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A Study on the Variation of Radiation Impedance
for Baffle Size and Material

Soon-Jong Park

Department of Electronic Engineering, Graduate Schoal,
Pukyong National University

Abstract

The characteristic of radiation impedance is an important parameter in analysis
and design of the electro-acoustic transducers. The different characteristic of
radiation impedance is expected by the added structures around radiation
surface even if the surface vibration amplitude is the same. The algorithm of
structural analysis based on finite eiement method is known to be a poweriul
analysis method in this case.

In this study, the characteristic of radiation impedance and sound pressure
distribution are analyzed by the algorithm which consists of Finite Element
Method(FEM) and Hybrid Type Infinite Element Method(HIEM).

For the circular piston source, the characteristic of self-radiation impedance
density and sound pressure distribution are investigated. The results of the
self-radiation impedance density agreed to the existing results for the circular
piston source on the rigid infinite baffle. For the circular piston source on the
rigid finite baffle and the non-rigid finite baffle, the characteristic of self-radiation
impedance density and sound pressure distribution are also calculated by the
proposed algorithm. In the low kg region, where £ is the wave number and «
is the radius of the source, the variance of self-radiation resistance density was

more than that of self-radiation reactance density with respect to size and




material properties of baffle. Moreover, It is confirmed that the characteristics of
sound pressure distribution are influenced by varying the self-radiation impedance
density.

For the piston sources on the spherical baffle, the characteristic  of
seli-radiation impedance density, mutual-radiation impedance density and sound
pressure distribution are investigated. The results of the spherical rigid baffle
agreed to other reports. And self-radiation impedance density and
mutual-radiation impedance density are influenced by varying the material
properties of the spherical non-rigid baffle. As the result for the circular piston
source on the finite baffle, the variance of self-radiation resistance density was
predominant with respect to baffle size and material properties in the low kb
region.

In conclusions, it is found that the characteristics of radiation impedance
depends on baffle size and baffle properties, and the proposed FEM-HIEM is a
good method to analyze the characteristics of the radiation impedance.
Therefore the results of this study could be applied in design and performance

analysis of electro-acoustic transducers.
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Fig. 2.1. Circular piston source on the rigid infinite baffle.
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Fig. 4.4. Self-radiation impedance density for the rigid finite baffle.

_45_




ahE| 2] G R 9 Aot
8 44(b)ol UERE %7 AL RlaEs BRe) BreiAs A} 7]
WAl AE REe) ASeh pAANE Fe keFdAA T A7) A
A ulj o) A éﬂﬂﬂﬁ?ﬂ%ﬂﬁ%]%éﬂéﬂﬁ%%Mﬂﬂ-%ﬂ
s3, o kedelolMi A wZe] =Zvldl ueh 5 Ax|(Peak
valueyol M o] o1z AstnE e Aols 7HAA @ 009 &
2 Ane AL ¢ & Utk AY] WA dEse) e W2 ka
Qo e wZe =7t AopRel wet &d PRozel =% o
17} o] Fo] WAse] AuiRez wadeAe RrHdFe) =
rsbs Ao og AToln, B keFoolre Aol #7] HF
WZo movt FelAdes Foze ¥ WA @A o1Fel
Mo WAbR| Ao Rridare] Wy 2A BAHA e e 9

& Aojrh
I ES RTINS M P B AL Bt e R
GEe 72A MESe BhAE TAS olgAeR ALY A E
A7) WAL emwas] Weh Aol 4 AT A4l wERA, ®
Az el ol wAshs WAEe Fe wg 3 2R3 oA
ﬂ%%—ﬂﬂ:?ahlﬂﬂrﬂﬁﬂ‘%%ﬂ:#%3%%ﬂ?ﬂﬂ A ¢
9 259 =93 Seaaws FolHAEY F
e

gaeEo) fop Ze wEe Z7| Wl

A
o
o

Sy

o
(o

r
ot i

AL AL F Aok
% o4l 19 44@) 2 (b)el vehd A wEe} vl i




%41 A WE Aol e A7) A s 9%

Table 4.1. Self-radiation impedance density for size of rigid baffle.

ka 0.2n 0.4n 2n
a/R R,/ 0,6S| X /eS| R,]0ocS| X/ 04cS| R,/ 0ycS| X, 04cS
00 | 0185 | 0479 | 0607 | 069 | 105 | 0.083
033 | 0230 | 0587 | 0496 | 0635 | 102 | 0.065
066 0027 | 0461 | 0704 | 1.030 | 1.03 | 0.061
10 | 0006 | 0309 | 0145 0767 | 103 | 0.060

Aol eor wae vehn A &%l HANA 2/a=0.7 B2

Ho} Ao eRE Ayt DolWel wet AfHen I
a2 iy wF, AH wZe =77} molde whet ke AT
A7 ek B2 ol¥RE o) Z7hE Ui gk

_47_




T T T i I

. : 3 i Rigid Baffle |
el
1.0 b / RO a/R=0.00 |4
L N | -~ -am=033
O /R=0 66
08 |- e - am= |
= —.— afR=1.00

0.6

04

P2 pc Vo)

0.2

0.0 , 1 R I . 1 L i
0.0 1.0 20 3.0 4.0

z/a

1 45 {3 =27 FA WA Y FEES W kae=27)
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Fig. 49. Sound pressure distribution on acoustical axis for the

rigid finite baffle( ka=0.2n).
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Fig. 4.10. Sound pressure distribution for the rigid finite baffle( ke = (.27).
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Table 4.2. The material properties of non-rigid baffles.

Material Density 3 0 Sound Speed ¢
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Copper 8900.0 5000.0
Aluminum 2700.0 6300.0
Polyurethane 1020.0 1941.2

_59_




1.000

S
SN ‘
0.100 |- .
W i
Q. ‘\
o alR=0.33
0.010 ;- 1‘:: Rigid
R — — Copper
o -« Aluminum
—-— Polyurethane
0001 Liasl e P S W T
0.1 1 10
ka
(@) Reststance
S . AmE A ———r
i
1.000 |

C.100
193]
o‘;:
QU
~2
i -
x a/R=0.33 :
0010 el Rigid oy
— — Copper +
- - - - Aluminum . '_
— -— Paolyursthane 1 I
Ll
0.001 L
10
ka

138 411 $3 =27 81 3A sl NA Y z7] vhA duE s 2n

(a/R=10.33)
Fig. 4.11. Self-radiation impedance density for the non-rigid finite
baffle( a/ R=0.33).

_60_




Yt A wEe] B4 Anuss gl met 4A wEd 2
ol o] EAItA e Aol g Aol EAFn ok
D 5 oA A ¥e kIFGANE A A AF AR 3
A MEe) Ad 54 9Es bgd we ge Helg A

i 100 Wastm, A7) WA Hldds wEe A (A

pacy
tlo

o

ol=2 FAAu kg Z7}o] wal 0002 HIEH e AE & 5
otk ZEla, - wiEe sid A= wEo] EAsHA %

F Utk olze Esww

o]
o
o

9
o
tio

2,

¥

YA AFR 2% vhds] Qx4 oFel % BT WE 5

£ Aol 9% 2FHIT, B kFIANE FFol #7] @R 3
47 ok A7) WA eEs
zol ool AR A7l WAL A YEe) Aest ohA
2o ragelol M wiEel AW B4 QUsst Hopyel gah T

oz &3 AYE ABHA Rey] wiel AN F7HEG

>
>,
g,
o
ol
0
Hﬂ
o
djo
=
2,
e
o,

tt

4

o] H2stE ol 9@ Ao|H, e keFAdME FHozd &

o} dgo] Hy] o HAtdol e RrpdFe) Warh ZA 4

_61_




13 4129 1% 4.130) vjZe] 39 u7b o/R=0.33¢ AS
=0 pd wale] e St It WEe & 2XE A
stof debdnh olu) ke WA AAA A
AFdetcs ka=0.272 It SFFF S HFE dEhd OF

412005 el HMAZE AN FAdE At EeiRel
],

% 414(a) 2 (b)ol BIZA wiEFe =Y HI7F @/R=0.669
Aol thale] wiZe A Wste] mE 27) WA AF Do A
7] WAl 2ldEl s A H3lE yebich

A7) WA A dx 2 A7) wAL gdds des wlEe] A7)
7} ZrobAe] el 2/R=0.33% ¥ 411(a) % (b)2] Axtel wjs]
Wale] 2o Ak G kgF oA A wfjEFe] dAie} wjEo] &

A7 o= Aol 7 Aloldl EAST Utke AL ¢ 5 Utk

- 62 -




1.2 . . — . . —

a/R=0.33
e —— Rigid 1
— — - Copper
08 . == - = Aluminum _
—-— Polyurethane
06 - o

p/(2 pc V)

29 412 §8 27) WA WS SFEA S5t
(a/R=0.33,ka=0.27)
Fig. 4.12. Sound pressure distribution on acoustical axis for the

non-rigid finite baffle( ¢/ R=10.33,ka=0.27).
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(a/R=0.33,ka=0.2nr).
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Fig. 5.6. Sound pressure distribution for the size of radiation

surface( kb= 10.0).

- 83 -




=4 veidth o] A%te k=10.090 3

o] el de] B4 ARWDae} A PowA JUA Aol H%

18

A 2] WA A

Ao Anrt &4 WNF Y B TS WA dE5E & F
9l7) W&o WMAHe I e §,=46,=52 AHAAd, kb=10,
10.0, 20091 Aol ol EFW FATY A% Gpel diste] 4
(2-22)2 73 ek wwate vGepdnh kb<10.09 FAel el A
2 Az sidset & ARt ek kb=20.091 459 dae
A7) WAF AP Yxo) sfd AFAQ I 526049 ajERAE
i 235 Holn ok 2y, AAFHCR 4 dnEe o
+& & F Utk =¥, kb4 Tt 9
sted 45 wAb AY 2® g A4S P} s WET} 0007 3

Zae 29209 Z4E g,E it A& vehin Atk

5 ddeel & YAz

32

\:I




FEM
o kb= 10
o kb=10.0
s kb=20.0

Rt /reS

i . 73 o et
Seseiti T

0.0 At

Theory

4 S| ——kb= 1.0

- — -kb=10.0 |, !
- .- - kb=20.0

o kb= 1.0

kb=10.0 |]

]

Xr,/oeS

& kb=20.0

(b) Reactance

29 57 78 74 BB} 2R $A0e 2E A YEs UE
Fig. 5.7. Mutual-radiation impedance density between convex sources
on the spherical rigid baffle.

_85_




22w £ Addl BE 45 WA

=5
@3]
—
1o,
0 [
ol
2y

Table 5.1. Normalized mutual-radiation impedance according to

distance between convex sources on the spherical rigid

baffle.

10 10.0 20.0
A12 Ri2fR11 | X12/X11 | Rig/R1t | XegfX1t | RigfR11 | XezfXn1
0.2 03 | 001 | 075 | 043 | 078 | 0.5
0.3 0.52 0.03 0.63 0.46
04 - 0.27 -0.11 0.43 0.22
05 - | 0.06 -0.12 0.23 -0.02

gase Yendd. 45 b 9ulds URe
o] Z7jell WulelEn glem, B2A Az Ad ge 2E
A QoEze) AUAE E 519 vhehdch

walel 4z WA Age ¥

029 MW 0002 P, 45 A PAEate I
~E 7kl Al 0.44,, ol4el® 029 WelUelA 000
Bad

(r

2 ¢ % Ak

_86_




T T ™ T T rﬂ—l—" L
' " Resistance | ]
(e, =89 T
kb= 1.0
- — -kb=10.0 |
... kb=200
T | LT
= | -
~~ b
o
o :
C I
* -
< P
o Y - . AT L
. - :
L : '
N . : il
0.2 1 . L 1 1 1
00 05 1.0 1.5 2.0 2.5 3.0
)“12
(@) Resistance
1.2 T T T T T P S, s
F ! Reactance
1.0 i E : ' ° 1
b N
¢ kb= 1.0
R: I SO R 7
. I — — -kb=10.0
v ! ----kb=200
— 06 ..' ' : ° T
b i i
a N A |
= - T T
~ o4l ' . o
& !
< t .
02 LI i : 7
i ;
‘ . ' . t
oo L [ !’--.:\' S
Vs T |
r NS i
0.2 ' 1 1 1 1 |
oo 05§ 1.0 15 20 25 30
Ao

(b) Reactance

H

2% 58 TF A wWiEde) 259 290 4 A 9oEs
A

Fig. 5.8. Normalized mutual-radiation impedance between convex

sources on the spherical rigid baffle.

- 87 -




5.3 0] A4 WEAge BEW 29

5.3.1 27 WA 919 E2: B o X
&) AALS B 420] el F
T2 243, &% FAg 0] 5% A% A WA delEs

Aw wals a9 59¢) Jepdth k<25 @G 27 wa}

Ha7h addd e dAFHe s B4 4 w2 ke FHoR
ol&sh= FHE YEhLL, A7) WA AF ) 7] AL e
g2 F7tstn 2 # 52% kb=25, 10.0, 200 GA 7
A MEL oo Ade] iyt Ar] A dEs D] Fii Al
dEs dehs 2424 492 439 A28 S0 9P Dol
Aot mpvEA R wjEe] 54 dH T s diste] w2 kbol
AollMe= 27 WAL AF dee] WErl 27] @A SldEs U
MalEch ¥ av, 2 ke ¥HeE TFF AV A A 2x
o] WstEoh 2] b gl | s W] WErr APE & F Utk

_88_




Rr. /pcS

Xr,/JogS

0.8

0.4

0.2

P m Rigig

Resistance{«,=5")

@ Copper
A Aluminum
v

Polyurethane

(a) Resistance

T

T i T

08

Reactance(r,=5°}

o

Q
A
<

Rigid
Copper
Aluminum

Polyurethane

0.4

0.2

(b) Reactance

spherical non-rigid batfles.

- 89 -

20.0

09 59 7 wAA WEAe) BEW o9 Ay A ek wE

Fig. 5.9. Self-radiation impedance density of convex source on the




H 52 ZA uiZo] i wiE A w2 A7) A daE L )
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