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Context

Methodology

RollingResistance

> Energy consumed by a tire per unit of
distance covered [1]

> Up to 41% of a passenger BEV’s
battery energy used to overcome
rolling resistance [2]

INFLUENCING FACTORS

                        
                     

                       
                     

> Tread depth
> Tread design
> Tread compound
> Inflation pressure
> Temperature

REFERENCE MEASUREMENT METHODS

> Texture
> Roughness
> Stiffness
> Temperature

> Velocity
> Load
> Load transfer

> Ambient temperature
> Wind velocity
> Wind direction

Outdoor: Trailer methodIndoor: Drum method

> Lab test conditions
> Component level 
> Not real tire-road interaction

> Set-up an outdoor vehicle-based testing 
procedure to measure rolling resistance

> Real operating conditions
> Trailer specifically designed
> Not real vehicle dynamics

[1]
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> 3-5 repetitions for each test condition
> Both directions of travel

𝐹𝑅𝑅: 𝑅𝑜𝑙𝑙𝑖𝑛𝑔 𝑅𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 force

𝑅𝑅𝐶: 𝑅𝑜𝑙𝑙𝑖𝑛𝑔 𝑅𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 Coefficient

𝑅𝑒: 𝐷𝑦𝑛𝑎𝑚𝑖𝑐 𝑡𝑖𝑟𝑒 𝑟𝑎𝑑𝑖𝑢𝑠

𝑇: 𝐷𝑟𝑖𝑣𝑖𝑛𝑔 𝑡𝑜𝑟𝑞𝑢𝑒 𝐹𝑧: 𝑁𝑜𝑟𝑚𝑎𝑙 force

𝑅𝑅𝐶 =
𝐹𝑅𝑅
𝐹𝑧

𝐹𝑥: 𝐿𝑜𝑛𝑔𝑖𝑡𝑢𝑑𝑖𝑛𝑎𝑙 force

𝑀𝑦: 𝑅𝑜𝑙𝑙𝑖𝑛𝑔 𝑅𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑚𝑜𝑚𝑒𝑛𝑡

> JAN: ρ = 0.82, p-value < 0.001
> AUG: ρ = 0.88, p-value < 0.001

JAN/AUG TEST CAMPAIGNS:

Averaged data on:
> Repetitions
> travel direction
> section length

> FRR increases with increasing MPD
> FRR values consistent with literature (1% Fz)
> Different behavior P1, L2, F, A1 in Jan - Aug
> RRC trend consistent with trailer

measurements performed on the same test
sections [4]
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Instrumented BEV

Test Boards Area: 700m

FRR
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Objectives

> Evaluate effects of pavement surface 
texture on the rolling resistance in a BEV

> Develop a machine learning-based 
rolling resistance prediction model

Wheel Force Transducer

> 30 minutes warm-up procedure
> Steady-state wheel torque method

> v = 50-80 km/h
> MPD = 0.13-3.30 mm

Results

> v = 50 km/h
> Tamb Jan = 13 °C
> Tamb Aug = 23 °C
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Conclusions

> Rolling resistance in a BEV increases 
linearly with increasing macrotexture

> Next: training a Machine Learning 
model using acquired dataset
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