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Fig. 1. Cross section of Helmholtz resonator coupled with

elastic oscillator structure.
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Table 1.  Combination of various structural parameters.

HR a/mm l,/mm l3/mm b,/mm hy/mm b/mm  JRFHE
Helmhdtzﬁﬁgg%&ﬁggf%%m%@F 61[61, 65 50[1,1680] 40[1,56] 4[1,5  9[1,9 251,25 w
&4 Helmholtz 25 Ffr B R FRECMIRSEL 61 [61, 65] 848 [1, 1680]

L) G 65 28.5 1 1 1 B
£ 2 SMESE
Table 2.  Material parameters.
R FR AR e T il £k kil
R /kem? 1300 1180 1750 2730 4540 7780
AR /101 Pa 1.175 x 10°° 0.435 23.01 7.76 11.70 21.06
B /1010 Pa 4 %106 0.159 8.85 2.87 4.43 8.10
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Fig. 2. (a) Band diagram of the Helmholtz resonator coupled with elastic oscillator structure; (b) band diagram of the Helmholtz

resonator structure.

700

6001

ot
=3
(=}

Frequency/Hz
w 'S
S =)
=] =]

[
(=
=

100TA

\/
=
e

M r X M

‘Wave vector k

700

(=23
o
f=}

(<
[}
[=)

Frequency/Hz
w i~
S S
= S

Do
o
[=}

100} ?

—10 0 10 20 30 40 50
Sound reduction index/dB

3 (a) Helmholtz i 5 #itk ik FHE-5 4547 BRIE]; (b) Helmholtz -5 it HR F#E 5 544 I 7 i 28

Fig. 3. (a) Band diagram of the Helmholtz resonator coupled with elastic oscillator structure; (b) the transmission spectra of the

Helmholtz resonator coupled with elastic oscillator structure.
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HNTREFR IR, MOl KE |, B/, 5B
o B S AR 5 A FROT /T 4 R 22 B OR3P
RTERZS C, DAL, FFO AR REE K, FEITF
CIfHE 2 R B R R R, B2 R
THFRIVER, M3 my B, X R
N AEFF FH BRSNS U B Bl s, 1 3 2o 48 T
ISP XS my HATIBIE, AWF5E BT aa T K
FERA, AN HA S M 2 ahie, BOR iRt T
BIE.

K 7(c) RTS8 b S BREEERCR, 1F
Pl gz T A ORI AR A P A B R BR T 0
ELRT 6 B CAAETE). WEITPATLUE t, &
BB )l B T BRAS A/, SRR AR
& SRR ZEA K, b B3R S my /INMIRASAE,
M ky BT 5 ko MH2E— g, HARE XTS5 R 5
M /N, A BRITTF RS R B, & b 3K,
A R TR AL 2% i 2 BT S T R R 7 AR T S
BN B, BOKE A B <o B0 R A B
FERZIE T DR R BRSO, RO B A X BT
BRIGA &, A7 RO A BRI e B e i+ 45 R
T

OB THE h 3K, PR RGER D)
BRI 2, A & B A R T B, 2R BT IR
Ak, X I AN P S IR R, T b, o 1, 3,
7, 11 mm B, 55— BT BR300 0 T sk g
REGRIE 1, 2, 3, 5 BriREL R, K o A A s
B TR AL AL B 7 2 S8 TR 22 1 P2 A
FrEAE T A AT B L TR, 75 25 % S0k [25,26]
SR A I OB R S IR SR BT =
AR TR, 05075 RN 4R Sl 4R 6T [ A A
R, (HZEEE 7(c) FIE 7(e) WTLIA H, JRHA
Xt B8 5 M AN G g i - S0 e (S T R
FLIRB A2 AR, RN AT R fe, A
SN TAE IR

K 7(d) FIE 7(e) RAFMZRE Vy, V, 5 KHT
W B AR IR, T AR s IR 0 R
g3, S BUE IR R Ky, Ky A — TR T 5
— IR RN, R B X 1y P AR AT,
S R FHAE 20 Jis s A s rh g I e i s i) =k
28, NI AT LUE ) Rl 2000 A 1A RR
Vy G R, — . A BN BRI Ay 1 5,
AT ARAATR Vo 3 KA S A B R RR T
B, X5 —H BRI AN B . X Uk AR SRR A2

A s A ) — B AR AL A 1L, R A A 0 s A %) 1
L A REDRAS KLU A IR R PERE, A R T45 04 Y
AN TR SS R KN — 2 B AE L, D)y S 4
KB, UMESE— | By m iy ks sh. st
FEAEZIR PR E , fE— W B L TN RRAL, PR
T 5O S E MR, SO T ARSI
PEF; 88 B BRAIR T 5 18 1 25 S Ao 7]
B, G A s SRR A 6.

F 7(f) o B PR IR T o OB, —
A B R BRER IR 1 RS Bl (RS AR
REARG, TSR A B L R K. e HL, Al
JE, S T SRR AR L B A L BR L AR e
TR, PR L AR i AR A T[] — i 4, Ok
B () AR AL e AT DL Z W . 255 ] 7(b) AE 7(f)
EER, FTLVE Y, IR 59 O b2 s Xt
Tl B BE AR PR R AR A, TP 10 b2 S o
Xof o 55—l B, TR R A A B, B
R HL v R e f G 7 B B B G R Oy — Ay
(AR

5 % @

A T —Fh Helmholtz i 5 B vE IR 745
G450, FIHZ B RS BENS H ST T SERUBIAL.
ST A B 1) i 4548 ] LU S i % 5t Helmholtz i
SRR T FRAYALBRAE, 7E 6 cm MYZEH RS T Ik
) 24.5 Hz; 2) FPEIRF 00 AKE R 2540 51 [ Fh
RGN A RS RS, TP BR
A ARSI AT, HESTT R4 R S A BRI
B REAANST; 3) L5 H T S HO KB,
T I R AIREE AR (BB BRI 2 A T KR ik T
Jo | 8 R A M s AR AR A5 =X, T ARASICAR X d5
DAL TEIAHTBR. X ELZ51845 F|F Helmholtz 2544
SRS AR A R BB I R R, XTI 2E L
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Abstract

In order to improve the low-frequency acoustical insulation performance of Helmholtz phononic crystals, a
structure coupling Helmholtz resonator with elastic oscillator is designed. This structure combines the
characteristics of Helmholtz resonators with those of the local resonant solid-solid phononic crystals. In this
structure, the elastic oscillator is bonded to the inner wall of the conventional Helmholtz resonator by rubber.
The structure has two bandgaps in the low-frequency range, i.e. 24.5—-47.7 Hz and 237.6—308.6 Hz for a lattice
constant of 6 cm. However, for the same lattice constant, the lower limit of the bandgap of the traditional
Helmholtz resonator without the elastic oscillator structure is only 42.1 Hz. Our structure reduces the minimum
lower limit of the bandgap by 40% compared with the traditional Helmholtz structure and has better low-
frequency acoustical insulation characteristics.

In this study, the generation mechanism of the bandgap is analyzed with the sound pressure field and
vibration mode. It is found that the elastic oscillator and the air in the air passage of the resonator vibrate in
the same direction at the frequency of upper and lower limit for the first bandgap while they vibrate in the
reverse direction for the second bandgap. Outside the resonator, air sound pressure is zero at the lower limit of
the bandgap. The spring-oscillator system is established as an equivalent model. In the model, the elastic
oscillator and the air in the passage are regarded as oscillators, and the air separated by the elastic oscillator,
the air outside the resonator, and the rubber connected with the elastic oscillator are all regarded as springs.
Besides, it can be found that the air in the resonator shows different equivalent stiffness for different vibration
mode.

In the discussion, the effects of structural parameters on the bandgap are studied by theoretical calculation
and the finite element method. The results show that when the lattice constant decreases without changing the
side length of the resonator, the bandgap width increases without affecting the lower limit of the bandgap. The
increase of the length of the air passage can increase the width of the first bandgap while the second bandgap
decreases. However, the increase of the mass effect of the elastic oscillator results in the first bandgap width
decreasing and the second bandgap width increasing. The increase of the length of the air passage and the mass
of the elastic oscillator both can reduce the bandgap frequency. It can be found that the volume of the right
cavity only affects the frequency of the second bandgap, while the volume of the left cavity can influence the
frequency of each bandgap. Therefore, the shorter distance between the elastic oscillator and the passage, the
better low-frequency acoustical insulation performance of the structure can be reached. Finally, the increase of
the length of the rubber produces new vibration modes, which leads to the generation of new small bandgaps
and the change of the frequency of the original bandgaps. However, it is found that the influence of the mode of
vibration on the bandgap is smaller than that of the mass of the elastic oscillator, and the regularity of its

impact is not apparent.
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