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Road Loads
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Exercise 1 : Road Loads

◼ Let’s consider the following car

◼ Compute the road loads generated at speed in between 0 and 50 m/s 
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Exercise 1 : Road Loads

◼ Rolling resistance

◼ It comes
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Exercise 1 : Road Loads

◼ Rolling resistance
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Exercise 1 : Road Loads

◼ Aerodynamic drag

◼ It comes
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Exercise 1 : Road Loads

◼ Rolling resistance
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Exercise 1 : Road Loads

◼ Total road resistance forces

◼ It comes 
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Exercise 1 : Road Loads

◼ Total road resistance forces

9

Force totale

0

200

400

600

800

1000

1200

1400

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50

Vitesse vehicule [m/s]

F
o

rc
e

 [
N

]

Roulement

Aero

Total horizontal



Exercise 1 : Road Loads

◼ When aerodynamic drag and rolling resistance are equal?

◼ We have

10



Exercise 1 : Road Loads

◼ When aerodynamic drag and rolling resistance are equal?
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Exercise 1 : Road Loads

◼ Grading resistance

◼ We have

12

1m

0,03mq



Exercise 1 : Road Loads

◼ Grading resistance
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Exercise 1 : Road Loads

◼ When aerodynamic drag and rolling resistance are equal?
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Exercise 2 : Shell Eco Marathon

◼ Let’s consider the following car

◼ Compute the road loads generated at speed V=8,33 m/s (30 km/h)

◼ On level road

◼ When q=2,1°
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Exercise 2 : Shell Eco Marathon

◼ Rolling resistance

◼ Aerodynamic resistance

◼ Road resistance
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Exercise 2 : Shell Eco Marathon

◼ Grading resistance

◼ Rolling resistance → negligible modification!

◼ Road resistance

If  V=8,33 m/s
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Exercise 2 : Shell Eco Marathon

◼ Let’s consider the following car

◼ Compute the road loads generated at speed V=26 km/h

◼ On level road

◼ When q= 0,35° and q= 2%
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Exercise 2 : Shell Eco Marathon

◼ Speed :

◼ Slope:

And
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Exercise 2 : Shell Eco Marathon

◼ Rolling resistance

◼ Aerodynamic resistance

◼ Road resistance
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Exercise 2 : Shell Eco Marathon

◼ Grading resistance

◼ Rolling resistance → negligible modification!

◼ Road resistance
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Exercise 2 : Shell Eco Marathon

◼ If the vehicle is equipped with two electric motors of the 
following characteristics

◼ What is the net force available?

◼ What is the maximum slope that be overcome?

◼ What is the maximum acceleration?
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Exercise 2 : Shell Eco Marathon

◼ What is the net force available?
◼ Transmission efficiency

◼ Tractive force generated by one motor

◼ Net available tractive force
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Exercise 2 : Shell Eco Marathon

◼ What is the maximum slope that be overcome?
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Exercise 2 : Shell Eco Marathon

◼ What is the maximum acceleration?
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Exercise 3 : Road Resistance of a Truck

◼ Determine the road resistance of a 
semi trailer truck when traveling at 
the cruise speed of V=90 km/h

◼ Grade resistance on a 3% road.

◼ Which slope can be overcome at 90 
km/h if the truck is equipped with a 
335 kW engine (Mercedes-Benz 
OM470)?
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Exercise 3 : Road Resistance of a Truck

◼ Determine the road resistance of a 
semi trailer truck when traveling at 
the cruise speed of V=90 km/h
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Exercise 3 : Road Resistance of a Truck

◼ Speed :

◼ Rolling resistance

◼ Aerodynamic drag
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Exercise 3 : Road Resistance of a Truck

◼ Total road resistance on level road

◼ Ratio between rolling resistance and aerodynamic drag

◼ Power need at the engine
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Exercise 3 : Road Resistance of a Truck

◼ For which speed aerodynamic drag is equal to the rolling resistance 
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Exercise 3 : Road Resistance of a Truck

◼ Determine net power available and max slope that can be taken

◼ Maximum slope at 90 km/h is 1.61%
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Tractive forces

32



Exercise 4

◼ Let’s consider the following 
vehicle BMW Z3 (model 2000)
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Exercise 4

◼ Determine missing parameters

◼ Define approximations of power 
and torque curves of the engine

◼ Compute the road resistance 
forces and draw their evolution 
from 0 to 200 km/h

◼ Compute the tractive forces for 
the five gear ratios and draw 
the diagram of tractive forces 
and road resistance of the 
vehicle
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Exercise 4

◼ Let’s estimate the missing parameters

◼ Rolling radius

◼ Transmission efficiency
◼ Engine with longitudinal mounting

◼ Driven at rear axle

◼ Manuel transmission with dry friction clutch

◼ One direct drive gear ratio (5)
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Exercise 4 : Power curve approximations

◼ Let’s find an approximation of the power curves
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Power approximation

◼ One looks for a power function of the type

◼ It comes 
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Polynomial approximation

◼ Polynomial approximation of order 3

◼ Identification of the coefficients
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Polynomial approximation

◼ Polynomial approximation of order 4

◼ Solution of the linear system

39



Comparison of Power approximations

◼ Power approximations
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Comparison of Torque approximations

◼ Torque approximations
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Road resistance

◼ Rolling resistance

◼ Aerodynamic drag
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Road resistance

◼ Grading resistance

◼ Road resistance
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Road resistance

◼ If q=0%

◼ If q=3%
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MATLAB code
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Road resistance

◼ Plot the road resistance from v=0 to 200 km/h
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Tractive forces

◼ Let’s now plot the tractive forces for the different gear ratio
◼ Speed in terms of the engine rotation speed

◼ Tractive force in terms of the engine speed and torque value
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MATLAB code
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MATLAB code
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MATLAB code
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Tractive forces

◼ Plot the tractive force from v=0 to 200 km/h
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