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Vehicle Energy Calculations

Total Tractive Force and its components
Fiot = Frr + F4p + F;

where,

F... = total (resultant) force

Frr = force due to tire rolling resistance

F.p = force due to aerodynamic drag

F, = force necessary to overcome inertia (acceleration, deceleration, and traversing a grade)

Rolling direction

Tire rolling resistance Fprp =mgC,,

where,

m = vehicle mass (kg)

g = 9.81 m/s? (gravitational constant)

Cqr = coefficient of rolling resistance (dimensionless)

Rolling Resistance

R g

Source: http://www.virtual-car.org/wheels/hybrid road load model.html
05 https://www.carswithcords.net/2015/01/rolling-resistance.html
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Vehicle Energy Calculations
Total Tractive Force and its components
Aerodynamic Drag Fip = %pCdAfvz
Aero Drag
where,

A

rho = density of air (kg/m?3)

C, = drag coefficient (dimensionless)
A = projected frontal area (m?)

v = average velocity during a time increment of the driving cycle (m/s)

Inertia Force F,=m dv/dt + mg sina

where,

m = vehicle mass (kg)

dv/dt = acceleration (or deceleration) rate
g = 9.81 m/s? (gravitational constant)

«a = grade of the road Source: http://www.virtual-car.org/wheels/hybrid road load model.html
https://gr8autotech.wordpress.com/2013/06/16/vehicular-aerodynamics/
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Vehicle Energy Calculations

Tractive Power
P — (FRR + FAD + FI)U

where,
v = average velocity during a time increment of the driving cycle (m/s)

Source: http://www.virtual-car.org/wheels/hybrid road load model.html
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Approach to Problem Statement

Computation Procedure
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Approach to Problem Statement
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Results

Total energy consumed 1.816 KWh

Energy Consumption in %
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Representative Plots- Total Power Rise.
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Representative Plots- Inertia Power Rise.
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Representative Plots- Aerodynamic Drag e
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Representative Plots- Rolling Resistance
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Representative Plots- Brake Power Rise.
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Use of MATLAB Tools

» Application was created with the help of App Designer
interface in MATLAB

» Executable (.exe) file for the application created with
MATLAB Application Compiler

» This application has been deployed in our Mahindra

server based centralized application platform, MathApps
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Conclusions

»Quick and easy to use calculator, beneficial to design and

P
>T

>T
> P

atform engineers
ne designers can evaluate multiple design iterations

ne results can be further used for feasibility analysis

ots can help to visualize the performance of the vehicle

and can aid the designer in his decision-making process
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Questions?

19



Thank you

Visit us at www.mahindra.com

Disclaimer

Mahindra & Mahindra herein referred to as M&M, and its subsidiary companies provide a wide array of presentations and reports, with the confributions of various professionals.
These presentations and reports are for informational purposes and private circulation only and do not constitute an offer to buy or sell any securities mentioned therein. They do
not purport to be a complete description of the markets conditions or developments referred to in the material. While utmost care has been taken in preparing the above, we claim
no responsibility for their accuracy. We shall not be liable for any direct or indirect losses arising from the use thereof and the viewers are requested to use the information
contained herein at their own risk. These presentations and reports should not be reproduced, re-circulated, published in any media, website or otherwise, in any form or manner,
in part or as a whole, without the express consent in writing of M&M or its subsidiaries. Any unauthorized use, disclosure or public dissemination of information contained herein is
prohibited. Unless specifically noted, M&M or any of its subsidiary companies is not responsible for the content of these presentations and/or the opinions of the presenters.
Individual situations and local practices and standards may vary, so viewers and others utilizing information contained within a presentation are free to adopt differing standards
and approaches as they see fit. You may not repackage or sell the presentation. Products and names mentioned in materials or presentations are the property of their respective
owners and the mention of them does not constitute an endorsement by M&M or its subsidiary companies. Information contained in a presentation hosted or promoted by M&M is
provided “as is” without warranty of any kind, either expressed or implied, including any warranty of merchantability or fitness for a particular purpose. M&M or its subsidiary
companies assume no liability or responsibility for the contents of a presentation or the opinions expressed by the presenters. All expressions of opinion are subject to change
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