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Pneumatic gripper arm project
1. Introduction and industry context
Apex Robotics has reported that their existing pneumatic gripper is causing damage to fragile plastic housings during assembly. The inconsistent grip pressure results in damaged components, misalignment on the conveyor and downtime in the automated processes.
[image: ]Delta Precision Ltd, an engineering subcontract business, has tasked your team with designing a new pneumatic gripper that:
· moves the small plastic component (shown) safely without causing damage;
· operates within a 6-bar air supply;
· has a maximum gripping force of 1.5N;
· fits within a 300 × 300 × 400 mm working envelope;
· works continuously for 8 hours without failure;
· remains within a £150 materials budget.
They wish to see an initial prototype in one week.
2. Task
Your task is to analyse the brief, plan a short engineering project, and propose a safe and reliable concept that meets all requirements.
This project will help you develop key engineering project management skills, including:
· interpreting and analysing a professional brief;
· applying tools such as Gantt charts, SMART goals, risk registers, and budgeting;
· justifying engineering decisions using technical and commercial reasoning;
· using contextualised maths and digital tools;
· reflecting on outcomes to identify improvements.
Deep interpretation of the workbook
Examiner reports show that students often lose marks because they:
· overlook key technical requirements;
· misunderstand the problem;
· ignore budget, space, or safety constraints;
· copy the brief without analysing it;
· include irrelevant information.
Prompts for students
· What exactly must the gripper do? What must it avoid doing?
· What limits are set by the factory environment?
· What specifications are fixed (e.g., pressure, gripping force, size, materials, shift length)?
· What commercial constraints apply (budget, cost of downtime)?
· What safety issues exist around pneumatics?

Lesson 1 Activity 1 – Brief interpretation table
Read through the brief and extract all the requirements and constraints. Record these below in the correct category.
	Requirement category
	Details identified 

	Technical requirements
	· Must grip small plastic housings without cracking them.
· Must operate using 6-bar pneumatic pressure.
· Must have a maximum gripping force of 1.5N
· Must fit within a 300 × 300 × 400 mm space.
· Must provide consistent, repeatable grip force.
· Should allow controlled opening/closing speed (may need flow control valve).

	Commercial requirements
	· Must stay within a £150 materials budget.
· Should reduce waste caused by damaged parts.
· Should increase throughput (fewer stoppages).
· Should be low maintenance to reduce downtime.

	Operational requirements
	· Must operate for eight continuous hours without failure.
· Must integrate with the existing conveyor system.
· Must be reliable at high cycle rates.

	Safety requirements
	· Pneumatic components must handle 6 bar safely.
· No pinch hazards for operators.
· Must include pressure regulation to avoid dangerous over-force.
· Must avoid sharp edges or exposed moving parts.

	Constraints (time, budget, space, resources)
	· Budget limit: £150
· Space/size limit: 300 × 300 × 400 mm
· Existing air supply only (6-bar, no electrical redesign)  
· Time constraints of the short project


Challenge question:
What assumptions must be checked before starting the design?
· That the supplied air pressure is actually stable at 6 bar.
· The exact dimensions and fragility of the plastic housing.
· Whether the gripper must rotate or only open/close in order to grip the component.
· The cycle time and required speed of operation.
· Whether materials (e.g., soft pads) are allowed by the client.
· Whether additional valves are available or must be included in the £150 budget.

Lesson 1 Activity 2 – SMART project goals
Create one SMART goal for your project and explain how it fits the SMART criteria
	Student prompts:
· What EXACT performance target are you aiming for?
· How will you measure success?
· What time limit are you working within?
· How do you ensure it is realistic?



Goal: Design a pneumatic gripper prototype within one week that handles plastic housings without damage using available materials within the £150 budget.
	SMART component
	Your goal

	Specific
	Handles plastic housings without damage.


	Measurable
	Zero cracked parts during 20 test cycles.


	Achievable
	Uses available pneumatics and soft pads / stays within £150.


	Relevant
	Directly solves the client’s problem / Improves reliability.


	Time-bound
	Prototype completed within 1 week.



Extension:
Explain how your SMART goal influences your planning decisions.
It sets a clear performance target (zero damaged parts), so my testing stage must include enough cycles to validate performance. The time-bound element ensures I set realistic task durations in my Gantt chart.

[image: ]Lesson 2 Activity 1 – Cost estimation 
Estimate the cost of materials needed to produce a pneumatic gripper. Suggested materials are listed in the table below. 
Remember, your design must remain under £150.

	Student Prompts:
· Which materials/components do you need?
· What is the cheapest but still reliable option?
· Are there optional parts you can remove?



	Item / Material
	Unit Cost (£)
	Quantity
	Total (£)

	Single-acting cylinder
	£18
	1
	£18

	Soft polymer grip pads
	£5
	2
	£10

	Flow control valve
	£9
	1
	£9

	Aluminium bracket
	£12
	1
	£12

	Fasteners & fixtures
	£5
	1 set
	£5


Total Estimated Cost (£): 54
Budget Challenge:
Identify one cost-saving substitution (that you could make or have already made) and explain why it does not reduce product performance or safety.
Using a single-acting cylinder instead of a double-acting one saves £12–£15 and reduces complexity but still meets the performance needs because the gripper only needs force in one direction.



Lesson 3 Activity 1 – Stakeholder mapping
Complete the table for the stakeholders involved in your project.
	Stakeholder
	Interest in project
	What they need from you
	Potential conflicts

	Client
Apex Robotics
	Reliable gripper that won’t damage parts; increased efficiency
	A design that meets ALL requirements (6 bar, dimensions, safety, cost)
	May push for faster delivery than feasible; may want lower cost

	Subcontractor 
Delta Precision
	Must supply a functioning, cost-effective solution
	Clear technical specifications; timely updates; workable CAD models
	May prioritise cost savings that affect performance

	Regulator
H&S Authorities
	Safe pneumatic operation; compliance with pressure, risk and testing standards
	Proper risk assessments; safe operating pressures; documentation
	Safety requirements may increase cost/time

	Project Team
Engineers and designers
	Clear plan, realistic deadlines, resources, safe working conditions
	Defined roles, communication structure, achievable timeline
	Team workload vs deadlines; resource limitations

	End User
Assembly line operators
	Easy-to-use, ergonomic, reliable operation
	A safe, intuitive gripper with consistent performance and no jamming
	Their needs may add design complexity; training time constraints





Lesson 3 Activity 2 – Team roles structure
1. Add three key responsibilities of each row to the table.
2. Identify your own skills and strengths.
3. Assign project roles to each member of your group. Record their initials against the role in the table and state the reasons why they were chosen.
	Student prompts:
· Who is best at scheduling?
· Who has CAD skills?
· Who is best at spotting risks and providing strategies to mitigate them?



	Role
	Responsibilities
	Assigned to
	Reason

	Project Manager
	Scheduling, communication, deadlines
	Student’s name / initials
	Good communicator, organised

	Design Engineer
	Sketching, CAD, specification
	
	

	Build Technician
	Prototyping, assembly, testing
	
	

	Safety Lead
	Risk assessment, checks, compliance
	
	

	Finance / Resource Lead
	Budgeting, component sourcing, cost tracking
	
	


Reflective question:
How should the team communicate progress or delays?
Provide updates at the end of each session, using a shared spreadsheet to track progress. If delays occur, the Project Manager adjusts the Gantt chart and reallocates tasks.

Lesson 4, Activity 1 – Concept development
1. Refer to Section 1: Introduction and Industry Context for the requirements of the pneumatic gripper. 
2. Create 1–2 concept designs. Your design must include:
· labelled dimensions;
· explanation of the gripping mechanism;
· required pressure or force;
· chosen materials/supporting features.
3. Check that your design meets all these criteria.  
	Student prompts:
· How does the mechanism open/close?
· What materials are safest?
· How will you ensure soft gripping?
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Extension:
Include a simple force calculation to estimate grip pressure.  
Assuming a 6mm piston has been used in the design.
1. Calculate surface area using the formula: 
Radius = 3mm 
  = 28.274mm2

2. Calculate pressure using the formula:     
    = 0.05305 MPa or 0.05305 x 106 Pa
3. Convert pascals to bar: 105Pa = 1 bar

 = 0.5305 bar
Pressure required to grip at 1.5N via a 6mm piston = 0.5305 bar


Lesson 5 Activity 1 – Resource planning
Using your workbook, identify the resources your project would require.
	Resource type
	What would be needed
	Why this is important

	Time
	1 week to build a prototype
Further time to test and evaluate design and build final product
	Ensures tasks are realistic and fit within project deadlines

	Budget
	£150 limit for materials (tubing, fittings, cylinder, gripper pads)
	Prevents overspending; aligns with commercial constraints

	Human Resources
	PM, Design Engineer, Build Technician, Safety Lead, Finance/ Resource Lead
	Each role performs essential specialised tasks

	Training Needs
	Safe pneumatic handling, pressure testing procedures
	Ensures safety + accuracy when working with compressed air

	Communication Needs
	Weekly PM updates, Teams chat, shared Gantt chart
	Supports coordination, avoids miscommunication delays

	Facilities / Equipment
	Workshop tools, pneumatic test rigs, CAD workstation
	Enables building and testing the prototype safely








Lesson 5 Activity 2 – Project planning using digital tools
Your project plan must include a digital Gantt chart.
This should show:
· all stages of the project;
· start/end dates;
· durations;
· dependencies;
· milestones;
· contingency (buffer time).
You may create your Gantt chart in:
· Excel / Google Sheets;
· a Gantt-chart generator;
· project management software.
Suggested task list
1. Interpret brief
2. Research relevant components
3. Develop concept sketches
4. Select materials and components
5. Produce finished design
6. Build prototype
7. Test prototype
8. Evaluate
9. Present findings
Attach or insert your Gantt chart to this document.
	Student prompts
· Which tasks MUST be done first?
· Which tasks depend on earlier tasks?
· Where could delays happen?
· What ‘buffer’ will you add?
· What are the key milestones in the project that you will measure?




Key planning questions:
Which tasks depend on earlier tasks?
· Concept sketching depends on completing the brief interpretation.
· Testing depends on the prototype being assembled.
· Reflection depends on test results.
Which stages are most critical for the project to succeed?
· Correct interpretation of the brief.
· Assembly/testing (if delayed, everything else shifts).
· Purchasing/material selection (affects cost and feasibility).
What could delay the project?
· Waiting for materials.
· Difficulties assembling the prototype.
· Redesign required after testing reveals faults.
What should be included in a contingency plan?
· Add a 10–15% buffer to all task durations.
· Use backup materials if the preferred ones are not available.
· Have an alternative concept ready in case assembly fails.



Lesson 6 Activity 3 – Justifying engineering decisions
Choose three decisions you have made in this project. For each example, justify your decision.
	Student prompts:
· How did you ensure your design met any safety requirements?
· How have you ensured your design remains within budget?
· How have you ensured your design limits any impacts on the environment? 



Examples:
A single-acting cylinder was selected because it provides sufficient gripping force while reducing cost and air consumption. 
The addition of soft polymer pads spreads the load over a wider area, preventing cracking. 
A pressure regulator ensures the force does not exceed the material’s tolerance. 
This combination of materials meets the performance requirements while staying within budget.



Lesson 6 Activity 4 – Testing 
	Student prompts:
· What are you testing?
· How many cycles?
· What counts as ‘success’?


If testing is not possible:
· perform a theoretical check using the sample testing data;
· compare your concept to the brief requirements;
· decide whether the test was successful and add to the notes section;
· identify next steps and add to the notes section.
If testing a prototype, complete the table below as you perform testing.
	Test
	Expected outcome
	Actual outcome
	Notes

	10 grip cycles
	No damaged parts
	No damaged parts
	Success


	Opening/closing speed
	Smooth, controlled
	Slightly fast
	Partial success
Add flow control valve

	Alignment test
	Gripper holds parts centrally
	Slight misalignment
	Partial success
Adjust pad shape






Lesson 6 Plenary – Reflection and evaluation 
Look back through your completed workbook form.
If you were running a real project, how would you use the information identified throughout your planning process to evaluate how well the project went and identify areas of improvement for future projects?
	[bookmark: _heading=h.3vlen5ny8moi]Information
	Purpose

	Brief interpretation table 



	Use as a checklist to check all requirements were met.

	SMART objectives



	Check the objectives were met and determine the overall success of the project.

	Stakeholders mapping



	Identify if the needs of each stakeholder were met and determine if any of the identified conflicts arose.

	Team structure



	Reflect on whether the team structure worked as planned or if roles overlapped.

	Resource planning



	Use as a checklist to check the project remained in budget / ordered the correct resources/ finished on time.

	Project planning tools



	Assess whether the Gantt chart was helpful and contained all the information needed to follow it.
Determine if all risks were identified and managed appropriately.
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