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A Study on the Ring Effects of Composite Laminated Conical Shells
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Abstract : In this study, composite laminated conical shells with ring stiffeners are analyzed. A versatile 4-node shell
element which is useful for the analysis of conical shell structures is used. An improved flat shell element is established
by the combined use of the addition of non-conforming displacemnent 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. And 3-D beam element is used for ring stiffeners.

Optimum location and optimum section properties of ring stiffeners are obtained. It is shown that the thickness of conical

shell is reduced about 20% by optimum ring stiffeners.

Key Words : composite laminated, conical shells, ring stiffeners, improved flat shell element.
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Fig. 1. The cylindrical coordinate system and displacement
fields of conical shell

Fig. 3. Out-of-plane forces for conical shells element
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Fig. 5. Analysis model with ring stiffener
(R = 10, R = 20, L = 10 ~ 50, Thickness =
o = S0ksi)

)

Table 1. Material properties of shell element { Unit : ks/)

Material A E = 30,000, v = 03
(Steel) G=E/21+y)
Material B 2 - 3(20‘();"’ & 1=03(,)000
morOH/mey) 12 13 3

Gy = 600, vip =03

Table 2. Material properties and section properties of ring
stiffener
Material E = 30,000ksi, v =03
(Steel) G=E/A1+vp)

Material B = 2;; (Width of Ring Section)
(Boron/Epoxy) H = 2; (Height of Ring Section)

Fig. 6. Clamped conical shell under uniform pressure
(Length L = 100 ; Radius A = 101/, A = 20in ;
Thickness { = 1in ; Elastic modulus £ = 3000ksi ;
Poisson's ratio ¥ = 0.3 ; Pressure load g = 1ksi)
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Table 3. Comparison of present solution and Ref. [1]

Central radial displacement ERR
Mesh o
Present Study Ref[14]-F.D.M (%)
6X6 0.06072 0.07200 15.67
12x12 0.06704 0.07006 431
18%18 0.06803 0.06909 1.53
24 x24 0.06834 0.06899 0.94
30%30 0.06849 0.06887 0.55
36 %36 0.06857 0.06881 0.35
N2xR 0.06861 0.06876 022
05
048 — 4
E 0.46 —
£
g 044 —
(e S, e
g 042
£
S ou |
0.38 —
038 T T T T T T T T

3 12 18 24 30 38 42 48 54 60
mesh

Fig. 7. Convergence of analysis model (Material A)
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Fig. 8-a. Displacement RSLT by location of ring
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Fig. 8-b. Stress resultants by location of ring
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Table 4-a. Optimum location and oplimum Hieam / tsnes Of 1ing for Material A (RSLT)

Maximum Displacement RSLT Optimum
L/ R Unstiffened Stiffened ( Optimum Location of Ring ) Hit
t=lin Jnode Hit=1 Hit=2 HIt=3 Clamped See Fig. 92
1 0.62942 9 0.51512 0.45072 0.44016 0.40083 Hit=3
2 0.50846 13 0.41524 0.37284 0.36573 0.31747 H/t=3
3 0.50570 15 0.41408 0.39533 0.39421 0.36493 Hit=2
4 0.51517 16 045127 0.44384 0.44050 0.42048 Hit=2
5 0.53035 17 0.44594 0.44559 0.44388 0.42642 Hit=2
Table 4-b. Optimum location and optimum Heeam / tsnen Of 1ing for Material A (N, )
Maximum Displacement N, Optimum
L/R Unstiffened Stiffened ( Optimum Location of Ring) Hit
t= lin J-node Hit=1 Hit=2 HIt=3 Clamped See Fig. 9-b
1 963.2934 9 815.1841 827.7937 836.9048 884.6743 Hit=1
2 894.3830 13 741.9020 716.5076 709.1461 703.2864 Hit>3
3 906.5193 15 774.5294 762.8977 759.8552 761.8151 Hit=2
4 923.0208 16 835.8659 823.6732 824.2564 825.1204 Hit=2
5 942.4768 17 831.5224 830.3400 829.5301 844.5519 H/t=2
Table 5. Reduction effects of shell thickness for Material A Heeam [ tshen = 2
Maximum Displacement RSLT Thickness
LR Unstiffened Stiffened ( Optimum Location of Ring ) Reduction
t= lin J-node H/t=1 H/it=2 H/t=3 Clamped (%)
0.62942 9 0.45072 0.50920 0.58865 0.70030 23.65%
2 0.50846 13 0.37284 0.41388 0.48202 0.57290 2291%
3 0.50570 15 0.93533 0.44037 0.49767 0.57252 21.07%
4 0.51517 16 0.44384 0.46440 0.52526 0.61492 18.34%
5 0.53035 17 0.44559 0.49529 0.56032 0.64466 15.39%
Table 5= 49} Sixjo) Ao} FANZ RAW @ B AL A9 g Ao vehth ¢
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Table 6-a. Ootimum location of ring for Material B (L/A1=2)

Maximum Displacement RSLT Maximum Stress Resultants N,

F “’e(‘ !‘)"g’e Unstiffened Stiffenied ( Optimum Location ) Unstiffened Stiffened ( Optimum Location )
‘= lin Jnode Hit=2 1= lin J-node Hit=2

0/0/0/0 4073602 9 2421352 759.0939 8 573.8624
3030/30/30 4322309 9 2802206 770.7385 9 682.7701
60/60/60/60 3286517 1 2789088 860.9295 12 667.6905
90/90/90/90 1.757475 2 1737136 970.6669 15 8233937
0/90/90/0 1.041745 13 0.784743 887.8730 12 698.7907

- Helol ohsiA 2iel gyt 2| fich (90/90/90/002! B9

Table 6-b. Optimum location of ring for Material B (L/AR1=5)

Maximum Displacement RSLT Maximum Stress Resultants N,
F“’e(r f;"g]" Unstiffened Stiffencd ( Opfimum Location ) Unstiffened Stiffened ( Optimum Location )
t = lin J-node Hit=2 t= lin J-node Hit=2
0/0/0/0 4838515 15 3.564092 852.2201 14 695.5010
3030/30/30 5.061830 14 3.891081 859.3764 14 706.1228
60/60/60/60 6467721 17 5.855062 935.0855 17 854.2621
90/90/90/90 3.183298 1 3.181783 982.2696 18 898.5833
090900 | 1060064 17 0.959054 927.7656 17 827.6627
« Heloff thsiA 2lel Fniot 742l gicth (90/90/00/902! B
Table 7. Reduction effects of shell thickness for Material B ( 0/90/90/0) Hoeam | tsher = 2
Maximum Displacement RSLT Thickness
LIR Unstiffened Stiffened ( Optimum Location of Ring ) Reduction
= lin J-node = lin £ = 09in { = 08in ¢ = 07in (%)
1 1308836 9 0.948730 1.069337 1.232404 1.460802 23349
2 1.041745 13 0.784742 0.883553 1011853 1.184167 A7 %
3 1026060 15 0.837443 0.933203 1.054261 1211751 17.67 %
4 1041615 16 0.881257 0.981944 1.109565 1.276243 14.67 %
5 1.060064 17 0.959054 1.046464 1.182408 1.358393 1o
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