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The Optimum Modification of Dynamic Characteristics of Stiffened
Plate Structure Including the Number of Stiffener.
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Abstract

The purpose of this paper is the optimum modification of dynamic characteristics of stiffened plate
structure including the number of stiffener. This paper shows the optimum structural modification method
by dynamic sensitivity analysis and quasi-least squares method and considers it's validity. In the method
of the optimization, finite element method, sensitivity analysis and optimum structural modification
method are used.

The change of natural frequency and total weight are made to be an objective function.

Thickness of plate, the number of stiffener and cross section moment of stiffener become a design
variable. The dynamic characteristics of stiffened plate structure is analyzed using finite element method.
Next, rate of change of dynamic characteristics by the change of design variable is calculated using the
sensitivity analysis.

Then, amount of change of design variable is calculated using optimum structural modification method,
It is shown that the results are effective in the optimum modification for dynamic characteristics of the
stiffened plate structure including the number of stiffener.
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Fig. 1. Stiffened plate model for analysis.
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Table 1. Dimensions of stiffened plate model
for analysis.

Model NR45 NR510 | NR615 NR720
NR45B | NR510B | NR615B | NR720B

a (m) 30

b (m) 42

N 4 5 6 7

R (hs/ts) 10 15 20

S (m) 0.840 0.700 0525 0525
tp (mm) 92 83 76 71
ts (mm) 35 199 144 114
hs (mm) 167.5 199.0 2160 2280
Is (m*) |3.3723E-5[35682E-5| 34229E-5 |3.2681E-5
W (kef) | 144039 | 128890 | 119273 | 1132.18
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Fig. 2. Two-Dimensional modeling for analysis.
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Fig. 3. Natural mode of NR45B model.
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Fig. 4. Natural mode of NR510B model.
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Fig. 6. Natural frequency of stiffened plate
structure.
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Table 2. Initial dimensions of stiffened plate
model for analysis.

a(m) 3.00
b(m) 4.20
E(N/m’) 2.05E+11
N 3
tp (m) 11.00E-3
Is(m”) 2.0000E-5
W(kgf) 1619.95
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Fig. 7. Flow chart of optimization.

Table 3. Result of optimization (W-~>1300kgf).

N tp Is W (LD [f(N+1.D)
(mm) | (E-5m4) | (kgf) | Hz Hz
Initial | 3 | 11.000] 2.00000 {1619.95)27.15| 31.16
Iter1 | 4 |10.806] 3.86690 |1599.45| 4294 | 43.78
Iter2 | 5 |10.108] 3.27416 {1467.99{ 4658 | 52.36
Iter3 | 5 | 9575 | 2.32772 | 1415.12| 40.37 | 50.87
Iter4 | 5 | 9218 | 248176 |1379.79] 41.89| 49.00
Iter5] 5 | 8815 | 2.28450 |1339.92| 4068 | 47.30
Optim.{ 5 | 8412 | 224129 |1299.99| 4008 4541
Target 1300.0 | 40.00 | 45.00
329 B4

(2) %4 1 £(1,1)--> 40.00 Hz, f(N+1,1)-->
45.00 Hz, W--> 1100.00kgf

84 ZAs}+E Table 40 “epdct. Table 49 4

& B 58] wbgA AbellA £(1,1)=40.09Hz(F
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Optimum Modet

Fig. 8. Result of optimization (W-->1300kgf).

Table 4. Result of optimization (W-->1100kgf).

N tp Is W | f(1,]) |f(N+1.D)
(mm) |(E-5m4)| (kgf) | Hz Hz

Initial | 3 [11.000] 2.00000 | 161995 | 27.15 | 31.16
Iter1 | 5 | 8794293674 | 1337.81 | 4555 | 46.49
Iter2 | 6 |7.407| 1.96036 | 118363 | 4389 | 50.31
Iter3 | 6 6664 1.62396 | 111999 | 41.10 | 46.31
Iterd | 6 {64621 146834 | 1101.79 | 3949 | 4531
Optim.| 6 |6.431 | 1.51659 | 109897 | 40.09 | 4505
Target 1100.0 | 40.00 | 45.00

2], 40.00Hz), f(N+1,1)=45.05Hz(5 % %], 45.0Hz),
W=1098.97(& ¥2],1100)oll =<3}41c}.

ade] A 2L 4= 67, tpe 6431
(mm)7} Heiek F287 ZAAE Fig. 9o el
o} FxEA AFe] AAES tp, Is, N9 ¥}
£ Fig. 11, SRS f(1,1), f(N+1)1), We] H3E
Fig, 12 v}ebiic},

3.4 EZEe EF 2

(1) 4 Model, AAM s, 23l A4 Flows
329 F4.

(2) S-S £(1,1)-->400Hz, f(N+1,1)-->450
Hz, W--> Minimum

Initial Vdue
tp=11.000(mm)

1x=2.00000 E-5(m4)
N=3

#1,1)=27.15He

f(N+1,1)=31.16Hz
W=1 619 B kef

hitial Modal

Object Function
£(1.1)=40.0Hz
f(N+1,1)=45.0Hz

W1 100kef

Optimum Va ue
tp=6.431(mm)
I15=1.51639 E~5(m4)
N=6

(1,1)=40 09Hz

f(N+1,1)=45.05Ha
W=1098 97kef

Cptirrurn Mo de!

Fig. 9. Result of optimization (W-->1100kgf).

A4 HAIE Table 50 vjebdic}, A A= 58
2] ubE-A Abol A1 £(1,1)=40.09Hz( 5 & ], 40.00Hz), f
(N+1,1)=45.03Hz(F &£ *, 450Hz), W=93051(Z%
2], Minimum)dll =23t}

5548 BFile $F590 HAagS dvidA
€ wotslr] fald APz ALslm M3l
Aot 2de] AANS 23 e TN, pE
5155(mm)~7} =KAok, #2874 AAE Fig. 100
vehdicl, A A3 AApES tp, Is, N9
w28 Fig. 11, S ¢4 £(1,1), f(N+1,1), We] &
3}& Fig. 129 Jehic},

Table B. Result of optimization (Minimum).

N tp Is W [{(1]) {f(N+1.1)
{mm) | (E-5md4) | (kgf) | Hz Hz

Initial | 3 |11.000] 2.00000 | 1619.95 | 27.15| 31.16
Iter1 | 6 |7.788] 291814 | 1211.33 | 52.07] 50.34
Iter2 | 7 | 6666 | 226999 | 1089.17 | 5242 | 5387
Iter.3 | 7 | 5765 | 122585 | 999.93 (4058 | 49.74
Iterd [ 7 | 5043 | 1.29746 | 92848 (4270 | 434
Optim.| 7 {5155 1.14038 | 93957 | 40.09| 45.03
Target Minim. | 40.00 | 45.00
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Fig. 10. Result of optimization (W-->Minimum).
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