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Simulink Modelling
After finishing my last undergraduate semester, I was motivated by my enjoyment of the subject “Systems 
Modelling & Analysis”. This pushed me to make the decision to learn Simulink in the summer break, since 
it was briefly mentioned during subject content delivery. I used various sources, including ChatGPT, to 
design a 4-module Simulink training course, aligned with my personal interests. Knowing that ChatGPT 
understands its capabilities better than I do, I gave it an initial prompt to create its own prompt, tailored 
the contents while keeping the depth, and requested a full study plan, with the initial prompt provided 
below.
While mainly sticking to the structure, I recognised during module 4 that I would learn more from building 
the active aero system of a vehicle at varying speed rather than a a simple velocity profile from a wind 
tunnel.
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Simulink Modelling

Initial Prompt:
Create a detailed prompt which fulfils the following criteria: “Develop 
a self-guided Simulink course based on my understanding of systems 
modelling. Include relevant YouTube videos and challenges with a 
focus on real-world applications”



¼ Car Suspension Modelling
I modelled a 2 degree of freedom ¼ car suspension using Simulink. The model captures the dynamics of a 
sprung and unsprung mass, spring and damping elements, and a road bump input. I implemented a 
parameter sweep in MATLAB to identify suspension parameters which achieve a target overshoot and 
settling time.

Base equations:
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Physical interpretation:

3

¼ Car Suspension



Simulink Diagram
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MATLAB Parameter Sweep

I wanted to set a target overshoot percentage (M_p) and settling time (T_s) for the suspension. Through a second 
order approximation of the system, I derived expressions for the damping ratio (zeta) and natural frequency 
(w_n) in terms of known values. However, I encountered challenges with achieving both goals at the same time 
due to the nature of the actual fourth order system. As such, I decided to focus on achieving a desired overshoot 
as I saw this to be the more important target.
Given the 10cm drop being modelled by the step input, I defined M_p to be 5%. After researching realistic ranges 
for the spring (k1) & damping (c1) constants in the suspension, I built a script which pushes each parameter pair 
(k1, c1) to the Simulink workspace, runs a simulation, extracts the output, and computes the peak response 
value. The value is stored in a matrix, then the matrix is converted to an overshoot percentage and compared to 
the target, extracting the spring & damping constants which gave the closest overshoot to the target.

Key concept for simulation loop:
for ik = 1:Nk
    for jc = 1:Nc
        assignin('base', 'k1', k1_list(ik));
        assignin('base', 'c1', c1_list(jc));

        simOut = sim(model, 'StopTime', '10');
        y = simOut.get('y_out');
        y_max_mat(ik,jc) = max(abs(y(:,1)));
    end
end

Key concept for parameter selection:
Mp_matrix = y_max_mat ./ bump_amp;
diff_matrix = abs(Mp_matrix - (1 + desired_Mp));
[min_diff, idx] = min(diff_matrix(:));
[row_idx, col_idx] = ind2sub(size(diff_matrix), idx);
best_k1 = k1_list(row_idx);
best_c1 = c1_list(col_idx);
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Results

Parameters: 
m1 = 300kg; m2 = 40kg; k2 = 190kN
Step amplitude: -0.01m @ 1s
Target overshoot: 5%

peak vals c1_1000 c1_2000 c1_3000 c1_4000 c1_5000

k1_10000 0.0137 0.0111 0.0093 0.0077 0.0070

k1_15000 0.0131 0.0108 0.0090 0.0074 0.0067

k1_20000 0.0126 0.0099 0.0086 0.0072 0.0064

k1_25000 0.0121 0.0100 0.0083 0.0070 0.0065

k1_30000 0.0117 0.0097 0.0081 0.0068 0.0063

Best match to 5% overshoot:
  k1 = 15000 N/m
  c1 = 2000 N*s/m
  Achieved overshoot = 7.50%
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Observations

Through exploring the ¼ car suspension model, I encountered significant variances with a single degree of freedom 
mass-spring model. With both chassis and wheel masses, the model now has 2 modes instead of 1, with the chassis 
responding slowly through the suspension system while the stiffness of the tire encourages quick responses. The step 
input excites both modes at the same time, however the chassis responds with a low frequency while the wheel 
responds with a higher frequency.

As such, the general 2nd order rules determining overshoot and settling time no longer hold. While for a one-mass 
system changing k and c predictably shifts overshoot and settling time, the two-mass suspension also change the 
strength of interaction between modes. Increasing stiffness or damping in this case affects not only body motion, but 
the way energy is transferred through the wheel mode. Thus, overshoot can increase or decrease based on the 
alignment of modes, even if the suspension damping ratio stays the same.

 The ¼ car behaves exactly as a real suspension would, where you cannot independently tune overshoot and settling 
time using only the suspension. Improving one usually worsens the other because the two modes pull the system in 
different directions. This complexity represents one of the fundamental compromises in suspension design.
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Wind Tunnel Fan & Actuator Modelling
I constructed a DC motor model and PID controller from first principles. I explored how these systems 
behave under both position and angular velocity control. The models took an input signal dictating wind 
speed, and controlled the voltage to the motor to achieve the desired output. Controller constants were 
experimentally adjusted to minimise overshoot and rise time.

Base equations:

DC Motor
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Physical interpretation:
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Simulink Diagram – Wind Tunnel Fan
J = 0.02; 
b = 0.02;
K = 0.15;
R = 1.2;
L = 5e-3;

K_P = 500;
K_I = 0;
K_D = 60;

DC Motor: PID Controller:
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Results

Fan (ref. sig. 30 m/s at t = 1s)
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Observations

Building the DC motor allowed me to observe the interaction between coupled electrical and mechanical systems, and allowed as a 
familiar foundation to begin exploring system controllers. I chose to start by building my own PID controller (with proportional 
constant KP, integral constant KI and derivative constant KD), to gain a better understanding of its behaviour in different cases through 
experimental testing. In each case, I aimed to keep overshoot within 5% and have a settling time within 1s.

For the wind tunnel fan, I started by exploring how the controller behaved in the absence of saturation, noting that KP dictated rise 
time and general behaviour, KI adjusted the steady-state value and KD reduced overshoot. However, lack of saturation is unrealistic, 
and so voltage was bound between ±230V. This significantly altered the behaviour of the system, where the controller could only act 
as an integrator for the first part of the system and fan speed rose linearly. Once the back emf of the system reduced the required 
voltage to below saturation values, the dynamics became smooth and well-damped as all three controller gains were available. I had 
to include a gain block on the output of the DC motor, since the motor system outputs the fan angular velocity while I wanted the 
wind linear velocity, deeming a scalar multiple to be adequate in the case of this system.

In general, it can be said that the proportional term determines how quickly the controller pushes the motor when voltage is 
available, the integral term modifies the long-term behaviour, and the derivative term impacts the system behaviour when rapid 
changes occur. In practice, these rules can be affected by applying saturation and bounding the voltage, constraining the system to 
behave differently.
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Cruise Control Modelling
I designed the cruise control system for a nonlinear vehicle model. In designing and tuning the PI 
controller, I explored the importance of saturating outputs and implementing anti-windup. The model has 
a variable initial velocity, a cruising speed of 100km/h for the controller reference, and additional 
resistance introduced after system stabilisation to observe adjustments.

Base equations:

Vehicle
%>̇ = ?(#12, 	− 	?(#'3 − ?41%%

?(#'3 =
@(AB
2 >"	 ?41%% = %Dsin(,41%%)

Controller
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Physical interpretation:
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Simulink Diagram
rho = 1.2; 
g = 9.8;
A = 2;
Cd = 0.3;
m = 1200;

v_init = 60;
eng_power = 6000;
grade = 10; 

K_P = 1200;
K_I = 400;
K_D = 0;
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Results – extra resistance from 10% hill at 25s
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Observations

While setting parameters for the PI controller, I experienced significant difficulties in achieving no overshoot and a reasonable 
settling time. This turned out to be a result of enforcing an engine force limit through the saturation block, resulting in a large error. 
While the controller output was bound by saturation, the integrator kept storing this large speed error which resulted in huge 
overshoot and slow recovery after the controller exited saturation. This led me to explore the importance of anti-windup for saturated 
controller systems. 

As shown in the base equations, anti-windup is an additional term in the integrator. When the required input !!"# is less than the 
saturation limit, !$%& = !!"# and the anti-windup factor is zeroed out. However, when !!"# > !$%& the difference is multiplied by a 
factor Kaw and removed from the total error. With the implementation of anti-windup, the model could accelerate to the cruise speed 
without overshoot, and recover quickly and realistically from any changes in resistance while respecting the engine limitations. While 
I experimented with increasing and decreasing Kaw, keeping it at 1 gave a result consistent with the desired behaviour. 

Modelling this system opened my eyes to the importance of anti-windup in a PI controller to reduce the error being integrated. It 
highlighted the importance of saturation boundaries along with KP and KI constants, and how misleading the output of a controller 
can be when dominated by saturation. It also reinforced the idea that a PI controller is only reliable when its internal states are 
consistent with what the system can physically achieve, directly aligning with the role of anti-windup.
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Active Aero Modelling
I developed an active aero controller that adjusts wing downforce based on vehicle acceleration. A 
differentiated and smoothed braking signal maps braking magnitude to a desired downforce level, which is 
converted into a reference force. The actuator is modelled as a first-order lag, and a feed-forward term 
provides the ideal wing angle based on current velocity and target downforce. This structure allows the 
system to track braking-dependent downforce commands smoothly and predictably.
Base equations:

Wing

F8 =
1
2AB(@9: + @9!,)>

"

Controller
; 1 = .- ⋅ 8 1 + H(1) + ./ J 8(1)̇H(1) = ..8(1) + .'5(;6'$ − ;#,7)

Physical interpretation:

NASA models drag as approximately linear between low and 
high angles, with a small constant due to skin friction. Thus, I 
have chosen to model drag with a constant factor added to a 
factor varying with angle, CL0+CL1!
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Simulink Diagram
K_P = 500e-6;
K_I = 5000e-6;
K_D = 100e-6;

A = 1.5;
m_car = 1200;
C_L0 = 0.01;
C_L1 = 0.2;
df = m_car*g*df_fact

a_max = 20;
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Results

Above – Velocity input (m/s); Below – Actual & ref. downforce (N); Above – Smoothed braking forces (m/s^2); Below – Wing angle (deg)

18

Active Aero



Observations

Modelling an active-aero system drove me to consider how aerodynamic forces, mechanical dynamics and control structures 
interact. Translating braking behaviour into meaningful downforce demand meant converting a velocity profile into acceleration 
before I could think about how to map it to a reference downforce. Early variations highlighted errors in modelling, where unrealistic 
constants and sign errors resulted in inconsistent scope readings. With these issues resolved, the behaviour of the controller could 
be explored. Modelling an instantaneous actuator response would result in drastic angle changes, and so a lag term of $ = '

($)' was 
introduced to capture the finite speed of a physical system, where % represents the time taken for the actuator to reach 63% of it’s 
final value.

Introducing a ”feed-forward” term challenged my interpretation of how a PID controller works. Initially, I thought this term was 
overloading the controller with downforce it had to counteract. Once I understood its role of calculating the ideal output from the 
reference downforce, it re-framed the PID as a tool for “fine-tuning” rather than dictating. With accurate coefficients, the feed-
forward term aligned with the reference signal almost immediately and allowed the controller to correct small tracking errors, 
producing a response that reliably followed braking events. The variances between the “reference downforce” and “wing aero” are a 
result of the CL0 coefficient creating downforce due to velocity.

Building this system highlighted how much structure lays underneath a deceptively simple control task. Learning about feed-forward 
was crucial in my understanding of control, providing the system with an informed estimate of the required output to reduce PID 
workload. By trimming small variances rather than fighting large errors, the controller response is stabilised and allows the system to 
behave predictably under rapid change. Pairing this with physical properties like actuator lag and the drag model clarified the 
importance of using prediction alongside correction in a controller to built stable systems.
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F1 in Schools (now STEM Racing)
F1 in Schools is the premier STEM competition in the world for students aged 9-19. Teams of 3-6 members design and manufacture a 
miniature Formula 1 car using CAD/CAM design tools. These cars race along a straight 20m track, powered by CO2 and tethered by a 
nylon wire. Teams also collaborate with industry partners to secure funding and mentorship across state, national, and world finals 
where they are judged across racing, exhibition displays, verbal presentations, and engineering, enterprise & project management 
portfolios.

The project management portfolio documents the team’s journey towards the competition. Assessment covered the project’s 
initiation processes, planning, executing, and monitoring & controlling. The subsequent pages include that portfolio, which I was 
responsible for producing to compete in the 2023 F1 in Schools World Finals in Singapore. This work received top marks and was the 
team’s highest scoring project element, contributing to our placing 17th out of the 68 teams who qualified to compete Additionally, I 
played a significant role in our car’s design. My contributions to the team’s engineering is shown on the pages following the project 
management portfolio.

Through my role as the team’s project manager, I was able to introduce a new paradigm to my engineering toolkit. The experience 
forced me to consider the structure of complex engineering tasks, how dependencies & risks are identified, and how resources, 
timelines & roles interact within a larger project. I learned how to anticipate bottlenecks, build processes which keep technical work 
aligned with project objectives, and translate high-level goals into actionable, measurable tasks.
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PROJECT MANAGEMENT
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Dynamics MCEN90038

As a part of this subject, we were asked to model a gyroscope with three degrees of freedom, 
demonstrating both precession and nutation.
This involved determining rotation frames, angular velocities, inertia tensors for each gyroscope body and 
constraint forces at each joint, then writing Newton-Euler expressions to determine the equations of 
motion. Solving for the angular positions and velocities used MATLAB to create a state-space 
representation of the equations of motion and the ode45 function to solve for the positions and velocities. 
With these values, we could also create a simple animation to compare our model against a video of the 
gyroscope. Accuracy was determined by plotting the model outputs against experimentally determined 
sensor data. 
In order to model the system, reasonable assumptions had to be made for simplification. Although 
immediate correlation was quite high between the physical and mathematical models, these assumptions 
meant that the models began to diverge across longer time windows. Primarily, assuming a lack of bearing 
friction and constant rotor speed in the model meant that it would never slow down compared to the 
physical model
The following slides contain MATLAB outputs visualising the correlation between my experimental setup 
and mathematical model.
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MATLAB output comparing animation with video
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Graphical comparison of 
model output with sensor 
data
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Mechanical Systems Design MCEN30021

Through this subject we were put into groups of three, and tasked with designing and constructing an 
amusement park ride for 2 LEGO figures. 
My group built a variation of a “dual pendulum” ride, where two arms swing back and forth in opposing 
directions. Upon starting with a button, an infrared sensor detects when the arms are in a vertical position 
and sends a signal to the motor to pulse for a short period to inject speed into the arms. This leads to a 
natural swing pattern, allowing the 2 LEGO riders to fall under the force of gravity before being sped up and 
pushed higher by the motor. The ride can be stopped via the same button, and if the ride arms experiences 
speeds higher than intended, it will automatically shut off the motor and allow the arms to come to rest in 
a controlled manner. 
All team members were expected to understand every design aspect, including Computer Aided Design 
(CAD), manufacturing, circuit building, and Arduino code logic. We determined that, while each member 
would learn all design aspects, splitting responsibilities would be the best use of resources. I focused on 
designing the ride in CAD, as well as elements of manufacturing.
The following slides contain photos of the final assembly and some of the engineering drawings I produced 
for our final report, along with an exploded view and bill of materials
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“LEGO Scissors” ride
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Mechanics and Materials MCEN30017

The largest assessment task of this subject was on the theory and application of Finite Element Analysis. 
FEA theory was explored through first principles hand calculations and a numerical MATLAB based 
simulation, and then practiced at full scale through the design, meshing, loading, and optimisation of a hip 
implant in SolidWorks.

The analytical component developed a first principles understanding of FEM by deriving element stiffness 
matrices, assembling the global system, and solving for nodal displacements and axial stresses in 
selected truss members, with MATLAB used to verify the numerical results. The numerical PDE study 
extended this into a continuum setting through a parameterised MATLAB model of a square plate with a 
central hole. The aim was to identify the d∕w ratio at which the numerical stress concentration matched 
the analytical 3:1 value, achieved by generating geometries, automating meshing, extracting stress fields 
across widths from 2 to 20 mm, and validating the result against a 3D SolidWorks simulation.

The design and simulation task applied FEA to a biomedical implant by constructing a full 3D hip implant 
model in SolidWorks from engineering drawings, assigning material properties, and applying a 1500 N load 
to simulate walking. Mesh sensitivity analysis identified the neck as the critical region and established a 
0.3 mm local mesh as optimal. Stress visualisation isolated a neck hotspot, and a design study reduced 
peak stress through targeted geometric changes.

42

Mechanics & Materials



43

Mechanics & Materials



44

Provided engineering drawings for hip implant design
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CAD model built from 
provided engineering 
drawings
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Mesh Sensitivity Analysis for implant 
neck – 0.3mm selected as balance 
between run time and accuracy
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Design study assessing 
optimal neck thickness 
& fillet size for minimal 
stress
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1. The original flight controller was a proprietary, 
undocumented PCB with no exposed programming 
interface. Reusing it would have introduced unknown 
dynamics, hidden firmware behaviour, and unquantifiable 
timing constraints.

To maintain model–implementation traceability, the 
controller was replaced with a custom-designed board with 
a known MCU, IMU, and power architecture.

2. Initial investigation explored retrofitting autonomy onto a 
coaxial helicopter airframe. Mechanical stabilisation, 
limited control authority, and sensor packaging constraints 
motivated a platform change. A quadrotor airframe was 
selected to align vehicle dynamics with the desired 
autonomous mission, while retaining a fully custom control 
system and electronics design.

3. A commercial quadrotor platform was used as a 
mechanical testbed. The stock flight controller was 
replaced due to undocumented firmware, unknown control 
logic, and lack of sensor access. A custom controller was 
designed to enable full model-based control and onboard 
autonomy
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Mission definition: The vehicle is required to execute a fixed, closed set of 
behaviours in sequence, with no expansion of scope. These behaviours are 
takeoff to a controlled height, steady hover, a yaw spin in place, a square 
trajectory defined by commanded horizontal velocity combined with a yaw 
profile, a figure-eight trajectory with coupled velocity and yaw shaping, and a 
controlled landing. No additional manoeuvres, recovery modes, or autonomy 
features are included beyond this sequence.

Sensing stack: An IMU provides attitude estimation and yaw rate, a time-of-
flight sensor provides altitude above ground, and a PMW3901 optical flow 
sensor provides horizontal velocity relative to the ground. There is no absolute 
position measurement in x or y, position exists only implicitly through time 
integration of velocity, and no external references such as GPS, beacons, or 
vision-based mapping are part of the architecture.

Actuation architecture: The platform uses four brushed DC motors driven via 
low-side MOSFETs. Motor control is unidirectional only, with no reverse 
capability, and no electronic speed controllers are used. All control authority is 
achieved through differential thrust modulation within these constraints, and 
no changes to this actuation approach are permitted once this phase is 
complete.


