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2 3 Differential Quadrature
DQ 2) 3)
spline 2 2
Mindlin
N,
2.1 spline W, 9, ,0, 3 ry=(r-R)/B
L,B
L(w,¢,,9,) =q(r) [Ri<r<R] M
B(w,¢,,9,) = 9(r) (r=R,r=R)
a(r), 9(r) R L Mindn
Rs R =LWo,,9,)-q(r),Rg = B(w,0,,9,)—d(r) (2)
N, M
RL (ri) = L(\N| 1¢ri '¢)ﬂ)_q(ri ’)vl :1121"13Nr 3
RB(rSN,Jrj) = B(WaN,+j 1 P3N, + a(PaaN,+j)_ g(rSN,+j )i =12,..,.M (3)
3 W, 0, ,0, B-spline
q’r ZZAnNm,k(r) waZZBmNm,k(r) W:szNm,k(r) ;ir:Nr+k_2 (4)
m=1 m=1 m=1
N (1) B-spline . N, k-1 spline
@
{R={R}+{Rs}=[Z{C} -{P}=0 {C}' ={A,A,.., A BB, B ,C,C;.. C} )
[Z] k-1 3 3i, x(BN, + M)
2.2 Mindlin - q Mindlin 3
Y (6=01¢n=(r-R)IB)
2-v 1 0, 1l+v 1 3%, 1-v| 1 10p, 0°p, 1 0%, xGhB? 1 oW’
2 + =y - BP0 S T (Y has A2 T ot =
2 R o0& 2 Rgpondé 2 |R R on on R*¢% o0& D BR¢ o¢ (6-a)
*9, vop, 3-vip, 1l+vd’p, 1-v d’p 1  xGhB® haow")
on® Ron 2R% o0& T 6776§+2R2¢2 0% R? 7 D B on ) (6-b)
4 2 ’ 2 ' 2 ' 4
xGB {ham(h) W h LN oW L, (Y 5W}+q5 o (60
Dh |Bon (B) 8% R¢B d& R\B) 92 RB R(B) én | Dh
B=Ri(1-1) A=Ro/Ri @ r R R
D =Eh3{12(1-v2)} W=wh R={p+1/(1-1)} Vv h
, spline collocation method Mindlin
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9, =>.> AN, (7)snmzé, 0, =>>" BN, (7)cosmzé,W'=>">" C_ N, (7)snmz&;m=12,....r,n=12,....i

7 (6 3

() (C):W'=0,¢p, =0,¢, =0
() (S):wW'=0,p,=0,M, =0 ( ) (F): M, =0,
M,, =0 Q, =0

r 301
v 03 Kk 5/6 -1 2
Nr
@ =60° Ro/Ri=2.0 B/h=10
11 251
Kobayashi )
-2
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(0} B/h
251 30° 120°
5, 10, 50
2
& 05 Mt
@ =60°

Ro/Ri=2.0 5, 10, 50
1)

&)
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3 (pr 1 (/)() 'W'
(7)
1 Mindlin
Ro/Ri=2.0,¢0 =60° ,B/h=10,k-1=3
& =0.5,n =0.5 & =0.5,n =0
B.C Nr W Mt Mr Qr
11 2331 1.405 3.322 4,758
51 2.868 1.806 4071 6.504
c-c 101 2.889 1.822 4,099 6.578
151 2.892 1.824 4,105 6.592
201 2.894 1.825 4107 6.597
251 2.894 1.826 4.107 6.599
Exact 2.896 1.827 4,109 6.603
11 7.270 4215 7.325 4,642
51 8.253 4.848 8.324 5.297
S-S 101 8.288 4.870 8.360 5.320
151 8.295 4875 8.366 5.325
201 8.297 4.876 8.369 5.326
251 8.298 4877 8.370 5.327
Exact 8.300 4.885 8.372 5.328
11 149.2 40.33 -0.463 7.793
51 128.9 36.03 1.035 7.372
F-F 101 128.4 35.94 1.087 7.365
151 1284 35.92 1.097 7.364
201 128.3 3591 1.100 7.364
251 128.3 35.91 1.102 7.364
Exact 128.3 35.90 1.104 7.363
multipliers (qB*x 10%/D gB%x 102 gB% 102 gBx 10
2 Mindlin
Ro/Ri 2.0,k-1=3
€ =051 =05 £ =0.5,) =0
B/h @ W Mt Mr Qr
30 2213 3.050 2557 4323
5 60 3974 2046 4144 6.380
90 4143 1.431 4212 6.319
120 4,097 1.298 4.146 6.173
30 1622 2.763 2.596 5216
10 60 2.894 1.826 4107 6.599
90 3.015 1.361 4185 6.317
120 2.990 1.280 4.139 6.176
30 1.405 2.615 2593 5.860
50 60 2513 1732 4,049 6.580
90 2.625 1.328 4130 6.205
120 2.609 1.262 4.094 6.085
multipliers (gB*x 10°)/D gB?x 102 gB%x 102 gBx 10
2.0
10
)
= 0.0
X
N op
E.1.0
-
s
-2.0
-3.0
2

© =60° ,Ro/Ri=2.0,& =0.5
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