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This report deseribes the results of a resesrch ArOgram
supported by Foundational Resesrch funds wunder Task lo,
TRwSe5l, . I% 15 concesnod with an investigation of several

Tyves of sourd absorbent panels for use as linlings in
vn&grwntcr”@n:;hci;“tangs, Gad Scfordhos tho devolooniiln
of the bes* wide band anecholc lining reporiel to date in
tre literature of ultrasonics. This report is intendsd for
tha information of nscientifiec perscnnel concerned with the
problam of doing underwater ultrasonics resesrch or
davelnpment and testing work.. '
’ EDWARD 1. WOODYARD
~ Gaptain, USN
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«» A problem of practlosl 1ntercst in the *isld of mdeswater
acoustics i3 the devalopment of iinings or coatings whivo
raduce sound reflections. Arnplications of sound abscrbest
linines include ¢ werines for underwatsr ordnence meverial,
linlnns Tor under retér zcoustic *anka, and sound bafiles Ix
\undarwa ey scoustie dav;ces of all types, ' '

2. The work repo ted hero is 8 prelim*narv ntudy of the use

of an absorbent lining with a structured surface dosigned to
reduce ths reflsction of underwatar sound. The surface
atructure of this Xinlag consists of & closely-packed lattice
of uniform right c¢ircular conra (Figure 1). The basic meterisls
from which the structures: ‘were nade wors metel-loadsd butyl
ruatbers. Thiee epecimens woro msasured having this structure
CHal dif’**'hv dnvithe Syde of motal loading added to the =asic
busyl rudder.: Ccmpa“a*!ve messursment #7 wers ‘made on £igd '
sauplep of aaah of the abova materiala, apd on German Fafnir
British Fafulr, Insvikrets,. and GENVER, . TDe Irequensy r“ns&-
covered waz from- ;0 k¢ to 259 ke for ail sampleg.. Howsvar,
fargthg ;pst a&eorbant aam“lﬁ, mansuramants w&rs m&ﬁa from ac
ke to- e ST . R A : o

1. dmxm HFQ I&mmms FOH *rmm

5 Ralativelv amnll absowban%lg»linaﬁ tankﬁ may;be used in
" anderwater acouatic measursments to simtdats free Lisld car&io
zions uyar certain fvsqusncy TENZOB. Forgexample, a fank, oo
c naving dimenslons 9 x5 x 10 £t and lineﬁ widbasa- & ““
1s in use at this Ievoratory at the proas Figurs. 2Y,
The frequensy range of the mesamuremenis novmally‘made in thia
tanz are Trow stoud 50 “ilocyeles to’s : 2
teehnigquea are ured to minimize the 1uhar£ AT ense e % |
*erlacttcna from the waflﬂ of the isnk,' ~Th ; Lol ‘palse
~mined iz besed on fHe 2billly to separete wall werle»tiena Lrom: g
he daslirad aignal by e dlfferoncs in arrdwel times.  Since the . o f
salss cveprtitlon rate la chosen to 8llow muny veflaction; batwwen .
pulens, ohe aoacrptﬁcn per rellzerien need ndh e Eraat, Hangaﬁ R
A“s:rﬂtLOﬂ requirenmonts for ¢ tans lininmg in ﬁhis %?“9 Toesevice’
“#7s noat DICTR ., sRaia T
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3 Yo Conaideyatlon of Reflcchi@m Loyt (ggaefonlly, h’w“V“‘r
3 ey {gﬁi’?”ﬁas Feor exparianced b&. - oF Aymdanuete BDICCLY
vy the lining, nartidu“arly when & i dengtn of the deslipo”
atgael)l ' necesearily longer than snortast path length froo
© wal?A wusavuenf3v, no time in* Coof suafflelent Auration
phlon of the dasiyved refle siznm) ls avelleblie wbhbion
foaa from eppravﬁubla wall refl: <na, Por freguencies
‘clow a lower Llmlt of woout HC ke, Ilectlons irnterférs witn
tne deaired alinel  2ince tre pu’w’ aanth needod for rood
Jroaquency resclu! ' Ls of the samnt ordex» ss the tank dimen«iors,
Haasuremonts made © :low this frequency become progresgsively

more dlfficult end ragulre speciel pwscautionac) 7o alleviets
this Clfficulty the lining must be xufficlently abtscrbent to
reduce the initlal reflections from all welle to & negligitls
value relative to the JSeslred signsi.

5. It is instructive to consider a sphericsl, ebsorbently-
1ined snclosure with s radiue equal to eome mult iple half wave

ilength of the sound snd n simple source lccated at the center.
The steady~etate total lntenairv at the center, xm,ia given Ty

I,= —-Lo,(f_ + ﬂcf ﬁc"’ﬁn - oAy ”“‘} {13
=L &= A s

where ia the source. lntsnztty"a_ ihé?is théfreflecti&n
caetfic Qﬂta e - . ced

*

The nthvcvde, tern 1n the" anrlea givaa the corv“ibunicﬂ e
tnhe intensity Ip of the nth réflsction.  If only iYe fisst order

term, Ry, 15 consldered as oontribuxing to. the rerlected ind &nzity,}
the rcaaindor, r. e 7 e G %

™me rebtln of the remaiader o $he fired raflisction t&,th&h‘

-~

f{x'.c ) ~£ »

Fele wopoact BN
L7 i )
’l;(- f{-"

-
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X That &, the seror In oconsidexing only the Yinst rﬂ;i%ﬁbiﬁﬂ 1z
. nogligible winne it is the ssme ordsy of 1

srnttudn as MR
«aﬂtieu 03 ecard raflect=ae on the first reflectlion. Since
"aflac ns i & reatangilar tenk tent Lo Ty wore dl7fuse Lo

reaflec tiona in & aphartcal tonk {with a souwyves a2 the ;entﬁrl:
@ﬁnatﬁera*ior of oniy the rirst seflectiore would normslily inu

atiafeatory operatlion. It should be noted that for casws ahos
0qwatian {87 holds, slthsr pulen or continuvous oporeiion mey o
‘«‘.f‘tféﬁa :

-

5. Consideration of Kechaniam of Reflsotion Reduwtlon. Tho
voyuirensnts YOr sn eflsCLive LSnK iining aréﬁ?ert, g rood
lnpsdanoa mateh to watsr to «lliow the scund to enter the
patertal; end seccrd, the lining must Le ghle o sbsorb the
sourgd whioh antoraa‘ A properiy which can furither ficrsass tha
Sfectivonasy of e ﬂining for eome tynaa ¢f messuremonta {a

ceattaring, \

P FE
CTLUHAM CD L PLOT OUIRINT BAITIT L A PUAFROT NEFIFCTOR
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7. Cne way considsr a plane sound wa"e coarpelly %ff)”wni Ci
alare lining bauxaﬁ by & rigic plate, TI{uTeE 3; i N VST
theoratical anproach aimixar to that 0- peferencs 3)
of reflected to incident pressure at ihe surface ~f
is glven by
.:é: pot fi_"._:.:’.ﬁ £&N
ﬁ; Zo.?za-,,’
whece Z, is the acoustic lmpedance cf the iiping surface, and

2, 1s the acoustic impedance of the water.
Insids the lining the fwpedance at any point is given Ly the

Tollowing equation whisb ig discussed in consideradble detall in
reference (h):
(Pc)

- f’/\-fr"v i '\-x '7 '\/\ ,
ﬁrxl -é’ ﬁ‘% 7 4 ¢

where fzis the gxceSs<pressure at x
Y- 1s the particle yeloeity at x

~3
.r

;; %o the lining. The :wmiem of X with
aa‘the nature of"the*l ;

. Ther for z = dﬁg uhﬁre 2 iﬂ the 1ip1ng‘tbiekn933, the accusiic
impadsnce ot 4he '<nﬁs Teze 1s - o

—— .
z fﬁ.c.....e@@m? ATt f A ) Qg
- A
A ) 4 3’:.. g ~ (8%
v””fii £
o otme irmefigree 12 mob 56 vary vericdicslly Miﬁ?}‘ £ o -
- Sark B Lk SR e L B R 2P he B e A Sl i ; 4“3? uﬁ“c &
e .‘“2’2”’9 ’z.'g:ﬁ "‘:::ux,'; 3‘2:3!’?2 ) = 4 &4 ,!’.‘ ores
AL / .
"“’ v o o~ - ] 4
' = P S (93

ks

Cowowtrah the coth approsches wnily.

s AT

RXTE KA Al e (16

e it




R g d
Ve v Ll
HAYORDY Veport 6009

‘ des owny of ratlisfylog thils coaditior 'x oo meds Wowuen
< Capd X smsll,  If at the same tiws onn oluosns
-
- D e S
{ ‘—-’,j;ﬂ - f":’ o~ ﬁ'J’ i
Lus may ootain o highly abasorbsut Lind .g; vi Lz-ﬂu% pousasion
:::’.mu*‘ . Howavey, a lindng whic™ falfiitsg Yhiz cm:m‘f Ll e
undesiravis for &.hs present qp“ dicanion b c&u::»» of the Yeows

-~

5
ﬁmc‘mt of matorial and apace whizh would Lo regulred,
9, If oins matisflesa the condition that ths product o0 se

.wr e by making Qf very largs sml D small, then the exprasslion
for tne impedanca 1s A ‘

e = l%‘«»-— {7 7"7'& ) (31
/¥ “}/g,
a\l«,nough this .«mnadanm iz complex and tlw ﬁnnedaxwa of water

is real, one can minimize gf’/;e-l by sguating the sbsclute vaiues
of thoss hpedancasq-__, ’Por a .fms«.ani'vamm of a{/}, one hes hep

e
i
o

/

The zinlommm valua "*f ;f"/f(-"u iz, therefoz&

. 3 .
T T v e h #d M 1t
B thst Yopr o= socdd e 'e’@ «-4"’, 4 pata 3 R ¥
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e mrail, walen Ls oontrery o tre pague tremend trat DL

i’-»“{‘ ‘\, ,s‘x “Lt"g’!r&ﬂt!qn 1-1 tni"‘* qu! m{'st .2.;.: t'[ J.‘ ST 3t !1{‘ ERERE '.',"!_{; MR
it}
aauriu ixo at low fraquanciog whend o4 lg larea.

Rt e T
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TRABSTTION LI / Bla

in, rnnainnv ngw F tﬂaosﬁtinn medium &av@ng an impﬂﬁﬂﬂc% nhiL“,"
yarlias raﬁuallv with X, inagrted. in frent’ of thie 1iﬁiﬁg(
Figure L. 'The Jmpedapas is continuons and &bl «“'ﬁ(D # Pty
the valu& of: ;ajp 1s made aquaiﬁtat”' Dﬁ i
lz wade equal to zn, & v;y o s

a8y

N
S
i
?ﬁ
E
5
Tf?
I
”‘?&
%a\

T &0 tho traneition medium izva gradusd
e R RS T W 12 prachlzaelly nc xuileu*iu"
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Lrane bl 1\'1 porticn of the 'lning ans complfo
ﬂhap@ or shs struciaes and the nrojartlas oy
SO ostraeturad Wintnues e A aevsyasd Lgouer o 2
2T mmy ba mided thatl =svencuored lin*n;& Lo e oy
wip L V‘w,ﬂ }rﬁtea of ww;tchirqvn Ty 2oh &

'»igwﬂ”‘ Ay parvos - Daesn oo tdsnt sovrd mey e Yownoernd 10w
: - ey . s won S .
serstanlar dir ztlon (b7 scoatterlnog in other dlvactican: Leooe

BT .Lrﬂinuu vy ~?"3u;a“ cofleatlon exl shaorption,
IvT, SEIFCTION OF SAVELES FOR MEASUREYZHWT
A. Selacilon of Materisl

2. Loaded Butyl Rubber Moterials. Pricr to the sels
« matarlaX Ior the struactured sampiss, norral reflectl
neasurexents had beesn msade ox 5 laersce nusler of zmalil
sgniples of different typeﬁ of mauﬁﬁ”lﬁamﬁu rutrer. The samp!
were sporoximstely M4 in. thilek, & 1/2 ir. in dlametezr ard wors
me$al backed, For each fruquomey £ single nsrrow-beem tranaduser
58 used to transmit a pulss-modulsted wave normal to the ro-
iecting surlacs snd o pa\aiva tho reflectad slgnal., The wmsthod
of wmeasurement conslsted easzontislly of fomparing the mag Asuds
0f the normally-raflscted o A“ﬁﬂ from the metal-tacked samples Lo
rsflsctiions. ”rnm & vare uotel dlse of the same normel cross
section.  The. za¥ic of the rarle”ted expiliiude from the sample
%n th&i fﬁ@* th@ﬂwetal reforsune: plate expressed in-db con-

lem
A

1tutss 5 lumped: loss cocaslonad. vy ?nssrtﬁop of the sa= ple;>7$hia

«~nu?t 1%y s deccted in this report &5 ° Ay , the ncrmal- re-

flectivity index.. Tho meazured losa, daaa rot necessapily ragresent

she gttenuvaticn in the mstﬂrial sinée the impedsnce mimmetel =3
tze wataresample Intsrface 1imi %m ‘the sound shick can enter the
zatarial. Under these conditlionms, incressing the »hic%ﬁasa of
the samvle deﬁa rot nnesesarily Incresse. the dbsarved ,aa°:~~

i, Tha res ulta of thess uravlaqarmwssureman?a on d&sa nnmpxwa
reras veed as @ basle for ths sal@nyiaﬁ of lordedsrubber moterislis
Do ﬁ%: *\ﬂw«,sttL s struciured sumplen. Some typicel rosules -
Lape vaE frequency, are #bhdwn Ln Pipures 5, & apd 7
S ovarishio pa*ammtﬂw ta the p&rﬁﬂntwbe Qf
Chmm pﬂﬂsmatara cengidered in thia g™y
Pormnbal Toading mréuaaﬂinf £ sagplos, gize
vh, and L methoR ol Taghaning ke ﬁ»ﬂﬁl*ﬁ«

d
L;'
J
':__a
=
@
*S

L lpsliiy ducided on fop the praean~ mﬁasd“&mﬂn*a-“
, surd R wbhish complsbed o* equal. parts by
coant LD aliminum powdor ol iyl pubber Saaplo 5 {Figars ﬁj
Loonanlread ofF DY coel s oof lead ""Qw”’l"z" Q;Zg rarss of cunar.
S R FEA R TN R R s vi ‘*tV¢ rabtvv~‘rmé i
Cliio of Daapie F Wigmes 70 ponatoting of 250 parts of

oy ;m:_w.rrm*g‘kg;fg'r w«vg,ﬂm LT e
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FIG. 5 NGRMAL REFLECTIVITY INDEX OF
‘ LOADED BUTYL RUBBER FLAT DISK SAMPLES

METAL LOADING: ALUMINUM POWDER
VARIED PARAMETER : METAL PROPORTION
PROPORTION

SAMPLE 1oy weiGHT)
LA 25 PTS/100
8 100 PTS/100
c 200 PTS/100

OA  UNLOADED

30
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FIG. 6 NORMAL REFLECTIVITY INDEX OF
LOADED BUTYL RUBBER FLAT DIiSK SAMPLES

METAL LOADING: LEAD POWDER (95 PTS/100)
VARIED PARAMETER: CUMAR AND SLOWING AGENT

SAMPLE PROPORTION (8Y WEIGHT]
5 9.25 PTS/100 CUMAR

0.1 PTS/ 100 BLOWING AGENT
9.25 PTS/100 CUMAR

€ 1.0 PTS/100 BLOWING AGENT
¢ 9.25 PTS/100 CUMAR
2.0 PTS/I00 BLOWING AGENT
0A UNLOADED

20 -

CONTIDE P
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FIG. 7 NORMAL REFLECTIVITY INDEX OF
LOADED BUTYL RUBBER FLAT DISK SAMPLES

METAL LOADING: LEAD POWDER
VARIED PARAMETER: METAL PROPORTION

SAMPLE PROPORTION
(RY WEIGHT)
G 60 PTS/I100
H 2% PTS/100
I 320 PTS/100
0A UNLOADED
25 ]
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15 Materjals other then Loade Butvl Hubbser, The materiel

vied Tor the w»dzﬂ glemonts (Germsn Fof ;?7 “Tn the existing

caw; lindng (igure 2) 1s probebly buns "S" rubber, This lining
¥235 formerly nsed in an enechols ondt in Goermeny snd prior o
initallation in our tank was storsd 4in air for & nurbor of yesrs.
Zxaninstion of the wedges indicstes that the rubber has deteri -
orated and 1is elatively hard. Resulis of wessurements on th
lining c¢en, therefore, be Iinterproted only 99 charactariy
gxisting lnsrallauion and not necessarily thet of Fafnir
ariginel condition,

16. The bssic reteriel of tho wedge elemonts identified in this
report s Brliish Fafnir, Figwe 2, is bubtyl rubber. Since thess
wedgaa ware in good conditioa, tha TPSLLﬁ: should be repressntetive
of this roterisl, ‘

17. Insulkrete i3 g materisl mede {rom 20arse sswdust and cement

. in the proportion of 4 to 1, Figure 9. This materisl is being
' urad by Underwzater Sound Re%arenca Laboratory (USRL) 28 & lining
for a high-pressure tank, Resulis of measurerents wade st USRI,
Refarence (b), irdicate that-reflection csused by surfece miSmatsh
18 rather low ol the order of »20 &b compsred to & referenc
ynrlect*on pla»e in ‘tks frequency range considerad hera. Thi&
“atsrial then constitutes one of the types mentioned in the

raceding ssction which has 2 relatively ilow ebsorptian per unis
“{iuhaewﬁ but pregents & Pwigxy good mateh at the interfece,

Zsnuas ws
cnga ben

SE UEAY

g i wliuded in this study because 4t hes bean uged
vorery linlng 1o smell tanks. - The meterisl ussd
vs Wﬁﬂ ib-ounce. duck arranzed in lerge, stpewhat

Lrary vleat

\ v

L. Selsce baakc
3Ly Aiﬁtinr & meﬁzam ®ith 3
538 section X, was. introduce
{a) = tionz the possibilis j
i A ction from one mﬁim to
i’y the two 13 z deeply corrugated
it BT wavelgnth of the incident
35 Ldent soung encounters s gradusi
Jite he treansiticen replon. £ minimm
me ) achlion of the trinsition nodiurp
me T TR aTy. nawely. the

et gt Lo A AT O e
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- section occur in « gredmel continuous manner throughout the

- sectlion implles & grodusl continuous chunge of imp“‘*1»w,

SONBRI RN,
NAVURD Report 2989
requireront that the changs of section and rate of change of

transition length, 1nw1nd1ng the bounderies, referonce ’d)‘ R
Then, alse, as in horn theory, one caa state that such & changs of

20. German Pafnir. The principle of gradual transition hag been
succass”ully applied to the evporimantal fevelopment of sound-

in~air ubsorbent linings, and more rece- a8 reporsed by
Meyer in reference {e) to the developm: anderwater sound
absorbent linings. In the develompmant « :5e underweter sounl

linings, various materials with elastic nydTGPESiS and various
shaped structures wore tried., The finsl version of the lining,
called Pafnir, wes constructed of flat triangular rubber wedges
with included air spaces.

21. The siructure consis’s of rows of these elemen%ts mounted
on & wood backing plus tha water canels or ducts in the spaces
batween the rows: (see FPlgurss 2 and 10)0

*

(RO0SSECTIONAL ARPA (¥)

FIGURE Z&

DIAGRAN TEDICATINC mmme mm@
OF GERNAN FAPWIR LISING




Cee Taatora Lovoelved o thia pertleuloy eose of freesue s ﬁ?ahfw§3w
Tar ve dnlferscd from a study of the varistlon of e Irong nuenicn
of the lining with the digtance from the bueking. Figpure 1l. =

one considers only the welpex, & dliscontinuity in ixrnpedsnes aylstis
tox = 0 ue Yo a chunee dn the cross sectlorn ard o ¥ w0 Jue
-0 the rate of change oOF €ross seciion, The nyoblem Wars ©o gets: .

dimensions and spac{n? of the wedges wnich would minirirs thesec
<iscopntinuities dy sdjusting the acoustlc nropersies of the
water~filled canals. The final seaiection was made el ooy LAy
tests in which s single porameter wod varied while the Ciners were
held constant. For & wedge eross scetion of 25% of the total o
area at x = 0, the structurs, necordling %to reference f{e) resultel
in reflection pressures of 10% of those of the incident sound
vave. This reducetion held between a lower cutofr frequency for
which the wedge lsngth equels = half wave length apd an upper cut-
off {requency for which the zpceing of the cansls was egqusl e

& half wave length, It was imdieated in reference {e}i that the
properties of the canals affect the lewer end higher freguencles.
Near the lower cutof? frequency, the smll ratio of spspine 26
vave length caused the velecity of water im the csnalzy to be

decreased which, in turn, eoused an impedanes plemsteoh st the Tir of
the wedge, At the high-fr -ueney culeff the incressed Tatiis of
spacing to wave length &) oved sound o enisy the giruotvie and
te reflected from the woed backings An array consissing of =
sequence of two rows of wedges il em long and 1 . em Shick followes
b¥ & row of wedges 25 em long entt 1 em Ihiek apd IPRASEL. BPTPOK~
imetely 3 om spere was found in.peferente {(e) %o inerssse the band
width, g6 that the iining wag effective from abouy 5 4e 40 ke,
Another Pactor considered in referernce (o) and used oy determining
ihe perdameters of our siructuréi¥as that fop 8 crats-sentional

area of wedpe of SO% of the fotal area ot x = 0; the effect of

the dacking was net appraciabie for wedge iangths #qusl to oy
sraster than a quarfer wave length. This rercentage of material
souid pot be used fox &he Falfnir arrey of reference {23 without
intreducing an sppreciable incrsase $n ihe effeget of the dige

i

e

-

contixmity at x = D! (Pipure 11} octasioned by an ineresse in
the rate of change of tress eecticn of the wedpe strueture.

Pritlsh Fafpiz, In crder %o investipate- the effest of -

increasing the €yoss saetlion of spprorimeiely 1008

wzz male from wedgez of British Fafnir sueh thet sdieeent. revs
w7 elapents were in contac? with ome another (Fipure 8), The
riyneiured sswple i4 abonl b omesgusre ovar«nil. These wadze
o5 3 2iffer frow thoze desscribed ip the preczdling paracranh

E2E ars poriions of Yarge wirelea, 12.%% padil, :
fmataiy 373 in. t

it 2 semieirele of vadius of anpsroxs

meterial inetalled in the KOL tank consisted of

Fular rubteer Wedges of lengths 10 and 20 o with =

°f % =m inatead of the dinensions mentionad in the text 1
mrence (@), This wewld inerense the unper evenly

Svremesr T the 1inlog, at Andlesbad inm the 4oxb.

M v
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5 , S AT s ", Cosm, 1o,
Druge, th“.c:;n\"ss{ and helyht eve rospeetlsed, o oay .
a -

10 cm corresponding to the smaller wedped .5?:;35ad
vicuseiy. %he included air svacud aTe ,_/.:rv-.r.:«fs Ly vlats
arnllal to the base, referance {e), in the precont sagrle
3

»

&L«

o~

Jernate powg of the elaments are dlavlaed cr“w“?l: the wid<®

of a wedge parallel to the rowsa The cunets formaed oetwean t}
vedges sre thus narrowed te the thlexness of ar lf nt or about
one omr, which shcmld reise the wpper cutefr f?ef*uency o
Bpproxivatﬁly 70 ke, The rezulting erogs-seciionunl area versus
distance {rcn the wedge backing plate 4s shown in Figure 12,
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SECTION A-A ~ SECTION 8-8
FIG. 13~ |
TYPICAL VIEWS OF CONE LATTICE STRUCTURE
{
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conos, itllustrated by FPlgures 1 and 13, so positioned as to
mipdrire tha eyposed Tlat ares of the bunciklnz. %The cones ana
trcking cuangist of one moldsd unlt of losded butyl robber. The
dimena?.ons of the cone elerents vere selected by uzing the
rasults of reference le) £z a prenaral guide, A length of 3.79
em was chosen, which corresponds to a lower cutoflf frequency
of approximately 10 ke. The cone generating sngle was chozen
az small as practical, namely 1%°, The radius of the cone Lase

is approximately one cm. The test panels are approxirately 22 <=z

square and 5 cm deep which insludes a thickness of 1.25 cm for
the base. In Figure 13 14 will be ¢baerved that zach cone is

surrounded by 3ix tangent comes. The exposed areas of the plane

backing approximate .smwall trlangles. The percentage of ures
exposed is approximstely 9X of the total sectiom. Although it
is possible to eliminate this flat area with the associated
discontimuity, it was felt that for the purposes of this

preliminary investigation it would be instructive to messure the
reflection characteristics with the discontinuity present and ¢to

note the frequency at which the effegt of the discontinuity
becomes ncticeadle. From roference {e) one might expect this
{requency to de around 250 ke, since &t this frequency the
meximum dimension of ocne of the "trisngles" 18 equel ¢ & helf
wave length, Alszo one would expect the level of the reflected
sournyl to be of the order of 10 dd below that ior a izt zample
of ¢the zame meterial, This is based on the percent of oie
ares exposed. An additlonal ccmsideration in the selsction of
2his structure wag the Bimplie geometriexzl relc”ionshiy bhetween
surface and velume versus distrnce from the cone tips which
would be of walue in any Muture theoretical study of the

mechanism of gradusl tramsition.
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b, Pigure 14 plves the cross-mectionsl srva versus diatance

from the ccne tip of the multiple cone sowple. Observe that
there 18 o smooth transition ot the cone tips (x =« «(D + D'},
doth the change of sectlon and the rate of chunge of section
approxirate gero 2% this point, The plane area at the back of

the structure (x = -D) is roluced to arrroximately one-geventh

of that shown 4n Pigure 1)l for German Fafnir and can be
rradticelly elimin:ted by incorpovating conical holes in the
exposed sestions of the bdacking (note dotted lines)., The scetich
of water included bdetween tie cones gradually tapers with distanca
from the wedge tips 3o that the discontinuity encountered -with ths
Fafuir linings due to the gunals is not present,

2%, It i3 realized that the structures studied here are proposes
for use at much lover wave length~to-dimensicn ratios than those
ineluded in Rayleigh's vork op gradual transition. The phase
surfaces at these frequencies are no longer plane and the
mecharnism of sonnd trensmission from water into the meterial is
ery complicated both bdecause of the involved shape of the
structure and the complex dehavior of the material. Hence, this
inxvestipgation has deen esgentially erxperimantal.

26, The physical charaeteristics of the ssmples gtudied are
summarizad in Tadlec Y. "The tadle also giver code numbers ard
figure rumders vhich 1lllustrads the respective mamples. The.
firat digit of the vode number refers 20 the sanple meterial
and the sscond diglht denotes €cmmen physicel characteristies
where nractieal, - . \ e _
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TABLE \ P(SICAL CHARACTTRISTICR OF LINING SANPLES
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IV. UABORATORY APPARATUS

27, Dedcripiion of Systern. The apparztus fer nroducing

normally incldent, pulse-modulated sound waves and Tor measuring
the refleciivity pattern is illnstrated in Figure 1%,

28 A delayed trigger frorm a Tektronlx oscilloscope, Type 512,
initlatec a square pulse which rodulates the carrier from the
3ignal ;enarator, This pulse-mcdulated wave 13 armplified and
then drives the projector through a rmatching network. The
projector oroduces & narrow beam of pulse-modulated sound waves
which are normally incident on the specimen. Reflections from
the specimen are received by the rc*zting probe hydrophone and
the voltage genersted is sen: thr - . a matching network to the
gated receiver which is triggerec '; the oscilloscope. The
receiving gate can be set Lo correspond to the beginning of tha
desired reflected sigmsl by an adjustable time delsy. After
amplificztion the signals are applied to the polsr recorder ahich
is designed to’produce a ccntinuous luzsrithmic plot. The anguler
~position. indlccted by the recorder is mede to corresnond to Lhe
hydroptome crientation by the use of a selsyn system.

29. Arrengement of Avparstus. The arrangement of the apperatus
is illustrated in Figures 16 and 17. Refersnce reflecticn plates
wore made of 1/€ inch brass plate backed by 1/4 inch corprens.
They were suspendad vertically from. the. rotetion framawork by &
/32 inch wire rape., The plate was held vertical by a weight
~blch was covered.with sound-absorben iterial. The spseimsnr
»zr fastunad to the réflecting plat wm-~rubber bands, The
center of the semple was positioned S0:cm below. the surfaecs
of the water to allow for approxims ntering of -the sample
oning welght {which was

betwesn the water surface and the .pos:
covered with-an ccoustic absorber). .

V. MEASUREMENTS

A, ‘Messursment Py

3C. Tha measurement program consisted of the four parts outlines
welow. All meesursments wers nede with“sound normelly incident on
7% Telleciing swelase, and mlass specifisd othevwiss #ore mads

A AN AR L
a LI ~ - - Ly ~ - 2
A8 iinghe vitmes (W= 0}, (Phe oorisntedion of the # nilanes are
lalined lotarn 3 o ’
R s - b oy Q.
. The meagsuwiment of 3131 samples in the frequaney rangs
Toi 95 b 250 ke in incremwents of 50 ke,

n Messurements on 8 cons-iatbtice samplie end the Jerman
sod oritish Fefalr zamples in the redial pisne 4 e O and e T
Toaeterming the afleed on reflscilion characteristics cavsed be
1 ssyrmetry of the sample surface, i
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-F16.17 |
ARRANGEMENT OF SAMPLE AND
UNDERWATER EQUIPMENT
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a. The messurement of the most proplsing utrgc&urfg LD LW,
No, 21, the sluminwe loaded one, and he corresponpding xia%,; )
sample, No, V2, av analler fraguency increpents. f§ia ?TCVLQ%;
detsiled information on the reflectlion characte:lstics versus
{requency in the region bhetween the 50 ke spo% freguencins.

d. Meagurement of Sanple No. 2i at points 5C k¢ apart ovar
& freguency range from 20 ke (the lowest practical frequeney)
to 1 Mo, to determine the eoxpecied useful frequency range o &
tank lired with this material, _

B. Theory of Moasurements

21, The method of measuring the reflection coefficlent dasceribed
in paragraph 8 is practical if the reflegtivity pattern of the
spocimen iz not subsientially dsffevent from the reflectivily
pattern of the plate: this was the ¢apse for the flatl samplies
previously discussed. However, a siructured gpecimen can
introduce a substantial change in the reflectiviiy paitern, Thz
reflectuvity pattern is eriticaily dependsnt on the proper
aligpment of projector and sample, and this iz ¢lfficuls to
schieve., Maximum reflection dees not ordinarily occur normal %o
the sample. Fuvrthermore, there l1s sufflclent scattering se fhat
even 1f we compared this msximum reflecticon Yo the maxisnm
reflection from a8 rlate, 1% would neot accurately indicate the
abeorption cheracteridtics of the gpecimen, A technigue devised
to take account of these diffivultles conaistas of wtili~ing a
separate hydrophone for mersuring the reflected signals. The
hydirophone is rotated in a plane which passes through the axis

of sympetry of the projector and normal to the sample or reference
plate, Pigure 18. Thé reflectivity pretterns thus obtsined, Tirst
with a reflecting piete &nd then with o specizen, together with
the valves of meximuw reflection, are used for esleviating the
rafiection end sca¢tering esaf?icients from the siructured sammles.

32, If sowmd frex 2 projectior falls on a surface, the reflescted
sate ﬁé Gewouad s hemlsphera of redive ¥ iz given by (see . .
Tirmre Lb5) ‘

) fnggy_ﬁﬁg,

F = rﬂ‘;/' ST N (X P wggﬂzagﬁh‘ |
WHET® .
=13 the polar angle measrred fTom the projector axis of .

wrerretey about en ordcin on the suvfece of the samrle.

Te the radisal anpie mensured from the X axis in the plane
anoat tha rrofeetor-axia of syrmebry (¥ axin). :
D0 yws i the teflaeted Intensliiy, & fupetior of both & ond @ .
e mapr frem the projentol an& the reflecting surfees nrs Soth -
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axiglly symreirig apout a cummen. GYia, then ghe :Eflﬁ&;ﬂdbﬁgfﬂﬁfm
will be axially sysmetrilc aboud this agis. in th*g CEsC uim 3
intensity, I, 1s indrependent of ¢ . The reflected pover From

¢ metal reference plate, Pp; 13

(T@ac odo |
) . 8 ) - E}_ “’.__?‘ ) P 3
f‘?’—‘-“zrﬂ“'.'a pod S (32} 1

33, wmmumkgm For a ssmple for which cne car ‘
assure exially symretric reflectiens, the roeflected power; Pg, !
¢s similariy L

Ty o ;
[LErnsde |

o
A= RITT

‘.

I (8 ) in equations (18) and (i9) may be reasured by rolating the
probe hydrorhone showr in Figure 18, in the xy plene frow & = C <o
772. Asccording to refercnce (f) the reflection coefficlent

ia dofined as:,pﬁwheAsoupa,raflgct;cn_cneffzcigng of .a surface

not a generator is the ratio of the nate of flow, ‘
reflectad from the surface, on the side of Iincideiits to the
fncident rate of flow". If the metsl reference riate 13 a
terfect reflector, the reflectesd power Py is-equs »
incident power. The refleetion $oefficignt,fﬁéj ny b

Zafined as ‘

%, can ba definsd more generally i the single integrations in
mouatlion xza; aie replaced dy the dombie integraticns sppearing
in ecuaticn (17}, ' ' , R

Th | Xemdig snd YuessT, yaferencs® (g), have devissd a means of
~omputins the power rediated from an axially sypmeirdc source, f
_utn aa ziven by ecuatioms (18} cr (19}, by & pleniméter reasure- e
rent of ‘he srea upder a reflectiviiy nattern piottéd on specfel
cersrdine e paper (Figure 19}. The augle is plotted as tha e

-
N A T
R ot Tow

¢J;¢‘?rprg§szd ‘n fegrees and geoled In termg of the Dunstion
s onontt.  The Inten2ity is plotted az the onlinste expressad
A Geren tpom the pask reflectlon, and g sealad $6 give & Ulnsar
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71619 ILLUSTRATION SHOWING USE OF PCWER CHARTS

FOR CALCULATING REFLE
FREQUENCY: 150 KC

SAMPLE NO 2! ALUMINUM LOADED BUT rL RUBBER

STRUCTURE  CONE LATTICE

RETELTLT TATVIRN 26 SAMIRE NO 21 S+ BTAL
PR CURA N e A-+A05 ¢
.-T-“ . NBab
o T
Lo “f‘eo wax e
: i \\.
.

\ i

!
N
i

D
i \//

(RECLAOMG LEVEL 39D90 ABOVE THAT OF THE REFERENCE PLATF)

}

!

}

i

]

i

i

{

S |
PR—

SUPURORNY SN

L N K Y Ly
.
*T_p- F

A e

tj?..\.“

%
it REFLETTED FROM SAMPLS, MO 20
(=30 DEGAEES. TO +30 DESREESH &

\ l!\‘ﬂﬂ

P S
BPSS TR s

4

[RUISPRIRNS FENEL ANPUNS SRPUTU SIS AN

antn g

DTUNER S £ 0T RN LR G T
Tl To L . T

2. taz

" HLLUSTRATIVE 'édum@vnon .
- mc.osﬁl 18 - ..__h.&? @
ccmm;,-u&: .. 050y
"* .
®BT -A0Z -1 0 ad

THE T8 1N FHE FIRST EQURTRON 15 R SCALL FALTOR
RETWES Ny CHOSTS A ANG &

ek,

T LTk ry T T
I
TION INDICES.R,A.AND G
REFLECTWITY PATTERW (F REFLRENGE OLATE Vo -
PATTERN NO, Qi1 5% . -
\,
7
i
“1
/
[
f i
I.'(‘L i ——— 2
or - T i
%
§‘ {
2 \ |
5 |
2 : } i
ALy |
o . 0 S0 00 ) Y.
. : AN L (OEGEER | tnaaT g
POWER REFLECTED FROW REFERENCE PLAT™ NO Of
{-30 DEGREES -TO + 30 DE@EES}
AV 50 N



ya—ry i LIS A N ;.,

HAy ULy Dunort r P
LYH“M"N} 4 +>' 53 I ai: ‘,{{‘ri ‘vt U [ i i ‘:;“"“'. ngv\ii L i('? ;. (, to c{)“_li.“_‘}lqu :E(,r('
nlon 61\,' b ohee ooy l“‘* abiorve as ellore:
PR ‘;,;
ww‘ /
:,.‘. o ’f’ — J— A tw'?' j. / {Pg /.mv,‘)‘, 9‘ O/@. .
e e Fos —— For N BN, T AN SO Bt ot e_i \
- /. , Yo - T
~‘('/h«4,¢ { A g |
¢ v b/ ! ‘ ' .
o g ’z”*w/ Bir G T

or for brevity

£ = Tie, A

r2e)

.?; -‘4?
Expressed in Jdb, y

R« 10 log, Leamee 4 04, =7 (23)

bt
. o™ ‘ '
=4 B - (as)
o where R is the refl ectivity ndex t"e raflection coeff*cvsnt
. :».ﬁpressed in avy Eay g

Jal %q ?he a} re?lec 1v;tv 1nﬂex, *he first tvrm in @qna%;sm
{23 DR e .

5 1s the seattering 3ndéx;'-

\}

L ]

Hﬁ”seccnﬁ term ic eqvatien (233

3%, I% is obvious thaé of Lfeu . ;quantities,f ';&, and
2aly two are independent.  For examgle, any comilt:

ian which
would cauge & Strong raflection from the sempie’ Lo decur withous

arpraciably incressing P waukd zean B0 increase in./l end 8
vc@resnopding dacresase 1n €. The txo latter parapeters then
indicata in a genera* way the Gistribuiicn of somnd. reflﬂc%io*
introdused by the iining. IThe. paak fe?‘wc“iv*tg 1ndax, .
irdicates the maximum m*“g-ction one might expect from a sam*e
in any direczion. Since Ay vepreaenis speculsr refisction
frew the rlade the sests tering irdex § provides a 'messurs of

the de~igtion from srecuisr reflaction of sound reflected

from the samole. The rafleocilviiy indux, R, is an overall

mezsure of the shsorption. Ine wmay obiairp »”e dbaawptxan loss
in par 2ondt from the eguetlon
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xr‘e., ditn o) An e operlcdle manper.,  The power refieetid froc ]
~‘ci & 3amde at given by the erect ﬁer«v::*a‘ ‘“'mrgbﬁon, sountion 117, |

woove apnrexdimated in this core by meling pathern neasuremens? X

Toenmall at;uul glvisions etending over a holl period., Thue,
se approximate powsr reflicted Fg 18 given by

R gnas]

Ziry M
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where? f
3

17 1s the nuwder of increrents J¢ in a helf period. ;

c, £3 a superscript indicr tes that values of the paremeter arve é
measured in the plane of @ o
Through a nrocAdura zirilar to that foli(hﬁﬁ for the wrielly 3

sSymmetric case the new xreﬂectiﬁ.ty index R is

l‘l

oy

AE’

The sca'{.tering-:‘iﬁﬁ"ex- 1s

;’: _ /a;&?ﬁﬂ—rEh’A‘ "? o |

L2 ﬁ,‘,L.._.u m/
.~ i ¢ :"c M . .
v el reflestivity Indilocs v,g‘;g;pf‘ihéa‘?a};-l

-

- ' o w -
k - e L ) .
P e 4,«,\44&“ jé svw Aok .
&
F’W’ .
. .
s -

3
i 7
: = -~
i [ B e "}ﬂ




Wa, Y "f.,,, l Ei 1

T T TV L GV R,

Navann ﬁﬂv"r*'ﬁ?ﬁﬁ
snare S0 ean ba thought o as Yhe pesk relfleciivivy indax Uor o
. nynotke tcal nxialiy symmeipic structure with vsive : of g asnd O
squel to . and Sy raspectively. Tho index, A, is thae mar**&n
vauk raflectivity measurad for any sngls ¢ . For & rparticuls
. sapple he nunmber of lnerecents, 7, rnmoessery for a seec;giei
nteristles

aceuracy dgpends on ;raquenc;i 1hw ﬁ=rc.nﬁvna1 ohara

af & hydr orhone, et the dimensions ~7 Lthe setup; this ray be

Jrtermined erperimnnuallv Alqg, ua?:ur@ nents mey be mnde ower

the npolur angle rang irnm B o= -7 Ve &= T2/ iu ths pluns

spocificd by the racdial gln e . The resully corre: :

taking on average of two pessurements 2t ecual sngul
(¥}

all sanples of this experiment. The JatZer procsdure alae halus
t0 compensate for errors due to risallignment.
37. Periodiecity of Selected Samples. It may be noted thst the
cong-lattice structure \Fiwur@ 137 hes en anzuler nericdicity in
W of ¥/3, A measurement in the plsne of Soction A3 corresvonds
then to the average of twe measurements of the tvup e W o= BTN
and & measurement in the plane of the Jsstlon BB to the excrage
_of two ineasurements ror y = wp =(r7 4. {777, ) . whera n i8 an
integer., These iwo measurements wars essumed to bLe sufficiant

. . to indicate approximately the wvaristion of the reflection
characteristics with @’for the cone~lattice structure.

. 38 . The periodicity in ;9 for the Fafnir samples is 77
If equal Increments are “ssired one. should take more
ineremenis Tor the Fein - sample becsuse. of its larger period-

However, measwresents - ‘e only made in planes at 90 denrses
for this n@u]iminarg ;.;es*ivatﬁon currespan&;ng to thrse Tor
ther cone-satitce samplazﬁ :

. N nppl¢eatian of the~Technique
32. The fectors which influcnee tha cholce 5¢ measurement
paremetzsrs in e nractncal gppiicstion of the technique describad
above aru tne acoustical srd geomstriesl characteristics of the
ryecimens, the tadk, the *ransdueors, and ‘the frequency range
ovar which measurements sre desired. The frsquensy range
considersd is from 20 x¢ to 1 ¥eo, lMeasurements st freguencies
~nl)a <0 ke are of interest bubt could not be rwade saiis? ectcrilyv
in vre ubﬁscxuy tank,

47, ZProjector Perzmeters. Thova.are *wﬁ Gppealing re:u$4eﬁents
wihich gnvern the selesticn of the sige of tha proéac+cz‘ First,
g unifo B 11lvmination over B sufficient por<ion of the srecipen
LDonme co L rapresentetive -s‘“enoisn meesurenents fop
B g oot s omateriso for s tane 1 Jindng . A repaonall iy
- nUn wOLE bl : . piston Lrye nroloctor
‘ e Bredgdt B0 sllow operatien




in the Praunvafer regicrp ‘refersnce faiyl e, thet
A
snere 1e the dictance rom rrojector Lo gemple, onut ij‘
the wave length of sound in water. For the cone structurcs, éﬁﬁ
. PETE
(Y S P

minimum width of uniform {1luminotion wes selected 2t aboy
em ~ the width of four cones. That this constitutes 5
portion of the lining wes carified experimentally. The width of
unilorm illumination for a piston source was taken to be that
batwesn the half-power polints, sndicated by the engle 5 in
Pigure ¢0, The pressure Versus the polar angle g3 from & plston
source Tor aiatances for which equstion {30 iz valid is given

in reference (h) as

———
L —

The pressure is
polar angle @

and passes through gero whem - .

et T, ta the distance in the plana of
rqn nzlfepowsy polots, i.e.,

nation over the semple, it is
o

" : chin g4
il SIS R

T L T e
aavavD Aaport 25909

-

g

4 LQJL@&%—”’{:{? o (31)

\ dscresses with increasing
~point when |

o
——

- O 5!*'?‘(-

o

2G
rop the orojector to the ssn

-

allew. 3ince a space of 100 om was
srele dn ordes Lo sepurate vellectlons
“aek wall, « Adeiovea of 180 - g
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selected for Dyw. I Dw/Dp K7, equation (34} can oo
written ‘

L na e B

. p)
DN = 2,0,0414-':’\- /‘3, (RS

The reguirement given by eguotion (;0,, f.%.¢ Shat the ﬁGmFI%
2 in tre Fraunhofer reg ion, can now be erpresged in ferms of
Dwy Dpy and A as follovs

/
. Dy .—-ﬁ\é’ﬂ_&. ,

1., The sccond requirement ¢m the size of the projector is

that the intensity of the scupd incident on the wells of ths
tank or the water surface be low. This 13 necessary becszuse of

¢he relatively lowelevel reflemims from the sampies. The

. copditicu thet the mein besm not illuminate the sides of the
tank or the water surface h@*ﬂ@@n the projee%or and the sample
. £an ha expressed ag *yﬁz : :

s

e
St
%
Yoo

_— _,@:41; -

Fare “T ia the wﬁrﬂhﬂg w&&hh ar &aﬁ k, these belng approzimetelr
sgual Acr this tank. 27 wring the wela&ﬁaaahgp batvesn the nnyis
S o &0 & givern Wy enwrtions {32} and i¥3~jmuﬂ by maing equaticn
£3%), ?hf r»ﬂw‘“aw nt BTpretsed by @q” tioa ?}g"ﬁic». pisces 2
Lower 1iwmit on ﬁwg nw&ﬁ"aﬂ B N . ”

D, = _gD o L&Eg z?r/jsﬁ;}l
| B f,;a_ fus

S-"“M

Tn % sodwaniﬁnt L0 DEPTeSE uw rataﬁiva te.tne 3amvle width

>

1 & 13 wr L f.(d’}-) oo

. - \ F " - % 7
Thus, enuetlionz (38) snt (3B) cam be writtem —
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In terms of the prolector radius, tne gLOVe TONGILAON A5

v v 4
I 0. €61 4 . 41l
3 ' . S Dl
e /W/,.,;z_m,’ b -
——— -y
since
i — l_ g ol
Y TP ‘ 22

’3) &nd (6},, anﬂ it the numsricsl values listed
, ’rted tha m*a‘zr*ctim on the projector radius 1=

' I- 93 | 4%}

>lote of equoti 'msfi%? and (21Y avg giver tn Fioures 2% and g2
reapactively.

43 mm& Iﬁ’ﬁ"d . it Lo omeecnsiury o 3elect a hydrophong
of szell radiar in order thal the E17E ECIE On the sample does
) >

{

ot patearially ziter the celloelley Twvenm the sampie.  The hydre-
ohore 3};;1;;':% aan be reduced Ty Q@trsnsl ~xg the ratio I fDi where

Do 1n Uhe digtanos of cho hydrophone 1o the serple. \;n the othesr
prrd Uy must et ‘m made oo zmall or tm. miforzity of Alluwinstion
af e rrevYe will be sprreclisBly oL featsd,. For the letler -
wondiuion ""m Ta "*us of the T3 zircp one ease puBé be
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LIMITING EQUATION: 0.394 v\ <1, < 177

22 GM SAMPLE

" r, > 0.394 ‘% DEFINES THE FRAUNHOFER REGION
S e o . LFESOLIVE TANK WIDTH
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fé .
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a1 It s Jdesirable that the divestivity patiern of tre nycrs
f"mrm ”w Freat anough to ¥ TR “Yigospmple
Plordvated ny the torofosion vl plotied &3
i meAn Wigure 21 ; LCLivwming
o D ra6)
- 3
YT e
L2
* LY
=t /T
r’
It may bte obsarved that the besnm widch hyd*anﬁone FEGE

axcgeded the beam width of all of the prkocﬁors excent thg E-8
which was used &t the high frequencies. For these higher
frequency measurements the hydrophonz besm width was epproximately
a third of thet of the E-8. The minimum hydrophone bsam width
fat 1 Mc.) was such that it intercepted sound from zn ares having
a8 diamster equal to the widih at the base of four sdjecent corwms
This was tentatively sccepted as the mipinum wid*h to get 2
“enresevtsbive refleution maaerewant

.- 7ﬂ5 Pylse E§$ggg§gz§, The pulse iength in water snould noi
vcead double the distance from the nydrophone %o the speciman
.o ordar thst the ta$1 of the incider® signel would not interfere

.. sith the reflsction, tub7ly 1t was *quﬂu*te & more convenieas
to 130 sbout twawthirﬁ” of this walaa, wpicy sorrssvonds to =
puise dupetion of shout O w8 milidzcoonds, Lua Le;@%“§:$’ ”"%ﬁ

was valb ot ebont 150 mdsessod as isternissd v the scsooisted
e;@ctronic agalpment. The hydrophions Totebion rute gelectad was
Fie HPU to sllow suffliclent vulsea per on o hyétapbene

t*avs {ap proximatﬂiy &3} for good nmttern ?&soluwinn~

A &0 PEN
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YT DIOUUTE L OE OF RN
S The resulita of Lns prod SRR JoA niw
fory of reflecsiviity patterie e Wi e
of "R, . a,::-;i S, In addition plo > noren o To) ;
index, iy , e shown for fac of rne gamples, =
Figure 1% s.w s a sample communtstion of Ry 0 o and B
af Sample Wo 43 and of & rererance plata were D0LOsT !
example. The patiern number is mzde uop of Lhe sample S
{see Tatle I) foliowad by s dash and a serisl identi 1o
number. The speclal cuard¢uaﬁe per referred Lo pr usly
43 designed to cover =309 to +30° {Chart 3} and -900 to + GO°
{Chart &). The latter wes usad only ouiside the range of Thart £
The use of the expsnded sesisz of Chert B Lﬁc*eascd the gcoursasy
of the powser determination. After redrawing the polar plots on
this special papar g planimeter is used tc,deuﬁrmina the areas

onder the curves, &, for the rsference plate and Agq for ths
sample as 1ndicaua§ in Figurs 19. The p@a? ﬁ?@a?ﬂ?&ﬁ Trom the
sempls 2nd fro;m the reference plale ara also read off the
patterns =nd then S 4= o ant R srs ssloulaied ag shown Ln the
flzure. :

fsmuarison of" qamp¢ea *rcm 5@ te 250 k

47 Regﬁecz v;tx of F12 samples. at"';i c; A comparisor u
the patterns for =211 samples at 100 k= is given in Figurs ?;

This {igwrs is arranged to show the raileativifv patlerns of . &%@
structured rubber samples on the 1e: &iﬁe,anu a1l other sanplive
on the right. Thers is indicated om esch patiern the idantkﬁyﬁﬁg

‘code nunber from Table I, the material tne strueture, and the”

lues of R, ¢, , and 3. The aferance ms,a reflecfivi*v wattm
Yo 01~136 shown ‘in. Figure 2». was g e ‘
for these uemputations, : -

zay be 1oted by caﬁp@ ing sawples ﬁiuh ths sama struebure bu
of A4:7forent materisl. Patterns Nos, 23-362. 13-155 and 314
igars 23, constitute such a group for-oeded dutyl materiay
R ,ousnxwrrare gurfa- 3. Yne pepttern Sor Ssmple No, 31, the
Tandcinsded sempla with blowing ﬂg::&s {r':cnt?ast'xitq tha o)
g 3 t?e tws other samplesd, ingissies 2 coneentretdon of

(%]
L ik

*Hn axis which might e uslilioed "negeiive scetlerdng

o ampia Yo 21, the olumswrn-losdad sample end Non 1

CORR samnlc, ohoaw séaitering of the same grdaz
L mmpmitede s 8 by the zozidering index, &. This 1s o
o 2nnlly Lnoeras i Cincn 2t L00 ko Zapple Wo. 21 hed m ’
T e P R C ST e e 3 £ ‘ o, 1.
) Bl O AN
= S in 8%

nava DRen

ot e < ety e e R oA o 5 o St 16 S e s s et e . TV
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. \‘uxkﬂ Gonr 30 In T, mOradvaty, wwn&titmtﬂ 1 gduiiny gyogn of fon

ouitvl samnlons Lot wity fint gurfocos None ¢f thauc sanyles

Ahowed Vary wmaon wzattering. The leos of eywmotry foovnn oot
Tor Sarpes Noo 32, teadoZoade? o mamter wAtn Blonlvg :
wug ecensed by Lhe poor ool tokg nater
ransed Arrog ¢Lu:fti95 aTy :

pEwimmanty
el »tJ':\ex o Uanbevn Ho
is“u SHT 2ould ot o
ugwurvxlv ﬁu,nrRCiO“j
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49. ‘A comparison of semples having a cone-lattlies strscturs =
firt samcies of the ssme material at 100 kc i3 shown in the
urver portion of Figure 23. The difforence in scattering hwiner:
the two types of surfaces {struciiurei vslues minus flet rane’
values) end alsc inersased with hoevinsss of “madino. gl
-3.9 db for the lead with bleming egent semplas, +4.5 4b 7
& iuminug - osded amnlas? end +9,.3 db for *ve h@&v;iy lmai~
samples. A8 indlestsd in xabl@ Ty the cone stiruclure somp
hsving lead with a dlowing agent hed the lowsst denui°r‘
f'm alurinun~loeded cong a3t ucture had = dev .mty of 3.2%; ard

' e heavily leadaloaded gample & density of 2 It shau&u T
) etad that the [lag laadmlaaaad ‘safiple with o’cw ng egent, Yo. 1%,
had en arotaloue dansity of 1.83. Irese Tesulie Sedicate thut
. the type of meterial affas:a the &9at tering index.
30. It wiil dbe noted that ne’ Baitiﬁh Fafaldr {(Pettern Uo. SI=11%
reasured i the plane cf Seetion E=B.Fipure 10, eae“- uaya%@v mor
neonounced seatiering off the aeav”ti 53l th* cthep
camplas in Figure 23. This resuld is borns oul b} *be Ta2et thav
;ne Bricizh Fefnir ned 8 high 3caStering index (8 » 7.4 b’ &t
100 keo Irn fae? this velus of S wss the h*g1ast (a* tris
:requenuy} for all o? the samplem tﬂatod _
51. The pattern for the Gemn I«’af‘nir axp le ﬁoﬁ 71 shown §n
Pigwre 21 15 not necenssrily typical o his structure bszo asw
e nerroe proajector besm widtn 1?1§miﬁ?u“3 too 2mall 5 pors
RN Vot zw??iﬁ The 3 “~2mng af the elements znd their chme ﬁﬁ@”!
o preodtar then in the cgse of the cone siruwciturs, he va\tamn
¢ mratared In 2 plane perpendiculsr to the wedge rowsc i.e.
Ty Santlon b0, Figwe 10,

lgurs i, As o7 g tons-satties
s v B3l Plen voeking Sorotals samvis is
Loty iu s are o\ o oaigh 32 aomcarsd Lo
- = copy o wlerergs . Pottarng of Visd
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A The neccesity for using the presant techniguc in evalue.ling
he scattering and absorpticn characterlstlics of structured
pecimens is avident from the fact that lateral spreading oceours
for moet of the patterns, and that the mexims occur at angles off
nermal for several of the structured ssmples. The use of the
ncrmel reflectivity index, Rp, instesd of R as sn indication of
atsorption would result in an error of 7.5 db for the British
Fafnir Somple No., 43,
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55. vYptterns Versus Frequency. Reflectiviiy pstterns lor
Sampie Xo. 21 are compered in Pigure 24 with psiterns ol Ihe
raferensn plste at corresponding frequenciss., Tha seetlering
index, shown or Sattern No. 21-161, is 2 mexiaum at 150 ko, and
“Aamreasss &% both ends of the f{requency bend. The decrease i
the low-Tracusncy end may be attriduied %c ths ineresse of wave
iengih relative io the dimensions of the elementz, The decrasse
at the nizh~frequaency »nd is provebly ceused Ly roflegtion fecm
the flat portion of the sampla, &8 discusszad in Ssctien II%
paragrach 23. S

56. Reflection Perameters vs Froguency-iosded Butyl Rusbsr
Sepplas. Valuss for the semttering Index; 5, peax refiecilvity
Tndox, A, &id Teflectivity indexy Ry for the various lcaded- -
~ubbesr samples are piotted in Figures 25 through 37.  For sny
ore sampls thesa three paraneters sro pletted on thauseme o
Slgure.  in eCGtion, Lol 7 aa PSOR PUPpOSes, €AGH parometer
For all ssupies 48 nlottad SR w o Sepsrete Tigwed. A Adgalive’ .
Cxlua s the seatteriog i.ofex Indicedes a concantration of soumd
oy Ty thh sarple ealzfive. Yo thed produssd by the ssdsronss
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STh%y
g &G wnl e rapld deoveasse OF cooEe peTaAanluss B
S W e ;lcular o el 32{}'.‘::;{.’)}*“,5“1“ Lelh Do ‘5 h(» PRV TR
meaT ows o Las ui‘ A srd R oof al) of the saded rubber Con
Vit ucturs sarples ae chown in Flgures3? wrd A6 The . ai*aa,:p
Lo ceased from spproxisately -1 to +i gh cvey the Traguonty Tanrle

"‘:‘ ) ,\'ﬁff‘ S’\.,

N Tha celiection chr rqcte“i%tics of the alum pimme Loeded ool
chouature Sample No. 21 gre 3nhown in FlgUx? 26. The reflsctive
srom this sample wea low *hrccghou» the ;*aqunubr range ., the
?4(18“'1%**” index decreasing from ~24 4b at 50 ke to =?2 51 B
<53 xe. A& s;mlxnsity betweron this zurve £0d thet Tor the .
taaded meieriel No. 11 4s thst the major portion of the cﬁﬁ

coours dedtwoen 100 and 150 ke, Cne uzfxu:ﬁncep hewover, :3 the
aorarent lavelizg off of the curvs s O30 ke for Sempie Yoo 2%
"rmpar'ed to the mlstivady nigh slepe of the curve for the lead:
saded ssmple.  Tha peak reflscilivity index for Sample No. 2%
chows 8 pinimum at 150 ke but the index is belew 26 b inroughout
the frequency renge. Alsc, at 150 ke the seattering Is &
raximum, 9 &b, and drops to approximately 4 du 3% poth &the low
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A and R bstwesn values mee: o2 ol intervals of 50 ke, .

4. T.s curve Tor R zhows B Tadghly pericdic varlation with
fraqgueney 1rom 150 %o 200 ki, bal Trom 200 to 245 ke R shows
14¢3le varistion except &t G,O ®e where thera Lis 8 proncunces
minimum. .

?5m Figure 42 shows the rell=zction characteristics of Sample
Ne. 21, the cone-lattice zample corresponding to the plana-
surfuce 3Semple No. 22, neasured at 9 ke increments over the
frequency range from 140 to 250 ke. The scatiering index for
this conn sample is approXimatsiy € Adb at 140 ke snd dacrsases
to & value of aboud 4 db at 250 ke, 4s hss bezn mentioned
provicuzily this decrease in scvattsring is believed to be cauzad
by the increase of reflecticn with fragusncy from the fisg
2urfaces botwaen the cone bases. The peek reflectivity irdex.
2, lsa minimum, ~4) db, at around 170 ko 4¢ iz sbout -37

D &t 140 kc amd 1ncrea85u to -34 db &t 260" ke . The ref’ea*ivity

adex, B, is approximately w30 &b at toth ends of the frnqvo*

nd {120 ke and 260 kc) and is & minimm [-37 ébz 2% 250 k=,

3

~ Comparison of R and » Flgures 4?'an3‘44 show ths n&rﬂ&A

?eﬂti"ity index, By, for the fim%t samplie snd the cone-lmttic
5ampAe, ”mspectivalya -The cerrasponding surve for the ref ?ect’v“ty
index B i3 ﬂlatte& on esch curve £or ecmparwaoa» it moy ba
cbaer-:d that &y 35 more marl_f 8qusl to R for the flst saxmpls 4
then fur the structursd sampis. The necessity Tor using the {
. peesent techniy T metsuring structured ssmpled mey ve noted ¥
’ g;eansaw,!ag that the differance. botwasn the two turves shown ,
in Figure 24 fs about 2B db at the low-freguency osnd. .
Brond ??eqnengy Rungs ﬁﬁaauremanfs - Sampls Hon 21 f
TF.  Esasuremwents were LAC a on Ssaple Ho. 21, the alwminur-
roeded butyl rudber sample mith a cone-lsiiice siruciure over the
fregumney vangs from 20 ke to I Me, in 50 ke increments; Pour
; egﬁa%aws 1REG, X344, ER snd 1&&3 wore used im order to cover
& wide freyezney rangea Figura 21 shoss the ‘beam widthz ver
=l these four transdussss. T~
onl dzfisotlividy Patéerns. Pigure 47 shows reflsctivity
; Tor Sampls Ho. 21 88 w2l sz for the referesncs plate
% regniatlce f?ﬁaﬁzﬁﬁ 23, e reflectlon indiesa B, i
£ S’ ygﬁﬂtra nugder. ths freguearcy. and the prolector
2l z2%ed on each pettern. Sincs the veluas of B, A ;
#1%h ?h* ABSIA treraducer 4 not agrse with ths L
150 ke fe 200 ke, the messuremenis mede with this oy
not o oo 77£iab25 g2 the gther wwasgzﬁmﬂﬂzwﬂ ‘ ’
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ALUMINUK LOADED BUTYL RUBBER CONE LATTIGE SA#PLE

REFLECTION CHARACTERISTICS vs "REQUENCY
FOR SAMPLE NO. 21

FiG. 42
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79, Ao o ctEeny Bl LRa et oo Tom wne Foipe Traasdusoerg b i
owarilan 7o usnoy podata 5o L Flgenn &5 The eniues U
¥ for o wanterss ot 250 Doy e o g However, LN

4 Tfercccos n B ogre oaly o Foh T ot 3658 of mltatas
#: 5 ard L0 ke A -;‘ﬁijﬁ aod% el 250 ko tul fwlis
wlonins 1 oo 2 A% st tha nne DRI ian

A, Beflection Cheracteri.iiga., Flgurs 47 i2 @ plve ol in
»7lection f‘ha*acteri*s‘:i:s f Sampie 2} the sughout the Tregusney
rangs oo 20 ke to 2 U leasursments gods with the differan:
wrojectors sre 1wjicaf;3r ¥ dilTorent symbole. The zi<iiad

curvas represent an ave: e of k1l avelisdle pc«ints eICﬁp?L tha
potnte® marked X. The lactes ara for ihe roteted plane o~ 7T
The curves thus repressnt mosaursmants meds 4n "".P plans e T
It L% considersd prodbabie thet thae decresss in £ and the incresss
in A and R over {ha range from 200 e te 500 ke cra eauzed by

the plene partiom o? the siructuro beimesn the consa. The
average velus of R 1s below ~20 db for ih: entire range snd the
ayorage v lud of‘ 4 1z bs.;.cw -25 4db for all bt the twc lowes?

?’mqm neiss. The incrsase in scettering Yrom 25 ke %o 150 ke &¢
in ngrea*ent m.th the theory gweu by Rayleigh ccane@rn*ng ooT-
Tugated surfaces, referencs (o), Vilues of By A, end S 20 1w

Swe highast fraqmncies ara amw‘za% doubtful mme of the
n2rroe hydrozthons pet%smo

.\nvsrpra::suim ;md Rsliahihty cf qu&f:a

E‘I The overall sysm was chackea Tor 14 mmty and drift as
pert o the proeedurs for sach pun. Tue &riftfms: thacked by

resracing sn initinl “icw-level poetic: of the peflectivity psttiern

2 the maximum deviation allowsd withont disserding 2 vun wRe

approximstely 1/2 @b, Usumlly, the ratract ¢id not devizts s
rTeasurablis anount, ‘;“"w linsarity wes checked oy noting reccrdsr
azflection versus oscillator cutoput (ses Figere 15 for a bloek-
disgrem of the equipment). Addeptable valuss of recorder de-
flection ware w;:u + 1 ¢h for'a 20 b decPesss. .ol mcﬂlatar
cuteuh . The davl atw&.. was ¥rpelly adout 0.5 -db. It ¥ss .
57831 ﬂS"i“’" that this Sviztion uensll 1. W&W&v in the TEOZE
“rego-13 fo 20 do, ﬂsrmgm:h,.ﬁ *-e m w* m?i@m zsf the

£ YAy e Aaopd x
oF - % i ni»’?u—i@#f’ wraswraeris wmo che cm bi%:4
SN R ey . A% - & JER. - (N ey :
R s ihe :.:i.z:a 5% tige 2ilable 2ilowed. Hosawerg this
353 roit very “:;"z“:vrw ¥ orunt to Te mede. Repeat ng .
" 3 ; i - . 55 : ~ - i
sora oEda mnder g 11::* pordizions o DENRLY Yo 21;—1& L3 i
L N - - ' “‘:’t » y b - »
Troguansy ronge foom 50 to 23T ke, The ves3ulin showed on
e o T T B4 - b3 . i - cd
gveram: daviaticon for wnlues of B, A, end § of » 1 Y. \capa"- b
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FIG 46 REFLECTIVITY PATTERNS OF SAMPLE NO 2}

NAVORD

RE kT 728

Vs

PROJECTOR BEAM WIDTH

NARROW BEAM

PATTERN NO 21-239
FREQUENCY- 50 XC

SAMPLE NO 21° ALUMINUM LOADED BUTYL RUBBER MATER!AL
STRUCTURE - CONE LATTICE

BROAD BEAM

s+ 3%@ 21-120 i
g.-ggqb 50 KC o
PROJECTOR" GBE . \ * ® 0BG ®
/'// ~.
- - -
s’ NG }’/
, \
/ AN
| 7 / \\ /
R -, \ Lo 20 e
21199 S+ 28dd - 2+US ST 1B&
253%C A~ 346 25%0K%C L0 =292 ¢b
08% m-sl,afb Yaa& Rs-2THCY
e
/ o
/s / b A
J [ R




NAVORD REPORT 2389

. PROJECTOR SYMBOL ¥
QB0 o) 0
XB4IA + o}
ES ) 0
- QBE 0 0
Q8G X /2

——= AVERAGE OF ALL POINTS FOR y, PLANE

-1%
.. -20
0
<
4 —25
W
>
% -30
-35
-40
-207
I: :
. s ~25
]
o -30
~ .35
j -4C
| -as.
| = iS
| s
a
| [T
1 >
| w
r\ -

20 50 100 500 1000

FREQUENCY (KC)
ALUMINUM LOADED CONE LATTICE

REFLECTION CHARACTERISTICS vs FREQUENCY

FOR SAMPLE NO. 2/
FIG. 47

. 76
C OMRARENTAS -



- Y . | . y 1 ” - 3
. : g : Ve o oo tae o uhiks raport 13 or lntive
' : ' I 5 43 o e g
T B U R S BRSNS S0 U TR RO 02 SR SPRPIR LA Ak Ses sne paflecticn aate
- B : 4 . 9 - Ny ey e ] 13
“toarefanss o os traslog LraoX Wil be deparndoni oo bee widtl.
T g - K E PRI RN A s o w e Y
il CORCLUSICHS AND DDCOMMENDATIONS
3 O N Vg .t gty r N e ey ] bd oy by Y.
o The seaules o the seowond ciudy Indleste thnt Surmple N
TUL ot oean lattlea siruc >oof mirmw-u,adeé butyl ;uot“,m

I

saow: ouldiavding prowise oo fany lindng over the fregianc
rapgny fron 20 Lc¢ to 1 Me. 1t would orobebiy be usaful i oc,u
nistew g1 lower Preqguencls: av¥ow, :

£y

5%, 1t sproars that this lialng could be imn;avmd for high ]
?stNﬂwc“eﬂ by &1 mia&xing the discontinulity caused by the plsnz

aorticn of she liaing. Hesulie irndicate that vQPA@ tionz from’
these smali nlane surfages swre significant st frequencies for
ahinh tho width of this izt surfsce is grab*n" thanr & hoil-
wave length of the sound, For sampls Ko. 21 this fregquose

%85 abourt 200 xe. These plsne surfeaes could bs *ap;&:gd by
mwroperly shepsd deorsssions. |

a6 Purther Lnprovemsnt of the lining &t low freguoncies will
provably be mors ALfTisult then at high frmuancies,, Ona
nos3ibiisty is to use Inclinded sir sraces. to permit more dJeformatio
of +ne material and in turn increase tbs io&so ?ﬁis method was
ngag efrae*iV@*y for. Fafnirq ~

87. Ancther possidle means fcr i&rwﬁviag %ha absc@ption of the
material et low froqueneies is $o intresse the length of the
aomes . This would peolelly heva the ndditionsl: advantagﬁ of

isorevsing M sastbering 2t the lawer ﬁrmqnfnﬁi@$ The dizads-
¥aGIA5%8 AT that such & Iiﬂimg wcuid avﬁmny mmr@ 3racan.mn&
roaplire more maté:;aih

Lt dg vrobadls that %*vhptian can ﬁaﬂiaaraasau somewhsat &%
sguonsis® by the selecilon of tettey melerials. The material
Wing of 100 parss of. maumlpvm.tﬁ 100 PSS (dy weight} of
ubber wae aglaeted. for o tonios awm @ papele on.

A5 of rofizotdan mesoue.ganiys mn’w m;\ ixfa gamnliaes . This
tom way wot e subism for s éﬁ,ﬂsrp¢' it eould
ereineg by en enseriTenial ‘ﬂw“mtkﬁc* ﬂm of w *L““mw of

4

*awﬁ ﬁampzmg Ln waiea the properbiom of metel viz wvoerlet.
Rloa Sraf o ne heal treatmont during the i
‘ ; Tract o ?b@ gharactoriztiay of
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Quring ho wolding pracess Souid e Bac. and thr vrovessing
LB hni ue atsndardlized su Ter as orachion o
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‘\‘J k(% O i’”{. to ‘a“(‘ B '.:‘.‘ I ‘C"! L‘Q!’ :.AL'; J"i TR tE .{9{},“',3:5,4:’.}! tal t} w
&;g‘ivsbali vy of this Uindtg %o semiatic faure, the following
gidtvicnal mopaursneantis ars rosoxmendsd:

a. The measwremant of rafiecticon characteristics varsus
Cohd angle of InRidsnes

* b. The messuremaent of normal refleciion reductin wersus
prassures, These meaaurements would indicate the applicebiiisy

of iinings for use in acousilic pressure tanks.

&, The measurement of reflection charscteriscics bolow
20 k¢, Results of these measursments would indicste the lomer
f*equgncy 1imit of a tsnk lined with a QOuS”A&t*iCG gtrusture
of alminum-10vdad rubber.
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