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Abstract High performance of the spacecraft structure is required in
the special environment, it includes mechanical performance and
operational performance, etc. When performing tasks, the
spaceborne equipment requires high precision. Therefore, the design
of lightweight, high stability and high reliability structure is essential
for spacecraft. Topology optimization is widely used in structural
design. However, there are some problems in the structure after
macro topology optimization, such as checkerboard, local optimal
solution and other phenomena. Despite a long calculation period, the
obtained structure is often not smooth enough and hard to
manufacture. Aiming to this issue, this paper proposes a combined
method of multiscale topology optimization method and multisubstructure multi-frequency quasi-static Ritz vector (MMQSRV)
method. Firstly, a shape interpolation technology is used to generate
microstructures. Those microstructures are predicted the effective
characteristics by Kriging metamodel, and then they are used to build
the macrostructure. Furthermore, variable thickness sheet (VTS)
method is used to get the structure of free distribution of materials.
Due to the similar topological characteristics, the interfaces of
microstructures are well connected. In addition, on the macro scale,
based on the Ritz vector method, the MMQSRV method simplifies
the model matrix and effectively guarantees the computational
efficiency and accuracy by Krylov Subspace Method. This method
optimizes the microstructure and macrostructure, and curtail the the
iteration period of topology optimization.
Keywords:

Model

reduction

method;

Multiscale

topology

optimization; Ritz vector method; Krylov subspace.

Reference
1.
2.

3.
4.
5.

Ricles JM, Léger P. (1993). Use of load-dependent vectors for dynamic analysis of large space
structures. Communications in Numerical Methods in Engineering, 9, 897–908.
Yan Z., Hao L., Mi X., Liang G., Sheng C., Jinhao Z. (2019). Concurrent topology optimization for
cellular structures with nonuniform microstructures based on the kriging metamodel. Structural and
Multidisciplinary Optimization, 59, 1273-1299.
Xia L, Breitkopf P. (2014). A reduced multiscale model for nonlinear structural topology
optimization. Computer Methods in Applied Mechanics and Engineering, 280, 117–34.
Schury F., Stingl M., Wein F. (2012). Efficient two-scale optimization of manufacturable graded
structures. SIAM J Sci Comput, 34, B711–B733.
Yan Z., Mi X., Hao L., Liang G., Sheng C. (2018). Multiscale concurrent topology optimization for
cellular structures with multiple microstructures based on ordered SIMP interpolation.

DOI: 10.32604/icces.2021.08311

www.techscience.com

Proceedings, ICCES, vol.23, no.1

6.

7.

8.

9.

10.
11.
12.
13.

Computational Materials Science, 155, 74–91.
Yan Z., Mi X., Hao L., Liang G., Jie G., Hao L. (2020). Multiscale topology optimization for
minimizing frequency responses of cellular composites with connectable graded microstructures.
Mechanical Systems and Signal Processing,135.
Jinhao Z., Mi X., Liang G., Junjian F. (2018). A novel projection outline based active learning
method and its combination with Kriging metamodel for hybrid reliability analysis with random
and interval variables. Computer Methods in Applied Mechanics and Engineering, 341, 32-52.
Jiadong D., Wei C. (2017). Concurrent topology optimization of multiscale structures with multiple
porous materials under random field loading uncertainty. Structural and Multidisciplinary
Optimization volume, 56, 1–19.
Jiamin G., Zhengdong M., Gregory M. (2000). A new load-dependent Ritz vector method for
structural dynamics analyses: quasi-static Ritz vectors. Finite Elements in Analysis and Design 36,
261-278.
Yoon GH. (2010). Structural topology optimization for frequency response problem using model
reduction schemes. Computer Methods in Applied Mechanics and Engineering, 199, 1744–1763.
Yoon GH. (2012). Toward a multifrequency quasi-static Ritz vector method for frequencydependent acoustic system application. Numerical Methods in Engineering, 89, 1451-1470.
Koh HS, Kim JH, Yoon GH. (2020). Efficient topology optimization of multicomponent structure
using substructuring-based model order reduction method. Computers and Structures, 228.
Yoon GH, Kim JH, Jung KO, Jung JW. (2015). Transient quasi-static Ritz vector (TQSRV) method
by Krylov subspaces and eigenvectors for efficient contact dynamic finite element simulation. Appl
Math Model, 39, 2740–62.

This work is licensed under a Creative Commons Attribution 4.0 International License,
which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

DOI: 10.32604/icces.2021.08311

www.techscience.com

