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Abstract: For the optimization of the fundamental natural frequency of stiffened cylindrical shells, simulations were
performed for cylindrical shells that were stiffened with between one and five ring stiffeners. ANSYS 11.0 was used to
simulate the optimization for the natural frequency. The Subproblem Approximation Method was applied as the
optimization method. The design function of the optimization was the geometry of the T-shaped ring stiffener, and the
constraint function was the maximum additional volume, constrained to a 10% increase. The objective function of the
optimization was chosen to maximize the fundamental natural frequency. The performance index for optimal design
was defined as the ratio of the natural frequency to the volume of the unstiffened and stiffened shells. The optimal
performance index was obtained for the shell stiffened with three rings.
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Table 1 Material properties for a stiffened shell '

Features Dimensions

Shell radius R (mm) 49.75
Shell thickness t (mm) 1.65
Shell length L (mm) 3945
Rings height dr (mm) 533
Rings width br (mm) 3.17
Modulus of elasticity E (GPa) 68.95
Mass density p (kg/m’) 2762
Possion's ratio 0.31

br, h

e : i
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Fig. 1 The ring stiffened cylindrical shell ¥
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Table 2 Comparison on natural frequency of the stiffened
cylindrical shell with free-free edge condition

Mode . (10) Difference
i Experiment (Hz) FEM (Hz) %)
2 326.3 328.6 0.55
| 3 9209 914.89 0.56
4 1703.4 1715 0.68
5 2643 2695 1.96
m=3

Flg. 2 Typlcal mode shapes of the cyhndncal shell(lo)



Table 3 Material properties of the stiffened shell for

optimization
Features Dimensions
Shell radius R (mm) 65.58
Shell thickness h (mm) 1.15
Shell length L (mm) 300.00
Modulus of elasticity E (GPa) 68.95
Mass density p (kg/m’®) 2762
Poisson's ratio 0.31
|
—f le—t L
L 2 |,
|
& W

Fig. 3 Geometry and coordinate system of cylindrical shell

£2

w1 : Flange width
w2 : Overall depth
t1 : Flange thickness

t2 : Stem thickness

Fig. 4 Dimension for T-stiffener of stiffened cylindrical shell
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Table 4 Design optimal function

Optimization Sub-problem approximation
methods method
Object Maximize the fundamental
function natural frequency
Cons@mt Volume of total stiffeners
function
Design Yanable Stiffener dimension
function
RUN
|

Yes ' Form new objective function -—

(152 et S And SV approximations
No ¥ \4

Apply penalty function to

Generate a random DV set enforce DV and SV limits
v v

Locate the minimum of the
penalized objective function

\4
Compute a new set of DV's
v

Run the analysis file

A2
Yes Converged? No
ged? lo]
5 - <

Fig. 5 Diagram for subproblem approximation method
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Table 5 Comparison of natural frequency of stiffened shell with various number of stiffeners
Stiffened cylindrical shell
One ring stiffener Two ring stiffeners Three ring stiffeners Four ring stiffeners Five ring stiffeners
Frequency | Mode | Frequency | Mode | Frequency | Mode | Frequency | Mode | Frequency | Mode
[Hz] No. [Hz] No. [Hz] No. [Hz] No. [Hz] No.
1970.2 (1,2 1974.3 (1,2) 1972.5 (1,2) 1957.2 (1,2) 1925.6 (1,2)
2030.9 24 2701.0 (3.5 2799.5 (1,3) 2755.8 (1,3) 2610.0 (1,3)
2052.8 2,5) 2707.8 (1,3) 3161.6 (L,1) 31679 (L,1) 3181.6 (LD
2234.7 (3.5 2887.5 34 34712 2,3) 3430.7 2,3) 3316.2 2,3)
22489 34 2985.8 (3,6) 35433 4,5) 3667.0 2,2) 36714 2,2)
2498.3 2,3) 3017.5 2,5 3604.7 4.,6) 3960.8 (14 4021.8 (1,4
2560.2 (2,6) 31272 (1,5 3657.3 (14 4185.1 24 4269.0 2.4
2602.1 (1,3) 31583 (LD 3662.6 22) 43594 (5,6) 4411.2 (3.3)
2652.8 (3,6) 3201.6 4,6) 37259 3.5 4428.1 2,5 7440.2 (34
3044.4 (1,1) 32425 24 3806.0 24 446.6 3.5 4937.0 (1,5)
Table 6 Comparison of increasing rate on volume and fundamental natural frequency of unstiffened/stiffened shell with various
number of stiffeners
Increasing rates
Classification | Unstiffened One ring Two ring Three ring Four ring Five ring
stiffener stiffeners stiffeners stiffeners stiffeners
Volume 140827 +9.92 % +8.33% +9.29 % +9.60 % +9.24 %
(mm’) 154790 152560 153910 154340 153840
Frequency 1184.4 +66.35 % +66.69 % +66.54 % +65.25 % +62.58 %
(Hz) ’ 1970.2 19743 1972.5 1957.2 1925.6
Performance 1.00 151 151 1.52 150 148
Index
Table 7 Comparison of design variable functions of cylindrical shell
Unstiffened Stiffened
Design cylindrical shell cylindrical shell
variable 0 one ring two ring three ring four ring five ring
stiffener stiffeners stiffeners stiffeners stiffeners
W, (mm) 0 6.93 4.49 3.49 2.99 1.99
W, (mm) 0 11.48 10.28 9.98 9.48 9.28
t; (mm) 0 1.46 1.29 1.29 1.19 0.89
t, (mm) 0 238 0.93 0.69 0.55 0.53
Shape of
ring -
stiffeners
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1 | 11844 (13) 1972.5 (1,2) o) 2o nojZT
2 11955 (1,4) 2799.5 (1,3)
3 1643.8 (1,5 3161.6 (1,1) Table 9 Comparison of natural frequency and volume of a
4 1827.4 (1.2) 34712 (2.3) cylindrical shell with three ring stiffener to
5| 19498 | 4 | 35433 | (49 unstiffened shell
6 20288 (2,5) 36047 (4.6 Classification | Unstiffened Optlle@d Diference Incresing
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8 | 24878 | (3 | 36626 | (22 Volume 11 yoga7 | 153910 | 13083 | +9.20%
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Fig. 7 Natural Frequencies of the stiffened cylindrical shell
with three ring stiffener
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Fig. 8 Fundamental natural frequency with various iteration for
stiffened cylindrical shell by three ring stiffener
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Fig. 9 Dimensions of design variables with various iteration for
stiffened cylindrical shell by three ring stiffener
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