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Figure 1 (Color online) (a) Reference configuration and (b) deformed
configuration of the geometrically exact beam element.
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Figure 2 (Color online) 3DOF spring-damping system.
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Figure 3 (Color online) Comparison of m3’s dimensionless displace-
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ment between the origin model and the similar model (“1” refers to the
origin model and “2”refers to the similar model).
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Figure 5 (Color online) Sensitivity analysis of the tip displacement of B along X axis to (a) E and /, (b) p and A, (c) / and (d) g of the two beams.
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Table 3 Measurement of the physical parameters of the origin model,
the equivalent scale-down model and the control model

R BTk A T A WA
JRAE Y 0.45 0.05> 0.05%/12

g L5 A 0.45 0.05? 0.05* x7/12
of HEABE 7Y 0.45 0.052/3 0.054/12

(a) B (b) 45 HL SRR (c) XFRBEERY

50 mm
25 mm
21.65 mm
16.14 mm
14.43 mm

14.43 mm
16.14 mm

21.65 mm
25 mm

50 mm

B6 (MAREE) (a) FREL, (b) 4 &R B A (c) X 18
A A I R~

Figure 6 (Color online) Sizes of the cross sections of (a) the original
model, (b) the equivalent scale-down model and (c) the control model.
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Figure 7 (Color online) Comparison of the dimensionless tip displacement along X axis of the origin model with (a) the equivalent scale-down model
and (b) the control model (“1” refers to the origin model, “2” refers to the equivalent scale-down model, and “3” refers to the control model).
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Figure 8 (Color online) Triangular prism modular deployable mast.
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Dynamically scaled equivalent modelling for flexible multibody
systems in space

QI YiFan, SHAN MingHe" & TIAN Qiang

School of Aerospace Engineering, Beijing Institute of Technology, Beijing 100081, China
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With the increase in size and flexibility of space structures, it is necessary to design a scale-down prototype to carry
out ground experiments, where the feasibility of the designed structure and its dynamic characteristics can be verified.
To predict the dynamic behavior of the full-scale structure more accurately through the scale-down model, this paper
presents a method to design dynamically scaled equivalent models for flexible multibody systems based on similarity
theory and sensitivity analysis of flexible multibody systems. Firstly, the similarity relationships are simplified based on
dimensional analysis and the PI theorem, making the measurement of fundamental dimensions the only concern in the
design of similar systems. Then, a standard procedure is provided to design dynamically equivalent scale-down models for
flexible multibody systems more efficiently than the traditional method. Secondly, the Lie groups and Lie algebras and the
geometrically exact formulation are utilized to establish the dynamic model of flexible beams. Thirdly, to overcome the
challenges of manufacturing scale-down models, sensitivity analysis on the derived dynamic model is carried out in order
to adjust the design of the scale-down models. The feasibility of building scale-down models is improved by releasing the
strong restriction on the design of scale-down models due to the similarity relationships. Meanwhile, the preservation of
the similarity relationship of the critical parameters makes the designed scale-down models able to resemble the dynamic
characteristics of the original model with high accuracy. Finally, numerical simulations are carried out to verify the
feasibility and accuracy of the designed dynamically scaled equivalent models for flexible multibody systems.

dynamically scale-down equivalent modeling, similarity theory, flexible multibody systems, sensitivity analysis
PACS: 06.30.-k, 45.50.Jf, 46.70.De
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