1742 ojgr)Aeks|=F A (A) #2149 A1035, pp. 1742~1756, 1997

Tle=s

AE/$F Aol & 2Ae) FEY AF

UHE* - YT - YTR* - BITT|*e

[eer)
(1997 49 44 #AH<)

Acoustic Characteristics of a Loudspeaker Obtained by
Vibration and Acoustic Analyses

Jung Ho Kim, Jun Tai Kim, Jin Oh Kim and Jin Ki Min

Key Words : Loudspeaker (¥ #), Finite Element Method(f3244%), Boundary Element
Method (73 Al 2.4 "), Vibration(*-%), Acoustic Characteristics(-23F54]), Fre-
quency Characteristics (F3}4~E4]), Directivity (%] 8F4), Sound Pressure Distribu-
tion (&-3H2 %)

Abstract

The acoustic characteristics of a direct radiator type loudspeaker has been studied in this
paper. The natural modes of the speaker cone vibration analyzed numerically by the finite
element method have been verified by comparing them with experimental results. The so-ap-
proved finite-element model has been used to calculate the vibration response of the cone excited
by the voice coil. The vibration displacement of the speaker cone paper has been converted into
the vibration velocity and used as a boundary condition for the acoustic analysis. The frequency
characteristics, directivity, and sound pressure distribution of the loudspeaker have been calcu-
lated by the boundary element method. The numerical results have been verified by the experi-
ments carried out in an anechoic chamber. The variations of the acoustic characteristics due to
the changes of some design parameter values can be examined using the numerical model.
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Fig. 2 Finite-element model of the loudspeaker cone

= o Al
& -l

u=Uexp(jwt) 2t f=Fexp(jwt) =
(D2 ofga 7o) =l ch,

K+ joC— MW U ={F} (2)

A7 A, j=y—Teln wi= zFulgolch 99

AL olgsle] A AFAHdE sl 5 F

lg woll Al E el Wyt {U)E A&
g 2l

;/:311 «71 73 }[—,ULQ:

w 1T

al =] e,

Fig. 1o] wql wish o] sl

wal, B, Z2ul o] o}

& Folu, bee
AF-Eoz TAsel ek A UAE A

v A5 R folute] Fulghow 7
A

[}
Lot} 0 o}y o

=]

AT

Agabel 7% A%
o kS
- ol
Al

1l
AtEE dhir e °

2 |
A sk 3 2|
o olulgrh WgAA YL ot
S mxygay vhEdeta, oE
Eed dass ste] P4 wdle Fig 2ef

& AFA A A wd AL g,

RS B

=R
,‘FO i
o

|

B ol 5670, el 167 Azel st o)
FAGR, Foloa A oA W wwe e

O &
T

1

"

L4)2 welsteigicl, 14|
Agoll AdAd=lo] v FEFAS A ubedsia gl
o, Folutol 62870, =] wlAfol 17071, M ulol
108719} 242 Bk ALgE A 249 F
o 271 ghie]l 7 mmelrl, o]= 8 kHz o]3kal
A Fakr g ol A 9 (340 m/s+8
kHz=42.5 mm)e] 1/6 et Ztob, xlgst ek ol

AaAe fall FE3 2 2rdE skalshaloh
aj

A4 3h%

IR R
puise timing pulse
) circuit .
transmitter receiver
chart
recorder
transmitting receiving
transducer transducer
longitudinal sample
wave
Fig. 3 Schematic diagram of the Dynamic Modulus

Tester

Fol 4] Folul, wlA ubsl, ® w FEuie] HelA
RS Zgsieda, wilel Relas o A
Lol obiuliel & AeiVE Hastelh,

1o 47 welgh 5l Felvh vl wiA] upfel vl

A 3 g8k H-A A= 2y o 5 (Young's modulus),

il

A
O

F4-w] (Poisson’sratio), 7+4] A] 4~ (dampingfactor)
Goleh, 24e Sl B AR FAE 2% A
7 240 mme} A& 60 mmgl
wRrelvh ekt ¥ A4gstel T ()
= 473123 kg/mPol 3, Foldu| (V)&= ZAHo] o
24 obke] eAbE Abgebi 0.3£0.05 2 A s}
oleh. of e Aol whadslol eldh wlshw ol
W Abgsialel. o3l BAE uld Morgan H.
M Aol 4] Al 28} Dynamic Modulus Tester PPM-
5Relv}, o] @x)= Fig 3o wal uhsl o] 4
sjof i, FolAw W HalolH FASl Abstel
of EAlzfidl Aole) Fuldns FAqe 02
stg el Qe Fats s (o) 7} TalAw w4

kel A RRE ef-Fat o) ofE-(E) o] -al
2 ek

SRR I EIEE

E=(1-1%pc* (3)
o174, (1-v) 2 Fapr} Halel4 A a}s}r)
ol FalFE do g A, ol myslx ¢gow A
bR el A Aol A y=0.25~0.33 o} =& 6~11%2|

= 2,200+

2ab% fubsbl ek A4 Fol Srk
100 m/selch, o]} Zro} dlo] Fafal Z-wjo|u]e
4& 2.26 GPao|eh, 7Hs 4|43 92 Rhescas}
9] Dynamic Viscoelasticity Tester RD-2B&- A&
ste] ZAstdsel, Adel FAFsE £ Yol
A Aol oAz 4E 3dB Arad Fubs
I AFE A AR g (=4 ) F
ek oleh zFo] ol ZRAAlG= 0.0500ch A

) Aoll A8 B4 EEelA A4S (complex dynamic



A%/ 5% hAol 9T 2579 SHEY AT

1745

Table 1 Elastic properties of the parts of the loudspeaker cone

Mass Young’s . , . Spring
. Poisson’s Damping
density modulus i officient constant
ratio CO 1cien
(kg/m®) (GPa) (N/m)
Cone paper 473 2.26 0.3 0.05
Dust cap 473 2.75 0.3 0.05
Bobbin 2700 71 0.33
Edge 441
Spider 297
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(a) 54.8 Hz

(b) 1.41 kllz

(¢) 1.45 kHz

(e) 1.92 kllz

of mel whel R, ot dAEmig] Ay
A3l Hlo| 915 Folupel Aok ol A%
dapolvd, olEeldl st # DAFL G F o

o}, olelelx. ebA bRl A g ol i s 4ol A b}
2] 9ke 100~1000 Hz odofe] fp«lsu1=40] 6
A el g, oz Hl2l AFx il ogh Ao
2A s Aol mxEle 4R cbEshA ) wlan
o vpelrtA] ok sle 24| Table 2oz 7|25}

ol
s 3}% E}‘-

(d) 1.62 kHz

(f) 1.95 kllz

Fig. 4 Mode shapes of the cone obtained by the finite element method
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Table 2 Natural frequencies of the speaker cone obtained by the numerical analysis and the experi-

ments
Natural frequency (Hz)
Mode Experiment
number Numerical analysis
Test 1 Test 2 Method
1 54.8 53 56 Impact test
2 1409 1430 1410 Sine
3 1454 - B Sweep
4 1620 - - Test
5 1925 - -
6 1948 - -
3380 3350

PCB 086C80

=52 43 9
Impact Hammer H ﬂﬂ‘ o] ‘?S 1= 3”*—41 7511]'9‘} /36‘-@47é 3t 9] H]J’IEA
A1 £
o
El

al
=

— 23 AT st LSSE
Dynamic Signal Analzer Fiber Interferometer
HP_35665A Polytec OFV-502 ) 29 7o) AA AEAtgle o] A EE sl
TS A AA=AS SB35y flste] Kol
Vibration Contro - ] HH =
e | 2 zode] el Wk 237 ey AEtel
AFEs-E Hosidet, ANz o] 3zl w
Aol 4 MMl Fygo o] LEsledl, o4
Fig. 5 Experimental set-up for the modal test Ao o] R Mol AT o HIETE FY
o wols FolelE T Es Afol os 2uls
el ddee 7|Errst BEEoY T o el e AdH ez A W 7, =
g e 2akst 71*% siAlstoleh o ole) AE spaiEe] wbalbel, EFol e A& E (B, W
SR LkHzuet & Fapadofold debda  a5()s) AR (F) 9 BAE g A7 R
sdar, ez el A vhebytnd ) Hz 9] 9
o ] F=DBgap 11 (5)
AELEE A AAAGAG S pehiA o
obth, . o] GE Zo|nte] gl Haa} spHle] w7, [ FF ol Ao dgg db:
ule) s el o3| -1 o Fol 7l wiel HHA & F U] 24 6.55 moli, Bgp e wAg wWE
.‘gﬁgsﬂi ZhadElef, sl el Aa dnlefs] ml & FAIE o (.766 Teslao|ct, Fulg Wz 3
Holl Fgtslz 2w 7p3le] E5F 0" sz ¢ d AFo arlE 4 (5o ko] Aarsk =
9b7) W oz Thekgic, S sbAee Fig 72 gord, o 250 Hz 2
248 2FAE4ES Table 20 Aaljslo] s oA 7xEoe] Ay} sl 22 S5 HxE
Az tet wlareleleh, Folutel strrol 23w olt}, 125 HzHE] 4 kHz7b# Sely aic=
[e]
Y

Ho
d
Col nRABEA F AADE % 4 Uk 1o FAFIEH L] Wi £aA A5ote] A5



1748 R AR

(¢) 3.4 kliz

(d) 4.9 kliz

Fig. 6 Mode shapes obtained by the experiment ; (a) impact hammer test, (b) ~ (d) sine sweep test
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Fig. 11 The calculated directivity around the speaker
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Fig. 12 The sound pressure distribution calculated for the exterior of the speaker box
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Fig. 13 Experimental set-up for the acoustic test.
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