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Abstract Nonlinear discretization vibration equations are derived for loudspeaker revolution shells. The nature modes
of loudspeaker revolution shells are chosen to discretize the continuous body according to the virtual work principle.
Geometric nonlinearities are accounted for by utilizing the strain-displacement relation of the Sanders nonlinear shell
theory. The coefficients of the equations are determined by the finite element method. The equations show that the
axisymmetric mode is driven directly, whereas the asymmetric modes are excited by the axisymmetric mode through
a parametric excitation. The equations can be used to analyze the subharmonic distortion, harmonic distortion and

intermodulation distortion caused by the loudspeaker shell nonlinearity.
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P31(y0,40) = Pr111(Y0, Y0, Y0, 40)/6 = WK/ rBO4ds.

A (35) FHY P11 (Yn, Yn, Yon) BITHHAKXF B (47) 155

b
P111(Yn, Yn, Uon) = 27TK/ rPds,
a

_ VBén)Q B VQB(n)z} n EéQn) {VBgn)z B Bén)Q

— B(mz} +
(53)

2BV BB + {[E 1 vES| B~ B By} B+

([ +vEM| B + 0BG BO L BEY 40 (B + B(V] B BE,
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fffs% A Sanders 7 HIRATNV AR, %
£ 47 B R N A R T 28 B Y ek 2K

TR R AR
es =us +w/R1,
c9 = (v +usina+ wcosa)/r, (A1)

€9 = (Vs +ug/r —vsina/r)/2.

N
/35 = —W,s + U/Rly
Bo = (—w,g +vcosa)/r, (A2)
B=(vs+vsina/r —ug/r)/2.

5 AR

Rs = —W,ss + U,S/Rl - ’U/RLS/R%7
= (Bssina+ Bo,0) /7,

kso = [Bs,0/T + Bo,s — Bosina/r + (cosa/r — Rl_l)ﬂ]/Q,

(A3)
K, Ry NMEFRR -EHRER, o FEZEHROYILS

BHELR A,
3% B RASRETE B
JELR AT A
gs =é&s+ ﬂs —;ﬁ 5

85 + 52’ (B1)

o =€0+

ﬂSﬂG

536 =¢€s0 + ——

572 RE T 4 B -

K5 -~ ~
p(g) = 3{% + 85 + 2088 + 2(1 — v)Ea0+
) (B2)

h
13 [lﬂi + K2 4 ksko + 2(1— 1/)/{56] },

orf, WRKZE K = Eh/(1-0%) . & (B1) fRAR (B2) 1%
2 YRk, 3 YR 4 YRV AR RETH 4
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K h?
=3 {5 + g5 + 2veseq + 2(1 — v)e2y + 13 (K2 + K§ + 2vkgkg + 2(1 — v)KZy] } ; (B3)
g {(1+ ) [(es +ven) (B2 + 8°) + (g0 + ves) (55 + 57)] +2(1 — v)ewoBsfo} » (B4)
pala) = %[ﬂuﬁe F2(1+ )8+ 200 +0) (5 + 5) 57 + 25365 (55)
Bt C AR A MR Ik =X
srEAmA AR, BN IR R
(0, w) = [U)(s), =iV 0 (5), W (5)] €70, (24, 20,200) = | B (s), B (5), —ES) (s)] €,
(C1)
(Ks, Ko, Ksp) = {/@g")(s), ﬁén)(s), —i/@gz)(s)} e (Bs, B, B) = {Bgn)(s), —iBé")(s), —iB(")(s)] end
B Hrh i o R R A B
UM = [y v wm]t - g = [Egm B Eig)}t — Emym,
" ; (C2)
k(M) = [ﬁ@ K ,@00})} —gMym, Bm — {Bgm B B(m} — By,
HAREOHEER -
d/ds 0 Rt
E(M = sina/r |n|/r cosafr |,
L —|n|/(2r) (d/ds —sina/r)/2 0
R! 0 —d/ds
BM = 0 cosa/r |n|/r |, (C3)
L In|/(2r) (d/ds+sina/r)/2 0
d/ds 0 0
A sina/r [n|/r 0

—[n|/(2r)

(d/ds —sina/r)/2

(cosa/r — Ry1)/2




