Driving Resistances

One-dimensional longitudional consideration along the trajectory
Neglection of lateral forces and curve resistance
Summarized in Modelica.Mechanics.Translational. Components.Vehicle

Equation of motion:

dv
F — Fpp =mdyn'a
- F Driving force
- Fpp Driving resistances
- Mgyn (dynamic) mass of vehicle (incl. driver, cargo)

incl. contribution of rotating masses

dv

- — Acceleration along the trajectory
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Coupling translational - rotational

rollineg wheel

V=T-+-w
.
dv road surface
F—Fpp=m- It
2
Ekin m?
2

T=1-F

dw

T—Tpr = 'E
Y

Ekin=]7
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Static — Dynamic mass

Addition due to rotating masses:

* Rotating masses with respect to rotating wheels
« Summed up torque of all wheels
* Relevant radius of wheels r

Equation of motion

dv
F — Fpg —mdyn'a
dv dw dv dv 1
T_TDR'rzmstat'a'r‘i']Tot'd_: stat'a T+ Tot'E -
F —Fnp = + 1 dv
bR = | Mstar + Jrot 2 ) qt
1
Mgyn = Mgtat +]T0t'r_2
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Driving Resistances

FDRZFR‘l‘FA'l‘FG

- Fp Rolling resistance
- Fy Air drag
- F; Inclination resistance (gravitational force)

Max. speed (driving power)
P=F'U=(FR+FA+FG)'U
On flat track without inclination and wind force
3
v

P:CR°m°g'v+CW°A°pA°7
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Rolling Resistance

fRoll

Reason: deformation of tyres /\
FRron

- N ®
dominating at low speed U —F

Fr = cg Mg - g - cos(a)

(szg + mZu) g

Y

source: wikipedia

Rolling resistance coefficient ¢y - examples:

« Train wheel on rail cg = 0,001
« Car tyre on asphalt cp ~ 0,01
« Car tyre on loose sand cr = 0,3
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Air Drag

Reason: dynamic pressure of air

Dominating at high speed

Fp=cw-A4-py

(v+v,4)?
2

velocity of wind is counted positive

against velocity of car

Cw

A

v+ vy
pa=1275

Air drag coefficient

Front cross section

source: wikipedia

speed of car with respect to surrounding air

Density of air at sea level and 20°C

PLuft, UWind

OTH / Anton Haumer — 2025



Inclination Resistance

Gravitational force

(MEe +Mmzu) - g Fn

F.=m:g-sin(a) Fovin

Y

source: wikipedia

Inclination = tan(a)
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Gearbox

w1 =1°wy T, © i 1:%0)
P, =P, +P, = Load

—_— P ——

P : 2
Driving Braking
Power balance P,=P, -nr>0 Pp=P,-ng <0
Torque balance T, =Ty 1" 1
q 2 =Tyl Mp =Ty

Equivalent conversion of s =] 11 L= 1
moment of inertia 221 =2 2 2-1 = /272" B

In detail: Losses P; (friction) and efficieny n depend on point of operation.

8 OTH / Anton Haumer — 2025



	Driving Resistances
	Coupling translational - rotational
	Static – Dynamic mass
	Driving Resistances
	Rolling Resistance
	Air Drag
	Inclination Resistance
	Gearbox

