. RESULTS
4.1 modal test

To extract the modal characteristics of the stmegtuhe
measured accelerations at total 289 points araletivinto
three groups. The first group consists that from@h points
on the semi-spherical shell, the second group stmsf the
results from the 168 points on the cylindrical skaeld the
last group corresponds to the 60 points on thecebrsihell.
The spatial averaged FRF functions for each group ar
presented in Figures 7, 8 and 9. Together with mass
distribution of the shells, they represent the ispaiveraged
vibration energy with respect to one unit forceeg€titation

in the three shells of the structure. The plotst $tam 60Hz
since there is no non-rigid body resonance peaksibthis
frequency.
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Figure 7 FRF plots of the semi-spherical shell
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Figure 8 FRF plots of the cylindrical shell
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Figure 9 FRF plots of the conical shell

A) Modal Frequencies

From the spatial averaged energy response, thenasse
peaks can be readily identified. Only very smaffedences
were observed between some modal frequencies atheng
three sets of responses. After carefully examihedd FRF,
13 resonant peaks were listed in Table 2, whichevadso
used later as the excitation frequency for the dquessure
measurements.

Table 2 Frequenciesfor thefirst 13 peaks

No. | Semi-spherical | Cylindrical Conical
shell (Hz) shell(H2) Shell(H2)

1 88 - -

2 136 135 135
3 170 170 170
4 224 224 224
5 257 258 257
6 290 289 -

7 316 315 316
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8 384 383 378
9 405 405 405
10 425 425 425
11 455 455 455
12 498 496 498
13 518 518 518

B) Modal Shape &t&=88Hz

The first peak observed on the semi-spherical saddicated
at 88Hz, which is not observable on the other thells. One
might tempt to ignore this frequency; however, a¢@refully

examining the corresponding modal shape, it wasddhat
the vibration at this frequency actually represamtsn-phase
vibration mode of the spherical shell, pretty ltke breathing
mode of a circular cylindrical shell. The measusslind

pressure (to be shown in section 4.2) from this enatso

demonstrate that the semi-spherical shell is daiefft sound
radiator at this frequency. Figurel0 gives the rhetiape of
the semi-spherical shell and the distribution ofiah
vibration velocity.

Sphere

=E

Figurel0 FRF plbté of fhe semi-spherical shell at 88Hz
C) Modal Shapes &136Hz¥=518Hz

Except forf=290Hz where there is no peak appears in the
conical shell spectrum, all the peak frequenciesfaund in

the three parts. The corresponding modal shapeacit ef
these frequencies is complicated and requires some
explanation.

Figurell-Figure22 presents the distribution of ailom
velocity on the surface of the semi-sphere, théindgr and
the cone at each characteristic frequency. The citglo
responses are in the direction normal to the shefaces. In
each figure, the upper sub-plot shows the respofighe
cylinder. For the convenience of description, thiénder has
been expanded along the circumferential directioom 0°
to 360° is in the clockwise direction when lookifrgpm
positive X (sphere end) to negative X (cone endyith
circumferential angle 0° sited on the positive Zsams
defined in Figure 3. The lower-left and lower-rightb-plot
show the velocity response of the sphere and tre c
respectively, where the view direction is also frpasitive X
(sphere end) to negative X (cone end) as defin€dgare 3.

The out-of-plane modes of the cylinder, the serhiesp, the
cone are summarised in Table 3, wharerepresents
circumferential number anch axial node number. Among
the modes obtained, circumferential numbetd, 2, 3 and
axial node numbem=0, 1, 2, 3 were observed. . It should be
pointed out that the definition of number here is different
from Leissa [3], due to the difference of the boamd
condition of the cylindrical shell. In [3]m refers to the
number of half wavelength. The modal notation ire th
experimental results is just defined by the obs@wmaand
not limited by the tradistional notation sequence derfect
cylinders.
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Table 3 Node number of each modal shape 70
f (H2) Cylinder Sohere | Cone ©
Figure )
n m N n "
136 2 0 1 1,2 Fig.11 0
170 2 1 1,2 1 Fig.12
224 2 1 0,1 1 Fig.13
257 2 1 1,2 1,2 Fig.14 )
290 2 0 1 1 Fig.15 e :
316 2 0(1) 1,2 1 Fig.16 ”e T &
384 2 3 1 1 Fig.17 - 20
405 1 3 1,2 1,2 Fig.18 % N |
425 2 2 1,2 1,2 Fig.19 2 — 4 | e
455 1 3(2) 1,2 1,2 Fig.20 Sphere
498 3 1 1,2 1,2 Fig.21
518 3 2 1,2 Fig.22 Figurel4 Modal shape &=257Hz
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Figurell Modal shape &@t=136Hz
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Figurel6 Modal shape &@t=316Hz
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Figurel3 Modal shape &t=224Hz Figurel7 Modal shape &@t=384Hz
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Figurel8 Modal shape a@t=405Hz
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Figure21 Modal shape a@t=498Hz
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Figure22 Modal shape &@t=518Hz

The following observations and remakes are mada fte
above experimental results,

C.1) For those vibration modes with the sameand m
number, it is difficult to determine which one isimarily
radial vibration controlled, axial or torsional vaion
controlled since the measurements were in the alradi
direction only.

C.2) Boundary conditions have a great effect on thelaho
shapes of the cylindrical shell. In Leissa [3], theundary
condition of the cylinder supported by shear diaghts is
assumed to be=v=0 at both ends, where andv represent
the displacements in radial and torsional direcion
respectively. However, for the torpedo-shaped sirec
these boundary conditions no longer hold. Let'«lab how
the lowest frequency in each group with the samealaho
numbers i, n) varies withm and for a fixedn. In Leissa
[3], these frequencies of the supported cylinddo¥o exact
ascending order asn increases. For the torpedo-shaped
structure, however, this may not be true. The lowes
frequency of then=2, m=3) mode (384Hz) is lower than the
lowest frequency of theng2, m=2) modes (425Hz), this
observation can also be seen from Figure 23, whiicts the
lowest frequencies versus the axial number

wR\[p(1—v")/E

n=

Axial parameter m

Figure23 The lowest frequencies at different modesm)

The above results comparison is not about the whole
structure, but about the cylinder, which is a atbsnd
cylinder, while the SS boundary supported cylindealso a
closed end cylinder. From this point of view, tHe &linder
model is probably the closest model where detailed
theoretical results are available and can be usegu@ance

of this experimental study for this type of cylinde

C.3) Another interesting phenomenon is that the
circumferential modes of the cylinder at each cresstion

ICA 2010
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along the longitudinal direction are not consistefihe
general trend is that circumferential distributafreach mode
at the middle of the cylinder is different from thdose to
either the semi-spherical shell or the conical Isiédure 24
shows an example &518Hz. The sub-plot from left to right
refer to the end section close to the semi-sphbeemiddle
section of the cylinder and the other end sectlorecto the
cone. The three cross section exhibit circumfeaémtiode of
numbern=2, 3, 2 respectively. Table 4 gives rise to the
circumferential number of the three cross-sectiaheach
frequency, where L is the length of the cylinder.

Figure 24 Circumferential modes at the end cross sections
and the middle cross section of the cylinder

Tabled Circumferential number of three cross-sections

Frequency | Semi-sphere Middleof | ConeEnd
(H2) End(0-end) the Cylinder | (L-end)
136 2 2 1
170 2 2 1
224 2 2 1
257 2 2 2
290 2 2 2
316 2 2 1
384 2 2 1
405 2 1 2
425 2 2 1
455 2 1 1
498 2 3 2
518 2 3 2

It is obvious from table 4 that, at some frequesicithe
circumferential modes at the two ends are differattonly
from the middle section, but also from each other.

C.4) Two modes have unclear number, 0(1) at 316Hz and
3(2) at 455Hz. This means some of the longitudmabal
lines exhibit 0 node while the others exhibit 1 eed 316Hz;

at 455Hz, some exhibit 2 node and the others haved@s.
This is probably related to the inconsistency of
circumferential mode shapes at different cross@esbf the
cylinder mentioned above D.3.

C.5) For the semi-spherical shell and the conicalllshe
circumferential numbern=1 can be observed at all
frequencies, and circumferential numbe&=2 can be
observed at most of the frequencies.

C.6) The further study will investigate the effecttbe the
shaker's reaction on the structure. However, thapesions
between the impact hammer test result and thatsimgithe
shaker showed that the reaction force will not ificgmtly
affect the structure's modal characteristics.

4.2 sound pressure measurement

For each frequency and corresponding modal shafesllin
section 4.1, the radiated sound pressures at thesponding

modal frequencies were measured on the upper semi-

spherical surface with a diameter of 4 meters.

A) Maximum sound pressure at each mode
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Table 5 lists the maximum sound pressure valueetmh
mode. The input driving voltages of the shakerdasthe

torpedo were kept as the same for all measurements.

Table5 Maximum sound pressure at each frequency

Frequency Vibration Maximum Sound Figure

(H2 Modes (h,m) | Pressure (dB) Num.

88 - 55 Fig. 25
136 (2,0) 56 Fig. 26
170 (2,1) 50 Fig. 29
224 (2,1) 58 Fig. 30
257 (2,1) 60 Fig. 31
290 (2,0) 60 Fig. 27
316 (2,0(1)) 60 Fig. 28
384 (2,3) 64 Fig. 33
405 (1,3) 76 Fig. 34
425 (2,2) 68 Fig. 32
455 (1,3(2)) 77 Fig. 35
498 (3,1) 63 Fig. 36
518 (3,2) 64 Fig. 37

B) Sound pressure distribution and directionality

In the following summary of sound distribution, tesults at
different modes are grouped together in accordwitbetheir
modal number i, m), i.e., the modes with same,(m)

number are put together for comparison.

Due to the space limitation of this paper, only 8@eoverall
distribution and two 2D directivity of sound pressuare
presented for each mode, which are representedffieyett
subplot in each figure.

Upper subplot: top view (from Z look down into XY plane)
of overall 3D sound distribution on the whole measy
surface, each point has its latitude in Z direction

Middle subplot: directivity of sound pressure in the XY plane.
Lower subplot: directivity of sound pressure in the XZ plane.
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Figure25 Radiated sound pressurga88Hz
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B.2) Modes =2, m=0),f=136Hz, 290Hz, 316Hz
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Figure26 Radiated sound pressuregat36Hz =2, m=0)
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Figure28 Radiated sound pressurga816Hz (=2, m=0)

B.3) Modes (=2, m=1), f=170Hz, 224Hz, 257Hz

Modal Freg:  170Hz
g Ml 5P Walue: S0dB
Min SP walue: 2305

40
35
30

25
dB

30 Toptiesa:

Moddal Freg.:  280Hz
e SP Yalue: SEdE
Min 5P %alue: $dB

L amapT

AT
(LA

20 XX Plane

Modal Freq.  170Hz
Mz SP Walue: 47dB
hin SP Yalue: 26dE

20 XY Plane

Modal Freg.: 170Hz
hax 5P Walue: 46dE
Min SP %alue: 26dB

20 K I Plane

Figure27 Radiated sound pressurga290Hz =2, m=0)

Figure29 Radiated sound pressurg=at70Hz (=2, m=1)
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B.4) Modes =2, m=2),f=425Hz
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Figure30 Radiated sound pressurga@24Hz (=2, m=1)
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Figure3l Radiated sound pressurg=a257Hz =2, m=1)
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Figure32 Radiated sound pressurg=ad25Hz (=2, m=2)
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Figure33 Radiated sound pressuredaB84Hz =2, m=3)
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B.6) Modes (=1, m=3(2)),f=405Hz, 455Hz
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B.7) Modes (=3, m=1),f=498Hz
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Figure34 Radiated sound pressurg=a#05Hz =1, m=3)
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Figure36 Radiated sound pressurg=a498Hz (=3, m=1)

B.8) Modes (=3, m=2),f=518Hz
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Figure35 Radiated sound pressurg=ad55Hz =1, m=3(2)) Figure37 Radiated sound pressurda$18Hz =3, m=2)
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C) Observations and Remarks
The following observations and remarks are offered.

C.1) Table 5 shows that the two modes with circumfaatn

numbern=1 has the two largest sound pressure value. They

are f=405Hz with 6=1, m=3) andf=455Hz =1, m=3(2)).
The maximum sound pressure roughly increase foffitse
several modes and reach the largest valde485Hz (=1,
m=3(2)), then decrease afterwards.

C.2) The maximum sound pressure locations are fourizkto
normally in the direction of 45-60 degrees relativehe XY
plane, shown by the upper sub plot in each figure.

C.3) For the same circumferential numiserthere is no clear
trend linking the sound pressure and axial nodebum,
the same happens to different numberith the same num-
berm. For the same modal number pair i), the maximum
sound pressure generally increase along the freguerich
can be seen with the three modes ref2, m=0), the three
modes of (=2, m=1) and the two modes afi£1, m=3).

C.4) In most modes, due to the asymmetric boundargieon
tions imposed by the semi-sphere and the conesdbead
radiations from the fore end (semi-spherical emd) the rear
end (conical end) of the torpedo structure aresgoimetric,
i.e., the sound radiation is asymmetric about tfze pfane
defined in Figure 5. This conclusion can be obtiftem the
lower sub-plot of each figure. There is also no thating
trend of which end has greater sound radiation.séwne
modes, the fore end radiation is greater whiletla¢romodes
the rear end dominates. This observation is recoedethe
property of "Fore-Rear symmetric about YZ" in table6

C.5) One interesting observation from examining thedte
sub-plot of each figure is that for some of the pmdthe
sound radiation of the left side and the right sidenot
symmetric regarding to the central vertical plak& (plane
defined in Figure 5), although the structure isigleed to be
symmetric about this plane. One possible factotccbe the
deviation of the manufacturing from the design, chhieads
to the slight asymmetry of the actual structurewileer, not

all modes are subjected to the influence of geometr

asymmetry; some modes still exhibit symmetric augtdy

symmetric properties. The results are recorded hes t

property of "Left-Right symmetric about XZ" in table

Table 6 Symmetry property of sound radiation

Frequency | Vibration | Fore-Rear Left-Right
(H2) Modes Symmetric Symmetric
(n,m) About YZ About XZ
88 - Fore > Rear No
136 (2,0) Fore > Rear Roughly
170 (2,1) Yes Yes
224 (2,1) Fore < Rear No
257 (2,1) Fore < Rear Roughly
290 (2,0) Fore < Rear No
316 (2,0(2)) Fore > Rear No
384 (2,3) Fore > Rear No
405 (1,3) Roughly Roughly
425 (2,2) Yes Yes
455 (1,3(2) Yes Yes
498 (3,1) Fore < Rear Roughly
518 (3,2) Fore < Rear Yes

C.6) For those modes with the sanme i) number pair, the
directivity of sound radiation could be noticealdlifferent
from each other, which can be seen from the twoesadth
(n=2, m=3), the three modes witm£2, m=0), as well as the
three modes withnE2, m=1).
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C.7) At f=88Hz, due to the in-plane vibration modes
observed in section 4.1, the semi-spherical shelhticipated
to be more efficient in sound radiation under frégjuency.
Indeed through examining the sound pressure abttagion

in front of the semi-sphere, It is found that tadiated sound
pressure at=88Hz is one of the largest among all the other
frequencies, only slightly smaller than the two m®dvith
n=1) atf=405Hz and 455Hz.

5. CONCLUSIONS

This paper summarizes the experimental resultskrhtion
and sound radiation of a torpedo-shaped structulbbgested
to axial excitation. It has been shown that theictte's
dynamic behaviour is noticeably different from thaft a
typical diaphragm supported close-end cylinder. wias
observed that due to the impact of the boundargitions
imposed by the spherical shell and the conicallshie¢
lowest natural frequency is not increase along wWith axial
node numbem for the same circumferential number It
was also noticed that there is normally no consisteodal
shape along the cylinder, the ends and the midedtion
could exhibits different circumferential mode shapas the
consequence, the axial node numinesit some frequencies is
not clear.

Regarding to the sound radiation at each mode, e t
modes with circumferential number1 have the two largest
sound pressure among all the modes. The soundicedat
the sphere is efficient with the presence of ingghaodes on
it. The maximum sound pressure roughly increaswaer
modes, and decrease with the last 3 modes; nelesshe
there is no general trend relating the maximum doun
pressure with modes number pair (). For each mode, the
maximum pressure often occurred in the directiod®%60
degrees relative to the XY plane. The sound distidln is
not fore-end to rear-end symmetric due to the asgtmnynof
the torpedo structure in the axial direction. Besjdeis also
left-side to right-side asymmetric at some modes.

The effect of the heavy fluid loading on the stunat
vibration and sound radiation will be the subjedt @
following up experiment.
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