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Abstract Topology optimization of phononic crystals can achieve the structures with the targeted band-gap
characteristics, which provides potential applications in the vibration reduction and sound insulation. However, the
topology optimization results of phononic crystals often have isolated material elements, which are rather difficult to be
manufactured. In this paper, a manufacturing-constrained topology optimization model considering both the band-gap
performance and the manufacturability for the multi-objective topology optimization of two-dimensional (2D) multi-
phase phononic crystals is proposed. The objective functions for maximizing the band-gap width in a specified frequency
range and minimizing the structural weight are established. The manufacturing constraint is additionally introduced based
on the connectivity analysis of the micro-structures of the constituent materials. The optimization problem is solved by
the finite element method (FEM) and the non-dominated sorting genetic algorithm IT (NSGA-II). The rationality and
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effectiveness of the proposed model and strategy are demonstrated by representative numerical examples. The results
show that the isolated material elements can be avoided effectively by introducing an additional manufacturing
constraint. Moreover, the optimized results can ensure both the band-gap performance and the manufacturability
requirement. Compared with the results of the single-objective optimization (SOOP), the multi-objective optimization
(MOOP) shows great advantages, since it can obtain non-dominated solution sets and achieve a balance between different

optimization objectives.

Key words phononic crystals, multi-objective topology optimization, non-dominant sorting genetic algorithm, band-

gap property, manufacturing constraint

5185

P A R AR I N TR A L, AT
DA 45 B 6 000 5 Bl P 5 30 ) A R S D A
FURFA B SRR A LA S . R AR
Wy FEBEEE . A R AT T R R R 2
e R 7 AR AT 75 1 i AR I £ S B )
I, AR 3R M 7 AT 7 i AT B v S A
s T N AN )2 R

KT AR A 77 FEEAA IR B
R R I E | N ST v )Ll = RS LBU R LS B
b BB 2T ARG (1) RABREAR S, A W] AT A v 1) 7
()6 2 7 ) % ) 5, nl e e/ 2k AR B e )
ISR AR, BT, 207 T T BRI i i 2k
#9%: (method of moving asymptotes, MMA )1>-61 FIXY{
) BEAL 25 AL (bi-directional evolutionary structural
optimization, BESO) J7 V£ X 5+ iy A& b AT 47 B AL
. EORBE P R EEVE SRR e, ABAFAE A B3 BN )
0 e A0 PR 1 i . A 288 B A A e 0 i 1 R
H AN W VAL A0 22 AR, AE B v H A K 210 2 2
SKIPEAL A SRy e A, oy, 1AL SRAE 5 1 i A9
IMCA T N A )Tz, bR iis 4L S (standard
genetic algorithm, SGA)*1, [ 1&E MW isi % 5774 (adap-
tive genetic algorithm, AGA)!'* 181, 2k g 5t & 535
(multiple elitist genetic algorithm, MEGA)!'”), i dE
SCHCHE 7 5% 7% (non-dominated sorting genetic
algorithm 11, NSGA-ID)20-241 5 [a] (h) $ {5 v 55 7 v
FHES G B AT SEIUNS 75 1 d AR Rl B .

BAR A AR ML ok T s 17—
FRAI R e, (R AR A7 A 00 RHAS A 20
(G Ey AL AR E i ckavh:/B o L] Wi v p S TR << NI
WIFEAL 99 I EERE R T IS Mo JLRTTES 00 &2
Ao TR I SN A TG S e S R RS 5 e A

L, TZ0 TSR 0 T3 4 ANRY, BRI RO BRI T
PSRRI L BT A 25 R i H BT A k)
FALIGIX — ) B, AR SCIF e 25 R n] R R ) 4 2 A
A an AR MR, 18 A e R A
TR0 (1032 38 V23 ATt DA PR /N A LR S IR o L,
G IS AR} RGN vy L T i 2 1
PACRERY. FE bR b, B NSGA-IT AR RE AT 5K
fift, 1321 7 2 HFriH 2R 4E (Pareto) fif b, A KN
() KA 55451 45 3 B AR SC 7 3 ml v e s B v e 5
FEAR R HT A T [R) IN sHfe o 281 sl ads v AT P R 2K, A7)
T A A 4 R 00 S B I s R R .
1 FEAFHEMNEFRERIMULEE
1.1 R EEIRRE
E S oo Y L NV | 3 ) e ) i
PR LG L, 2O AR ) 52 s, JEas 5 50 7 R A
V{[A(r) +2u )] (V-u)} -
Vx[u(r)V xu]+pw’u =0
b, o, A 43 0] 2 Jo 85 S8 R 4, w2 i
. v Mw 73500 A 86 S 5T A AR A e B

PANAE xy V10 ALHE, WA du/dz=0, TRITHE (1)
RO LU PR R 1) — A 2 fe

(M

p(r)wzux+% A(r)(%+%)}+%[2u(r)% +
2ol 2
p(r)wzuy+% /l(r)(% aauy)]
(2)
p(r)wzuﬁ% u(r)(%)}%[u(r)(%)] =0 (3




1138 i 2

Eitd 2022 45 54 &

I 18 =X (2) FIA T 9 B s TR A% 1
HHE (3) FIAR 14 T A1 B~ 138 () 4 4. AR ) A
2ERH ) Bloch 522, 7% ) & u (r) T FH W R AR R

u(r)=e*Duy (r) (4)

A, g () 9 FAIPERR R, k= k(x,y) PR, FIAT
BTG I7 VR AR, 30 (2) FIHFEAE R DU RRAAE 5
(K(k)- 0’ M)U =0 5)

S, K M 93 930 DAy 2 A DA 2 R o AR A A o R
U &1 AL i 25 58 SRR (5) HH R AE A
FA AT B REAT G B 2. 7O W, fg
G5 ey TR T AR BR 4y 2l BH — AL BT Q = wa/ (2ncy)
Forfra Jy ks T ER, o TR BT DI .
1.2 HAER
SEt S - AR R S AMIUAG, 32 B R R A
B 7 Do A 0o 54 Jf 25 A BEAT B S, J e AR SRR A
W s oh LS AR, 159 300 2 A H AR KR
AR AL ph TR SR ] AR R
HESL AL RS $ P B 2 ] g O% R 219241 JER
H1 O R 1 73 AR PR AN ] AR ), #8071 A4 )
ML 2 R AL Sk R T 2 AH A 1 AR, )i
LG I M 1) 8 ) Ty O B R TS A Rk AT
Zifid, B
wi = (b1,ba,-- . by)
27' < NM <2! (6)
by e{0,1}, s<t
R, i = 1.2, NE) BT R BTG 0 — 4
5 (NE Xy 55080, by J —REHIG0 A5AE, « 4 &1
I, NMOSFERVEL B 4 HTRDRL R 8, 5
(0,0), material 1
(0,1), material2
NM =4, t=2, ¢;= @)
(1,0), material3

(1,1), material4

XA 1A A, AR IR R e 1K

JEE e SRBEAT R (R . ph 25 IR T P« 0k o 1)

Yt 215 T 1S BN A B R R A, B
¢ = (1,902, ,ONE) (3)
K, @ BT R A AEDLA 1) 8K A

KA NN [FPURO S AT B, BT 2500 1)1
JE AR RN AR BRI, T8 3t % 30 ) AN W] £ A L
DX 320 S SRR A 023 W] 45 21 B A 45 44, i Sk
BTG ECH IR E (NJ2)(+NJ2)/2 , S I 8 AL 53k g
AR ((N/2)(1+N/2)/2.

R T 3t AT AR R G T A A BTG V25 S B
TS (1 o 0, 5 5 N A0 P AT 3 I 2 R 4 . A
SCIR P T e 1 T 1 oy s 1 BR AT B
(1 H 16 51N G A B b O 342 T DX 5k 72 S0, RIEAIX
BN — Sk, ALERE BN A 4 AN T I R sh Al
B, TEABH X AT N, GRiA B XA —15 %
{18 D35 S Ay DY 36 X 3. K 28 H00US 1K W9 A% 1R
F AL TR e SO BA R s, 2P
P 32 30 B e A RO R S I, Wl 1 R TR, 4L
2% FEANTREIAR I IR PR 230 3 P AN [ A LA 7,
b, 2t G 353 3 g BT R E I, T R
DX 3 BT A R AR, R T P AN I d

—l T T T ] I
connectivity
)  domain 1 .
connectivity = _|
domain 2
x /] i
W
- connectivity —
~  domain 4
| /l/‘
v
| connectivity |
| domain 3
[ 11 [

K1 R
Fig. 1 The connectivity domain

I g i 5 SO0 e MRS S ZE M RS, T EEAT
T SRR T o M AR A o BT A, R

A .

]:1,2,,NQ, k:1,27sNM

T A (@) M () 70900 0 55 ke FfRA R 285 j AT
Sl PR T AR AT 1 e AR T AR o s A Dk oo T
B, NM OSMEEG, NQ Dy RERTRERE AL ) DY T
SRECH . T () IS AE A3 75 7 B AR AR R
B, O PR A 4 (@) R PR B EG R 0 1, AR ) B
MATAGEA AR

() = min[I;(9) | > r* (10)




&4 W

AR S TS LR T R 2 H AR ML 1139

B, 1) N L (@) IR B /MEL, 7+ b BIEL, AT AR S Fe
Xt R 1 B SR AN AR I, - BRI
XoF G A R SR .

X T AR BROL AL AT I, Bhds KA AH
X B DL B KA AR B 08 S R i Bt
PR QAR H AR A SC T B DU i 45 140 1) il i
I N TS 5, 25 18 2SI N HY o OE 2 B xR 2
Sy Yo 5 B (R e o SR e UF HAT S e B )
TR, TR, AEAE I i S A M e AL BT R,
WO SC LAAE g 58 A BT Bt e 5 AN 45 4 o i e/
oAt H s

Zr EPrIE, R Rl AR —YE 2 M T
iR AR AU R R R U T

find: ¢ = (p1,92," - ., oNE)
Aw,
Fi(¢)= ——
w

upp—Wiow
Aw, = mkin Wyt (k) — m]?x wp (k)

maximize : (Awy, 2 0)

(11)
minimize :

NZ
Fa@=m=) pV
s=1
@i = (b1,b2,-+- ,by)

I(§)=r"

subject to :

randomly create parent population
with a seed individual

!

| evaluate individual fitness |< >

i

sort population based on non domination

¥

create offspring population from Genetic
operators (selection, crossover, mutation)

v

b, @ BTSRRI Aw, 55 n BRI B
TERE, N T T ERNE, FEE S n SRREM NG n + 1 fE
Y ZAAEAE IR A7 B 55 n B, B2 50 n+ 1 45 BT
1 3 /MK 50 n 4% BE Y K S K AR N, i B 08
Aw, >0, R ZHBRSEE Aw, = 0, T BUARATAE; F1(9)
DR S AR Y TR BE PN T BT B 2 R o L, AR
R AR 73 7 [0S R R A B R 78 i R R, wrow T
wupp TR EARTLHI) LTI, Fa(e) ML
LiR R, N RURS (K B EORAE, o o 50 R
&, v st .

13 REZX

X (9) 192 HARILA 1)L, Al R PRl 5
T HE 7088 44 595 NSGA-IT ) BHEAT SR, %07 1A et
1784 E il Pareto fif 4R, RS RERSHR YA 5 2 Pareto
A TP R L el A AR SRRV N 8] 2 BT,

FEVH SR P AN AP 38 N AR I, 4 ol o AN
T4 A T I P 40 SROMY R AL T A3 1 2 TRAEL S i Bt
AR R BRI b e AW T A8/ E 0.000 1, 7]
LIS D196 A2 7 13 20 ARHAF AT B R AE AR SO HE
Fp N Ak SEAR IR AR SR HE R 2 K R REVE, (T )5 &
PR RAT I XTS5 AR PR B

input population

| analyse the conectivity |

Is the manufacturing
constraint satisfied?

calculate the band
structure by FEM

evaluate individual fitness

v

assign objective
value of the band-gap

Does the band-gap

as 0.000 1 exist?

combine population of parent and offspring,
sort new population based on non domination

r
|
|
|
|
|
|
|
|
|
|
|
|

rank and crowding distance =
|
|
|
|
|
|
|
|
|
|
|
|

rank and crowding distance :
|

Is the termination
criterion satisfied?

L output population with

objective values

2 FET NSGA-IL FEARI A 1 btk 2 H AR iR
Fig. 2 Flow chart of the multi-objective optimization of phononic crystals based on the NSGA-II algorithm
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