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Abstract To understand better the numerical results of loudspeakers, the uniformly valid general solutions are studied

analytically for axisymmetric vibration of loudspeaker conical shells in the whole loudspeaker frequency range, which are

presented in the form of special functions. At typical low frequencies the bending solutions appear only as the boundary

layer effect; in the typical turning-point range they exist in the outer part of the shell outside the turning point; at

typical high frequencies they cover the whole loudspeaker shell. The membrane solutions and the bending solutions are

coupled each other in the turning-point range, and this coupling shows that one can not eliminate the partition vibration

in loudspeaker shells.
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i=1

5
w=e2ut2 (5.) ) AiZi(C,0) + Agws(s.)
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B=—e2u722%(s.) Y AZi(¢,—1)
i=0
5
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RITFARST BRI R AR B, A0 W7 43 5 0 25 b g A T
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2 B BB AE AR AR BT e A B Y
i

R FRIER (8) BMIEBIPORGH, Rigt
2=0(1), (22)

LSO (8) ML SR, ISR 13l B
HE R B, # B R B, @ s T
BB, YIS Quw = Ro/Ry Ml e = 1 5351
fRERHE FAEHE SR R A/ NI, RO BL, #%
BB BB FRRH Q2 < Qu, O < 2 < 1A
N>1H0=0(01). #Kk (5) AT, 7EMRHEL, F
RALT B AR R ST U A SR T b, HFRESTR T
F1JC 57 ZEAL 1 T s TERE s B, WEMR T
o, s T HESCH RIS /N TERARBL, AL
TRARR S/ N A T L. d T (8) Brn s
BrA CE—ECERL T ¢ RBRAM 2 [ AR AR TR
R (WA 2), HT iz 2 = 01) HRLE
LAVARE EC @

TERE AL TSR ImAMI B2 C(b) < —2(i
B3 (9) PR ETIR) MFRTEE, TSR

¢ — —oo Ry EFF=0E T 5. BLmt, W52
Wik EamR (17) e, % SkEs 1 4
Hi ARSI S AR 55 — BN L —3L, 5 Ross!'?
75 IR AR, A 52 B0 HE R e AR 3l Yy St
RUFRAE: BHROERIN IR BN, HIARRRTE
B C(b) < —2 HYLTURHBB. 7 A TE LI B A
BRIRS). EBT Taylor BIF, B (9) KrizdiBt
EH:
nN< Qfl:) = {1 —2p1 (2R} cos® asin™* ) 70‘2} R./Ry.
(23)
TERE GALTEse/ D mSMU B 2 C(a) > 2 B3R
RYGHE, B

2>00 =1+ 2u (2R§ cos? asin™* @)

—0.2
ta — .

(24)
AR AL AR ot N Y& P S
¢ — +oo WL B IT20E M TR E5E. Wi
frbaX (18) 24, MRS Ross!' Ak 191 43
W e B IR SRS, M 2B i e = BUR Bl iy
JUFURFIE. B s T EsE. AT ARBRTE
B (24) SRR AREL.
PR (23) AN (24), PR A FFBRATR

¢(d) =2,
N= Qt(;') = [1+2p (2R§ cos? asin ™4 a) 70‘2} R./Ry
(25)
il

C(a’) = _27
N=0)=1- 24 (2R2 cos? asin™? )

ta —

~0.2 (26)

1B Q) < 0 < 0, # ST Bl gAEs
fESE L. IR s < 5. RROIREAT HISEIT ST
B, BHMIER NIRRT, K s > 5. F
IR EIAT R T IR B, A M. T
B s ~ s, O ERBIAS KA K. TR
B, I A RSO RSO, R VI B P
BN BESRRTIE, AN MR BT S h
FIRIR RS /N, 4 B4R 3 K BBE 2 47 k. WRA B
05 < 0 < Q) RIUHEE EIRE. B AR
BT (5) DR AT AR o o 2 43 8 9 3 K A A
K. RN R LR AL,
PR Q) < 0 < o0 H R AT B
IS SORB IR A K, LR RN RIX 1,
05 < 0 < Q50 g rl R B O BOR SR AR B
HIBRFFX, AR 2. MoRK 1, #H
R FHEF MR, SEHRRA BRI MM (20) A
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A (17) 4 s XFIX 2, 8 s AL FHETS /D SR,
SeiRi B RS = (18) M= (20) A Hy. HTMAE
XA, T O 5 3R £ e - U e o
H— MR EARREH. XSRS HT A E
seiRB T RIEXIEF E R A Z B YR
X, FHIEESCRHATTR 3 A BLRLAT B (1 4R S AT it

I, RFR BB ST 5 DB, A
WA B, 5K 1, LB G B, A IX 2
WA AR BE. XA SO AT g P Ao (FL s B
TR K 2250~10980 Hz), B (23) — (26) AI 845 4
A SRR H] 4 0.185, 0.225, 0.814 1 1.185, A I,
S F X BBRRX N, Bk 5 AN B
RESFRL.

#1 HEBREN 5 MEXE

SURMREE | A SIX 1 | SREE R B X 2 | S B
2028 Hz~| 2472 Hz~ |8942 Hz~

< 2028 Hz > 13012 Hz
2472 Hz | 8942 Hz {13012 Hz

3 YHMENEH SR
FZ BB (10), T FCHRAES E L S 25 5
AR BB R
u,w, B, N, M,Q = O("/?). (27)

A1 (17) FIX (18) AT, e xd JsLA Sy 425 iy
LA S L

u, N = O(e),

w=0(1),

B=0(""1), (28)
M = 0(s7?),

Q=0("?).

m=X (20) "R, BRIEMITCREMRSNG 5 DTS
MR

u, N = O(e'/?),
w = O(M71€1/2)7
8=0(u"?e"?), (29)

M =O(u=3e'/?),

Q= O(u1e/?).

XL IR S RIEH B B 75 A o0 iR IR SRS A
., LR ERERAE, ELER D) B, u
M ow FHES, X &SRR BIRRRE; 75725 Hifd (5
) w w1 AR,

AE T — B Tr AR 45K, Y d e o
RPB R T ARG, DA IROZ B AT AR AR
W BB ARG 7 A, R BETE R OB BE, NPT R
WA UK B J7 BT 2 A LB — W Bz 3,
B FIHR3).

e w3 331 B Y A Ao B A T A 8 AU BT e A3 B
W, XHMREL T T AR TARME. 230t
WRATET Ira BB, 2 M LB B A A
TR T RO, TE SR HE RO B = # o RO 1 BRAE
Fe R B AMUIEK, TE R B % = M R R B i T 2

2 £ X W

1 Brown W N Jr.
Acoust. Soc. Am., 1941; 13(1): 20—22

2 Bordoni P G. The conical sound source. J. Acoust. Soc.
Am., 1945; 28(2): 123—126

3 Nimura T, Matsui E, Shibayama K et al. Study on the
cone type dynamic loudspeakers (in Japanese). J. Acoust.
Soc. Jpn., 1951; 7(1): 16—28

4 Frankort F J M. Vibration and sound radiation of loud-
speaker cones. N. V. Philips’ Gloeilampenfabrieken, Eind-
hoven: 1975
AL BRI, BRM, IR B A AR SRS
. dbst: BlEiRtt, 1988

5  Suzuki K, Nomoto I. Computerized analysis and observa-

Theory of conical sound radiators. J.

tion of the vibration modes of a loudspeaker cone. J. Audio
Eng. Soc., 1982; 30(3): 98—106

6  Ross E W. Transition solutions for axisymmetric shell vi-
brations. J. Math. Phy., 1966; 54(4): 335—355

T SRR, sR4E. RS E B RN R A RS A R Eh
. HEREE (A ), 1990; 20(1): 66—74

8 KER, BEY. IR SHBRMXITRIRSE. Bk
224, 2006; 27(2): 135—140

9 KER, BEY. IEHEHERRIMG AN - SRERE P
HEE (G #), 2009; 39(8): 1116—1125

10 &R, BEX. —FdEiada CAD R4, #HLITRSH
(BB, 1999; 22(1): 28—33

11 Zhang Z L, Cheng C J. Analytical solutions for axisym-
metric vibration of loudspeaker cone in transitional range.
Applied Acoustics, 2007; 68(10): 1135—1155

12 k&l EFEAEBIRS. R#A%, 1990; 11(4): 41—50

13 Ross E W. Asymptotic analysis of the axisymmetric vi-
bration vibration of shells. J. Appl. Mech., 1966; 33(1):

85—92
14 Ross E W, Matthews W T. Frequencies and mode shapes

for axisymmetric vibration of shells. J. Appl. Mech., 1967;
34(1): 73—80

15 BRAH, R4 WU PR H B w3l i) 3 74t 3h
f#. B S2EFH, 19915 12(1): 61—65



