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Project Review: Torque Vectoring in Electric vehicles

Team:
Course: ME5670 Vehicle Dynamics 1. SunritSamanta  (mel9mtech11009)
Instructor: Dr. Ashok Pandey 2. Adireddy Balaji ~ (me19resch11002)
3. Dwaraknath Reddy (me19mtech11007)
4. Thani Aswanth (mel9mtech11025)



Contributions to the project

Team Contribution:

1. Sunrit Samanta MATLAB and Simulink, Report
Adireddy Balaji Mathematical modeling, CAD
Dwaraknath Reddy Mathematical modeling, CAD
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Thani Aswanth MATLAB and Simulink, Presentation
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Background

Undesirable vehicle steering dynamics:
» Understeer(Ku>0)
* Oversteer (Ku<0)

Where Ku = Steer gradient. | 1
Under steer | Over steer
Torque Vectoring: by f

The vehicle yaw moment is stabilized by the additional yaw
Ideal steer

moment generated by the difference in the vehicle torque
distribution.

Advantages of Torque Vectoring:
* Improved handling.
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 Traction when turning.
 Better overall performance in poor road conditions
Torque vectoring



CAD Model

Car CAD model Two individual rear motors

Car Chassis model




Mathematical Model: Equilibrium Conditions
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Equilibrium conditions:

Z Fx =ma, = x,fl + Fx,fr + Fx,rl + Fx,rr - (Fxroll,fl +Fxroll,fr +Fxroll,rl + Fxroll,rr) - Fdrag

z Fy =ma, = Fy g + Fy,fr + Fy,rl + Fy,rr + _(Fyroll,fl +Fyroll,f1‘)

Z M, = zzl]j = tr(_Fx,fl + Fx,fr - Fx,rl + Fx,rr) + lf(Fy,rr + Fy,rl>




Mathematical Model: Linearized Model

Linearized Model:

Assumptions:

1. Velocity of the vehicle’s center of gravity is considered constant along the longitude of it’s trajectory.
2. All lifting, rolling and pitching motion will be neglected.

3. The mass of the vehicle is assumed to be at the center of gravity

4. Front and rear tires will be represented as one single tire, one each axle.

5. Aligning torque resulting from the side slip angle will be neglected.

6. The wheel-load distribution between front and rear axles is assumed to be constant.

7. The longitudinal forces on the tires, resulting from the assumption of a constant longitudinal velocity,

will be neglected



Mathematical Model: Linearized Model

Linearized Model:

Without Torque vectoring:
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Mathematical Model: Desired yaw rate

Under steer gradient: Yaw rate 0l
K - Lm  Lm Longitudinal velocity Vio
Y Cyp(letly) Gyl Cornering Stiffness at Rear wheel 745 Cr
Turning radius: Cornering Stiffness at Front wheel 546 Cy
1 S Inertia Moment 120 l,,
R (lr 4+ lf) 4+ KuVCGZ Mass 356 m
Front wheel base 0.873 P
Desired yaw rate: Rear Wheel base 0.717 l,
; VCG :
Y iesired = — Steering angle 70 degrees 0
Torque diff between rear wheels -—-- AT
Lateral Velocity -—-- v,
Vehicle velocity -—-- VCG
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Simulink Model: Without Torque Vectoring

LinearModelwithoutTVPID
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Simulink Model: With Torque Vectoring
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yaw rate for different velocities with out control

turning radius and reference yaw rate vs velocity
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Step Plot: Reference tracking
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Step Plot: Reference tracking
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Results: Tuning for optimal PID Gains

Step Plot: Reference tracking
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Step Plot: Reference tracking
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yaw rate for different velocities with control
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: Comparision

- yaw rate with and without controller . Animation of vehicle motion
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