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Analysis of Open Conical Shells with Stiffeners
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Abstract : In this study, open conical shells with ring and stringers are analyzed. A versatile 4-node shell element which
is useful for the analysis of conical shell structures is used and 3-D beam element is used for stiffeners. An improved
flat shell element is established by the combined use of the addition of non-conforming displacement modes and the
substitute shear strain fields. The proposed element has six degrees of freedom per node and permits an easy connection
to other types(beam element) of finite elements. Optimum location and optimum section properties of ring and stringer
are obtained. It is shown that the thickness of conical shell can be reduced about 20~50% by appropriate location of

stiffeners.
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Fig. 1. The coyiindrical coordinate system and displacement
fields of conical shell

Fig. 2. In-plane forces for conical shells
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Fig. 4. Six degrees of freedom of a flat element

Stringer

Fig. 5. Open conical shell with stiffeners
(Ri = 10in, R, = 20in, L = 30in, 0 = 120°,
Thickness = lin, qo = lksi)
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Table 1. Material properties and section properties

Material (Steel) E = 30,000ksi, v =3

for beam & shell G = ER(1+v)

Solid Rectangular B = 2in (Width of Section)
for beam element H = 2in (Height of Section)
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(a) Model A

(b) Model B
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Free

(¢) Model C
Fig. 6. Analysis Model AB.C
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Fig. 7. Location of stiffeners
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Table 2. Numerical results of Model A

(Center-Stringer
+ 3/4-Ring

RSLT |0.14341E-01| 0.13445E-01 | 0.13228E-01| 0.12654E-01
N |0.58096E+01| 0.57376E+01 | 0.54104E+01| 0.51573E+01
N, {0.19053E+02| 0.18439E+02 |0.16265E+02| 0.16220E+02
Ny |027829E+01| 0.26013E+01 | 0.24012E+01 | 0.22587E+01
M. [0.37595E+01| 0.37874E+01 | 0.33626E+01| 0.31531E+01
M, [0.21035E+01| 0.22308E+01 |0.14866E+01| 0.15635E+01
M,  [0.58941E+00] 0.62201E+00 0.44412E+00| 0.45657E+00

Maximum| Unstiffened [Center-Stringer; 3/4-Ring

Table 3. Numerical results of Model B

(Center-Stringer
+ Edge-Ring

RSLT |0.43002E-01 | 0.39952E-01 | 0.24384E-01 | 0.23006E-01
Ne  |0.12004E+02] 0.11920E+02 | 0.57804E+01) 0.57499E+01
N, |041620E+02 0.41334E+02 [0.19169E+02| 0.18933E+02

Ny {0.10959E+02] 0.10918E+02 | 0.64340E+01 1 0.64036E+01
M, [0.64785E+00| 0.69976E+00 |0.13376E+01| 0.11223E+01
M, |021446E+01| 0.23187E+01 | 0.18206E+01| 0.19712E+01

M, [0.26976E+00} 0.23520E+00 |0.52827E+00| 0.51604E+00

Maximum| Unstiffened {Center-Stringer] Edge-Ring

Table 4. Numerical results of Model C

Edge-Stringer
+ Center-Ring

0.33719E+00| 0.11216E+00 0.27563E+00} 0.15301E+00
0.17486E+03 | 0.37716E+02 10.16357E+03 | 0.63075E+02

Maximum| Unstiffened | Edge-Stringer | Center-Ring

RSLT

0.52568E+02| 0.24941E+02 (0.49173E+02| 0.19935E+02

0.59981E+02| 0.32898E+02 |0.57045E+02} 0.32275E+02

0.28617E+02| 0.13203E+02 {0.25307E+02| 0.12347E+02

0.11314E+02} 0.64937E+01 0.90679E+01| 0.52513E+01

Slr|xle|r|z

0.64451E+01| 0.28797E+01 |0.52962E+01{ 0.27029E+01
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Table 5. Reduction effect of shell thickness by edge ring of Model B (Haean / tsher = 2)

Absolute Maximum Values
LR, Unstiffened Stiffened (Edge Ring) Thic‘“‘es(s%l)‘ed“"ﬁ""
t=lin t=1lin t=0.8 t=0.6 =05
RSLT 0.11010 0.05341 006183 0.07633 0.08727
ox 36.003 26916 33.848 47209 59.673 2030 %
oy 113.54 84.266 106.32 149.14 189.33
RSLT 0.043002 0.02438 002946 0.03668 0.04165
o 12.698 82528 10.182 12.869 17571 About 40 %
s 43.843 25617 31620 42264 51.280
RSLT 0.038118 0.02302 002783 0.03463 0.03930
o 11.573 75076 93237 12.5480 15.883 20-30 %
o 39.403 25.470 31625 42534 51.504
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Table 6. Reduction effect of shell thickness by edge stringer of Model C (Hean / tswer = 2)

Absolute Maximum Values
. LIR Unstiffened Stiffened (Edge Stringer) Hﬁcmes(s(yl){eduction
0,

t=1lin t=1lin =038 t=0.6 t=05
RSLT 0.036811 0.01632 00.2387 0.03753 0.04975
Ox 116.64 43.093 53.694 72.564 88.271

1 About 40 %
oy 34.865 23.831 33.321 49.132 61.573
Oy 22.003 11.824 17.066 25.752 32.546
RSLT 0.33719 0.11216 0.13458 0.16346 0.18730
Ox 344.76 88.746 88.662 102.15 117.84

3 - . More Than50 %

oy 103.65 49.743 58.821 72.203 81.981
O 63.938 29.931 34.926 51410 63.536
RSLT 0.87654 0.42736 0.56530 0.75243 0.87285
O 545.81 180.78 191.01 195.38 194.75

5 About 50 %
oy 196.43 115.46 139.89 17147 192.19
Oy 117.08 61.169 72.644 87.869 98.692
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(@) Unstiffened

(b) 34-Ring stiffened (b) Edge-ring stiffened
Fig. 10. Deformed shape of Model A for L/R; =3 Fig. 11. Deformed shape of Model B for L/Ri=3
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(b) Edge-stringer stiffened
Fig. 12. Deformed shape of Model C for L/A1 =3
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