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Theory

A vehicle undergoes two types of rubbing forces :

- The drag of aerodynamic rubbirkg,,, :%p S C, V¥ in Newton where :

o pis the volumic mass of the air : 1.2 kg a 20°C

o0 Sis the front area of the vehicle in m2 (3.2 m?)

0 Cxis the penetrating coefficient in the air of thehicle (0.29)
0 Vs the relative speed of the air compared to #fecke in m/s

- The drag of rolling resistance from the tirgs = C, m g in Newton where :

o0 Cn is the rolling resistance coefficient of the fjte evaluate)
0 mis the mass carried by the tire
0 gthe acceleration of gravity : 9,81 m/s?

Protocol of experience

One is trying to measure the rolling resistancdfiment of aCitroén Berlingo Electrid/an equipped
with Michelin Agilis175 / 65 R14 90T tires, inflated at the maximabramended pressure (3,75 Bar
cold). This Citroén has got a GPS and uses an imettos device of distance. One achieves the
following operations on a road in good state dittlindy, quite horizontal and tared :

1) Launch of the vehicle until stabilized 20 kmithe GPS : it detects the speed at nearly 1km/h,

2) Set of the speed lever at the neutral posifidrt¢ get free rolling,

3) Measure of the drived distance until the congpltbp with the hectometer device,

4) Repetition of the experiment in both ways o&ens portion of the road, 5 times.

Energetic balance

One admits the hypothesis that under the previesmutitions,the aerodynamic rubbing is
negligible and that only the drag of rolling resistance iatdbuting to stop the vehicle along tBe
distance.

One will check a posteriori that this hypothesisidgt.

The theorem of kinetic energy giveAE, :W( Er):% mV=F D ;andF, =C mg

One deducts%mv2 =G mgLC |=C, =

Measures and uncertainties

The repeated stops of the van reveal a distBrredd50 m measured at nearly 10 m of precision by th
hectometer device. The raw measured valug,is= 0.010¢ with V= 5.55m/s

2
Calculation of uncertainty C, = v = aC, - ZAV +8D 2i +1—O = 0.166¢
29D C vV D 20 150

r

One raises the relative uncertainty to 20% (ung@stang is neglected) :
AC, =0.0105¢< 20%= 0.0021 Result {C, =0.01t 0.00%, or (0.008<C, < 0.013
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Comparison between the aerodynamic drag and thegoésistance drag

1
=pSC V 2
One has—2ee = 2 _pSC;V
18 Crr m g 2 Q m g
The numerical calculation gives for= 1700 kg SG = 0.92 Cr = 0.01
F F
—2¢0 ~ (0.1 at 5.55 m/s = 20 km/h ane®*® = 0.025 at 2.775 m/s = 10 km/h

g 18
The aerodynamic strengthare about 5% of the rubbings of the vehicle is #iperiment, either 4
times less as the heap of measuring uncertainties they are rightly neglected

Examples of rolling resistances for other tiresnotentaries
Column “RRC Average” extracted fronGreen Report March 2003'Low Rolling Resistance Tires : fuel savings fanerica ”

TABLE 1: RECOMMENDED TIRE MODELS

COMPOSITE

WouLD COMPOSITE PERFOR-

RRC TRACTION BUY TREAD MANCE

BRAND MODEL SIZE AVERAGE PRICE COMPOSITE AGAIN WEAR SCORE
Bridgestone | B381 185/70R 14 0.0062 | $62.00 8.00 5.96 6.98
Nokian NRT2 185/70R 14 0.0085 | $67.00 8.00 572 6.86
Sumitomo HTR 200 185/70R14 0.0092 | $36.00 8.15 8.30 7.05 7.83
Dunlop Graspic DS-1 185/70R14 0.0092 | $46.00 7.50 720 6.60 7.33
Dunlop SP40 A/S 185/70R14 0.0103 $41.00 8.00 7.18 7.59
Bridgestone | Blizzak W5-50 185/70R14 0.0103 $48.00 7.91 8.70 6.04 7.55
Goodyear VIVA 2 185/70R14 0.0104 $47.96 7.00 6.52 6.80
Continental | ContiTouring Contact CH?5 | 205/55R 16 0.0083 $64.00 746 6.10 7.29 6.95
Michelin Pilot Alpine 205/55R16 0.0090 | $125.00 7.56 8.60 8.00 8.05
Michelin EnergyMXV4 Plus 205/55R16 0.0090 | $118.00 7.64 6.00 6.87 6.84
Dunlop SP Winter Sport M2 205/55R16 0.0102 $98.00 8.55 7.80 8.17
Michelin Arctic AlpineXL 235/75R15 0.0081 $79.00 8.10 8.50 710 7.90
Dunlop Axiom Plus WS 235/75R15 0.0088 | $43.00 8.00 5.88 6.94
BF Goodrich | Long Trail T/A 245/75R14 0.0092 $76.00 7.94 6.20 71 708
Michelin XPS Rib IT245/75R16 | 0.0101 | $167.90 6.70 8.10 8.00 7.60
Michelin LTX M/S 245/75R14 0.0103 | $139.00 797 8.30 7.37 7.88
Bridgestone | Dueler A/T D693 245/75R16 0.0103 | $104.00 8.00 7.20 7.60

NOTE: The lower the rolling resistance coefficent {RRC), the more efficient is the fire; all fires listed here meet Green Seal's criterion for rolling resistance of less than
0.0105 and are omong the most efficient available in the market today. In contrast, the higher the value of Traction Compasite, Would Buy Agoin, Composite
Treadwear, and Composite Performance Score, the better in those measures the tire is; however, all tires listed here have a greater than overage performance score

in these respects. o . I— . .
©2003, Green Seal Inc. Use of this table for commercial purposes is prohibited. hitp://www.whdg.org'ccb'GREEN/REPORTS/egrtirerollingresistance.pdf

The Michelin Agilis 175/65 R14 90T tireis not designed as a priority to decrease the mglli
resistance but for a good adhesion both on d@myd wet surfaces, notably for a heavy load (usual
specifications for the vans).

Nevertheless, it shows a correct performance wialéng if it is inflated at the recommended
maximum. It applies thus for an electric vehicleandhthis criteria significantly impacts the autoryom
(about 10%). The best would bé&/chelin Energytire which has a harder siliceous rubber and whose
the design sets as a priority to decrease the pligisie effects inside and outside the.tire

Conclusions, and to know more

The described modelling and experiment have medsugood magnitude of thernCfor a standard load625

kg/pneu) and a low speed. In fact, the i€ varying with the load, the pressure, the temmipee, the speed, the

state and type of tire, the state of the soil, miathy other factordt has essentially an experimental aspect
http://www.profauto.fr/2-Apports_theoriques/Resigta_avancement.pdf

http://www.tut.fi/plastics/tyreschool/moduulit/modli 8/hypertext_1/3/3 3.html
http://en.wikipedia.org/wiki/Rolling_resistance
http://de.wikipedia.org/wiki/Rollwiderstand
http://es.wikipedia.org/wiki/Resistencia_a_la_rogiad

http://www.wbdg.org/ccb/GREEN/REPORTS/cgrtireradiiesistance.pdf
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