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	Topic
	Basic principles of hydraulics and pneumatics

	Specification coverage
	3.1 Drawings and information conveyed by drawings
5.7 Fluid dynamics in engineering
9.3 The basic principles of hydraulics and pneumatics


This resource is part of a series of materials to support technical education teaching. The approach to developing the materials draws from research led by Professor Kevin Orr that sets out a model for understanding of technical education pedagogy.
The curriculum development begins with the knowledge that students are working to learn and apply. Teachers draw from their subject and industry expertise, and their knowledge of their students, to make decisions about the core concepts the curriculum will focus on, how they will sequence these concepts, and the activities that are selected to support students’ learning. The decisions behind the resources suggested in this topic are the result of choices made by the curriculum development team, which will be reviewed and improved by teachers’ decision-making and ongoing reflection in their own circumstances.
The materials also seek to support teachers in bringing classroom and industry closer together, by providing assets that draw from authentic industry materials, and using opportunities to capture workplace practice that can be shared with students. 
HEALTH AND SAFETY 
It is assumed that activities outlined in this Teaching Guide will be undertaken in suitable facilities or work areas by suitably trained personnel and that good practices, appropriate use policies and procedures will be observed. Teachers should consult their employers’ risk assessments before use and consider whether any modification is necessary for the particular circumstances of their own class/institution.
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[bookmark: _Toc240542443]Introduction
[bookmark: _Toc226980709]This document for teachers outlines both the topic area covered, and the approach to using the suite of resources and assets for each lesson/resource. Unless otherwise stated, definitions of key terms have been developed by the authoring team and reviewed in the context of the activities. Teachers may choose to revise definitions as necessary and should review the content in advance of delivery to check it is appropriate for students. Note that a Glossary has also been supplied which can be given to students when working on any of the activities. It can function as a reference list which students can add to and annotate to consolidate their learning. 
[bookmark: _Toc240542444]Topic purpose
This topic comprises of three resources, covering hydraulics and pneumatics. Teachers may want to adapt any suggested sequencing of concepts and activities as appropriate for the students and circumstances. Each resource provides teacher flexibility. Suggested timings are provided but all resources can be adapted and extended to fit teachers’ own planning and the needs of their students and class sizes. It is important to consider that some elements may take longer than the time shown.
It can be difficult for students to visualise these areas of engineering and manufacturing in a traditional classroom environment without access to physical examples. Hydraulics and pneumatics are usually taught together as they are conceptually complementary and share many underlying principles.
The content can be delivered as presented here or integrated into existing schemes of work, alongside other teaching materials. It is suggested that the topic is used at a relevant point in Unit 5: Essential science for engineering and manufacturing or Unit 9: Mechatronics as part of year 1 core teaching. Alternatively, it could be used directly after these units to check understanding.
There are three resources which can be used together or independently:
· Resource 1: Introduction, which recaps the differences between hydraulic and pneumatic systems using augmented reality (AR) models, and the advantages and limitations of both systems. Students are also required to produce their own engineering diagrams of both systems.
· Resource 2: Practical project on vehicle door system, which requires students to apply their knowledge of hydraulics and pneumatics in a realistic workplace context and to practise relevant mathematical calculations. This also provides an opportunity for students to develop their problem-solving skills, which are required when completing their employer-set project, occupational specialism and exams. 
· Resource 3: Test questions, which require students to demonstrate their subject knowledge and apply it to a range of situations and complete relevant calculations. 
[bookmark: _heading=h.sai698bq2783]The learning from these resources can be reinforced throughout the course. For example, students can revisit fluid power concepts during later modules on automation or control systems, reinforcing their understanding of pressure calculations and system diagrams through practical tasks and industry placement observations. Students can record this learning in their industry placement logbook, strengthening links between classroom learning and industry practice.
Engineering also relies on the accurate use of technical terminology, which students are expected to use confidently and accurately. These resources both recap and introduce essential key terms.
There are also opportunities to build several essential skills that are developed during the course, including through the Employer Set Project (core skills), and general competencies for maths, English and digital skills which have been highlighted in the learning outcomes and specification coverage. Students can note this learning in their logbook. For example: support.tlevels.gov.uk/hc/en-gb/articles/360015345420-Industry-placement-logbook-for-students
[bookmark: _Toc226980710][bookmark: _Toc240542445]Industry importance
[bookmark: _heading=h.5qbvd3ne71n][bookmark: _Toc226980711]Hydraulics and pneumatics play a vital role in modern engineering by providing the fluid power needed to operate machines, tools and automated systems. While hydraulics use liquids and pneumatics use compressed air, both technologies are widely used to drive actuators, presses and robotic systems in manufacturing environments.
[bookmark: _heading=h.hh9x27ed3k9k][bookmark: _Toc226980712]These systems are essential across key industries such as automotive, aerospace, manufacturing and robotics. Hydraulics are particularly suited to applications requiring high force, including vehicle braking systems, lifting equipment and industrial presses. Pneumatic systems, by contrast, are valued for their speed, reliability and simplicity, making them ideal for automated doors, pick-and-place equipment and assembly lines.
In modern industrial settings, hydraulic and pneumatic systems are often integrated with electronic control technologies such as programmable logic controllers (PLCs). As a result, a strong understanding of fluid power systems is essential for engineers and technicians working in automation, maintenance and advanced manufacturing roles. 
“As industries rapidly evolve toward smarter automation and cleaner technologies, a robust understanding of hydraulics and pneumatics is more relevant than ever.”
Stylli Charalampous, Senior Programme Manager, Royal Academy of Engineering 
[bookmark: _Toc226980713][bookmark: _Toc240542446]Industry links
· [bookmark: _heading=h.2mc0i3q3k44j]The Institution of Engineering and Technology website provides links to resources for teaching the electronics T level content – https://education.theiet.org/secondary/teaching-resources For teaching resources, click on 16+ in the Age range selector on the top left of the page. There are resources covering mechatronics, mechanical principles, pulleys and others that could be useful. Look for the ‘Transport and Automotive’ and ‘Healthcare Technology’ categories. The resource ‘Assisting Mobility’ is particularly useful for students justifying the person-centred design of the DFW vehicle.
· The Royal Academy of Engineering website provides resources, guidance and advice for students, employers and educational providers of T levels – https://raeng.org.uk/education-and-skills/further-education/t-level-engineering-and-manufacturing/ They also provide teaching resources, including material covering solenoid valves, robotics, as well as other useful subjects – www.raeng.org.uk/education-and-skills/further-education/further-education-resources/
· The Lunch box sessions website explains some of the fundamental concepts and principles that hydraulic systems are built upon. It provides four lessons containing animations and interactive teaching to bring these concepts to life – www.lunchboxsessions.com/explore/hydraulics/fluid-power-basics
· The Power and Motion website provides information on advanced fluid power and motion systems – www.powermotiontech.com/ 
· The Engineering Toolbox website provides resources, tools and basic information for engineering and design of technical applications – www.engineeringtoolbox.com/fluid-mechanics-t_21.html
· The British Fluid Power Association (BFPA) is the leading body for hydraulics and pneumatics – https://bfpa.co.uk/ 
[bookmark: _Toc226980714][bookmark: _Toc240542447]Prior learning
Before undertaking this topic on hydraulics and pneumatics, students should have a foundational understanding of the following concepts, which are standard content in most GCSE combined science and physics courses:
· Forces and pressure: A basic understanding of mechanical principles, including mass, weight, force and introductory pressure concepts (Pressure = Force ÷ Area).
· Energy transfer: A general awareness of how energy changes form (e.g., electrical energy converting to mechanical movement and heat loss).
To access the mathematical content in this unit, which will have been covered by their maths GCSE course, students must be able to:
· Area and volume: Calculate the cross-sectional area of a circle and the volume of a cylinder (essential for calculating fluid forces and flow rates).
· Manipulate equations: Rearrange algebraic equations to make a different variable the subject.
· Scientific notation: Competently work with and convert between standard units and very large (mega) or very small (micro, nano) numbers.
Prior learning from the T Level specification (Level 3 Common Core) 
Teachers should deliver this resource after students have covered the following foundational elements of the T Level specification:
Unit 5: Essential science for engineering and manufacturing
· 5.1 Units of measurement used in engineering: Students must be comfortable working with SI and derived units, specifically Newtons (N) for force, and Pascals (Pa/MPa) or Bar for pressure.
· 5.2 Vector and coordinate measuring systems: Understanding vectors, forces and moments is necessary before applying these concepts to fluid power actuators.
· 5.8 Thermodynamics in engineering: A basic awareness of heat generation and temperature effects, which helps in understanding energy losses in pneumatic and hydraulic systems.
Unit 3: Engineering representations
· 3.1 Drawings and information conveyed by drawings: Students should already be familiar with the general purpose of standard engineering schematics before being introduced to specific fluid power symbols (e.g., BS ISO 1219).
[bookmark: _Toc226980715][bookmark: _Toc240542448]Accessibility
[bookmark: _heading=h.tpoi1kt0g4g3]These materials have been designed to be accessible to different groups of students and create an inclusive environment. The materials give teachers a framework they can adapt to their students’ needs with a range of activities and imagery to support the core pedagogical principles that underpin the programme. Many of the activities provide different ways to undertake them, suggested consolidation activities to embed knowledge and study questions for flexible assessment of learning. The resource requirements for each lesson are outlined prior to the lesson content, with accessibility to a wide range of students at the forefront of the planning. As with all resources, teachers should consider individual Special Educational Needs and Disabilities (SEND) to mitigate any barriers that may impact on learning. 
	Introduction



	Introduction



Students’ base level of science knowledge may affect how much explanation is needed to make appropriate industry links. Drawing on the students’ own experiences, including from their industry placements, will support this. Students’ understanding and experience of the world of work will vary, which may mean they find it challenging to apply the content to an industry environment. Whole-group discussions and sharing your own and students’ experiences will help expose students to different experiences.
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[bookmark: _Toc240542449]Learning outcomes and specification coverage
	Resource
	Learning outcomes
	Specification coverage
	Skills and general competencies
	Links to other specification content

	1 – Introduction
	Students will be able to:
Use augmented reality (AR) models to visualise system components and understand their function in real-world contexts
Compare hydraulic and pneumatic systems, identifying advantages, limitations, and suitable applications
Interpret engineering diagrams for fluid power systems, identifying ISO symbols and flow directions
Produce engineering drawings and hydraulic/ pneumatic system diagrams using recognised fluid power symbols
	3.1 Drawings and information conveyed by drawings
Circuit diagrams, schematics 
5.7 Fluid dynamics in engineering
The application of theory and calculations to solve practical engineering problems involving fluids. 
9.3 The basic principles of hydraulics and pneumatics
The differences between hydraulic and pneumatic systems, and their advantages and limitations.
	General competencies
English:
EC4. Summarise information/ideas
EC5. Synthesise information 
Maths:
MC2. Estimating, calculating and error spotting
MC4. Using rules and formulae
Digital:
DC1: Use digital technology and media effectively
	Unit 9.2: The operation, function and applications of programmable logic controllers (PLC) in mechatronic systems
Unit 10.1: Principles and applications of control system theory
Unit 12: Health and safety principles and coverage
Unit 17: Project and programme management

	2 – Practical project on vehicle door system
	Students will be able to:
Design a rear-door opening car system using a hydraulic or pneumatic system
Explain the advantages and limitations of systems and their suitability for applications
Identify and apply standard fluid power components in a design
Calculate advanced system requirements, including cylinder bore size, stroke length and volumetric flow rate
Justify whether pneumatics or hydraulic systems are more suitable for different machines
	9.3 The basic principles of hydraulics and pneumatics
Transmission of power, fluid compressibility, components (valves, pumps, actuators, cylinders, compressors)
The differences between hydraulic and pneumatic systems, and their advantages and limitations
The purpose and function of the stated components and how they are represented on schematic diagrams
	General competencies
English:
EC1: Convey technical information to different audiences.
EC2: Present information and ideas.
EC5: Synthesise information.
Maths:
MC2: Estimating, calculating and error spotting.
MC4: Using rules and formulae.
MC8: Communicating using mathematics.
	Unit 10.1: Principles and applications of control system theory
Unit 13: Business, commercial and financial awareness 
Unit 16: Continuous improvement

	3 – Test questions
	Students will be able to:
Recall the key differences between hydraulic and pneumatic systems
Select the best system (hydraulics or pneumatics) to use in a range of situations and justify their choice
Calculate the forces produced by different systems
	9.3 The basic principles of hydraulics and pneumatics
Transmission of power, fluid compressibility, components (valves, pumps, actuators, cylinders, compressors)
The differences between hydraulic and pneumatic systems, and their advantages and limitations.
	General competencies
English:
EC5: Synthesise information.
Maths:
MC2: Estimating, calculating and error spotting.
MC4: Using rules and formulae.
	Unit 9.2: The operation, function and applications of programmable logic controllers (PLC) in mechatronic systems
Unit 10.1: Principles and applications of control system theory
Unit 12: Health and Safety principles and coverage
Unit 17: Project and programme management


	Learning outcomes and specification coverage



	Learning outcomes and specification coverage
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[bookmark: _Toc233195706][bookmark: _Toc240542450]Resource guidance
[bookmark: _Toc220587851][bookmark: _Toc233195707][bookmark: _Toc240542451]Resource 1: Introduction
This resource will recap the key differences between hydraulic and pneumatic systems, and their advantages and limitations. It can be used flexibly as a standalone session to deepen students’ understanding of basic fluid power principles or as a comprehensive revision tool. Students will look at the purpose and function of relevant components within each system and how they are represented on schematic diagrams.
Students can compare real-world hydraulic and pneumatic systems with their diagrammatic representations by interacting with AR-based visualisations of a hydraulic braking system and a pneumatic nail gun, and produce their own engineering diagrams.
[bookmark: _Toc226980717][bookmark: _Toc240542452]Preparation
	Resources provided
	Resource 1 slide deck
· Augmented reality 1: Hydraulic car braking system (slide 3)
· Augmented reality 2: Pneumatic nail gun (slide 4)
Resource 1 AR Guide Hydraulics
Resource 1 AR Guide Pneumatics
Resource 1 Information sheet 
Resource 1 Activity 1 Worksheet
Resource 1 Activity 2 Worksheet
Resource 1 Activity 2 Worksheet answers
Resource 1 Activity 3 Worksheet
Resource 1 Activity 3 Worksheet answers
Resource 1 Plenary Worksheet
Resource 1 Plenary Worksheet answers
Resource 1 Poster checklist
Glossary

	Equipment needed
	Teacher projection facilities with sound 
Internet access for classroom activities
Suitable equipment to play the ARs (e.g. students’ smartphones (if use is not restricted), laptops, PC)
Rulers, protractors, and calculators for force/pressure calculations
Drawing tools or CAD software for diagrams

	Safety factors
	When using AR:
do not walk; 
ensure area is clear of hazards; 
use the device at a safe and comfortable height.

	Prior learning
	Reading and interpreting engineering diagrams is covered under Unit 3 (3.1) of the specification and is a prerequisite for understanding the 2D ISO symbols in this resource.
Students are expected to have covered the foundational concepts of Unit 5: Essential science for engineering and manufacturing, specifically:
· force, moments, weight calculations, and basic mechanical principles covered in 5.1 and 5.2 (also covered in GCSE physics);
· pressure concepts, SI and derived units (Pascals, MPa, Bar) covered in 5.6 and 5.7;
· awareness of energy transfer, thermodynamics, and heat generation covered in 5.8.
Students are expected to understand the main principles of how hydraulic and pneumatic systems function (covered under Unit 9.3).

	Common misconceptions
	Hydraulic systems work in the same way as pneumatic systems. In reality, hydraulics use incompressible liquids for high force, whereas pneumatics use compressible air for speed and simplicity. 
Any cylinder size will work. In fact, cylinder bore and stroke must be calculated based on force and speed requirements. 
Hydraulic systems are dangerous because they are high pressure. Explain that the danger comes from stored energy, leaks, injection injuries and poor maintenance. Pneumatics can also be hazardous due to sudden releases and flying components.
Pneumatics can generate any force if pressure is high enough. In fact, air supply pressure is limited (typically ~6–8 bar).
Leaks just make the system messy. In reality, hydraulic leaks reduce efficiency, contaminate systems and create safety risks. Pneumatic leaks waste energy and reduce system performance.

	Accessibility
	Encourage peer collaboration and verbal explanation to reinforce understanding.
Adapt tasks for SEND learners by breaking down multi-step processes into smaller, clear stages.
Microsoft Equation has been used for all maths equations to make it accessible to screen readers.


[bookmark: _Toc226980718][bookmark: _Toc240542453]Activity guide
	Activity 1: AR representations of hydraulic and pneumatic systems
SUGGESTED TIME: 
40 minutes
RESOURCES: 
R1 Slide deck – slides 2–4 
AR: Hydraulic car braking system
AR: Pneumatic nail gun 
R1 AR Guide Hydraulics
R1 AR Guide Pneumatics
R1 Activity 1 Worksheet
Glossary
	Display slide 2 of the slide deck and explain to the students that in this activity they will be introduced to the inner workings and basic science principles and components of both a hydraulic car braking system and a pneumatic nail gun using two Augmented Reality (AR) representations. They will then produce their own engineering diagrams to represent both systems.
This activity contains lots of key hydraulic- and pneumatic-specific terminology. Provide students with the glossary to refer to throughout this activity. Suggest to students that they annotate this document with any other information that aids their understanding.
Ask students to share examples of hydraulic and pneumatic systems they have experienced in everyday situations and/ or on industry placements to recap prior knowledge. For example:
· An adjustable office/computer chair (pneumatic): When the lever is pulled to adjust the height, a pneumatic gas spring is operated. The cylinder contains compressed air; opening the valve allows the air to expand (raising the chair) or compress under their body weight (lowering the chair). 
· A super soaker water gun (pneumatic and hydraulic): When a heavy-duty water gun is pumped, a manual air compressor builds up pneumatic pressure inside the water tank. When the trigger is pulled, the compressed air expands, forcing the water (the hydraulic fluid) out of the nozzle at high speed.
You could also use some or all of the recap questions in R3 Activity 1 Worksheet to assess students’ baseline understanding.
Augmented Reality (AR)
Explain to students that they are going to look at the similarities and differences of the components of both a hydraulic car braking system and a pneumatic nail gun using two Augmented Reality (AR) representations. 
Explain that AR allows you to view and interact with digital content in your real-world environment using your device’s camera. Tools like this are increasingly used in industry. For example, in sharing ideas with clients.
Hydraulic car braking system – teacher-led observation
· Show the AR: Hydraulic car braking system (see link on slide 3). https://mxarviewer.azurewebsites.net/ARView/V/2d0d8ba1-1a3d-4009-862b-f70c2cb93cb1 
Display this on a PC (ideally, linked to a projection device). Explain that when students view the AR on their own devices, it will place it in the room with them.
Note that the system has been simplified to focus on the hydraulics rather than the complexity of each component. Some elements/scale have also been exaggerated so that students can observe the process more easily.
Point out that the system shown is for a rear-wheel-drive car and does not cover the rear braking system. This is usually a separate system – often drum braking (where hydraulic pressure pushes brake shoes outwards against the inside of a spinning cylinder). Explain that the front brakes typically perform approximately 70 percent of the braking effort, thereby leaving the rear brakes to carry a comparatively lighter load. This means cheaper drum brakes are suitable, even though they are less effective than calliper brakes.
While viewing the AR, encourage the students to observe that when the pedal is pushed down: 
· the rod moves into the servo;
· the rod from the servo moves into the main cylinder;
· fluid from the cylinder moves into the brake lines (the 2 front wheels are shown but this is normally to all four wheels);
· pressure builds as fluid moves towards the brake pistons:
· pressure builds up in the lines as the brake pedal moves to its final depressed position;
· fluid moves through the lines to the brake assembly;
· the hydraulic pressure pushes outwards on the brake pistons.
· pistons push brake pads onto the brake discs on the car;
· the wheels stop turning and become stationary;
· foot removed from pedal – back to start.
Note: Some parts of the system are viewed better from different angles. For example, observing the fluid moving in the lines is clearer when observed from the reverse angle.
Hydraulic car braking system – student-led observation
Display slide 3 and explain that the students will now use their smartphones to interact independently with the AR model. Note that if smartphones are not permitted, students can also view the AR using a laptop, tablet or PC.
The QR code and instructions on how to access and use the AR model are provided in R1 AR Guide Hydraulics, along with troubleshooting advice should it be required. 
Remind students that they need to rotate/zoom and pan to clearly view all aspects. Students may find selecting object mode makes it clearer to see the detail in the model.
Monitor for safe use and engagement, such as not walking around and making sure the environment around them is free from any obstacles.
If students are having technical issues viewing on their device, it can be viewed on a PC using the link. 
Give each student a copy of R1 Activity 1 Worksheet and ask them to use the observation checklist to notice relevant features. This will help to consolidate their learning.
Assessment and dispelling misconceptions
To informally assess student understanding during these observations, challenge the students by posing the following questions which test prior knowledge as well as aspects observable in the AR:
· "What happens to the fluid pressure as the cross-sectional area of the fluid lines decreases?"
Answer (applying prior knowledge): In a sealed hydraulic braking system, the fluid pressure stays the same regardless of the thickness of the lines. Pressure applied to a trapped, incompressible fluid is transmitted equally in all directions throughout the entire system.
· "How does the master cylinder’s mechanical movement translate into hydraulic pressure?"
Answer (visible in the AR): When the driver presses the brake pedal, mechanical linkage pushes a piston into the master cylinder. Because brake fluid is a liquid, it cannot be compressed. As the piston forces its way into the sealed cylinder, it applies a mechanical force over the surface area of the piston. This creates hydraulic pressure according to the formula (Pressure = Force / Area). This pressure is then pushed out through the brake lines to the wheels.
· "What would happen to the braking force if there was air in the hydraulic lines?"
Answer (applying prior knowledge): The braking force would drop significantly, and the brake pedal would feel soft or spongy. This happens because air is compressible, whereas brake fluid is incompressible. When you push the pedal, the force is wasted on squashing and compressing the air bubbles in the lines instead of pushing the fluid forward to move the brake callipers.
Point out that the fluid lines are very thin – this helps increase the pressure (P = F/A which means as A goes down P goes up because they are in inverse proportion).
Stress to students that fluid does not compress. It moves through the system and transfers the force from the pushing of the pedal (via the booster) to the callipers, which is why the disc is stopped quickly and efficiently. There is no delay, unlike the smooth, slower process as seen with a pneumatic system. 
Clarify the common misconception that high pressure is not the only factor that makes a hydraulic system unsafe: the real hazards come from uncontrolled release of stored energy, leaking fluid, injection injuries and inadequate inspection or maintenance procedures
Another misconception is that students may assume that any cylinder size will work in a braking system. However, the cylinder bore and stroke must be carefully selected to deliver the required hydraulic pressure, fluid displacement and response speed. Incorrect sizing can result in insufficient braking force, excessive pedal travel or slow brake response.
Pneumatic nail gun – teacher-led observations 
Introduce the next system to students – the pneumatic nail gun (see link on slide 4): https://mxarviewer.azurewebsites.net/ARView/V/9d7cd072-2fc6-47be-87d9-a7a8302df6e9
Show this on a PC (ideally, linked to a projection device). Explain that when students view the AR on their own devices, it will place it in the room with them.
Note that the system has been simplified to focus on the pneumatics rather than the complexity of each component.
Alongside their observation checklist, students should observe that when the user presses the nozzle against the surface that requires the nail:
· this releases the safety catch;
· the trigger can now be pulled;
· this action connects the air chamber behind the trigger to a thin tube leading to the piston cylinder;
· this allows compressed air to be pushed in from the source;
· the air rushing into the piston cylinder simultaneously pushes the valve plunger backwards and the piston forwards;
· the piston drives the nail into place; 
· then the trigger and safety mechanism return to the default position;
· the valve plunger is pushed forwards, compressing air in the return air chamber which pushes the piston back into original place;
· used air escapes from the air gun.
Pneumatic nail gun – student-led observations 
Display slide 4 and explain that, as before, the students will now use their smartphones to interact independently with the AR model to consolidate their learning. Note that, as before, if smartphones are not permitted, students can also view the AR using a laptop, tablet or PC.
The QR code and instructions on how to access and use the AR model are provided in R1 AR Guide Pneumatics, as well as troubleshooting advice should it be required. Remind students that they need to rotate/zoom and pan to clearly view all aspects. Students may find selecting object mode clearer to see the detail in the model
As before, monitor for safe use and engagement, such as not walking around and making sure the environment around them is free from any obstacles.
If students are having technical issues viewing on their device, it can be viewed on a PC using the link. 
Give each student a copy of R1 Activity 1 Worksheet and ask them to use the observation checklist to notice relevant features. This will help to consolidate their learning.
Assessment and dispelling misconceptions
To informally assess student understanding during these nail gun observations, challenge the students by posing the following questions which test prior knowledge as well as aspects observable in the AR:
· "Why must the safety nozzle be pressed against the surface before the trigger can be pulled?" (This ensures they understand the mechanical safety interlock/logic.)
Answer (applying prior knowledge, particularly if students have never used a nail gun): This is a mechanical safety interlock mechanism. Pushing the safety nozzle against a solid surface physically moves an internal rod or lever into place, which aligns the trigger mechanism. Without this safety contact arm being fully depressed, the trigger is mechanically locked and cannot move the internal valve, preventing the gun from accidentally firing a nail into the air.
· "How does the trigger valve control the flow of compressed air into the main piston cylinder?" (This question checks students’ understanding of directional control valve operation.)
Answer (visible in the AR): The trigger valve acts as a directional control valve. When the trigger is squeezed, it shifts the piston inside. This movement opens up a direct pathway for the compressed air to flow from the tool’s air reservoir straight into the top of the main piston cylinder. At the same time, it closes off any exhaust paths, forcing the air to push the main piston downward at high speed to fire the nail.
·  "Why does releasing the trigger cause the piston to retract? Where does the air go?" (This assesses the students’ understanding of the venting/exhaust path and spring/air return.)
Answer (visible in the AR): Releasing the trigger causes the internal valve to shift back to its original position, cutting off the air supply. The compressed air that just pushed the piston down is then redirected to an exhaust vent, where it safely escapes out into the atmosphere, which leads to a hissing sound you can hear. The piston is then forced back up to its starting position either by a return spring or by a constant air pocket underneath the piston.
· "How is the speed of actuation in the nail gun different from the braking system, and how does compressibility explain this?" (This encourages comparison of fluid properties.)
Answer (visible in the AR): Nail gun – uses compressed air, which is highly compressible. This allows the energy to be stored up like a compressed spring and released all at once, resulting in a very fast, explosive speed of actuation (rapid firing). Braking System – uses brake fluid, which is incompressible. Because it cannot squash, any movement at the pedal is transferred instantly and smoothly to the brakes for precise control, rather than a sudden explosion of speed.
Point out that the air will move faster when in the narrower tubes. This is because if the cross-sectional area of the pipe decreases, the air must move more quickly through that tube so that the volume flow rate remains constant. However, air IS compressible, unlike the liquid in the hydraulic car brakes, so this is a simplification of the true situation.
A common misconception is for students to assume that pneumatic systems can generate any amount of force simply by increasing the pressure. Clarify that, in practice, compressed air systems operate within limited supply pressures (typically around 6–8 bar), and force output is determined by both pressure and cylinder area. System components are also rated for specific maximum pressures, which must not be exceeded for safety reasons.

	Activity 2: Producing engineering diagrams
SUGGESTED TIME: 
30 minutes
RESOURCES: 
R1 Slide deck – slides 5–12
R1 Information sheet
R1 Activity 2 Worksheet
R1 Activity 2 Worksheet answers
AR: Hydraulic car braking system
AR: Pneumatic nail gun
Glossary
	Remind students that hydraulic and pneumatic systems are communicated using standardised ISO symbols (BS ISO 1219). These symbols allow engineers to read, design, and troubleshoot fluid power systems consistently across different industries and applications. Students must recognise that these symbols are more than just a technical shorthand: they form a universal engineering language that allows for the precise interpretation of system logic and fluid behaviour. Beyond merely identifying individual components, like flow controls or energy converters, students should be guided to ‘read’ an engineering diagram as a functional sequence, typically following the flow of energy from the power source at the bottom of the diagram up toward the actuator at the top. 
Display slide 5 and give each student a copy of R1 Activity 2 Worksheet and R1 Information sheet. Explain that they will need to use each of these in the activity which follows (referring to the function of system components and the differences between each system). 
Display slides 6 to 8, which include a list of the symbols students will need to complete the activity in R1 Activity 2 Worksheet. In addition, a full set of hydraulic and pneumatic ISO symbols can be found here, which could be shared with students for them to look up the symbols they require – https://abdex.com/images/cataloguepdfs/Technical/General%20Engineering/Hydraulic%20and%20Pneumatic%20Symbols.pdf 
Display slide 5 again and direct the students to use the AR viewer and the information sheet to complete R1 Activity 2 Worksheet, producing their own labelled engineering diagram for each of the two systems studied. Additional guidance on the activity is provided below:
· Draft the circuit: Students observe the 3D AR model and identify its key physical components (e.g. the master cylinder or the directional control valve). They must then produce a sketch, followed by a diagram to which they add the corresponding ISO standard symbols in the correct functional position. This requires them to translate a 3D physical object into its standardized 2D engineering representation. 
· Map the flow path and label port logic: Students use the AR model to locate the physical inlets and outlets on the components on the nail gun or the hydraulic lines on the braking assembly. On their diagram, they must:
· Map the flow: Use solid lines to show the path of the hydraulic fluid (in the brake system) or compressed air (in the nail gun) from the energy source to the actuator.
· Label port logic: Mark ‘P’ for Pressure/Inlet and ‘A/B’ for Outlets. (This step is only required for the nail gun.)
As you monitor the students’ worksheets, look for clear labelling of ports and correct flow arrow directions to gauge their grasp of the system logic.
Display slides 9 and 10, which show engineering schematics for the hydraulic braking system sequence and the pneumatic nail gun sequence. In pairs, ask students to analyse the AR animations and the technical descriptions to explain each actuation sequence. They should be able to explain that a change in pressure at one end of the system (the input) results in mechanical work at the other (the output).
· Brake system - the master cylinder converts mechanical pedal force into hydraulic pressure to move the calliper pistons.
· Nail gun – the trigger opens the valve plunger, allowing compressed air to propel the piston and drive the fastener.
Encourage students to add any relevant information to/beneath their diagrams to help them understand the systems more fully.
Display the examples of both engineering diagrams on slides 11 and 12 and give each student a copy of R1 Activity 2 Worksheet answers. Ask students to compare the diagrams with the ones they produced and comment on any differences. 
When checking their diagrams, ensure that students check they have correctly followed critical conventions such as the distinction between hydraulic (filled triangle) and pneumatic (hollow triangle) flow direction indicators, as well as the use of solid lines for main power paths versus dashed lines for pilot or drain circuits.
Allow time for students to make any corrections if necessary.

	Activity 3: Applied Science and Mathematics – Pascal’s law
SUGGESTED TIME: 
10 minutes
RESOURCES: 
R1 Slide deck – slides 13–15 
R1 Activity 3 Worksheet
R1 Activity 3 Worksheet answers
Glossary
	Display slide 13 and ask students to complete R1 Activity 3 Worksheet.
If helpful, display slides 14 and 15, which include a reminder of Pascal’s law and guidance on converting units. Pascal’s law is essential for understanding hydraulic or pneumatics system and it’s used heavily within industry. Some students will have covered this at GCSE level. However, they may benefit from a recap.
Students can check their answers against those on R1 Activity 3 Worksheet answers.

	Plenary
SUGGESTED TIME: 
15 minutes
RESOURCES: 
R1 Slide deck – slide 16
R1 Plenary Worksheet
R1 Plenary Worksheet answers
R1 Information sheet
Glossary
	This is a good opportunity to make sure that students fully understand the key differences between hydraulics and pneumatics (that hydraulics uses incompressible liquids for high force whereas pneumatics uses compressible air for speed and simplicity). This helps to tackle the common misconception that hydraulic systems work in the same way as pneumatic systems.
Display slide 16 and ask students to complete R1 Plenary Worksheet, which asks them to compare the two systems across key engineering characteristics. (Note that the students may find it helpful to refer to R1 Information sheet to help them answer the questions.)
Refer the students to their R1 Plenary Worksheet answers and ask them to compare their answers with the further detailed explanations.
Question 5 offers an opportunity to discuss and address the misconception that leaks just make the system messy, whereas in fact: 
· hydraulic leaks reduce efficiency, contaminate systems, and create safety risks;
· pneumatic leaks waste energy and reduce system performance. 
Clarify that although leaking air is cleaner than leaking oil, pneumatic leaks still reduce efficiency and waste energy. Hydraulic leaks are more serious, potentially causing contamination, loss of performance, and safety risks. Proper inspection and maintenance are essential for both systems.
Slide 17 provides a recap of what the students have achieved during this resource.

	[bookmark: _heading=h.i81ki5k9f1m]Follow up/consolidation
(to be completed outside of lesson)
SUGGESTED TIME: 
20–30 minutes
RESOURCES: 
R1 Slide deck – slides18
R1 Poster checklist
	Ask the students to research how drum brakes and hydraulic presses work, and to find examples of their use. This provides further real-world examples of these two systems. 
Students produce an A4 information poster to summarise their research and their learning within the session to compare hydraulic and pneumatic systems. Their poster should also contain the following information:
· uses of hydraulic systems;
· uses of pneumatic systems;
· advantages and disadvantages of both systems.
Slide 18 summarises this task.
R1 Poster checklist is provided, which you can use to assess the content of the students’ posters or it could be used as the basis for peer assessment.
Optional extension task: 
Explain that modern vehicles use either traditional vacuum boosters or modern electronic boosters. Challenge students to research both systems and produce a short comparison table. Their research should specifically answer:
· What provides the power to assist the braking in each system? (In a traditional automotive vacuum brake booster, the power is provided by atmospheric pressure pushing against a vacuum. In modern automotive electronic boosters, the power is provided by a high-torque electric motor and an integrated gear reduction unit, rather than the engine’s vacuum. This electric motor amplifies the force applied to the brake pedal.)
· Why do Electric Vehicles (EVs) have to use electronic boosters instead of traditional vacuum ones? (This is because EVs do not have an internal combustion engine to generate the required vacuum.)
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[bookmark: _Toc226980719][bookmark: _Toc240542454]Resource 2: Practical project on vehicle door system
In this resource, students apply their knowledge of hydraulics and pneumatics to a practical design task in which they design a rear-door opening system to help disabled drivers exit their vehicle using a wheelchair. They present their design concepts to the class and discuss the benefits of using a hydraulic or pneumatic system to power a rear car door
[bookmark: _Toc226980720]Students then complete a series of calculations based on advanced system requirements to determine cylinder bore size, stroke length, and volumetric flow rate. Using the worksheet provided, they work through each calculation and use their results to justify whether pneumatic or hydraulic systems are more suitable for different machines. This gives the students an opportunity to develop their problem-solving skills, which are required when completing their employer-set project, occupational specialism and exams. This resource could be used after Resource 1.
[bookmark: _Toc240542455]Preparation
	Resources provided
	Resource 2 Activity 1 Worksheet
Resource 2 Activity 1 Worksheet answers
Resource 2 Activity 2 Worksheet
Resource 2 Activity 2 Worksheet answers
Resource 1 Information sheet
Glossary

	Equipment needed
	Teacher projection facilities with sound 
Internet access for classroom activities
Rulers, protractors, and calculators for force/pressure calculations

	Safety factors
	None

	Prior learning
	Students are expected to have covered Unit 3: Engineering representations; 3.1: Interpreting and producing standard engineering diagrams.
Students are expected to have covered the foundational concepts of Unit 5: Essential science for engineering and manufacturing, and Unit 9: Mechatronics, specifically:
· force, moments, and solid mechanics – force, moments, weight calculations covered in 5.1 and 5.2 (also covered in GCSE physics);
· fluid dynamics, pressure concepts and units, use of formulae for area and volume covered in 5.1 (also covered in GCSE maths);
· basic thermodynamics and energy transfer covered in 5.8;
· main principles of how hydraulic and pneumatic systems function, their components (valves, pumps, cylinders), and their selection criteria (benefits and limitations) covered in 9.3.
Before undertaking Activity 2, students should be familiar with the following mathematical concepts and engineering principles covered in Unit 9: Mechatronics:
· fluid power calculations: applying Pascal’s law P=F/A and volumetric flow rates to determine system pressure and actuator sizes, covered in 9.3
· mechanical drive ratios: calculating gear ratios, torque, and rotational speed requirements; covered in 9.1
· electrical and sensor parameters: basic circuit calculations (Ohm’s/power laws) and sensor resolution calculations, covered in 9.1 & 9.2
For the fundamental mathematical tools required for these calculations (such as algebraic transposition or unit conversions), refer back to Unit 1: Essential mathematics for engineering and manufacturing.

	Common misconceptions
	Hydraulics are always better than pneumatics. In fact, application suitability is the real decision factor. Both systems have advantages: 
· Pneumatics: clean, fast, cheap, simple, safe in food/medical settings; 
· Hydraulics: powerful, precise, smooth, compact for high loads. 

	Accessibility
	Use scaffolded worksheets for calculations (force, pressure, bore size). In these resources, "scaffolded learning" refers to providing structured, step-by-step guidance and worked examples initially (for example, in R2 Activity 1 Worksheet) to support students as they first apply new math formulae, which is then gradually removed (for example, in R2 Activity 2 Worksheet and the test questions) to encourage independent problem-solving. Teachers should guide students through the initial "scaffolding" steps and encourage them to work more independently as they gain confidence.
Encourage peer collaboration and verbal explanation to reinforce understanding.
Adapt tasks for SEND learners by breaking down multi-step processes into smaller, clear stages.
Microsoft Equation has been used for all maths equations to make it accessible to screen readers.


[bookmark: _Toc226980721][bookmark: _Toc240542456]Activity guide
	Activity 1 – Designing a door opening system
SUGGESTED TIME: 
60 minutes
RESOURCES: 
R2 Activity 1 Worksheet
R2 Activity 1 Worksheet answers
R1 Information sheet
Glossary
	At the start of the session, you could use some or all of the recap questions in R3 Activity 1 Worksheet to assess students’ baseline understanding.
Explain that in this activity, students will design an accessible vehicle rear-door opening system using a hydraulic or pneumatic system and present their designs to the class.
Through this activity, students are expected to develop mathematical dexterity and a deeper scientific understanding of fluid dynamics. By translating physical door dimensions and required forces into specific cylinder sizes and flow rates, students learn to bridge the gap between abstract equations (such as Pascal’s law) and physical engineering design. This extends their skills by challenging them to make and justify trade-offs between system safety (avoiding under-powered actuators) and cost-efficiency (avoiding over-engineered components).
Explain to students that they are going to complete a project where they will work in groups of 2–3 to design a reliable door-opening mechanism that uses either hydraulics or pneumatics.
Invite students to share any relevant experience that they might have, through their work placements or from other personal experience, of working with a brief and what information it contained. (Note: The worksheet only contains a task and is not a full project brief.)
Give students a copy of R2 Activity 1 Worksheet. Explain that they should follow the instructions in the worksheet, working as teams within their class. Guidance can be provided where required, but as far as possible students should come up with their own design that they will present and discuss with the whole group. Making errors and then discussing and correcting them will aid learning and recall.
Some students might find it helpful to refer to R1 Information sheet, especially the comparison chart.
Before starting, ensure that students have rulers, protractors, and calculators ready, as specified in the equipment list. Recap questions could be asked to check students’ knowledge of key components. For example:
· What is an actuator? Component in a machine responsible for moving or controlling a system by converting energy (electrical, hydraulic, or pneumatic) into mechanical force.
· What is a compressor? Device that increases the pressure of a gas by reducing its volume, turning power into stored potential energy.
To support students with producing their engineering diagrams, there is useful information on this website about ISO symbols www.roymech.co.uk/Useful_Tables/Drawing/Hyd_Pnue_symbols.html and how to produce engineering diagrams: www.roymech.co.uk/Useful_Tables/Drawing/basic.html (If Resource 1 has been used previously, ask students to look back at their examples of engineering diagrams of the car braking system and nail gun on R1 Activity 2 Worksheet).
After students have finished their design, they complete the scaffolded calculations, containing questions that relate to the product design. Explain to students that performing these calculations will allow them to select the correct actuators and power sources from a manufacturer’s catalogue, ensuring the system is neither under-powered (dangerous) nor over-engineered (too heavy/expensive). Data from these calculations should be incorporated into their presentations. Fully worked example answers are provided, which can be shared with students.
Allow students ten minutes to practise their presentation. Provide students with the glossary so students can ensure they are using the correct terminology when presenting their ideas.
Students present their car rear door opening systems to the class, inviting feedback and questions at the end of each presentation. This provides an opportunity for students to evaluate the first drafts of their designs and to identify and address any misunderstandings.
This may be a good point to tackle the misconception that hydraulics are always better than pneumatics – both systems have advantages and disadvantages. For this task, both systems are a valid choice if the student can technically justify their choice based on load, precision, and environmental factors.
Allow time for students in their teams to reflect on their original design and make a brief list of any changes they would make based on feedback received.
Example answers are given in R2 Activity 1 Worksheet answers. If appropriate, go through these with the whole class or invite students to read them in their own time and compare the suggested answers against their own. Emphasise that different designs give different answers, so these do not represent the right answer, but are designed to give students an idea of the type and level of answers.

	Activity 2 – Applied calculations
SUGGESTED TIME: 
30–40 minutes
RESOURCES: 
· R2 Activity 2 Worksheet 
· R2 Activity 2 Worksheet answers
	In this activity, students perform calculations to calculate advanced system requirements. This provides further opportunities for students to practise relevant mathematical calculations which they will have met in Unit 9: mechatronics (see Prior learning for detail).
Give each student a copy of R2 Activity 2 Worksheet, which is designed to simulate exam-style problem-solving. It can be completed by the students independently as a focused activity to build exam-readiness and self-reliance. Alternatively, you can choose to run it collaboratively, placing the students in pairs to encourage peer-to-peer discussion and collective error-spotting. R2 Activity 2 Worksheet answers is provided for self-assessment or peer review.
Before starting, ensure that students have rulers, protractors and calculators ready, as specified in the equipment list.
Following completion of the task, hold a short discussion around questions the students found more difficult. This will serve to highlight areas for development and reaffirm strengths. Additional questions following a similar theme could then be set for students to complete if necessary.
Give each student a copy of R2 Activity 2 Worksheet answers to keep and compare with their own answers.
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[bookmark: _Toc240542457]Resource 3: Test questions
In this resource, students will demonstrate their knowledge of hydraulics and pneumatics, applying it to a range of situations, and complete relevant calculations by answering a range of question types from quick-fire one-mark questions to applied calculations.
The resource can be used flexibly: 
as recap questions (R3 Activity 1 Worksheet) to establish baseline topic knowledge before starting;
as more formal assessment after Resources 1 and/or 2;
during revision.
[bookmark: _heading=h.ke35pwunz90q][bookmark: _Toc226980723][bookmark: _Toc240542458]Preparation
	Resources provided
	Resource 3 Activity 1 Worksheet
Resource 3 Activity 1 Worksheet answers
Resource 3 Activity 2 Worksheet 
Resource 3 Activity 2 Worksheet answers
Resource 3 Activity 3 Worksheet
Resource 3 Activity 3 Worksheet answers
Resource 1 Information sheet

	Equipment needed
	Teacher projection facilities with sound 
Internet access for classroom activities

	Safety factors
	None

	Prior learning
	Students are expected to have covered the foundational concepts of Unit 5: Essential Science for Engineering and Manufacturing and Unit 9: Mechatronics, specifically:
basic mechanical principles - force, moments, weight calculations (also covered in GCSE physics);
pressure concepts and units (also covered in GCSE physics);
main principles of how hydraulic and pneumatic systems function;
benefits and limitations of using hydraulic or pneumatic systems.

	Common misconceptions
	Pneumatic and hydraulic systems are just two different ways to do the same thing. Actually, this is partly true, but each has a set of different specific qualities, meaning they have specific uses. (For specific examples, see notes on Activity 2 below).
Pressure alone determines how ‘strong’ a system is. In fact, force depends on both pressure and area. 
Pressure is ‘lost’ or ‘used’ as fluid moves through a system. In reality, pressure is transmitted, not used up.
Hydraulic systems are superior in all cases as they produce more force. In fact, the choice of system depends on speed, cleanliness, control and force required. 
Higher pressure = higher speed. In fact, pressure = force and flow rate = speed.

	Accessibility
	Encourage peer collaboration and verbal explanation to reinforce understanding.
Adapt tasks for SEND learners by breaking down multi-step processes into smaller, clear stages. For example, by sharing the hints in Activity 3 below (for the questions featured in R3 Activity 3 Worksheet).
Microsoft Equation has been used for all maths equations to make it accessible to screen readers.


[bookmark: _heading=h.fq20i5rgc9ri][bookmark: _Toc226980724][bookmark: _Toc240542459]Activity guide
	Activity 1: Quick recap questions
SUGGESTED TIME: 
20 minutes
RESOURCES: 
R3 Activity 1 Worksheet
R3 Activity 1 Worksheet answers
	In these activities, students will test their knowledge of hydraulic and pneumatic systems.
Give each student a copy of R3 Activity 1 Worksheet.
This worksheet contains quickfire recap questions designed to test students’ recall of the key features of hydraulic and pneumatic systems. Note that some or all of these questions could also be used before Resource 1 or Resource 2 to assess students’ baseline understanding.
Answers are provided on R3 Activity 1 Worksheet answers and these can be shared with the students.
The answer to question 2 provides an opportunity to dispel the misconception that higher pressure = higher speed and to reinforce the reality that pressure = force and flow rate = speed.
The answer to question 3 can be discussed and the misconception that pressure is ‘lost’ or ‘used’ as fluid moves through a system whereas, in reality, pressure is transmitted, not used up.
Key concepts that students should be able to recall before moving on to Activity 2, which involves applying knowledge, are:
· Fluid power systems are used in engineering to transmit energy using either liquids (hydraulics) or gases (pneumatics).
· Liquids are largely incompressible, while gases are compressible. 
· Pneumatic systems typically allow rapid movement but produce lower forces. 
· Hydraulic systems operate at higher pressures and can generate much larger forces with smooth, controlled motion.

	Activity 2: Short answer questions
SUGGESTED TIME: 
30 minutes
RESOURCES: 
R3 Activity 2 Worksheet
R3 Activity 2 Worksheet answers
R1 Information sheet
	Give each student a copy of R3 Activity 2 Worksheet. (You could also give students a copy of R1 Information sheet if they need support.)
This set of questions focuses on the comparison and application of hydraulic and pneumatic systems. Students must analyse system requirements such as speed, force, control, and hygiene, and justify appropriate system selection. 
Question 6 is an applied question which links theory to industrial practice within a food manufacturing context. It also provides the opportunity to discuss the common misconception that hydraulic systems are superior in all cases because they produce more force; in this case, a pneumatic system will be the safer, more hygienic and efficient choice. 
A mark scheme is provided in R3 Activity 2 Worksheet answers, as well as sample answers which could be shared with students. Students could be asked to underline where each mark point is met in the answers.
Please note sample answers are provided to support learning. Other responses may also acquire marks and be valid. Refer to the awarding organisation’s guidance for the most up-to-date information.
After completing R3 Activity 2 Worksheet, the misconception that some students hold that ‘pneumatic and hydraulic systems are just two different ways to do the same thing’ could be explored further using additional examples of systems and how their different qualities mean they have specific uses. For example, students could be provided with a list of examples to sort and justify:
Hydraulic Systems (high force, controlled movement)
· Vehicle lifts in garages - used to raise cars safely. Requires high force and steady control. 
· Excavators and diggers - hydraulic cylinders move the arm and bucket. Needs very large forces to move soil and rock 
· Aircraft landing gear - hydraulics extend/retract landing gear. Requires reliable, precise movement under load. 
· Hydraulic presses - used in manufacturing to shape or compress materials. Relies on force multiplication.
Pneumatic Systems (fast, clean, lower force)
· Food processing conveyor systems - move powders like flour. Clean and contamination-free. 
· Air brakes on lorries and buses - use compressed air for braking. Nees a quick, safe response. 
· Pick-and-place systems in factories - pneumatic actuators move items quickly. Requires a fast cycling, repetitive motion
· Dental drills or tools - powered by compressed air. Needs to be lightweight, fast, and clean.
Share with students a simple way to summarise this concept: Hydraulics = heavy and controlled. Pneumatics = fast and clean.

	Activity 3: Calculation questions
SUGGESTED TIME: 
30 minutes
RESOURCES: 
R3 Activity 3 Worksheet 
R3 Activity 3 Worksheet answers
	Give each student a copy of R3 Activity 3 Worksheet.
This worksheet focuses on the numerical application of hydraulic and pneumatic principles. Students use standard formulas to calculate force, compare system outputs, and analyse the effect of piston area on mechanical advantage. The questions reinforce the relationship between pressure, force and area, while linking calculations to practical engineering contexts. 
Fully worked sample answers are provided in R3 Activity 3 Worksheet answers as well as a detailed explanation of how the marks are awarded. These workings could be shared with students to show the importance of writing calculations out in full to ensure method marks are picked up even if the final calculation is incorrect.
Please note sample answers are provided to support learning. Other responses may also acquire marks and be valid. Refer to the awarding organisation’s guidance for the most up-to-date information.
Note: A caveat has been included in the answer sheets regarding official exam mark schemes, as actual exams often award fewer marks (sometimes only 1 mark) for these types of calculations; the detailed mark allocations here are for developmental diagnostics. Prompts are also provided below for each calculation which could be shared with students who need more support:
Question 1:
· Tell students that they are converting pressure from Pa (Pascals) to bar. Remind them that 1 bar is equal to 100,000 Pa. Ask them: to convert to bar, should they multiply or divide? (Divide by 100,000)
Question 2: 
· Ask students to think about the relationship between pressure, force, and area. Which formula links all three? (Force = Pressure × Area) 
· Check students are using the correct units: Pressure → Pascals (Pa), Area → m², Force  Newtons (N)
· You can use the answer to question 2 as an opportunity to discuss the common misconception that pressure alone determines how ‘strong’ a system is. In fact, force depends on both pressure and area.
Question 3:
· Tell students that they need to calculate force twice (once for each system). What formula will they use for both calculations? (Force = Pressure × Area) 
· Remind students that the area is the same, so what’s changing? (Pressure the system is exerting.)
· After calculating both, compare: Which force is larger? (Hydraulic) By how many times? (10 times)
Question 4:
· Remind students that in a hydraulic system, pressure is the same throughout.
· The first step is to calculate the pressure using the small piston. Which formula will they use? (Pressure = Force ÷ Area)
· The second step is to use that pressure to calculate force on the large piston. Which formula will they use? (Force = Pressure x Area) 
· Remind students that a bigger area = bigger force. They need to check if their answer reflects this.
Ask students to work through each question on the worksheet in turn, pausing after each one to allow students to correct mistakes and address any misconceptions. 
Alternatively, the resource could be broken down and used as starter questions for students to work on as they first arrive in a session or as a series of homework tasks.
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All weblinks and resources have been used in accordance with the owner Terms and Conditions and, where specified, permission has been granted by the owner.
Inclusion of weblinks or mention of external organisations within the teaching materials does not imply any affiliation with, endorsement by or sponsorship of these external organisations. 
	Location
	Link (with permission if required)
	Owner
	Date last accessed

	Teaching Guide page 3
	www.cityandguilds.com/qualifications-and-apprenticeships/engineering/mechanical/8730-t-level-technical-qualification-in-engineering-and-manufacturing-core
	City & Guilds*
	September 2026

	Teaching Guide page 4
	www.technicaleducationnetworks.org.uk
	Technical Education Networks
	September 2026

	Teaching Guide page 7
	support.tlevels.gov.uk/hc/en-gb/articles/360015345420-Industry-placement-logbook-for-students
	GOV UK
	September 2026

	Teaching Guide page 7
	https://education.theiet.org/secondary/teaching-resources (with permission)
	The Institution of Engineering and Technology
	September 2026

	Teaching Guide page 8
	https://raeng.org.uk/education-and-skills/further-education/t-level-engineering-and-manufacturing/ (with permission)
	Royal Academy of Engineering
	September 2026

	Teaching Guide page 8
	www.raeng.org.uk/education-and-skills/further-education/further-education-resources/ (with permission)
	Royal Academy of Engineering
	September 2026

	Teaching Guide page 8
	www.lunchboxsessions.com/explore/hydraulics/fluid-power-basics (with permission)
	Lunch box sessions
	September 2026

	Teaching Guide page 8
	www.powermotiontech.com/. (with permission)
	Power and motion
	September 2026

	Teaching Guide page 8
	www.engineeringtoolbox.com/fluid-mechanics-t_21.html (with permission)
	The Engineering Toolbox
	September 2026

	Teaching Guide page 8
	https://bfpa.co.uk/ (with permission)
	British Fluid Power Association (BFPA)
	September 2026

	Teaching Guide page 14
Teaching Guide page 16
	https://mxarviewer.azurewebsites.net/ARView/V/2d0d8ba1-1a3d-4009-862b-f70c2cb93cb1 
https://mxarviewer.azurewebsites.net/ARView/V/9d7cd072-2fc6-47be-87d9-a7a8302df6e9
	MXAR Viewer
	September 2026

	Teaching Guide page 18
	https://abdex.com/images/cataloguepdfs/Technical/General%20Engineering/Hydraulic%20and%20Pneumatic%20Symbols.pdf 
	Abdex
	September 2026

	Teaching Guide page 23
	www.roymech.co.uk/Useful_Tables/Drawing/Hyd_Pnue_symbols.html
	Roy Mech
	September 2026

	Teaching Guide page 23
	www.roymech.co.uk/Useful_Tables/Drawing/basic.html 
	Roy Mech
	September 2026

	Resource 1 AR Guide, Slide deck, slide 3
	https://mxarviewer.azurewebsites.net/ARView/V/2d0d8ba1-1a3d-4009-862b-f70c2cb93cb1 
	MXAR Viewer
	September 2026

	Resource 1 AR Guide, Slide deck, slide 4
	https://mxarviewer.azurewebsites.net/ARView/V/9d7cd072-2fc6-47be-87d9-a7a8302df6e9 
	MXAR Viewer
	September 2026
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* ‘T-LEVELS’ and ‘T Level’ are registered trademarks of the Department for Education.
[bookmark: _Toc240542461]Terms of use and disclaimer of liability
These resources are made available subject to the Technical Education Networks programme Terms and Conditions. These can be accessed at www.technicaleducationnetworks.org.uk 
[bookmark: _heading=h.1nixhvt0swvs]The Terms and Conditions set out the legal terms and associated information relating to the teaching materials and other assets produced as part of the Technical Education Networks programme. The Terms and Conditions may be updated from time to time, please ensure you have read and understood them each time you access the resource.
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