Machine-specified Ground Structures for
Topology Optimization of Binary Trusses

Shaojun Zhu, Makoto Ohsaki, Kazuki Hayashi, Xiaonong Guo
Ohsaki—Zhang Lab, Kyoto University
August 18, 2021



Background

%// |

o

Number of members:

b

Generate n nodes to make the

n(n-1)/2

Cn(n—l)/z

design domain finite
Possible combinations: / \

C: Number of sections

!

High computational cost

Fully-connected
ground structure (GS)

VAN

Human-specified GS

Number of members:
2n —n.<m <n(n-1)/2

Kinematically stable

!

Laborious to arrange



Reinforcement Learning (RL)
Task:

Generate a stable GS with fewest members
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State description by Graph Embedding (GE)

nodal information vector
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Neural network parameters (independent of n)
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Information of the ith node

comprehensive information vector 4
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Information of adjacent nodes
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Policy network

comprehensive information vector
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Learning using REINFORCE

Target: Maximize the total reward J
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Effect: Probability of good actions I
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Testing of agent

Initial node-sets
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MGSs for topology optimization
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Typical topology optimization problem with singular optimal solutions:
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avoid unstable
optimal solutions

0 1. Generate a stable truss and randomly add to m members

0 2: Remove the member with the lowest stress ratio until unstable

0 3. Choose cross-sections according to fully-stressed design (FSD)



Numerical example
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Contributions of this study

* An RL framework Is proposed for MGSs
» Atrained agent can generate a variety of MGSs
* Application of GE

— different-sized problems without re-training
 MGSs lead to different optimal solutions

— more possible to obtain the global optimum
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