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Optimization Operation of Electric Locomotive Based on Two-stage Adaptive

Gauss Re-Collocation Pseudospectral Approach
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Abstract A two-stage adaptive Gauss re-collocation pseudospectral approach is proposed for solving optimization
operation problems of HXD1-C64 electric locomotive designed by CRRC (China Railway Rolling Stock Corpora-
tion) Zhuzhou Institute Co., LTD. Firstly, the optimization operation mathematical model of HXD1-C64 electric lo-
comotive is established. Next, the Legendre-Gauss collocation formula is derived and then a two-stage adaptive
Gauss collocation strategy is given, where a dichotomy collocation is adopted in the first stage and a slope change
rate analysis is introduced in the second stage to adaptively subdivide or eliminate control variable collocation
points. Finally, the simulation tests are carried out on HXD1-C64 electric locomotive to achieve time minimum op-
eration. Simulation results show that the improved method obtains better performance index and traction control
quality, compared with the control variable parameterization algorithm and the traditional Gauss pseudospectral
method (GPM), while the computational time decreases by 91.93 % and 33.88 %, respectively, revealing the effect-
iveness of the proposed approach.
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of electric locomotive
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Table 1  Parameters of HXD1-C64 electric locomotive
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Control curves of three methods for Test 1
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Fig. 6  State profiles of two-stage adaptive Gauss collocation method for Test 1
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Table 3  Numerical results comparison of Test 2 for HXD1-C64 electric locomotive
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