24

12 (2003 12 )

Applied M athematics and Mechanics

1 1000.0887(2003) 12_1223_B

RAR, EHFE. oI

(1. , 730050
2. , 730000)
(&A% ot T Rk AR)
0405 A
, , (
[1~7] L8]
[9, 10]
, q m , 1
a, h, 0,
“e 1 Q[ Jw ] Cw _
J:ZJ‘O{DLl(w) - q- 5 rNr[9+ ar} + patz Gordrdt = 0;
* 1200208 25; 2003_06_27
: (75022 _A25 022)
(1967—), , , , (E_mail: mlszyg@ 263. net) .

1223

(1)



1224

q W r
m m
010 \;
"or r or (rN:) = C'F-—-——— 6 2a ;{;D
Jw 10w
- Eh or 0+ 2 r]’ (2) 1
2
r=a Lw= 0, D[a—“éJr la—’”]:—m, N, = 0, (3a,b,c)
r r r
0
r=0 .w 3o N (4a,b, c)
1= 0 L w= w(0,r), aﬂ%ﬂ: 0; (5a,b)
. Lo 010 0
= a—rrar r a—rrar’
___EW
b 2(1- V)
, P , W , N, e EV
4
X = i, y = ’12(1— Vz) Z}_, s = aD_r]Vr’ T= [ACK QZ: %9(02,
4 2
K= J12(1- V) 356, 0 = J12(1- V) 7o, M= J12(1- V) 7o,
y = yo+ ycosT, (6)
s = sjcos T+ szcoszT, (7)
Yo ¢
1
vo= G- ¥+ 51 v)[%+ Ml (1= 5%, (8)
m 2 1
P dx = i%(x - 1)x - 1+ V)[%-l_ M}x' (9)
(6)~ (9 (H~(4
! 1 d 3 d
_[O L(y)- x_(g[sl([(+ 9+ s d—iﬁ]- sz}Syxdx = 0, (10)
d1d d
¥y () = (K+ 9 (11)
d1d 1] dy|?
x(ﬂx_(g(xsz):— E[deL] ; (12)

2
x=1 ,y=0, 376[2+ v%: 0, s1= sa= 0, (13a, b, ¢, d)



1225

(15)
2.1

2.2

2.3

x=0 ,y,j—ﬁ, S1, $2 ;

d

.
X

L Ld
X X

d1d
do’ dv x dx
yO

y = Z‘myio, s1 = i;:myé, s2 = ;Sziyio, @ = ;:Q%yio'

o

i=1

(1)~ (14) , Y0

J;{L(yl)— %d%[sll([('*‘ (P)]— Q%y}xyldx: 0,

d 1.4d dy1
xch_(ﬂ(x‘m):_ (K+ @) ExL’

d 1 d
xch_(ﬂ(xszﬂz 0;

d2y1 dy1

x =1 , Y1 = O’ _dx2+ V_dx:(), S11= 821 = O,
dy

x=0 ,y1=1, dxl’ S11, $21 .

! d
JO{L(yz)— %d%[312(1<+ ?) + %521 a%]— Q%yl— sz)yz}xyldx+

1
ZJ{L(yl)— i(f_x[811(1<+ ®)] - Dy 19 xy2dx = 0,

0

d 1 d dy»
v - a(en) =— (K+ 9 =Xz

d1d _ d|dn|?
Y dx % dx(xs22) B Z[dx] ’

2

oo
=

2 dye
7+ de— 0, se= s2= 0,

x=1 ,y2=0,

5 &

x=0 , Y2 = 0, dx ? S12, $22 °

!
d
'[O{L(%)— idix[“m([{*- ®) + % sz1f+

szz%ﬂ]— Q%yl— Q%yz— Q(%ys xy 1dx +

( 4a,b, c,d)

(15)

(16)
(17)

(18)

(19a, b, c,d)

(2a, b, c,d)

(21)
(2)

(2)

(2a,b, c,d)

(25a, b, ¢,d)

1 d
2.|.o L(y2) - %f_x[sn{l{+ ®) + %521 ‘d%]— Q%yl— Q%yz}xyzdx+
|
1
3.[0 L(y1) - ;dd_x[sll([{"' “D)]— Q(Z)y}xysdxz 0,

d

1 d dy3
x _x_(g(xsn) =— (K+ 9 deL’

dx

(2)

(27)



1226

d1d dyi dys
Ydx x dx(xSB):_ dx da’ (28)
x =1 3=0(1_2E+V%=033=5 =0 (a,b, c,d)
7y~ > dx2 dx > 13 23 'y 9 My Ly
d
x=0 ,y3=0, f $13, $23 . (30a, b, c,d)
3

(&= (Ve Ux’— (V+ 5)]
- (V+5) ’
ya= yi(2° - 3x°),

Y3= y4 = o= ()‘
(16) ~ (20),
7 5 3 5 4 3 2
S11 = (Alx +A2x +A3x +A4x)Q+ A5x +A6x +A7x +A8x +A9x,
sa = 0, (31)

B= 1Q*+ LOM+ w0+ wM*+ asM+ o

2
Al__LV+1 Ay = 1 v+ 3 As = 1 (V+ 3)

192 V+ § 8ve 5§ P77 30 (V+ 1)(V+ 5)°
1 3V + 22V+ 43 M 4K V+ 1
A4: B ASZ 2 A6:_ 2
192 (V+ 1)(V+ 5) 6( V+ 5) 15 V+ 5
_ M _ vi3 _ 4v+ 3
A7 AS—

T2 (V+ 1)(V+ 5) 3 V+ 5

8K2v+ 7 M V+ 4

Ao=- S5 552+ 5 oy 1)(ves) &= 3V + 36V+ 113,
G- 5 V4 18V'+ 050V+ 2 836V 3 360
' 21504 (V+ 1)%g0 ’
e (Vv S)I(Ve 8Vs 19)
I AT VT
K 142V+ 1757V'+ 7 516V+ 11505
B =" 693 (V+ 1)go ;

e 22V + 19V+ 47 e 32 10+ &9V+ 205
T3 (v Digo 0 63 (V+ lgo
o AL000VE T)(Ve 1+ (19V4 158Ve 339)K°,

T

g0
(21) ~ (25),
S12 = (B1x10+ Bzx9+ B3x8+ B4x7+ Bsx6+ B6x5+ B7x4+ ng3)Q+
ng8+ B10x7+ B11x6+ B12x5+ B13x4+ B14x3+ B15x2,
7 5 3 (3R2)
sn= Cix'+ Cx "+ Cs3x” + C4x,

Q= BQ°+ BOM+ BsQ+ BiM”+ BsM + B,



1227

7 V+ 1 9 v+ 1 17 v+ 3

Bi=-20vis B2= sovi s 837 Suve s
Bao_ LYE3 1 13+ 78V+ 105 B - 1 5V+ 30V+ 41
YTTI28 Ve 5 T T 280 (V4 1)(V+ 5)7 0T 64(V+ 1)(V+ 5)
1 v+ 3 3V+3 /.
Br="wvir Bs=-6avi B= 9ivy 5
B__KV+1_ M B_M\MI_M V+ 3
=T 24 ve 5T v 5 TMT 35 Ve 5T T (Ve 1)(V+ 5)
poo KY£3 Vi 3 o SKYE3 oM
2= 6 vi 5T M v )(ve 5 PRPTT 5 vi st 50ve 1)
__3X _3u _ __ LM)_
B]4— 4 4(V+ 1), BIS— 2K: Cl— 6 (V+ 5)25
e 2V D (V4 3)° Caz 13V + 22v+ 43
2= 3 (V+ 5)2 s 3= (V+ 5)27 4= 6 (V+ 5)2 s
_ 5937V+ 80064V+ 288 (37
g1= 2 0020 ’
B = wia 9519V + 502448V’ + 2261 878V - 6089 608V-— 37 730 685
1= s1dt 200 104 896( V+ 1)g0
8 _ 10 375V + 102 601V’ + 520 397V+ 1 306 763
= g102—

384 384( V+ 1)%go ’
By - _ K(49853V'+ 1133 607V+ 5 180 143V+ 5 125 989)

= 8w 1921 920( V+ 1) go ’
Bue oiqe. 3881+ 70724Ve 171 667

-8 12012(V+ 1)’g0
Be— gy K(4 129V + 5244V- 18 685)

5T 815 4 620(V+ 1)go ’
8 16(V+ 1) (187V+ 1 555) = 2K*(247V’+ 3 926V+ 10 719)
e = &106 —

780 38520
(26) ~ (30),
sp= 0,

9 8 7 6 5 4 3
$3 = D1x10+ sz + D3x + D4x + sz + Déx + D7x + Dgx + D9x,

b= Y07+ 0M+ Y30+ VaM*+ YsM+ Yo,

% % \% V.
D, 56 ( +1} D 9 ¢ +1) Ds = 136 (V+ 1)¢( +3}

9 (vs 5% 72T 10(vs 5)% 6B (v+ 5%
7 (V+ 1)(V+ 3) _ 8 13V'+ 78V+ 105
D4:— 5 DS 2 >
2 (v+5)? T35 (V4 5)
_5V+ 30v+ 41 8 V+3 . 3(V+3)
Do=""is = s yrs Pemm T s
Doo —L L31V+ 12007V 26644 955V'+ 14090V+ 56 191
? 7 3465 (V+ 5) 827 1 001g0 ’

(33)

Yi= ga+ gi1Bi+ [1030840989V+ 20352776 719V + 160 525 308 329V +

578 430 621 073V+ 848 591 658 6421 /[ 3 441 605 207 040( V+ 1)°gl ,

Ya= gata+ giBa+ [33 407 551V + 513 131 233V'+ 3073 131 653 V+
6529 909 475] /[ 2 058 376 320( V+ 1)%gq



1228

Yi= gamz+ g1Bi— [K(25600 885V + 404 680 635V + 2 296 247 M47V+
4279 696 593)1 /[ 686 125 440( V+ 1) g,

2219233V + 23 355 890V+ 79 026 385
7567 560( V+ 1)%go ’

K(1160903V'+ 12 95 886V+ 46 578 055)
1261 260( V+ 1) go ’

Yo= g20s+ g1Bs+ [ 92 439V + 1881996V + 14 145 066V + 46 516 UOV+

2
56436 693 /[ 154( v+ 1)%ag+ K (94 651V + 1137 158V+ 3966 155),
76 40g0

Ya= gos+ g154+

Ys= gaas+ gi1Bs—

= B+ Q%y0+ Q%y(z)‘ (34)

(34) P QMK y .
V= 0.3, (34
F= G+ Oyo+ Byd=

0. 834 174 256K *+ 0. 004 778 712 900>+ 0. 056 583 207 9OM +
0. 168 130 576M *— 0. 124 713 094K(Q — 0. 732 502 32KM + 24. 476 505 2+
(1. 548 819 44K* + 0. 005 116 527 220 + 0. 052 938 754 8QM +
0. 134 685 102M %~ 0. 178 828 495K() — 0. 944 285 811KM —
7.782 658 7)yo+ (1.997 799 32K*+ 0.005 548 057 (2Q*+
0. 056 430 071 1QM + 0. 141 931 932M°— 0.209 523 098K () —
1. 080 127 93KM + 111. 903 979)y 3

@ Q0 MK yo .

900

2 K= 05y= 10 @2 3 K=057y=10 @7
Q M
2 3 K=05y=1.0 @ 0M . ; M
Q , . M Q ,
° M Q s .

4 5 0=50,M=10 & K yo .



1229

w | ——K =0.00

—o0—K=0.25

600 o= 1.5 60  —a—K=0.50
I o I ——K=0.75
o0 510 ST —o—K=1.00
70=0.5 ’ 300
ok ¥0=0.0 o
0.0 02 04 0.8 T 10 00 0.5 o 13 7.0
K ¥o
4 0=5,M=10 ©° 5 Q= 50,M= 10 @
K o
K , , [3,5,6,9]
[ ]
[1] , , . [J]. ,1995,12(1): 58—
65.
[2] ) , . [J]. , 1998, 19( 10): 847—
858.
[3] ) . [J. , 1999, 6(2):
95 —10L.
[4] , . [J. , 1994, 1(4): 185—194.
[5] . [J]. , 1997, 23(4): 92—
9.
[6] ) , . [J]. ,2001,
20(4): 21—26.
(7] . [J]. ,1999, 6(4): 338—
342.
[8] . [J]. , 1994, 11(4): 43—50.
[9] , , . [J]. , 1987, 8(3): 237 —245.

[10] WANG Xin zhi, MA Lian sheng, ZHAO Yong gang, et al. Nonlinear vibration of shallow conic shells
subjeded to static load[ A] . In: CHIEN Wei_zang Ed Proceedings of the 3rd International Confer—
ence on Nonlinear Mechanics [ C] . Shanghai: Shanghai University Press, 1998, 377 —380.



1230

Nonlinear Vibration of Thin Shallow Conic Shells
Under Combined Action of Peripheral Moment
and Transverse Loads

ZHAO Yong gang', WANG Xin zhi', YEH Kai yuan’
(1. School of Scien ces, Lanzhou University of Technology,
Lanzhou 730050,P .R . China;

2. Physical College, Lanzhou University,

Lanzhou 730000,P .R.China)

Abstract: Based on the variation and harmonic equations and by taking the maximum amplitude of
the shell center as the perturbation parameter, nonlinear vibration of thin shallow conic shells under
combined action of peripheral moment and transverse loads was solved. The linear natural frequency
can be got by the first_order approximation and the more accurate nonlinear frequency is got by the
second order approximation under the action of static loads. Meanwhile the third order approximate
analytic expression is given for describing the nonlinear relation between nature frequency and periph-
era moment, transverse loads, amplitude, base angle under the small deformation. Within some range,
the complex and regularity of the nonlinear relation can be directly observed from the numeric results.

Key words: perturbation variation method; nonlinear vibration; natura frequency; thin shallow coni-
cal shell



