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Dynamic boundary characteristics for truncated model of V-shaped
orthogonally stiffened plates

TANG Dong', RAN Maohui, LI Ye, WANG Hao, XIONG Weipeng
College of Harbour, Coastal and Offshore Engineering, Hohai University, Nanjing, 210024, China

Abstract: [ Objectives ] To study the dynamic characteristics of local structures in naval architecture and
ocean engineering, the dynamic boundary equivalence method between truncated model and original model
should be explored. [ Methods ] The finite element method is used to calculate the natural frequency and vi-
bration mode of the V-shaped plate model and one-side elastic support under the free boundary. In addition,
the natural frequency and vibration mode of the isolated plate model under the three-side free boundary are
compared with the isolated plate model, and the equivalent law of the dynamic boundary of the truncated plate
model is explored. [ Results ] The research shows that with the increase of the thickness of the attached plate,
the half wave number m of the (m, n) order of V-shaped plates mode is constant along the coupled edge direc-
tion, and the half wave number n perpendicular to the coupled edge direction increases; With the increase of
the length of the attached plate, the half wave number m of the (m, n) order of V-shaped plates mode is con-
stant along the coupled edge direction, and the half wave number n perpendicular to the coupled edge direc-
tion of the attached plate decreases. When the coupling angle a between the main plate and the attached plate
is between 40° and 90°, the attached plate of the V-shaped plate is equivalent to providing a fixed support
boundary condition for the main plate. [ Conclusions ] A fast prediction method for the natural frequency cor-
responding to the partial modes of the V-shaped plate is proposed.

Key words: V-shaped coupling plate; coupling angle; mode transition; natural frequency; rapid predic-
tion technique
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Fig. 1 V-shaped connecting plate model
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Table 1 Material properties and geometric parameters of V-
shaped plate

B il

PR E/Pa 2.1x10"
#Ep/(kgm”) 7800
HFA LY 0.3
FHE L h/m 0.01
FHRAKSEL/m 1.00
FEMRGESEL/m 1.00
B4R J5 BE Ry /m 0.01
PR A B L/m 0.70
Jin 55 3 B H/m 0.02
N3 5 5 BEB/m 0.01
VIR ol () 60

®2 FAEMERST VRERRNERMERESAER

Table 2 Natural frequencies and their maximum differences of V-shaped connecting plates under different grid sizes

o A% Jeg 1 AT H (m, n) ) A 4505
BREH %
JR~F/m X A% K 1,1 2,2) (3,3) 4,4)

0.010 17 924 127.07 341.98 625.64 1042.46 —

0.009 22516 127.04 341.89 625.36 1041.82 0.061
0.008 28360 127.02 341.81 625.14 1041.31 0.049
0.007 36 427 127.00 341.73 624.94 1 040.83 0.046
0.006 49933 126.98 341.66 624.74 1 040.42 0.041
0.005 71422 126.95 341.59 624.57 1.040.03 0.036
0.004 110 299 126.94 341.54 624.43 1039.71 0.032
0.003 197 003 126.93 341.50 624.32 1039.51 0.019
0.002 433 856 126.92 341.47 624.27 1039.34 0.019

MR 2 &3, M%)k 0.005 m B, VIE
TR A AR 28K, BURS AR E il 71 422,
K ZE R 0.036%, THHEAEE &, iR RS, i
A SCAT PR TCA A B P A% RS 2644 0.005 m.

T B IE EHEAR kA T A RN RS RS A
P, N7 SCHR [S] TP VIR BB R R AT A, H
Hh IR RS SR A A S5O A 5 235 3, B R A R
sHECR 0.005 mo SCHK [5] 1 £,50.4 m, L,=0.4 m,
B h=0.003 m, 1 5 PE 15 5 £=206 GPa, JH #2
kb v=0.3, % p=7 850 kg/m’, a=30°, 3545 F 40
F 3R

M 3 BT, 5 STk [5] 10 A 4R 25
AL, VIE AR RT 5 B A 005 5% 22 /8 T 0.3%,
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Table3 Comparison between the results of this article and
those of Reference [5]

B XERSIEEMRMz  AXEEHEMz %%
1 24.24 24.29 0.21
2 30.88 30.84 0.13
3 61.25 61.07 0.29
4 69.25 69.26 0.01
5 117.46 117.27 0.16
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Table 4 The (m, n)-order natural frequencies fand their variation rate «, of V-shaped plates under different coupling angles «

©) (1, 1) (1,2) 2,1 (2,2) (3,3) (4,4)
a/(®
fHz K fiHz Ky fHz K fHz K fHz K| fHz K
0 97.09 — 19863  — 19669  — 30753 — 53124 — 934.07 —
3 10920 404 20055 064 20507 279 30949 065 53677 184 94482 3.58
6 11996 359 20728 224 21848 447 31573 208 55457 593 954.14  3.11
9 12394 133 21673 3.5 22428 193 32397 275 58085 876 973.66 651
12 12536 047 22326 2.8 22645 072 32993 199 60880  9.32 99629  7.54
15 12599 021 22685 120 22743 033 33337 115 62125 415 101380 584
18 12633 011 22889 068 22794 017 33535  0.66 62338 0.7l 102410  3.43
20 12647 007 22977 044 22815 011 33620 042 62409 036 102800 195
30 12678 003 23186 021 22863 005 33792 017 6228 013 103620  0.82
40 12687 001 23258 007 22877 001 34089 030 62285 0 1038.00  0.18
50 126.89 0 23290 003  228.82 0 34119 003 62277 001 103870 0.07
60 126.88 0 23307 002  228.84 0 34089 003 62267 0.0l 1039.00  0.03
70 126.87 0 23316 001  228.84 0 34082 001 62258 0.0l 103920 0.02
80 126.86 0 23322 001  228.84 0 340.79 0 62248 0.1 1039.20 0
90 126.84 0 23326 0 228.84 0 340.77 0 62238 0.1 1039.20 0
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Fig. 2 The variation of the natural frequency of the V-shaped connector plate with the coupling angle o
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Table 5 The (m, n)-order natural frequencies f and their variation rate «, of V-shaped plates under different thickness of the at-

tached plate

B o (1,n) 2,n) (3,n) (4, n)
flHz K fHz Ky fHz Ky fHz K

3 72.53 — 211.34 — 472.06 — 1 025.90 —
4 96.07 23.54 225.06 13.72 473.39 1.33 1 026.90 1.00
5 117.06 20.99 249.87 24.81 473.84 0.45 1 031.00 4.10
6 122.52 5.46 295.97 46.10 514.40 40.56 1033.10 2.10
7 124.39 1.87 328.89 32.92 592.86 78.46 1033.20 0

8 126.30 1.91 334.77 5.88 626.96 34.10 1 055.00 21.90
9 128.84 2.54 338.86 4.09 633.21 6.25 1159.70 104.70
10 134.02 5.18 347.35 8.49 640.51 7.30 1260.30 100.60
11 143.25 9.23 370.72 23.37 701.86 61.35 1280.90 20.60
12 153.86 10.61 399.81 29.09 758.24 56.38 1289.70 8.80
13 164.78 10.92 429.36 29.55 812.71 54.47 1333.10 43.40
14 175.77 10.99 457.78 28.42 842.75 30.04 1423.90 90.80
15 186.76 10.99 479.71 21.93 850.94 8.19 1514.70 90.80
16 197.67 10.91 487.62 791 852.42 1.48 1582.70 68.00
17 208.41 10.74 490.35 2.73 856.33 3.91 1 598.00 15.30
18 218.75 10.34 492.12 1.77 864.79 8.46 1 601.60 3.60
19 227.97 9.22 492.30 0.18 896.43 31.64 1 604.90 3.30
20 234.44 6.47 493.55 1.25 938.28 41.85 1 620.20 15.30
21 237.64 3.20 494.64 1.09 981.06 42.78 1 684.20 64.00
22 239.20 1.56 496.71 2.07 1 023.40 42.34 1755.70 71.50
23 240.13 0.93 506.25 9.54 1 065.70 42.30 1827.10 71.40
24 240.76 0.63 526.59 20.34 1117.10 51.40 1 894.20 67.10
25 241.23 0.47 545.88 19.29 1 157.60 40.50 1913.00 18.80
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Fig.3 The variation law of natural frequency of V-shaped con-
necting plate with the thickness of the attached plate
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Table 6 The (m, n)-order natural frequencies f and their variation rate «; of V-shaped plates under different length of the at-

tached plate
B FE o @ @ G &
fiHz K3 fIHz K3 fiHz K3 fIHz K3

35 355.06 — 478.88 — 852.35 — 1279.90

40 346.92 3.39 471.52 1.47 842.12 2.05 1275.40 0.90
45 321.99 4.88 442.05 6.63 842.20 0.03 1250.40 5.70
48 299.95 7.35 415.87 8.73 834.58 2.54 1182.00 22.80
50 288.24 5.85 401.63 7.12 834.72 0.07 1 148.40 16.80
53 270.02 6.07 379.64 7.33 825.28 3.15 1 086.99 20.47
55 261.00 4.51 369.01 5.31 818.10 3.59 1 065.40 10.79
57 251.95 4.53 357.97 5.52 788.94 4.96 1051.20 7.10
60 243.83 2.71 348.87 3.03 759.79 16.13 1 044.00 2.40
65 236.46 1.47 341.87 1.40 700.41 11.88 1 041.60 0.48
70 233.37 0.62 341.47 0.08 655.79 8.92 1 039.70 0.38
75 231.58 0.36 339.30 0.43 602.42 10.67 1032.70 1.40
80 230.21 0.27 338.23 0.21 573.75 5.73 1001.40 6.26
85 228.82 0.28 337.22 0.20 546.49 5.45 950.57 10.17
90 227.04 0.36 335.86 0.27 523.45 4.61 909.66 8.18
95 224.16 0.58 333.34 0.50 503.86 392 873.08 7.32
100 218.81 1.07 327.42 1.18 489.20 2.93 850.25 4.57
110 200.82 1.80 305.80 2.16 480.52 0.87 777.60 7.26
120 182.54 1.83 284.76 2.10 479.50 0.10 735.27 4.23
130 167.10 1.54 267.53 1.72 477.33 0.22 703.74 3.15
140 154.45 1.27 252.66 1.49 474.56 0.28 689.48 1.43
150 144.32 1.01 243.05 0.96 459.50 1.51 682.11 0.74
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Fig. 6 Typical mode shapes of V-shaped connecting plate at (m, n)=(3, n) under different length of the attached plate

PERILM S80S VIE SR ER S HOHE T .
S BICST A 1 P S 4 0 AL, PICST
— 5k i B RE— A AR S R [ I A R A i
Pz, PRI 5 — i BEAE MU, SR ST S 6 A4
HHERG . 2750 T ASE S SN E T
o7 RUBE IR ST A [ A 43 23R B AR bk, BT 8 S L
o RURE I ST A [ A 000 23 i S 45 M 1 25 Ak R
B, B ke Ry st SRR BE, ko SR BRI EE, LR
/NA T N/m. B9 MIRSEMER (m, n)=(1, n) Br i Zs
W 5 S A O R AR A B PR AL

Hi P 8 ], B R ST Al B 45 B [ A 9
R A T SO IR A B, DR R B e 3

K7 AR R & I

Schematic diagram of isolated plate model

Fig. 7



X A5 VIR R Y ) 3 30 SRR RIT 5 9
F7 FEBMSENE TR EMREGRE rRETHE A
Table 7 The natural frequency fand their variation rate «, of isolated plate under different elastic support stiffness
(1,n) (2,n) (END)] (4, n)
lg(krko)
fiHz Ky JfiHz Ky fHz Ky fHz Ky
0 155.61 — 383.27 — 688.23 — 1121.40 —
1.000 0 155.96 0.35 383.63 0.36 688.57 0.34 1121.70 0.30
2.000 0 159.14 3.18 386.99 3.36 691.89 3.32 1125.10 3.40
2.3979 163.72 11.51 391.96 12.49 696.99 12.82 1130.30 13.07
2.699 0 169.85 20.36 398.93 23.15 704.48 24.88 1137.90 25.24
3.000 0 179.82 33.12 409.74 35.91 716.78 40.86 1 150.40 41.53
3.3103 192.33 40.32 424.62 47.95 734.32 56.53 1 168.70 58.98
3.602 1 20591 46.54 441.86 59.08 758.97 84.48 1191.90 79.51
3.778 2 212.98 40.15 451.43 54.34 772.96 79.44 1206.30 81.77
4.000 0 220.12 32.19 461.47 45.27 788.71 71.01 1223.20 76.19
43979 228.12 20.11 472.92 28.78 813.25 61.67 1244.90 54.54
4.699 0 231.59 11.52 477.57 15.44 820.02 22.48 1254.30 31.22
5.000 0 234.90 11.00 480.53 9.83 825.05 16.71 1260.00 18.94
53979 236.51 4.05 483.73 8.04 829.22 10.48 1265.20 13.07
6.000 0 240.75 7.04 489.33 9.30 841.05 19.65 1274.90 16.11
7.000 0 243.70 2.95 495.82 6.49 861.34 20.29 1295.30 20.40
8.000 0 244.12 0.42 497.01 1.19 865.96 4.62 1302.30 7.00
9.000 0 244.17 0.05 497.14 0.13 866.51 0.55 1303.10 0.80
10.000 0 244.18 0.01 497.15 0.01 866.58 0.07 1303.20 0.10
11.000 0 244.18 0 497.16 0.01 866.59 0.01 1303.20 0
12.000 0 244.18 0 497.16 0 866.59 0 1303.20 0
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Fig. 9 Typical mode shapes of isolated plate at (m, n)=(1, n) under

different elastic support stiffness
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Table 8 Comparison of natural frequency between V-shaped
plate and elastic support isolated plate
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Fig. 10 Comparison diagram of V-shaped plate modes and isolated plate modes
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