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-2 &4 OBRAEHOEH TR
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Frequency parameter 1
B.Cl Tems 1= 3rdq 4u{ Sth | 6th | 7th | 8h
1 19.831 49.40§ 52.93| 81.34| 99.27| 130.4} 177.4{ 179.7
2 19:73| 49.31 49.84| 79.41] 99.19] 105.8| 129.2| 135.0
| 3 19.73] 49.31( 49.31| 78.85] 99.19] 99.19| 128.6| 128.6
SSSS 4 19.731 49.30( 49.31{ 78.85| 98.56| 99.19] 128.0| 128.6
5 19.73] 49.30( 49.31 | 78.85| 98.52| 99.19| 128.0| 128.6
Mindiin®® | 19.73] 49.30| 49.30| 78.84| 98.51| 98.51| 128.0 | 128.0
Kirchhoft | 19.74| 49.35{ 49.35} 78.96| 98.70] 98.70| 128.3| 128.3
1 9.730[ 16.24] 36.44[ 43.24] 50.47] 72.73] 75.43[ 113.0
2 9.620| 16.12] 36.32| 39.37| 47.23| 70.55| 75.32] 95.13
3 9.618( 16.12] 36.32] 38.87| 46.69| 69.95| 75.32| 88.38
SFSF 4 9.618] 16.12| 36.32| 38.86| 46.68| 69.95] 75.32 | 87.74
5 9.618] 16.12| 36.32 38.86| 46.68| 69.95| 75.32 | 87.70
Kirchhoft | 9.631| 16.13| 36.73] 38.95| 46.74| 70.74| 75.28 | 87.99
1 37.07} 74.15] 95.71} 123.9] 133.9( 176.0| 233.1| 269.5
2 35.94| 73.27] 75.15] 109.4{ 133.0{ 159.5| 166.6| 190.2
3 35.94| 73.28] 73.28| 107.8| 132.6{ 133.3| 165.2| 165.2
ceeq 4 35.94| 73.24| 73.28| 107.9] 131.6 133.0| 164.4| 165.3
5 35.94] 73.24| 73.28| 107.9| 131.4| 133.0| 164.2| 165.3
Kirchhoff **| 35.99] 73.41| 73.41| 108.3| 131.6) 132.2| — | —
1 5.362119.111 26.03| 44.98| 52.89( 78.47| 81.14 | 98.79
2 5.348( 19.06| 24.691 43.06| 52.70| 66.05] 77.50} 86.11
3 5.347| 19.05| 24.65] 43.00 52.68 63.76| 77.36 | 83.53
CSFF 4 5.345(19.05| 24.64] 42.99| 52.68( 63.65] 77.34| 83.42
5 53451 19.05| 24.64] 42.98| 52.67| 63.64| 77.33| 83.40
Kirchhoff | 5.364| 19.17{ 24.77| 43.19| 53.00| 64.05| — | —
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Frequency (Hz)
4th | Sth

Stiffener | Terms;

1st | 2nd | 3rd 6th | 7th | 8th

213.0
212.5
204.3
197.9
197.7

230.9
214.7
212.5
212.5
212.5

54.08
51.71
51.63
51.62
51.62

102.8
102.8
102.8
102.8
102.8

115.5
122.9
122.4
122.4
122.4

123.4] 142.9
139.4| 158.1
136.1] 154.5
136.0] 154.2
135.9{ 154.1

195.1
190.5
185.6
185.0
185.0

STRIP

212.3
1852
181.0
180.5
180.5

2253
212.2
206.1
199.4
199.2

282.5
2163
212.2
212.2
212.2

50.97
50.56
50.55
50.54
50.54

103.3
103.2
103.2
103.2
103.2

124.0
123.6
1232
123.2
123.2

135.7| 198.8
130.8] 159.3
1298 155.7
129.8| 155.3
129.8| 155.3

BEAM

2123
190.1
186.7
186.7
186.7

222.3
206.3
204.7
204.7
204.7

271.6
2252
212.6
211.5
211.5

52.68
51.96
51.92
51.91
51.91

112.3
104.0
102.8
102.8
102.8

131.4
123.8
122.5
122.5
122.5

153.4| 162.9
139.9} 156.1
138.4| 154.7
138.4] 154.7
138.4| 154.7

Sl (RN =l b W] e

wn

102.8| 1224 185.0] 197.7| 211.6

FEM (10 X 20) | 51.59 135.8] 154.1
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(c) Boundary conditions
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EERO2EZELFHWA, Ity HEekE 4 E
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v P CTSERHWT, £7uy 7 OFHEEHE (17
EAR X 5 TE X6 B =510 HEHEE) % ne=0~20 BH
BICHNT A, B, MEEHT TERQ).QD1MIC
EXHRNOBEEHBEE 6,, 0,, AW TWw39Y, F
7z, B-4@WRTERES L AV,

R-3EEHRBAHEOH N ETOITIEHEL L
ED1~30 RECOEFAIREE, BLUETuy s
OEMEHEL nc BHEICH/N L2 20EFR
BHEOMXEE (EHRBHEOH/ N ZITbRWEE
T A) ARLZVDTH A, BB HEOH/N
BiTbhwiIgaicid, Mog L7 FEM L R —
HLTBY, 2T RE—FTL2HEEDRETH L1
T _RTHDE—FTIDUTOEREL o> T A,

¥/, EHIBEBEHEOR I EITo/E & (nc=0,

-3 1RHEH O BEREE
Mode| FEM | NSM (A~A)/7Ax100 (%)

No.| (Hz) | (Hz) |pne =0lnc =1 nc =3 ne =5 |ne =10|nc =20
1 20.314 | 20.311 215] 004] 003] 003] 000] 0.00
2 {31981 31.934 598] 0.9 005] 005 001] 0.01
3 34384 | 34401 0441 044| 0.11; 0.11] 006 003
4 | 41988 | 41.909 886] 053] 006] 0.05] 002 002
5 | 46.029 | 46.025 191 0.20] 019 0.8} 007 0.07
6 | 5402453924 | 3958 0.03] 003 0.02] 0.00[ 0.00
7 | 68373 ] 68262 | 33.65| 2.87| 006 0.06] 0.06; 0.06
8 | 85281 | 85163 | 1826] 5221 017 0177 007 0.07]
9 | 878901 88010 | 14.94| 14.44; 0.72| 023 022 0.04
10 | 88417 | 88.511 | 33.75] 14.29] 0.59] 048] 0.28| 0.03
11 | 10210 | 10234 | 18.03| 10.57| 1.52| 022 019 0.08
12 | 104.95 | 104.83 | 3845| 12.93] 0.52] 051 006] 006
13 | 11740 | 117.72 | 25.28| 22.82] 0.05| 0.05] 005 0.00
14 1127511 12742 | 21.73] 1575 0.04] 004 004 004
15 | 135.11 | 13549 | 1793 17.93| 633 025 0.19] 0.18
16 | 14126 | 141.53 ) 2588| 24.69 2.16] 1.86] 0.77} 0.63
17 | 14147 | 141.87 | 26.08{ 25.58| 3.00| 2.84] 090 043
18 | 14447 | 144.89 | 27.89] 26.93] 8.86] 085 046] 002
19 | 15168 ] 152.08 | 22.68} 22.68] 5.07{ 132 043| 0.12
20 | 153.06 | 153.06 | 26.00| 25.74| 1097| 213| 0.00f 0.00
21 | 155.14 | 15554 | 48.93| 33.51| 13.55| 141} 043| 018
22 | 156.37 | 15649 | 55.94] 48.02 17.52| 211 211 042
23 | 16224 | 162.66 | 57.43| 5002} 14701 2.08| 0.33[ 0.16
24 | 17729 177.71 | 45.33| 44.11| 8.00f . 005 0.05| 0.00
25 | 17746 | 177.83 | 4639} 4522 8.15 1.07| 1.00] 0.12
26 | 181.65 | 18202 | 63.88] 43.02 853 250 008 008
27 | 182.65| 186.18 | 64.12| 41.98| 2437 307} 021 021
28 | 19587 | 196.29 | 66.50] 51.97{ 29.83| 324 034 030
29 | 20213 ] 202.50 | 66.91| 50.83] 31.55] 5.67| 0.07| 007
30 | 212.84 { 21420 | 58.87| 52.58| 26.23| 810 0.59] 0.30

DOF| 16590 | 2550 510 514 522 | 530 | 550 590
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g ¥ 4 ]
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L 6250 50 000w
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(b) Section B-B
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xR-4 WBIFH OERREE

Model Frequency (Hz)
1st 2nd 3rd 4th Sth
Model-A | 1.013 1.982 2.143 2.181 2.243
Model-B| 2.577 3.382 3.441 3.538 3.665
Model-C| 2.695 6.944 8.096 8.406 1st
2nd

Cross—section of B-B

Cross-section of B-B

1st

Cross-section of B-B

(D : Diaphragm )
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-4 [ZIEFEFTNIEIBITS 1~5 RE— FIZHtT
BEEHREEE, E-7 15T Lo RSk
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b o755 T b ) OMITIRE), 1Rk 3 RE—-F
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#1E— FiXBEE LY OVIRE, #£2E— FiE
WHEEOADE— FIZE{LLTBY, LOoRET

-
—

AN TS AREELIE— FERE Lo TV A,
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( Model-B 1k & Model-A 2%) , MTEAZERDOLD
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S5 2B D AT 5 &, SSEE h O TIRE)
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B D ADOIRETHI 3.8 1% (Model-C 3 X & Model-
TA3R) Lo Twa,
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FREE VIBRATION ANALYSIS OF THIN-WALLED STRUCTURES
BY FINITE NODE-STRIP METHOD

Masa HAYASHI and Chikara WATANABE

Finite node-strip method is proposed for the free vibration analysis of long thin-walled structures with
stiffeners and diaphragms. A node-strip element has nodal points as well as nodal lines of ordinary finite
strip elements, so that it is easily to connect the element with finite elements. As a result, the versatility
and capability of the strip method are particularly enhanced. Furthermore, the elements of stiffeners are
formulated as off-set beams with the displacement functions of the node-strip element, and diaphragms are
modelled with finite elements. The accuracy and efficiency of the present method is shown by several ex-
amples.



