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Every day 2 millions tonnes of fuel burns up to overcome rolling resistance! o
Source: Michelin
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4 Reducing rolling resistance and

9 tyre manufactures.

\

consequently the fuel consumption is a
major development goal for vehicle and

J
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What does the vehicle industry do?

Narrower

Larger

VW XL1: 115/80 R15 Michelin
BMW i3: 155/70 R19 Bridgestone
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=4  What about the tyre industry?
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® Underground railway tyres
¢ Shell Eco Marathon tyres

Source: Michelin
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...but, there are challenges!
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combining low rolling resistance,
good grip and good resistance to wear

Low-hysteresis rubber compound
(low rolling resistance)
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Low rolling resistance

Wear resistance

=== Silica Tire
Carbon Black Tire
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Wet traction

Source: Michelin
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What we as vehicle dynamicists can do

to affect the rolling resistance?

J
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Research goal...

/

.

... presenting an idea, apart from the

resistance originated from the tyre.

\

state-of-the-art methods, to reduce the

J

MOHAMMAD MEHDI DAVARI 2015-05-19




Research questions

 What is an appropriate model to characterise the rolling
loss in the tyre during a vehicle manoeuvre?

« |sitreasonable to believe that there is any potential to

reduce the rolling loss and thereby fuel consumption by
using active chassis solutions?
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Rolling resistance

Main contributors associated with tyre rolling resistance;
» Hysteretic losses in the sidewall and the tread

« Tyre aerodynamic drag and air circulations

« Tyre-road interaction and surface losses
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Rolling resistance

In-door measurement Out-door measurement
OB

ONERENG,

Rolling direction

M, =F fr:FZ My
= e =
Y ‘ fr Fz'Zt

ISO 18164:2005 measuring rolling resistance, under controlled laboratory
conditions (free rolling, straight ahead driving, specific load and speed)
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A global definition

Pressure distribution and shape of the contact patch depend on
driving conditions and wheel alignments, thus this coefficient will be
a variable dependent to other parameters;

camber angle
slip ratio
vertical load
speed
temperature
material /

/side slip angle\

Rolling resistance coef ficient = f

Therefore, for free-rolling, straight ahead driving and neutral wheel
alignment in-plane rolling resistance coefficient (f,.) will be used
instead and in general the term rolling resistance coefficient (fz).

MOHAMMAD MEHDI DAVARI 2015-05-19




Rolling loss

“Rolling loss" refers to the energy dissipation in the tyre due
to deflections as well the losses in the sliding region.
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Tyre models @

—o—Empirical models —=—Similarity based models -+—-Simple physical models —<Complex physical models
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Expectations from the model...

« Be applicable within vehicle T 1. oy
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Modelling process: Dissipation modelling
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Modelling process: Tyre modelling
Extended Brush tyre Model (EBM)
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Global forces @
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Rolling resistance coefficient [-]
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Rolling resistance coefficient [-]
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o8 Dynamic maneouvres
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Internal Loss (E) Internal Loss Rate (dE/dt)
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ey Summary and future work

% i HIY ﬁ’;

&8 OCH KONST &%

8 9
TEES®

/Internal Iosses\

Parametrising the

. : Implementation
rolling resistance

Tyre modelling Control strategies

whock
{comtoolled-aloment)

pidot
{controlee)

Rolling loss Rolling loss studies in full
modelling vehicle

MOHAMMAD MEHDI DAVARI 2015-05-19



Conclusion

« Atyre model to investigate the rolling loss is presented.

« The presented model kept simple but is still applicable to analyse the tyre
behavior, in terms of global forces and moments.

« The model provides a detail understanding of rolling loss under different
driving conditions.

- Dependency of the in-plane rolling resistance on vehicle inputs, wheel
alignment and tyre parameters is investigated.

« The model can be used for a detailed study of contact patch.
* Aholistic approach to study the tyre rolling loss is presented.
« A platform for investigating the effect of road roughness on rolling loss.

« Facilitating the tyre wear studies using the presented model.

MOHAMMAD MEHDI DAVARI 2015-05-19




Thank you for your attention!

... research where ECOlogy & ECOnomy meet

www.ecoZvehicledesign.kth.se

MOHAMMAD MEHDI DAVARI 2015-05-19




