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APPLICATION OF B-SPLINE FUNCTIONS TO VIBRATION
PROBLEMS OF SKEW PLATES

K R B

B - W

e -

By Tomisaku MIZUSAWA, Tateo KAJITA and Masao NARUOKA
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Fig. 1 B-Spline function (k=4)

R. Kao 23 Hill [% & U THITHAWTWS LD,
Fig. 1 ZRTHRCEREZ —B2LizboTh 3.
(2) Rayleigh-Ritz EFIC &k 3ER{L

B-spline BA% % MR L LT HW5HED Rayle-
igh-Ritz iz & 5 $o B RIEEIFAT ORIz >V TR
F. Fig. 2 RENDEHRO RF vy v Lo i ¥ —
U LEBE=AAFX— T 3ROXTEZBNS.

U= (DJ2)cos ¢ f : f : [(FPw)>
—2(1—v)sec? ¢ {(D*w/0x?) (0*w(0y?)
— (8%w(8x8y)?}] dxdy

¥ Y, =y/b

/
ﬂ 7

b
0 J / X, § =x/a

Fig. 2 Sketch of skew plate in the
skew coordinate system
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ZzT, Table 2 Ti3, #4520 (1=0, 7=1) THH,

10 = ﬁ Ny o ® VN, 4@ (&) de o230 (E=0, e=1) RBEMTFES N, AN 6=0°,

) 45° ORI HNT, BONEEEF LIz b0 Th 5.

J%:foN"”'@’<”>Ns'k“”<’?>d’/ ------------ (16 i, DR DRAOKRE ORI Gk 21T 9=60 0

N{gH, =Ny s P ()N, 19 (1) BRSOV T LRI LR, —EE~OIRERE 5
XN, s ®(E)N; D (n) niz.
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Table 1 (@) Convergence study of frequency parameter, g, of

5k, clamped skew plate with skew angle ¢=0°, and
A(U—=T)]0C =0 vovvveserens an aspect ratio a/b=1.0
Y 7 178 Degree Mesh Mode
X0, ROBERBGELND. of spline | division
[K1{C} = u2[M]{C} +oreeer as &= |MX=Mv| 1 | 2 | 3 4 5 6
I T, [K], [M] X FhFER :’c\i (14, 4 3.6520 7.5402 ’ 11.1208 | 13.7845 | 13.8001 | 17.2005
o /_ 6 3.6474 | 7.4520 | 10.9937 | 13.4937 | 13.5554 | 16.872%6
(18) X vHBoh2f75 ThH 5. {C} & 3 8 3.6466 | 7.4413 | 10.9738 | 13.3739 | 13.4359 | 16.7599
8 Crs IVRDBRI ML THB. 10 3.6463 | 7.4384| 10.9685 | 13.3474 | 13.4101 | 16.7342
12 3.6461 | 7.4373| 10.9666 | 13.3390 | 13.4020 | 16.7257
T 4 3.6462 | 7.3893 | 10.9424 | 13.8225 | 13.8967 | 16.4352
3. WiEEHEG 6 3.6461 | 7.4355 | 10.9483 | 13.3478 | 13.4079 | 16.7006
4 8 3.6461 | 7.4364| 10.9634 | 13.330 | 13.3973 | 16.7173

- =To FH I, o B BRI 10 3.6461 | 7.4364 | 10.9645 | 13.3332 | 13.3957 | 16.7182

- ?jﬁl fﬁ‘:ﬁ ngen &:}i 12 3.6461 | 7.4364 | 10.9646 | 13.3321 | 13.3953 | 16.7181
itz 5z kic =X2) : )

- - X 4 3.6106 | 7.3675 | 10.7787 | 13.2469 | 13.3058 | 16.3810
ZEMTEDZN, 2T, BT ESL 5 6 3.6434 | 7.4265 | 10.9200 | 13.3354 | 13.3513 | 16.6389
= L AEEETH B EUEEEHE, 510, 8 3.6457 | 7.4345 | 10.9559 | 13.3321 | 13.3843 | 16.6959

. o 10 3.6460 | 7.4358 | 10.9621 | 13.3319 | 13.3920 | 16.7111

T 5 2WTHE, o2 W THMTHE
] o on 4 3.6358 | 7.3380 | 10.1832 | 13.3341 | 13.3502 | 15.6579
ENFFED 2 o OGFEELAD. . 6 3.6444 | 7.4317 | 10.9479 | 13.3321 | 13.3837 | 16.6015
2) FEUEEAE 8 3.6457 | 7.4350 | 10.9598 | 13.3319 | 13.3903 | 16.7093
. N 9 3.6458 | 7.4356 | 10.9618 | 13.3319 | 13.3902 | 16.7124

Table 1a),b) i3, fif ¢=0°, 8L,

Partition method? 3.6461  7.4362 10.9638 13.332  13.304  16.716

o B A - .y N
45° DBEIDONT, BOWHKIZ B 2 D G lerkin method® 3.6467  7.4383 10.970  13.3¢  13.399

B-spline % spline k¥ (k1) &,

Table 1 (b) Convergence study of frequency parameter, g, of

z BhEE B LU y BiFROE # 45 F 8K clamped skew plate with skew sngle ¢=45° and
MX, MY OBz onWTHERLEZLD aspect ratio a/b=1.0
THDH. ZhiD, —#%lZ, spline k¥ % Degree | Mesh Mode
of spline | division
BLRBZEIZXY, 7, BREAEKE  &-D (MX=Mv)| 1 | 2 | 3 4 5 6
BB Lic L VEENRLL, —EE 4 6.879 | 12.35 | 17.47 | 1970 | 20.33 | 29.97
_ 6 6.723 | 11.10 | 16.25 | 16.39 | 23.68 | 25.31
CRT BEAERL TS, Lal, & . 8 6.679 | 10.87 | 15.3 | 16.10 | 20.95 | 23.88
R EEEIZE L T, spline a5 L 10 6.664 10.82 | 15.14 | 16.01 20.27 | 23.48
L o L e LA - 12 6.658 | 10.80 | 15.08 | 15.97 | 20.08 | 23.35
;f\%“ %il.ﬂﬂﬁ“b BVELS D =P 13 6.656 | 10.80 | 15.06 | 15.96 | 20.03 | 23.32
A F’Ji sphne {k%k?ﬁ (BEA, BR 4 6.280 | 11.01 | 15.06 | 16.21 | 25.19 | 25.87
DEEELL LD FEINFEO I W & 6 6.553 | 10.82 | 15.12 | 15.53 | 20.8¢ | 23.82
B o, Wi, mKROEHE T, spline 4 8 6.614 | 10.80 | 15.05 | 15.73 | 20.04 | 23.31
N ) 10 6.634 | 10.79 | 15.02 | 15.84 | 19.96 | 23.27
WEEBL LB LILLY, IviNEiReE 12 6.642 | 1079 | 15.02 | 15.88 | 19.94 | 23.26
PHELATNS EVWHERER:. HER 4 6.1% | 10.80 | 14.02 | 14.61 | 20.81 | 23.47
o, ERPR G=00 OfETE, s | cam | o | 1w | i | woei | mes
Galerkin #h#s LU* Partition #5iC L 53K 10 6.627 | 10.79 | 15.00 | 15.80 | 19.94 | 23.%5
ERLIFFICIL—FHLTWS. #Aark 4 5.992 | 10.49 | 1361 | 14.32 | 19.8 | 22.99
LT 5L, MONFEIIN HPEL A 6 6 6.496 | 1079 | 14.87 | 15.12 | 19.97 | 23.27
R . m 8 6.504 | 10.79 | 14.98 | 15.61 | 19.94 | 23.25
B2, BERREARONE. 9 6.614 10.79 14.99 15.72 19.94 23.25

b) MY S 2 TAME, MOBTEM oot n 6.726  10.80  15.18  16.45  20.09  23.44
T SRR Galerkin method® 6.68 10.8 15.1 16.1 20.2 2.5
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Table 2 Convergence study of frequency parameter, g, of

KR - 12H - R

0L/ Tna.

free-simply supported skew plate with skew an-

gle ¢$=45° and aspect ratio a/6=1.0, v=0.3

Degree | Mesh Mode 4. HE MR ZE
ofgspline | division |——
K- |Mx-pmyy 1 | 2 | 3 « | s | e
b R RED T
4 16t | 2.3 | 4206 | 6452 | 8612 | 8699 AT, K{%Egﬁt LT B-spline [
6 1.678 | 2.009 | 4.032 ‘ 6.151 | 8.163 | 833 EEAV, Rayleigh-Ritz ¥z X ¥ fiio
3 8 1.672 | 2.087 | 4.021 | 6.091 | 8.065 | 8.274 2t e P s p .
D vy, 8 D N
10 1.669 | 2.081 | 4.019 | 6.072 | 8.032 | 8.255 E 5 ﬁﬁ)jg:ﬁ AR ﬁ%ﬁ =
12 1.667 | 2.077 | 4.018 | 6.063 | s8.016 | 826 ©NDILETFRLEL. —MIZ, B-splinef
4 1.677 | 2.05 | 4.027 | 6.149 | 8.165 | 8.355 BT & DT, {KIKEO spline [
6 1.670 | 2.082 | 4.018 | 6.072 | 8.035 | 8.258  £imELi-EAICIE, EESEEES S
4 8 1.667 | 2.07% | 4.017 | 6.060 | 8.011 | 8.243 .
10 1.665 | 2.073 | 4.007 | 6.054 | 8.000 | 823 2" &RV, MOREMNSOIZmES
12 1.664 2.071 4.017 6.050 7.994 8.236 L. Lo Lahis, Bk spline 3%k
4 1.670 |+ 2.084 | 4.018 | 6.077 | 8.045 | 8.269 EFRHWIEA, HARENEPAELL L
6 1.666 | 2.076 | 4.017 | 6.058 | 8.000 | 8.242 et e .
5 8 1660 | 2.072 | 40w | 6052 | 7.907 | soy OCEMEORESICALLRVEN)FERE
10 1.663 | 2.070 | 4.017 | 6.048 | 7.990 | 8235 1B7n. ¥/, MOMMFEETLRETSHS
4 1.667 | 2.078 | 4.007 | 6.082 | 8.016 | 8.2¢7 23, ZTDX5AEME0BEEREEONE
6 1.665 | 2.072 | 4.007 | 6.052 | 7.998 | 8.237 < e
7 H#E A
6 8 1.663 | 2.069 | 4.017 | 6.048 | 7.989 | 8.234 ﬁmfj(% < %Z) by 0 CBDIGRIEE (A
9 1.663 | 20068 | 4.017 | 6.046 | 7.986 | 8.23¢4 7%, B-spline B%o WL pirdiss
KELTHZ LI 0 hoFEkicHBEL T
P L VRE LIIEERE S .
a. - / \\\ 12, B-spline ¥ iz >\ T #Ax DOIELEREMTL
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