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Fig.7 Variation of motor efficiency with road gradient
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Research on the Limit Values of Longitudinal Slope and Slope Length of
Expressways Based on Electric Vehicle Performance
CAI Xiaoxi' ,HU Lintao*,PEI Yulong®

(1. Institute of Systems Engineering, Logistics Science and Technology Research Institute, Beijing 100071, China; 2. School of
Civil Engineering and Transportation, Northeast Forestry University, Harbin 150040, China)

Abstract: Current freeway longitudinal slope design standards are primarily based on the performance charac-
teristics of internal combustion engine vehicles and fail to adequately capture the energy consumption patterns
and speed attenuation behavior of battery electric vehicles during slope driving. This study establishes a co—
simulation model using CarSim and Matlab/Simulink to quantitatively analyze the energy consumption and
speed reduction characteristics of electric vehicles under various combinations of slope gradient, slope length,
and design speed. Based on the simulation results, a longitudinal slope design threshold method is proposed
that simultaneously considers energy efficiency and speed attenuation. Taking the equilibrium speed corre-
sponding to the slope with the highest motor efficiency as the reference, an acceptable limit of speed reduction
is set to ensure driving safety while maximizing energy conversion efficiency of the powertrain. The proposed
method provides technical guidance for the planning, design, and reconstruction of freeways primarily serving
electric vehicles, particularly for dedicated passenger car freeways and specialized routes such as airport expre-
ssways.

Keywords: longitudinal slope design; simulation; electric vehicles; climbing performance



