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TRUCK TIRE ROLLING RESISTANCE IN REAL USAGE
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Abstract

The tire rolling resistance has a significant intpac the fuel consumption of trucks, then
their CO2 emissions. Various schemes are enforcatbre and more countries to reduce the
CO2 emissions of trucks and the tire rolling resise coefficient (RRC) is considered
through its value in specific nominal ISO condisoMhe purpose of this paper is to discuss
the impact of the real usage parameters that imgreectRRC through calculations and
measurement. It also shares an order of magnittittésoeffect on actual fuel consumption.
The focus is done on a European use case.
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1. Introduction and Context

e . )
Transportation is responsible for ¥a ¢ ,qe o tRANSPORT IN ANTHROPOGENIC CO, EMISSIONS
of worldwide human CO2 emissions

and the major part (18% of total) 5%
comes from road transport. The

rolling resistance accounts for 4% of /

total CO2 emissions. e

To master the CO2 emissions, more

and more countries are voting
regulations on fuel economy, like

VECTO in Europe, GEM in the US,

or other ongoing deployment schemes in China, Jri8hazil, ...

The scheme to reduce truck CO2 emissions in Eurepgaged with the Vecto approach,
requests the truck OEMs to reduce the average @@smons of their sales by 15% in 2025
versus 2019 and 30% in 2030. Enforcing this chamrgéeavy penalty of 6800 € per g
CO2/t.km will be applied by the European Commisdmmneach gram of CO2, per truck sold
above this limit.

Some technologies are necessary to achieve thhaigddow rolling resistance tires have the
advantage of being a plug and play solution asgathe improvement.

I 'ndustry
Il Transport 26%
18% Road transportation

4% Tire rolling resistance

I Other

Residential

Energy

2. Tire RRC impact on CO2 emissions and fuel consumpin

2.1What is tire rolling resistance

The rolling resistance of a tire is the consequeoice Sens de rotation
energy losses in the tire. It is characterizedhgyrblling
resistance coefficient (RRC), which stands forrbikng
longitudinal resistive force due to the tire dividiey the
load carried by the tire. When the tire is rolling,
generates heat because it is made of rubber mattraa
are stressed and have viscoelastic properties. -
heating is the consequence of a loss of energy

Sens de
déplacement

! 1
Alre

creates the resistance force at the wheel center. de contact

The dissipation of viscoelastic materials is highiy

dependent on many parameters : temperature, fiegustrain; so it is not so easy to model
actual rolling resistance as it can vary a lot delreg on usage conditions.
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The rolling resistance is driven by
several mechanisms, each one
leading to specific design levers for
RRC reduction. For truck tires, we
can consider the 3 following
mechanisms:

- Shear

- Compression

- Flexion

The strain rates plotted on th
opposite figure explain why the
tread compression and shear &
identified as the main contributor
to rolling resistance.

en %
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The results of a thermomechanical FEM calculatimegythe energy dissipated per tire zone
and confirms that the main contributor to the RR@hk tread; there is thus a big compromise
to tune through the tread volume between RRC aadrtileage.

Wiem?
B:0.400
Moz7s
Mo3s0
Mo32s
Mo300
Bo2rs
Mo2so
Mo22s
Mo.200
o175
o150
o125
[o,100
Cloors
[lo,0s0
[loo2s
Lo

m Casing
M Bead area
W Summit

M Tread

o 38 16 EEEF AR FREREARS
. o 16" INTERNATIONAL SYMPOSIUM ON
{E# /Author & HL#4/Company or Organization H #fi/Date HEAVY VEHICLE TRANSPORT & TECHNOLOGY

Frédéric Domprobst Michelin 4-7 September 2021



V ‘ gl
HVTTL16: Instructions for preparation and subnmssof papers (&" ET |16
N

drum following a standard procedure and standar:
conditions (1ISO28580), for a truck tire:

- Speed = 80kph

- Load = 85% of load index

- 3 hours warm up phase

- Ambient temperature = 25°C

- Pressure = nominal pressure as per

markings
- Smooth steel drum as opposite

The RRC is then measured with a standard testaly@eal laboratory conditions, but the

reality is a bit different since:

- The actual load on the tire differs from the 85%azd index that is applied in the I1ISO
test conditions;

- The pressure recommendations are sometimes diffiecen the maximum pressure of the
test to fit with the actual load and optimize thie mileage with the most even weatr;

- The speed of the test (80kph) is not far away fthentrucks’ average commercial speed
in Europe (75kph);

- The actual average ambient temperature (15°C foodeuin average) is highly different
from the test conditions (25°C) and it has a vegyificant impact on the RRC;

- The transient RRC before the tire reaches a stadilihermal state must be considered as
well;

- Real road roughness and flatness differ from theatmsteel drum.

2.2Rolling resistance weight in fuel consumption and O2 emissions

RRC is one key parameter to consider when assesBeng-O2 emissions and the fuel
economy of a truck. For example, for a Europeartktraombination tractor 4x2 and
semitrailer in long haul usage at 40t GCW, P regliaccounts for 30% to 45% of fuel
consumption:

Aerodynarmic
resistance

Auxiliaries

aerodynamic
33%

1

Michelin has defined a simple estimating equatmpredict FC gain due to RR reduction:

AFC =a x M x ARRC

AFC: Fuel consumption difference, in L/100 km
a: Coefficient, in L/100km/kg in range and [0.08353] for heavy trucks
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ARRC: Difference of rolling resistance (ISO 28580)kg/t
M: Vehicle mass, in ton

The alpha coefficient is the sensibility of fuehsomption with respect to RRC and is defined
by the following equation:
g di’]‘iﬂf

= . .100.
Nirans- T]:h-PCIf-Pf d

g=  gravity acceleration [m/s?]

dn: = distance traveled under engine torque [km]

men: = traNsmission efficiency

mw = engine thermodynamic efficiency

pc; = fuel energy [kJ/kg]

o=  fuel density [kg/L]

All these parameters are highly impacted by thgesad the truck typology.

For a 40t European truck combination this theoattejuation gives a fuel consumption
reduction of 21/100km for -2kg/t RRC on all 12 sref the convoy, which is not far away
from what VECTO calculates or from what we can measn analytical fuel consumption
tests.

We understand then how powerful this lever is arfdy whe race to low RRC tires is
important!

2.3Consequences on tire product segmentation and desigtrategy

We have seen that the tread is a big contributaoltong resistance, then it is quite easy to
reduce rolling resistance sacrifying the tire ngledy reducing the tread volume, but such an
approach would lead to end user dissatisfaction rawd material waste because lots of
casings would be scrapped to achieve the expedtedge.

To reconciliate the OEM expectation (RRC for fuehsumption and CO2) and the various
end user expectations (RRC, mileage, uptime, ...)tdudeir transport vocations, most tire
manufacturers propose two kinds of tire lines floroad purpose:

- one for aggressive usage regarding wear / tracieals : regional tire line;

- and one for softer wear usage, more oriented ticcluesumption: long haul tire line.

Eac_h tire line has an ac_iapt_ed tread Rolling Resistance / European Tire Lines

design and rubber to fit with the 7
2004 2006 2008 2010 2012 2014 2016 2018 2020 A

expectations of the usage. 3 A

Both tire lines have been constantly A _
|mproved in their rolling reS|stance _

~

even improving mileage.
It took 15 years after first low :
rolling resistance long haul tires to F
reach the RR label A < 4kg/t. ’
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Furthermore, an intermediate tire line has beerodniced on the market to realize the
impossible wedding of RRC and mileage: Michelin XiIIMEnergy. This new tire line brings
a significant improvement in rolling resistance d@herefore in fuel consumption without any
tradeoff on mileage.

As there is a strong tradeoff between wear 1kg/T on tires

lifetime and rolling resistance performance, the
solution to maintain the mileage at a goodithout Tire l With Michelin
level and reduce rolling resistance is to Technology /) Technologies
implement smart technologies in the tire \

des_lgn Ilke_ tread material, tread geometry, i e
casing architecture. -15% Grip on Mileage and Grip

REGENION INFINICOIL POWERCOIL CARBION SILICION

Evolutive tread All around Lighter but Innovative tread Full silica
pattern steel cable stronger cables compound tread
@
Grip until last Robustness + Longevity + Longevity +
mm + Rolling Ra!::s;.:i:ress = Rolling Robustness + Rolling
Resistance + i i Resistance + Rolling Resistance
Longevity oY Mass Saving Resistance

The tread pattern Stiffness is a key parameteriie Wear: the first mm of tread pattern is

worn much faster than the last one. Regenion mater way to m

solve RRC wear antagonism. -
The new state tire void volume is over designectssiit is .t

designed to have enough void in a worn state, tttusnmold /rr‘l"ll\”\

the tire it is necessary to have clearance anglethe groove /—\.

geometry. m
To improve wear rate, it is powerful to increaseatt stiffness,

which could be done by more compact tread desighwould — g

impact the wet grip performance because thereheilless void —g— & & & 3—
volume to store the water in the contact patch. |

To optimize tread compacity with respect to voiduwnoe ‘ ]

for water storage, the best option is to place \tbal
volume in the last part of the tread height andheahit to
the surface at the new state.

The useful void volume will then appear at the ehtife

being always active through the connection channels
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This leads to a ver
complex tread design an
therefore mold design tha
needs new technologies t
manufacture 3D printeo
molds.
Following this strategy leads to a reduction iratt@epth to convert wear rate improvements
into rolling resistance improvements at the samarwevel.

Michelin started to develop this approach 15 yeas and it is now applied in most of the
new products that are introduced into the market.

More than 100 granted patents protect this teclyyobnd the first granted patent has been
awarded European inventor award in 2018.

3. Real usage impact on rolling resistance

In real usage of the tire, many parameters diffiek @an affect significantly the RRC:

- The almost flat ground on real road differs fromrdrcurvature leading to a reduction in
the RRC on real flat road since the strains areetowhe Clark formula describes this and
tries to compensate the drum curvature to alignRRe machines between themselves
(nevertheless, it is more accurate for drum radiosmalization than for flat road
transposition):

1
1+ REI':"E
W Rd:'um

CRRyoqa = CRE grym-

- Road roughness increases the RRC measured on sisteethsurface by changing the
local scale deflections in the tread materialssTiia significant aspect of real usage that
affects the RRC.

- When the load increases, the tire deflection irsgsathen the mechanical losses in the
casing are higher but the tread compression dibyetire inflation pressure is the same.
Therefore, when tire load increases, the RRC dseszas well.

s Frn o Gp
with a base of 100
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- Inflation pressure has also a significant impact RRC since it influences the tire
deflection:
.
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@,
CRR,(Z,P) = CRRy, EEPLJ EE — j

Where good orders of magnitude are -0.2 and3 = 0.9
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- The real usage velocity changes the strain frequehmaterials in the tire, which we can
model through a polynomial dependency:

2
CRR,(V) = CRRy 1+bEEV\;V'SO) c_(V ‘V'so]

ISO VISO

whereb=0.05and c=0.1

- Ambient temperature modification with respect te@ timeasurement cell for I1ISO test
changes the heat transfers between the tire ancerkigonment and hence the tire
temperature, then consequently the viscoelastienatd’ temperature and dissipation.
The 1SO standard 28580 defines a formula to tateeancount this effect:

CRRstab(Tamb) = CRRSO [ﬁl+ K [(Tamb _T|so)] where K = 0.06

i Tam Of L
werth a base of 100
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- In a turn for a given speed, the tire is underrédtéorce then there is a slip angle that
appears. This creates a lateral force projectiamgallongitudinal axis of the vehicle,
increasing slightly the rolling resistance.
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- The ISO standard test is done at a constant spied aawarm up time assuring a
stabilized thermal state, but in real usage thedgeofile puts the tire in a constant non
stabilized state changing the heat exchanges kigetiré temperature impacting the RRC.

- The last real-life impact on RRC is the wear lepklhe tire itself. Indeed, as the tread
contributes a lot to RRC, if the tire is worn, RRC decrease significantly.

If we consider realistic values for all the paraengtdescribed above, we can expect from an
European drive tire to have a real RRC value irsgddy 0.7kg/t from the ISO value at 5kg/t
for a new tire, and this decomposes as follow :

“RRC
(ka/t)

6.5 - II
° 02
- bs
0
B
4.5 I T T T T T T T T

RR ISO Load Pressure  Speed Ambient Transcient Road Road RR real
T°C roughness curvature

If this bias must be considered for all tire pasis, that would represent a fuel consumption
increase by 5% or 1.5L/100km for a 40t truck comabon.

Conclusion

This study gives some good values to consider velserssing the impact of rolling resistance
on diesel trucks’ fuel consumption. It also expsamhat deviation to consider for real usage.
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Some measurements and models are presented te ¢énataxtrapolation of the ISO standard
value for a better understanding of fuel consunmptierformance.
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