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.
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It is generally accepted that, when the center of gravity is lower, less weight
transfer occurs. | 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



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, |
plan to build a computer simulation to act as the environment and the car. This gives me a
stable controlled environment in which | can manipulate hold everything constant except
for the variables. The simulation would also cost much less. So | will a computer
simulation to test the effects of different wheelbases and track on the traction of the car.

Before | 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



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.
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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



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 | 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



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 | 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.



The updateRPM function updates the current engine speed based on the throttle
input. Thus this function takes in the throttle asa 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:

Ser = Sei + (g * 3000 * tgerta)
where Sgr is the new engine speed in RPM, Sg; is the former engine speed in RPM, g is
the throttle parameter from the client and tgerta 1S 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 |



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. | 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 getWheel Torque 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 * Geuwr * GrinaL
where Ty is the torque output at the axle, T is the engine’s torque output, Geuyr IS the
current gear ratio and Ggynac 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



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.



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 7/ r
where Fy is the force that the wheel exerts on the ground, Ty, 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



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) * Pl / 180
where theta is the angle in radians, Steering is the steering angle in degrees and P1
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 Fy 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.
We=F *G-F *h /R
We=r*G+*h/R
where W is the weight on the front axle, W, 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=05*G+-F,*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.
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The last major class in this simulation is the Wheell 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 * Fy
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 | try to simulate them as much as possible.

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

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:

bo 1.65 dimensionless be = 0 1/(Kilo Newton)?
by 0 1/MegaNewton b; = 0 1/KiloNewton
b, 1688 1/Kilo bg | -10 dimensionless
b3 0 1/MegaNewton bg = 0 1/KiloNewton
by 229 1/Kilo bio| 0 dimensionless

bs 0| 1/KiloNewton

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:

F,(o,8,)= Dsin|b, ™ {55+ E[1an™ (57)- 58]} )+ 5,

D= ;;,1,45;__ = [&rﬂ "E’z}Fz: 5= l:é’;tFr "'E’i]EKPE'é’ﬁFz)ﬁ’m f‘ﬁl.""ﬁ;-' iy )
E=(B T2 +8,F +h), S=(100 o+&,F, +by), & =constnt

It
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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:

P . .1.”‘";{-‘-'_’5r
s | TR z

Longitudinal slip ratio formula. Source: [1]
where V is the current speed of the car and
o=V[R 4 an=F[R
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:

ao 1.799 dimensionless az 1 dimensionless
a1 0 1/MN as 0 dimensionless
az 1688 1/Kilo ag | -6.111/1000 Degree/KN

as 4140 N aio -3.224/100 Degree

as 6.026 KN ain 0 1/MN - Degree
as 0 1/Degree a2 0 1/Kilo Degree
as  -0.3589 KN ai3 0 1/Kilo

ais 0N

Lateral tire characteristics. Source [1]

This function uses the following formula:
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5;. (e, B, 7] =Dain (at,l:an"[ﬁﬂ‘ + E[?m'l[S‘EIi —ﬂ]])*—&
D= B =(afF, +a3)F,, B=aysin [2 ban ™ (Esﬁx{)](.'l - |?'|}/.:xn (@F, va,) E,
E=¢E‘Fz+ﬂ?’ S=mde§ees*ﬂﬂrégees+ﬁi‘ﬂ*ﬁm
oy = [tﬂluﬁz + Gy 3 ) Fages * “ﬂ]ﬁ- * g

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, 7, 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:

I
& = tan [E.,..-W;_]

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:

P = e *"Tiwiﬁﬁtﬂi’ 5 (na)=~%,(2)

Combination grip formula. Source: [1].

With this formula the Whee I 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 | 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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Time elapsed: 1 seconds
VELOCITY: @.8, 3.1227665735955186
POSITION: 8.8, 3.1227665735955186

Time elapsed: 2 seconds
UELOCITY: A.8, 9_588698992223321
POSITION: 8.8, 12_71146556581884

Time elapsed: 3 second
UELOCITY: 8.8, 21. ?634429992423?
POSITION: 8.8, 31.3521419914653%

Time elapsed: 4 seconds
VELOCITY: 8.8, 46.6338%9363378485
POSITION: 8.8, 68.397336632946%92

Time elapsed: 5 seconds
VELOCITY: 8.8, 18A.685182652378922
POSITION: 8.8, 147.31987628689576

Time elapsed: 6 seconds
UELOCITY: BA.8, 235_.726617353638A3
POSITION: 8.8, 336.4118A0AB6H2895

Time elapsed: 7 second
UELOCITY: 8.8, 1352. 6@19826315933
POSITION: 8.8, 1588.3285999852283

Time elapsed: 8 seconds
VELOCITY: 8.8, 1823 _ 479981177156
FOSITION: 8.8, 2376.8817638087464

Time elapsed: 7 seconds
VELOCITY: 8.8, 6B1.9897762761327
POSITION: 8.8, 1785_ 4699581532886

Time elapsed: 18 seconds
VELOCITY: A8.8, 248.9576A325614617
POSITION: 8.8, 922 _ 9475882322788

Acceleration with 2.59m wheel base.

Time elapsed: 1 seconds

UELOCITY: 8.8, 3.1874672243236356
FOSITION: 9.8, 3.1874672243236356

Time elapsed: 2 seconds
UELOCITY: 8.8, 9.533511412483254
POSITION: B.8,. 12.64297863688689

Time elapsed: 3 seconds
UELOCITY: 8.8, 21.68528483029882

FOSITION: B.8, 31.138796242781275%

Time elapsed: 4 seconds
VELOCITY: B.8,. 46.21240053384166
FOSITION: 8.8, 67.81768536413968

Time elapsed: 5 seconds
UVELOCITY: A.8, 99.53411545579938

FOSITION: 9.8, 145_746515787641084

Time elapsed: &6 seconds

UELOCITY: 8.8, 231.92632283894474
FOSITION: 8.8, 331.46843829474434

Time elapsed: ¥ seconds

UELOCITY: 8.8, 1254.3881130223867
POSITION: A.8,. 1486 .3A64358612517

Time elapsed: 8 seconds
VELOCITY: B.8,. 218.6671931492193
FOSITION: 8.8, 2173.847386162526

Time elapsed: ? seconds
UVELOCITY: A.8,. 561.181467245803

FOSITION: 8.8, 1477.76866838608222

Time elapsed: 18 seconds
UELOCITY: 8.8, 32.4554885698933
POSITION: BA.8,. 593.5568678156963

Time elapsed: 1 seconds
UELOCITY: 8.8, 3.1363776263657613
POSITION: 8.8, 3.1363776263657613

Time elapsed: 2 seconds
UELOCITY: 8.8, 7.645310028814566
POSITION: 8.8, 12.781687725188527

Time elapsed: 3 seconds
UELOCITY: 8.8, 21.926845031323042
POSITION: 8.8, 31.571355138137608

Time elapsed: 4 seconds
UELOCITY: 8.8, 47.86832259375536
POSITION: 8.8, 68.99436762587841

Time elapsed: 5 seconds
UELOCITY: 8.8, 191 .876843451 38794
POSITION: 8.8, 148.9443668451433

Time elapsed: 6 seconds
UELOCITY: 8.8, 237.62615177546183
POSITION: 8.8, 341 .5721952268498

Time elapsed: 7 seconds
UELOCITY: 8.8, 1471 .2828006786874
POSITION: 8.8, 1710.92789524741493

Time elapsed: 8 seconds

UELOCITY: 8.8, 1148.6578225785074
POSITION: 8.8, 2619.248623277195
Time elapsed: 9 seconds

UELOCITY: 8.8, 821.1287314682322
POSITION: 8.8, 1769.78655484673%6
Time elapsed: 18 seconds

UELOCITY: 8.8, 430.4820492240517
POSITION: 8.8, 1251.6197806222842

Acceleration with 2.56m wheel base.

Acceleration with 2.62m wheel base.
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From these results | 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 5.0°.

Time elapsed: 1 seconds
UELOCITY: 1.8451154998487792, 3.1063645933622164
POSITION: 1.8451154998487792, 3.10863645933622164

Time elapsed: 2 seconds
VELOCITY: B.82262153746765172, 9.533181356207432
POSITION: 1.8677370305084389, 12.639545949569648

Time elapsed: 3 seconds
UELOCITY: B.7917542021743128, 21.62472972121006
POSITION: 1.8594912386827436, 34.26427567877971

Time elapsed: 4 seconds

VELOCITY: B.849319381390379544, 46.300784607330394

POSITION: 1.98881P548073123, 86.56526027861611

Time elapsed: 5 seconds
UELOCITY: B.618872116P895133, 99.84341888139595
POSITION: 2.527682656162636, 18@.4088679160006A5

Time elapsed: 6 seconds
VELOCITY: B.1239154929824412, 233.086669321382589
POSITION: 2.6515981491458775, 413.47537237383193

Time elapsed: 7 seconds
UELOCITY: B.42472499803844743, 1283.37403066068
POSITION: 3.876323147183525, 1696.8494A3834512

Time elapsed: 8 seconds
VELOCITY: B.086985201863976468, 949.44464102796814
POSITION: 3.1453751658232894, 2646.2948440624134

Accelerating curve with 2.59m wheelbase.

Time elapsed: 1 seconds
VELOCITY: 1.8451154998487792, 3.1198717506734357
POSITION: 1.8451154998487792, 3.1198717506734357

Time elapzed: 2 seconds
UELOCITY: @.822621537498386976, %.589313661138716
POSITION: 1.8677370365390861, 12.709185411812152

Time elapsed: 3 seconds
UELOCITY: 8.7917542021338583,
POSITION: 1.8594912386729443,

21.78581252347548
34.494997935287635

Time elapsed: 4 seconds
UELOCITY: @.84931938138098945, 46.73084972593198
POSITION: 1.90881854PA538538, 81.22584766121962

Time elapsed: 5 seconds
UELOCITY: B.6188721168533888,
POSITION: 2.5276826561072427,

181.81927984585681
182.24512750627645

Time elapzed: 6 seconds
UELOCITY: B.1239154938854457,
POSITION: 2.6515981491926883,

236.9616236729086
419.28675117918586

Time elapsed: 7 seconds
UELOCITY: B.4247249973917274,
POSITION: 3.8763231465844156,

1388.577763517981
1867.7845146271663

Time elapsed: 8 seconds
UVELOCITY: 0.8698519@719294357, 1@61.2809924252042
POSITION: 3.145375@853777359, 2869.B6550871223785

Accelerating curve with 2.56m wheelbase.

Time elapsed: 1 seconds

UVELOCITY: 1.0451154998407792, 3.0931667682642308
POSITION: 1.8451154998407792, 3.0931667682642308

Time elapsed: 2 seconds

UELOCITY: 0.8226215374375550128, 9.478468132453423

POSITION: 1.8677378364783343, 12.571626892717653

Time elapsed: 3 szeconds

UELOCITY: B.7917542022140862, 21.46884677828151
POSITION: 1.8594912386923483, 34.83767366299%104

Time elapsed: 4 seconds

UVELOCITY: 0.84931930139972687. 45.883707318761682
POSITION: 1.908818548@920665, 79.92358098176018

Time elapsed: 5 seconds

UELOCITY: GA.6188721161244124, 98.70867797702042
POSITION: 2.527682656216479, 178.63836077176438

Time elapsed: & szeconds

UELOCITY: @.12321549288296577, 229.33696437233536

POSITION: 2.6515781470924447, 487.9673251442997

Time elapsed: 7 seconds

UELOCITY: 0.4247249986558662, 1195.387788383574
POSITION: 3.876323147755311, 1683.3558335278737

Time elapsed: 8 seconds

UELOCITY: 0.86905219548162383,. 854.7218872853482
POSITION: 3.145375343236935, 2458.876928813214

Accelerating curve with 2.62m wheelbase
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From this set of results | 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.

Time elapsed: 1 seconds
UELOCITY: 1.P451154990487792, 3.1P63645933622164
POSITION: 1.8451154990487792, 3.1P63645933622104

Time elapsed: 2 seconds
UELOCITY: 8.082262153746765172, 9.533181356287432
POSITION: 1.8677370365084309,. 12.639545949569648

Time elapsed: 3 seconds
UELOCITY: B.7917542021743128, 21.62472972121006
POSITION: 1.8594912386827436. 34.26427567877971

Time elapsed: 4 seconds

Time elapsed: 1 seconds
UELOCITY: 1.A647114118262708, 3.1063645933622164
POSITION: 1.A647114118262788,. 3.1863645933622164

Time elapsed: 2 seconds
UVELOCITY: B8.023045691262270%62, 9.533181356207432
POSITION: 1.68877571030885418,. 12.639545949569648

Time elapsed: 3 seconds
UELOCITY: B.8065995911724493, 21.62472972121006
POSITION: 1.8943566942609%1, 34.264275678779°1

Time elapsed: 4 seconds

VELOCITY: ©.849319301398379544, 46.300984607836394 VELOCITY: B.85024403815278988, 46.300984607830374

POSITION: 1.988818540073123, 80.56526027861011

Time elapsed: 5 seconds
UELOCIT? #.6188721168895133, 99.84341888139595
POSITION: 2.527682656162636, 180.40867916800605

Time elapsed: 6 seconds
UELOCITY: B.1239154929824412, 233.86669321382589
POSITION: 2.6515981491458775, 413.47537237383193

Time elapzed: 7 seconds
UELOCITY: B.42472499803844743, 1283.37403066068
POSITION: 3.876323147183525, 1696.849403034512

Time elapsed: 8 seconds

UELOCITY: B.86985201863976468, 949.4446410279014
POSITION: 3.1453751658232894, 2646.2940440624134

Accelerating curve with 1.63m track.

POSITION: 1.944600732413781, §0.565260827861011

Time elapsed: 5 seconds
UELOCITY 0.6384759664788928, 99.84341888139595
POSITION: 2.5758766988926737,. 180.408679160006 05

Time elapsed: 6 seconds
UELOCITY: B.126238908A7159632, 233.P6669321382589
POSITION: 2.70131568696427, 413.47537237383193

Time elapzed: 7 seconds
VELOCITY: B.4326885989572593, 1283.37403066068
POSITION: 3.1348041979215294, 16%6.849483834512

Time elapsed: 8 seconds

UELOCITY: B8.07834671333881459, 949.4446410279014
POSITION: 3.204350911268344, 2646.2940449624134

Accelerating curve with 1.6m track.
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Time elapsed: 1 seconds
UELOGCITY: 1.A26227872233193, 3.0931667602642308
POSITION: 1.0826227872233193. 3.0931667602642308

Time elapzed: 2 =zeconds
UELOCITY: @.822212714585481568, 9.47846A132453423
POSITION: 1.8484405867386746, 12.571626892717653

Time elapzed: 3 seconds
UELOCITY: B.7774453935115206, 21.46804677028151
POSITION: 1.82588598A25M1952, 34.83%9673662999164

Time elapsed: 4 seconds
UELOCITY: A.A4842798885541@55, 45.8839A7318761A2
POSITION: 1.874313969185%6859, 79.92358A981760818

Time elapzed: 5 =zeconds
UELOCITY: B.6A76876819902636, 98.7067797982042
POSITION: 2.4820016510958696, 178.63A36077196438

Time elapzed: 6 seconds
UELOCITY: B.12167685665146974, 229.33696437233536
POSITION: 2.683677707747339, 407.9673251442997

Time elapzed: 7 zeconds
UELOCITY: B.4178492464240866, 1195.387708383574
POSITION: 3.8207269541714257, 1683 .3558335278737

Time elapzed: 8 =zeconds
UELOCITY: A.B678043145296619, 854.72188728534A2

POSITION: 3.BB85312687010877, 2458.876920813214 Accelerating curve Wlth 1.66m track.

From these results | 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 | 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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