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Introduction 

1.1 Project description 
This report contains the project plan right from the conception to validation of the autonomous vehicle for the IMechE Design Challenge 2026. The challenge involves creating a device (The Vectis) that can autonomously navigate the interior of pipes with varying diameters and orientations. It will use a sprung-wheel method to maintain traction and stability when travelling vertically, horizontally and on inclined pipes. Therefore, it is important to consider the variable friction, gravitational forces and how to maintain precise navigation in a constrained and sensor free environment. Beyond the completion, this project will be used to simulate how the device can be employed for industrial pipeline inspection. It can theoretically be used to simulate the mechanisms and control systems and to carry out rigorous validation for a tangible, high-stakes problem. 

1.2 Project Objectives
The first objective is to produce a reliable device that can be a champion and win the Advanced Challenge category at the IMechE Design Challenge regional final. Success will be measured against the following criteria:
· Performance in the challenge – for the device to be placed within the top three, it needs to successfully and consistently transverse a complex pipe course, including the vertical section, and within a 3-minute time limit.
· Design Excellence - The device’s CAD model should be scored 85% in the design competition and have a validated prototype with an accurate BoM. 
· Adherence to Constrains – it should comply with all the rules and cost under £90 as stated in the IMechE rules. The programmable microcontroller should be wireless. 
· Getaway Achievement – The devices should meet or exceed all the technical targets set in the traction and stability subsystem gateway. There should be a ≥10% mass reduction and a ≥18.75% improvement in design efficiency for the chassis and drivetrain. 
· Successful Project Delivery – the prototype should be delivered on schedule and be fully validated and competition ready. 





Team Structure and Roles 

2.1 Group roles 
	TEAM MEMBER
	ROLE
	KEY RESPONSIBILITIES

	
	Mechanical Design Lead
	· Developing the chassis, adaptive traction mechanism and overall structural design. 
· Leading the 3D CAD modelling. 
· Ensuring the mass and safety factor targets are met.

	
	Project Lead
	· Project management 
· Overseeing the timelines and budgets
· Facilitating communication
· Primary liaison

	Thabiso Moyo
	Testing and Integration Lead
	· Developing test protocols
· Building the test rigs 
· Validation against the criteria
· Final assembly 
· Preparing scrutineering

	
	Electronics and Control Systems Lead
	· Designing the power distribution 
· Selecting and integrating motors and sensors
· Ensuring the vehicle is safe and rule compliant


Table 1: Team member roles and responsibilities.

2.2 Testing and Integration
As the Testing and Integration lead, I oversee the project’s quality and functionality. I need to verify that every component meets the specification and ensure every subsystem works together to produce a vehicle that meets the performance objectives. My work involves designing and executing tests and analysing various failure modes. The iterative work then begins the feedback produced and implemented will be based on data. 
According to Belbin’s Team Role Model (Belbin, 1981), the ideal profile for this role in the project is to be both a Monitor Evaluator and a Completer Finisher. As a Monitor Evaluator, I need to be strategic, discerning and an accurate judge of situations. These skills will be essential for analysing test results against the criteria as well as identifying root causes of failures. As a Completer Finisher, I need to be meticulous, conscientious and to look out for errors that one may overlook during integration to ensure the device we produce is competition ready. During a self-assessment at a team workshop, I proved to be a Monitor Evaluator as I had high scores in analytical thinking and critical judgement. My scores for Completer Finisher showed I needed to be more diligent. I could analyse why something failed but I needed to develop processes to ensure that every mentioned criterion is checked. This will be done using pre-defined checklists and test scripts. 

Project Planning, Scheduling, and Control 

3.1 Overall Group Tasks and Timings
It was important to have a Work Breakdown Structure as shown on table 2 below that detailed the phases, tasks, and dates. 
	PHASE
	TASKS
	PLANNED START
	PLANNED FINISH

	Initiation and planning
	· Project scoping 
· Initial risk assessment 
· Concept drawings 
· Gantt Chart
· BoM draft 1
	10/2025
	12/2025

	Detailed design
	· Detailed CAD 
· FEA
· Circuit design 
· Sensor Selection
· Draft Gateway Criteria
	11/25
	12/2025

	Building and prototyping
	· Component manufacture 
· Assembly 
· Software development 
· Sub-system Fabrication
	12/2025
	02/2026

	Integration and testing
	· Sub-system testing
· Full system assembly 
· Design iteration 
· Gateway validation 
	12/2025
	02/2026

	Competition and close
	· Final validation 
· Regional final attendance 
· Post-project review
	04/2026
	06/2026


Table 2: Work Breakdown Schedule

	3.2 Detailed Personal Tasks and Effort
My work was estimated to be 205 hours, which aligns with the required 200-hour student effort per module. Table 3 details the task description, estimated hours and dates. 

	TASK DESCRIPTION
	ESTIMATED HOURS
	START DATE
	END DATE

	Test strategy 
	40
	11/25
	02/2026

	Develop test plan and validation strategy for the project
	15
	11/25
	01/2026

	Define measurable criteria in collaboration with the Mechanical Lead
	10
	
11/25
	01/2026

	Design and source materials for a modular pipe test rig
	15
	10/2025
	12/2025

	Sub-system validation vs. criteria
	55
	01/2026
	03/2026

	Build and calibrate the physical test rig
	15
	12/2025
	01/2026

	Test traction mechanism including measuring the theoretical and actual mass
	15
	12/2025
	01/2026

	Validate the structural integrity using load tests
	15
	01/2026
	01/2026

	Perform power system endurance tests
	10
	12/2025
	01/2026

	System integration and validation
	80
	12/2025
	05/2026

	Final assembly 
	20
	11/2025
	01/2026

	Validation tests and logging improvement analysis
	35
	01/2026
	04/2026

	Verifying the dimensional accuracy and tolerances
	15
	01/2026
	02/2026

	Root cause analysis for failures and fixes
	10
	01/2026
	02/2026

	Reporting and competition preparations
	30
	01/2026
	03/2026

	Technical report writing
	10
	03/2026
	06/2026

	Preparation for device scrutineering
	8
	04/2026
	04/2026

	Regular project meetings
	22
	10/2025
	06/2026


Table 3: Personal tasks and effort in hours

	3.3 Preliminary Bill of Materials (BoM) and Specialist Equipment
	ITEM
	DESCRIPTION 
	QUANTITY
	COST/UNIT (£)
	LEAD TIME (weeks)

	NiMH Battery Pack
	12V
	1
	18
	1

	PLA Filament
	1kg Spool (for chassis/wheels)
	1
	20
	1

	Springs and Fasteners
	For adaptive suspension
	1
	15
	1

	ToF Distance Sensor 
	VL53L0X
	2
	7
	2

	Motor Driver Shield 
	L298N 
	1
	8
	1

	Geared DC Motors 
	High torque with encoders
	4
	10
	2

	IMU (Accel/Gyro)
	MPU-6050
	1
	5
	1

	Arduino Nano
	Microcontroller
	1
	20
	1

	TOTAL BoM COST
	
	
	93
	


Table 4: Preliminary BoM and Lead time

Specialist Equipment:
1. Digital force gauge and data logger – to measure the quantitative traction. 
2. Electronic workbench – for any soldering and circuit debugging work. 
3. 3D Printer – for rapid prototyping of the chassis and wheel components. 
4. Custom pipe test rig – to be designed and built by the testing lead as mentioned in Table 1. 

3.4 Significant milestones and measurable criteria. 
Below are some of the key milestones achieved during the project:
[11/25] – Submission of the project plan. 
[12/25] – Final design review.
[03/26] – completion of all subsystems.
[04/26] – IMechE documentation submission deadline. 
[06/26] – IMechE regional finals. 

It was also important to validate that the integrated mechanical and drive subsystem met all the predefined performance, mass and reliability criteria before software integration and competition preparation. Table 6 details the criteria used it was developed based on the project needs and inspired by established practice (Flynn, 2023). 

	CATEGORY
	UNIT
	TARGET
	METHOD OF VERIFICATION

	Mass reduction 
	% in mass reduction
	≥10% lighter than initial concept mass
	Weigh the initial prototype and compare the CAD mass properties to the final design.

	Design efficiency 
	Design process time
	≥18.75% greater efficiency
	Track the hours spent on CAD iterations vs. initial allocations. Measure against final output quality. 

	Structural integrity 
	Safety factors
	Increase the safety factor to ≥2.5
	FEA Simulation on critical components such as the chassis and axle. Physical load testing on the rig.

	Functional reliability
	Success rate in test rig
	95% success over 20 runs
	Execute 20 traversals on the vertical pipe section and log all the failures and successes. 

	Tolerances and interference 
	Number of conflicts
	0 conflicts
	Use CAD interference detection and physically check the assembly for binding or any misalignment.

	Accuracy of dimensions
	% deviation
	≤1.5% deviation from CAD
	Measure critical dimensions such as the wheelbase and axle diameter and compare them to the CAD model. 

	Deadline adherence 
	Timing regarding schedule
	100% on schedule
	Ensure all testing and validation is complete by [date]. 


Table 6: Methods of verification of the design.

To win the Advanced Design award, it is important to meet the targets, and the results of verification will be used to make quantifiable improvements to the final design. The projected outcomes of our initial concepts are summarised in table 7 below. Not meeting the criteria would mean that we would need to redesign thus jeopardising the project timeline. 

	CATEGORY
	INITIAL CONCEPT VALUE
	TARGET VALUE
	PROJECTED IMPROVEMENTS (%)

	Mass of chassis and drivetrain 
	0.5 kg
	0.45 kg
	10

	Safety factor
	2
	2.5
	25

	Design efficiency (time)
	80%
	95%
	18.75

	Functional reliability
	70%
	95%
	35.7


Table 7: projected percental improvements for key metrics.

Risk Mitigation and practical application

4.1 Areas of Concern and Mitigation Strategies
The two significant risks that threatened delivery were as follows:
1. Risk: Inability to Quantify design efficiency and reliability according to criteria. Mitigation: Transform subjective goals into measurable data by implementing a structured logging system. For data efficiency it is crucial to work with the project lead to track time spent on CAD revisions against a pre-defined baseline. The efficiency will be calculated using the formula: .
The test rig will be the primary tool to assess the functional reliability of the test rig. There will be 20 executive runs, and each outcome will be logged to generate an objective success rate percentage. This will be based on evidence and not opinion. 
2. Risk: Subsystem integration failures due to tolerances and interference.
Mitigation: Complex systems such as this fail at the interfaces and therefore require tolerance and interface control documentation. The document will specify critical dimensions and acceptable tolerances as well as physical interfaces between the chassis, drivetrain, and electronic mounts. There will be fit-check integration sessions using the 3D-printed components at scale before the final manufacturing. This approach will identify interference problems early and improve the design efficiency by reducing late-stage rework.






[bookmark: _Hlk216123129]Overall project Gannt chart and summary
The Gannt chart attached visualises the plan and integrates the task timelines for every team member. It identifies the milestones and the critical traction and stability subsystem gateway on [03.12.25]. My contribution was heavy during the second half of the project but my early work on the test plan, rig, and gateway definition is a key dependency for the entire team’s validation phase.
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