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Abstract: The mixed lattice structures with complex curved surfaces and variable thickness of titanium alloy can be formed by superplastic
forming/ diffusion bonding (SPF/DB) process. But due to non-uniform plastic deformation, the wall thickness of ribs in the lattice is une-
ven, and the design optimization of such lattice structures is a typical highly nonlinear problem with multiple design variables. Therefore,
the Kriging response surface model and genetic algorithm were introduced into the optimal design of the Kagome lattice structure prepared
by SPF/DB process, and based on the finite element simulation results of SPF/DB manufacturing and surface compression performance,
the Kriging response surface was constructed. Then, the influence laws of the structural parameters on the surface depression depth and
the surface compressive strength were obtained, and the optimized structural parameters were obtained by genetic algorithm for experimen-
tal verification. The results show that for the core plate with thickness of 0. 8 mm and the panel with thickness of 1.2 mm, in the Kagome
lattice structure prepared by SPF/DB process, it is found that concentrated deformation occurs at the transition fillet between rib and weld-
ing point, and the maximum thinning rate is 37. 8% and the surface compressive strength is 4. 36 MPa, demonstrating the validity of the
structural parameters.
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Fig. 1 Schematic diagram of SPF/DB process core sheet for

Kagome lattice structure
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3mm < b <6mm
8§ mm < a < 12 mm
D3 mm < d < 6 mm
A o MR y(x) MHEWREREG g(x) A
AL RE; b AR MERE; o, N
SRJE

FHIBI SO I A, Jr Sk 1 s,

%1 Kagome SFFEHMNSEIZITAR (mm)
Table 1 Design schemes on parameters of Kagome lattice

structure (mm)

75 b a d

1 3.0 8.4 D3.6
2 3.3 9.2 D45
3 3.6 10.0 D5.4
4 3.9 10. 8 D3.0
5 4.2 11.6 3.9
6 4.5 8.0 D4.8
7 4.8 8.8 D5.17
8 5.1 9.6 3.3
9 5.4 10. 4 D4.2
10 5.7 11.2 D5.1
11 6.0 12.0 6.0
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Fig. 2 Simulation model of SPF/DB Kagome lattice structure component
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Table 2 Simulation and response results of Kagome lattice

structure under different structure parameters

P R"/mm oy"/MPa AP/mm ob*/MPa
1 9.66 2.05 9.66 2.02
2 9.67 1.95 9.67 1.99
3 9.75 1.87 9.74 1.85
4 9.52 1.16 9.50 1.16
5 9.55 1.06 9.56 1.06
6 9.51 3.91 9.49 3.91
7 9.54 3.70 9.55 3.70
8 9.31 2.09 9.31 2.20
9 9.36 2.35 9.37 2.03
10 9.49 1.46 9.47 1.76
11 9.62 1.47 9.62 1.38
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Fig. 4 Optimization results of Kriging response surface model

(a) Surface depression depth

(b) Surface compressive strength

(c¢) Relationship between surface compressive strength and density
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Fig. 5 Simulation cloud maps and experiment part

(a) Equivalent strain cloud map  (b) Displacement cloud map

(¢) Kagome experiment part
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