
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:

𝐹𝐹 − 𝐹𝐹𝐷𝐷𝐷𝐷 = 𝑚𝑚𝑑𝑑𝑑𝑑𝑑𝑑 �
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

– 𝐹𝐹 Driving force

– 𝐹𝐹𝐷𝐷𝐷𝐷 Driving resistances

– 𝑚𝑚𝑑𝑑𝑑𝑑𝑑𝑑 (dynamic) mass of vehicle (incl. driver, cargo)
incl. contribution of rotating masses

– 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

Acceleration along the trajectory
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Coupling translational - rotational
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𝐹𝐹 − 𝐹𝐹𝐷𝐷𝐷𝐷 = 𝑚𝑚 �
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑 𝜏𝜏 − 𝜏𝜏𝐷𝐷𝐷𝐷 = 𝐽𝐽 �

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

𝐸𝐸𝑘𝑘𝑘𝑘𝑘𝑘 = 𝑚𝑚
𝑣𝑣2

2
𝐸𝐸𝑘𝑘𝑘𝑘𝑘𝑘 = 𝐽𝐽

𝜔𝜔2

2

𝑣𝑣 = 𝑟𝑟 � 𝜔𝜔 𝜏𝜏 = 𝑟𝑟 � 𝐹𝐹



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 𝑟𝑟

Equation of motion

𝐹𝐹 − 𝐹𝐹𝐷𝐷𝐷𝐷 = 𝑚𝑚𝑑𝑑𝑑𝑑𝑑𝑑 �
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

𝜏𝜏 − 𝜏𝜏𝐷𝐷𝐷𝐷 � 𝑟𝑟 = 𝑚𝑚𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 �
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑 � 𝑟𝑟 + 𝐽𝐽𝑇𝑇𝑇𝑇𝑇𝑇 �

𝑑𝑑𝜔𝜔
𝑑𝑑𝑑𝑑 = 𝑚𝑚𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 �

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑 � 𝑟𝑟 + 𝐽𝐽𝑇𝑇𝑇𝑇𝑇𝑇 �

𝑑𝑑𝑣𝑣
𝑑𝑑𝑑𝑑 �

1
𝑟𝑟

𝐹𝐹 − 𝐹𝐹𝐷𝐷𝐷𝐷 = 𝑚𝑚𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 + 𝐽𝐽𝑇𝑇𝑇𝑇𝑇𝑇 �
1
𝑟𝑟2

�
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

𝑚𝑚𝑑𝑑𝑑𝑑𝑑𝑑 = 𝑚𝑚𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 + 𝐽𝐽𝑇𝑇𝑇𝑇𝑇𝑇 �
1
𝑟𝑟2
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Driving Resistances

𝐹𝐹𝐷𝐷𝐷𝐷 = 𝐹𝐹𝑅𝑅 + 𝐹𝐹𝐴𝐴 + 𝐹𝐹𝐺𝐺
– 𝐹𝐹𝑅𝑅 Rolling resistance

– 𝐹𝐹𝐴𝐴 Air drag

– 𝐹𝐹𝐺𝐺 Inclination resistance (gravitational force)

Max. speed (driving power)
𝑃𝑃 = 𝐹𝐹 � 𝑣𝑣 = 𝐹𝐹𝑅𝑅 + 𝐹𝐹𝐴𝐴 + 𝐹𝐹𝐺𝐺 � 𝑣𝑣

On flat track without inclination and wind force

𝑃𝑃 = 𝑐𝑐𝑅𝑅 � 𝑚𝑚 � 𝑔𝑔 � 𝑣𝑣 + 𝑐𝑐𝑊𝑊 � 𝐴𝐴 � 𝜌𝜌𝐴𝐴 �
𝑣𝑣3

2
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Rolling Resistance
Reason: deformation of tyres

dominating at low speed

𝐹𝐹𝑅𝑅 = 𝑐𝑐𝑅𝑅 � 𝑚𝑚𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 � 𝑔𝑔 � 𝑐𝑐𝑐𝑐𝑐𝑐 𝛼𝛼  

     source: wikipedia

Rolling resistance coefficient 𝑐𝑐𝑅𝑅 – examples:

• Train wheel on rail  𝑐𝑐𝑅𝑅 ≈ 0,001

• Car tyre on asphalt  𝑐𝑐𝑅𝑅 ≈ 0,01

• Car tyre on loose sand   𝑐𝑐𝑅𝑅 ≈ 0,3
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Air Drag
Reason: dynamic pressure of air

Dominating at high speed

𝐹𝐹𝐴𝐴 = 𝑐𝑐𝑊𝑊 � 𝐴𝐴 � 𝜌𝜌𝐴𝐴 �
𝑣𝑣+𝑣𝑣𝐴𝐴 2

2
 

velocity of wind is counted  positive

against velocity of car

𝑐𝑐𝑊𝑊  Air drag coefficient  source: wikipedia 

𝐴𝐴  Front cross section

𝑣𝑣 + 𝑣𝑣𝐴𝐴  speed of car with respect to surrounding air

𝜌𝜌𝐴𝐴 = 1,2 𝑘𝑘𝑘𝑘
𝑚𝑚3 Density of air at sea level and 20°C 
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Inclination Resistance

Gravitational force

𝐹𝐹𝐺𝐺 = 𝑚𝑚 � 𝑔𝑔 � 𝑠𝑠𝑠𝑠𝑠𝑠 𝛼𝛼  

 

      source: wikipedia

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 = 𝑡𝑡𝑡𝑡𝑡𝑡 𝛼𝛼  
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Gearbox
𝜔𝜔1 = 𝑖𝑖 � 𝜔𝜔2

𝑃𝑃1 = 𝑃𝑃2 + 𝑃𝑃𝑣𝑣

In detail: Losses 𝑃𝑃𝐿𝐿 (friction) and efficieny 𝜂𝜂 depend on point of operation.
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Driving Braking
Power balance 𝑃𝑃2 = 𝑃𝑃1 � 𝜂𝜂𝑇𝑇 > 0 𝑃𝑃1 = 𝑃𝑃2 � 𝜂𝜂𝐵𝐵 < 0
Torque balance 𝜏𝜏2 = 𝜏𝜏1 � 𝑖𝑖 � 𝜂𝜂𝐷𝐷 𝜏𝜏1 = 𝜏𝜏2 �

1
𝑖𝑖 � 𝜂𝜂𝐵𝐵

Equivalent conversion of 
moment of inertia 𝐽𝐽2→1 = 𝐽𝐽2 �

1
𝑖𝑖2 �

1
𝜂𝜂𝐷𝐷

𝐽𝐽2→1 = 𝐽𝐽2 �
1
𝑖𝑖2 � 𝜂𝜂𝐵𝐵

τ
τ1 ω1 τ2 ω2

Load

PL
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