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Uncertainty-based Multidisciplinary Design Optimization
of Fractionated Modularized Cluster Spacecraft
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Abstract : The Uncertainty-based Multidisciplinary Design Optimization ( UMDO) method was studied for the conceptual
design of fractionated modularized cluster spacecraft (fractionated spacecraft) , so as to comprehensively assess and optimize life
cycle cost, benefit, system robustness and flexibility under uncertainty. Firstly, the UMDO methodology was introduced, as well
as the schematic flowchart of UMDO for the fractionated spacecraft conceptual design. Secondly, the system architecture and
assessment criteria of the new concept fractionated spacecraft were explained. The disciplinary models, cost models and benefit
models were described, and the uncertainties thereof were modeled with probability theory. Thirdly, a notional earth observatory
fractionated spacecraft was used as an example to demonstrate the application of UMDO in the fractionated spacecraft conceptual
design. The UMDO problem formulation and UMDO procedure organization were presented in detail. The results show that the
mean of the net revenue and its robustness under uncertainty can be greatly improved, which verified the effectiveness of UMDO
method for fractionated spacecraft conceptual design.
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Fig.1 UMDO flowchart of fractionated modularized cluster spacecraft
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Fig.2  Fractionated modularized cluster spacecraft architecture
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Tab.1 Fractionated component parameters
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Tab.2 Launch vehicle parameters
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Tab.3 UMDO optimization results of fractionated

o
ES

o

modularized cluster spacecraft systems design
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Fig.4 Monte Carlo simulations at the initial and optimum design
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Tab.4 Comparison of two none dominate designs in

multi-objective optimization

ST ik E A fRfkrEB
M1 5% [1,0,0,0,0] [1,0,0,0,0]
M2 5% [0,0,1,1,0] [0,0,1,2,0]
it M3 y% [0,1,0,0,1] [0,1,0,0,2]
T BEHSATE [2,2,2] [2,2,2]
KR T % [1,1,1] [1,1,1]
HH S JE/ km 510 510
B Lna/ M$ 189 128
O/ M$ 96 67
Hp Wens/ M$ 216 220
S8 e/ M$ 40 38
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Fig.5 Monte Carlo simulations at two non-dominate

designs in multi-objective optimization
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