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Multi-objective Optimization for Bus Rollover
Safety Based on Kriging Model
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Abstract: A finite element model of a bus is established, and
ECE R66 regulation,

optimization is carried out for the bus rollover safety. First,

according to the multi-objective
on the basis of the rollover simulation result, the section
shapes of the key parts in the upper structure are selected as
design variables. The maximum acceleration of the center of
gravity and the mass are then taken as objectives, and the
angles between side pillars and the floor are selected as
constraints. Then, combined with optimal Latin Hypercube,
the Kriging models of high accuracy are constructed. Finally,
multi-objective optimization for the bus rollover safety is
performed with NSGA-II, and the Pareto optimal set is
obtained. The conclusion is drawn that the rollover safety can
be improved by using section shape optimization when a

limited mass is increased.
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Fig.1 Size and location of residual space (unit:cm)
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Tab.1 Rollover index of initial model

AR ER PRI 3 AR, Nk 3 .

R2 BETHMHRERKR

Tab.2 Energy absorption of bus components

T fig /kJ Fite/ kg Wefig/(J » kg™ 1)
A 8.6 38. 4 222. 8
BT 2.4 55.1 43.7
R 21.3 1259.0 16.9
*3 TEMEIT
Tab.3 Design variables

A B /mm - BR/mm

z1 40 70

X2 20 60

X3 40 65

61/ 62/ alg

67. 450 72.039 3. 667
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Tab.4 DOE matrix and response values

9 a1 ko) T3 Am /) 02/ (%) alg
1 3.45 14. 24 —3.97 0. 008 67.68 72.27 3.72
2 —6.90 21.90 —0.52 0. 007 67.76 72. 34 3. 68
3 17.93 5. 31 10. 69 0. 034 68. 20 72.82 3.79
28 1.38 27.00 2.07 0. 022 67.97 72. 60 3.81
29 —4. 83 —6.17 —7.41 —0.017 67.12 71. 66 4. 09
30 —2.76 18. 07 —9.14 —0.001 67.45 72.09 3.72
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Tab.5 Validation model and response values

Y x1 x x3 Am 0/ 02/ alg
1 20 4.8 —5 0.017 67.71 72.28 3.79
2 —10 —2.6 0 —0.012 67. 36 71.83 4,03
3 14 27 5 0. 038 68. 27 72.87 3.91
4 2 19. 6 —10 0. 004 67. 45 72.13 3.81
5 —4 12.2 15 0.022 68. 25 72.75 3.63
6 8 —10 10 0.012 67. 66 72.25 3.92
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Tab.6 Optimization results
et Am/kg  a/g h/C) 0/
xI=1[40.000,40. 450,59. 660] 10.0 3.70 68.03 72.51
x4 =[40. 000,44. 260,60.000] 10.6 3.63 67.98 72.51
x§=[40.000,47. 210,48.196] 11.2 3. 60 67.97 72.51
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Fig.9 Physical test of bus rollover
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