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1. [bookmark: _Toc226751013]Introduction
1.1. [bookmark: _Toc226751014]Overview
In the adrenaline-fueled arena of motorsport, transforming a rider’s instinctive “feel” into clear, objective data is crucial for modern chassis development. This report delves into the technical evolution and performance scrutiny of the UWTSD Kawasaki ZXR750, a classic superbike being revamped for today’s racetrack regulations and demands.
While mechanical adjustments continue to hold importance, the modern racetrack culture is moving towards the integration of an Advanced Data Acquisition (DAQ) system, which enables engineers to measure motorcycle dynamics, such as suspension movement, braking power, and lean angles, helping to enhance both machine dependability and rider performance. This project seeks to unlock the full racing potential of the ZXR750 by melding historical racing expertise with cutting-edge sensor technology.
1.2. [bookmark: _Toc226751015]Objectives
The key goal for this evaluation is to have thorough knowledge about motorcycle performance analysis and its system integration. Thus, there will be four main goals set for this report:
· Comparison of Rider Telemetry: Comparative study of telemetry between three professional riders, Simon Crafar, John Hopkins, and Garry McCoy at Donington Park for identifying differences in their riding skills and vehicle reaction.
· System Design: Development of a unique design of a data logging system for the Kawasaki ZXR750, choosing necessary sensors, their location, and sampling rate, in order to have reliable data collected.
· Practical Testing: Recording the implementation process of the system in the workshop and finding solutions for arising problems.
· Performance Evaluation: Conducting a critical assessment of the system performance after testing, identifying technical successes, and proposing refinements for the design in the future.


2. [bookmark: _Toc226751016]Rider Telemetry Analysis
2.1. [bookmark: _Toc226751017]Methodology
The first step in this performance analysis involves a comparison between three different riding styles at Donington Park. The dataset includes three top-level riders: Simon Crafar, John Hopkins, and Garry McCoy, all of whom ride 500cc two-stroke superbikes. Information provided by telemetry data from Donington Park is especially interesting as it holds a diverse layout which features high-speed and flowing Craner Curves that put the chassis’ stability and edge grip to the test, and the stop-and-go features of Melbourne Loop, where effective braking and corner entry acceleration are key.
To analyse the performance of the riders effectively, the software being used (2D WinARace) will have the following telemetry channels should be considered:
· GPS speed vs distance: To reveal late braking and minimum corner speed markers.
· Throttle Position (TPS): To find out whose corner exit is the most aggressive and who reaches maximum throttle fastest.
· Brake Pressure: To analyse the transition from high-deceleration to trail-braking through the apex.
Using this data together, one will be able to establish where one can gain or lose time. The approach is focused not only on determining which rider has a better lap time but also takes an engineering point of view on motorcycle performance. This way, specific advice on rider training or machine settings (e.g., gearing or damping) can be recommended and then implemented as seen fit.
2.2. [bookmark: _Toc226751018]Evaluation of Riding Behaviour
 Analysing diverse riding behaviours validates how effective the Data Acquisition system is. Comparing a “high momentum” rider like John Hopkins against a more “conservative” style like Simon Crafar demonstrates how the system’s sensitivity to subtle differences in brake modulation and throttle application. From a Data Technician’s perspective, this transforms raw telemetry from a simple machine into a diagnostic benchmark. By establishing these standards, the system becomes a tool for identifying performance “bottlenecks” within the human-machine interface, providing objective evidence to bridge the gap between rider feel and mechanical data.
[bookmark: _Toc226747329]Figure 1: Legend
[image: ]
[bookmark: _Toc226747330]Figure 2: Map of Donington Park
[image: Track Map]
The telemetry for this analysis was captured at Donington Park using a dataset from three riders, John Hopkins, Garry McCoy, and Simon Crafar, operating 500cc two-stroke Grand Prix motorcycles. These machines, characterized by high power-to-weight ratios and narrow power bands, provide a rigorous environment for testing the DAQ system’s sensitivity. By evaluating such distinct technical approaches, the project demonstrates the system’s ability to differentiate between subtle variations in rider technique. The high-speed nature of Donington Park ensures that the recorded data provides a high-fidelity account of complex chassis and engine dynamics under racing conditions.
[bookmark: _Toc226747331]Figure 3: Redgate to Craner Curves
[image: ]
Analysis from Redgate to Craner Curves highlights how riders manage the volatile 500cc power delivery. Garry maintains high rolling speed to compensate for minimal engine braking, with telemetry showing a balanced chassis and early throttle application to stay within the power band. Whereas John’s deeper fork compression and high RPM peaks indicate an aggressive late-braking style that risks chassis instability.
The 2D traces identify shift efficiency as a key differentiator: Garry’s RPM spikes align perfectly with the power curve, whereas Simon’s lower peaks and jagged speed traces indicate he is falling out of the narrow operating window. During the high-speed descent, Garry’s optimized gear selection utilizes engine inertia for gyroscopic stability and drive, while Simon’s incorrect gearing leaves the machine underpowered and unstable through Craner Curves.
[bookmark: _Toc226747332]Figure 4: Starkey's Bridge to McLeans
[image: ]
The sector from Starkey’s Bridge to McLeans highlights a critical relationship between chassis stability and engine frequency. Garry maintains a high rolling speed (95.5km/h), keeping the engine within the power band during acceleration. In contrast, Simon’s RPM drops to 6240 u/m, resulting in a sluggish exit of 67.8km/h. Telemetry at McLeans entry reveals Simon’s “cascading” performance error: having fallen out of the power band, he attempts to recover time via aggressive late braking. This generated 4.8 bar of pressure and 116.4mm of fork compression, overloading the front-end geometry and compromising the motorcycle’s transition to the apex.
[bookmark: _Toc226747333]Figure 5: Coppice Exit to Fogarty Esses
[image: ]
The transition from Coppice to the Fogarty Esses benchmarks aerodynamic efficiency and high-speed stability. Garry’s linear velocity profile suggests an optimized aerodynamic tuck and engine resonance. Conversely, John’s telemetry reveals high-frequency oscillations at terminal velocity, identifying a chassis “weave” likely induced by aerodynamic turbulence. The sector concludes with a high-G braking event; while Simon exhibits a conservative, gradual deceleration gradient, Garry and John display much sharper velocity drops, utilizing the full front-suspension stroke for maximum braking efficiency.
[bookmark: _Toc226747334]Figure 6: Melbourne Hairpin Entry and Exit
[image: ]
The Melbourne Hairpin telemetry illustrates the mechanical challenges of low-speed, high-torque transitions. John and Simon’s “U-shaped” speed traces indicate prolonged coasting, causing the two-stroke engine to drop below its resonant frequency. Converselt, Garry carries higher momentum, minimizing time at “minimum velocity” to re-engage the power band rapidly. Suspension data shows high-frequency oscillations during John’s maximum fork compression, suggesting front-end damping reaches its mechanical limit under extreme weight transfer. At the exit, condensed RPM strikes highlight the rapid gear changes required to prevent the engine from “bogging down”. This sector confirms that lap times are dictated by the efficiency of the transitioning maximum deceleration back into the engine’s narrow operating window.
[bookmark: _Toc226747335]Figure 7: Goddards to Finish
[image: ]
The final sector from Goddards to the finish benchmarks power-delivery management. Garry utilizes a “point-and-shoot” strategy, with a sharp “V” speed profile that prioritizes uprighting the motorcycle early to maximize the tyre contact patch and maintain engine resonance. Conversely, John and Simon’s rounded speed traces indicate excessive mid-corner lean that delays throttle application. Suspension data at Goddards entry reveals a late-braking attempt by Simon, which compromises his stability and exit velocity. Ultimately, Garry’s precise RPM spikes confirm that sacrificing entry speed to maintain the engine’s power band is the most effective strategy for maximizing terminal velocity across the finish line.
2.3. [bookmark: _Toc226751019]Recommendations
To optimise the performance on the 500cc platform, both tactical and mechanical adjustments must focus on engine frequency and chassis stability. Tactically, coaching should emphasise a “point-and-shoot” cornering profile; by sacrificing mid-corner speed to stand the machine up earlier, riders can re-engage the power band sooner to avoid the “bogging” observed in Simon’s telemetry. Mechanically, the consistent fork compression of 116.4mm warrants an increase in compression damping or spring rate to preserve the front-end geometry during heavy braking. Additionally, the high-speed oscillations identified in the data suggest a need for a longer wheelbase or an increase in anti-squat to stabilize the chassis under violent power delivery. Finally, for riders struggling to maintain the narrow power band, a shortened final drive ratio would be beneficial to ensure the machine remains in the power band through more technical transitions.


3. [bookmark: _Toc226751020]Data Logging System Design
3.1. [bookmark: _Toc226751021]Sensor Selection & Justification
The sample rate (Hz) defines the frequency at which physical data is converted into digital signals. Governed by the Nyquist-Shannon Sampling Theorem, the rate must be at least twice the highest frequency of the measures variable to prevent aliasing.
High-speed transients, such as mechanical vibrations, require high-frequency sampling to maintain signal fidelity. Conversely, variables with high inertia, like ambient temperature, require much lower rates. Ultimately, selecting an optimal sample rate requires balancing high-fidelity waveform reconstruction against hardware constraints like processing power, storage capacity, and battery life.
[bookmark: _Toc226747365]Table 3‑1: Sensor Selections
	Sensor
	Sample Rate
	Digital/Analogue/CAN

	Front Suspension
	100Hz
	Analogue

	Rear Suspension
	100Hz
	Analogue

	Front Brake Pressure
	50Hz
	Analogue

	Rear Brake Pressure
	50Hz
	Analogue

	Front Wheel Speed
	100Hz
	Digital

	Rear Wheel Speed
	100Hz
	Digital

	GPS
	10Hz
	CAN

	Coolant
	5Hz
	Analogue

	RPM
	50Hz
	Digital

	Airbox Pressure
	50Hz
	Analogue

	Lambda
	10Hz
	Analogue

	Front Tyre Pressure
	10Hz
	Analogue

	Rear Tyre Pressure
	10Hz
	Analogue



The sampling frequency strategy was dictated by the frequency response of measured variables to avoid aliasing. A tiered approach ensures an optimal balance between data granularity and memory management:
· Dynamic Channels (100Hz-250Hz): Suspension and wheel speed sensors require high rates to capture rapid transients, such as high-speed damping events and wheel-slip, ensuring accurate waveform reconstruction and chassis stability analysis.
· Control Channels: Human inputs like throttle and brake pressure operate at lower frequencies. These rates capture full rider modulation without exceeding the limits of human muscular response or wasting processor bandwidth.
· Thermal/Diagnostic Channels: Variables with high thermal inertia, such as coolant and Lambda (AFR), change slowly. Lower rates provide sufficient diagnostic oversight while reducing CAN-bus overhead and storage consumption.
This tiered architecture prevents “cluttering” the logger with redundant data while maintaining high-fidelity results for critical dynamic events.
3.2. [bookmark: _Toc226751022]Physical Integration
The DAQ system installation on the ZXR750 focuses on signal integrity and durability. The central logger, as seen in Figure 9, is mounted within the subframe for protection and easy data offloading between sessions. To mitigate the electromagnetic interference, the wiring loom is routed away from high-tension leads and ignition coils, preventing signal noise on high-frequency channels like suspension potentiometers. Sensor leads are secured along the chassis with heat-resistant shielding and rubber-lined P-clips to prevent chafing against moving parts. This layout ensures the hardware does not interfere with the bike’s ergonomics while maintaining a clear “line of sight” for the GPS antenna.
[bookmark: _Toc226747336]Figure 8: Proposed Sensor Layout
[image: ]


4. [bookmark: _Toc226751023]Calibration and Setup
4.1. [bookmark: _Toc226751024]Team Contribution
In a professional motor racing environment, the implementation of a data system is not a solitary task; it requires perfect teamwork between data technicians, mechanics, and the rider. Currently, my position in the team involves the following duties: Data Technician.
Within the framework of this evaluation of the Kawasaki ZXR750, my primary responsibility was as a Data Technician. While some of the other team members were in a mechanical-focused role, my role involved analysing the data gathered from the Kawasaki and advising the rider accordingly. My key responsibilities were:
· Checking System Integrity: Among responsibilities was the inspection of the wiring loom and sensor mounts; in particular, checking that all the connectors were tight and that the wires were routed away from any potential source of high temperature and/or physical motion, like exhaust headers and chains, respectively.
· Verifying the Sensors: Live viewing via an analysis program, such as 2D WinARace, was necessary to verify the proper functionality of each sensor by physically stimulating it. As an example, when compressing the front forks, the expected result would be a corresponding change in the linear potentiometer output voltage, which would also prove its proper installation.
· Harvesting the Data: During the breaks between laps, data offloading was conducted following a certain procedure; namely, appropriate file names should be assigned (e.g., Run_01_Dry) and the logger cleared for another session.
· Identifying Signal Problems: In case the signal trace turned out to be noisy or flat-lined, it became my responsibility to find out whether the cause was electronic, mechanical, or software-related.
Ensuring the technical accuracy of the DAQ system allowed me to provide the team with reliable data, which facilitated the making of informed engineering judgements about the motorcycle’s dynamics.
4.2. [bookmark: _Toc226751025]Sensor Installation & Calibration
Accuracy in performance evaluation depends on how accurately the calibration has been performed initially. Calibration refers to defining the mapping between the electrical output of a sensor (volts/millivolts) and some known physical value. In the case of the Kawasaki, two basic forms of calibration are used:
· Linear Mapping: In cases where the relationship is linear, the use of a formula like y = mx + c can help in getting the right calibration. With values at two points (0 bar and the highest known point), the software will be able to map all other values correctly.
· Physical Offset: With the suspension potentiometers, the system needs to be offset to full extension (like when resting on the front head-stand) to get the right measurement for the movement of the forks and shocks under high pressure.
However, calibration and accuracy require that wiring harnesses are adequately protected from interference with EMI from the ignition coils of the engine.


5. [bookmark: _Toc226751026]Data Evaluation and System Review
5.1. [bookmark: _Toc226751027]Technical Performance Review
The setup originally was meant to have the Kawasaki ZXR750 go around and collect data from the system we designed on the track, but we pivoted to an already refined sensor system on the Aprilia RS660.
[bookmark: _Toc226747337]Figure 9: Aprillia Data Legend
[image: ]
[bookmark: _Toc226747338]Figure 10: Map of Pembrey
[image: Pembrey - Lotus on Track Circuit Guides]
The dataset used for this sensor project was taken from Pembrey circuit on the Aprilia RS660.
[bookmark: _Toc226747339]Figure 11: Dibeni Bend to Paddock
[image: ]
Telemetry from Dibeni Bend to Paddock highlights the RS660’s chassis stability during low-speed, high-torque exits. As the rider increased throttle position out of Dibeni, the rear potentiometer shows the “squat” effect, indicating that the spring rate is well-matched to the machine’s mechanical grip. However, a slight front-fork extension at high speed suggests that increasing the rebound damping could further stabilize the front-end geometry for corner entry.
[bookmark: _Toc226747340]Figure 12: Speedway Straight
[image: ]
Analysis of the Speedway Straight reveals consistent longitudinal acceleration and a well-mapped fuelling strategy. The GPS speed trace shows seamless steps during upshifts; the minimal velocity drop indicates that the quick shifter cut-times are optimized for high-load transitions. The absence of high-frequency oscillations at peak velocity confirms that the chassis geometry and steering damper settings are correctly configured for the RS660’s top-end performance.
[bookmark: _Toc226747341]Figure 13: Woodlands to Finish
[image: ]
The telemetry through Woodlands and into the final chicane highlights the Aprilia’s agility and braking slightly. High brake pressure readings at the entry of Woodlands correspond to a rapid “stroke” in the front potentiometer, showing controlled fork compression without bottoming out. The transition through Honda Curve shows a distinctive lean angle and GPS data, indicating quick chassis flickability. On the final exit, the throttle trace reaches 100% early, with the rear suspension showing stable “anti-squat” characteristics under drive.
5.2. [bookmark: _Toc226751028]Data Utility
The value of a DAQ system lies in its ability to transform raw data into a “digital witness”, providing objective evidence to guide engineering and tactical decisions in three key areas:
· Chassis Performance: DAQ allows for the quantitative characterization of the RS660’s dynamics. Linear potentiometer data removes speculation, identifying if the 41mm Kabaya forks are bottoming under braking or if the rear shock requires a spring rate change to mitigate parallel-twin “squat”. This data enables precise damping adjustments
· Human-Machine Interface: By overlaying throttle/brake inputs with GPS speed, the DAQ system bridges the gap between subjective rider feedback and objective reality. Instead of addressing a “nervous” feeling, technicians can identify specific geometric collapses during braking. This evidence-based approach refines rider technique and streamlines communication between the rider and the data technician.
· Mechanical Reliability and Safety: The system acts as a vital diagnostic tool, monitoring latent variables like coolant temperature and oil pressure. This oversight allows for early detection of auxiliary system failures or sensor errors, protecting the Aprilia’s mechanical integrity and ensuring rider safety by verifying that all systems operate within designed thermal and pressure limits.
5.3. [bookmark: _Toc226751029]Proposed Improvements
Two primary improvements are proposed to enhance data fidelity and machine performance:
· Optimization of Sampling Frequency: Increasing the front brake pressure sampling rate to 100Hz is essential to capture high-frequency transient detail during initial “bite” and release. This prevents data smoothing, allowing for precise analysis of rider modulation and its impact on front-end dive and tyre carcass deformation.
· Mechanical Chassis Adjustments: Increasing rear spring preload will mitigate the significant “squat” observed under acceleration. By propping the chassis higher in its stroke, the motorcycle maintains a more neutral geometry against aerodynamic loads and chain torque, preserving anti-squat characteristics and improving high-speed front-end stability.


6. [bookmark: _Toc226751030]Conclusion
In conclusion, this report shows how effective and important a data acquisition system is to bridge the gap between rider feel and the machine itself. The data comparison between John, Garry, and Simon shows that different riders on similar motorcycles can need different set-ups to be successful in achieving fast lap times. The sensor installation and the testing of the Aprilia at Pembrey demonstrated the ability to identify where sensors needed to be, what type of sensors they were, and which sample rates the sensors needed to be at to achieve clear traces for data analysis.
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