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FIG. 5 NORMAIl#L REFLECTIVITY INDEX OF

LOADED BUTYL RUBBER FLAT DISK SAMPLES

METAL LOADING, ALUMINUM POWDER

VARIED PARAMETER :METAL PROPORTION

PROPOR lYON
SAMfPL.Z (BY WFIGHT)

.,A 25 PTS/100
8 100 PTS/IOO
C 200 PTS/100

OA UNLOADED501

-s 20

20

Z1 5  .- -

6o 100o0 400 600 1000
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FIG. 6 NORMAL REFLECTIVITY INDEX OF

LOADED BUTYL RUBBER FLAT DISK SAMPLES

METAL LOADING: LEAD POWDER (95 PTS/tO0)

VARIED PARAMETER: CUMAR AND 3L.OWING AGENT

SSAMPLE PROPORTION (BY WCIGHT)

9.25 PTS/1O0 CUMAR
0.1 PTS/100 BLOWING AGENT
9.25 PTS/t0O CUMAR

E 1.0 PTS/i00 BLOWING AGENT

F 9.25 PTS/100 CUMAR
2.0 PTS/100 BLOWING AGENT

OA UNLOADED

25I

E 20
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200 400 600. !000
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FIG. 7 NORMAL REFLECTIVITY INDEX OF

LOADED BUTYL RUBBER FLAT DISK SAMPLES

METAL LOADING: LEAD POWDER
VARIED PARAMETER: METAL PROPORTION

PROPORTION

SAMPL E (.Y WEIGHT)

G 160 PTS/IO0

H 25 PTS/tO0

SI 320 PTS/1O0

OA UNLOADED
25

/ 

,

II

2 0 \H

/. 0-A /
15 :--

.00

I0

•0O0 200 400 600 ICO
FREQUENCY QKC)

12

X',,s.

I I 
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98 te*aI,,he

•'or the wedge oje!:Iort vGi,-j ?fr.ir) in the exist~,nrg
l .. ining (Uiýgure 2) Is prolh).Fb,,m "~r~ S" rubber This 11 r,

w~forn-,rly 1-.sed In an nnsec~hal- 11- n G ern~n -ny s n. d p r i cr t o
ini ta 11a' lo~i in our tank, wos zt~orpd in 8ir for a nxz.-b-r of' e

Exaitu "on o t-he wteges inlate- that 141e rubbo-' has detc;mrJi
oce ted aznd *is r&eltively hard, Rasult~s of -measurmnertz or ,.i
UnrIng ean, therefore, be interpz'oLed, only as 01't~~tico
,ýx1ating Insta~lltioil and not necessnrily 4t-hat of Fafnlr r In ts,

3 J2MilJ Condit4Cnw

16,, The besic "-teriel of tho wedge elemcnts ident-ified in thIs-
r-epor.t as 13'.!tish Fafnir, Fi.g!1te P7, ".s but-Y." riAbber. Since thfez-?0
wedges were I.n good condition,, the resti 4 's shoul.d be rpe~~e~.
Oft thAIS rriterial,

17, Imsulk-rete 1.9 a rmteriel rezde from :!oarse sardust and cemnent
*i-i the proportion of 4 tol P igure q. This m~terial -is being

,aetd lby rmderwater -Sound Refre'nee Teýboratory (WSRL). as a lining
feor'eac (ih);es- rtank' Reults of easurervents M~ade 9+1 UHkJ

B ratherlow, of~ the .'rder, of- -20 10.1 compar'ed to~a. raeferenaae
rpflcto plater~~nyrag considereda lwi T-hia

za teris I the n constitutim one of " the types mentionied t n -the
p~ecedinzb sel:tiorn which has a relatively lowA ebsoc'ptiorn p*er tun't

S S ut. prmt f4' t-1b goad. Match at the Interfae -

toLioar y liig n Sal o"k, - The ma*'iýz'A.3 e~

ec-an C)Stm fro U-e Cdi LtI

b-' -dr~~ "No~rT two is e rdanly C or rI 1 et. 4i

-oil c." rltrc. -A nt sounzd eccoimtera a grad-ml
opt -r i.. e.. ll tls "rnStio a9 ol, rmt±Oti =

n C "TIYý th
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requirt--.ont thnt th cThiqngc of' section anrv1 rte of c1hnng,, Of'
sactioni occutr tin c. giadiil ,!ntinuois -manenwr thirorqjioit t1Co
transiti~on length,, inclndlng the houndvri(ý.o3, roertenct-1d
1'hon, a Uso, as inhrn tj-1ory, oneO c.-,a sty:"- 4that surzh of
$S"2tIOTI I.rIpUOS8 j- gr,,)d i 1c n t ir-ou otir -ch: nz(- oF' in Jc 6

20,-, Gor'mn Fa~njr~. The Dr inc iple of' grn.t' .D13 t re n., ;I ori has beer,
SuccessN1u2y applied to thcexperimental -v-ý`pr!~ent of 3ound-
in-air aýbsorbent lining~s, and nore rece- i , r e p urt " y
Meyer ini reference (e) to the davolopiz,~ -.ndprma ter s ound
abs-orbent linings,, In the development seUnderwrlte!' aoufll
linings,, various materiali~ with elastic rozjte~resis anid various
shaped 3tructures were triepI., The I'infil version of the-li~i~ng,
ralled lfarnir, was constructod of flat triangular rubber wedges
with included air spaces,.

21,. The structure consis4.-s of~ rows of% these elements m~ounted
on a ~wood backing plus tho vatrr canal~s or ducts in the spaces
between the rows, (see. Figiw.-z 2 an 1)f.

2- . IG 7M z



~~~ d~r-z frc on a mtu~d of thle varlat'.oý. ' :c ~z2

o te ateofcbunJ4' crosi section., Tho i -) zl eli

b e st fin wh i c. a s 1 n Cie p or vs1 v'- w var i f-4 w 1ý '" ~ 7 -hold constant. For n vzdg craon~ sttlof o"f 25%, o,16 the t~ot"Iarea at x a Ot the stutr, rllcovd.n 'to r'e-once (e' rex;,1t-inl ?Te~et1,v pressures of It% of those of the Lnidet orwave. This reduction~ held bcveen a 1ortmr cl.toff f~nqu~ency for'whicih the vedge length equals a hair swavt lezigtb airr- la vppe:' C-.t-off frequency for which the zpr-Ang or th6 canzals waa i eja1l toa half vave length. It was 4indleated in reference (e,' thbat "'beproperties of the ca~nals sfleet the 1.ewer and bighcerNear the lowier viatofT freavexcy, the Small. ratio Of 3P%½Ln towxVo lengeth cauased the velocity of vsttr in the can'aGla to -be4ecressed which, in. t a a."- iedatee st ~t ',-i tir oftb*e wede-.6 Alt the h1gh-fr :~~c:~~rte creased ral f* pacIne to wave lenagth C ='~d cwd* to~ enp the Ptrctmze an ,,.c tbe reflected fro~i ther 1et.ýd backi~igý At array cmiotis4i1 of4 aa~equence of two rows of vec3ges Ii. em lon.g sxmd I* C_ 1ht' 7el ,-* a row ot 'vedges 25,"'r 1~ CM L~t thic~$k arnd splikratel3v 3 ýcmi ap~oxt wag S irn ; efrej (e, tc 1 0rease the ba'r.vid th , so that the J;P*xix; av t~tetivt' fr'om 40kArnother -fivtor cors14et~ I'll -M O~ergel410 (e)~ and usý 4- det'ji.iz
area of, ved ge Of' 50% 461 the týul' 'arp,6.Qt x 0;, the Off"'It Ofth'e backrinZ vas pot vprcs~ e~ridge _Iorgt~sl. z~ to or

introu~~nga_!,'TPP~C!abe.ine r'ease ins the Offoo~t 0: tht j!iSLýzorntlz~ty at X =,_Dwe11 ~esere ya ~raei
reato~ of cba=*g of ~~ei~~t

* Qlderto iZ*VStigateL the- e$$ke-''of
Ln:as-'re tbP cross, ý"ectiloz- OAr aprxmtU6

-*or w Fofe&: r iflt: Ix thh !afj 2,r juei~ that e

~C eT hedimen5s 0 FV'rnp; .ý'Zum 7thet
Fai f Z. inlThe1d i h Nv tan'x1nlaec

zhý~~~~~~~~~~~~~4 '-7a"'a rte egs flnts1 A~ a.

11rntea or th dimenions mn .loro,ji,th



4, ,Q I~ -,

vnl10 cm correllponC141 othnnelo
Tý re v J ou 'The incluc ed a ir ~ ~ b
Tmrallel to thie base, Irefr,-)nce (0) ~.In -le r~re, cnt rnaT,12r'

1, at.r w of th 4.I ;, IAt. - -- f tt

Lý1• a wjedge percallel to the rm~s. The c~~ ¶fcrn,2(d lop-wear thet

lwedgez are tlm narrowe to th h~;o r ,*lei~vur~t oz al.('¶ut

one tm wch~c should mis %`.,- iiper c-&-to fre;,uency ýo
app~rax~trt-ely 170 kc. '.Me r,-u=tjF cogssectionfl are ver3u5

di1stance fromn the wedge backdixw plate Is sŽ-icrn in Firgurp 2

RODS

SI&
BF)X:

1-T

-A

Dz~vlllb; MMM K .=MM O 'M

T T B1

77*p dlrot~jt ef:ie:ýrs above'½ Vh

it0)sdrbyrf'ek-Lyt~

a *,W-31-av*inO .. *.1 *rvqu.
Ita D,7lnarae
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SECTION A-A SECTION 8-,B

FIG. 13~
TYPICAL VIVEWS OF CONE LATTICE STRUCTURE.
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7 T T-ý

tono1, ,t v~tetU1 by ý' e .1 t&'~ 13v LO~ 1):"ut-itir'd ~stO
~Ar'I&'tY ei.,OzA f~gt &-t& ~ 1e IIC~.b The Cones &nr

bteking czwinvSit of onog ri'dx unni'tt0 1of oded butyl rabber. The
diwetl*13 o of the cone elervrjmtlý- ware eelected by ,iiing thep
retults of r*ferance !4e) t,, a ienara1 guide, A lenr;tb of 37
cr was chosen~, which c'otrr,ý.ponds to a lover cutof'f 1'requcrecy
of arprosizatt.,y 10 kc. The cone gereratinp anile was cbo~eri
as small as practic&1, 'nam~ely 1r;. Tbe radius ci' the cone baise
is approximately one cm.ý The 'test panels are approxirztely 22 zr.
squ~are "n 5 cm deep wbich incl.udes a 'thickn~ess of 1.25 cm for
the base. In Fig~ure 13 1t will be observed that each cone is
sv&x-1oiwrded by uix: ta~ngent cones. The exposed areas of the pl-e
backing approximate .small triangles. The percentage of urzea
*:tpose4 Is approximately 9% of the total section. Although it
Is possible to eliminate this flat area with the associated
discoritimaity,' it was felt that, for t~he purposes of' this
pr lim1rnary Investigation it would be instructive to Meavurne thie
reflection characteristics with the discontirnut7r present and~ to
note the frequency at which th. Offe'ot of the discontinuit7
becomes zicticeabla* F'rom referents (a) one might expect this
"~requoincy to-be around 250 ko, since at this frequency the
madimam dimension of =ne of. the "tani'gles't Is equal to a hall'
wave 1engtho' Also one would expect the level of the reflected
sound to be of the order of4 1,0 db'below tbat ior a f lo, t Sxanple
of ' the 3Ame material., This lo biased ozi 1he percent of tolf.al
area axnravedo An additional conside'ratiorn In the selectiren'of
,this structure was 'the timple geometriesl reh';ionshIp between
surface and violtme versus dirtrneze fl~om the cone tips which
vo=ld be of value --In any fnturo. that lStty: of' tbe
mathansivm oft gradual transiti ot,-

WATA

1000

~~ X~v

-1+

'If

1;a~"S-Z=1CMOF IC 1T"11Z 11NW1



Z F ?i r~ur 14. e v the oro s z t,: or&tirc, 1 ersiu~ dint-ance
ft the LSZ tct U- o the iruliptli core salM2.e. Observe that;
the-V in smiooib transitiort ,at tht, cone~ ti~ (x w-(D + DI.,'
both the change of section~ and~ the rate oiC ch~nre of sction
sproxirate zero at this p~o~nt,, Tlio p2lnrip aresa at the back of
the strueture (X. ~Is ro'1I'ced to ap roximExtely one-severith
e that shcmwn in ?Firu~rr. 1.2. -ro-r German PaJNir and can be
!rraotically ellmin~ ted by Incorporating ccrnical holes in the
txposed sectionis of the bacIcnsr (note dot'"tedz line's). The 3cct1i.--
of' water nineuded between t.be cones frAdi'taily tapers with li
'Prom the vedte tips so that the discontinuity encamtered with the
Fafnir linings due to theo cavials Is not present.

25# It Is realized that the structuzres studied here are proposed
for use at uuch lower wave length-to-diumeniaioc ratios than thoso
included In PA71cighe's 'ork (m gradual transition. The phAse
surfaces at these frequencies are nio longer' plane and the
secharlsm of saw~d transmihssion from water ;.xnto the material is
Ver7 tomplicated both b~cause of the Involved shape of the
structure anid tb* coumplez behavior of the 1!Iterialo Hence, this
investira~tin bas bee~n essentially experimental.

* 26. The physical charaeteristics of the samples. studied are
s~uarized in Table 1., "The table also Civet, acr, numbers ared
£rlzre numbers, 'iiich L11ustrats the respective oa~mleso The

* first digit of the tiode number refers ýto the samaple' material
=d the stcorA di1git donates -doen~c physical cbhaacteristics
where pactibil,
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I~V. LAORATOR~Y A">PARA'JMJ

of TAhe appsir;. tutj fer rrodl.uCing,
normsll 11,,r.t, sound wave.,z andi~ ""or r
thG rOfloovit~y pattern is illi-Lt~ratod in Figure >

28., A ý.e];Ayki trigge'A from a'Tktaronlx o3cif.1lostopeg Type 512,1
'n'tlatz-t a squniro palse which ~rodul-tes the ozarrier fror. the,
319na]. Ž.~ o~ This puilse-modulated wave is arplified and
then drIves the projector through a ratching, network, The
pro.jecto-, produces a narrow bean of' pulse-umodula ted souind waves
which are normally incident on the specim~en. Rleflections f'ror,
the specirien are received by the rrýti.ng probe hydrophone and
the vol I'toae generated is sent tIbr a ratehing netwcark to the
gated receiver which is triggered , the oscilloscope- The
receivin~g gate can be set t-o correspond to the beginning of' tha
desired reflected :sIgnsl by an adjustable tirte delay.. After
an'pliftc&-tion, the 'J~gnals are applied to tho polar recopder hc
is designed to:: ,*ndu ' 'conitinuou~s it,:arl .th~ic plot. T~ho re
position. indlcrted'b thie.!'ecorder i4m ~de tcG corresnond to th~e
hydrophorm orintio by the use, 6f a selsyn systow'-*

29. ArrenrS nt ..of Aym~ar,,t12ule, Thý, arrlangemnt of' t~he apparatzzs
is illustrated in -Figi eq 16 abd 17. Ref'erence ref2lection pl.ates
were made of' 1/6'1xieh brass alate backed by 1/4 inch corprenaý

* They were sinsperled -velErtlc*ýliy from. the. rotati on framework by a
12 inch wire rope,, 'The p~late *-S held verticeil by a weight

'IV 80 1~ coeeUt 8nd-absi*xbentý:ateria.1, Th apacirr
%aI;e to the ecleting Plýta by-gwaUm-r-a r bands. Thlo

center of' the sarqp'le va S1 s oI t i oi at*: e elw h s,5c
of the -water to *allvi -Por- approx.immte. _ce#nteriftg of' -the sam'plo-
betvween t~he water surfaece' find theý positioning weight t.which was
covered withart zýoust-ý,a absor~ber)X

~Q ~ eat~r;~tat ~ra~ om iad o~fi he, f our partq outlWro
SAll mea Suraene#ts veri, made' withý sourd ýiorinllv incident~ On

Th1o : s.I a'.e n f'req!.ýaan%1 r aP.ga
%, r c 250 kc irertsof' 50 Xc~

0ru;V 7af"'Ifl am in the radial p.aw 0Ln$&-'f.
e chr ctcristitc, ap hedbý

ý:7r uýt-j (f the s,-i-~r1U ztirf(ace.
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F.1G. 17
ARRANJGEME:NT OF SAMPLE AND

UNDE~RWATER EQUItPMENT

_7 n27



"-M -W

j4AVThC3t~ort298'Q

et  The neta.ureflfeft of terort prOmtincng etrtictiir&;!vL ri Ii&
N~o. 211 tlhe ntiprliwaonce,:Yý W ccrrestpon:11e FatV

detaileek ifcwrrAtion on the rý-fl~ectioncarte1sisntu
frequency in the roegion between tht' 50 kc ap~ot !2 ',epxenvitr

d.n ?%axirement of -Sample No. 21 at points 50 icc apart cvt
afrequency range fro= 20 kc (the lowest, practlcal frequaency)

to I Mc, to determine th4 ox-pected usefufl frequency ranco of c a
tank lined with this material..

B3. Theory of Meoasurements

3.3l The Method or izeasvring, the reftlection coefficient o as c r iŽ*eic
in pararraph 8 1ih practical if the reflectivity pattern of. the

ý-ic~lm is1 not :nibstentially diffrerent frotm the reflec'ýw1_tty
pat'tern of the plate; thi8 was thŽ,% *asu- for the iltsan"ýie$
prevflously dl'scnssedt, ii1-ovever, za structvrv~d specimezt carn
introduce a nabstrantial changge in the rzesfiectiv-itypttrh T
reflectx.vity pattern Is cr"itically dependent on 'the pz'opepr

ainetor pzjco n ample, and this is difficult to
achieve. Yaxtzm= teflection does'not, ordLinarily occur normal to

the sample* Flurthermore, thi~re la sufficient scatterting so tWhavt'-
even if we compared -this nxizu, reflection t.teratrr

0 ~reflection from a plate 'it 'wonld not. accurately i-ndicate the,
etbserption oharacterUtles6r! the spesmen0 A techniqrue devived
to take aocivcutof these' diffticulties consists of ýwztiOLIPýtng a

*se-arate hydrophoce for WeasUrS.Dg t'he-reflccvted signals.s The_
hydrophmon is ro1tated 1n, a $par.i~iicVlh passes throuigh the axis,
of symmetry. ot the Proleetor =6 non~al ~to, the aple or refereunce
-plate, Figure ±a19. T%6 rl~fUetvt vatternsL thJPtzs obt&inedt . fI rstL
with a reflecting lt xdta iha pcmn oehrwt
t-he valves of maxim=t reflection, are' used for CsIc:clcIlath the-A P

ri~ctiCn and scattering 'z=1tti ciefts from the structured. saptes',

32,'If tmm2&rth, ?2ect. -alon a ;.urfact, the ýreflectc~d

I-S t121e Polar anUgle Ae~tr~. frOM the projector axis of
ar ti T,. t the su.;rface of the sair-le.

't~p radii) jf7, 'ue from, t~he) axis In the plane

-th Ivy - ofbt

"', j tnA tnhe A.AJlect..6.g nfCoP-e
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wxil be 3yally symtrtric abD, tf-~~~~~ the re vcase~ pntt.7.

inwtal retern is t~ of VmIStdpw

31,Ai1~Smmti aps For a s~rmple for which cne c-=.r
assume axially synmetric, ref ectionst the refleeted. power, P.,
19 simllar¶.y

T( )in eq~iatiOns (18)' Qnd. (119) may be' measwee.'by r otaIt in g th.,e.

probe. hyrophofle shiowr. In 'Figur'e 18, in th-_e _.t Pj1lbO_ £ro OM t

7'/2,D Accordina t1o referience.(i') the reflection coeffi~ient
is dif ined as: ."The sounzd, reflectionl Coeffiie±nt _e a surface
not a reniezatori tie riti 'cf `the 'ate of-,,~o soimd. energy7
relt~eetd from:tesra the th sd o neide0:e toD the
Imeident rate of rlowl thii veta1 reftt renCe r)leite is a
7vrect ref lectorA t'he refl~ecte'd power P. L S eqju~ _.t*o the
inoident power. lb relectlor cerCi~efi nrt, Rý nay be then
d~ufined as

.s*'on (20' a-re re laced ~y ';he dotube inte~r~in ape~

'Kr~~ -)r -- esr rafernce (g) mhie devised mes-o el..
Z;-,-pati~;7 the ptwcm radinl~te f r.= an axtalliy _q ~frcs,

a~ v'~n y o~wt~~n5u~or (2V91, by a e cetr T-ea.sure-
M,ý of ara ra a zhfectit7 'lnttOrn CjnWIE'0'~ j

,)ar~er IeF~rs 3.9), The mijle in z the
AL5r. leg.res and #cle In termsA'o theŽ

* c:-~cr ~~ ~~dto exp Sr

.~in,
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SAMPLE No 21 ALUMI'NUM LOADC.Q ROT(L RUBBER
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t .0'ci..4

or for brevity

E~xpressed in db,

V 10 10g, /1 +0: (3

~A ~ (24)

w here R is the. re'flectivity 'Jide.T (he ref lectior'. C'oeff iclent
L-ýPresb~d ±nJ- db)-

V14~ the frirst' te~rmAn G uIn ,n

Sis the, Scatfcring lindeX - the tecond term i r eqtý:.titon. (2<

3,5. it is eobv±6us, tha~ I.. f t 'Cle tli.6i qtantltjes, RAa and ýs
Oaly two ar'e, Independent.-: Fo~r. 93mple~ fn J.~tia~i
w'iid coix*3 a str'ong reflatio. a~~ th jý; 4' to 0e~x . w -ithout-
a - PArc;Lably Increasin~g 7. -ould M-er'ain ."Mcrease, and a~4
i~c-oepionding decrease in' Z' *The to Ie tter'. rateshn
I-~iet Ln a general way thed~istribition of -3 rtlcl
inrod~x red by the l.ining, Thpp, pak d .

tr~dic-Stes thes aixmi #eto 'ihme~ ~~as~
arq r epreseat~s specula reUtfet.Lon~

~r~it*,I;- p181e, the Sc~tter:Lný ,t)r~ c& wc-ides, ao:reS are.w Off
dhe -o'-.ton from reuIl ciior of Solind 're~fletted,

TISO'SU Of tht) sbhrptlocný Ine -4IY obtair teabsorption loss
In nn--the

<K -7;

P f7 
F



low'

Irln'oxirated poi~e t i. tc- !(u mis-li pa'tf.: -Mbyf' v

171s the number of' incrertentwsdqin a hall, per±io.

f, s a superscript irndice'teS t'hat valu~es of' the pa'ene~ter ar-e
r~e:1surXed ir. the r2,anie of ý

Thotg3z Drocedtlra 3±ir~ar to that folicved for thn L7,1ally
9ymmetrIc case the newv.reflecti-Aty- irdex I? is,

t~he ace-tefr~g -- ie ' -

V (27)

d t



'1 `-04*, 2'Ca ba th~lught 0;' ani P,:?,- r v~i~ c

Q q ui to a fnd S~ epcvv h .t. '~1tu
Pk-re1'1ect~vi~ty ovasurad for anky anl V;~ - or P. tJ el~
3z.,,plo Tho nu.zber c tniýrea-criltS, 7 f~s~~c~r ai nseclle~
a cc~vr3 cy depends on~ froq,ýccy., tbe ý*h aic2 ~r c t P ,- t c~
Of' ki hydrop~hono, nux4 the )i:tn oi- tli se ~tiirp; t'h,5 tra V 0u
Jrtsrrnined exMerimeta3lly. A Iso, sUrmTemetc mjý4y be zi

the ,)olin er 9.e rang 1ror.n f7- j;( 77,/, .ý I Th V.-, t'e
spi.1ififid by the rad1lal annle ~4, The r;ults c~c:reSzponc
t"iklng vn average W,' two r,ýesuxements at equal"~u~ n:
al 3-1 swinls of' this experinient. T 11e 1 -1t te 9 1 r0C 0?AU 7-C- 1~3' 1 S
to Comz'pensate for errors du~e to i-isall~gnine-r.t..

-7.Per oicitv of Sel!ectcdac~ -It may Na notc'dtt ~
(canela~t-tice strnctiirs TFigurp 13)h lis n anr a~~j&r > ý;okt in
V/' of -0/3d, A mneasuremnent'5 in the Plane o~f 53o)ýtion A-A s
then to, the average of two m-easu~er~emts 0r' th type,~
a n,1" a mtevaiirement '%n the p",hne of' the 3`,tion, D3-I t,, 'tlhrŽ
or two inevasurnernents for x X"=(l 7*-) 9 whezs n~ is an
integer., These two measureinents wer'e assumed to be s%,.iCeýrst

* ~to indicate approximately the varletion of thw reflect.Zou
chs~racterls ties with-W for the cone-la~ttice struetitrG-,

38. The-. periodicity- 1n. f for the Fafnir saimples is if
If eCjUzCl n-cr mont Srwe~p "' d ed one.. should 't.I rz ore
tcramenl~ .,,or tft~e FL, k^n -sample because, of, its larger period,
* Hwevr~~ae nt~~eonly mwde. -i~n-lanes at 90 defr-;s,

fo this výT1,31mihary' i. .estl'setion tC:Oresponi4n fl? to J:Ace 'ror

,. A~pplestion of' t-he 'Techn~ique

391- The factocrs vwhic.7- 1w,.'2u'ee c.thh c~h~oe ,)I measuremient
~e~sin P Practic~al apiý,ir o the technique diesri~bad

a7 a r th~e 3oxt.anda geo-mtx'ical c~harceiriaties of thz
~ inensthe tazlk2 the iransdu.clr3 'and the nrqeny, rsne

over h Wt-*Lii'nts ar de-Siroid,. th6 fraquen^_y rarlae
-zonr5tde::6,d is from 2u 'kc tr, 1 M--, IUea~u:ý.eMents zt,,freqtuencjes

S2 k-- are ot' .inters7zt but could not-be rsde satis.Oaet%ýzly

reuirelmn ts
Ž '4*c g--.verr the selzt~tcn &the size of the proalectGW Fir'st,

-. - .Lio~ n~ee Surele~nt afO
-~ -~. -.- *.- . Th: tan lin~. ~ rs.iabl

-~ ~ ~~~~~~~~~ +--~...~~ 049JC~Oe.~T~
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wIhore % is the distance from projector to s1pvles

the wav e1.ength of sound in weter.. For the cone,.struc.ts, A-.

Vinimurn width of uniform illwuArntion was selected at about %

cm - the width of four cones, That this constitutes a sufficient

portion of the lining was verified exPer"Lmen'tal 1 .y, The width of

uniform illumination for a piston source vas taken to be that

between the half-power points, indicated by the angle 5 in

F-ý.gure 20 The pressure versus the polar ang-le3jr fr{ t piston

source for aIIsances for whioch equetion (30) i va.Ud, is giV-fl

in reference (h) as

The press94jt iV6'.n" - f'o? ,.3 ,O a.' decreases with tncreaSI,

polor angle' 'nd, reahehs the ha!l'-poW4r',ýOoini t when

/ i .(32)

and passes t Iii when

.te tha distanco in. the, -plana Olta 'e sampe between the

-. : r'- iri:a: on over th-e sample, it 4S s to
-`, .:d,Atanse fror 14-he 9rroj e Ct 0 to the -sgr'ne, &sr

S. ... ... ,',=.k :, "re -,-.,i in 0 7"ertoeZ - qarTl.klto ,f eC ',

-9..
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u ryt~ < ~(324) crin 'OC!

Thet requirement given, by eqv tUer (30),T httb mp
hae in the Fraunhofer region, can now be ertprvssed I.trso
Dw, D%, atnd ,_ as follows:

IA)

41. The second requirement CM the sitze of the prc'ec-tor is
that the intensity of the sowad incident on the walls of the'
tank or the water surface be lowo. This is necessary bcc-u~sc et
th,a relatively low-level reflection's from the sarapiLesQ Thýe
cerditioa -that the main beam not; illnnttnte the nidcs of the
tank or the water surfaceb Utwetve the p:rojector aM. the sazirmle

* can be nxpre-ssed as

ý' -'D is t--ie workr~nt ~r4th Or de 0pth, these, being approzimatC'-ý
~alI f or zh±3 t'n a ?y ufLnz the relatioridhlip bbtctwom the nt

tye A~X zi i" ýJ Otztls (32 )r aa2 33 by -ýzsk q'
&'3•),~~~~ ti 7-pT~rz~ 0.-.1ed -by eq=.tz~it 3l'hibpse

:_ comenlient to enrpro';S ZD roatt to ýthe ma MlI VIAAth

1 Thtn a 1 (348) Ceflm be- M"Ztttcn

irt C tb¶\: 15r"% n~¶ l a,-$-&



It u5, C(.~ w hcu cab-xm at

*394J - -176

Z2 If, terms.* of' te;cetrradA±-s~ the aeb-07 :crAt

4 c

fro eqat~ms(3) EMr (0J; enditf ýtte nuuericel mlaes listed
abcm ar-,,j fled, t)* res-itricttot on the projector radius Is

_ ..N1-93

*raklý .-n Jru.e t'tri tXtI ¾oOn tVe taxplb; dc*s
rot ete~ei~y~i~r 6X &~ 7U 'zcC n.t' thc~ sazap'e T~hQ 1w'5zve

0.mneatzt!zý zen rt-te-a y thes ratio LD12 where

hr>1~r tus ~tben~dett mafl or thaw tmttarzlty of illnmirwt, -,.
i'O Jz~ 'na.SA ;.0 aprct 1 ateot 0daFor the letter
mtra.Terat"us ci :.rohnees mntMb
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LIMITING EQUATION' 0.394 X • rw K 177

22 CM SAMPLE

10
rw> 0.394 • DEFINES THE FRAUNHOFER REGION

5 EFF•CTIVE TANK WIDTH

2 "rw 2 1.77

4 COE SAEWOr
.~ .. n.- .b. _ 4

aq* h-

SFIG. "2t

SRESTRICTIONS ON PROi•Gt,,73- J EAM WIDTH
•iBEAM WIDTH vs FREQUENCY

-0.9
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lo LIMITING EQUATION'. 6.65 FYŽa .93X

* L -INDiCATES FREQUENCY RANG5 FOR
F~GIVEN TRANSDUCERS

50
SAMPLE: 22 GM

6.65 I
20-

iso

0.5

0.

0.15

40
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It mnly be observed that the ti'm W'Idth 01 hydro~hone a 9
;ýXesded th"Le bearM Width 01P all of the projtctors 4xcenrt t---7 E-P
which "as used *at the~ high ffrequancies, For these higher
frequency m~easw~emhents the hydrophone- bean width was app oxlirtely
a third of' that of the E4 The minimnum hydrophorte beam width
(st I. Me) was such that 4Lt intc.,rcepted soiind from an. ar'ea ~i
a dilimeter equal to the width at the base of f'our ad~acent cane:
This was tentatively accepted as the rnini~mi width to get- v,
re pre sentsil Live. ref'lection masu~roment._

4.5- Thce pulse length in we ter should noil-
~c~ddouble the,,distance f'rom the lhydrophonte to the, specim;.ý
~;order th~t the tail of the inciftr1- N~~ ould not I.ntezere

44ithl this ref1eatiom, Ai~tw'ly i1t was oidtomore connna-M;
. bout7 t*01 third!7 of, 7h, 5,~r~ ~ Ad3t
p ýls -xa1~tiofl 0iS abtt C; TI:-Ae~~h

e~~ton~cecuip1menlt-,, The d*Y'rOPjon'a roteti'On ýieS~9e*td
12 R?If to 0 alcm sif f icie nt pulsesi rer enof hydrophone

tr-Ovel (artproxiwately 9,0) for goocd pttern' roitt
Pall



i~e(, ~ ~r'r e h~w i,' ,,C nf c,~~2¾k~- 2

c~Sai~2. n 21 and of ,a refý.rorce plate wr', c:K, c n :.)r Av
examplsc. The pattezr. nwber is nna un of' '- 'ne c-cvi~
(see Table 1) f*ollowed by a dash and a serialidn1ctG
number,, The special cordiLrl:3t- Pape. referred to rv7Sl
Is designed to cover ~-300 to --:,30 (Cbart ý3) and -0.400 t~o + 900

Chart A~ The latter usz ed only ovts iýde thxe anr;g cý'V 171at
The u-se of the expanded scaeI o~f Chprt B -1nereased the r-curay
of the power dete-rmination., After redraw'Iing the polar ploton orn
this special paper a planineter Is used to determiine tho earza!
I:r~der theo Clirves, A for the re~ference pIote and A., for thiiý
samiple as indica6- in~ Figure 19,~ The peak, -press's ues from the
se-up~le and fricn the referenre piat. tire also redoff the
Petterns- 3ncd thien S? an,- R1'te as S--aoz.,r.-'n th:

(C _Mrnaison of -,ip.1ea po -50 tc 250 k-

47 Hege.C'iýJLg .4? $ 88M Pe at~r~. A com-parigV7
the patte.-.ns, for all'samples- at, 1O,~iiven in Flgvir;, 2:,-.
T1his fl.gtira is arr~angrd Ato show the refietlvity ý,pat".erns

struotwrec rubb'ei s"atples on the loftt si~t and aU .oth-er sat1
on the right~..'~ i itidicated on~ ea'pt~rvh itdentit*,A
code num~ber fron. Table X 1 the, rteriail.~, tlhe, st~ruettixre and thelý:

values ~ ~ ofRan .. The refetefiet i'Pt4 ,t ref 1ectivity pattom
Noý 01-136 shown-'in Figure 24. was' L"Sed, P tha ref'erance pt
for these cconputatldns6,

4P, The~ effect of s a.r r Ie -mntwo.r Ia , u h~ 1 re flec tivity. pattern:_
may ba noted by cv~pa-Aing Ilke wt e ~srcu~~bt

7~u'~ 3. ~ntitt~Such a grop r-le id.d butyll mterit
"~~ ~ ~ ~ ~~~~~~O dc ria*~-vr c.- t .. &,. ,.4.

-~~ pa t terni/~- fo Sspe'Ný 31f.t htdA, WU.~

O- C- .Sml' itr ~w1n'

2, ht.-....a

0)~.L i.!>t
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PZIG, 23 TYPIC.AL. REFLECTIVITY PATTERNS
:-IWLUENCf K)OK',,
9P~OECTOR OERC

i.OAL' D BVT ~tRUER 'C4 LAT'I C.E SAMPLES LOAC)Etý Buj'YL PVFýFtR ý .hfA

: ý t $'. SlV,1

54-.5 -3 d I V

LEADLOAED . -72 b 6E/& LOADED ar.

Il

~' '.0

FANRSAPE INS'WEAN AVS W*

S7 32d 119&S ~m

A.Ildjt. L R T_ --T
Rt-S6 db 0"ELTW-RS

S-/eb s
/v.Sa AVA .aýf



Z) tL' S(_ i. L 7 o

vv 4 -M7t3tUUf ry

ci~ Lu roxc f; o~~z 1, 7rr.C

flt' cisnm,*de of' the: aos m;t: r2n .aia at 100 Qc isL shwnI t'a1

vales endr~t aloxI ýnert ¶)2 vst:hsIC) !rvos of. loadin
-3,9 nr-sf or the,'leardrrtr blw 1 r, a 4. en~ct. .s t,)* O

49.. A couipariso ofd samle havin aw_ Lcrs~ittO ~-:3r
flat~~~~~~~~~,, cm.e rtes~ aeilb ato 100inca hw- ~ h

upmpler, port ion ofFree 23n Thbe dif thercnc ztrscattersh :zj;;Lrp'e
the twog lyeas v of asurfaces agetucizd vtlhes~l minus ie t r w
nleua.a) tr.,m alsoeicred coe wtilth- h3adi~s ofe-t :ofdiand
t3-S dbai' ortelead- wt lo wingS'M11L densityo 2,61"s +,4 aut..

noted ithat zthe a b'lowt . gn iate os ost

had an ano~tzlous density of 12'3, These resu_'lts .5ndicotett
'S vn ' aeia ff.~ the. 3caýttvering ind~ex,

50,. It will be noted, that tne ýkt 5ish nTh tmi r tRtteN -1, -3 *c12Ct.
7rzosursd in the plane cif $ection B-Bjiva' re 10,; sce&es "Len c.rct -

,,)onounctnd scattýering off the acons~tir. ~ixi krth t
.2.~:es Fgur 2. T: r~u~;ts bo'"nr2 mv by the Qz-k7t Z'zav

"tte Brit.ý,pe efi hcad a high ac~Yettrinig index 'S 7A a~ at
IOr,; k0, In factl tihis value' of S was the highe-st (a%~ t'%4s

xfreAuency) fr~ all of the, sawples- tested

51- The poattern for the, Gertan Pat;ni~r Semn1.e Noý 7?1 shcar'n in
?tce231 'Is not. necenssr%17 tyrel" 4 tUhl; struetr're nar

're r t orwcm th i11vmira4wnt too ,3mllI G
Z -F- ý4.O Zing CX~if tci~e CýO~ntvs an-i thef Theertotm.eZ

Et p12 . i- - ti-T fAt row 2, Ito a c:na
I-'-r aI t.. e

S. S-R d J&S

LU"
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ýA The rnecRýtlty for usirlg the Prcsa~n$ technirjuc- n in I I la
Sscatt rin-~ anfd nbsorpticn 0., Sttexilsture o

.ýecirnens is evident from tLhe fact that 1st~ral spradirng ~~Z
for most of th,,e patterns,, and that the imsxiwts occur at aigleý! of•
,tcrzAl for several of the struct -urad sam~ples. 71-e use of 't-hn
nrmal~& -. flctivi5ty index, Rn, Instead of R a-, sn indicat'.-on o.1
aý-sorptic-a would re'sult In an error of 7,5 d'a for t;;he Br~ti~zh

55- LatterT .3 Versus FMt gX Reflectivjlty patterns 'or
Sample No,. 21 are compred in Figure 2.4 with of:s I thle
re~feren;-- plvtc at corresponding frequpncss, Thp sattrn
ildex, shown or 'Pattern NIo, 21-161,, is a a-x~ t 15C. k-, a1o.n

* -~~reseat both endsa of the frequencey band, The decrease &

* Te ~f~~cyend~ mey be attributed tc- the "wi~asze of
:lerith reltve 'to theý dIL~erSion:3 ^f thne ejGMsent-* 71he ~
a t the an h:Leqay r, probebly caused by r~oflct~on !o
tha flat portion of' the sam.1 as dseussea i Seectin T

56& Reflection Nrsmneters vs Flawc-odd uX V4ba
SaI~z fat or' t1he scattar~uig 01.ncdex 5-t peaký rorecltvity
ýndcix a t r± refIo71ct~vity 1mdex,,R, for the variont* 1oede4-
:*:iblbe samples are p'i.Mtted in F~gures 25 t!,hrough 3, 'rany

-,- opsthese -th~ pararaeters- .ar plottel3d on.ta.8

urv~. ,.. *.t;.. *ar p os e

p A Is!OT *:Iittý) or, a p T of .gtV A ~
(-,kl t. te

"h4- 11--ý,e a o- u. .v d t

W .nCBnntn f2 bw h

j *hu-.

ai h
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FF OUFNC0 00 TO M5 KC
PROJE:CTORt QBG
SAMPLE NO 2! ALUMINUM LOADEDO BU1 Y. RIJBU3I
S)TRUCTURE: CONE LA TTICE

-,AM.PLE NO) 21 REFFLFILNGE PLATF NO ý')l

NNY

t 4 S.

/Jb I I

...- 405db

6--39,94b ýw Ke

'5 R -336 4b

S s- 6.3 49b 
0-13

46.



.NA'VUfRC) REPOF"

* ~REFLECTIVITY INDEX (R)

PEAK REFLLCCM4VITY INDEX (A) X-

SCATTERING INDEX (s) 0- 3

-10 - -

~-20

X

-40
50 10020 0

FREQUENICY (KC)
LEAD LOADED, BL/TYL R11,880
CONE LAT TI GE *$TRUGTURE

FIG. 25

REF LECTI ON CHARACTER ISTICS
vs FREQUENCY FOR SAMPLE NO. 11



VA: O e al ! ' tt C"- ~ ~ b hJ "

~gtnts; mples a !.&honz. .n '±gr qs~ 6
.':.. rsod ftrom Iprd4~Y' to 0A d.u ,- ht' .; l;ycPYtfI

-~~eý 1*16actionL ecbarac tAristies of. the alu&*2Tit 4 i s &u:i

No 21.~ Q~L4A~n ~ arc an own 1A Figts-ý rfncer~

-u tlats sample ,m s 1l1o,,w th ir o g ho ut the f£ra-quenvz.y reange V th
* 'itv~t;Index decreasing frrom -24- (3b at .50 he to 3

&c.-. simztsitybetwen tht =-ure Ff4 titfor' thLA t
).cldd teris1 No,. 131 is thint 'thc =najor partiora oZ the 4f~rccL;,t-
c>:cllrs ,twen 100 and 150 k~One diffe--ance9 hoýwovor.4' Is- -the

aprarent 1nw'=Aef PI ... 1aZZ Ctý5ipeM-
?fl'Dpared to th~e reltirely high slope ftecuv o t c~L

Itded s~mpls.O "The peak reflectivIty -q ndez o tpeN~2
~h~sa iAniuit PAt 150 ke but the index Ssý bl~dc-uj-" &

theO treqvency rornger A1soT Rt 1$0 k= the SL~atterlatt Is sx
no-ximnm, 9 db; and:;&r'p-s to ppproximalteiy 4 dý at both theý l10-
& nd high ends, off the '0treqtenoy ranget.

59. The rtleinhast4t-.tt. hta cone,4aettice aamppLe
of lead-lmoa*4 "ýbu4y1 ýrubber with: bi""ing agent, Samplea No, 3^'
ý~ s3hown 'in' ?$ir&27? Both tbte~ftleetivl.y and tho peek

r'3tectrit Inict asfairly constautt with freguianer-. Trho

rsogaitive naltil bute tar sea tft~fgtr'l fr~equeneies
ezcpt t 1 t '' t,01y be. ebasl~4i~ tt the: mnlaut nelw Of

asq Sameflr . W Ot the~ . .. `.r

60,4 l ta a'L S 6, 1222and 32 eac a
frcrr bwiyl nbber ýbtt *i. w *t1Xe5siltra to

- ~ ~ ~ ~ p e±@t~~~j2?O-
- ?i~iw Zt ~ *A- th r 'Sec* wr~tr~tc fcw CS

heivy ze4c'dfnl Tht slettt , 3 a
tr1-1=,at~ t Q 4 db tt 120 Ice, Zt ny0a not'b.

C' sc;t.t; iti1Y lot. th C tizeple ~sa tisihsw" the$'Ot Cor, -Ur
rt. [4!~ 45w t:~prn tt thrr~twc l~l~~fSf

at 1-0 .'flirf a4l~

- -c !2~w~ dtdr; zvlr rwb3 5 22ATerolcbt
"WA W, Shoun,"~ .rs~ta..,CA. lA*41.$f

r~iv *zy t.' 4,x nary



NAVORO PR PCPT .

REFLECTiV!TY INDEX (R) o----

PEAK REFLECT'V!TY INDEX (A) X- X

SCATTERING INDEX (S) 0-O, 0

0

S-I0

-J

_J

-20

(=- i (R)R

"30

"-4 0 - A ' A... I ... I•_ t =,. ... ._

so to20 302
FREQUENCY- (KC)

ALUMINUM LOADED BUTYL RUBBER
CONE •ATT"cE STRUTcURE

FIG. 26

REFLECTION CHARACTERISTICS
"s FREQUENCY FOR SAMPLE NO. 21

49



REFLECTIVITY INDEX (R) --
PEAK REF1 --CTIVITY INDEX W~ x--X

-to

(R)

-30-
50 too 200 300

FREQUENCY N(KC)

LEA0 AND &.IOW/N( AGEW LOADW- BUT-YL
RUiRREW COME LATT.C( STRUCJ07.*V4E

FIG. 27

REFLECTION CHARACTERISTICS

Vs FREQUENCY FOR SAMPLE NO.,31

05



REFLECTIVITY INDEX (R) o-o
PEAK REFLECTIVITY INDEX (a) X---.X

SSCATTERING INDEX (S) O------c

10

.- 0 I - . .X, ,
(S)

-10

(R)

-20 -- I-. I -l
50 100 200 300

FREQUENCY (KC)

LEAD LOADED BUTYL RUBBER FLAT SAMPLE

FIG. 28

REFLECTION CHARACTERISTICS

vs FREQUENCY FOR SAMPLE NO. 12

e5
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REFLECTIVITY INDEX (R) -

PEAK REFLECTIVITY INDEX (a) X---

SCATTERING INDEX (S) oc

-104
(R)

50 100 200 300
FREQUENCY (KGý)

ALUMINUIM LOADED SU7YrL RUDDER FLAT SAMPLE
FIG. Z9

-. REFLECTION CHARACTERIST ICS
VS FREQ'INCY FOR SAMPLE NO. 22
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a stt rob;hs thcun,2. S7¶ ltrt. Iceulc'
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REFLECTIVITY INDEX (R) 0--0

PEAK REFLECTIVITY INDEX (a) X -- x

SCATTERING INDEX (S) O--

to

10

FREQUENCY (KC)

LEAD AND BLOWING AGENT LOADED BUTYL
RUBBER FLAT SAMPLE
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