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Abstract

In this paper, the topology optimization of inner-wall stiffener of cylindrical containers for the use as a
rocket fuel tank is presented. Such structures for space mission should have high stiffness against the buckling
while their weight should be maintained low from the viewpoint of cost and performance. Therefore, in the
present work the reciprocal of critical buckling load is adopted as an objective function and the total mass of
stiffener is constrained to a prescribed value. Due to the restriction of computational resources a section of
cylindrical container is topologically optimized and this result is repeated to obtain the full design. Also, for
manufacturability the concept of periodic topology pattern in design domain is newly introduced. In the
numerical examples, the results by the proposed approach are investigated and compared with those of isogrid
design.
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Fig. 1 Problem definition of cylindrical container

Table 1 The critical buckling loads of cylindrical

containers
H Analysis Experiment
Im 25.75 MN 29.68 MN
2m 25.51 MN 25.29 MN
3m 25.28 MN 24.19 MN
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Fig. 2 Critical buckling modes of cylindrical containers
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Fig. 3 Periodic pattern
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Fig. 4 The design objective of example 1
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Fig. 5 The buckling mode of cylindrical container

DN

7
(@ (b) ©
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Fig. 7 The stiffener shapes of the cylindrical containers

Table 2 The critical buckling loads of the cylindrical
containers (Case 1)

Periodic pattern cases | The critical buckling loads
Two vertical patterns 9.262 MN
Five vertical patterns 9.173 MN
Ten vertical patterns 8.119 MN
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Fig. 8 The optimized section models (Case 2) ; (a) Two
patterns  (b) Five patterns  (c) Ten patterns
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Fig. 9 The stiffener shapes of the cylindrical containers

Table 3 The critical buckling loads of the cylindrical
containers (Case 2)

Periodic pattern cases | The critical buckling loads
Two vertical patterns 10.182 MN
Five vertical patterns 11.541 MN
Ten vertical patterns 10.949 MN
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Fig. 10 The optimized section models (Case 3) ; Two
patterns  (b) Five patterns  (c) Ten patterns
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Fig. 11 The stiffener shapes of the cylindrical containers

Table 4 The critical buckling loads of the cylindrical
containers (Case 3)

Periodic pattern cases | The critical buckling loads
(Mass ratio of stiffener) (MN)
Two vigt;;ai/saﬁems 10.683
Five v«z;t;;l/saﬁems 10.803
Ten ve(;ngc;%aﬁems 12.010

Table 5 Comparison with isogrid design : example 1

Total mass ratio | Isogrid design Topology

of stiffener(%) (MN) optimization(MN)
30 9.171 9.262
39.5 10.269 10.683
433 10.542 10.806
50 11.107 12.010
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Fig. 12 The design objective of example 2
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Fig. 13 The optimized results of example 2
(a) The section model
(b) The cylindrical container
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Table 6 Comparison with isogrid design : example 2

The critical
. Increment
buckling loads %)
(MN)
Optimization 1.948 343
Isogrid | Experiment 1.451
design |  Analysis 1.397 3.7

Fig. 14 The design objective of example 3
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