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Study on Stable Driving of Electric Vehicles by Torque Function Control Using Tire
Models

We propose the driving force bias torque function control (DF-B-TFC) and the drivi
ng data least squared method (D-LSM) to established the real-time, high-speed, and
stable control for electric vehicles (EVs) in any road surfaces. In addition, we

confirmed its effectiveness using the EV starting on an 1-degree uphill road.
In the DF-B-TFC, the optimized bias torque is given by multiplying the wheel radiu
s and the driving force. It also generates the vectors without the differential of
drive wheel speed between the slip ratio of 0.11 to 1. When using the DF-B-TFC, t
he recovery time from slip state becomes 0.15 s shorter, and the vehicle speed at
3 s becomes 0.4 m/s higher compared with the fixed bias torque. These results indi
cates that the DF-B-TFC has the high recovery performance from slip state.
However, bias torque depends on the driving force, it also depends on the friction
-slip characteristics of tires. Therefore, the real-time identification method of
the friction—slip characteristics is needed. To solve this problem, we also propos
e the D-LSM. The drive wheel speed and the vehicle speed are measured for 5 s, and
the 1000 driving data are recorded. The friction—slip characteristics are identif
ied by the undersampling and the least squared method. In the undersampling, drivi
ng data is thinned out, and the number of data is smoothed for each 0.05 of the sl
ip ratio. The undersampled data is used for least square identification. By identi
fying the 3 types of tires, the route mean squared error is 0.033 which is improve
d from the conventional identification method. This result indicates that the D-LS
M is effective for the real-time identification of the friction—slip characteristi
cs.
As a result, these results indicate that the DF-B-TFC and the D-LSM are effective
for the real-time, high-speed, and stable control in any road surfaces



