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Lightweight Design of Aluminum Turnover Box
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ABSTRACT: The work aims to take aluminum turnover boxes as research objects to conduct lightweight design of alu-
minum turnover boxes through finite element analysis and orthogonal experimental design to solve the problem of excess
structural strength design. The stacking condition of aluminum turnover boxes was simulated and analyzed with the finite
element analysis software Ansys Workbench. The findings were assessed with two failure criteria. The optimization
scheme was designed based on orthogonal test. The mathematical model of the optimization scheme was built and calcu-
lated with Matlab. According to the simulation analysis, the first-order modal load factor was 6.98. The aluminum turno-
ver box had a substantial safety margin based on the failure criterion. According to the range analysis, with self-weight of
the box as the only indicator, it was determined that the thickness of the side column of the aluminum turnover box had
the biggest effects on the self-weight of the box. Then, according to the mathematical model of the optimization scheme built
and calculated with Matlab, the lightweight scheme decreased the self-weight by 9.88% at the mean time of meeting the working
conditions. The aluminum turnover boxes of lightweight design meet the two criteria of strength failure and stable failure, as
well as the actual operating conditions. It also demonstrates that the scheme of utilizing the orthogonal test approach and finite
element analysis for lightweight design is feasible. It decreases the costs and increases the utilization rate of materials.
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Fig.1 Finite element model
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Fig.2 Stress contour of stacking condition
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Fig.3 Buckling steady-state analysis
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Tab.1 Test factor level
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K- KRR ERE HRE R
X;/mm X,/mm X3/mm X4/mm
1 3 3 3 2
2 2.5 2.5 2.5 1.5
3 2 2 2 1
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Tab.2 Lightweight test plan
Fr KR HRE FE A5 % 5
X,/mm X,/mm X;/mm X,/mm
1 3 3 3 2
2 3 2.5 2.5 1.5
3 3 2 2 1
4 2.5 3 2.5 1
5 2.5 2.5 2 2
6 2.5 2 3 1.5
7 2 3 2 1.5
8 2 2.5 3 1
9 2 2 2.5 2
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Tab.3 Finite element analysis of lightweight scheme

(S L
75
X/mm Xo/mm X3/mm X,/mm M/kg Y/mm o/MPa
1 3 3 3 2 44.11 3.12 36.11
2 3 2.5 2.5 1.5 42.34 3.46 39.53
3 3 2 2 1 40.51 4.08 44.08
4 2.5 3 2.5 1 40.78 4.17 46.24
5 2.5 2.5 2 2 42.99 3.13 36.19
6 2.5 2 3 1.5 42.07 3.45 39.52
7 2 3 2 1.5 41.70 3.35 38.53
8 2 2.5 3 1 40.50 4.16 46.96
9 2 2 2.5 2 42.72 3.12 36.19
x4 REERBEST
Tab.4 Range analysis of test results
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Tab.5 Test conclusion

R 1 R? F P1A
M 0.997 7 94.925 6 0.000 0
Y 0.941 8 16.172 2 0.009 8
o 0.945 3 17.285 6 0.008 6
Fi R*=1 F>5.41 P<0.05
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Tab.6 Optimization results
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Tab.7 Comparison of scheme results
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Fig.5 Stress contour of optimized
stacking condition
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Fig.6 Optimized buckling
steady-state analysis
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