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0 0. 60 0. 60 0. 60 0. 60 3.28
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5 0. 00 3. 00 0. 00 2.00 4. 10
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Tab. 2 Load conditions of 25-bar spatial truss

TH Rl P. /kN P, /kN P. /kN
1 1 4.45 44.5 —22.25
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1 3 2. 225 0.0 0.0
1 6 2.225 0.0 0.0
2 1 0.0 89.0 —22.5
2 2 0.0 —89.0 —22.5
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Tab.3 Member linking groups and stress limits

il %i e 0 /MPa & /MPa
1 1-2 —242.0 275. 8
2 1-4 2-3 1-5 2-6 —79.94 275. 8
3 2-5 2-4 1-3 1-6 —11.94 275.8
4 3-6 4-5 —242.0 275.8
5 3-4 4-6 —242.0 275.8
6 3-10 6-7 4-9 9-8 —46. 62 275.8
7 3-8 4-7 6-9 9-10 —46. 62 275.8
8 3-7 4-8 5-9 6-10 —76. 64 275.8
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Fig. 4 Optimization calculation process of 25-bar example 1
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Tab.4 Grouping of 72-bar truss

I3 % sred i
1 1,2,3,4 9 37,28,29,40
2 5,6,7,8,9,10,11,12 10 41,42,43,44,45,46,47,48
3 13,14,15,16 11 49,50,51,52
4 17,18 12 43,54
5 19,10,21,22 13 55,56,57,58

6 23,24,25,26,27,28,29,30 14 59,60,61,62,63,64,65,66

7 31,32,33,34 15 67,68,69,70

8 35,36 16 71,72
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Tab.5 Optimization results and comparison

of 72-bar example 2

SR SciHk[20] Scwk[21] Scwk[22] Sck[23] Scik[11] A

1 129.0  129.0 129.0  64.5 129.0  129.0

2 387.1 387.1 322.6  322.6 322.6  387.1
3 258.1 258.1 193.5  387.1 258.1 258.1
4 387.1  387.1 451.6  387.1 387.1  322.6
5 387.1  322.6 322.6  645.2 387.1  322.6
6 322.6  322.6 322.6  258.1 322.6  322.6
7 64.5 64.5 322.6  322.6 64.5 64.5

8 64.5 64.5 322.6  322.6 64.5 64.5

9 838.7 903.2 903. 2

10 322.6  322.6 322.6  387.1 387.1 322.6

11 64. 5 64.5 64.5 64.5 64.5 64.5
12 64.5 64.5 64.5 64.5 64.5 64.5

13 1225.8 1225.8 1354.8 1225.8 1225.8 1354.8
14 322.6 322.6  387.1 258.1 322.6  322.6
15 645  64.5 64.5 64.5 64.5 64.5
16 64.5 64.5 64.5 64.5 64.5 64.5
#FH 1715.0 1715.0  1730.1 1726.2 1725.6 1721.2
fii%  6.351

TE B AL BT mm?” s BB NG A28 B mm,

6.3499  6.342  6.348 6.325  6.337
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Discrete optimum design method based on S-type curve integral function

SUN Rong', TAN Tao*', LI Yan-yan®
(1. College of Energy and Mining Engineering, Shandong University of Science and Technology,Qingdao 266590, Chinaj;
2. College of Mathematics and Systems Science,Shandong University of Science and Technology.Qingdao 266590, China)

Abstract: Compared with the continuous optimization design method,the results of the discrete optimum
design are more in line with the actual needs of projects. However, because of the discontinuity of design
variables, many effective analytical optimization algorithms and conditions are no longer applicable.
Therefore,a new function for the continuous method of structural optimization design with discrete
variables is proposed in this paper, which is called S-type curve integral function. The function has the
property of continuous differentiability, and when the independent variable is zero or one, the
corresponding function value is zero. According to the properties of the proposed function,new zero-one
design variables are introduced to replace the original design variables,and a discrete optimum design is
transformed into an equivalent zero-one programming. Then,the constraint condition that the new design
variables are zero or one is replaced the condition that the value of S-type curve integral function is zero,
and the continuous processing of the discrete variable optimization problem is realized in this way. In
addition,the mathematical model and the corresponding algorithm of the nonlinear programming problem
equivalent to the original problem are given, which can be solved by the general mathematical
programming method. Finally, a numerical example and several size optimization problems of classical
truss structures are calculated in MATILAB numerical analysis software. Numerical results show that the
proposed method is effective and has the advantage of being insensitive to the scale of the problem.

Key words: discrete variables; structural optimization; zero-one programming; continuous method; S-type
curve integral function
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Quantum annealing-driven topology optimization design
method for truss structures

WANG Yan, YANG Di-xiong”, LEI Zhen-zeng, CHEN Guo-hai
(State Key Laboratory of Structural Analysis,Optimization and CAE Software for Industrial Equipment,
Department of Engineering Mechanics,Dalian University of Technology.Dalian 116024 ,China)

Abstract: To address the limitations of computational inefficiency and ease to fall into local optima in
traditional topology optimization methods for a truss structures, this paper proposes a quantum
annealing-driven stiffness optimization design method based on the idea of a truss ground structure.
Firstly,the elastic strain energy of the truss structure is selected as the objective function, while volume
constraints are formulated as penalty terms embedded into the Hamiltonian of the truss system,thereby
forming the problem of an unconstrained optimization. Subsequently, by constructing the exponential
mapping relationship between the increment of the cross-sectional area of the bars and the encoded
qubit,introducing auxiliary qubits and driving them by a quantum annealing algorithm,the adjustment of
the positive and negative directions of the increment is realized. The volume-constrained truss stiffness
optimization problem is transformed into a quadratic unconstrained binary optimization problem which is
solvable by a quantum annealing machine. The hybrid optimization framework incorporating classical-
quantum computing is developed, where classical finite element analysis is executed on a conventional
computer and the optimization task is implemented on the special quantum annealer. Two examples of
truss topology optimization indicate the stable convergence of the proposed algorithm of this paper. This
work demonstrates the feasibility and application potential of the quantum annealing algorithm in
structural optimization, offering an innovative paradigm for engineering design optimization that
integrates classical computing with quantum algorithms.

Key words: truss structures; topology optimal design; quantum annealing algorithm; quantum
computing; quadratic unconstrained binary optimization problem



