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Nonlinear Vibration Problem of Cylindrical Tank with Water in Large Deformations

Youichi MINAKAWA

It is reported that responses of liquid-filled tank on a shaking table showed some vibration modes that was
contradiction to expectation of elementary tank theory. Then, author has been studying to analyze the
response that might be caused by dynamic geometric nonlinear behavior, and showed a Lagrangian function
that governed the interactive behavior between the potential fluid and elastic container in large deformations.
Here, applying ALE(arbitrary Lagrangian-Eulerian Element) to the functional of a cylindrical tank in a
three dimension, we propose a new procedure, analyze nonlinear responses of the system, and demonstrate

the effectiveness of the method.

Keywords :Potential Fluid, Lagrangian of interaction between fluid and container, Nonlinear response

of elastic tank, Sub-harmonic response
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— FZHFMALT, WEOEET— RO &7 5.
423 WEBDTDARY MLOH

RS AW R, B LORROESEN &
ISTEDISE ALY MV ERT. REFEIERE 0.01 7
Z P THRNT S V7 IREZIEE 89.77 #7225 100 F2 &£ C
D 1024 DT — & Z[R 7 — YV = EITREB L,
‘o7 — U BB EIGEART Frb L.

4.3 BERREFOKIEREN

R, IR kEET LV E L, MEOHK
FIMEE & Tablel 127Rd. 4.1 HiloR L& L
C5x16x6x4 DEHL = VEE h % 40mm, L

55mm & L72 RO EAIREE A 1 E 4 Table2,35 &
O Table3 127”7 F. ¥ = /VIRIENZAL L C b IREHKL
IN—EDMEZ R EA RSB A vy > TIRE,
B D WLy = VIENETGAZ R G T 5 IREIE— RITkt
ST 5. WBEORELE ST 5 EA RSG5
RENE— NI = /VIESVETE D LB R & U &b
T&E 5. b OIRENE — OB BRI & e
HRARBNL B I K & 2% RFET.

Table2 (27 L7285 A R BRIREL n=5 (ZXTIE % 6,
8, 9% HOBAREE o,,, 0, 5 L P o, (X RT
HIREE— RDOT A Y A & EmEEX % Fig.3.1
WRT. =6 T D 5,6,8 K8 FHDMEAIE
5 0,0, B LD o, BT DEEE— KO T

Table.1 Material Property

Fluid Shell(Steel)
Mass Mass Young Poisson
Density Density Modulus  Ratio
1000kg/m7850kg/m® 205.9GPa 0.3

Table.2 Natural Frequency of a Cylindrical Tank(h=40mm)
nl| 1 2 3 4 5 6 7 8 9

01.08 133 1.79 228 277 3.08 3220 33.12 35.01
11082 149 199 250 287 15.12 17.55 25.14 31.56
082 149 199 250 2.87 1512 1755 25.14 31.56
2111 170 220 271 299 998 1749 19.11 2785
111 170 220 271 299 998 1749 19.11 27.85
133 189 238 284 342 8.06 16.51 23.63 3041
133 189 238 284 342 8.06 16.51 23.63 3041
41153 208 257 295 393 7.17 1498 1741 1837
153 2.08 257 295 423 717 14.98 18.37
1.73 228 277 312 483 6.73 1272 1349 1743
1.73 228 277 312 483 6.73 12.72 13.49 1743
61191 247 294 338 559 647 923 1166 15.70
191 247 294 338 559 647 923 1166 15.70
712.06 262 3.08 3.65 6.22 6.37 7.53 948 1229
206 262 3.08 365 6.22 637 753 948 1229
8212 269 3.14 3.77 651 666 699 7.90 955

w

(9]

Table.3 Natural Frequency of a Cylindrical Tank(h=55mm)
ni 1 2 3 4 5 6 7 8 9
011.08 133 1.79 228 277 3.08 44.28 48.13 52.75
11082 149 199 250 2.87 17.55 22.25 35.39 43.22
0.82 149 199 250 2.87 17.55 22.25 35.39

21111 170 220 271 299 1489 1749 2225 37.84
111 170 220 2.71 299 14.89 17.49 2225 37.84
133 1.89 238 2.85 3.42 1192 2235 30.74 33.58
133 1.89 238 2.85 3.42 1192 2235 30.74 33.58
41153 2.08 257 295 3.93 1036 1741 19.32 21.71
153 2.08 258 296 4.23 10.36 19.32 21.71
173 228 278 313 483 9.26 14.67 1743 18.22
173 228 278 313 483 9.26 14.67 17.43 1822
192 248 295 339 559 826 11.86 15.58 19.63
192 248 295 339 559 826 11.86 1558 19.63
2.07 264 3.09 365 6.23 8.02 1041 12.67 15.75
2.07 264 309 365 623 8.02 1041 12.67 1575
213 270 316 3.77 653 855 9.61 10.86 13.13

w

(9]
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