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ABSTRACT

This study applies topology optimization to determine the optimal layout of a viscoelastic damping
layer on an acoustic black hole (ABH) plate under transient excitation. The element densities of the
damping layer are defined as design variables using the Solid Isotropic Material with Penalization
(SIMP) model. The objective function is the time-integrated displacement at a target node, and its

sensitivity is computed efficiently using the adjoint variable method. Because the viscoelastic layer

induces phase shifts and time delays in the incident waves, the location of maximum displacement
differs depending on whether damping is considered. Optimization is therefore performed for both
cases under volume constraints of 5% and 10 %, yielding distinct optimal layouts. At the target

node, the optimal layouts using only 5% and 10% of the damping material achieve 42.0 % and

52.8 %, respectively, of the damping performance obtained by fully covering the ABH region.

1.8 E

H AsA, 24 2 g9 Aol 543 W
Mgl mh FRE AElel 1458 vg 2
TE A&H o= Frbsta gk ey, FRE] 4
Fols Aoz W 2 23 TAE oplsd,
ol AlzHle] WA A3l SAbE, 18]al AR
7S el e Y9olo] Hrh

719 AE 2 Ae AR Ve ey EEE
B2 5 Ao, A 9 oS ol
g gste T8 Aol o&Es gk ey

Corresponding Author ; Member, Sunchon National University,
Professor.

E-mail : sykim5814@scnu.ac.kr

—-

482 | Trans. Korean Soc. Noise Vib. Eng., 34(5) : 482~489, 2026

black hole, ABH)o|t}'?. ABH &3} T2 F
A& = 2 (power-law) ol wHet HZIA o2 FHAAIY]
ogx FEE ol FRES w HitEE ¥
H(flexural wave)®] GdEEE FA7F FoldFS
H
B

Azl gasle], o] o2 FA7} 00] Hi

i Recommended by Editor Jong-Seok Oh
(© The Korean Society for Noise and Vibration Engineering


https://crossmark.crossref.org/dialog/?doi=10.5050/KSNVE.2026.36.5.482&domain=http://journal.ksnve.or.kr/&uri_scheme=http:&cm_version=v1.5

Sun-Yong Kim ; Topology Optimization of Viscoelastic Damping Treatment on an Acoustic Black Hole-embedded ...

A= 00l FEo] FRAF 20E wHSEHA Ht
ey, AA Tk 71 AR QlE FAE ¢
A3 002 A&t AL BIbsste], TAAOR
Aot F7(truncated thickness)”} EA5HA] Ft} o]
o sHAE Beshr] S8l Ad A Yol e

292 PAsH Pl AAFAL 0|2 B Hu
ol AFE FUse A% U BEHOE &
AN 5 Qom, we 3 A% Fngons,

= A7 Qe ey Asa A% 24 Bl
ARy BAS woh B0 WAl 14 A%

& Sugshs 977 Bash

oy, o] ATe|AE ABH 29| 7F @AE
Helsly] 98] FAHow AlLEE Hed B9
AL FEkeluA) stk o2 ) AstE Hek
ZAs A FEXEY AHATS I ¢ dE

N
r
2
_1

N
e,
g,
o
ol
lo,
Y
N
M
ke
i
o
i)
ot
24

M(z)ult) + C(z) ult) + K(z)u(t) = F(¢)
wy—o = v uly =g = 11y

M

oA7IM, M(z), (z) L8al Klx) 27 d=d4
(mass matrix), 93 8 ¥ (damping matrix) 123 7}
A} 802 (stiffness matrix)©|Th. w(t), w(t) T uls
= A& 7R gk 24 TR, £5
AE YehdlE Ao, g3 = 271559} =
otk

g TFES T2E FZE(host structure)d}

O-

~—

NK
E R

o, o714 sH-AF he} d= A7 TRE FERE

AFAA AL BAL Folxl HA Y (design
=

domain) WolA AFE A

4
Fe BESE Aol olF 13 W Qg ax

FTow FAEo] S, AZAqE, WIyd
agla FAYELE M(x)=M,+M,(z), Clz)=
+Cy(x) 2B Kla)= K, + K () & 773 %°] 9l

7}

(element)& #3talal, 7} @49 E4) AF-E UERY
= A 2EE sk HA W(design variable) =
Aolsel HA9 A4S AAFT oy A7 W
HAE Tpin < 2, < 1% A8k, z, —xmm-q] sR

=

&
\

—_
AQ

tlo JR ol

L

A&7} EAFA] = F(void) F o]z, Hil
A= Agst EAleks 1A (solid)
E]r ARHA DA AN FEAA A Wg A
Ash chgat #AH mllo] FAEHAR, of A

M= 7P de AHgH= 7Y F skl SIMP

(solid isotropic material with penalization) =2-&

A& SIMP 7 7t 2] AR 54

Ao el e g Ao, A % e

E(x)= 2By (0< 2y, <z, <1)

min —

71A, B etﬂaﬂ Qxe §7 BASE 9n
]—r(Young s modulus)o|t}. z,&=
ole, HQE A% p=302 A

it

zan
=

u mn O_|_4
I—H

STk 9, 7 B2 Sol A (singularity) &

DAMPING LAYER
(ABH region)

(a) Schematic of the ABH embbed plate with
boundary and loading conditions

¥  y = 0.5+ 0.000295 - (x — 65.3)2
(65.3 < x <200)

el N 9

@

_OE_I}LP,L

—tes3b—— 137 —m
(b) Cross-sectional thickness profile of
the circular ABH region

Fig. 1 ABH plate with damping layer
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Table 1 Material properties of ABH plate and damping

layer
ABH Plate Damping layer
Young’s modulus 69 GPa 16.5 MPa
Density 2,700 kg/m® 697 kg/m’
Rayleigh a - -1.30x10"!
Damping B - 1.69x107
Poisson’s ratio 0.3 0.49
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(a) Undamped ABH structure

(b) Eamped ABH structure

Fig.2 Time-varying displacement field under the external load
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