An Acoustic Reflector The present invention relates to
acoustic reflectors and particularly to underwater
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targets are typically acoustic reflectors which are
generally used in sonar systens such as, for exanple,

for taggi ng underwater structures. Relocation devices
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clutter and (b) have acoustic characteristics that

enable it to be discrimnated from other (false)
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and emtted as an output reflected response.
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In order to be effective an acoustic reflector needs to be easily distinguishable from
background features and surrounding clutter and it is therefore desirable for such
reflective targets to (a) be capable of producing a strong reflected acoustic output
response (i.e. high target strength) relative to the strength of the acoustic waves reflected
off background features and surrounding clutter and (b) have acoustic characteristics that

enable it to be discriminated from other (false) targets.

Enhanced reflection of acoustic waves from a target is currently achieved by refracting
input acoustic waves, incident on a side of a spherical shell, such that they are focused
along an input path onto an opposing side from which they are reflected and emitted as an
output reflected response. Alternatively, the input acoustic waves may be reflected more

than once from an opposing side before being emitted as an output reflected wave.



than once from an opposing side before being emtted
as an output reflected wave. Known underwat er
w0 edobeTiibve targets conprise a fluid-filled spPer/Gaa106/000116
shell. Such fluidfilled spherical shell targets have
hi gh target strengths when the selected fluid has a
sound speed of about 840 nms 1 . This is currently
achi eved by using chlorofluoiocarbons (CFCs) as the
fluid inside the shell. Such™liquids are generally
undesirabl e organic-sol vents, which are toxic and
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aspect wherein variations of greater than 6 dB of
target strength can occur at different angles.

Another known acoustic reflector is a triplane reflector which typically comprises three
orthogonal reflective planes which intersect at a common origin. However, such
reflectors may require a coating to make them acoustically reflective at frequencies of
interest and for use in marine environments and, although capable of a high target
strength, the reflective properties of the coating material are prone to variation with
pressure due to depth under water. Furthermore, triplane reflectors are disadvantaged in
that their reflectivity is dependent on, and restricted to, their aspect, wherein variations of

greater than 6 dB of target strength can occur at different angles.

It is also desirable for there to be acoustic reflector tags suitable for attaching to, locating,
tracking and monitoring marine mammals such as, for example, seals, dolphins and

whales, for research purposes. It is desirable for such tags to be lightweight and small in



It is also desirable for there to be acoustic
reflector tags suitable for attaching to, |ocating,
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exanpl e, seal s, dol phins and whal es, for research
purposes. It is desirable for such tags to be
i ghtwei ght and small insize so as not to inhibit the
animal in any way. However, %he abovenenti oned known
reflectors are not suitable for such applications. As
menti oned above, the liquid filled sphere reflectors
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According to the present invention there is provided an acoustic reflector comprising

a shell having a wall arranged to surround a core, said shell being capable of transmitting
acoustic waves incident on the shell into the core to be focused and reflected from an
area of the shell located opposite to the area of incidence so as to provide a reflected
acoustic signal output from the reflector, characterised in that the core is in the form of a
sphere or right cylinder and is formed of one or more concentric layers of a solid material
having a wave speed of from 840 to 1500 ms™ and that the shell is dimensioned relative
to the core such that a portion of the acoustic waves incident on the shell are coupled into
the shell wall and guided therein around the circumference of the shell and then re-
radiated to combine constructively with the said reflected acoustic signal output so as to

provide an enhanced reflected acoustic signal output.



to the core such that a portion of the acoustic waves
i ncident on the shell are coupled into the shell wall
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shell and then reradi ated to conmbi ne constructively

with the said reflected acoustic signal output so as

to provide an enhanced refl ected acoustic signa

out put. The reflector may be in the shape of either a
sphere or a cylinder with the circular cross section
orthogonal to the generator. In the latter case the

TR bRt R mayelifl tHe@hige Jf REhérQ Ph&rd ofla bARMeLNITh HiRUMSlar cross
system ie’a rope, with high sonar returns coning from

SRR R g&lal ﬁttﬁ %Jn@fgtcfrh 9% ﬁleﬁgf etr%aé%fthé RBedtOPGoMIbE 'ih @1& ?orm

di spose rig ang es to direction of travel
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e s where, for a particular selected frequency
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ef fective focussing of the incom ng waves and/or | ower
attenuation within the material so as to result,

over al I, in a stronger output signal. Naturally,
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t he case of a Iayered core woul d be expected to be

0eat 'eand 190@ ms™ t Alternativelyi, thefeoremaaly afmgirise twe onmo layers of

| ayers of different materials, either or both of the
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would provide either more effective focussing of the incoming waves and/or lower
attenuation within the material so as to result, overall, in a stronger output signal.
Naturally, however, the complexity and costs of manufacture in the case of a layered core
would be expected to be greater. Where the core is formed of two or more layers of

different materials, either or both of the materials may have a wave speed of upto

1500ms™.

To be suitable for use in the reflector device of the invention, the core material must be
such that it exhibits a wave speed in the required range without suffering from a high
absorption of acoustic energy. The core may be formed from an elastomer material such
as, for example, a silicone, particularly RTV12 or RTV655 silicone rubbers from Bayer

or Alsil 14401 peroxide-cured silicone rubber.



To be suitable for use in the reflector device of the

i nvention, the core material nust be such that it
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suffering froma high absorption of acoustic energy.

The core may be forned froman el astonmer material such

as, for exanple, a silicone, particularly RTV12 or

RTV655 silicone rubbers fromBayer or Alsil 14401

per oxi de-cured silicone rubbér. The shell may be forned

of arigid material, such as, for exanple, a glass
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through the shell of the reflector with internal I%
chaectersticanyths nnterialsaised foir dhet cote avid shichh wilh be readilyjindsfstood by
the device to provide a highly recogni sable feature or
theddiligdgserdon. t he enhanced refl ected acoustic signal
out put fromthe device. For exanple, the signal output
m ght be arranged to possess a characteristic tine
signature or spectral content. By appropriately
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acoustic signal
internally focused waves can be exploited within the design of the device to provide a

highly recognisable feature or features in the enhanced reflected acoustic signal output
from the device. For example, the signal output might be arranged to possess a

characteristic time signature or spectral content.

By appropriately adapting the sonar which is being used to detect the acoustic signal
output so as to recognise the characteristic feature in the output, it then becomes possible
to more readily distinguish between the signal from the reflector of the invention and

background clutter and returns from other (false) targets lying in the field of view of the

sonar detector being employed.

The present invention will now be described, by way of example, with reference to the

accompanying drawings, in which:



out put so as to recognise the characteristic feature
in the output, it then becones possible to nore

wo e@diofatedi sti ngui sh bet ween t he signal from tPEr/GB2006/000116
reflector of the invention and background clutter and
returns fromother (false) targets lying in the field
of view of the sonar detector being enployed. The
present invention will now b% descri bed, by way of
exanple, with reference to the acconpanyi ng draw ngs,
in which:Figure 1 is a schematic representation of a
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to the present invention; and, Figure 2 is a grap
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ent I'nations’ of  shell and core materials of
acoustic reflectors. Referring to Figure 1, an
acoustic reflector 10 conprises a spherical shell 12
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el astonmer. The frequency, or range of frequencies, at
whi ch the acoustic reflector is applicable is
dependent on predeterm ned conbi nations of nmaterials,
Refentingdo Figune 1,e aststit refiector b eomparises & bgheriedl abélvVE2 having a
di mensi ons thereof. However, as will be appreciated by
wilk14.8ddevall Bt sveloundsratvoreald. ons of nmaterials may be

The shell 12 is formed from a rigid material such as a glass reinforced plastics (GRP)
material or steel. The core 16 is formed from a solid material such as an elastomer. The
frequency, or range of frequencies, at which the acoustic reflector is applicable is
dependent on predetermined combinations of materials, used to form the shell and core,

and the relative dimensions thereof.

However, as will be appreciated by the reader, other combinations of materials may be
used provided the shell and core are dimensioned relative to each other in accordance

with the wave propagating properties of the materials used.

Incident acoustic waves 18, transmitted from an acoustic source (not shown), are incident
on the shell12. Where the angle of incidence is high most of the acoustic waves 18 are

transmitted, through the shell wall 14, into the core 16. As the acoustic waves 18 travel



used provided the shell and core are di nensi oned

relative to each other in accordance with the wave
w@e@pagasi ng properties of the material s used. PCGBA®AN00116

acoustic waves 18, transmtted from an acoustic source

(not shown), are incident on the shelll2. \Were the

angl e of incidence is high nost of the acoustic waves

18 are transmtted, through &he shell wall 14, into

the core 16. As the acoustic waves 18 travel t hrough

the core 16 they are refracted and thereby focused
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the core 16 and the relative dinmensions of the shel
vénch aro geided withingbewell f avwund thelsirewraferanpe of thaglalk 1% ne

of the shell wave 26 is the sane as the transit tine

of the internal geonetrically focused returning wave
(i.e the reflected acoustic signal output 22).
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reﬁ’ec?e%%’co&s%% s%nal output 22). Therefore, the contributions of the shell wave, which
is re-radiated into the fluid, and the reflected acoustic signal output are in phase with each
other and therefore combine constructively at a frequency of interest to provide an
enhanced reflected acoustic signal output (i.e. a high target strength). That is to say, for a
spherical acoustic reflector the circumference of the shell is the path length and therefore
must be dimensioned in accordance with the respective transmission speed properties of

the shell and the core, such that resonant standing waves are formed in the shell which

are in phase with the reflected acoustic signal output to combine constructively therewith.

Figure 2 presents data obtained by numerical modelling, comprising the frequency (F) of
the incident acoustic waves plotted against the target strength (TS) for a spherical

acoustic reflector according to the present invention, having a silicone core



spherical acoustic reflector the circunference of the
shell is the path length and therefore nust be
waleovesilened i n accordance with the respecti vePCT/GB2006/000116
transm ssion speed properties of the shell and the
core, such that resonant standing waves are forned in
the shell which are in phase with the refl ected
acoustic signal output to coqplne constructively
therewith. Figure 2 presents "data obtai ned by
nunerical nodel I i ng, conprising the frequency (F) of
fl@ﬁlng%zﬁg S Gl LB HRARABRAAIndS BRo1ba 08 Bie
tren or a spherical acoustic reflec
acqgrdlng to the present invention, having a S|I|cone
‘(100nn1radius)/GRP shell ( 11.7mm thick shell),
shown as di anonds plotted on the graph. Data,
simlarly obtained for a spherical acoustic reflector
accor.din th r i nventio havi ng. a .si,l i cone
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is shown as circles plotted on the s ; ﬁ
meenionshaying ulicongsared d0¢mmirpdiug)stests Q%’&B‘rtélc s %ﬁt ¥
data al so obtai ned by nunerical nodelling for
spivardscatlenplotied pthestnegraphs havi ng t he known
conbi nation of a liquid chlorofluorocarbons (CFC)
core/steel shell (1.3mmthick shell) which is shown as
asterisks plotted on the graph, and for a reference
TheRiraaltt e Rfcoamaridlonahes grapli efFigeb @] withidata hlso obivediby
as crosses plotted on the graph. As can be seen on the
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di anond

liquid chlorofluorocarbons (CFC) core/steel shell (1.3mm thick shell) which is shown as
asterisks plotted on the graph, and for a reference combination of an air core/steel shell

which is shown as crosses plotted on the graph.

As can be seen on the graph the silicone core/GFRP shell acoustic reflector (diamond
plots) has peaks of relatively high target strength at frequencies of between

approximately 120 kHz and 150 kHz and between approximately 185 kHz and 200 kHz.

The silicone core/steel shell acoustic reflector (circle plots) has peaks of relatively high
target strength at frequencies of between approximately 160 kHz 180 kHz and between

approximately 185 kHz and 200 kHz.



pl ots) has peaks of relatively high target strength at

frequenci es of between approximtely 120 kHz and 150
wokwearndebet ween approxi mately 185 kHz and 200P&FH&B200k©00116

silicone core/steel shell acoustic reflector (circle

pl ots) has peaks of relatively high target strength at

frequenci es of between approximtely 160 kHz 180 kHz

and between approxi mately 1859 kHz and 200 kHz. It wl|

al so be noted that the target” strength of the known

l'iquid CFC core/steel shell acoustic reflector

¥t%§ﬂ Qlsb DK nBlc@11S) tHeta btgé?feﬁ%tﬁ 28 fﬂghl}\@ﬁ Figﬁh dﬁ@é&?/ﬁtgel shell

requenci es of Interést and tends to ssen as

' . i 1] ej vant ageous
MR G R Ehor P B o S BN EHRGIER ana
{]Ot t((:)(inssi dertgd to be harnful to the environnent and

Rds Oilyssyrias; F PQUFRPY MGEEaFSand i nexpensi ve to

manuf acture, the present invention further

advant ageously provides an acoustic reflector with

conparabl e target strength up to 100 kHz and enhanced
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W th respect to known acoustic reflectors. It will be

Bpseeddeedie Usyharhil tosthe envirdnaenigingi ftieat étris redaivielyresy amis

of solid core and rigid shell materials nay be used

merpeingizel tat inegufzaterediherpresens imention fortheti adearsdpeblisiyprorides an

which are in phase with the reflected acoustic signa
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therewith. CLAIM5S 1. An acoustic reflector conprising a
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It will be appreciated by the reader that different combinations of solid core and rigid
shell materials may be used provided they are dimensioned to provide shell waves which
are in phase with the reflected acoustic signal output such that they combine

constructively therewith.



said shell being capable of transmtting acoustic
waves incident on the shell into the core to be

wo omesederand refl ected froman area of the shePdT/GB2006/000116
| ocat ed opposite to the area of incidence of the
acoustic waves so as to provide a reflected acoustic
signal output fromthe reflector, characterised in
that the core is in the forn18f a sphere or right
cylinder and is formed of onélr nore concentric
| ayers of a solid material having a wave speed of from
§ﬂ$ﬂ&§ 1500 nms 1 and that the shell is dinensioned
relative to the core such that a portion of the
acousti c waves incident on the shell are coupled into
the shell wall and guided therein around the

i rcunf erence of the.shell d then re-radigted to

Fo A aists rlepive cpBrign cielliging il Pt ta gumound a cor,
acoystjc signal qutput tq provide an enhanced .
r eftie shdlcpeipesgathle ogﬁrwgvﬁla&ﬂwft}c waveaincident,an the shell into the
reflector, as claimed in Claim1, wherein the core is
f oeprEdo be Enensedand geflectsd | froan smares ofthe phellilpepted aprosite to the area
speed between 850ns"1 and 1300ns 1. 3. An acoustic
r epf imgidence ef shecdcailstisdvivies €1 aitorprovidsra 12flecidrbaceiistictsignal output
core is forned froman el astoner material.4. An
ac twost the rafletiogct or, as clained in daim3, wherein the
el astomer material is a silicone. 5. An acoustic
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of one or more concentric layers of a solid material having a wave speed of from 840
to 1500 ms™ and that the shell is dimensioned relative to the core such that a portion
of the acoustic waves incident on the shell are coupled into the shell wall and guided
therein around the circumference of the shell and then re-radiated to combine
constructively with the said reflected acoustic signal output to provide an enhanced

reflected acoustic signal output.

2. An acoustic reflector, as claimed in Claim 1, wherein the core is formed from a single

solid material having a wave speed between 850ms™ and 1300ms™.

3. An acoustic reflector, as claimed in Claims 1 or 2, wherein the core is formed from an

elastomer material.



formed froma rigid material. 6. An acoustic
reflector, as clained in daimb5, wherein the rigid
woraioen7ab7 i s a gl ass reinforced plastics (GRP)PCT/GB2006/000116

material. 7. An acoustic reflector, as clainmed in
Caimb5;, wherein the rigid material is steel. 8. An
acoustic reflector as clainmed in claim6 wherein the
rigid material is a glass filhed nylon. 9. An acoustic
reflector as clainmed in any dt clains 2 to 8 wherein
the core conprises one or nore further materials

d . ' . ' .
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asiﬁ&§%ned in any of the preceding clains, wherein the
enfanced refl ected acoustic signal output is
sufficiently characteristic to provide discrimnation
fromother reflectors of the sane acoustic waves. 11.
An acoustic reflector as, clained in aim9 wherein .
I hengeyite redlsetontas icg“@ﬁfa\nai’éy e?ff@ PEecpYng clapus iwhereit theghell is
sig?ature. 12. An acoustic reflector as clained in
a &irmed fippes Bgid mdteriadi gnal output is characterised by
its spectral content. 13. An acoustic reflector
conprising a shell nenber defining an enclosure and a
core nenber occupying said encl osure wherein said
6 hdhlacomstib esflector,ad aptimed incClhihaSSylickein the rigid material is a glass

reinforced plastics (GRP) material.
7. An acoustic reflector, as claimed in Claim 5, wherein the rigid material is steel.

8. An acoustic reflector as claimed in claim 6 wherein the rigid material is a glass filled

nylon.,

9. An acoustic reflector as claimed in any of claims 2 to 8 wherein the core comprises
one or more further materials adapted to enhance focusing of the acoustic waves

transmitted into the core.

10. An acoustic reflector as claimed in any of the preceding claims, wherein the enhanced
reflected acoustic signal output is sufficiently characteristic to provide discrimination

from other reflectors of the same acoustic waves.



acoustic waves incident on the shell nmenber into the
core to be focused and reflected froman area of the
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acoustic waves so as to provide a reflected acoustic
signal output fromthe reflector, characterised in
that the core is in the formof a sphere or right
cylinder and is formed of onj nore concentric
| ayers of a solid materi al %lng a wave speed of from
840 to 1500 ns 1 and that the shell nenber is
101' ARRSLRAE teflo bl UGintdd ih b%nﬁ@r\ﬁle?éiﬁ thel SieHa] é‘ur}g&ﬁé Effhcterised

t he acoustic waves I ncident on the she are
t Fg ss around the circunference of,
hgy%%gﬁ f%tgﬁ% s are re-radi ated and conbi ned
constructively wt h the said refl ected acoustic signal
out put to provide an enhanced refl ected acoustic
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shown in, the acconpanyi ng draw ngs.
by its spectral content.

13. An acoustic reflector comprising a shell member defining an enclosure and a core
member occupying said enclosure wherein said shell member is adapted to transmit
acoustic waves incident on the shell member into the core to be focused and reflected
from an area of the shell located opposite to the area of incidence of the acoustic
waves so as to provide a reflected acoustic signal output from the reflector,
characterised in that the core is in the form of a sphere or right cylinder and is formed
of one or more concentric layers of a solid material having a wave speed of from 840
to 1500 ms™ and that the shell meﬁber is dimensioned relative to the core such that a
portion of the acoustic waves incident on the shell member are coupled into, and pass
around the circumference of, the shell member and are re-radiated and combined
constructively with the said reflected acoustic signal output to provide an enhanced

reflected acoustic signal output.

14. An acoustic reflector as substantially herein described with reference to, as shown in,

the accompanying drawings.



