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APPLICATION OF SPLINE STRIP METHOD TO ANALYSE
BENDING AND VIBRATION OF SKEW PLATES

A OE MR OB R R

By Tomisaku MIZUSAWA and Tateo KAJITA

1. TAMNRE

Finite Strip Method?'® % Y.K. Cheung iz Xk
TBREENTHHALVLY, ZOHBEL OHRRYOLIEH
T O TRETIIEEEITREREO—> & L TRIEHEL
EntboritoTna. LaL, BRETAECL-
T, FENTREEE L EIFMA FIz oW TRE T~ & S0
ZFoTWB LI Bbhb. 2k 21T, BBEMENT
&, TZTHY ETSEHRO XS RRETHS. Th
5 ORYEEx Finite Strip Method Mk & 2HMTH B
B OBEZESFIRATE R RS L) b b, Finite
Strip Method %A+ 2 Z L OFENR PR {#HR 5. L
L, Wit —->F T3 2R TEZ L) ETRE
DEREFES R TS EBbh3.

SHRE 0 g #ET ~ Finite Strip Method oM 217
572 Brown 5, Mukhopadhyay'®, Thangam Babu
5139 Srinivasan S DFEN D B, BITFE S
DBHIDIT, HLOHRSEILBEHEZERS &, Kok
BELRTLESZLID, HDEVEEDOIVERMN
BHRLTHWARY.

EHBIXOTY, EROEGRE L #HEEEE Lo B-
Spline B%K % KAYAOHEIRD B E LT H v 72K
{b=E#: (Spline BHEHE) £ XV, AHcET 2 —EOH
REfFo>T&7. =@ B-Spline BEIIEERITIZS N
TEEEERER I L, FHOBEVWEIBE LASIKERT
E5L0THS.

Finite Strip Method %, #iROEFHFmMOEER
Bz, Ry oBEEEE KEL, oAt Her-
mite ZERVBFHV SN, E72FOEARY RS Ray-
leigh-Ritz i AL E 2 BND. Lz ->T, KES
NEEEEBOWEIZ XY, Fe 0BT FAMNERIL

*ESR T ARLEKRFEN LTHEMERTEH

* IR I ATBKEDZEE I8 ARI¥HE

T&5.

53, Cheung 5»"i%, B-Spline B% % Fv 7z Spline
HIB#RY: (Spline Finite Strip Method) %L,
EFEACEHR OBz EAL Tws. Cheung &
@ Spline FRFHFHE T, FROEFHAOEEREK
iz 3k B-Spline I EREL, % 72 % OR5HIC
1, €3k Finite Strip Method ¢ RU X 5z 3%kdD
Hermite £THA 2 iV TW3. ZOEREETRE, EF
iz B-Spline B % B 50T, HRoHiR LIz
SEERLRIER LT, — BRI ORFEOEELL &L
By, REELBERLTLLBZ Lickb.

ARERICTIE, B-Spline Bi%L Fourier #3i% f iz
Spline #HARBUCHOWTRE T 3. ZOFHKEFE T,
EFHmicE, 1€k Finite Strip Method ¢RI U X
STV OEFEREEFREL TS, BIFROZEER
iz B-Spline 3k & AW 5. ARFHEIEARIZIT Ray-
leigh-Ritz 10 —FHETH D2, FHKOEEBRE LT
ROBZEREHCT W 5 O T, kD Finite Strip
Method &R FROESLEENTHS. ¥, &
Spline #REETIE, KMATA—F— L L T, D
Finite Strip Method @ X 5 & TOLAAT 2 — 4
—EHW3 0O TR L, FREEANTHRESILS B-
Spline O FRE AT A —=F PRV LR 5. ZOF
T Spline REWIEREIELsE bR S.

Z T, #HRO BT B X UV E BIEEENT ~7 Spline
FREOBRIZ 2WTR~, ®loREoORELEN,
EBXUAE B>\, $ko Finite Strip Method
ORI L ORBREITE{T- T 5.

2. Spline HFHHEIZL HERIL
FROMBLEF L LT, Fig. 1 RT X9 245

WERLELD. TOFREBROESEEKE LT, yid
FRZiE, 3V OBEEER Y. 2REL, ¥, «



148

L ]
RIS

Fig. 1 Spline strip idealization for skew plate.
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Table 1 The effect of the number of strips on the results of skew plate (2=1.0 and v=0.3) with two
parallel edges simply supported and the other two free to uniform load. 2—1=3 and »=11.

Skew angle Number of strips Order of w w M, M, M,
s M, BOB | @ am | @ a2 | @2a | @2 a2 | © a2
2 55 1.3119 1.5015 1.244 3.289 1.333
4 77 1.3085 1.5012 1.228 2.803 1.318
6 99 1.3094 1.5011 1.227 2.753 1.314
0° 8 121 1.3094 1.5011 1.226 2.733 1.313
10 143 1.3094 1.5011 1.226 2.724 1.312
12 165 1.3094 1.5011 1.226 2.718 1.311
Timoshenko’s values 1.309 1.509 1.225 2.71 1.318
2 55 0.7834 0.9819 0.968 1 1.762 0.9739
4 7 0.7885 0.9888 0.9627 1.701 0.9658
6 99 0.7893 0.9907 0.957 4 1.654 0.9727
30° 8 121 0.7896 0.9914 0.9611 1.660 0.9737
10 143 0.7897 0.9917 0.9579 1.627 0.9734
12 165 0.7898 0.9919 0.9584 1.629 0.9731
Spline Element Method?t 324 0.7909 0.9989 0.9619 — 0.9321
2 55 0.3748 0.554 1 0.6615 0.049 52 0.6179
4 77 0.3839 0.5701 0.6707 0.053 64 0.6287
6 99 0.3869 0.5761 0.6711 0.05629 0.6499
R 8 121 0.3881 0.5786 0.6835 0.063 22 0.6538
4 10 143 0.3886 0.5787 0.6762 0.057 88 0.6518
12 165 0.3889 0.5803 0.676 4 0.05803 0.6485
Spline Element Methodt 324 0.3925 0.597 3 0.6886 —_— 0.5917
Multipliers (1072 ga*/D) 107 ga® 1072 ga? 107t ga?

t The values obtained by the spline element method are in [17].
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Table 2 The effect of increment of series terms in basic functions, » on the results of skew
plate (A=1.0 and »=0.3) with two parallel edges simply supported and the other
two free to uniform load. Mp=4 and 2—1=3.

Skew angle Number of series Order of w w M, M, M,
[ r ?ggl% (a2, aj2) ©, a/2) (a/2, al2) | (a/2, af2) 0, a/2)
1 7 1.3145 1.5070 1.268 2.920 1.362
3 21 1.3092 1.5008 1.221 2.782 1.310
5 35 1.3096 1.5012 1.227 2.801 1.317
7 49 1.3095 1.5011 1.227 2.801 1.317
0 9 63 1.3095 1.5012 1.229 2.806 1.319
11 77 1.3085 1.5012 1.228 2.803 1.318
15 105 1.3095 1.5012 1.228 2.804 1.318
21 147 1.3095 1.5012 1.228 2.804 1.318
Timoshenko’s values 1.309 1.509 1.225 2.710 1.318
Spline element methodt 1.309 1.501 1.225 2.708 1.318
1 7 0.7772 0.9237 0.9818 2.330 0.9912
3 21 0.7867 0.9802 0.9619 1.993 1.010
5 35 0.7876 0.9812 0.9626 1.729 0.8783
7 49 0.788 1 0.9861 0.9650 1.754 0.976 4
30° 9 63 0.7883 0.987 1 0.966 8 1.727 0.8387
11 7 0.7885 0.9888 0.9627 1.701 0.9658
15 105 0.7886 0.9902 0.9627 1.684 0.9580
21 147 0.7888 0.9914 0.9675 1.686 0.9100
Spline element methodt 0.7909 0.9989 0.9619 — 0.9321
1 7 0.3722 0.4535 0.6910 0.1746 0.6110
3 21 0.3811 0.5419 0.6889 0.1059 0.6225
5 35 0.3812 0.5543 0.6748 0.069 63 0.4905
7 49 0.3827 0.5629 0.6762 0.064 46 0.6460
£5° 9 63 0.3835 0.5669 0.6907 0.064 55 0.5193
11 7 0.3839 0.570 1 0.6707 0.053 64 0.6287
15 105 0.3845 0.5738 0.6716 0.05010 0.6189
21 147 0.3849 0.5762 0.6888 0.052 46 0.5507
Spline element methodt 0.3925 0.5973 0.6886 0.03978 0.5917
Multipliers 1072 ga*/D 107 ga? 1072 ga? 1071 ga?

+ The values obtained by the Spline element method are in [17].

Table 3 The effect of degrees of B-Spline functions, 2—1 on the results of skew plate (1=1.0 and

v=0.3) with two parallel edges simply supported and the other two free to uniform load.
My=4 and r=11.

Skew angle Degrees of Order of w w M, M, M,
B-Spline Matrix
[ - (DOF) (a/2, a/2) ©, a/2) (a/2, a/2) (al2, a/2) O, a/2)
3 7 1.3095 1.5012 1.228 2.803 1.318
0° 4 88 1.3094 1.501 1 1.225 2.712 1.311
5 99 1.3094 1.5011 1.225 2.705 1.311
6 110 1.3094 1.501 1 1.225 2.705 1.311
3 77 0.7885 0.9888 0.9627 1.702 0.9658
300 4 88 0.7893 0.9909 0.9565 1.600 0.9737
5 99 0.7898 0.9917 0.9555 1.608 0.9743
6 110 0.7898 0.9917 0.9548 1.603 0.9709
3 7 0.3839 0.570 1 0.6707 0.05363 0.6287
4 88 0.3869 0.576 7 0.6704 0.050 35 0.6575
45° 5 99 0.3882 0.5791 0.6739 0.054 88 0.6573
6 110 0.3888 0.580 4 0.6710 0.05338 0.6419
Multipliers (1072 gat/D) 107t ga? 1072 ga? 107t ga?

Table 4 Ti, 322N 2nFhEmLHM 5 Spline KEDEEIIEERECLLRARVA, Z
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Table 4 The effect of degrees of B-Spline functions, 2—1
on the natural frequency parameters, g for skew
plate with two edges simply supported and the
other two free; M,=12, ¢=45° and 2=1.0.

K - 1RE :

Table 5 The effect of finite strip idealization, My
on the natural frequency parameters, # for
skew plate with two edges simply support-
ed and the other two free; k—1=5, ¢=

45° and 1=1.0.
De%;ees Numb-er Order of Modes
B-Spline of series Number Number, Modes
b1 , matrix 1st 2nd 3rd 4th 5th of of
sel:es s;r}p S Ist 2nd 3rd 4th 5th
1 15 | 1.818] 4.082] — | 9.190| - G
. 3 45 | 1728 2.464| 4.538 | 7.131| 9.520 2 | 1824 | 4135 | — | 9.245 | —
9 135 | 1.687 | 2.209| 4.175| 6.305 | 8.249 4 | L8190 | 4.08 — Joza | —
15 225 | 1.678| 2.156 | 4.117 | 6.208| 8.148 1 8 | 1.818 | 4.082 | — | 9190 | —
1 6 | 1.818] 4.082] -— | 9.189| — lz | 1.818 | 4.082 | - | 918 ) —
) 3 48 | 1.728| 2.464| 4.538| 7.130| 9.520 14 | 1.818 | 4.081 - | 9188 -
9 144 | 1.686 | 2.208| 4.175| 6.302| 8.243 2 | 1.604 | 2.222 | 4.176 | 6.345 | 8.353
15 200 | 1.677| 2.154| 4.117 | 6.203 | 8.138 4 | 1688 | 2.211 | 4.175 | 6.300 | 8.250
7 T iesl com| — ol = 9 8 | 1.68 | 2.208 | 4.175 | 6.302 | 8.244
3 st | 1798 | 2460 | 4538 | 743 | 9.520 12 | 1686 | 2.208 | 4.175 | 6.302 | 8.243
5 9 153 | 1.686 | 2.208 | 4.175| 6.302 | 8.243 4 | Less | 2.208 | 4.175 | 6.302 | 8.243
15 255 | 1.676| 2.153| 4.117| 6.202| 8.136

Spline element method [21] | 1.663 | 2.068 | 4.017 | 6.046 ] 7.986

Table 8 The effect of increment of series terms in basic functions, r on natural frequency
parameter of skew plate (2=1.0) with two parallel edges simply supported and
the other two free; 2—1=6 and My=4.

Skew angle Number of series Order of Modes
matrix
] r (DOF) Ist 2nd 3rd 4th 5th
0° 1 10 0.975 86 1.6348 3.7211 - —
3 30 0.975 86 1.6348 3.7211 3.9460 4.7356
Leissa’s values [19] 0.97586 1.6348 3.7211 3.9460 4.7356
FSM(4 DOF) {8 strips, r=1}1 16 0.976 6 1.636 3.728 — —
1 10 1.262 2.468 — 5.575 —
3 30 1.240 1.925 3.801 5.088 6.594
30° 9 90 1.234 1.840 3.705 5.030 6.306
15 150 1.233 1.822 3.685 5.021 6.269
21 210 1.232 1.815 3.676 5.017 6.254
FSM (4 DOF) {8 strips, r=1}1 16 1.263 2.469 — 5.577 -
FEM (12 DOF) {mesh : 8x 8} 240 1.240 1.805 3.612
Spline Element Method 1 256 1.231 1.794 3.650 5.005 6.212
1 10 1.818 4.081 — 9.188 —
3 30 1.728 2.464 4.538 7.130 9.520
45° 9 90 1.685 2.207 4.174 6.301 8.242,
15 150 1.678 2.157 4.117 6.208 8.148
21 210 1.673 2.121 4.075 6.143 8.086
FSM (4 DOF) {8 strips, r=1} 1 10 1.820 4.056 — 9.193 —
FEM (12 DOF) {mesh : 8x 8} 240 1.704 2.114 3.954
Spline Element Method 1t 256 1.663 2.068 4,017 6.046 7.986

t The values obtained by the FSM are in [13] and 1 the
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Pz SWTRELIL. 22T, k—1=6, M,=4, &A1
$=0° 30°, 45° L UJz. %7z, MEHF IS 21 £T
BLE¥TWA. =0 Table (i, Finite Strip Me-

results obtained by Spline element method are in {21].

thod # v 7= Thangam Babu &z X 23EY, 47
WO EHE E HWOBRESREI X 5fE, 8 XU Spline
ERBRLBEROTLTHS.

XD, BEOEREL LB EICLY, RO
FBEECH LA —RARIRERER B h T B, fEk
@ Finite Strip Method (= L 25fEE L T, FT
BEROFTHNE, PRVEHET X WRERPFSHh
7o, %72, HBEFRES Spline EHRikic X 2 EME L
HiEIT->Th, X—BLIERPELN.

&%z, Table 721k, Hx0BERFHLDELE
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Table 7 Natural frequency parameters, z of skew plate with different boundary
conditions and aspect ratios; 2—1=5, My=8 and r=21.

Skew Aspect Modes
Boundary conditions angles ratios
[} i 1st 2nd 3rd 4th 5th
1 0.5 0.2410 | 0.697 1 0.9759 1.635 4‘ 2.211
0° ‘ 1.0 0.9759 1.635 3.721 3.946 | 4,736
. i 2.0 0.986 5 2.788 4.000 6.539 9.000
H i
; 0.5 0.2952 0.6673 1.326 ; 1.552 2.693
30° ‘ 1.0 1.232 1.810 3.670 i 5.015 6.246
| 2.0 5.092 5.731 8.168 12.07 17.20
0.5 0.3836 0.6866 1.615 1.830 2.755
45° ‘ 1.0 1.673 2.120 4.073 6.140 8.080
| 2.0 7.090 7.436 10.28 14.22 19.37
0.5 1.250 2.000 3.250 4.250 5.000
0° 1.0 2.000 5.000 5.000 8.000 10.00
(2.000) (5.000) (5.000)
2.0 5.000 8.000 13.00 17.00 20.00
0.5 1.616 2.439 3.745 5.347 5.745
30° 1.0 2.544 5.347 7.311 8.529 12.47
(2.530) (5.330) (7.288)
2.0 6.466 9.759 14.99 21.39 23.00
0.5 2.344 3.298 4.727 6.483 8.367
45° 1.0 3.638 6.762 10.27 11.08 14.39
(3.585) (6.715) (10.18)
2.0 9.399 13.23 18.95 25.99 33.55
0.5 2.413 2.933 3.961 5.547 6.437
[2.413] [2.934] [3.962] 5.552] [6.437]
0° 1.0 2.933 5.547 7.024 9.583 10.36
[2.934] [5.548] {7.024] 9.586] [10.36]
2,0 5.547 9.583 15.68 17.26 20.94
0.5 3.175 3.714 4.768 6.363 8.334
[3.183] [3.740] [4.816] [6.432] [8.426]
30° 1.0 3.757 6.530 9.447 10.24 13.99
[3.797] [6.598] [9.539] [10.30] [14.10]
2.0 7.092 11.59 17.97 22.63 25.90
0.5 4,697 5.262 6.358 8.016 10.10
(4.721] {5.343] {6.507] [8.204] [10.38]
45° 1.0 5.367 8.532 12.59 14.03 17.14
[5.510] (8.740] [12.90] [14.407 [17.80]
2.0 10,11 15.44 22.62 30.33 34.57

() is results obtained by Spline element method [21], [

] is values calculated by Rayleigh-Ritz method [20].

is free edge, ————=—"— is simple supported edge and 77777/777/ is clamped edge.

bORMROBER NS A —F —ISRENT VS, £72,
W#en 2%z, Rayleigh-Ritz #:29 L Spline B3RV
EEVEORIERITFLTHS. Zhiy, Baxok
H e, sDREHIzx L T, Spline #KikIC & 5 HiL,
Rayleigh-Ritz %, Spline ZRIz X 2EEM L L {—
BLERRE .

FAN A 2 2 BFEAR I I TIRFLTW RN,
FHAR 60° DA THL—EE~HRT 5 Z L 2D T
w5,

4. B EHRZE

AFRL T, B-Spline Bi%k 2 Fourier #i¥ # 2EES
Bz W F R RIE (Spline HRE) > TERAL
Z1T0, SHRO T B L O E RS ~DEHIC o

THE~, AFHEORMERENE, FER XUHFREIZon

THHZITo/. BbhifRoBL R0 ERTE,
ROLBYTHS.

(1) Spline KEFLEELZB-LBTELDT,
BECEROTRBERREVRT LN TES.

(2) FRO¥fEMRIC 5 2 5 Spline Wik BT,
SEEFECHLARND, ZTOREEEDEZ LI
VRELUEENTS L.

(3) HFHEROHIZIAFEBICOVWTLREET-
TW3ED, BEEEMKTIILICLY, —ElE
BELRz.

(4) F7z, 52 3HEOEROEEC>WTHE
WET->TWEA, —RICESHETE, E2ED

BT EiTXY, BEROEEFICK L THRE LR
BRBEONRTWES. LaLads, MiTREEcE, &4
DERE L LI, —HReIEERELRRVEA LA D
N3EH, ZRIFEERRE L THWE Y 0BEER
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HEIzE3b0rBbh3.

(8) MxOBERSEME, DEEBIUVHARZLSBE
ZDOWTREEIT> TWB S, {MOBMERTTRIC X 58
LB LIRS BLNTHRY, Spline #iRiED
HEMEISRE .

414, Spline HRBEOBIELENE B L O BEHELE
BL T, $HROIERBRAT LRl ST~ DBz >
WTHEEZT>TWERW. 28, AEEHE D 4E
BASEAEISEEY v % — FACOM M 200 % fiuv7=.
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