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Axisymmetric Buckling of Variable Stiffness
Composite Annular Circular Plates

TAN Ping, NIE Guojun
(School of Aerospace Engineering and Applied Mechanics, Tongji
University, Shanghai 200092, China)

Abstract: A classical plate theory is used to derive governing
differential equations of axisymmetric buckling of orthotropic
annular circular thin plates with in-plane variable stiffness.
Assume that the stiffness of the annular circular plates vary
along radial direction according to any continuous function.
Critical buckling values of the annular circular plates with
variable stiffness for elastically restrained edges are calculated
by the method of weighted residuals.
obtained are in good agreement with those given in the

Numerical results

existing literatures. Finally, the effect of -elastically
restrained edges, variable stiffness and other parameters on
the buckling of the annular circular plates with variable
stiffness is also shown. The results can provide a reference on
the optimization design for annular circular thin plates with

variable stiffness.
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Fig.1 Diagram of variable stiffness annular plate with

elastically restrained edges
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(v=0.3,r0=0.3,E;/E, =1, a=0)

Tab.1 Buckling load parameter i, for C—S plate with

different terms N (v,=0.3,r,=0.3,E,/E, =1,

a=0)

BiES N=10 N=12 N=14 N=16 N=18
A 8.8133 9.4110 9.4216 9.4216  9.4216
PR 9.4200 9.4200 9.4200 9.4200  9.4200
RE/% 6. 44 0.10 0.02 0.02 0.02

M 2~3 W EHER T LIF H , A SCRE T LAY
P 3R figp TR A2 4% Te) T8 1) BB 9 bty 2 [ R
x2 C-SHEMHEAIERE M HTSH
}.cr(Vo =0-3, o =0.5)
Tab.2 Buckling load parameter i. for C—S plate
(ve=0.3,7r,=0.5)

Ey/E, B8 L X a=0.1 «=0.3 a=0.5

Gupta 281 8,375 5 6.230 8 4,265 9

0. 33 I 8.317 5 6.198 7 4,262 9
RE/% 0. 69 0.52 0. 07

Gupta 2081 8,493 9 6.316 2 4.3218

1. 00 A3 8.487 0 6.247 3 4,298 6
RE/% 0.08 1.09 0.54

Gupta %01 9,156 1 6.792 2 4.632 4

5. 00 A 30hE 9.132 6 6.782 4 4,602 7
RE/% 0.26 0.15 0. 64
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3.2.1 MHSECREREUE M ANE BE LA
k2%

T IBIRE h (&) =hy(1—a®,RIE D, (&) =
D,f (& F1 Dy (&) = Dyf (& W IE AT 4 ) 53 M 8 ] 35
W, F(O=A+pO", g n ARIMEM B ALY SIS
., 3% E,;/E,=0. 33,5,=0. 3,a=0. 3.

M 4~6 HITHEERTUBH FE Ry =T =
T5,=10,0=0. 3 B}, ZE[F] — Ruﬁ*ﬂ n {E‘%R—Fﬂlﬁ
SR M BATSEEEE ro B BB B K4 K5 72
7l — ro {EFN BELTROLT , I 57U Hli AT S HBEE Ru
(BRI K. Y Ry =Ty =Tx=10,a=0. 3 i,
TE[Fl— Ry (EAN n (BB OLT , W SR i BT S B E
ro (6L BAEL H) 38 SR TG 348 K 5 78 [F] — ro (LN IEL 1 00

®3 FEEBARSH Ru 3RS E i 2T
BH Aa(Rn =Ty =Txr=10,v,=0.3)
Tab.3 Buckling load parameters i. for different values
of rotation spring stiffness parameter R, ( Ry =
Ty=Tx=10,v,=0.3)

70 BRI Ri;=0.001 R;y=0.5 R;=10 Ry;=100
Rao%&09]  2,5195 2.7881 3.8877 4.1269
0.1 ASCM 25083  2.9190 3.8759  4.0981
RE/% 0. 44 4,69 0. 30 0.70
Rao %09 2,9933  3.2702 4.3412 4.5470
0.2 ASCHE 2.8495 3.2175  4.1678 4.5786
RE/% 4.80 1.61 3.99 0. 69
Rao %09 3,5112 3.8016 4.8751 5.0648
0.3 A3 3.5116  3.8042 4.8298 5.0690
#E/% 0.01 0.07 0.93 0.08
Rao Z019)  4,1384  4.4483 55659 5,754 4
0.4 A0 41550  4.4867 5.4830 5.6957
RE/% 0.40 0.86 1. 49 1.02
Rao %191 4,9852 5.3215 6.5384 6.7416
0.5 ACHE 4.9857  5.3020 6.7989  6.8714
RE/% 0.01 0.37 3.98 1.93
#:Ru=Kri/D,, Tu=Kn1/D,sRe2=Kre /D, , T22=Kr2/D;.

T, SR BT S E Ry, (H K3 KT8/, 4
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BT SR B AT S B BEE o (EF B MK
3K FEF — ro (AN BIETBILT , e 5L JE B 2772
BEEE T (BRI KT/, R, ZE R — ro (EF15H
HARSEAERT , X pENHE, i FE RS
BBEE n (H RS KT/ X4 B H S TE B, 115 55
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E.(® = Wi +W,cos(2¢(8)) + Wicos(4p(8))
(26)
En (&) — .
0 W, —W,c08(2¢(8)) + W;cos(4p(8))
27
o — — Wi+ Wicos(4g(8)
’ Wi+ Wicos(2e(8)) + Wicos(4p(£))
(28)
_ 9 4O _ Vi
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Tab.4 Buckling load parameter A. for different values of rotation spring
stiffness parameter R, (R =T,; =T» =10,a=0.3)
R;;=0.001 R;1=0.5 R;1=10 R11=100

o B n—1 n—=2 n=1 n=2 n=1 n—2 n—1 n—2
—0.3 2.285 6 1.952 0 2.487 6 2.090 7 2.527 3 2.203 6 3.0110 2.8825
0.1 0 2.315 2 2.315 2 2.599 4 2.599 4 3.104 4 3.104 4 3.436 4 3.436 4
0.3 2.508 5 2.760 2 2.6850 3.416 2 3.413 4 3.907 8 3.709 8 4.143 2
—0.3 2.704 6 2.354 9 2. 807 6 2.3809 3.650 3 3.4015 3.903 2 3.6150
0.3 0 2.898 7 2.898 7 3.016 4 3.016 4 4.126 0 4.126 0 4,288 3 4,288 3
0.3 3.1981 3.416 6 3.4219 4,001 6 4,469 3 5.761 6 4,600 5 6.003 3
—0.3 4,720 9 4.550 0 5.0321 4,598 4 5.798 7 5.500 5 6.182 1 5.849 7
0.5 0 4,998 6 4,998 6 5.292 5 5.292 5 6.2105 6.2105 6.662 8 6.662 8
0.3 5.237 3 5.653 2 5.614 1 6.260 8 6.632 4 8.049 1 7.354 3 8.986 2

RS FRAEDARSHY RrXEMIEFREHRTSH A
(Ry=Ty=T»=10,0=0.3)
Tab.5 Buckling load parameter A. for different values
of rotation spring stiffness parameter R, ( R;; =
Ty=T»=10,0=0.3)

Ry =5 R3>=10 R3;=100

o B n=1 n=2 n=1 n=2 n=1 n=2
—0.3 2.5503 2.2640 2.527 3 2.2036 2.5008 2.2001
0.1 0 3.114 0 3.1140 3.1044 3.1044 3.0825 3.0825
0.3 3.5033 4.0682 3.4134 3.907 8 3.4000 3.8016
—0.3 3.847 3 3.5600 3.6503 3.4015 3.5134 3.2103
0.3 0 4.267 2 4.2672 4.1260 4.126 0 4.050 5 4.050 5
0.3 4.6013 5.8928 4.4693 5.7616 4.3713 5.5994
—0.3 5.8998 5.5161 5.798 7 5.5005 5.700 3 5.403 5
0.5 0 6.3285 6.3285 6.2105 6.2105 6.1393 6.1393
0.3 6.6654 81135 6.6324 8.0491 6.604 8 7.9051

®6 FEEEHARSY TuHEHEREHBTSH A
(Ru=Rp=T»=10,0=0.3)
Tab.6 Buckling load parameter A. for different values
of translation spring stiffness parameter Ty,
(Ru=R»=T»=10,a=0.3)

Tn=5 T11=10 T11 =100

o A n=1 n=2 n=1 n=2 n=1 n=2
—0.3 2.6734 2.3031 2.5273 2.2036 2.4571 2.1789
0.1 0 3.1718 3.1718 3.1044 3.1044 3.046 5 3.046 5
0.3 3.4807 4.1003 3.4134 3.907 8 3.4022 3.7997
—0.3 3.6922 3.4733 3.6503 3.4015 3.4089 3.3999
0.3 0 4,208 2 4.208 2 4.126 0 4.126 0 3.959 7 3.959 7
0.3 4.4754 5.7799 4.4693 5.7616 4.4587 5.754 4
—0.3 5.9265 5.6664 5.7987 5.5005 5.7121 5.4451
0.5 0 6.3109 6.3109 6.2105 6.2105 6.1024 6.102 4
0.3 6.7714 8.1007 6.6324 8.0491 6.5984 7.9919

A : (&) NI REFHETT 1 1 G R BI U R T 1
2 53 B R AT 8 RO ) J [6].
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vie =0. 22. 8 T HEHE, Bh R ARFMHR Ry =
Ryp=Ty=T»=10, A% = N./D,, Ry = Kn/D,,
Tu=Kmn/D,s Ry = Kge/D, s Ty = Krz2/D,, H
D,=E,(©ho/[12Ad—vwe) ], D.BETERE 7. X H
BT 4T [ AR PRERE AL, BP (&) =1+, 0 HE
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