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!'_ Road Loads



Exercise 1 : Road Loads

A Letdos consider the following car
m = 1000 kg e = 0,9
S =1,8m? C,=0,31 p=1,2kg/m?

f=0,01 + 107° V2

A Compute the road loads generated at speed in between 0 and 50 m/s



Exercise 1 : Road Loads

A Rolling resistance
Frr =mg cosf frr = mg cos6 (0.01 + 107° Vz)

A It comes
V =10m/s  Frr=1000-9,81-(0,01 +107°10%) = 107,91 N
Prr = FrrV =1079,1 W

V =25m/s  Fgr=1000-9,81-(0,01+107°252%) = 159,91 N
Prr = Frr V = 39971,75 W

V =50m/s  Frr=1000-9,81-(0,01+ 107" 50%) = 343,35 N
Prr = FrrV = 17167 W



Exercise 1 : Road Loads

A Rolling resistance
Frr =mg cos frr = mg cosf (0.01 + 107° V?)
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Exercise 1 : Road Loads

A Aerodynamic drag

A It comes
V =10m/s
V =25m/s
V =50m/s

1
Farro = 2P SC, V?

Fapro=0,5-1,2-1,8-0,31-V?=33,48 N
Parro = Fapro -V =334,8 W
Farro=0,5-1.2-1.8-0,31-25% =209,25 N
Paero = Fapro -V =95231,25 W
Fipro=0,5-1,2-1,8-0,31-50° =837 N
Parro = Fagpro -V = 41850 W = 41,850 kW



Exercise 1 : Road Loads

A Rolling resistance

1
Fagpro = o SC,V?
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Exercise 1 : Road Loads

A Total road resistance forces

1
Fries = Frr + FaApro = mg (fo+f2V2) cos f + 5/05033 V2

A It comes
V =10m/s Fpp+ Fapro = 107,91 + 33,48 — 141,39 N
Prr + Papro = 1,4139 kW

V =25m/s Fgrr+ Fagro = 159,9 + 209,25 = 369,15 N
PRR + PAERO = 9,225 kW

V =50m/s Frr-+ Fagro = 343,35+ 837 = 1180,35 N
Prr +Pagro = 99,0175 kW



Exercise 1 : Road Loads

A Total road resistance forces

1
Fres = Frr + Fapro = mg (fo + foV?) cosf + ol SC,V?
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Exercise 1 : Road Loads

A When aerodynamic drag and rolling resistance are equal?

1
Frr=Fagro < mg(fo+ f2V?) cosf = 2P SC,V?

A  We have
1
(5,0 SC,—mg fo cos@) V? =mg fy cosd
v — mg fo cost
B %pSC’Q3 — mg fa cosO

08, 1
V=15 gner = VA4, 448 = 20,35 m /s = 73, 20km/h
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Exercise 1 : Road Loads

~

A When aerodynamic drag and rolling resistance are equal?

1
Frr = FAERO < mg (f0+f2V2) cos ) = EpSC:C 1%
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Exercise 1 : Road Loads

A Grading resistance

Feraping = mg sin

A We have

slope=3% <= tanf =0,03 ///q// 0,03m

Im
<— 0=1,7183°
<= sinf = 0,0299

= 3% FGRADING’ = mg sin @
= 1000-9,81-0,0299 = 294, 3 N

V=10m/S  Pgrap. = Fgrap.-V =2,941kW
V:25m/S PGRAD. :FG’RAD. -V :7,3542 kW

V =50m/S  Pgrap. = Fegrap.-V =14T084EW



Exercise 1 : Road Loads

A

Grading resistance

slope = 10% <= 60 =25,71°
<= sinf = 0,0995

Feraprng = 1000 -9,81-0,0995 = 976,13 N

slope = 20% <= 6 =11,3099°
<= sinf = 0,1961

Feraprng = 1000-9,81-0,1961 = 1923,89 N

V =10m/S  Pgrap. = Fgrap.-V =19,2380 kW
VIQE)TR/S PGRAD. :FGRAD. -V :48,0974 kW

V =50m/S  Pcrap. = Fgrap.-V = 96,194 kW
13



Exercise 1 : Road Loads

~

A When aerodynamic drag and rolling resistance are equal?
Fres = Frr + Fagro + FaraDING

1
= mg (fo + f2V?) cosB—I—EpSCm V? +mg sind = A+ BV?

Force totale

4500
4000
3500

3000

= Total horiz
Total 10%

= Total 20%
2000 — Total 30%
1500

1000

2500

Force [N]

500

0

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51
Vitesse vehicule [m/s] 14



Exercise 2 : Shell Eco Marathon

A -Letdbs consider the following car
m=145kg f =10,01
S=0,95m* C,=0,28 p=1,22kg/m”

A Compute the road loads generated at speed V=8,33 m/s (30 km/h)
A On level road

A Wheng=2,1°
15



Exercise 2 : Shell Eco Marathon

A Rolling resistance
Frr =mg cosO frr
= 145-9,81-1-0,01 = 14,2245 N
Prr = Frr -V = 14,2245 - 8,33 = 118,4900 W
A Aerodynamic resistance

Fagro = %PSC:B V?
—=0,5-1,22-0,95-0,28-8,33%2 = 11,2590 N
Paero = Fagro -V = 11,2590 - 8,33 = 93,7878 W
A Road resistance

Fres = Frr + Fagro = 14,2245 + 11,2590 = 25,4835 N
Pres = Prr + Papro = 118,49 + 93,7878 = 212,2779 W
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Exercise 2 : Shell Eco Marathon

A Grading resistance
6 =21° sinf ~tanf = 3,6643 1072

Ferapring = mg sinf
= 145-9,81 - sin 2, 1° = 52,1238 N

A Rolling resistance A negligible modification!
cosf) = cos2,1° = 0,9993
Frr =mg cosO frr
= 145-9,81-0,9998 - 0,01 = 14,2149 N
A Road resistance
Freg = Frr + Fapro + ForADE = 25,4835 + 52,1238 = 77, 6073 NV
If V=8,33 m/s

Pres = Fres -V = 77,6073 - 8,33 = 646,4688 W
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Exercise 2 : Shell Eco Marathon

A -Letdbs consider the following car
m=180kg f =0,0018 (Data: Michelin)
S=1,049 m* C,=0,20 p=1,22kg/m?

A Compute the road loads generated at speed V=26 km/h
A On level road

A Wheng=0,35° and g= 2% 18



Exercise 2 : Shell Eco Marathon

A Speed:
V =26km/h =26/3,6="7,23m/s

A Slope:
6 =0,35°=6,1010"° rad

cos0,35° = 0,9999 sin0,35° = 6,1086 1073

And o
2% <= arctan(0,02) = 1,1457

cos1,1457° = 0,9998 sin1,1457° = 19,9949 1073
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Exercise 2 : Shell Eco Marathon

A Rolling resistance
Frr =mg cosl frr =180-9,81-1,0-0,0018 = 3,1784 N
Prr =Frr -V =3,1794 - 7,23 = 22,9801 W

A Aerodynamic resistance
1
Farro = 505058 &
=0,5-1,22-1,049-0,20-7,23% =6,8761 N
I

A Road resistance

20



