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Abstract

As Trucks and buses account for a strong propodiogreenhouse gaz transport emissions,
there is an increasing pressure to decarbonizesiuitor. Battery electric trucks is a solution
going to be widely adopted in many regions of tloelek

Battery electric trucks are heavier than diesalksywhich has an impact on the payload since
gross combination weight (GCW) is limited. To lirttie induced impact on fleet profitability,
regulations are going to evolve. In Europe for eplanthe GCW is increased for BEV by 2t
today, and 4t in coming years. This bonus can mdiel carried by the steer axle. Then, the
tires may have to be redesigned to be as safalag,tbut with more load.

Electrified trucks are more powerful than diesetks and especially, more torque is available.
Drivers usually enjoy this higher acceleration pttd. We can expect more tire wear under
traction torque.

Beyond the better tank to wheel efficiency, eledimicks open the possibility to recover kinetic
or potential energy to recharge the battery. Imstdavasting mechanical energy in the vehicle
motion, the battery can recover some of it throtlnghelectric engine and drive tires. An electric
truck will brake more with its drive tires only, iu more than a diesel truck uses its retarder
system, which will wear drive tires faster undeaking torque. With simulations to estimate
the tire forces changes and a tire wear modelpbssible to present a first assessment of the
impacts.

Finally, the tire rolling resistance, a key factor diesel truck efficiency, has a new role for
BEV: rather than influencing GHG tailpipe emissipraling resistance will be influencing the
vehicle range.

As a conclusion, tires need significant performangarovements to perform on zero emission
trucks as well as they perform on internal comlmunséingine vehicles. The evolution of vehicle
architectures & evolution of usage can have newach@Services around tires will be needed
for tire selection and management, range estimataormd freight movement optimizations.
Retreading improvements are needed for both pedoce and process. Considering BEV
affordability, one can expect more trucks undeutkras a service” contracts instead of owned
trucks, which could change the game on the way #re used by end users.
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1. Battery electric trucks specificities

1.1. Context and scope

Trucks and buses account for 25% of greenhousé&@agport emissions in Europe and USA.
This strong proportion leads to an increasing pnesgo decarbonize this sector. OEMs and
shippers are pushing to step out of fossil fuels&ke their activities more sustainable, and at
the same time, governments put in place norms agalations to accelerate the transition to
Zero Emission Vehicles. This leads to the develagroébattery electric vehicles (BEV), and
fuel cell electric (FCEV).

OEMs demonstrate high ambitions in BEV sales, batramp up is slower than forecasted:
even though some leading fleets are strongly embagethis transition, vehicle and
infrastructure costs remain high, range is stillifed, and the public infrastructure ensuring a
charging solution on the road is still nascenttfi@nmore, fleets are highly impacted by these
new powertrains: the transport plan needs to I@uveiht to take electric charging into account,
and routing also needs to be adapted among otingisth

The question of the impact of BEV on tires expeotet is not well shared and the late
awareness on electric urban buses tires makegtih wandebate now.

This paper focuses on tractor semi-trail — meowmano seavy suses

configuration in the European zone, since tl 2720w
configuration accounts for nearly 80% of class 8

Europe.

To decarbonize the road freight transport, seve 2030: 2030:
powertrain technologies are on the shelf: BE S e
(Battery Electric Vehicle), FCEV (Fuel Cel id rcey

Electric Vehicle), H2 ICE (Internal Combustio
Engine H2). The highest sales at short term"
forecasted to be BEV, since almost all Europe .
manufacturers have planned their commerc
launch for battery electric tractor irf' semester FEY e 2icee - CNGANGH Dt
2025 and the charging network is getting deploy
Itis illustrated with the graph on figure 1 fror&B o e e conbusion e v
Global , 2023. Figure1:

Sales forecasts from S& P Global dataset

Currently, there aren’t many electric heavy trucksthe road to assess the impact of their
specificities with field surveys. Neverthelesscleumanufacturers are already expressing new
expectations on tires. The tire manufacturers shawlrk with prognosis of the impact to build
the technical proposal. Tires for BEV trucks needbé¢ available for truck SOP without field
validations possible before. An accurate risk asialys also required in advance to correctly
design the tires for this new usage. This papes ainstarting discussions around the quantified
impacts of electric powertrains on tire performance

1.2. How a battery electric truck is different from adiesel truck?

When we compare main elements constituting a deeseétla BEV tractor powertrain, we see
that one could expect 3t additional tare weightjesomposed in the figure 2:
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Figure 2 : decomposition of weight differences between diesel and battery electric trucks

This is explained by the energy density of battenehich is around 0.15 kWh/kg in 2020 with
forecast 0.23kWh/kg in 2030 (ref2, Basma & Rodrigu2022), while diesel is nearly
11kWh/kg. Then, even if the efficiency ratio iledst twice better for an electric powertrain,
we easily understand that keeping the same rangbeva big challenge. When diesel trucks
propose more than 2500km with 800L diesel, BEVhmteéd to 500km with 600kWh batteries.

For that reason, the electric truck must recover —- —
much energy as possible in braking phases ol ———

downhill situations, to avoid wasting energy in tl |
disk brakes, as illustrated in Fig.3. This is ma:

possible thanks to reversibility of the electrigere. ‘_..‘_., . oA

The consequence is that the electric engine isoho —)
only sized for its traction performance, but fog i —
braking performance, as a retarder system. Tk - Figure3:

electric trucks are more powerful than diesel otees Braking forcesin downhill diesel VS electric
enable the highest level of energy recuperation.

On the Figure below, we can see that the electatormdelivers more power than the diesel
one. This results in more traction force availadeve 15 kph and below 50kph:
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Figure4: Traction force diagram diesel 12 speeds VS BEV 1 speed (Kopplow, 2023)

From the few announcements made by OEMs, it appkarshassis architecture, powertrain
architecture and set-up will differ from one OEMth@ next. For example, the engine power,
battery technology and max regenerative brakinggg@mould vary a lot between truck models.
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Furthermore, the free space where to fit the hatencreases when using an e-axle instead of
a conventional drive axle, as you can see on th@xfimg drawings:

27 Generation :
E- Axles , including Motors & Gearbox

'sz" = More space available inside the chassis to introduce
the batteries
Advantages :
1st Generation: Better battery protection,
Centralised powertain Structural battery => mass reduction
Up to 3 electric motors, More flexibility for weight distribution

Up to 4 ratios gearbox

Whelbase raises to introduce the batteries
Figure5: BEV chassis ar chitecture

2. Tireendurance at high load capacity needsto be upgraded

To help the deployment of battery electric truckgtee market, the European regulator enforced
a bonus on Combination Vehicle Weight from 40t 2¢: 4

WEIGHT & DIMS DIRECTIVE : EU 96/53 -

GCW <40T

25%GCW <Z < 11.5T

<10T ,

“
~"
Loads (t) Steer . GVW Trailer GVW < 18T
Current ICE 7110 110415 18/18 22 /24 40/40
85/10 M5/11.5 20/20 2224 42 /42

Figure 6 : Usage weight and legal limit per axlefor diesel and BEV trucksin Europe

As the bonus is only on CVW and not on axle loa gregms
the usage load can be mainly increased on the &

not yet at the maximum of legal limit. This is ttese Flﬂ
of the steer axle, limited to 10t, commonly usedtai o ;—_,’l L
for 40t CVW and going to move to 8.5t in BEV ca: o oY

for 42t CVW.

. Figure7:
The truck tires sold on the market must comply W | gad distribution Co?npa”son diessl VS BEV

standards defining their size, speed index and load
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index for a given nominal pressure. The list ofsérg standards in Europe is managed by
ETRTO (European Tire and Rim Technical Organizatamd new standards can be introduced
under request by tire manufacturers and agreerbehtgeen them. The most common tire size
in Europe for heavy trucks is 315/70R22.5, whi@ndard load index is 4 tons @ 9 bars. This
Is the maximum load the tire can carry, but thdgeerance of this tire size on the market is
observed with lower loads.

With Weight In Motion data, it is possible to,
better know what is today’s statistical loe List
on the tires. On the opposite graph Fig.8, 1sox
statistics of steer axle load have been stud

by IFSTTAR (Institut Francais Scientifiqu(*®”
de  Technique de  Transport ¢
d’Aménagement des Réseaux, Schmidt
Domprobst, 2016). This is the statistic ox
distribution on the front axle of 2 millior
tractor semi-trailers (tire load is obtained L,
dividing axle load by 2). We observe that t Figure8:

8t load on the front axle (4t on steer tires) I‘_,Statistical steer axleload of diesdl tratorssemi in France

almost never reached, even if it is the tire loaplacity.

20%

|

4 4.5 5 5.5 6 6.5 7 7.5 8 8.5 9 9.5 10
Axle load

Steer axle load distribution

When we consider that the tire max usage load at |
CVW will move from 7t to 8.5t, one should also a:
the question of the change in the distribution. d&le
imagine the 3 following scenarios:

- If only +500kg on steer empty weight

- Steer axle 8t5 when convoy loaded 42t

- Steer axle 8t5 empty, no payload on steer ¢

Density (%)

Typical diesel range

Figure 9:
hypothesis of load distribution change for BEV

All these scenarios would require the same tiredUodex (LI) but would not have the same
consequences on the tire endurance and on tHddtnme.
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The actual load distribution shift depends =

the position where the OEM fits th . REM
batteries, on the battery weight, on tl
wheelbase and on the fifth wheel positio
The first public electric trucks architectur
and empty loads gathered shows that 1 ** 7= . .. . .. 7 .. o =7 5 -7
manufacturers will not have to simpl _ . S
handle a 500kg load shift (pink curv
hypothesis in Fig.9). Collaboration betwe¢
OEM and tire manufacturer is needed ™
adapt tire design to the actual new tire lo “~
distribution. ove L [ U~
A truck tire must be removed due to the tre '
wear and not due to casing enduran: Figure 10:
Without tire technologies, the OEN Actual expected load distribution shift for BEV of 2 OEMs
expectations to carry more load can be achieved togad mileage reduction, to remove tire
earlier on tread wear. This will lead to an inceea$ Tire Road Wear Particles (TRWP)
emissions.

The tread void volume of the front tires needsddkéept at a similar level to the current model
to store the water and secure wet grip performanus.considered, the way to limit the casing
number of cycles is to downgrade the tread materi@dion properties, which would generate
the same quantity of Tire Road Wear Patrticles bud tower mileage performance.

With a redesign of the tire, and with new techn@egn casing structure, improvements are
possible to keep the tire mileage and particle simis at current level and carry the additional
load required by electric trucks.

3. Tirewear lifewill bereduced

3.1. Thewear rateisincreased

As already introduced in the first paragraph, theking strategy of battery trucks needs to be
adapted to maximize the energy recovery for ramgeseveral situations where the diesel
convoy would be slowed down by braking with disksatl the axles, the BEV will brake with
its electric engine on drive axle only. The drivreg will be more stressed on BEV than on
diesel truck and should deliver a lower mileage.

Furthermore, as a more powerful engine is fittéx, driving style may be more severe in
acceleration.

To quantify the impact of the electric powertramtbe tire wear, it is not possible to compare
statistics of tire mileage on diesel trucks witdtistics on electric trucks since the BEV are not
massively in service on the roads.

To estimate the impact without available usage tjizdive facts, we have used simulation
results from OEM tools. This work has been donpartnership with one OEM because this
approach needs to consider the actual powertrainbeetkes management depending on the
OEM strategy. This simulation considers the povaémtmanagement (incl a driver model) and
the vehicle dynamics for both the diesel and th& Biack. The result is the tires forces on a
given usage.
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Once knowing the forces applied on the tires farhemuck type, we have run a tire wear
simulation. It consists in a FEM model with erosrakes to calculate the tire wear speed.

We have selected 2 different usages defined byspleed profile and the slope profile. The
regional delivery (RD) usage is more speed dynalove,speed and quite flat. The long-haul
(LH) usage has a higher speed, less acceleratigatisns and is hillier.
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Long Haul Regional Delivery
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Figure 11: Usage definition

The diesel vehicle is loaded at 40t while the elestehicle uses the bonus load at 42t. Firstly,
we can compare the longitudinal force on drive adea function of vehicle speed between
both trucks ICE & BEV):

Long Haul Regional Delivery

<10 LH <10% RD

ICE
BEV

ve retarder/regen (N)

FX dri

2 L ‘ 2

Speed (m/s) Speed (m/s)

Figure 12: Force speed cartography

We can see that the BEV generates more tractigquéothan diesel at high speeds and more
braking force at low speeds. This is more visilitetloe regional delivery usage than on the
long-haul. We can explain this additional brakingces on the BEV by the change in the brake
balance between front and drive axles: The BEV ésakore with drive axle instead of steer

axle, as plotted on the following graph, which esants the distribution of the proportion of

the total braking force done by the steer axle:
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Figure 13: statistical distribution of braking for ce balance

The tire forces have been postprocessed with a g
wear simulation tool. It is based on the calculati . *
results of Finite Element Method (FEM), &
illustrated in Fig.14, at the tire forces functiogi
points and a rubber erosion law to integrate tisé §

tread depth per wheel rotation along the conside
usage. N

=

Figure 14: Tire FEM meshing

The calculated wear rate (homogeneous to mm tregd&hows that the drive tire wear is
significantly impacted:
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Figure 15: electric powertrain impact on tire wear speed

The total wear rate is decomposed in contributiom® the solicitations applied on the tire:
- Negative longitudinal force from service brake kdis
- Negative longitudinal force from retarder brakegéeerative braking for BEV)
- Positive longitudinal force from traction
- Lateral force in turns

The regional delivery usage is more severe witighdr total wear rate due to more stop and
go, and higher lateral accelerations. On drive,axéedon’t see a contribution of service brakes
on tire wear rate since the brake of this axle asnty the retarder.

As a part of the brake forces are transferred steer axle to drive axle, especially on regional
delivery usage with several stop and go, the watr on drive axle is increased by 40%. It is
mainly due to the regenerative braking contributiwwhich is more than doubled (+120%). We
also see an increase of the contribution of tradtoce, explained by the increase of CVW (42t
instead of 40t) and same speed profile target.

The steer position is not significantly affected ddgctrification in terms of wear, excepted a
small increase due to the additional load on fraxie, which increases the lateral force
contribution.

10
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3.2. Load transfer effect can worsen theresult

When doing such a study we had to consi
forces simulations from a very simple vehi
chassis model, to take advantage
powertrain model reliability. But this neglects
an important mechanism on tire wear study.f
Indeed, when the drive axle brakes the wh

Tractor forces

Retarder braking

Retard‘er brake . , .

convoy with regenerative braking, the load Disk braking
drive axle changes due to load transfers, : :
explained by the opposite drawing. Disk tf‘ke ? .%.
Figure 16:
Load transfers comparison between service brake and
regen brake

1000
This leads to a load reduction on the dri 800
axle, when it brakes the convoy by itse 600
resulting in more slip of the tire, resulting i 400
additional wear. On the opposite graph, \ 200 I
show the load variation on each of the 5 ax -

1 E- L~ B

(normalized by longitudinal deceleration) fc
drive brake or all axles brake:

deltaz/Gx
o

axle number

® brake all m brake drive

Figure 17: load transfers normalized by deceleration

3.3. We expect a further impact duetoirregular wear

A third effect must be considered when speaking®fvear on electric trucks. The wear profile
Is expected to be different from diesel trucksesithe braking force is higher. We expect by
simulation to increase the tread depth o P—

difference between tread center and side|b
more than 2mm at end of life, thus reducing
furthermore the mileage performance.

To conclude with tire wear on battery electric ksicwe can estimate by simulation a higher
wear rate vs diesel trucks:

0 Long Haul: +7% for Steer and +25% for Drive

0 Regional: +10% for Steer and +40% for Drive

11
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These figures are conservative because they daketthe load transfers effect into account,
nore the worsened wear profile. Some isolated calseady show -50% mileage on the drive
position.

4. Energy efficiency and tirerolling resistance : what is at stake?

The tire rolling resistance coefficient (RRC) isleenomenon that dissipates energy by heating
the tire, due to the viscous properties of rubbatemals constituting the tire. The improvement

of rolling resistance is well known to reduce thelfconsumption of a diesel truck, but we can

wonder if it will be the same for electric enerdyadoattery truck.

When the tire rolling resistanc PeonsumeaW]
coefficient is reduced, the tire save e e T

energy spent at the crankshaft

move the truck. This results in fue “
41
energy saved at the crankshaft dc
not have to be pumped in the tan
Between the fuel torque crankshe
reduction and the fuel consumptic
reduction, there is the diesel engir
efficiency ratio. For a given RRC

90

reduction,  fuel  consumptior
reductions are even higher when tl 20 164 NI
engine efficiency ratio is lower. Thit , 7 | S3KW 43KW19KW11KW

can be understood with a Willan<
diagram as presented opposie
Fig.17. This figure doesn’t aims at simulating witfecision the tire RRC reduction impact on
fuel consumption but it is useful to explain th#etences between diesel and BEV.

Figure 18: Energy consumption decomposition

For an electric truck, the engine efficiency ratidetter with peak at 95% instead of 45% for
diesel, so the absolute energy gains before thmerrge expected to be lower. Nevertheless,
the whole energy consumption is improved with eledtucks, so a change in RRC results in
similar effects in energy consumption in % betwdmsel trucks and battery electric trucks.

Energy consumption simulations on same usage tefiriave been done for diesel truck and
electric truck, for a reference tire at 5kg/t anldw rolling resistance tire at 4kg/t. The results
are presented in kWh/100km for diesel and bat@emake the comparison easier:

: Long Haul cycle Regional cycle
- tire RRC (k99| \why100km) (KWh/100km)
5 357
4 403

. 429
Diesel 332
truck
-7% -6%
Batt 5 120 111
att. 4 112 102
Elec. truck
-7% -8%

12
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At the tank, the game doesn’t change significaftthye Trucks (same energy relative gains but
lower absolute gains).

Under iso usage hypothesis, RRC may pay bettetifrelgains) in regional applications for
eTrucks. This is explained by the fact that a loR(Rtire improves efficiency only when the
truck spends energy (while traction). As the eTsudcover energy while braking or downhill
phases, it can recover more energy when low RRSS fitted, which improves the distance
over which low RRC is being beneficial.

Low RRC cannot be valorize anymore by CO2 reductonBEV, but it could be slightly
valorized by energy cost because electricity isexafordable with slow charging.

The main low RRC valorization is range, valued bgl asers needing a bit more range than the
standard proposed by the OEM.

5. Conclusion : electric trucks are more challenging for tires

We should not forget that tires on battery eledimicks are also more audible in the global
vehicle noise since the engine becomes less né¥th higher traction and regenerative
braking forces, grip performance should be kepiest level. In the end, the tire has more to
deliver on a BEV than on diesel truck:

MILEAGE

TYRE AND
NOISE ROAD WEAR
PARTICLES

ENERCY ROBUSTNESS
CONSUMPTION Y
& RANGE

TRACTION & BRAKING DISTANCE
(NEW & WORN)

Figure 19: Tire Performance criticity on a BEV (Ref.4, Michelin White paper 2024)

In the previous chapters, we have seen that arpakectric truck highly challenges the tires
regarding the wear performance, and that on theggrm®nsumption-RRC side, it is nearly the
same dynamic.

As the low rolling resistance tires are often thsuit of a compromise on wear mileage, it is
expected that the needs of the end users will dgatliy more challenging for tires, especially
on the drive axle. On the graph below, we illugtrdie need for a technological gap for BEV
tires to improve the mileage with the same RRC:

13
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To conclude, eTrucks are requiring more total pennce to tires what will prevent to achieve
low RRC with tread depth reduction (dotted bluedn Manufacturers will have to deploy tires
technologies to address these new stakes.
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