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Abstract

The minimum weight design for the simply supported orthogonally stiffened cylindrical shell
subjected to axial compression is studied by a mathematical programming. A smeared-out method

is used for the computation of buckling load in the optimization process and optimization is

accomplished by a gradient projection method. Maximum eight design variables and twenty-one
inequality constraints considering the buckling, stress and geometric restraints are used. The

three stringer types are considered as the optimization models :

(1) rectangular stringer (2)

I-stringer (3) T-stringer. Two design examples are compared with those in the other studies and

the results demonstrate the validity of the present study. From the calculation the design with

T-stringer can be more efficient than the one with rectangular or I-stringer.
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Fig. 2 Flow diagram for the optimization of
stiffened cylindrical shell
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Table 1 Comparison of the constraint value
with Ref. (2)

Constraints Present Ref.(2)

Global buckling ‘(‘1‘703)7%8 %Igogg)

Panel buckling — R0 3988
Skin buckling ‘(01'(?415)58 —0.0458
Stringer buckling —0.07192 | —0.0708
Skin yielding —0.91105 { —0.5731
Stringer yielding —0.58160 } —0.5814
Ring yielding —0.88540 | —0.8854

*Numbers in parentheses denote the longitudinal
mode number m and circumferential mode num-
ber .
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Fig. 3 Buckling mode shape of the stiffened
cylindrical shell(m=17, »=9)

Table 2 Summary of numerical results for an axially compressed cylindrical shell stiffened with rectan-
gular stringer and ring

Design variable, Present Present Ref. (2)*
weight and constraints (6:20.508) (6:=0.254)

Skin thickness(¢,), mm 0.55389 0.55394 0.56146
Stringer thickness(¢;), mm 0.79954 0.79944 0.82854
Ring thickness(¢,), mm 0.50800 0.50766 0.57708
Stringer depth(ds), mm 11.11935 11.11963 11.22934
Ring depth(d,), mm 53.32979 53.32984 53.34000
Stringer spacing(/s), mm 23.06368 23.06368 23.36419
Ring spacing(/,), mm 241.29390 241.29390 238.43234

Weight, kgf 329.97 329.95 342.77

Global buckling RO e RO
Panel buckling R % v
Skin buckling 0, 0 "o
Stringer buckling —0.00029 —0.00000 —0.07192
Skin yielding —0.57569 —0.57569 —0.91105
Stringer yielding —0.57208 —0.57209 —0.58160
Ring yielding —0.88039 —0.88038 —0.88540

*The constraint value of Ref. (2) is calculated by present study
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Table 3 Summary of numerical results for an axially compressed cylindrical shell stiffened with I-

stringer and rectangular ring

W
2

ds
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Design variable, weight and constraints (b?;egeélst4) Ref. (5)
Skin thickness(¢,), mm 0.63372 0.50317
Stringer thickness(¢s), mm 0.27454 0.38443
Ring thickness(¢,), mm 0.37794 0.83998
Stringer depth(d;), mm 8.38368 14.12659
Ring depth(d,), mm 50.88153 52.31892
Stringer spacing(/s), mm 25.16434 23.69083
Ring Spacing (/,), mm 241.30102 311.2516
Stringer flange width(w,), mm 5.96562 3.88976
Weight, kgf 293.7 313.7
Global buckling R 523
Panel buckling —0.00000 _((1)’ 2;;/316
. : —0.02836 +0.35687*
Skin buckling 10, 1) 13 1
Stringer buckling —0.29625 —0.27335
Skin yielding —0.53191 —0.53828
Stringer yielding —0.52917 —0.53338
Ring yielding —0.86028 —0.87682

*Skin buckling occurs.
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Table 4 Summary of numerical results for an
axially compressed cylindrical shell stif-
fened with T-stringer and rectangular
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Design variable, weight Present
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Skin thickness(¢,), mm 0.58234
Stringer thickness(¢,), mm 0.25689
Ring thickness(¢,), mm 0.35971
Stringer depth(d,), mm 10.14575
Ring depth(d,), mm 50.79873
Stringer spacing (/;), mm 22.87331
Ring spacing(/,), mm 241.30025
Stringer flange width(ws),
mm ° 10.14512
Weight, kgf 278.2
; —0.00018
Global buckling (16, 10)
: —0.11948
Panel buckling .37
. . —0.00010
Skin buckling ai, 1
Stringer buckling —0.00000
Skin yielding —0.50592
Stringer yielding —0.50295
Ring yielding —0.85300
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