METHOD FOR BONDI NG TOGETHER HOLLOW GLASS SPHERES The preseE%,LQ%%%g%o
relates to a nethod for bonding together hollow glass sphe

acoustic matching nmenber for a transducer, to a matching nmenber so fornga
and to a transducer incorporating such a nenber UK Publ i shed Pat ent { .
Application No. 2225426 discloses a netho¥ for bonding together hollow '

gl ass spheres to form an acoustic nmatchi ng nenber for a transducer. In the
net hod th@?ﬁﬁ@r@@l‘@nmwmoﬁo W GLASS SPHERES) in a nould to
forma matrix or bed which is heated to a tenperature where the gl ass
softens and is then conpressed to reduce the overall volune occupied by the

spheres sg that adj eresﬁg ether y_sinferin

t emperatu ca’r'(ﬁst*&ns‘{’éﬁﬁng 2ch ?g§§| 6??# steF eLQBd& =4 ;meé@%
del i ber at gl cause t e} f v e._sphe surf aces
Whi ch navBo3E% %é}é?ﬁ%ﬁ&i&?@ & %F&%%\i 8 FeEFngtagnbef, for
spheres. t X

by Vol 0 éf—%ag% R, 0353 4 Hrslningln ?.ﬁ%‘é?“n%%%%éé%m%@ YR ELLR ErdEREt
provi de a E@Q#% hbgrbet wveen a gas and the plezo el enent of
t he trans ucer I's Tal so |npg?%ant that bondi ng between adj oi ni ng spheres
I s substantially conplete. If too many touching spheres are not bonded to
their nei ghbours the inpedance becomes unpredictable and varies wth
acousti c pRr! eupllikhed Patent Application No. 2225426 discloses a method

for bonding together hollow glass spheres to form an acoustic .

matching member for a transducer.

In the'method the sphereé, eg. microspheres or bubbles, are
placed in a mould to form a matrix or bed which is heated to a
temperature where the glass softens and is then compressed to
reddce the overall volume occupied by the spheres so that
adjoining spheres bond together as by sintering. The temperature -
conditions and the cémpression conditions are so controlled as
deliberately to cause the fofmation of“voids.between those sphere
. surfaces which have not bonded together because of the spherical (;f
shape of the spheres. It is important that a high percentage of
the matrix is occupied by voids so as to produce a low acoustic
impedance (3 x 10° or 1oﬁer) to brovide acceptable acoustic
coupling between a gas and the piezo element of the transducer.
It is also important that bonding between adjoining spheres is
substantially complete. If too many touching spheres are not
bonded to their neighboufs the impedance becomes unpredictable

and varies with acoustic intensity.
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2 Unfortunately with the bondi ng nethod described it has béen found that
certainsspheres’ remain unbonded to their neighbours, particularly those in
the centre of the matrix and distant fromthe source of conpression during
sinteriny. Furthernore it has been found that in use spheres nay unbond
fromtheir neighbours. It is therefore an object of the present invention

to reduce thenfiePEERae1 YNN8 el BHd IR méEROA dag8ScrhBeal dre Haks Been
aspect of the present invention, we provide a nmethod of formng a

transducer(xﬁwma3|nnatum¢§gt§mha Spreres Ofreiliiai ni tgbbndeaW ricgi deheir
spheres and a solution of a heat curable resin and a volatile organic

sol vent to anéigiievats| st icularly tthake i dife tlentsel oénthendatuoix and
resin thereby to cause the adjoining spheres to bond together to form an

acousti cal | ydistant nFrmenbéhehasdurcat dfeacpmpressiohacduring ssinteming.
packi ng density of the spheres and the concentration of the resin in the

sol vent bei naxthenaoret ikt hasi heenr Sounde thiade incfasey @phaese Nay rignbond
surfaces of the spheres away from points of contact, placing a piezo

el ement on t¥xoBFheis Bﬁlgzb°ﬁ§ﬁber so forned and subjecting t he nmenber

and the elenment to a conprehensive force to conpress t he nenber and cause
the elenment to be affixed to the nenber.

It is therefore an object of the present invention to reduce

the degree of unbonding described.

According therefore to an aspect of the present invention, we
provide a method of forming a transducer comprising subjecting
a mixture of adjoining hollow rigid spheres and a solution of
a heat curable resin and a volatile organic solvent to a
temperature sufficient to drive off the solvent and cure the
resin thereby to cause the adjoining spheres to bond together
to form an acoustically matching member having at least one
surface, the size and packing density of the spheres and the
U concentration of thé resin in the solvent being so chose that
voids are otherwise left between external surfaces of the
spheres away from points of contact, placing a piezo element

. .on the surface of the member so formed and subjecting the
member and the element to a comprehensive force to'compress

the member and cause the element to be affixed to the member.

According to another aéﬁect of the present invention we
provide a transducer comprising a matching member formed of a

matrix of hollow rigid spheres bonded together by a resin in



Accordi ng to anot her aspect of the present i nvent | un WE"pI‘DVI dﬁ a"
transducer conprising a matching nenber fornmed of a matrix of holl ow r|g|d
spheres bonded together by a resin in such a way that voids rermai

bet ween external surfaces of the spheges away from points of contact aﬁd a
pi ezo el enent affixed to the matchi ng”nenber. An enbodi nent of the
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Fi gure %phélrgﬁr e 4 ?s f;*lr?qgnﬁf’gﬂtéd ‘\%e% g"fta?r?g g cr??ngggr%hber?felﬁéﬁ
transdugef; xaRd+b' ¢ne mat lgqu{ w.amplified VIeM/Of the mcrostructure

of the circled portion of e mat c |ng menber of Figure 4. Referring to:
Figures 1 to 4 the transducer conprises a piezo elenent, for exanple, of
type PZT4 or PZT5A, in the formof a PZT cylinder 1 vvith el ectrical
connect Ang enbbetinbnt3 6Fi e inventiion will now be described with

referencé- to the accom;ﬁanying drawings in which:-

Figure 1 is a perspective view from the side of a transducer,
Figure 2- is a general side view, o/
Figure 3 is a view along lines A-A of Figure 2,

Figure 4 is an amplified view of the matching member of the

transducer, and

Figure 5 is a further amplified view of the microstructure of

the c¢ircled portion of the matching member of Figure 4.

Referring to Figures 1 to 4 the transducer comprises a piezo
element, for example, of type P2T4 or PZT5A, in the form of
a PZT cylinder 1 with electrical connecting wires 2, 3 (Figure

1), an
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4 "acousticall'y matching nmenber- 4 for the cylinder 1 and a protective

| ayer far the menber 4 in the formof a thin disc 5 (see Figures 2 to 4).
The matichi ng menber 4 which is in the formof a cylinder affixed to one end
face of’“__'tfhe PZT cylinder 1 has one of the wiges 2 connected to its
circunferential wall while the other wire 3 Is connected to the other end

face of cyli aeRuskicdA 15 0WatichifgdUnember! Nd MebeNi EHe fndefgOnpri @g& ga_

cl ose packed matrix of gl ass :hubbles or m crospheres 6, adjoining bubbles
bei ng bon.dedgmwtqwém 7/d1eHJY | thé hGeliber 08 2h BReNEeXrff o20R AHin Wide® s
voids 7 are deliberately forned between the external surfaces of the
bubbles 6. TheselulHilgtres @ &o0fg)t.he type AL6/ 500 manufactured by 3M and
known as C-glass. The bubble size ranges between 20 and 130[ ERR], average
size 60[err]. -The resin is an epoxy. A typical resin is ERL0O40 made by
Design Resins Ltd. This is a two-part high tenperature curing epoxy. The
disc 5 i s of Thel matichdngt mevberatewhichods ihi thenfgrmeoD .2 oylhindek affixed
Instead of a disc a cup-shaped |layer nay be used to offer side as well as
end protecti §0. onestend face pfathec PIRicylindearnd: hascomel o8 thedwireshe
protective layer if thin enough eg. alum nium

connected to its circumferential wall while the other wire 3 is

connected to the other end face of cylinder 1.

— As shown in Figure 5, the matching member 3 comprises a close
packed matrix of glass bubbles or microspheres 6, adjoining
bubbles 6 being bonded together by a resin in the region of
points of contact, while voids 7 are deliberately formed between

the external surfaces of the bubbles 6.

The bubbles 6 are of the type Al6/500 manufactured by 3M and
known as C-glass. The bubble size ranges between 20 and 130pm,

average size 60um.

The resin is an epoxy. A typical resin is ER1040 made by Design
Resins Ltd. This is a two~part high temperature curing epoxy.

The disc 5 is of polyimide (trade name Kapton) which may be
0.07mm thick. Instead of a disc a cup-shaped layer may be used
to offer side as well as end protection. Instead of a plastics
material a metal could bé used.as the protective layer if thin

enough eg. aluminium.



5 The transducer is manufactured in the followng way. Firstly, the resin”
I's dissolved in a suitable solvent such as acetone. The ratio of the resin
by weight to the solvent in the solution lies within the range (1 to»10) to
(1 to 1) for exanple, 1:2. The viscoyig/cﬁ such a solution may be Ik#tle
nore than the viscosity of the solvent,?for exanple in the range 0.3 to 10

centi poige. ,The gl ass bubbl es are,the dd t e solution tq ,ahsorb "
S the e Tapedser, 17 nenufacured In Fhe) ol ifvifs Wevl, | Birptiy o
visible iquid content. Th cking d | f : bpl t thi.g stage
appr’oacﬁz&e tHes® o'ié-éﬁsﬁggvg?ahé‘. q’rh%%ééc)t’iég?%ﬁcg@ﬁt% naicﬁ%@r“feéd

t hr ough e I hca i

sili con%uﬁbuwlﬁ%%w&%ﬁ t‘{?g eg%sgo?%%bgb\f[& %ﬁ&%&i&&s t he
sanme i nterdal ﬂ'}gﬁﬁt a t lgydi re®fqf h Z haden..
quantit;}qcﬁptme u b%?s%?ﬁglsoglm%%t?rog i'fs%:n;3 lgnt?r]éins grgr éﬂ?lgéar}sfzgf a
spat ul amiiy {kCosiey "BE! Sulch\d NSoPit IGRCHADS beC iititld NhOréhthlini Theext

i nserted the PZT cylinder. A reasonably constant pressure is then exerted
on the MdduityYoftahé @bl¥veMQWESP eRempPedel khenating® olgetbhao
cylinder towards the bubble/solution mx to conpress it. The nmould is then

heat ed icertipis.at ure above the boiling point of the solvent in order to
drive it off. In the case of acetone '

The glass bubbles are then added to the solution to "absorb™* all
the solution ie. until the final resin/solution mix is stiff with v/
no visible liquid content. The packing density of the bubbles

at this stage approaches the close-packed state.

The protective disc is then inserted through the open end of a
known type cylindrical mould which may be of silicone rubber
until the disc rests on the base there'of:. The mould has the same

internal diameter as the external diameter of the PZT cylinder.

A quantity of the bubble/solution mixture is then transferred by \J
means of a spatula say into the mould leaving an uppermost cavity

into which is next inserted the PZT cylinder.

A reasonably constant pressure is then exerted on the cylinder
by means of a known spring loaded plunger to urge the cylinder
towards the bubble/solution mix to compress it.

The mould is then heated to a temperature above the boiling point

of the solvent in order to drive it off. In the case of acetone



6 ‘sol vent this may be 120[err]C. Then the nmould is heated to a
tenperat.ure sufficient to cure the resin which in the case of the two-part
epoxy §cr|bed may be the sanme 120[err]C or up to 180[err]C while the
pressuresis still applied. This procedure: pgow des a transducer of the type
previously described with a cyI | ndr| cal hi ng nmenber | ocated between a

to thy Lgﬁﬁrerﬁ%‘gtf@i? oadE BeT128°L0 gfs“ﬁg*‘ﬁh‘@* £ BRuLE fy hedlfed h§
poi nts of c Qi‘.‘ur&tgﬁf éfeﬁe'tfjtgr » tHe g%gi}‘gﬁﬁﬁﬁ:ﬂeiﬁp@ﬁé ?asé'l?

way the matchi ng nenper orma acoustic coupling

the transducggospapt E‘P%a He%%rﬂb@wtﬂhf Obe! ERePEhne)! uw'ftf .or uﬁ'—%UVfiaJo c

A et hod of form ng a nsducer conprising subjecting a m xture of

adj oi ni ng hoyhpyertBedpeebsaee 28dstildl appried, a heat curable resi n and a
vol atil e organic solvent to a

This procedure provides a transducer of the type previously
- described with a cylindrical matching. member located between a
PZT cylinder and a protective disc, both of which are affixed by
the resin to th'e member.
U/
The resin causes the spheres to bond to each other at their
points of contact but otherwise voids are left between the

spheres.

In this way the matching member may form a % wavelength acoustic
coupling for the transducer if of the correct length for the PZT

cylinder.



tenperature sufficient to drive ‘off he sof%ent:anu'cure the resin thereby -
to cause the adjoining spheres to bond together to forman acoustically

mat chi ng menber having at |east one surface, the size and packing-densjty.
of the spheres and the concentration of the resininm the sotvent bei nghso
chosen that voids are otherwise |eft bbtween e of the
Spheresnéﬁvxgiy_from poi nts of contact, placing ﬂmmﬂﬂmﬂmﬂt t he surface
of the 850 formed and subj ecting the nenber an e el nt to a

conpressive force to conpress the nmenber and cause the el enent to be
affixed to the nenber. A nmethod as clainmed in claiml or claim2, in

2.
whi ch the sphegr 3 4 ggg. 2l . .<Cl al or
claim 2, "e'l' n V\ﬁ [ cléwtgé&o&é %@ﬁfn?%t%r%rﬁé% ] ec@“@%%jtr% é["{garﬁ)ée&ajtrn# &
suffici _ rL¥e : SRLY £ i § Wbhd r8sid n idaqih r | nto a
nmoul d aﬁﬁi%{%gr%i 2§pa§$é:rlr%£§g'§ %Face?iﬂgjﬁ&t o@x olftgs_t h%ﬁm'ré(tét?rle _Wcﬁmﬁ#g whi ch
the m xtHegt SoHhEE! ¥édit [ BRq! CAPlldt B SUbrgainde! E819eh¥e ©6f d he
sol vent and cure the resin thereby to cause the adjoining spheres to bond
t oget her teiperatubexblf€itsehBcfos abioet odft €he eoINeRtSand e the ur ge
the el ement towards the mxture to conpress the mxture and to adhere to
t he m xtnesinftkeérebyi vg.cause the adjoining spheres to bond together

to form an acoustically matching member having at least one
surface, the size and packing density of the spheres and the
concentration of the resin in the solvent being so chosen that \u)
voids are otherwise left between external  surfaces of the
spheres away from points of contact, placing a ﬁieZO element
on the surface of the member so formed and subjecting the
member and the element to a compressive force to compress the

member and cause the element to be affixed to the member.

2. A method as claimed in claim 1 or claim 2, in which the

spheres are of glass.

3. A method as claimed in claim 1 or claim 2, in which
before the mixture is subjected to the temperature sufficient
to drive off the solvent and cure the resin it is poured into
a mould and the.piezo element is placed on top of the mixture
following which the mixture is subjected to the temperature
sufficient to drive off the solvent and cure the resin thereby
to causé the adjoining .spheres to bond together and the
mixture is_then subjected to a compressive force to urge the

element towards the mixture to compress the mixture and to
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4. A method as ciaimed in ctaim3 in which the nould and the ere

bot h cyL)Lndri cal . 5. A nethod as clainmed in any of the prﬁm

in which the size of the spheres ranges between 10 and 130 ‘I Q"ﬁ?"ﬂ
met hod claimed in any of the preceding @ains, in which thecpa@kl

density of the spheres lies within the range between 10% and 100% of fully

cl ose packed.gqafy Iﬁﬁﬁi. f the preceding clains, in
whi ch t he ratlo 5% 4:he re5|ﬁs§?ﬁ%gl %Ekéigbgblvent,in the solution |ies

within the range 2:1 to 1:20.78. A method as clained in any of clains 3
to 7, in which before the m xture is poured into the nmould a nenber to

serve as a piqt ectd yathiodasf at8ihed iHecI®ikes ik wHiRaetHd ﬂdiﬁdr@ﬂditﬂehe
face subsequently adhering to the nmenber when the resin is cured. 9.

met hod as cl sileknt) ety Wit l@rindrica®. in which the glass is C—glass.
10. A method as clained in any of the preceding clains, in which the resin
I S an epoxy. 11. A nethod as clainmed in any of the preceding clains, in
which the solvent is acetone. 12. A nmethod as clained in any of clains 8 to
11, in whichbs. A method as claimed in any of the preceding claims, in

which the size of the spheres ranges between 10 and 130pm.

6. A method as claimed in any of the preceding claims, in
) which the packing density of the spheres lies within the range

between 10% and 100% of fully close packed.

7. A method as claimed in any of the preceding claims, in
which the ratio of the resin by weight to the solvent in the

solution lies within the range 2:1 to 1:20.

8. A method as claimed in any of claims 3 to 7, in which
before the mixture is poured into the mould a member to serve
as a protective front face for the member is placed in the
mould, the face subsequently adhering to the member when the

resin is cured.

9. - A method as claimed in any of claims 2 to 9, in which the

glass is C~glass.

10. A method as claimed in any of the preceding claims, in

which the resin is an epoxy.



the menber is a disc. 13. A netflod as cl=aimed in any of cTaims 8 to 11, in -
whi ch the nenber is a cup. 14. A transducer Comlfmggmum mng rrenber
formed of a matrix of hollowrigid spheres bon ﬂ resin.in
such a way that voids remain between ternal surf%c 8f fhe* spher escanay
frompoints of contact and a piezo el ehent affixed to the matching nmenber.

15. Atr sd er | ai-med _i.n aim 14 Lch_the_spheres .are of gl ass.
T, A triheabeneBiof Aengdatned rmany $F Hhe Praseaifgnciad dnd o

t he sph agﬁg N, 0 O[err]. 17. A transducer as clainmed in
any of 3%%?%% t gﬁ%&ﬁgnl%h?c%g?ﬁg packi ng density of the spheres lies
wi thin the range between 10% and 100% of cl ose packed. 18. A transducer as
clainmed in any of clains 14 to 17, in which the glass is C gl ass. 19. A

transducgs, asaChatHBd h8 %ﬁ&lﬁxfedc'ﬁ! Ehylof Gcldims NgWBbCA1L Ne ) Qe s an
epoxy. 20. A transducer as clained in"any of clainms 14 to 19, in which the

mat chi ngewe fehbes 18 Ahgigerm of a cylinder having opposed faces, the
el enent being affixed to one face thereof.

13. A method as claimed in any of claims 8 to 11, in which

the member is a cup.

14. A transducer comprising a matching member formed of a 'Q)
matrix of hollow rigid spheres bonded together by a resin in
such a way that voids remain between external surfaces of the
spheres away from points of contacﬁ and a piezo element

affixed to the matching member.

15. A transducer as claimed in claim 14, in which the spheres

are of glass.

16. A transducer as claimed in claim 14 or claim 15, in which W

the size of the spheres ranges between 10 and 130Pm.

17. A transducer as claimed in any of claims 14 to 16, in
which the packing density of the spheres lies within the range

between 10% and 100% of close packed.

18. A transducer as claimed in any of claims 14 to 17, in

which the glass is C-glass.
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217 A transducer as clained in any of claims 14 to 20, |ch the
el enent |s a cylinder. 22. A transducer as clained in e|th Iﬂ"
cIa|n121;-|n which a protective layer is affixed to the ot ﬂl#”ﬂ
menber . *23. A transducer as clainmed in cll@m 22, in which the [ayer fssa
disc. 24. A transducer as clained in claim?22, in which the Iayer s a cup.
25. A et hoth of f r&aﬂs&uhéén%@‘@fa%tfﬂt bay bfasclfaems npef ebe 18, in
described with reference to the . acconpanying draw ngs. 26. A t r ansducer
SubStantlaJLth§hh@ﬁ@lf@g{ﬂrfgdgﬁCépB§9 with reference to the acconpanying
dr awi ngs.

20. A transducer as claimed in any of claims 14 to 19, in

which the matching member is in the form of a cylinder having

opposed faces, the element being affixed to one face thereof.

21. A transducer as claimed in any of claims 14 to 20, in

which the element is a cylinder.

o/
22. A transducer as claimed in either claim 20 or claim 21,
in which a protective layer is affixed to the other face of
the member.
23. A transducer as claimed in claim 22, in which the layer
is a disc.
24, A transducer as claimed in claim 22, in which the layer
\_; is a cup.

" 25. A method of forming a transducer substantially as
hereinbefore described with reference to the accompanying

drawings.

26. A transducer substantially as hereinbefore described with

reference to the accompaﬁying drawings.




