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ABSTRACT

This research introduces the optimal design for underwater sound-absorbing linings.
To address the time and computational cost of the optimization process, a combined
approach of the genetic algorithm and a surrogate model using artificial neural
networks was implemented. The results conclusively demonstrate that the best cavity
shape for the low-frequency domain is conical with an apex near the surface of the
entering wave. In contrast, a conical shape in the opposite direction of the low-
frequency case is optimal for the entire frequency range. Selecting the best frequency
range is crucial for the design and optimization process. The optimal response
significantly outperformed other randomly established linings, validating the chosen
approach. Additionally, increasing the number of optimization variables will
undoubtedly alter the optimal solution, albeit with a considerable increase in problem
complexity.
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Case 1: R)=10.59 mm, R,=17.44 mm, L=28.84 mm
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Case 2: R,=6.26 mm, R,=12.95 mm, L=19 mm
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3 Symmetric sigmoid transfer function

4 Linear transfer function
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Case 1: R;=10.59 mm, R,=17.44 mm, L=28.84 mm

— o FEM
| - ———— Nets
08 | S ~ i

06 L SR ]

Reflection

04 L p

Frequency

Case 2: R;=6.26 mm, R,=12.95 mm, L=19 mm

—o—FEM
o Nets

0.8

0.6

0.4

Reflection

0.2

Frequency

Gl 3o.8 125 by 99 (Sl 5 Grnly gl 15 S5
Sgume s3] Jow j Jols gawly o b g omac aSeud 3l Jol>



Foo0 8l o 2 F) Bon VP el odwl ool e
Gk ks Ghagh (al 5o 00 292 (sileange ln (G2
San b 5 Qb Jits yeite plyie 4 (R) Qb3 oy
aeS el cnl g oad el piie Gl bl il
Jis Ful Foomab 170 a5l Coles o 1WAl salys
Gan &l Fr gt d (Oglicce Ll5,8 Fr s ulSial gl )
Slp el ool olaiwl gilwasgs snlp o g ol Lol
ok pled 59, 2 ileaige dal jo eald el g5l Jae
sl imeks ¥ b ) Sl g 2k gedgare (S
398 Sledse glp 1) loaiagy 9T loges Yo IS5 0 8

Best: 0.342781 Mean: 0.34342

0.5
s, Mean fitness
0.48
046

Fitness value
=]
-
[

&
~

038 -

assf

................... :

034 1 I' b i 1 1 i I 1 g
0 10 20 30 40 S0 60 F0 8O 90 100

Generation

Fol ) oundls 58 03l sl (53 lwaiante 9l 53 51083 Yo S
Fpeks

Jlade gilwaigy ainse pl lp odel Canss saige el
slooacls slagles slp T, =5mm 3 1y =9.4mm
S35 5 Eee et 5l 599 gl 50 i S 4 (g Fe) Al
gzl &l ) oo Job lade ! TH Shod &
Sl R Bl eSilin e ol e lon T/ lain
e iyaslS ¥ L) S oil jo eadangy Joe
iyt S logas iy 4 YV USE o YY) USS el - /PFY
S gl 55 5 aite gk sl 1) 51 SRl muly 5 Sk

A2 oo imles S0
SIS Gl 5 QUi cure Slagal o5 e (nl 4 4z L
Coypo i gy Fwl VY USS @ axg Loyl oo |
393 a4 5 el 90w Cad ) S Sl LU
ol ;o gilwagy pbxl O jo awl ooy plais
Loy bl aieS lp anpe mob o2l Gaa ST Jy o]
G ok S Fe b)Y ilS )8 goil IS y0 oST elS sl

SoiusST Gidigy (55wt 50 GOl gy @)larald 1 Y5

S 3lwdinte =7

S slooseld 5[;;:3 oS gilwJae pl yo bysie 4 axgi b
Fhb oy wia () o> Jsb 5 (1 5Ty) algil
Jodo AV JS8) o wales psite 4 ol 5 (gileaie
Goldde Wb ok slos (iagh (owiis 5 (b Conle
b so3game 993 3925 Jodo 4 rizes Wipdn ) Coe
W Ghigel (poias gras sloaSl 058 (pl ululy a5
4295 990 Silwding ;0 b (b (godgare 353 B el oY
L (R) b5l o po nSile Jlaiie «(F) Ban b 5 18
3,50 358 ojl o BR) 551 talf gy oSk Jlaie
abl; Gk ST GRals Gl 5 olSal o0 09wl ()
Silotinge dline (58 098 Wgdoo bapye S0y 4 (0)
—ee Al Glojrie polie 4lS og Jho 5l 25,5 Jeld
solie (satidoy 5 aieS Jold s (2lb 098 5 sl
(emas A0S sl pgY laools dy Cum wlBan sl i
ably b gl | iloaingy i ganse b cnlnle ol
ged ol ()

(F = meanER(f) ) f: [fmin 'fmax]
Vr>0

Tmin = D Mm

Tmax = 20 mm

lnin = 1mm

\ lnax = 35mm

*)

el Jhz Sse ol 4 bae (SitwsST bl o
a shlyy b ze5 ez ol ol Lials e L Sl
ohals 5 JUl o 4 JEl el Sie g o bgrye K0S,
axl b @llae ulply 005 o barpe lSail oy 4 GulSsl



O=V0) AF-F (FO) Vol b jo waige 45,25/ )02 5 (ol e Ao s

E990 (pl Al Ay (g A Cumd (5SSl ol
b IS lr g ) ©go 03l idg SG oS ams e laS
aS caS ol oo LS (sloasld g 4y sl Sgad dge oSS
ity (5raskS Vo 5 Yseme) Gml laguils B 0
wor [V7] ez e 59 £5050 (nl 208 ol il el
35,5 oo oanlin )35 pl b Bllae wiiis Jaiws o 5l LS
FaokS B GV ojl 4o i 00 diggy Do by iy, oS
Lol 550 g 90 A Cand (5 8! suals C"""L’ shylo
o3k 53 oad Al sy Joo sl 55T el (1Sl e
Sade cpl sl b gws VYV Jlade o5 0 olST Fe U ) il )8
Ty 4 blige Jrowd FIF 9 WV L pln K00 (2dg 50 sl
alayly jo S GlSS Ll adtice ool dig Liubey yigs CulsS
bl ol 0e2g ol g L sl ibg b L
39 iy yo g ails Job LB o Slee (Jd sla Lgw 51 JLo)
s slis 0g3 5l ps 0, Sles 1 dgdome LWlS P W L S
SIS S350 I ol Ygams dnullS 3 ol Sl
&S (Soge a biall pelas Lol 05,5 oo (s J1d sl Uges
(b e paiz 053y bosled soyglp 1) 2l ol Ual
i b idg Gzl (b K0 ol 4 s ool )
S sl 5 Sy el Sos i (slagig; 45 Lol

Dgd ool (g5lwaigs slaylil
b oge il dg le dg altase 503 3,50 S Gloe 4
Sl oy S dailginl slol g lanl slagleds laid) e g0
el o0 Jo lie w83 05l sl ) 0ji> Job el
b oad Sobe wypiie 93 Sl )0 oud atdl e &b
5T = SMM gse andz jl 550 elad by (ogyse opi>
FY S sl 1 = 6.4 MM 290 dsiz> 4 Sy gl
90 9 opiie g3 Sl )3 ange el ln |y ST RalS loge
Glp 51 gals (oKl Jlade ars o Ginled S0 Sl mul
Slade 5,0elS Fe U ouilS )8 o5l 5o conid Ay il ()]
Oidigy el VY S 5l as jablen el s ows VV/D
PN g Ve Gl 50 (Ko Al g sl zaly 4 At
ool Jiowa Y& g YHIY ooy 4y polin b 5,06l YV L83
VO YL o)b sl S, mST o as ol las Slaslie
5SS oS les by il coads ol S )3 90 5> 4 o35 yeelS
lageal 5,2ekS N0 5 (8B o5l )3 wimd oo (LS 895
—uw.wy A S S e Gwl) so..\.ww W}J as B uLw)
Gl e )0 0,05 woad bl Bolas Ojee 4 sl

— oS 3 sl ssldig ol a5 ol sasline lam 0 yputin 93

3 ol &l el il pastin cilS)8 o3l p S T (e
Oy dlgm digs ¥ G

1.2
1.1

—— Optimum output-R1=9.4mm, R2=5mm and L=22.4mm

----- Sample 1-R1=10mm, R2=20mm and L=34mm

—&—Sample 2-R1=20mm, R2=10mm and L=34mm

Reflection Coefficient
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—— Three-Variables Optimum cutput-r1=9.4mm, r2=5mm and 1-22.4mm

= = = Two-Variables Optimum Qutput r1=5mm, r2=6.4 and 1=30 mm
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——Optimum Output-R0=6.4 mm , R1=5 mm
40 | —o—Case 1-Conical Cavity-R0=5 mm, R1=6.4 mmn

-----Case 2-Cylindrical Cavity-R=5 rm
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The length effects an reflection caefficient response of anechoic coating

6 Case

Reflection coefficient
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