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Application of coupling impedance in diffsorber design

GU Lingiang WANG Yingwen
( Department of Architecture and Urban Planning, Guangzhou University, Guangzhou 510006 ,China)

Abstract To solve the acoustic problem of small rooms, designing different diffsorbers is essential. Using
edge effect of resonance absorption and changes of nonlinear impedance among different resonators, a new type
of diffsorber was designed. Numerical analysis and experimental results show that the new diffsorber has special
acoustical performance for its combined ability to absorb sound energy effectively and scattering them uniformly
at the same surface and at the same time. For the new diffsorber, although there are no classical sound
absorbing materials inside, the equivalent absorption area may reach 1.3 m’ in the mid-low frequencies and
0.7 m® at the high frequencies. Coupling impedance makes the new type of diffsorber to be a high efficiency,
broad bandwidth absorber, and also a good diffuser, therefore this kind of diffsorber has outstanding advantages
in small room acoustics design.
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Fig.1 Diagram of a single resonator in infinite wall
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Fig.2 Acoustoelectric analogy of a single resonator

FESHGE N 2 R, Re(Z,) |U[* B3R
IR D)5, 1M Re (Z,) |U[* Fom Hdg
Al SNE S R DA Hoh Re (- ) R BUCSEES . 4y
HAREF A B A AT BUAR B TR A5 R, 7
AL

4p,coRe( Z,
A= TZ, +éoz)’

HoP poco W2 MIEEVEBRL B, W 75 S IF 5 1A
1B 5 AT DU A E A 7 A 4 T I ik
o TLLRE (A% as Mt R i e k%t
R A, , S g A 2 1 P L {5 S
Pl Re ( Z, ) 45 HLHR IR G 9 Re ( Z,) A%, AT L)
(AL B A BN A, HRiAR N
1A
Ao =37 =50 (3)
H1 (2) T, B 3L SIS 7
MY TR S, = A2 27 FF G AR, S

(2)



$33% 2

Ak S A BHYTEE Y B AR s R i I 5 169

REJIMIF , BE ] b A~ SRR 48 I o 19 A7 3800 75 T
R B B S B I 11 A9 T AR, An SR AT B B
REURKT 1, X IRG XFR A DGR . 1 EF
i TR 5 080 238 S S L, FE ARG B e, 3
FIA S50H R R L T 2, 75 I )
ASFFE, e R B RS BEAT A 1) S0 B 4 S B 4T O
WA R, P RS FEAR BRI ) PR A 5 A
SRR DG B A SR IS A SR 1) B 7 B T 1 AR
P DR 22 cos 15, b 0 g A1, BT LA AR
MHITTE L A(0) = A/ cosh, 13k I ) 371 4 3% 7 1L
ZLIRRM . NGO FRP— AR/ IR R 4,
BEN) ko VAN LU E” 3O I bW NG T
MEARZ A IR G WO, 78X Lo L PR 45 41
HRR A SR, R B W RS A AT RE AR H DU,
X B ICBR RRE I FA N AR 2SR R o, i B
FEILPRER AT AR B B, R R e, (n=1,2,
3. ,N-1,N), il 3 fizs,

K3 JCRROCEEm E ARG IR s R

Fig.3 Diagram of N resonators in infinite wall

FIEENE BHE T, B) TS5 B
GLISN iR SR R S & . T E IR
PRI R TALAR B O, AT LB IR f 56
SRR IR TR, A SR SRR B AL T IX
AR 2, M Z AR R ZU A R A
ARG, HARSH PR 98 52 3 5 A
IR

PASCIRAS 1 o], LR 2 4 5 )78 x4k
for 1IN

2
Ckpocy * 2masu,

it =
P = elterine) (4)
27,

Hdru, - & LR 28 2 & 10 A0 R A IR 3h 3
2ma; KRR 2 B R, r, M IRES 2 15
SERORSERAS 1 RS TP O MR R, IR E R
AR R, IS4 EX AT A6

kpycy Uy o it
271y,

P = (5)

BIR, U, =2ma; + u,e™ Ny SR T U8 A 4R R

r%
=

[7 B SROH A IR i /e SR A 1A = 2R i
Heo B RAXS F30AR 2 1R UL, (Bt — BEAE JC i
WAL T 1, A AT i 0, BN 25 S8 i () 30, 7
LT A G G0, I 2 3 1 A S Y T 7 P A O

e M - Uz,. (6)

X U, 785 p, — RSB RUE, b Z, 8
TR, Zo, AN AT, r, 8 n AR 2R R
YL EIEE 1 AN IR A AR ST TR OIS, 2,
5 1 ANTE ZERYAR ST BT, OB AT B 3% ZERY
FETEBLYTE A BB A, W TR 0 AT
FEH

(1 - 20200)
Re(Z,) = 2ha, 1]
" a’ E 7)
2K, (2ka,) %
PoCo * T N2
(2ka,) H
Im(Z,) =
m ( rn) Tra,zl (I
P I ()RR — B DUZERpREL, MK, (- ) %

AR — BB IE DL IE R s 8. BUAE B i 5 10 5 JE
S P A I KT/ INLI BLAR I, 20 (7) TR A

K
Re(Z,) = )
L - (8)
¢
Im(Z,) = %P0
27a,

F I, 0T IARA 1 AP J7 B R U, R 48
ARSI T, R N M ERE U, L Uy, -,
Uy, IR s

N k y
— 2p + 2 pOCO —J"r , (9)

UlZ +Re(Z,)] 2oy
In

Forp eIy Z, 45 RS (8) 143, i 7 A 4%
HRS(T) T AT LUK B A as S ] o HoAl A 4R
v AP 5 2R R P AL B 56 ZR U, i Ik
HEILE NARANELN AT, A SR & T
AL A R B RS o D b B R 3k 1) A B,
BROCEE I A7 AR N A S i i i BB R A
XFFRAS RGO, R 22 (9)  p, 1Y



170

2014 43 A

FIBA, KA T AR A A G A B, A BA AR
I7 ) SR A o 3 A — AL 19 22 3], T 5 S 4 19

U]I:Z] + Re<Zrl>:| = 2p,

Y Leos () Fem A A AR B2, A 2R FRAT]
INHESH AN 0, 3X—I0 UL T A 19 2k
R T SAFAE o BRI, B SR 1 5%
SRR RS LA K

7

K4 s PR A R TR RS B
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B — A XL ay, by IR AR
JE 1 R RE

l =a+b—;—<al+bl>. (11)

BN A A N R TR A S B
SHe By A BEL (PR DA sk 38 2 7 BEL BB 3 /0, 220 5 A
SHERAT AT AV RO BN S, AR 1
AR Z, 0

Z, = pgfocosh(j:ll). (12)

Xob T A B AT A [v) B AT 45 K 0 ) 75 BT
(AR A2, b e B 5 B A8 1 R 5 A2 i
PSSR SZREAL] LLE BOR T AR T —
SERRIE AR WA IE IE R fF 1. 18R [, 1Y
BUA LB, AR o & 1E 1952 w2 AR/ iy, SR A
g,

FEIZANIEL S S ke A0 45 R B JCBR Y Bl L
MR UL, 2006 J5E BE A s e, 2% B T B A B



$33% 2

AR S5 RE A BT Y HOWOA PR (9 RS

171

P, AB2H0RT LA _EAF7E 2 AR R ST

.............

W T, AR 6 (a) K 6(b) fizR.

(n=1)ym+1(n—1)m+ IE nm—-1 nm
(n—2)m+1(n-2)m+2 (n—Dym=1| (n—1)m
m+1 m+2 E 2m-1 2m
1 2 m—1 m

(b) TR R 7R

P64 I P A T 1 o o £ T A ) 43 15
Fig.6 Diagram of the meshing of diffsorber

FERAR BT I 56 0 208 o R 2R 48 1 e/
RN, 2 FOTH 5 2l MBI 6 (a) (1971
3 m xn AN IEJ TR AR INE 6 (b) iR, HEEIE
TERI RIS N T A/6, AT LI 783X 22 5355 |
JOT AR Bl B RE 1 50 3 A T AS 23 A AT A ] 8, o A
MR RAR . BIAT RS « [y =2, Fmm &
SR By BER LR 2, IR AR IE T TR K N
LA TR —AHAE, SERE N o, O T RS A BT TS
TEPIAS P A b |], &) 3 B80T i B EH R 2 LR
FAE

(I<A/6;(2)a, | 1=m,;(3)c]|l=n,

AR SRR ZR A BN R B — 28 Bt @, = a, =
ce=a, y =a,, W] LLRTERHLIA R « J5 R o3 B mo =
nm, iy

BB A BT AR BT, 45 A R S R
Y AR B ITEU/ N R I, AR IE SRR R Y B, AT LAAE
B T3 B 7 R R AR B I 458
TG RYRLE AR BR R (2, ) Ho kS ETT I
R ATER 6(b) FiRABFRRT 2, 5y, IR
AAF

a , a
m  2m’

(13)

%, = mod[ (k —1)/m]

v, = floor[ (k= 1)/m] « < + 5,
n 2n

Hip mod FR/RRRIE R, floor /R IZH, BIZK

PRANTEEET (- 1) /m BB, IS 744
BTG ARBR LU , 24 7% R RE (9 B0, m] L
J7 R A Al AT B XA BT RO BE B, 4 45 8
BT L, BT AR

i, = \/(xn_x1>2+(yn_y1)2- (14)

X HAB BT T LA

X B AR X A LR BT 5,
P BGRB8 D 7 BT, b 2 DL
g 1 oA, 25 R B R M BRI AEAE, S TR T — B
EIERIRE L T7 I S 8808 FE I, A S 8 1E A9

JEH R 20 E
_i(/ﬂ
lmeud - 3’1T O-,ﬂ- . (15>

WA ERABBISE L
Lo=1 +1,..4 (16)
AR SR AR SR B T Y 22 S, IR G
HEREE RIB 450 1 A 1 A BT 25
A (12) 15

7, = ?g@cosh(Jle)+-R. (17)
1 N

U RA AT 1 22 5, AR A 1 B A LT 5K
T 1 A O A R A e



172 2014 423 H
Zalz + .]p;cotan[k<b - 0. 5bl + lmend) :l
C
z, =P : : (18)
C
P+ Ztan k(b = 0.5b, + 1)
1

Horp Z, AR s (12) g i, FUR 4, ZEPCH — Boiim iy o

LR, Hot T it B A T LIS

£ b O TORARA BT BRI BUIRGE VR AR AL, FEk 1 A 25 R i 5 R

N
kpyc U,

Z, + Re(Z :2.+§' 2elin
%l I: 1 e< rl ) :I Pi nzz.] 2’1Trln €

C

> kpoe,U, ik
(B2 + Re(Z)] = 29+ 3§20 (g £2)
] n=1 T,

B2 +Re(Zy) ] =2p + 3
I:I n=1
] .

kp 0 CO Un

211y,

(19)

-ikr3,

(n#3)

U

. N-1 kp c
| Z., +Re(Z, =2p. + ; P00 n *Jk’wn‘
%\ [Zy e(Zy) ] Pi ;:1 ] 2mr, €

TEF-THT P ARSI I T3 2 L | XA T — |
26, PR MBS g, — A o, —A
ST 0. AR B, S AT B T B
DL AT o,y SR o A1, 5 N 200 6 152
Wi, 252, SR R S PO B AR B3, AT LA 220
0 RIS

TERXFPZEAE T, AR I0 LY p, ARAL2E
SERGER, UL v Rl Z 55, X p, AR
0, AB2XF T4 k A BT, FIAE 8 6 5 4 1)
TR BRI, Ho A9 [ R AR AL
AT, 2 (9) Al el

z

Uk[Zk + Re(Z,k)J =2p, * PREES

N
+Z1j

kpycy U, o Hin

pa— (n #k).

(20)

PR A A A 5 RE 2 A8 L I A

K7 RIIR R GRS I ] A 1R
Fig.7 Simple calculation model of the incident field

of the surface resonators

- k Uu
LA (2, + Re(Z)] = 2p, « et 4 3 00000 i,
n=2 2’.‘Trln
0 Nk U
%[Zz +Re(Z,)] =2p, - o THhacosa z . l27000 n -jkr (n #2)
I:I =1 TrrZ/L
yacos Y kpoc U, (21)
%’I:Z3 + RC(ZH)] = 2pL . e_J y3cosa + ZJ 2 n —jkry (n # 3)
1 =1 T
D .
L N-1
ko,c,U .,
%W[ZN +Re(Z,y)] =2p, - e Thyveosa Zj@e-ﬁwﬂ‘
n=1

2 T N,



$33% 2

AR S5 RE A BT Y HOWOA PR (9 RS 173

H B TR 7 R4 T LA XA R SR 45 5
JUYR B AR BE AR B SCHR A, O 4 — B0 Y
TR BT A A BT B PR BRI A G (HAS 4R
AR, bk AR5 AL GE i i SO0 T IR A —
{ONSPSpuR IRFS - RSN U R L NTTRI N
ARHE I, 10 RT3 35 R A R g i a2 )
B, ROk 7S, O DUS B BT R
Uy B ER

P T BEAT A AT 1 A R 36 3 1) P B, T
FE(21) AR AP BELAE A A A IR A9 1S 50 B L
PR T LA (1, SR AR AR R A A AR T,
{H— B IR A48 PR 2 B 25 SUREAE B AR & L IR
T 48 101 18] B AH ELAR I 3 Y R A BE 5 20
R S R, HTURUH B A K T IR 35 R A
SEE o AR, DN P B, AR 3 Y S
WIHCBOR, i RLAE /N 1) R8E 9 [ B AT BR 9 BF 1] AT
TR 2 S L AT LI R 308 — SR 3 Y TR) i, i
— BB I A BIUE T e 1 B
PURTH ] 3 oo X P % 55 1) SCRRAE 1 9 A 5 7
BHACAR BRI A ) BB T 25 S P A 4 11 AR Y
FRPTR Z, Z 5, i 75 Z 5 ARG P LR A HR
&L AREAE S AR AL IS 1, M) 2.,
T

Zlinear = Em[ﬂ+J(1 _@)]’ (22>
LK K

K e =27H/N K =2H/8  H IAE TR, 8 K
R 2 0 JE RS, W] S ORI R BRI & AE R
AN KB AR K, BT LR M8 43 04 7 BH(E 2 1R
NS
AR 5 B T ke
Z v = MK| U, = U (0.06 +j0.024),
(23)

X M =p,/pc’ ,po, WS R, U, R4 n iR A
B TR R . E SCAH SR 145 & 7 BE
YRN Z, A Z, = Zyioear + Zovon —tinea X Py = Pust =
(U, = U)Z,  TE A5 n ARV ALY
s p, HEMRHE U, ZHM KR p, =U,Z,, Hrp
Z,= =jp.c.cot(k,Ul,) , BLLERRAAFF

Un+l - Un = (pn - Zn+lUn)/(Z(-n + Zn+1)' (24)

X — B HE 14 A5 AR 3, T L iR
VB AR AR, I ELE A gt al B[R]
BRI, AP RO R A R R AR,
FRLLEIN R (Z, + Z,,) S PATAE B A 580P BLBT R
FAEA R R NX(23) aT LR 2, AR LA ok
PETHIARAE DR BOGERE 22 , MK SR BIEA/IN, Bl
PAARL A A5 BHAT AT RE 22 U BRI, P LLIACA I
IR LR A1 00 o X T SE IR R AR AR [7] A4 3L
RAsdlE, (U,., = U,) BE 0, Bt IAFF AR L
FifH.

4 RitEPI SRR

4.1 &It LA

VE Ry SRS RO 75 R B8 23 B 8 B
FATEAT T HIEASE N 8 (a) (b) s By HEA< 25
P BATTAR — 5 18 JURF HE 51 T 804 4™ 0 75 4%, 4
K9 B o A BEAR S BT 7 A58 8 — EUY ]
BN, 1B 8 (b) T 7 P A 1 155 1) 350 4 9 B 5 h
a,(n=1,2,7) B FRIAHB b, (n=1,2, -,
7) A S & A P S R T TS A2 A, B e, =
b, (n=1,2,--,7) A O A A 1 8 194 58 =1 43 5
> 600 mm x 600 mm x 300 mm , A GER BT e
XS FRE , DA A J2 T LUK b K S A5 - T
0 s T, THE Y B LA T HLE T
5 TR e = I P A5 XS L (R R AT T R A T
T 59 Bl P A — 3, 52 AR IR B A 2
R Z IR Y, aniEl 8 (¢) B, PUAS BT 14 HE 51 #5
59 iR —2, RN #EA TS R B DLt
B UEAR A P BEPTTE Y B R (AR B v R 21 170 O
YEM .
4.2 BESHREKRIIE

FHREG P BHHTRY AL S BT A 8T 9 B s 99
W A, R AR 0.3 m*, AE R, AT
VAR ASS AT AR TSR, & 5
TCIR BN AR B AT BB . T3 R A S A TR
1 Pa, UK 8(b) o —HE R 23 8050, P DL —
1R Al 8 A P A A 1 R e S R, OF R
B AR H A ) RS S e, AR SRR Tk U
FEPRATART , 2% BT R FRH BE 196 8B an &1 10 ~
12 It



174 2014 4£3 H

a a
ay ay, ay ays as ag a; ay ay as ay as as a;
el bl Eel Bl el B I B
| | I» by
7] b i b
T by T by
T, | b o, |6
- : 1oy o,
: 1o, 1o,
S o I
(a) ARG R K (b) FEA T R = (c) Z W ol i &

K8 P HON A A S Y A B OTR TS

Fig.8 Basic unit of diffsorber and reference structure

- L 10 (TR O HibRS 0 a, FIERY
1 7 A SHRIR (107 Ha) . 7T BILE o, FIAY 3
gz BRI, (AT 28 /N TE A PR R A AR B
ol STEA IR S SR M /Ny, BEE T 0, b B
@ a A 19 26T 455 15 043 B TR X 119 @, 1O 4
B PR U, 1 R B
@ FR 8 ay P05 — A BEAR SR (153 Ha) | FIRE
T DA S 20 28 A8 % 2 SR, (% 2 St
PREOIIEA S 5T o, IR —PE, BZER S 8 4
PEIT A SRR R R a, 00
; TRy 535 Ha I, T AT P 1278 51, i 93t
PRAQMTEIE AR 11 28 A, 3 2 IRk LA 2T 19 5 0
A U35 7K AT BT , 7 i % 1 0 7
2 B — R O

600

ar

ar a

PO S RO A B 225 ) A T A1 R T ]
Fig.9 Layout of example diffsorber and

reference structure

x107*

AR/ (m/s)

0 20 40 60 80 100 120 140 160 180 200
LV R5)
B0 RSN 107 Hz B4 A0 A AR

Fig. 10  Effective volume velocity of each element at 107 Hz



$33% 2

AR S5 RE A BT Y HOWOA PR (9 RS

175

x107

LI/ (m/s)

40 60 80

100

120 140 160 180 200

G

B 11 SRR 153 Hz B4 BT G RO R R

Fig. 11  Effective volume velocity of each element at 153 Hz

x1074
2

LRI/ (m/s)

40 60 80

100
TSI

120 140 160 180 200

B 12 HESRRN 535 Hz B4 B TT G RO R I

Fig. 12 Effective volume velocity of each element at 535 Hz

B A S 48 0k 1 AR R #E AT R {5
H TR = RS B A, B I DGR T AR 9 B RO
PR IR ) A S P 2R 00, AT S LA e ) 300
WA — 2 PRV, IR Z 2R IR 13 s A
HRT LR B, AT XA o 25 R A AR AR e Y
MR REREAE T AR AR 5 75 B A7 A, X T 3R
TFAE 0.3 m* 3 1O 7 A, LI 7 i A o AR5
T P B A E T 0.4 m®, AN S5 BA BT
(I P PR BE , A SRk SRR A R BTk 1.3 DL L
[l -t 75 3], (A HE AR 4R A 5 7 BELAS BE 7 w55 4t
F4 P A 5 8 A P BEL D iE, AA 1000 Hz JF 4 1 75 5%
BRIV T e BT B G e R B AT R 18 0. 7
D s
MIEL 13 "] DU B X T A 78 17 B0 75 A
IR B I AT AT AL GE A W BB, (H i TR

o

=

LAERA L AA7E 0 TRIEATE 0.3 m* g™
IO P AR, IR P B v AR A I Ao R 7 s )
T 0.4 m® RS HAT RIS AR, S
SRR RACATIR 1.3 DL B TR R 2 A
AR P e fR T 4% BAOC  SEIR R — B, WA R S
(EBL , BT LA 7S ARG, A0 0. 15 m® 2247, &
ST P 2 S AR S A R R TV RS 8 7 A
(4, B LAEAS ) vpm] LR SIS 5 75 B2 Al
TR o[RSt R 3, PR IR 45 ) S L il A
ARSI AR R, AL EE AR LR & 75 LA RE A
e L8 B A 5 4 S P BELDC E, A 1000 Hz JT 46 I
PR ARG AR 4 BRAE, (E 37 55 B A% 58 1 e P &
BAIRAE 0.7 LU b & T MG 7 BT -5 58 T FHLAT
FPCIE )AL 8 58 4t Y 1 A SCRYTHE T I, 8%
73 IR



176 2014 4E3 H
0.6
I —8— JHUR S |
0.5F —o— 4 : s % x
L o04f .
[a 03: ] [1] COXT J, DPANTONIO P. Acoustic Absorbers and Diffusers :
"Lé 3 \D\E\D\D E Theory, design and application [ M]. London and New York:
02? _ Spon Press, 2004.
0.1}F W - [2] COX T J, ANGUS J A, D’ANTONIO P. Ternary and
0.0. ) ) | quadriphase sequence diffusers [ J]. Journal of the Acoustical
200 400 600 fog Ik 2k 3k 4k Sk Society of America, 2006, 119(1) :310-319.
e (3] AR BEIETR. I BBLY™ PRI 4 M RE A RO A0 17 15 56 0
13 SLl o s R 5 S 5T L WFEE[T]. 722447, 1996 ,21 (4) #4T1) .620-624.
(TR M) 300 40 ) ZHAO Songlin, SHENG Shengwo. Calculation and experiment of
Fig. 13  Comparison of absorbing area between diffsorber sound absorption by pseudostochastic diffusors. [ J]. Acta
and reference structure Acustica,1996,21(4) supplement :620-624
[4] LANOYE R and VERMEIR G. Prediction of the sound field
above a patchwork of absorbing materials [ J]. Acoustical Society
5 Zig of America, 2008, 123(2) :793-802.
[5] ANGUS J A. Sound diffusors using reactive absorption
}J\—TF‘EJ:%BE/\ %%éﬁj*ﬁ =] ,\*}E{‘HT E/J]\_Q% gratings. Journal of Audio Engineering Society, 1995, 43
RO K R T — o B B PR AR A5 R X R S5 390-395.
AFAGE IR, 52 SRy s Ly, [0 ORI SRR SRR
JfZ#t,2001 :403. 409.
dré:k*’j?i‘ﬁ [:EBL ’%ﬁ E/J Tﬁ%wm{ds{QﬁFHiu ,EE,fil‘ I% [jl [7]  TAKAHASHI D, TAKAHASHI R. Sound fields and subjective
/JI]&}I' *j*’H;—*Eﬁ:E B—B ﬁﬁﬂ_[ﬁfﬂ B/J )‘&/ ) ’Jfﬁﬂ?/b@ effects of scattering by periodic-type diffusers [ J]. Journal of
B TR PR S A AN A A S A L T A R Sound and Vibration. 2002, 258(3) ; 487497.
JRFT RN L T3 LA BB AR R SE (8] BSRAMe, ARRETR. R BAHLE UK HE B O 06 047 ()],

F1Ry 7 AR IR AT T 5 S5 A0 i AR A ROOR, i
55 WA SR W HL R A —RERY . X R

A G P R P 225 K B RE I P S REAT A8 K
PR TR/ D AT A~ N P HAT 5 A A

PR 1996 ,21(4) :555-564.

ZHAO Songlin, SHENG Shengwo. Theoretical analysis about
sound absorption produced by pseudostochasitc diffusors. Acta
Acustica,1996,21(4) supplement;555-564.



