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The longitudinal and lateral forces generated by a tire at various slip angles are crucial factors 

in understanding the tire's behavior during different driving conditions. Let's delve deeper into these 

concepts: 

Longitudinal Force vs. Slip Angle: 

Longitudinal Force (Fx): Longitudinal force is the force acting parallel to the direction of motion 

of the vehicle. It primarily includes traction (for acceleration) and braking forces (for deceleration). 

When a tire is not slipping longitudinally (i.e., it's not spinning or sliding), the longitudinal force is 

at its maximum. 

Slip Angle (α): Slip angle is the angle between the tire's actual direction and the direction in which 

the vehicle is moving. It occurs when a tire is not perfectly aligned with the vehicle's direction. 

Positive slip angle indicates an outward deviation, while negative slip angle indicates an inward 

deviation. 

When you vary the slip angle while keeping other factors constant (such as the tire's load, tire 

type, and road conditions), you can observe how the longitudinal force changes. Typically, a tire's 

longitudinal force increases up to a certain slip angle (often referred to as the peak slip angle), beyond 

which it starts to decrease. The peak slip angle is usually in the range of 5 to 15 degrees for most 

passenger car tires. 

 

Lateral Force vs. Slip Angle: 

Lateral Force (Fy): Lateral force is the force acting perpendicular to the direction of motion of the 

vehicle. It is responsible for maintaining the vehicle's stability during turns and cornering. 

Slip Angle (α): As mentioned earlier, slip angle also applies to lateral forces. In this context, it 

represents the angle between the tire's direction and the direction in which the vehicle is turning. 

When you vary the slip angle in lateral forces, you can observe how the lateral force changes. Lateral 

force generally increases with increasing slip angle up to a point, and then it starts to drop off. The 

point of peak lateral force is known as the "cornering peak" and is essential for understanding a tire's 

performance during cornering maneuvers. 

These relationships between slip angles and forces are critical for vehicle handling and stability. 

Engineers and tire manufacturers use this data to design tires that provide optimal performance for 

various driving conditions. It's also crucial for vehicle dynamics simulations and control systems to 

ensure that a vehicle handles predictably and safely during acceleration, braking, and cornering. 
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ROLLING RESISTANCE 

Rolling resistance is a force that opposes the motion of a tire as it rolls along the road surface. 

It's primarily a longitudinal force acting in the direction of the tire's motion, opposite to the direction 

of travel. Rolling resistance is caused by several factors, and understanding it is essential for 

optimizing a vehicle's fuel efficiency and overall performance. Here are some key points about rolling 

resistance: 

Causes of Rolling Resistance: 

 Deformation of the Tire: As the tire rolls, it undergoes deformation due to its interaction 

with the road surface. This deformation results in energy losses in the form of heat. 

 Hysteresis: Hysteresis is the energy lost within the tire's materials as they flex and rebound 

during each rotation. This energy loss contributes to rolling resistance. 

 Internal Friction: The tire's internal components, such as its rubber compounds and fabric 

layers, experience friction as they move relative to each other, leading to rolling resistance. 

Factors Affecting Rolling Resistance: 

 Tire Pressure: Underinflated tires can increase rolling resistance significantly, leading to 

reduced fuel efficiency. 

 Tire Design: Tire manufacturers design tires with different tread patterns, compounds, and 

constructions to optimize rolling resistance and other performance characteristics. 

 Road Surface: The smoothness and quality of the road surface can influence rolling 

resistance. Rougher roads tend to increase rolling resistance. 

Reducing Rolling Resistance: 

 Proper Tire Inflation: Maintaining the recommended tire pressure is crucial for minimizing 

rolling resistance. Underinflated tires increase deformation and friction, leading to higher 

resistance. 

 Tire Selection: Choosing tires designed for low rolling resistance can improve fuel 

efficiency. These tires are often labeled as "eco" or "fuel-efficient." 

 Wheel Alignment: Proper wheel alignment ensures that the tires roll evenly, reducing 

unnecessary friction and deformation. 

 Measurement and Testing: Rolling resistance is typically measured using specialized 

equipment in a controlled testing environment. The result is often expressed as a rolling 

resistance coefficient (RRC) or rolling resistance force in newtons per unit load or tire load. 

 Impact on Fuel Efficiency: Rolling resistance is a significant contributor to a vehicle's fuel 

consumption. Reducing rolling resistance can lead to improved fuel efficiency, making it an 
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important consideration for automakers and drivers looking to lower their operating costs and 

reduce their carbon footprint. 

In summary, rolling resistance is the force that opposes a tire's motion on the road and is influenced 

by factors like tire design, tire pressure, and road conditions. Reducing rolling resistance is essential 

for improving fuel efficiency, which is a key goal in vehicle design and maintenance. 

 

TRACTIVE EFFORT 

Tractive effort is the force generated by the tires of a vehicle to propel it forward. It's 

essentially the same as the longitudinal force discussed earlier, particularly the force used for 

acceleration. 

Traction: Traction is the primary component of tractive effort. It's the force that allows the vehicle 

to move forward without slipping. The level of traction depends on the interaction between the tire 

and the road surface. Adequate traction is necessary for acceleration, especially on slippery or uneven 

surfaces. 

Factors Affecting Tractive Effort: 

 Tire Grip: The grip provided by the tires depends on their design, tread pattern, rubber 

compound, and the condition of the tire surface. Tires with good grip can generate more 

tractive effort. 

 Road Conditions: Tractive effort can vary significantly depending on the road surface. Dry, 

clean pavement provides better traction than wet, icy, or muddy surfaces. 

 Vehicle Weight: Heavier vehicles may require more tractive effort to accelerate due to their 

increased mass. 

 Engine Power: The engine's power output plays a role in determining how much tractive 

effort can be generated. More powerful engines can provide greater acceleration force. 

 

 


