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The Effects of Wheelbase and Track on Vehicle Dynamics 

Automotive vehicles move by delivering rotational forces from the engine to 

wheels. The wheels push in the opposite direction of the motion of the car, which 

contracts and stretches the tires to deliver the engine force to the ground. Under 

acceleration the car shifts its weight in the direction opposite the motion. The weight 

transfer occurs because of the inertia of the car, which tries to keep the car at a constant 

velocity. Such weight transfer acts as a pivotal characteristic of the car’s ability to be 

agile and responsive. 

 Two factors that affect how much weight is transferred during acceleration are the 

wheelbase and track of a car. The wheelbase is the distance between the front and rear 

axles, while track is the distance between the left and right wheels of an axle. These two 

factors are illustrated in the figure below. Another factor that affects weight transfer is the 

height of the center of gravity, but I am more interested on the effects of wheelbase and 

track.  

            

 It is generally accepted that, when the center of gravity is lower, less weight 

transfer occurs. I hypothesize that increased length of the wheelbase and track will result 

in even less weight transfer and will increase the acceleration and agility of the car. There 

are several ways to test my hypothesis, such as using cars with varying wheelbases and 

track. But there are drawbacks to this method. Measuring the results of such 

experimentation requires sophisticated equipment that costs quite a bit. Also controls are 
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hard to maintain in such experimentation. The two variables of this experiment are 

wheelbase and track only, thus all other conditions must remain constant. Unfortunately it 

is nearly impossible to find multiple cars with the same characteristics except for 

wheelbase and track. Different models typically have different engine and handling 

characteristics, thus no controls may exist. 

 Instead of attempting to seek out nearly identical cars and expensive equipment, I 

plan to build a computer simulation to act as the environment and the car. This gives me a 

stable controlled environment in which I can manipulate hold everything constant except 

for the variables. The simulation would also cost much less. So I will a computer 

simulation to test the effects of different wheelbases and track on the traction of the car. 

 Before I start programming the simulation, I must first develop a plan for it. In 

order to build a structured program, the rules of object-oriented programming must be 

followed. Object-oriented programs are mainly driven by separate entities known as 

objects. One of the rules of object-oriented programming is encapsulation, which is 

keeping the functions and characteristics of an entity together in one class. To enforce 

encapsulation I shall use several classes to represent the different entities of the 

simulation. A class in computer programming is a collection of related functions and 

information. Classes in computer programming have member functions and member 

variables. Member functions perform a certain task or returns a value while member 

variables store information about the instance of the class. An instance is a copy of the 

class. Classes are like blueprints of a car. The classes are used to build actual objects that 

can be used by a program, but the class itself cannot be used as an object. Classes also 
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contain a method called a constructor where all its member variables are assigned some 

initial value [5]. 

 The largest class of the simulation is the Car class. This represents the car entity 

of the simulation. It brings together several subclasses and manages the cooperation 

between these classes. The Car class also contains the general information about the car 

under testing. This information will likely be loaded from data files and transferred to the 

respective subclasses. The following diagram illustrates the class structure of the 

simulation and each class’s member variables. The member functions of each class are 

too numerous for this diagram. 

 

 

 

 

 

 

 

  

 

 

 

 

One of the subclasses, the Engine class represents the engine of the virtual car. 

Its chief function is to determine the current torque output of the engine. It will also track 
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the progress of the current engine speed in revolutions per minute (RPM). Since the 

engine and transmission are not the focus of this experiment, they will not be treated with 

much precision. Thus to simplify the program I will combine the engine and transmission 

entities together into a single Engine class. The transmission part of the Engine 

class will simulate the functions of the transmission by multiplying the torque output of 

the engine part with the respective gear ratio. 

 The other class in the Car class, the Suspension class, represents the whole 

suspension system of the car. It accounts for the springs, control arms and all other parts 

that constitute a car’s suspension system. The main function of the Suspension class is 

to determine the weight transfer of the car under different circumstances. At constant 

velocity the weight of the car is evenly distributed on the wheels of the car, but during 

acceleration, which is a change of speed or direction, the car’s inertia resists the motion 

and some of the sprung weight of the car shifts to the opposite direction of the 

acceleration. Velocity is a vector quantity with the speed as its magnitude, so when it is 

constant both the speed and the direction of the object stay the same. The sprung weight 

of a car is the amount of its weight that sits on the suspension system. The suspension 

class also contains the four Wheel objects of the car. Thus the Suspension class 

determines how much of the car’s weight each wheel receives and also determines the 

total force generated by the individual Wheel objects. The two variables of this 

experiment, wheelbase and track, have most of their influence in this class [3]. 

 The four Wheel classes represent each of the wheel-tire combinations. These 

objects determine how much traction each wheel obtains based on the amount of weight 

they receive, how much torque the engine delivers and the current speed of the car. The 
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tire delivers a backward force on the ground by bending and flexing in order to propel the 

car forward. But if the wheel receives to much torque the wheel losses traction and the 

car will understeer or worse loose control. Understeering is a phenomenon where loss of 

traction causes the car to slide towards the outside of the curve. Oversteering may also 

occur, where the car slides towards the inside of the curve. Both are undesired results, 

which may cause the driver to loose control of the car. Thus the Wheel object uses data 

from the other subclasses of the Car class to determine the longitudinal and lateral 

forces generated by the tires [1, 2]. 

 Now I must implement the planned classes into an actual simulation. The first 

class of the simulation to be implemented is the Engine class. An engine creates torque 

output by firing cylinders and causing the crankshaft to spin. A torque is a spinning force 

that revolves around a certain point. This rotational motion of the crankshaft is then sent 

through the transmission, which multiplies the engine’s torque output. Then the rotational 

motion finally travels through the axle of the car to the wheels causing them to spin. The 

speed the engine is currently spinning at can be measured in the number of revolutions 

per minute (RPM). The engine has different torque outputs for different engine speeds. 

The torque output can be modeled as a function of the engine speed. This graph is called 

a torque curve and provides a graphical description of the engine’s torque output. The 

simulation program must simulate the torque curve in order for the values of acceleration 

to be at least slightly accurate. The Engine class has a member variable that tracks the 

engine speed. A member function named updateRPM is used to determine the current 

engine speed. This class also has member variables that hold the gear ratios, which are 

loaded from a text file and a variable that keeps track of the current gear of the car. 
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 The updateRPM function updates the current engine speed based on the throttle 

input. Thus this function takes in the throttle as a parameter. Parameters are 

information sent by the function that invokes this function. The function that invokes this 

function is known as the client. The engine of the car is not the focus of the project and 

will not receive great amounts of detail. The throttle input from the client is a decimal 

value that is clamped to range of [-1.0, 1.0]. In the throttle parameter 1.0 means a fully 

depressed accelerator pedal, -1.0 means that the brake pedal is fully depressed and 0.0 

means that neither pedal is being depressed. For the virtual car in my simulation I use the 

following formula to model the change in the engine speed: 

SEf = SEi + (g * 3000 * tdelta) 

where SEf is the new engine speed in RPM, SEi is the former engine speed in RPM, g is 

the throttle parameter from the client and tdelta is also a member of the Engine class 

that is a constant that has been initialized in the Engine class constructor. It is the time 

between each execution of this function. Thus the engine speed increases or decreases by 

3000 RPM per second depending on whether the gas or brake pedal is depressed and how 

much the particular pedal has been depressed. Once the current engine speed has been 

determined, the engine must also determine the current transmission gear. A car’s 

transmission is used to multiply the torque output of the engine. At lower gears the 

transmission multiplies the engine’s torque at the expense of speed by spinning gears 

slower that the engine. At higher gears the transmission gears spin faster to produce 

higher speeds at the expense of the torque output. The car needs high torque output to 

start the car, but it needs more speed as it spins faster. Thus to simulate the gear shifts of 

my virtual car the engine speed must be kept on a particular range. In my virtual car I 
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keep the RPM between 1000 and 6000 RPM. If the engine speed reaches 6000 RPM, 

then the transmission will shift up one gear, which causes the engine speed to drop. If the 

engine speed reaches 1000 RPM, then the gear will be shifted down in order to raise the 

RPM. The gear change mechanism is much more complex in a real car, but since this is 

not the focus of this experiment, it will not receive more attention to detail. 

 The next function, getEngineTorque, can now determine the torque output 

of the engine based on the value computed from updateRPM. I made a text file to with 

the torque output for every 50 RPM between 1000 and 6000 RPM. The simulation uses 

this text file to look up the torque output at the current RPM. If the current RPM is 

between two torque values, then the function averages the two closest values to determine 

the torque output. 

 The getWheelTorque function acts as the virtual car’s transmission and 

determines the torque output at the wheel. As mentioned earlier the transmission 

multiplies the engine’s torque output, and thus this function uses the following equation: 

TW = TE * GCUR * GFINAL 

where TW is the torque output at the axle, TE is the engine’s torque output, GCUR is the 

current gear ratio and GFINAL is the final drive ratio of the axle. The engine and 

transmission are again much more complex, but since they are not the focus of this 

simulation, they do not require much detail [2]. 

 The next class of the simulation program is the Suspension class. This class 

determines how much of the weight is distributed to each wheel. This is where the 

wheelbase and track (the variables of this experiment) have the greatest effect. As stated 

earlier in this report the shifting of weight during acceleration is due to the inertia of the 
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car. More weight is shifted to the wheels opposite the direction of the acceleration. Thus 

when the car accelerates forward, weight is shifted from the front wheels to the rear 

wheels. If the car is turning right, then the two left wheels receive more weight than the 

two right wheels. In this scenario centripetal force is acting upon the car. Centripetal 

force is a force that keeps an object moving in a circular motion. For example, if a pebble 

is attached to the end of the string, and this is spun in a horizontal circle, what prevents 

the pebble from traveling in a straight line is the centripetal force, which is acting as the 

tension on the string in this example. Centripetal force always acts towards the center of 

the circle and keeps an object moving in a circular manner by changing the direction of 

its velocity but not its speed. On a car going taking a corner what makes the car turn is 

the centripetal force, which in this case is a frictional force acting on the tires. Frictional 

forces resist the sliding of two surfaces against each other, such as the tire and the 

ground. Most cars do not have weight equally distributed over the four wheels even at 

constant velocity. To express the weight distribution of such cars the F/R notation is used, 

where F is the percentage of the car’s weight that rests on the front axle and R is the 

percentage that rests on the rear axle at constant velocity. To maintain simplicity in my 

simulation, my virtual car will have an ideal 50/50 weight distribution. Also the springs 

of the suspension system can be safely ignored. The springs resist shifting of weight 

during acceleration, but this is a complex system to simulate and requires great processor 

speeds from the computer. The results of the executions of the simulation program are 

used for comparison with each other. Since the springs do not affect any of the results 

and acts as a constant, it can be canceled out of the equation. 



  

9 

 This class contains member variables that describe the suspension system. It 

contains variables that describe weight distribution at constant velocity, the overall 

weight of the car and most importantly the wheelbase and the track. The Suspension 

class also has a reference to an Engine object. A reference is a member variable that 

allows objects to communicate with each other, such as the Suspension and Engine 

classes. The Suspension class also has four Wheel objects that represent the wheels 

of the car. The implementation of the Wheel class will be discussed later in this report. 

 The member function, determineForce, computes the amount of the car’s 

weight that is distributed to each axle and thus plays the central role of this class. First 

this function uses its reference to an Engine object to determine the force that the all the 

wheels deliver to the ground. The torque force of the axle is converted to a linear force by 

the wheel when it pushes backwards on the ground, which pushes the car forward. This is 

true according to Newton’s Third Law of Motion, which states that for every force there 

is a force with equal magnitude but in the opposite direction. The following equation is 

used to determine the force that the wheel delivers on the ground: 

FW = TW / r 

where FW is the force that the wheel exerts on the ground, TW is the torque output at the 

wheel by the member function of the Engine object, getWheelTorque and r is the 

radius of the tire-wheel combination. This presents the longitudinal and lateral 

components of the force generated by the car and so is the magnitude of the force. 

Longitudinal is the direction that runs lengthwise through the car (forward and 

backward), while lateral is the direction the runs widthwise (left and right) through the 

car. Another parameter to this method is the steering angle, which is how much the 
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wheels have been rotated from the default bearing. With this angle the two components 

of the force can be calculated, but first the angle must be converted to radians according 

to the following equation: 

theta = (90 – steering) * PI / 180 

where theta is the angle in radians, Steering is the steering angle in degrees and PI 

is the constant 3.14159. steering is subtracted from 90 because the normal bearing of 

the steering is on the positive y-axis. After the angle has been calculated then the 

following formula can be used to determine the separate components of the force: 

Fx = F * cos(theta) 

Fy = F * sin(theta) 

where Fx is the lateral component of the force, Fy is the longitudinal component of the 

force and F is the magnitude of the force. Now that the components of the force have 

been determined the following equations are used to determine the weight distribution in 

the longitudinal direction caused by the longitudinal component of the net force. 

Wf = f * G – Fy * h / R 

Wr = r * G + * h / R 

where Wf is the weight on the front axle, Wr is the weight on the rear axle, f is front 

weight distribution at constant velocity, r is the rear weight distribution at constant 

velocity, G is the total weight of the car, Fy is the longitudinal force acting on the car, h 

is the height of the center of gravity and R is the wheelbase. This is where the wheelbase, 

one of the variables of the experiment, has its effect. From this equation I can infer that 

the longer the wheelbase is, the less weight is transferred during acceleration. The same 

rules apply to the later component: 
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W = 0.5 * G +- Fx * h / T 

where W is the amount of weight that is on the wheel, G is the total weight of the car, h is 

the height of the center of gravity and T is the length of the track of the car. The 

additional weight is either added or subtracted based which the car is turning. 

 After it has determined the weight distribution, the function determineForce, 

sends the weight on each wheel to the respective Wheel object along with the current 

velocity, which is calculated from the ideal force. The Wheel objects then return how 

much force they produce and push against the ground with. This function adds all of the 

results from the four wheels and returns the total force to the client function [1, 4]. The 

following figure illustrates the flow of data so far in the simulation. 

 

 

 

 The last major class in this simulation is the Wheel class, which determines how 

much force each wheel generates based on the weight on them. The tire generates forces 

by pushing and pulling on the ground and thus needs to “stick” to the ground. How much 

the tires stick to the ground is called traction. The simple friction formula, 

FA <= us * FN 

cannot be used to simulate a realistic physics engine. When a car reaches its maximum 

friction it starts to lost traction before it actually reaches peak frictional force. Also this 

model does not apply to a car that has both longitudinal and lateral forces acting on it at 

the same time. The amounts of longitudinal and lateral forces acting at the same time are 

inversely proportional to each other. Thus when the car is fully accelerating, it cannot 
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turn. Trying to do so would result in skidding of all the wheels. Tire dynamics is a vague 

area of study due to trade secrecy by tire manufacturers and ongoing research, but in my 

simulation I try to simulate them as much as possible. 

 The Wheel class contains all the information about the wheel of the virtual car. It 

has the radius of the wheel-tire combination and the longitudinal and lateral 

characteristics of the tire. 

 This class computes the longitudinal and lateral forces separately. First the 

getLongitudinalWheelForce function determines the longitudinal force 

generated by the tires. The longitudinal characteristics for my virtual car are as follows: 

b0 1.65 dimensionless 

b1 0 1/MegaNewton 

b2 1688 1/Kilo 

b3 0 1/MegaNewton 

b4 229 1/Kilo 

b5 0 1/KiloNewton  

b6 0 1/(Kilo Newton)2 

b7 0 1/KiloNewton 

b8 -10 dimensionless 

b9 0 1/KiloNewton 

b10 0 dimensionless  

Longitudinal tire characteristics. Source: [1] 

The nature of these characteristics is still under research and since the suspension is the 

primary concern of this research project, tire dynamics shall not be dealt with in great 

detail. These characteristics are used in the following formula to determine the 

longitudinal force: 
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Longitudinal force formula. Source: [1] 

The two parameters to this formula are the weight on the tire and the longitudinal slip 

ratio. This is determined by the following formula: 

 

Longitudinal slip ratio formula. Source: [1] 

where V is the current speed of the car and 

 and  

Loaded and free-rolling angular velocity: Source [1] 

where R is the loaded radius of the wheel. During acceleration the driving wheels come 

under heavy stress and they bend. Thus the radius of these wheels decrease and are 

smaller than Re, which is the unloaded radius of the tire-wheel combination [1, 2]. 

 Most of the rules apply to getLateralWheelForce function, which 

determines the lateral wheel force. This function uses the following lateral tire 

characteristics: 

a0 1.799 dimensionless

a1 0 1/MN 

a2 1688 1/Kilo 

a3 4140 N 

a4 6.026 KN 

a5 0 1/Degree 

a6 -0.3589 KN  

a7 1 dimensionless 

a8 0 dimensionless 

a9 -6.111/1000 Degree/KN 

a10 -3.224/100 Degree 

a11 0 1/MN - Degree 

a12 0 1/Kilo Degree 

a13 0 1/Kilo 

a14 0 N  
Lateral tire characteristics. Source [1] 

This function uses the following formula: 
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Lateral force formula. Source: [1] 

This formula has three parameters: the slip angle, the weight on the wheel and the camber 

angle respectively. The camber angle, , is assigned a value of 0.0 for this experiment, 

since it does not deal with camber angle. The slip angle is computed by the following 

formula: 

 

Slip angle formula. Source: [1] 

where W is the velocity of the contact patch with respect to the hub of the wheel. The 

contact patch is the area of the tire that is touching the ground and the hub is the center of 

the wheel. L is the slip velocity and is defined by the formula: 

L = V + W 

where V is the velocity of the car. 

 The final function of the Wheel class is the getWheelForce function, which 

combines the lateral and longitudinal force formulas with the following formula: 

, ,  

Combination grip formula. Source: [1]. 

With this formula the Wheel class returns the force delivered by each wheel [1]. 
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 Finally the Car class combines all the classes mentioned above into one entity. It 

contains an Engine and Suspension objects. It contains a loop, which simulates the 

progression of time through the simulation. Inside this loop it first invokes the 

updateRPM function of the Engine class and then invokes the determineForce 

function of the Suspension class. From the resulting force it can calculate velocity and 

position. 

 Now the program is complete and I can execute some testing scenarios. The first 

test I run is the acceleration test for 10 seconds with a wheelbase of .259 meters, which is 

about the wheelbase of a race car, and then with 2.56m and 2.62m wheelbases. Track 

does not affect longitudinal acceleration. Remember that these results are only used for 

comparison with each other and so are not very accurate if compared with real world 

examples. The first value of each entry is the lateral component and the second is the 

longitudinal component [1]. The following are results from the simulation, where 

distance is measured in meters and velocity is measured in meters per second. 
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Acceleration with 2.59m wheel base.   Acceleration with 2.56m wheel base.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Acceleration with 2.62m wheel base. 
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From these results I can deduce that when the wheelbase is shorter more weight 

transfer will occur, which will result in quicker acceleration. The next test determines the 

effect of wheelbase when taking a curve. The throttle input remains the same as last time 

but now the steering angle 5.0o. 

  
Accelerating curve with 2.59m wheelbase.    Accelerating curve with 2.56m wheelbase. 

Accelerating curve with 2.62m wheelbase 
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From this set of results I can conclude that longer wheelbase result in understeer, 

when taking a corner while accelerating. The next test determines the effect of track on 

cornering ability. The next test is almost like the last test except that the wheelbase 

remains constant at 2.59m, but the track will differ. The throttle and steering input will be 

the same as the last test. 

 

 
Accelerating curve with 1.63m track.  Accelerating curve with 1.6m track. 
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Accelerating curve with 1.66m track. 
 
 From these results I conclude that wider track has a higher tendency to understeer, 

while shorter track has a higher tendency to oversteer. Thus shorter and longer track each 

have benefits and liabilities. Wider track causes the car to go towards the outside of the 

curve but is more stable. Shorter track causes the car to go towards the inside of the 

curve, which would give a more optimal line of attack, but it also has a higher likelihood 

of causing a spinout. Like track different wheelbases have different strengths and 

weaknesses. Shorter wheelbase results in improved acceleration but also causes oversteer 

when cornering. Another conclusion I have reached through this experiment is the value 

of simulations. Again these results can only be compared with other results from my 

simulation. They may not match real world examples, because I omitted some parts of the 

car from my simulation in order to keep the level of complexity down. Conducting this 

experiment in the real world would be nearly impossible, but the computer provides an 

ideal environment that can be used to find the answer to nearly any kind of physical 

phenomenon. 
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