Optimization of Path-Time of a Formula 1 Vehicle on a Race Track

Jackson Goenawan, Vedansh Goenka, and Robert Griswold

May 12th, 2022

1 Introduction

1.1 Formula 1

Formula 1 (F1) is the highest level of open-wheel racing. It includes the world’s most skilled drivers and the
manufacturers develop unique, specialized cars for this specific purpose, as opposed to other classes of racing where
the cars are based off of street cars. Formula 1 has developed into a form of a professional sport. The season
is around 8-9 months long and consists of roughly 22 races, namely “grands prix”. There are 10 manufacturing
teams with 2 drivers competing within each team, totaling 20 cars in a race. Grands prix consist of three parts:
free-practice, qualifying, and the consequent main race. Qualifying rounds determine the starting position of the
cars for the race itself, and it is this qualifying session that we are going to be focusing on. Qualifying is where
each driver goes out on the track, on their own, with no other cars on the track to set the fastest lap-time they
possibly can without any interference. The slowest 5 are eliminated, and the process is repeated until the order is
determined. We are focusing on this qualifying lap because there are no other drivers, or obstacles, to work around.
It is just the car and the track.

1.2 Racing Line

A contentious area of F1 races, and all racing, is the optimal path through a corner, and thus, through an entire
track to minimize total lap-time. This theoretical path is what we will refer to as the racing line. In the racing
community, it is often accepted that the racing line through an isolated corner will be the path with the largest
overall radius, allowing for maximum speed throughout the corner. However, the geometry of the corner itself
and the context of the track around it alter this theoretical path. Formula 1 tracks are compiled of three distinct
components: corners, straights, and chicanes. Corners are curved portions of the track in a single direction, straights
are straight portions of the track, and chicanes are two corners lined up end to end in opposite directions. The
objective of this project is to determine the racing line through a specific corner.

2 Governing Equation

2.1 Derivation

From Newton’s Second Law:

ZF:m*a (1)

Creating a vector sum for the net forces in the X and Y directions and setting them equal to the force of friction
on the tires:
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2.1.1 Variables

Ha = % pSCy, | rolled coefficient of aerodynamic negative lift

Up = %pCDA rolled coefficient of aerodynamic drag
UE coefficient of friction
r radius of discretized track location
Al angular displacement through path

mass of vehicle

g gravitation acceleration constant

2.1.2 values

ta | 0.150698949°
m 905”
p | 0.1283116397
1253 17‘\

Assumptions

There is no camber. Camber is simply how banked a corner is. For the purposes of this project, we are
assuming that the track is completely flat.

It is a static car. We are concentrating all the forces on the car to the center of mass. This allows us to
compile everything in one equation and eliminate any torsional forces across the car and unequal forces
across the tires as a result of weight transfer and to assume that drag, lift, friction, and gravity all act at the
same place, the center of mass. In reality, these forces would reduce the efficiency of the car through the
turn.

The conditions of the car are constant, meaning that the coefficient of friction between the tires and the
track is constant, the rolled coefficient of aerodynamic drag is constant, and the rolled coefficient of
aerodynamic negative lift is constant. In reality, the tires would both wear down and heat up, changing the
coefficient of friction. Additionally, the Drag Reduction Systems on Formula 1 vehicles makes the coefficient
of drag and the coefficient of aerodynamic lift variable.

The track conditions are ideal and constant. In reality, certain areas of the track have different coefficients
of friction between the track and the tires due to rubber on the track, water, and temperature.



3 Implementation

3.1 Discretization of the Track

To utilize our governing equation, we discretized the corner into many small arcs. From there, we can determine
the path with the shortest change in time to either the next cell on the current radius, or to the adjacent cell on
either side. Running this repeatedly, we generate the fastest path through a single corner. For our benchmarking,
we will be using the first 2 corners from the Jeddah Grand Prix.

Overlaying a grid onto an overhead image of the corner, we can use the rear width of the car, which is a specified
length according to the FIA Formula 1 regulation manual, to obtain the dimensions of the track using Fusion 360:




Next, we overlay arcs, lines, and splines to define the track. We then split up the track based on the discretization
parameters:




Once the track is split up, we extract the radius, the change in theta, and the change in radius as you move in
and out of the track

3.2 Creating the Matrix

Using the information extracted from the discretization of the track, we create a matrix for this corner. For this
instance, it is 9 by 40, representing the 9 possible positions across the track laterally and the 40 steps through the
corner. Each cell in the matrix, represented below, has the radius and delta theta for that individual segment of
track.

(r,0)0,0, (1001, ... (r,0)0s
(T,9)1,07 (r, 9)1,1, (7",9)1,8
(r,0)39,0, (r,0)39,1, ... (r,0)3938

3.3 Generating the Path

To generate the fastest path, we take the current position of the car on the track, and then calculate the three cells
it can travel to. The possible positions are in the next row, in the same column as the previous position, or the
two cells adjacent to it. This generates three different paths, each with a different radius. Calculating the change
in time required to travel to each of the three positions, we choose the path with the smallest change in time.

Running this 40 times, we generate a full path through the corner. Our resulting path starts from the outside and
cuts into the inside of the track before cutting back to the outside of the track.



3.4 Benchmarking

When overlaying this onto the actual path of the Formula 1 cars, we find that the general path aligns with the
vehicles’ paths. The photo imaged below shows some cars differing from the optimal path, as the photograph was
not from qualifying. Instead, the other cars on the track added complexity and acted as obstacles, altering the
optimal path of the vehicle.




In this theoretical model with the ideal car and track conditions, we obtained a time of 2.75 seconds to travel
through the corner. Lewis Hamilton, a Mercedes Formula 1 driver, took 3.2 seconds to travel through the corner
in his qualifying lap. The difference between the theoretical and actual time is most likely due to the car and the
track not being ideal. In our model, the track conditions are perfect and constant, while the car lacks any
torsional forces and imbalances.

3.5 Improvements

There is a lot that we can continue to do and improve with this project. Firstly, we can vary the track conditions
at each discrete point, allowing us to simulate the effect of rubber being embedded into the track, increasing the
coefficient of friction over a specific area, or to simulate rain on areas of the track. Secondly, we can discretize a
full track rather than a specific corner to get the optimal path for the entire lap. Additionally, we can ”look
ahead” using the Runge-Kutta 4 method to effectively test every possible path throughout the track and obtain a
more optimal line when considering more than just a single corner. Finally, we can remove some of the
assumptions we made that most likely had a large impact on the results.


https://www.youtube.com/watch?v=ugJ-rYS-9JU
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