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Table 1. Material parameters of layered cloak with
5 =0.5.
12 2= 32 47 5F
HE 0.8864 1.0962 1.2500 1.3676  1.4605
ZENIE  0.3939  0.4872  0.5556  0.6078  0.6491
PIFKIE  2.5385  2.0526 1.8000 1.6452  1.5405

T R AR 2 TR R 5K B, W (R
FEAR 1 A 52 B U TR I JE ) -5 7K R AU B (K AR O

90 1.2

90 1.2

K1 #fkEmnT

IFEERWE R, BSED], SR
(B 75 37 W ST TG B B A B G ER 1 5 7 e
Y. XFF AR, AEIE T B R T A
R

MER EF, UBa B K EH R 2 i, 42
Bo B A P SR R R ) T IE SRR B AR, &7 M R 2
(29) H 6 = 0.3, HepZHes5 Fin—%. 42
2w, (HREEHE MRS KEEd = 0.2
b 2% T b B S 3, A R & 2 f R
WLE L, 4EBN = 121, 72 ZRESR IR 5%
Brha B A HU I CREEE. X TR AW, FEIK
IGAE 7 AR AVER e 1A R

TR B B AR (T U 75 s 3

Fig. 1. Scattering field of cloak as material parameters approach that of water.
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Fig. 2. Comparison of scattering fields between layered and continuous cloaks as layers’ number varies.

BH X2 SR M RERI RN

MR EAKHATHE, BHOR T EH BN HE R
. HTREKEEAR, Bdod 2 mezEEd
I, G %o FUASERA RIS R (1 B T ) 2% 3 AN B R
el ; J2 350 /b S o B B A (1 B B 1 A i Sk s
AL T A 70 )2 B0 B B A M g 1 s B B Y
KX HRR f = 20 kHz, 40 kHz, 60 kHz (XM (]
ka {8, RIS 505 5O 14 RO B3R 43 il 8.4,
16.8, 25.2) W ZH00t B S PERE MM EAT T 1T SR
F. LR AR BRI (29)—(31) it 5, 6
BCR0.3. A ZEWE 50, & 2P S BB %

3.2

FERORNES R GRS EER SRS HUE
531WMIE. L2245 T EEONS R IES
e

R2 JEEOY s W R RS ARDNESEL

Table 2. Material parameters of layered cloak with

N =5.
12 22 32 42 5%

E 1.0100 1.0408 1.0633 1.0806  1.0942

ZENIE  0.8347 0.8601 0.8788  0.8930  0.9043

YIEMIE 11980 1.1626  1.1379  1.1198  1.1058

134303-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 13 (2015) 134303

TR R mE 3 R, B RS 9
ALBR N — AU 2R3, AL DL (dB), FRFRAE
e B ARG B ik s FERE. HatE AN
o. (WithCloak)

0. (WithoutCloak)’
o (WithCloak) i e 5 4K Ja HIUR R4,
o (WithoutCloak) Jy A~ B 15 & £ A ¥ BUN & 44
B RECHBUN T RE ES 5N RE BT Ll o
T T 28 ik i S 7 o0 A p AR, AR REIEEE T
M ( / pgzds) BERIR, 3T AR 05 B
AR, RYE (28) K, THE AT

S i
%:m«/ﬁ%dg/m</ﬁ%da
C 871 Cy 371

Onse = 10log;

bwTt 2 (1 2
= 5 M {2|E0| HY (wb) HS? (wh)

— > B[P HY (wb) (nHé” (wb)
— wb

— B, (wb) )] |

Hop CONEU R AR, CL BB ASTH. M
B3R, 754 RTAR T N, EHN = 5 [R5
KO&BARUF RS MR (~5 dB), Gk EZ
3G R B AR B R AR Ak, A
TR DU H, SRR, BRSO . X2
N E R B AR AT O TSR B A I B L. AR
TR, 2 R LB /N, B ORT % 8 (1 1 ALl s R
AT

— f=20000 |
--=- f = 40000
f=60000 |

B3 JREO B S M RE RS
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Table 3. The thickness distribution after optimization

and corresponding material parameters.

B2 B4E OSSR BNE SHE

ZE 0.0040  0.0078 0.0111  0.0121  0.0150
B 0.6015  0.8347 1.1231  1.3827 1.6035
NI 0.2081  0.2888  0.3886  0.4784  0.5548
DI 4.8043  3.4622  2.5732  2.0901  1.8023

THESERWE 4R, BRI, 9
ARFR NV — LB R %L FTULE B, ANHE R0 A6
YRR B A YERE A B K PTIk 3—4 dB. W2 AN
BB S AR T . X2 B A AT AR A T R
SRR S A TERE. MRS UL, A5 B S A v
RELL SRR AR N1 dB 24, LR 5148
TR SRR 0.5 dBAEA. HBUX LI R 1R
BRL 2 R T AR RH R AR 1) 2 S S 3 A
(WILEE). ISR 5 A N Z A BRI B H B AR A A SR
1. SRR F T 2 R R 2 R AR
BROR 22, 3T 2 0 M BB AR R .

Onsc/dB

20 25 30 35 40 45 50 55 6.0
f/10% Hz

B4 R AR S PE R R R
Fig. 4. Effect of layers’ thickness distribution on

stealth performance.
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Abstract

As a newly-developed method, acoustic cloak made of pentamode materials is on its speedway to the promising
potential application. However, physical fabrication of pentamode cloak with continuously varying material parameters
can be a tough work, if not totally impossible. Layering is a natural compromise to bypass this quandary. Researches
on layering effects of inertial cloak are ample. However, researches on layering pentamode acoustic cloak are relatively
limited. Among these researches Scandrett extends the effective bandwidth through optimization of material parame-
ters[2010 J. Acoust. Soc. Am. 127 2856, 2011 Wave Motion. 48 505].

The present work concerns the layering effects of pentamode acoustic cloak. By comparing with precedent results,
the present paper has two major innovations: Firstly, cylinder is chosen to be the basic geometry. This is of obvious
advantage since cylinder is the basic geometry of acoustic cloak’s important potential host. Secondly, effects of layers’
number and thickness distribution on the stealth effect are analyzed. The two are key parameters to be determined in
the layering process. This paper is organized as follows: Firstly, analytical expression of the scattering pressure field of
layered cloak is deduced by means of variables separation. In this process Fourier expansion plays a key role. And the
harmonic assumption of the incident acoustic wave is made. Secondly, typical cases are calculated to verify the validation
of the theoretical analysis. First let material parameters tend towards that of water, and compare the scattering field
with that of the bare rigid object when the cloak is replaced by water. Second let the layering number goes to infinity,
and compare the scattering field with that of the continuous cloak. Phenomena conforming with basic physical laws are
observed. And validity of the theory and codes is confirmed. Thirdly, effects of layers’ number and thickness distribution
on the stealth character are theoretically and numerically analyzed. One can easily see from the computational results
that a critical number N exists. When layers’ number exceeds N, improvement of the stealth effect becomes less efficient
by further adding layers’ number. One can also see from the computational results that a wise distributional strategy
that helps improve the stealth effect indeed exists. And the optimization iteration can be utilized to further improve it.

As a summary, the present paper concerns the layering process of cloaking. Qualitatively and quantitatively, several
significant results are obtained. This paper offers a useful reference for future fabrication of realistic acoustic pentamode

cloak.
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