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LivSURF Project Brief: Modelling ball games' head injuries
Based in Faculty
Science and Engineering
Based in School / Academy
School of Engineering
Project Length
8 - 10 weeks
Project Abstract
Head injuries in ball sports such as football, rugby, and basketball are an increasing concern, with concussions being one of the most common outcomes. While rules, coaching, and protective equipment all matter, the ball itself can also contribute to injury when it strikes the head or face. This project examines how modern ball design could help reduce harmful impact forces without altering how the ball performs in play. Using computer modelling, the study will simulate a ball hitting the human head to understand where forces build up and which features of the ball make impacts more severe. The work will use finite element analysis in Abaqus, with MATLAB used to process and present results. The findings will be checked against simple experimental tests to ensure the models reflect real behaviour. The outcome will be practical design guidance for manufacturers, highlighting materials and internal structures that can better absorb shock and lower injury risk.
Research Questions
How does the design of a sports ball (material, mass distribution, stiffness, surface texture, and internal structure) influence the forces and head response during a direct impact? Which design parameters most strongly affect key injury-related measures, such as peak contact force, head acceleration, and local stress on facial and cranial tissues? Can a modified ball architecture (for example, a shock-absorbing inner core or layered materials) measurably reduce impact severity while preserving essential performance characteristics such as rebound, grip, durability, and aerodynamics? How well do Abaqus FEA predictions match experimental impact tests, and what level of model accuracy is needed for reliable design decisions?
Student Development
Students will gain hands-on experience in impact biomechanics and sports engineering by building and validating a ball-head impact model. Technically, they will develop skills in finite element analysis (Abaqus), including geometry preparation, meshing, defining hyperplastic/viscoelastic materials, contact modelling, and explicit dynamic simulations. They will learn to extract and interpret injury-relevant outputs (peak force, head acceleration, stress/strain patterns) and to conduct sensitivity studies to identify the most influential design parameters. Using MATLAB, they will automate post-processing, manage datasets, and produce clear plots and reports. On the research side, students will practise literature review and critical evaluation, experimental planning for simple drop impact tests, instrument selection and calibration, uncertainty/error analysis, and model verification/validation. They will also strengthen project management, technical writing, and presentation skills, translating results into practical design guidance for manufacturers.
Essential Criteria
• Essential: Mechanics & Dynamics,  CAD/Geometry Handling,  FEA Modelling,  Experimental Testing & Data Skills
Course Requirements
Mechanical Engineering   Or Aerospace Engineering or related disciplines.
Supervisor Support
As a student, you will be supported as follows: We will hold a weekly 30-45 minute supervision meeting to review progress, troubleshoot issues, and set clear targets. I will be available for questions via email/Teams.
Ethical Review
This project does not require University of Liverpool ethical review
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