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INTRODUCTION
This resource has been developed to support providers delivering the T Level in Design and development for engineering and manufacturing. In particular, it relates to the following knowledge outcomes in the Core Content:
· 5: Essential science for engineering and manufacturing.
· 6: Materials and their properties.
These materials are designed to support formative, not summative, assessment.  Summative assessment is used to accredit learning – for example, by conferring a grade or qualification. Formative assessment is used to support learning and is also known as assessment for learning. Formative assessment should be designed to determine where learners are in their learning journey and whether they are progressing at the level expected at a particular point in their course. If they are not progressing as expected, then formative assessment focuses on providing learners with feedback on what they have or have not achieved, together with guidance and activities to support further learning. Formative and summative assessments may use the same materials, but how they are used is different.
This resource has two sections:
1. Questions for Assessment Objective 2 (AO2).
There are 20 questions in this section.
Assessment Objective 2 requires learners to apply knowledge and understanding of contexts, concepts, theories and principles to different situations and contexts that are relevant to the sector. This is an important part of developing higher-order thinking, as it goes beyond general understanding and recall of knowledge.
It is the application of knowledge and understanding that is critical with these questions. These questions, therefore, have a context or scenario that learners are expected to relate their answers to. These questions are organised as follows:
· Targeted content gives the specification reference of the content that the question is designed to assess.
· The context of the question points out exactly what learners must apply their answer to.
· The question is given, which, as indicated above, includes a scenario or context.
· The model answer gives an example of how an answer that demonstrates the expected level of learning could be constructed that clearly applies understanding to the context. The model answers are intended to be used to support formative assessment. Learners can use these for self-reflection or peer feedback as they are designed to show ‘what good looks like’.
· The model answer is followed by a rationale explaining why this is a model answer.
· There is also an example of an answer a learner has given that does not fully show how the learning has been applied, and further development is required by the learner.
· The last part of the question gives a rationale for why the answer indicates that the learner needs further development. This is a critical element of formative assessment.
2. Questions and development activities for Assessment Objective 3 (AO3)
There are 10 questions in this section. Each question is built on an AO2 question in section 1, stretching learners to demonstrate a higher level of understanding. Each AO3 question has a related development activity.
Assessment Objective 3 requires learners to analyse and evaluate information and issues. They are expected to:
· Use their existing knowledge and understanding to analyse material, breaking it down to its constituent parts.
· Show understanding of patterns and relationships between these parts.
· Evaluate their relevance, interconnections and suitability using information from a scenario.
· Think holistically, using their wider understanding of the content and the sector to determine which content is most relevant to use.
This again goes beyond knowledge, recall and generic understanding and brings in critical thinking, problem-solving, creativity and decision-making.
These questions follow the same approach as the AO2 question. However, as there is no one defined answer, the content for each question includes indicative content – an indication of the theoretical content that could be referred to in the answer.
For these AO3 questions, where the model answer requires further development, there is additionally a suggested development activity designed to support learners to move forward in their learning. Each development activity has a specific focus which is given in the title of the activity, such as ‘developing a revision guide’, or ‘using discussion terminology’. As such, they can be used to support learners that who have given responses that show they would benefit from these activities. They should not be considered as limited to the related question only.
The model answers are intended to be used to support formative assessment.  Learners can use these for self-reflection or peer feedback as they represent an example of ‘what good looks like’.
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AO2 question 1 – Core Content 5.3
Targeted content
Scientific methods and approaches to scientific inquiry and research.
Context of the question
Rods wearing out faster than expected.
Question
A technician in an engineering workshop notices that a batch of metal rods used in a hydraulic system is wearing out faster than expected. 
Explain how the scientific method could be applied to investigate this issue.
Model answer – meets required standard
The first stage is normally to observe the problem, but this has already been done because it has already been noted that the rods are wearing out faster than expected. Now there needs to be a hypothesis, such as the rods having lower hardness or insufficient lubrication. These are two reasons why there may be a problem, and that is where the hypothesis would come from. Once there is a hypothesis, this can then be tested, and the rest of the scientific method can be used to determine any corrective actions needed and to note them for future reference.
Why is this a model answer?
This is a model answer because it clearly applies the steps of the scientific method to the scenario. It doesn’t give all steps but identifies what has already been done and what comes next. It gives examples of hypotheses based on the information that has been provided.
This is also a model answer as it includes explanations. It says why the next stage to consider is to establish hypotheses, and it also explains why the hypotheses would be valid in this scenario.  
Model answer – development required
The technician could use the scientific method to investigate the increased wear in the metal rods. First, the technician would notice that the rods are wearing out faster than expected. A hypothesis could then be made. The technician could then test this hypothesis and use the results to find the cause of the problem.
Why does this answer indicate the learner needs further development?
This answer shows some understanding of the scientific method as it mentions a hypothesis, tests, and results. However, it does not use the information in the scenario in the answer, other than specifying the context – the rods. It is also descriptive rather than reasoned.


AO2 question 2 – Core Content 5.8
Targeted content
Thermodynamics in engineering.
Context of the question
The surface of a water-heating unit.
Question
A small portable water-heating unit has been observed to lose heat to its surroundings too quickly. One design feature of the unit is that the outer surface of the casing is painted matte black. 
Explain how the matte black surface effects affects heat loss from the water-heating unit.
Model answer – meets required standard
The matte black surface of the water-heating unit increases heat loss by radiation, because dark and dull surfaces are a good absorbers and emitters of radiant heat. This means dark, non-reflective surfaces like the water-heating unit, emit heat energy faster than lighter or shiny shinier surfaces. 
Why is this a model answer?
This is a model answer because it clearly applies scientific knowledge about heat transfer to the given scenario. It identifies radiation as the method of heat loss because of the nature and colour of the surface of the given water-heating unit.
It also explains why the matte black surface leads to increased heat loss by stating its properties as a good emitter of radiant heat and directly links this to the context of the water-heating unit losing heat too quickly.
Model answer – development required
Matte black surfaces are good absorbers and emitters of heat. This means such surfaces will not keep heat very well and will cool down faster.
Why does this answer indicate the learner needs further development?
This answer shows some correct scientific knowledge, as it recognises that matte black surfaces are good absorbers and emitters of heat. However, it lacks application to the specific context of the water-heating unit, as it does not link this property to heat loss by radiation from the unit.
Also, it lacks a clear explanation. While it states that the surface will cool down faster, it does not clearly explain why this happens in terms of increased emission of thermal radiation.


AO2 question 3 – Core Content 6.2
Targeted content
Types of material and their structures.
Context of the question
Suspension arm subjected to repeated loads.
Question
The suspension arm in a lightweight electric vehicle connects the chassis to the wheel hub and is subjected to repeated loads during operation.
Explain two material properties that are important for the suspension arm to perform this function effectively.
Model answer – meets required standard
Two important material properties for the suspension arm are fatigue strength and high strength- to- weight ratio. 
Fatigue strength is important because the suspension arm is subjected to repeated loading during operation, so the material must be able to withstand cyclic stresses without cracking or failing over time. 
High strength- to- weight ratio is also important as the suspension arm will constantly need strength to withstand its constant loads but must not contribute excessively to the weight of the electric vehicle as the vehicle is designed to be lightweight.
Why is this a model answer?
This is a model answer because it clearly gives two relevant material properties and applies them directly to the context of repeated loads in a suspension arm and the general light weight of the vehicle.
It also explains why fatigue strength is necessary by linking it to cyclic loading, and why a high strength- to- weight ratio is important by relating it to the combined need for strength because of the constant load and light weight due to the lightweight design of the electric vehicle.
Model answer – development required
Because the suspension arm will be subjected to repeated stress, it needs to have a high resistance to fatigue and high tensile strength. These are the two most important properties for a suspension arm in a lightweight electric vehicle that is subjected to repeated stress during operations.
Why does this answer indicate the learner needs further development?
This answer shows some relevant knowledge, as it correctly identifies fatigue resistance and tensile strength as important material properties. However, it does not explain why they are important in terms of how the suspension arm functions under repeated loading. It does not explain how fatigue resistance prevents failure over time or how tensile strength relates to the forces experienced during operation.


AO2 question 4 – Core Content 6.2
Targeted content
Types of material and their structures.
Context of the question
Properties of carbon fibre-reinforced polymer.
Question
Aircraft wing access panels are required to be strong and lightweight. 
Explain how the properties of carbon fibre-reinforced polymer make it suitable for use as aircraft wing access panels.
Model answer – meets required standard
Carbon fibre-reinforced polymer (CFRP) is suitable for aircraft wing access panels because it has a high strength-to-weight ratio. This means it is very strong while still being lightweight. The high strength allows the access panels to withstand forces during flight without failing, while the low weight helps to reduce the overall mass of the aircraft, improving fuel efficiency and performance.
Why is this a model answer?
This is a model answer because it stays focused on the key requirements given in the question: strength and low weight. It links the properties of CFRP directly to the requirements of the aircraft wing access panel and explains why a high strength-to-weight ratio is important, rather than just stating the property.
Model answer – development required
Carbon fibre-reinforced polymer is made by embedding fibres of carbon in a polymer matrix. This makes it strong while retaining the lightweight properties of the polymer. CFRP also has many important properties, for example, it is durable and has good resistance to corrosion. This makes it suitable for many engineering applications.
Why does this answer indicate the learner needs further development?
This answer shows some good underlying knowledge, but is mostly general, referring to “many engineering applications” rather than focusing on its suitability for use as an aircraft wing access panel.
It is also partly descriptive rather than fully reasoned. While properties like strength and lightweight are mentioned, the answer does not explain why these properties are important for aircraft panels.
Additionally, the inclusion of corrosion resistance and durability are is not directly relevant to the focus of the question, which is on strength and lightweight properties.



AO2 question 5 – Core Content 6.6
Targeted content
Material testing methods and interpretation of results.
Context of the question
Prevention of material failure.
Question
Explain how information from a stress – strain graph can be used to prevent material failure in engineering applications.
Model answer – meets required standard
A stress – strain graph shows the yield strength, indicating the point at which a material begins to deform permanently. By ensuring that the working stress on an engineering component remains below the yield strength, permanent deformation can be avoided. The graph also shows the ultimate tensile strength, which can be used to select materials with sufficient strength to ensure the material does not reach this limit during use.
Why is this a model answer?
This is a model answer because it applies information from the stress – strain graph to an engineering context. It refers to yield strength and ultimate tensile strength, explaining how each is used to prevent failure.
The answer is well- reasoned, as it does not just state these properties but explains their importance. For example, it explains that staying below the yield strength prevents permanent deformation.
Model answer – development required
A stress – strain graph shows how a material behaves when a force is applied. It includes important points such as elastic limit, upper and lower yield strengths, ultimate tensile strength, and the breaking point. Engineers can use this information to understand the material and choose the right one for different applications. This helps to prevent material failure.
Why does this answer indicate the learner needs further development?
This answer demonstrates basic understanding of the stress – strain graph. However, the response does not clearly apply the information to an engineering context, such as how these values would be used in a real application. It also needs further development because it is descriptive rather than reasoned, as it lists different points on the graph without explaining why these points are important. It only says engineers can use the information to understand the material. It does not explain how the information relates to failure prevention.

AO2 question 6 – Core Content 5.7
Targeted content
Fluid dynamics in engineering.
Context of the question
Weight of an industrial inspection drone.
Question
An industrial inspection drone is made from lightweight composite materials. 
Explain the significance of its weight on its ability to fly efficiently during operation.
Model answer – meets required standard
The weight of the drone has a major impact on how efficiently it can fly. Because it is made from lightweight composite materials, the drone requires less lift to stay airborne. This means the motors are more efficient as they do not need to work as hard to keep the drone airborne, reducing power consumption and increasing battery life. As a result, the drone can stay in the air for longer and cover more inspection areas before needing to recharge. 
Why is this a model answer?
This is a model answer because it clearly applies the significance of weight directly to flight efficiency, rather than giving general advantages of lightweight materials. 
The answer is also well reasoned, as it explains why less weight improves efficiency (e.g. “motors do not need to work as hard to keep the drone airborne” and “reducing power consumption”). 
Model answer – development required
Lightweight materials are important in engineering because they make products easier to move and more efficient. Therefore, a lightweight drone will be easier to fly because it is not very heavy. The composite materials help reduce mass, which is good for the drone. If the drone is light, it should be able to fly better and use less energy. This means it can do its inspections properly.
Why does this answer indicate the learner needs further development?
This answer shows some understanding, as it recognises that lightweight materials improve efficiency and reduce energy use. However, it is mostly general and not clearly applied to the specific context of the drone.
The response is largely descriptive rather than reasoned. For example, it states that lightweight makes it “easier to fly” and “use less energy”, but does not explain how reduced weight affects lift, motor workload, or battery performance.
Also, the explanation uses vague statements like “fly better” and “do its inspections properly,” instead of giving a reasoned, technical justification.



AO2 question 7 – Core Content 5.8
Targeted content
Thermodynamics in engineering.
Context of the question
Rigid cylinder.
Question
Explain how changes in temperature affect the pressure of the gas inside a rigid cylinder.
Model answer – meets required standard
In a rigid cylinder, the volume of the gas cannot change, so any increase in temperature will increase the pressure inside the cylinder. This happens because heating the gas gives the particles more kinetic energy, causing them to move faster and collide with the cylinder walls more frequently and with greater force. As a result, the pressure rises. Similarly, if the temperature drops, the gas particles have less kinetic energy, producing fewer and weaker collisions, which reduces the pressure. 
Why is this a model answer?
This is a model answer because it clearly applies the scientific principle to the specific context of a rigid cylinder. It acknowledges that the volume of a rigid cylinder remains constant and explains how temperature affects pressure in the cylinder. 
It is also a model answer because it uses correct scientific theory to explain why pressure increases or decreases as temperature changes in a rigid cylinder, stating that “heating the gas gives the particles more kinetic energy, causing them to move faster and collide with the cylinder walls more frequently and with greater force.”
Model answer – development required
When the temperature of a gas changes, the pressure also changes. If the temperature increases, the pressure increases, and if the temperature decreases, the pressure decreases. This is because temperature affects the kinetic energy of gases, making gas particles move faster at high temperature, resulting in more collisions, hence exerting higher pressure.
Why does this answer indicate the learner needs further development?
Even though this response correctly explains why an increase in temperature leads to higher pressure in gases, it needs further development as it does not apply the explanation to the specific context of a rigid cylinder. The learner shows awareness of the relationship between temperature and pressure, without demonstrating applied knowledge. 

AO2 question 8 – Core Content 5.7
Targeted content
Fluid dynamics in engineering.
Context of the question
Increase in diameter
Question
A chemical fluid is transported through a pipe at a fixed operating pressure. When part of the pipe is elevated, the engineer increases the diameter of the elevated section of the pipe. 
Explain how this change helps to maintain the required fluid pressure.
Model answer – meets required standard
When the pipe is elevated, the fluid loses pressure due to the increase in gravitational potential energy. However, increasing the diameter of the elevated section helps maintain the required pressure because a wider pipe reduces fluid velocity in line with the continuity equation. According to Bernoulli’s principle, when the velocity decreases, fluid pressure increases; therefore, the increase in diameter leads to a decrease in velocity and consequently, the pressure will recover.
Why is this a model answer?
This is a model answer because it clearly applies fluid mechanics principles to the specific scenario. It explains the effect of elevation of the pipe on pressure and also explains the effects of the pipe modification, keeping the response within the context of the question. It identifies the relevant principles (continuity equation and Bernoulli’s principle) and uses them to link the effect of increasing the diameter to a reduction in velocity, and then explains why this helps maintain pressure when the pipe is elevated.
Model answer – development required
When the pipe diameter is increased, it affects the flow of the chemical fluid. The fluid will move slowly in the larger pipe, which helps the engineer maintain the correct pressure. This change helps reduce some of the pressure loss that the fluids might have experienced.
Why does this answer indicate the learner needs further development?
The answer shows some awareness that changing pipe diameter affects pressure, but it is too general. It does not explain why the change in fluid flow maintains pressure. Also, it does not reference Bernoulli’s principle or connect velocity directly to pressure. The reasoning is descriptive rather than applied, as it does not link the explanation to the specific context of pressure in an elevated pipe section.

AO2 question 9 – Core Content 6.3
Targeted content
The effects of processing techniques on materials.
Context of the question
Working temperature.
Question
A steel processing company manufactures rolled structural steel beams. The steel’s recrystallisation temperature is 450oC and is worked at 500°C.
Explain how the working temperature would influence the properties of the steel beams.
Model answer – meets required standard
Working the steel at 500°C when its recrystallisation temperature is 450oC means it is worked above its recrystallisation temperature. This means the steel is hot worked and will undergo recrystallisation during processing. As a result, the structural steel beams will have improved ductility and toughness, making them less likely to crack during forming or in service. 
However, because recrystallisation removes the effects of strain hardening, the beam will have lower tensile strength and hardness. 
Why is this a model answer?
This is a model answer because it applies the concept of metal working to the scenario. It clearly states that 500°C is above the recrystallisation temperature, so the steel is hot‑worked. It then explains how the working temperature affects properties that are significant to the structure of the beam and, thereby demonstrating applied knowledge.
The response is also a model answer because it does not only states properties linked to hot-working but also explains why they occur. It explains that recrystallisation removes strain hardening, leading to reduced strength and hardness.
Model answer – development required
The steel is being worked above its recrystallisation temperature, so recrystallisation will occur. This will change the grain structure of the steel and affect its properties. Hot working will result in a material with high ductility, low strength and low hardness. The material will also have high dimensional accuracy, high toughness, but poor surface appearance.
Why does this answer indicate the learner needs further development?
This answer shows some understanding of the effects of working above the recrystallisation temperature, as it correctly identifies that recrystallisation will occur and that this will affect the properties of the steel. 
However, the response lacks a clear application to the specific context of rolled structural steel beams. It does not refer to why these property changes are important for structural beams.


AO2 question 10 – Core Content 6.5
Targeted content
Causes of material failure and their prevention.
Context of the question
High- pressure sections of a pipe.
Question
A piping system transports a hot liquid at a high flow rate. Pressure variations in the pipe cause vapour bubbles to form, which collapse as the fluid enters regions of higher pressure.
Explain how the collapse of these vapour bubbles leads to erosion of the pipe surface in high-pressure sections.
Model answer – meets required standard
The formation and collapse of vapour bubbles is known as cavitation. When the fluid enters a high-pressure region, the vapour bubbles rapidly collapse. This collapse generates shock waves and high-pressure micro-jets of liquid that impact the pipe surface. The higher the pressure, the more severe the impact will be. These repeated high-energy impacts cause material to be removed from the surface over time, leading to erosion in the pipe wall in the regions of higher pressure.
Why is this a model answer?
This is a model answer because it clearly identifies cavitation and explains the mechanism involved in bubble collapse. It links the collapse to the generation of shock waves and micro-jets and explains how these cause physical damage to the pipe surface. The explanation is well- reasoned and directly applied to the high-pressure sections described in the scenario.
Model answer – development required
Vapour bubbles form in the pipe and then collapse when the pressure increases in some sections of the pipe. This can damage the pipe and cause erosion in those sections. Over time, the pipe surface at the high-pressure region becomes worn due to this effect.
Why does this answer indicate the learner needs further development?
This answer demonstrates some understanding of cavitation and correctly identifies that bubble collapse causes damage. The answer also refers to an increase in pressure in the specified regions of the pipe as the cause of the bubble collapse, demonstrating applied knowledge. However, it does not explain how the collapse leads to erosion. 


AO2 question 11 – Core Content 5.5
Targeted content
Chemical composition and behaviours.
Context of the question
Decorative metal.
Question
A company manufactures outdoor decorative metal items and uses electroplating in its production process.
Explain two benefits of electroplating for these products.
Model answer – meets required standard
One benefit of electroplating is that it improves corrosion resistance. Outdoor decorative metal items are exposed to rain and moisture, thereforehence coating by electroplating helps protect the metal from rusting and deterioration.
Another benefit is beautification. Electroplating can provide a shiny and decorative finish, which makes the products more visually attractive to customers. This is particularly important for decorative products.
Why is this a model answer?
This is a model answer because it clearly gives two relevant benefits of electroplating and applies understanding to the context of outdoor decorative metal items.
It is well reasoned, as it explains why corrosion resistance is important by linking it to exposure to weather conditions, and why improved appearance is beneficial by relating it to customer appeal. The response is focused, applied, and gives clear explanations.
Model answer – development required
Electroplating is used to coat metals with another metal. It gives products a good surface finish and appearance and also helps to protect products against corrosion. Electroplating is widely used in manufacturing industries.
Why does this answer indicate the learner needs further development?
This answer shows some understanding of electroplating, as it recognises that it can improve appearance and provide protection against corrosion. However, it lacks a clear application to the specific context of outdoor decorative metal items.
It is mainly descriptive rather than reasoned, as it states what electroplating does without explaining why these benefits are important for products used outdoors. 


AO2 question 12 – Core Content 6.4
Targeted content
 Heat treatment and surface treatments.
Context of the question
Construction crane.
Question
A medium carbon steel lifting hook is used on a construction crane to lift heavy loads. The hook is quench hardened and then tempered.
Explain how tempering improves the suitability of the hardened hook for this application.
Model answer – meets required standard
Quench hardening helps to increase the strength and hardness of the lifting hook; however, it makes it brittle. Tempering improves the suitability of the hardened hook by reducing the brittleness caused by quench hardening while retaining much of the hardness and strength. High strength with increased ductility means the hook is tougher. This is important because the hook will experience heavy loads and sudden forces during lifting operations. By increasing toughness, tempering reduces the risk of the hook cracking or failing suddenly in service.
Why is this a model answer?
This is a model answer because it clearly applies knowledge of tempering to the specific context of a crane lifting hook. It explains how different processes affect the material’s properties. The answer directly links changes in material properties to the demands of lifting heavy loads safely.
The response is focused, clearly applied, and well-reasoned rather than simply describing the process.
Model answer – development required
Tempering is conducted after quench hardening to heat the steel again. This changes the properties of the steel and makes it better for engineering use. Tempering is commonly used on steel components. 
Why does this answer indicate the learner needs further development?
This answer shows some basic understanding, as it recognises that tempering is conducted after quench hardening and changes the material properties of the steel. However, it does not clearly explain how the properties are changed or why this improves the suitability of the lifting hook.
It is descriptive rather than reasoned, as it mainly describes the process in general terms without linking it to the specific application of lifting heavy loads on a construction crane.


AO2 question 13 – Core Content 5.4
Targeted content
Measurement equipment, techniques and principles.
Context of the question
Consistent measurement.
Question
An engineer measures the diameter of a shaft several times using both a Vernier calliper and a micrometre. 
Explain why the micrometre provides more consistent results in this situation.
Model answer – meets required standard
The micrometre provides more consistent results because it has greater precision and higher resolution than a Vernier calliper. This enables smaller differences in measurement to be detected more accurately. In addition, the micrometre uses a ratchet mechanism that applies a consistent measuring force each time the shaft diameter is measured. In contrast, a Vernier calliper may be tightened too much or too little around the shaft, leading to variation in the readings. The consistent measuring force of the micrometre reduces measurement variation and improves repeatability.
Why is this a model answer?
This is a model answer because it clearly identifies relevant reasons why the micrometre gives more consistent measurements and applies them directly to the measurement of the shaft diameter. It also explains why the ratchet mechanism improves consistency. The answer is applied and gives a clear explanation rather than simply listing features of the instrument.
Model answer – development required
A micrometre is more accurate than a Vernier calliper and is used for precise measurements. While a micrometre can measure accurately up to 0.001 mm, a Vernier calliper can only be accurate to the nearest 0.01mm. Therefore, engineers usually use micrometres when measuring small components because they give better readings.
Why does this answer indicate the learner needs further development?
This answer shows some understanding, as it recognises that a micrometre is used for more precise measurement. However, it does not clearly explain why the micrometre provides more consistent results in this situation.
It is mainly descriptive rather than reasoned, as it states that micrometres give “better readings” without explaining how this these features improves consistency. The answer is also too general and does not make sufficient links to the repeated measurement of the shaft diameter.


AO2 question 14 – Core Content 5.5
Targeted content
Chemical composition and behaviours.
Context of the question
Underground pipeline for transporting water.
Question
A steel pipeline used to transport water underground is fitted with blocks of zinc attached along its length.
Explain how these zinc blocks help prevent corrosion of the pipeline.
Model answer – meets required standard
Zinc protects the steel pipeline because it is more reactive than steel and acts as a sacrificial anode. When zinc blocks are attached to a steel pipeline in moist soil, zinc oxidises first, releasing electrons. These electrons flow to the steel, keeping it as the cathode, which prevents the steel from losing metal ions and therefore stops it from corroding.
Why is this a model answer?
This is a model answer because it clearly explains the mechanism by which zinc prevents corrosion of the steel and applies this mechanism directly to the context of an underground pipeline. The answer refers to the level of reaction and movement of electrons and links this to preventing the steel from corroding. The explanation is directly applied to the context of the question and uses appropriate technical terminology such as “sacrificial anode”, “cathode”, and “oxidises.”
Model answer – development required
Zinc blocks are attached to the steel pipeline to stop it from rusting. This is called sacrificial cathodic protection. Zinc is used because it protects the steel in the pipeline.
Why does this answer indicate the learner needs further development?
This answer shows some basic understanding, as it recognises that zinc is used to protect the steel pipeline from corrosion. However, it does not explain how the zinc provides this protection.
It is descriptive rather than reasoned, as it states the outcome without explaining the sacrificial protection process and why the process is effective for protecting steel pipelines. The answer is quite generic as it does not clearly show the relevance to an underground pipeline transporting water.


AO2 question 15 – Core Content 5.6
Targeted content
Forces and motion in engineering.
Context of the question
Tight nut.
Question
An engineer needs to loosen a tight nut. 
Explain why using a long handle spanner would be an effective tool for this purpose.
Model answer – meets required standard
A long handle spanner is effective because it increases the turning moment (torque) applied to the nut. Torque is calculated using the formula:
Torque = Force X Perpendicular distance from pivot
In this case, the nut acts as the pivot while the handle of the spanner is the distance.  This means that the longer the handle, the higher the torque for the same applied force. Therefore, a longer spanner allows the engineer to generate a larger torque with less effort, making it easier to loosen the nut.
Why is this a model answer?
This is a model answer because it clearly applies the principle of moments to the specific context of loosening a tight nut.
It is well reasoned, as it explains why the longer handle is effective by linking increased distance from the pivot to a greater turning effect. It also explains the practical outcome that less force is needed to loosen the nut.
Model answer – development required
A long spanner is useful because it makes it easier to loosen nuts. It is a well-known fact that the longer the handle of a spanner, the easier it is to turn a nut. This is because the longer handle gives more leverage.
Why does this answer indicate the learner needs further development?
This answer shows some understanding, as it recognises that a longer handle provides more leverage and makes the nut easier to turn. However, it does not clearly explain why this happens in scientific terms. The answer lacks detail about how the longer handle increases the moment applied to the nut and shows little application of the principles of force and moment to the context of the question.


AO2 question 16 – Core Content 6.4
Targeted content
Heat treatments and surface treatments.
Context of the question
Steel frames.
Question
A bicycle manufacturer wants to improve the durability and appearance of its steel frames.
Explain why an appropriate surface treatment for the bicycle would be powder coating.
Model answer – meets required standard
Powder coating is an appropriate surface treatment because it provides a tough protective layer on the steel frame that helps resist scratches, wear, and corrosion. This improves the durability of the bicycle frame, particularly when exposed to outdoor conditions such as rain and moisture.
Powder coating also gives a smooth and attractive finish, improving the appearance of the bicycle. The coating can be produced in different colours and finishes, making the bicycle more visually appealing to customers.
Why is this a model answer?
This is a model answer because it clearly identifies two relevant benefits of powder coating and applies them directly to the context of steel bicycle frames.
It is well reasoned, as it explains why the coating improves durability by protecting against wear, scratches and corrosion, and why it improves appearance through decorative finishes and colour options. The answer links the properties of the coating to the operating conditions and customer appeal of the product.
Model answer – development required
Since the manufacturer wants the steel frame of the bicycle to be durable and more beautiful, then powder coating is an appropriate surface treatment for this application, as it can enhance both durability and surface appearance. Powder coating is used on metal products to make them last longer and look better. It is commonly used in manufacturing for these purposes.
Why does this answer indicate the learner needs further development?
This answer shows some understanding, recognising that powder coating can increase the durability and improve the appearance. However, it is mainly descriptive as it states the general benefits of powder coating without explaining how powder coating provides the benefits. 

AO2 question 17 – Core Content 6.6
Targeted content
Materials testing methods and interpretation of results.
Context of the question
Hammer head.
Question
A metal component is used as a hammer head. Impact test shows that the metal absorbs a large amount of energy before fracturing.
Explain what this result suggests about the type of failure the component is likely to experience in service.
Model answer – meets required standard
The impact test result suggests that the hammer head material is tough and is more likely to experience ductile failure rather than brittle failure. Because the material absorbs a large amount of energy before fracturing, it can deform and withstand sudden impacts without cracking suddenly. This is important for a hammer head because it experiences repeated impact forces during use.
Why is this a model answer?
This is a model answer because it clearly links the impact test result to the behaviour properties of the material in service.
It is well reasoned, as it explains that absorbing a large amount of energy indicates toughness and relates this to ductile rather than brittle failure. The answer also applies the explanation directly to the hammer head by referring to the repeated impact forces it experiences during use.
Model answer – development required
The impact test shows that the metal is strong and can absorb energy before it breaks. This means it is suitable for engineering components that are exposed to force.
Why does this answer indicate the learner needs further development?
This answer shows some understanding, as it recognises that the material can absorb energy before fracturing. However, it does not clearly explain what this means in terms of the type of failure likely to occur in service.
The answer also lacks a clear application to the hammer head and the repeated impact conditions it would experience during use.


AO2 question 18 – Core Content 6.2
Targeted content
Types of material and their structures.
Context of the question
Abrasive grinding wheels.
Question
An engineering company uses silicon carbide to manufacture abrasive grinding wheels used for cutting and shaping metal components.
Explain why the crystalline structure of silicon carbide makes it suitable for this application.
Model answer – meets required standard
Silicon carbide has a giant covalent crystalline structure with very strong covalent bonds between the atoms. These strong bonds make the material extremely hard and resistant to wear. This makes silicon carbide suitable for abrasive grinding wheels because it can cut, shape, and wear away metal surfaces without the grinding wheel itself wearing down quickly.
Why is this a model answer?
This is a model answer because it clearly links the crystalline structure of silicon carbide to its properties and then applies those properties directly to the use of abrasive grinding wheels.
The response also explains that the strong covalent bonds produce high hardness and wear resistance and goes further to explain why these properties are important for cutting and shaping metal components. The response is focused, applied, and clearly explains the relationship between structure and performance in the context of the question.
Model answer – development required
Silicon carbide has a crystalline structure and is very hard. This means it can be used for grinding and cutting metal components in engineering.
Why does this answer indicate the learner needs further development?
This answer shows some understanding, as it identifies hardness as an important property of silicon carbide. However, it does not clearly explain why the crystalline structure gives the material this property.
It is descriptive rather than reasoned, as it states that the material is hard and suitable for grinding without explaining the role of strong covalent bonds or wear resistance. The answer also lacks detailed application to the demands placed on abrasive grinding wheels during cutting and shaping operations.

AO2 question 19 – Core Content 6.3
Targeted content
The effects of processing techniques on materials.
Context of the question
Computer keys with a consistent shape and size.
Question
A manufacturer uses injection moulding to produce computer keyboard keys in large quantities. The keys are made from thermoplastic polymer and must have a consistent shape and size.
Explain why injection moulding is a suitable manufacturing process for this application.
Model answer – meets required standard
Injection moulding is suitable because it can produce large quantities of identical components quickly and accurately. Molten thermoplastic polymer is injected into a mould cavity, allowing each keyboard key to have the same shape and dimensions. This is important because keyboard keys must fit accurately and operate consistently.
Injection moulding is also efficient for mass production because once the mould has been made, components can be produced rapidly with very little material waste.
Why is this a model answer?
This is a model answer because it clearly identifies relevant advantages of injection moulding and applies them directly to the production of keyboard keys.
It also explains why consistency in shape and size is important and links this to the accuracy of the moulding process. It goes further to explain the suitability of the process for high-volume production.
Model answer – development required
Injection moulding is used to make plastic products in factories. The plastic is heated and put into a mould to make the shape required. It is a popular manufacturing process for plastics.
Why does this answer indicate the learner needs further development?
This answer shows some understanding of the injection moulding process, as it describes heated plastic being shaped in a mould. However, the response lacks direct application to the requirement for keyboard keys to have a consistent size and shape. Also, it does not explain why the process is suitable for manufacturing keyboard keys in large quantities.
It also lacks explanation, as it mainly describes the process without explaining important advantages such as consistency, accuracy, or suitability for mass production.


AO2 question 20 – Core Content 5.8
Targeted content
Thermodynamics in engineering.
Context of the question
Railway track.
Question
A section of railway track is being repaired, and the engineer ensures small gaps are left between the rails during installation.
Explain why these gaps are necessary.
Model answer – meets required standard
The gaps are necessary to allow for thermal expansion of the rails when the temperature increases. Metal rails expand when heated, and without gaps, there would be compressive forces between the rails. This could cause the track to buckle or distort, creating a safety risk for trains using the railway line.
Why is this a model answer?
This is a model answer because it clearly explains the scientific principle of thermal expansion and applies it directly to railway tracks.
It is well reasoned, as it explains that heating causes expansion, which then creates compressive forces if no gaps are present. The answer also explains the practical consequences of buckling and links this to railway safety.
The response is clearly applied and explains why the gaps are necessary rather than simply stating that expansion occurs.
Model answer – development required
The gaps are left between the rails because metal expands when it gets hot. This helps the railway track work properly in different temperatures.
Why does this answer indicate the learner needs further development?
This answer shows some correct scientific knowledge, as it recognises that metals expand when heated. However, it lacks a detailed explanation of why the gaps are necessary in railway tracks.
The answer is only descriptive and gives a general statement about temperature rather than linking the thermal expansion to possible effects in the railway track scenario.


SECTION 2: AO3 QUESTIONS AND DEVELOPMENT ACTIVITIES


AO3 question 1 – Core Content 5.3
Targeted content
Scientific methods and approaches to scientific inquiry and research.
What is the key issue(s) that should be identified from the scenario 
A batch of metal rods wearing faster than expected.
Question
A technician in an engineering workshop notices that a batch of metal rods used in a hydraulic system is wearing out faster than expected. The rods are made from the same alloy and manufactured using the same process as previous batches. The technician decides to apply the scientific method to investigate the cause of this problem. 
Justify why the scientific method is an appropriate approach for investigating this issue.
What theory would be appropriate to refer to in the answer (indicative content)
· Systematic process.
· Observation.
· Questioning.
· Hypotheses.
· Experimentation.
· Collecting data.
· Data evaluation.
· Conclusion.
· Iteration.
· Documentation.
· Sharing information.
· Alloy in the system.
· A rod in the hydraulic system.
· Data from previous batches.
Model answer – meets required standard
Using the scientific method is appropriate for investigating the premature wear of metal rods because it provides a systematic, evidence-based approach for identifying the cause of the problem. The Sscientific method involves observation, making hypotheses, experimentation, collection of data, data analysis, making conclusions, iteration, documentation, and sharing of results. In this case, the technician begins by observing that the rods are wearing out faster than expected. This prompts the formulation of a hypothesis - for example, that a change in operating conditions or lubrication may be responsible.
The scientific method will then enable the technician to collect data, such as hardness tests, surface roughness measurements, chemical composition checks, or inspection of the hydraulic system’s pressure and temperature. By conducting experiments like testing rods under identical loads or comparing worn rods to unaffected ones, the technician can isolate which variable is causing the accelerated wear.
Using the scientific method supports repeatability, meaning results can be verified by others in the workshop or quality control team. This improves confidence in any conclusions drawn. Documentation and sharing of results will also ensure others can refer to his results in future and save them the cost of repeating the experiment. Finally, the method will lead to evidence-based solutions rather than trial and error. Therefore, the scientific method is effective because it reduces guesswork, identifies root causes, supports reliable engineering decisions that improve safety and product performance, and allows documentation and sharing of results.
Why is this a model answer?
This is a model answer because it clearly explains and justifies why the scientific method is appropriate, using appropriate scientific terms and directly relating each step of the method to the specified engineering problem. It describes the scientific method correctly, using examples related to the given scenario, highlighting the benefits of applying the scientific method. The answer is coherent and uses a logical structure.
Model answer – development required
The scientific method could help the technician find out why the metal rods are wearing out, because it is used for solving problems in engineering. The scientific method involves stages such as observing, guessing, testing, and concluding, and these steps would help to organise the technician’s thinking. The technician can make a guess about what is happening and then try to check it. 
After the guess work, the scientific method requires testing and gathering results so that the technician can evaluate whether his idea is correct. Once the results are analysed, a conclusion can be made about the situation. After doing this, they can decide what the cause might be.
By following the scientific method, the technician can compare the initial idea to the outcome of the test and see whether it matches. If not, they can modify the hypothesis and repeat the steps. This cycle helps ensure that the final conclusion is based on evidence rather than assumption.
Why does this answer indicate the learner needs further development?
This answer indicates the learner needs development. It does mention the scientific method, and it is clear that they know the process and benefits.  However, they are not using appropriate technical terminology, for example, guess work instead of hypothesis. Whilst every stage does not need to be mentioned or given in detail, there are some key aspects missing, such as documentation, which would be important in this situation. The answer does refer generally to the scientific method, but a key weakness is its lack of reference to the specific scenario and how the scientific method could be used for this situation.

AO3 question 1 development activity – using appropriate terminology and applying answers to a scenario
Task 1
a)  Explain each of the following stages of the scientific method using clear definitions and simple examples.
· Observation.
· Questioning.
· Hypothesis.
· Experimentation.
· Data collection.
· Data evaluation/analysis.
· Conclusion.
· Iteration.
· Documentation and communication.

b)  Put these stages of the scientific method, together with the definitions and examples, into a flow chart.
Task 2
Discuss the importance of each of the processes explained in Task 1 in obtaining reliable results during scientific investigation.
Task 3
Provide specific examples of variables related to the scenario in the question (factors that may influence the wear on the metal rods), measurable data that can be used in the investigation and repeatable tests that can be conducted.
Task 4
Explain how the scientific method works in this particular scenario:
· Can help reduce guesswork.
· Can leads to evidence-based decision making.
· Will be more effective than simply replacing the rods or assuming the cause.
· Can support long-term quality control and continuous improvement.
Task 5
Using what you completed in Tasks 1–4, rewrite your answer to the question.  Ensure you:
· Use technical terms.
· Link the scientific method steps to the scenario.
· Give specific examples of variables, data, and tests.
· Show clear justification for using the scientific method.
Task 6
Check if your rewritten answer:
· Demonstrates strong knowledge of the scientific method.
· Explains the benefits of using the scientific method.
· Provides specific examples related to the given scenario.
· Justifies clearly why the scientific method is appropriate for this engineering problem.
· Is clear, logical, and well-structured.


AO3 question 2 – Core Content 5.8
Targeted content
Thermodynamics in engineering.
What is the key issue(s) that should be identified from the scenario 
Potential design fault(s) with a heating unit.
Question
A small portable water heating unit has recently been noticed to lose heat too quickly, causing the water to cool down long before use. The manufacturer claims that the unit was designed to minimise thermal energy loss. On inspection, the following design features were noted:
· The casing is made from two layers of thin- gauge aluminium sheets.
· The aluminium sheets are separated by a layer of poorly installed foam insulation with multiple air gaps, and lacks sealing at the joints.
· The outer surface of the casing is painted matte black.
· Small ventilation holes are present near the top and bottom of the casing, presumably to allow hot air to escape.
Evaluate the design features of the water heating unit and its potential to minimise heat loss effectively.
What theory would be appropriate to refer to in the answer (indicative content)
· Heat transfer principle
· convection
· conduction
· radiation.
· Two layers of casing.
· Aluminium.
· Foam insulation.
· Loose fitting of insulation.
· Joints not sealed.
· Outer surface black.
· Use of matte paint.
· Ventilation holes.
Model answer – meets required standard
When examining the water-heating unit, it becomes clear that several design features fail to minimise heat loss effectively. The casing is made from two thin aluminium sheets. Using two sheets is an advantage, so that if heat travels from the first one, there would be a barrier between the first and second walls to prevent heat from escaping to the environment. However, aluminium is a very good conductor of heat. This means heat from the warm water inside travels quickly through the inner aluminium layer, across the insulation gaps, and then through the outer layer to the surrounding air. Because the metal is thin, it offers little resistance to this heat flow, so the unit loses heat much faster than intended through conduction.
It is a positive feature of the design to include a layer of foam insulation because foam does not conduct heat, thereby preventing heat loss. However, it is loosely fitted and contains several gaps and unsealed joints. Insulation only works properly when it is fitted tightly, with no spaces for air to move around. In this unit, the gaps allow warm air to move and escape, which increases heat loss through convection. The unsealed joints also allow cooler outside air to enter and mix with the warmer air inside the casing. As a result, the insulation cannot perform to its rated level and offers far less protection than expected.
The casing has also been painted matte black, which increases heat loss. Matte black surfaces are good emitters of radiant heat; hence, their high emissivity will enhance heat loss due to radiation.
Finally, the casing includes small ventilation holes near the top and bottom. These holes create a natural circulation of air because warm air rises and escapes through the top holes, while cooler air is drawn in through the bottom ones. This effect speeds up convective heat loss and constantly removes warm air from inside the casing. 
Altogether, these design features work against the goal of minimising heat loss, resulting in a unit that cools much more quickly than expected.
Why is this a model answer?
This is a model answer because it demonstrates a clear, well-structured evaluation of the scientific principles behind heat loss. It does not simply list problems instead, it links each design issue to a specific mode of heat transfer, showing an accurate understanding of how and why the unit loses heat. It identifies the design flaws, explains their effects, and shows understanding of the topic using precise scientific language. Each design feature has clearly been evaluated, indicating the potential benefits as well as flaws in the design. The language used is clearly evaluative.  There is a conclusion provided and, and although limited in detail, it is sufficient to show an overall understanding.
Model answer – development required
The water-heating unit loses heat because the materials and components do not allow heat to be stable. The aluminium sheets are too thin, which means the heat molecules escape quickly through the metal layers. Since aluminium is a reactive metal, the heat molecules travel straight through it without resistance, causing rapid cooling of the water.
The foam insulation is another problem because it is not properly bonded. The gaps in the foam let heat particles leak out into the environment. Also, because the joints are not sealed, the insulation cannot maintain a proper stability.
The matte black paint on the outside is also an issue because black surfaces have high radiology. This means the paint allows excessive heat to escape from the heating unit.
The ventilation holes near the top and bottom create a strong escape route for heat molecules. This causes internal hot air to rise upward and outwards. As a result, the hot air in the unit reduces making the water to lose its temperature very fast.
Why does this answer indicate the learner needs further development?
This answer needs further development because it demonstrates weak use of scientific terminology and an inaccurate understanding of heat transfer processes. The use of terms such as heat molecules and heat particles, and aluminium being reactive, shows that the learner has not developed the technical language and full understanding of heat transfer processes. Also, the explanation does not link to the three major concepts in heat transfer – convection, conduction and radiation. The learner identifies problems but doesn’t explain them in a logically structured way.



AO3 question 2 development activity – improve understanding of the heat transfer process
Task 1
Go back through your notes on heat transfer processes. You can also refer to a textbook if available. Identify key scientific terms that are relevant to the process.  
Create a glossary of those key terms.
For each term, provide a definition. Then check your definition against the definition in a textbook or online.
For each term, add an example relevant to the water heating unit.
Task 2
Take a paragraph from your original response to the water-heater question.
· Identify any incorrect technical statements (e.g., “black paint allows heat to escape”).
· Correct them using proper technical terms (e.g., “matte black surfaces have high emissivity, meaning they radiate heat more effectively”).
· Rewrite the paragraph using improved vocabulary and clearer logic.
Task 3
Research the design of a well-insulated thermos flask. Find a cross-sectional diagram and an explanation of how it functions.
List its effective design features.
Task 4
Complete the table below with reference to the water-heating unit described in the question.
	Design feature (of the water-heating unit) 
	Mechanism (which heat transfer principle is applied?)
	Effect (how does it contribute to heat loss or preservation?)

	Casing made from two layers.
	Conduction and convection.
	Vacuum prevents heat loss that requires material medium.

	Casing made of aluminium.
	
	

	Casing aluminium layer is thin.
	
	

	Foam insulation.
	
	

	Loosely fitted insulation with several gaps.
	
	

	Joints not sealed.
	
	

	Outer casing surface painted with matte paint.
	
	

	Outer casing surface painted black.
	
	

	Ventilation holes near the top and bottom of the casing.
	
	


Task 5
Take your original answer and rewrite it entirely using:
· Correct terminology.
· Clear explanation of heat transfer mechanisms.
· Explanations of how each aspect of design contributes to the effective operation of the unit.
Task 6
Review your answer and check for:
· Technical accuracy.
· Use of correct scientific terms.
· Logical flow.
· Comprehensive evaluation.


AO3 question 3 – Core Content 6.2
Targeted content
Types of material and their structures.
What is the key issue(s) that should be identified from the scenario 
Material properties for a vehicle suspension arm.
Question
A vehicle's suspension arm is a critical component that links the car’s chassis to the wheel hub assembly. It allows vertical wheel movement while ensuring stability, endures constant impact during motion, and supports part of the vehicle's weight. The part will be partially exposed externally.  
The vehicle will be sold with a 5-year warranty. An automotive engineer is considering low-cost materials for the mass production of suspension arms for a lightweight electric vehicle, capable of maintaining performance over the warranty period. 
Discuss the properties that the engineer should be looking for in the material for the suspension arm.
What theory would be appropriate to refer to in the answer (indicative content)
· Material properties.
· strength (yield, tensile)
· stiffness
· toughness 
· durability
· resistance to corrosion
· low density
· Cost.
· Manufacturability. 
· Sustainability. 
· Movement of wheels.
· Constant impact during motion.
· Support part of the weight.
· Partially exposed.
· Warranty.
Model answer – meets required standard
To select a material for a low-cost suspension arm of a light electric vehicle intended for mass production, the automotive engineer must consider several material properties, especially those that will influence the material’s ability to support part of the vehicle’s weight, accommodate cycling loading, withstand constant impact, maintain stability, and resist corrosion.
First, the material must possess high tensile and yield strength to safely support part of the weight of the vehicle without deforming or fracturing. However, it is essential that the material balances high strength with low density as the component also needs to be of light weight. Hence, a material with a high strength-to- weight ratio is desirable. Materials such as aluminium alloys are good examples, though other low-density metals or engineered composites may also meet this requirement.
Since the electric vehicle is expected to experience constant impact, vibrations, and fluctuating stresses, the material for the suspension arm must exhibit high impact resistance (high toughness) to withstand sudden loads, good rigidity (stiffness) to maintain alignment under load, and excellent fatigue strength to endure loading cycles. It must also have adequate corrosion resistance, given that the component is exposed to moisture and debris.
Beyond mechanical properties, manufacturability is also a major consideration for mass production and cost efficiency. The chosen material should be compatible with well - established manufacturing processes such as casting, forging, welding, or machining. This will ensure reliable production and minimise cost.
Sustainability is another important factor to consider. While composite materials can offer superior strength-to-weight properties, ferrous metals and aluminium alloys are usually more economical and easier to recycle. Their availability, established processing methods, and lower environmental impact may make them preferable for a low-cost component. 
In summary, when selecting a material for a suspension arm in a lightweight electric vehicle, the engineer must consider strength, toughness, stiffness, fatigue resistance, density, corrosion resistance, manufacturability, cost, and sustainability. However, as there may be many materials that satisfy the key requirements, preferences and available options will also play a significant role.
Why is this a model answer?
This is a model answer because it clearly identifies the function of the suspension arm, links those functions to the specific material properties required, and explains each property in a technically accurate way. It is well-structured, comprehensive, and covers all relevant considerations an engineer must evaluate. The answer also integrates multiple concepts, including mechanical properties, performance properties, manufacturability, sustainability, and cost.
Model answer – development required
Choosing a material depends on factors such as cost, strength, weight, and how the part is manufactured. A material for a low-cost suspension arm of a vehicle should be cheap, strong, light, and must not corrode. The engineer must also consider how easy the part is to produce in large quantities. 
The material needs to be strong because it must carry the weight of the vehicle, and it must not corrode so that it can be durable.
There are many materials that can be used for this application. These include aluminium, steel, and zinc. Steel is strong and cheap, so it has many applications, including suspension arms in automobiles. Aluminium is lighter and doesn’t rust, which is good for electric cars that need to be light and durable. Zinc is also light and durable.
Overall, the engineer should consider different properties of the material before making their choice.
Why does this answer indicate the learner needs further development?
This answer indicates that the learner needs development because it lacks depth and does not clearly connect the suspension arm’s function to the specific material properties required. The response mentions properties like strong, light, and must not corrode, but does not explain why these properties matter in the specific scenario. It also incorrectly includes zinc among appropriate materials for suspension arms, which shows a lack of understanding of the property requirements of the suspension arm or the properties of zinc. Moreover, the answer lacks technical terminology and does not address manufacturability and sustainability.


AO3 question 3 development activity – linking material properties to engineering performance
Task 1
List all the requirements of the material needed for the suspension arm. Put these in the first column of the table.
Task 2
Refer to your notes on material properties. Use these to identify the properties of materials needed to meet those requirements. Complete the table.  
Add more rows if needed.
	Requirement
	Property

	
	

	
	

	
	

	
	

	
	

	
	


Task 3
For each of the applicable properties, complete this chain:
Property → Engineering effect → Vehicle performance impact
Example:
Low density → lowers mass → improves handling and efficiency 
Task 4
Identify all weak statements in your answer and rewrite them. For example,: , consider this weak statement: “Steel is strong and cheap, so it has many applications, including suspension arms in automobiles.”
Rewrite it by:
· Naming a specific property.
· Explaining its engineering effect and its effect on vehicle performance.
Task 5
Review your answer to the original question. Identify any non-technical terms that are used. Replace these with the appropriate technical engineering term. For example:
· Light → low density.
Rewrite one paragraph from your answer using these improved terms.
Task 6
Write a full, justified answer including:
· The mechanical properties essential for a material needed for the suspension arm.
· The engineering effects of each of the properties, how these effects influence the performance of the vehicle, and why this makes your choice a good one.
· At least one sentence to conclude and summarise your justification.
Task 7
Review your answer to ensure it:
· Demonstrates full understanding of material properties.
· Integrates concepts of mechanical property, environmental requirements, cost, and manufacturability.
· Uses appropriate technical terms.
· Is well-structured and follows logical reasoning.
· Has fully discussed the required properties of the materials for its purpose.


AO3 question 4 – Core Content 6.2
Targeted content
Types of material and their structures. 
What is the key issue(s) that should be identified from the scenario 
Material for use in aircraft access wing panels.
Question
Aircraft wings feature removable panels that provide access for maintenance and inspection. The structural integrity of the panels ensures the aircraft’s aerodynamic shape is preserved while safeguarding internal systems. The wing access panels must be strong and rigid, able to withstand aerodynamic forces, resist temperature changes at altitude, endure vibration, and tolerate exposure to fuels, oils, and cleaning chemicals. 
These removable panels are usually made from lightweight aluminium alloy.  However, the research team at a new aircraft manufacturing company is considering replacing this metal with carbon fibre-reinforced polymer (CFRP) to reduce manufacturing costs and simplify production. 
Evaluate the suitability of using carbon fibre-reinforced polymer for manufacturing the access panels.
What theory would be appropriate to refer to in the answer (indicative content)
· Material properties:
· strength (tensile, compressive, shear, torsion, fatigue)
· hardness
· toughness
· resistance to corrosion 
· Methods of disposal.
· Forms of supply.
· The relationship between the structure of a material and its properties.
· The difference between crystalline and non-crystalline materials.
· Composite material.
· Materials of each part of the composite.
· Benefits of use.
· Easily removable part for access to internal systems.
· Maintain aerodynamic shape.
· Protect internal systems.
· Endure vibration.
· Sustainability.
· Comparison with aluminium.
· Changes in environmental conditions, e.g. at altitude.

Model answer – meets required standard
Carbon fibre-reinforced polymer (CFRP) is a composite material made by embedding strong carbon fibres within a polymer matrix. With this design, the carbon fibres carry most of the load, while the polymer matrix binds the fibres together, transfers stress and protects them from environmental damage. This gives CFRP several advantages that make it a suitable alternative to aluminium alloy for aircraft wing access panels. One of the most important properties of CFRP is its very high strength-to-weight ratio. It provides excellent tensile and fatigue strength while being significantly lighter than aluminium, which helps reduce overall aircraft weight. The stiffness of CFRP allows the access panel to remain strong and rigid, helping it maintain the aerodynamic shape of the wing while protecting internal systems from external loads.
Unlike aluminium, which is a crystalline metal, CFRP is largely non-crystalline and anisotropic, meaning its strength can be tailored by orientating the fibres in directions where loads are greatest. This is useful for access panels that must endure vibration, aerodynamic forces, and repeated loading during flight. CFRP also has excellent resistance to corrosion and performs well when exposed to fuels, oils, and cleaning chemicals, which reduces maintenance requirements compared with aluminium.
However, CFRP has limitations. It is generally less tough than aluminium and can be more brittle, making it more susceptible to impact damage. Defects in CFRP can be harder to detect, and repairs are more complex and costly than for aluminium panels. Also, CFRP is more difficult to recycle than aluminium.
Overall, CFRP is suitable for manufacturing aircraft wing access panels due to its low density, high strength, corrosion resistance, and ability to maintain aerodynamic shape under varying environmental conditions at altitude. However, it must be tailor-made to provide acceptable resistance to impact load, and careful consideration must be given to its brittleness, repairability, and disposal.
Why is this a model answer?
This is a model answer because it directly addresses the question by evaluating the suitability of carbon fibre-reinforced polymer for an aircraft access panel. It clearly applies appropriate theory, including material properties, composite structure, and the relationship between structure and properties, showing strong content knowledge. The answer links CFRP’s properties to the functional requirements of the access panel. 
In addition, the response demonstrates balanced evaluation by comparing CFRP with aluminium, stating both advantages and limitations, and uses accurate technical terminology.
Model answer – development required
Carbon fibre reinforced polymers (CFRP) are composite materials made from polymer matrixes reinforced with carbon fibres. They have a high strength-to-weight ratio and excellent rigidity, even more than that of aluminium and steel. CFRP also perform well in terms of chemical resistance because the polymer matrix does not corrode like metals. Their other important properties include high fatigue resistance, high electrical conductivity, and low thermal conductivity. They are non-magnetic and structurally stable under heavy loads. However, they are expensive and can fail on impact.
Why does this answer indicate the learner needs further development?
This answer indicates that the learner needs development because it does not fully respond to the command word ‘evaluate’. Instead of weighing the suitability of CFRP by considering both strengths and weaknesses in relation to the specific demands of a wing access panel, the response mainly describes properties of CFRP. The learner lists characteristics without linking them to the functional requirements. The absence of a conclusion that clearly states whether CFRP is suitable or not further shows that the learner has not understood the evaluative task.


AO3 question 4 development activity – evaluating the suitability of composites
Task 1
Go back through your notes on composite materials. You can also refer to a textbook if available.  
Identify key scientific terms that are relevant to the composite materials.  
Create a glossary of those key terms.
For each term, provide a definition. Then check your definition against the definition in a textbook or online.
Task 2
Select three different composite materials. Research those materials to identify their properties. 
Explain the advantages of the composite materials, with reference to the properties.
Task 3
Explain how the use of carbon fibre changes the properties of a polymer matrix. Include diagrams in your explanation.  
Task 4
Complete Task 3 in relation to glass- reinforced polymers.
Task 5
Referring to the question, list the properties of the material requirements for the wing access panel of an aircraft.
Use the information from Task 3 to show how the properties of the material requirements link to the properties of carbon fibre-reinforced polymers.
Task 6
In the question, the command verb is “Evaluation”. This can be effectively defined as making a judgement – is it good or bad, successful or unsuccessful, appropriate or inappropriate? 
In an answer, you should therefore look at using evaluative terms.
Conduct research to find:
· 10 words that can be used to suggest a positive outcome (e.g. successful)
· 10 words that can be used to suggest a negative outcome (e.g. weak).
For each word, write a statement related to an engineering situation.  For example: 
· The process was inappropriate as the data produced was inconclusive.
· The machine produced high quality, effective, engineered products.
Task 7
Select one of the material property requirements of the aircraft wing access panel listed in task 5 and evaluate the suitability of CFRP for this requirement.
Repeat the process for all the requirements listed in Task 5. 
Task 8
Write a new answer to the question, including:
· Clear judgements regarding the properties of the composite material and its proposed use. Ensure you use evaluative terms  
· The engineering effects of each of the properties of CFRP, how these effects influence the performance of the aircraft, and why this makes it suitable or unsuitable as a replacement for aluminium.
· A clear summary to conclude your evaluation – overall, is it suitable or not and why.?
Task 9
Review your answer to ensure it:
· Demonstrates full understanding of material properties.
· Clearly relates to the requirements for the aircraft.
· Uses appropriate technical terms.
· Is well-structured and follows logical reasoning.
· Uses evaluative terms.
· Has a clear conclusion.


AO3 question 5 – Core Content 6.6
Targeted content
Material testing methods and interpretation of results. 
What is the key issue(s) that should be identified from the scenario 
Potential issue highlighted from a tensile test.
Question
A tensile test is performed by fixing the ends of a test specimen to a universal testing machine and applying a tensile load until the specimen fractures. During the test, the machine continuously records both the applied load and the resulting extension. These measurements are used to construct a stress - strain graph.
In an engineering company, a tensile test was conducted on a steel specimen using a universal testing machine until the specimen fractured. The stress - strain graph shown below was obtained.
[image: A graph of a typical curve for tensile strength test.

]
Source: Shooters Hill Sixth Form College
Discuss the significance of the results in preventing material failure.
What theory would be appropriate to refer to in the answer (indicative content)
· Strain. 
· Stress.
· Strain hardening.
· Necking.
· Young’s modulus.
· Slope.
· Yield strength.
· Ultimate tensile strength.
· Ductility. 
· Fracture.
· Load. 
· Maximum load.
Model answer – meets required standard
From the graph, the elastic limit of the steel is 250 MPa, this which indicates the maximum stress the material can withstand while still returning to its original shape when the load is removed. Up to this point, the graph has a steep linear slope, which indicates a high Young’s modulus of elasticity. This means the steel undergoes a small amount of strain for a given applied stress. A high modulus of elasticity for a material means it is very stiff and rigid, resisting elastic deformation under load. This will make it ideal for load-bearing structures like buildings and bridges. A steep slope reduces the risk of excessive deflection, which could lead to failure even before a fracture occurs. However, it is important to determine the exact Young’s modulus by calculating the slope of the graph. This will enable the design engineer to determine the rigidity of the material and its suitability for a specific application to prevent failure.
Since the elastic limit is 250 MPa, it is essential that the material is not loaded beyond this stress value to prevent permanent deformation. To prevent failure, the component should be designed to work at stresses well below 250 MPa, using appropriate safety factors.
Beyond the elastic limit, the material enters the plastic deformation region, where strain hardening occurs. During this stage, the steel becomes stronger as it is deformed, which is shown by the continued rise in stress from 250 MPa to the ultimate tensile strength of 400 MPa. Strain hardening is significant in preventing premature failure because it allows the material to withstand increasing stress despite plastic deformation.
The ultimate tensile strength of 400 MPa marks the point at which necking begins. After this point, the stress the material can carry decreases, leading to fracture. However, the presence of a long plastic region and a fracture strain of 0.3 or 30% indicates that the steel is highly ductile.
This ductile behaviour is important in failure prevention because the material exhibits a noticeable elongation and necking before fracture occurs. This allows time for inspection, monitoring, and intervention before failure.
Overall, the results from the stress–strain graph help prevent material failure by enabling engineers to set safe working stresses below the yield point, apply an appropriate safety factor, avoid operating near the ultimate tensile strength, and take advantage of the material’s ductility before failure.
Why is this a model answer?
This is a model answer because it demonstrates an accurate understanding of the tensile test and correctly interprets all the key features of the stress – strain graph in relation to material failure. It links theoretical concepts such as elastic limit, Young’s modulus, plastic deformation, strain hardening, ultimate tensile strength, and ductility directly to engineering decisions, such as setting safe working stresses, using safety factors, and taking advantage of the material’s ductility to prevent failure. The answer also uses appropriate technical terminology, includes relevant numerical values from the graph, maintains a logical, well-structured flow and ends with a clear conclusion.
Model answer – development required
The results of the tensile test are important in helping engineers understand how the steel behaves when a load is applied and how failure can be avoided. From the stress –strain graph, it can be seen that the material initially stretches in a straight - line manner, which shows that the steel behaves elastically at low stresses. This means it will return to its original length when the load is removed. As the stress increases, the graph shows that the steel can carry higher loads before breaking, but at this point, it can no longer return to its original length, ; therefore, failure occurs.
Why does this answer indicate the learner needs further development?
This answer needs further development because it only provides a very basic description of the stress – strain graph and does not demonstrate sufficient understanding of the key material properties involved in preventing failure. In addition, the response fails to follow the command word “discuss” as there is little or no discussion of how the result can be used to prevent material failure. While it correctly identifies elastic behaviour at low stresses, it does not define or explain important concepts such as the elastic limit, yield strength, plastic deformation, ultimate tensile strength, or ductility. The statement that failure occurs once the material can no longer return to its original length is inaccurate, showing a gap in content knowledge. In addition, the answer does not use values from the graph, apply engineering terminology, or explain how the results inform design decisions. 


AO3 question 5 development activity – Interpreting stress – strain graphs
Task 1
Look again at the graph. Determine the following values:
· Ultimate tensile strength.
· Yield point.
· The point of elastic proportionality.
· Fracture points.
Task 2
Go back through your notes on tensile strength testing. You can also refer to a textbook if available.  You can also refer to this Tensile testing video.
Identify key terms that are relevant to tensile strength testing.  
Create a glossary of those key terms.
For each term, provide a definition. Then check your definition against the definition in a textbook or online.
Task 3
Referring to the graph, discuss the significance of the values obtained in Task 1.
Task 4
Young’s modulus: Look at the slope of the graph up to the elastic limit and produce a written discussion of how the slope can be used to determine the Young’s modulus of elasticity of the material. Also discuss the significance of the Young’s modulus to the load- bearing capacity of the material. State how the knowledge of the Young’s modulus of a material is important for preventing material failure. 
Ductility: Look at the shape of the portion of the graph within the plastic deformation region and explain how it relates to the ductility of the material. Discuss the significance of the knowledge of a material’s ductility to the prevention of failure. 
Strain hardening: Identify the point where strain hardening begins on the graph. Discuss how strain hardening helps to prevent premature failure.
Ultimate Tensile Strength (UTS): Use the data from the graph to determine the ultimate tensile strength of the material. Explain what this represents. Discuss how the knowledge of the UTS can be used to prevent failure.
Necking: Discuss the relationship between the ultimate tensile strength and necking. From the graph, identify the point where necking begins. Discuss the significance of necking behaviour to material failure. 
Task 5
Write a new answer to the question, including:
· A clear interpretation of the graph using appropriate terminology and numerical values.  
· The significance of all key points on the graph.
· How the results from the graph can help prevent failure.
· A clear conclusion.
Task 6
Review your answer to ensure it:
· Demonstrates full understanding of stress – strain graph.
· Clearly discusses the significance of the results to the prevention of failure.
· Uses appropriate technical terms.
· Is well-structured and follows logical reasoning.
· Has a clear conclusion.


AO3 question 6 – Core Content 5.7
Targeted content
Fluid dynamics in engineering.
What is the key issue(s) that should be identified from the scenario 
Design features affecting aerodynamics.
Question
An engineering company is developing a drone for routine inspection and monitoring tasks.
The drone is manufactured using lightweight composite materials and has an elongated body with smooth external surfaces, designed to minimise aerodynamic drag. The wings have a large surface area intended to maximise lift at take-off and at relatively low flying speeds. Propulsion is provided by a single electric motor driving a propeller, which the design engineer acknowledges will limit the amount of thrust available.
Discuss how the design features of the drone will influence its ability to take off and move efficiently through the air during operation.
What theory would be appropriate to refer to in the answer (indicative content)
· Aerodynamics.
· Lift and drag forces.
· Mass and weight.
· Bernoulli’s principle.
· Newton’s third law (action and reaction).
· Airflow over wings.
· Wing surface area and lift generation.
· Streamlining.
· Thrust and propulsion.
Model answer – meets required standard
The ability of the drone to take off and move efficiently through the air depends on how the forces of drag, thrust, lift, and weight act on the drone. For an aircraft to successfully take off, the lift generated by the wings must be greater than the weight of the aircraft, and for it to move forward in the air, the thrust must be greater than the drag.
The use of lightweight composite materials minimises the overall weight of the drone, which reduces the amount of lift needed to take off. The large surface area of the wings allows the drone to generate a substantial amount of lift at lower speeds. This efficient lift generation, combined with the light weight, will help the drone to take off successfully and remain in the air.
The smooth, elongated body helps maintain laminar airflow, which reduces the drag. Drag is the resistance to movement in the air. With less drag to overcome, the limited thrust available is likely effective in maintaining forward movement in the air and altitude. However, limited thrust will restrict high speed, but since the drone is expected to operate at a low speed, the reduction in weight and drag means that the available thrust is likely sufficient for steady and efficient low-speed flight. Also, the light weight of the drone will make it easier to manoeuvre, which will make it move more efficiently. 
Overall, the drone’s design reduces drag and weight while maximising lift, allowing the limited thrust from the electric motor to be used effectively. As a result, the drone is likely to successfully take off, remain airborne, and move efficiently through the air, provided the lift generated exceeds the weight, and the thrust produced by the motor is greater than the drag forces.
Why is this a model answer?
The answer is a model answer because it clearly applies the key aerodynamic principles that govern flight and explains them in relation to the drone’s design features. It uses the four forces of flight - lift, weight, thrust, and drag – as the basis of the discussion, as well as the conditions required for flight, such as lift being greater than weight for take-off and thrust being greater than drag for forward movement. In the discussion, the response links each design feature of the drone to its effect on these forces and evaluates the design through advantages and limitations. Throughout, appropriate engineering terminology is used.
In addition, the response maintains a logical structure, discusses cause-and-effect relationships, and ends with a clear overall judgement about the drone’s ability to take off and fly efficiently.
Model answer – development required
Using light weight composite materials will reduce the weight of the aircraft. An elongated smooth- surfaced body is efficient as the smooth body will prevent additional drag. Overall strength is maintained. This will make the aircraft require less thrust as it is lighter in weight. It will also reduce the likelihood of turbulence as the air will be disturbed less and less often. The single propeller may provide limited thrust compared with jet engines. The propeller will weigh less and has no requirement for a fuel tank, which allows it to be lighter. It would be quieter.  It will produce increased lift despite having less thrust and, which means that it will be able to produce greater thrust despite having a lower- powered engine, further reducing weight by having a smaller engine and also overcoming forces that may slow it down.
In conclusion, these factors combine for an efficient, light weight, strong aircraft with no noise pollution
Why does this answer indicate the learner needs further development?
The key issue is that the answer lacks any clear structure. There are valid points made, but without any logical flow. There are statements where further development comes later in the response. It is difficult to follow. There is also a very long sentence without appropriate punctuation, which adds to the difficulty in reading and interpreting the answer.
This answer also needs further development because some of the content is incorrect or inaccurate, such as being able to produce greater thrust despite having a lower- powered engine. Despite the fact that it shows some relevant understanding by referring to several design features, the points, such as the interaction between lift, drag, thrust, and weight, are not fully developed as part of a discussion. The response mainly describes the features rather than clearly demonstrating how they influence the drone’s ability to take off and move efficiently through the air. 
In addition, some statements are inaccurate or unclear, and some technical terms are not accurately applied. The discussion of the propeller also focuses on noise and fuel rather than explaining how limited thrust affects take-off and flight performance.  
Even though the response is structured so that it moves through several design features before reaching a conclusion, the articulation of ideas is sometimes unclear, and some points are repeated or not fully explored.


AO3 question 6 development activity – structuring and articulating responses 
Task 1
Highlight or annotate the scenario in the question to identify:
· Design features mentioned.
· Aspects of flight that must be discussed.
· The command word requirements.
Task 2
Create a list of technical terms in aerodynamics relevant to the question. Refer back to your notes on aerodynamics or conduct internet research to help you.
Use this list to support accurate and precise engineering language in your response.
Task 3
Use the structure below to plan your answer. Under each heading, write the content you want to include. You only need to use bullet points at this stage. For each heading, suggestions have been made about the type of content you may want to include.
1. Introduction
· Purpose of the drone.
· Key forces involved in flight.
2. Design features that support the drone’s performance
· Relevant design features.
· Relationship between the four forces of flight – lift, drag, weight, thrust.
· Links between design features and forces (e.g. lift, drag, weight, thrust). 
· How and why a feature supports take-off.
· How and why a feature supports efficient flight.
3. Design features that limit the drone’s performance
· Design features that limit performance.
· How these features limit the drone’s take-off and limit the drone’s efficient flight.
· How other design features reduce or compensate for these limitations.
4. Conclusion
· Summary of how the design features influence the drone’s ability to take off and move efficiently through the air.
Task 4
Rewrite the bullet points from Task 2 as full sentences, organised into clear paragraphs:
· Paragraph 1: Introduction.
· Paragraph 2: Design features that support performance.
· Paragraph 3: Design features that limit performance.
· Paragraph 4: Conclusion.
Read aloud your answer or use the Read Aloud Facility in Word (under the Review tab).
Task 5
Look back at your answer and check if you have used connectives to link ideas and show cause and effect. Some connectives are shown below: Select and use the following connectives appropriately to:
· Because.
· Therefore.
· As a result.
· However.
· Despite that.
· This means that.
Revise your answer, including connectives to make the relationships clearer, if needed.
Example:
The motor provides limited thrust; however, the reduced aerodynamic drag allows the drone to ……
The wings have a large surface area; this means that sufficient lift can ……
Read aloud your answer or use the Read Aloud Facility in Word (under the Review tab).
Task 6
Review your answer. Are there instances where you have used plain language phrases in your response instead of appropriate engineering phrases?
Amend your answer to include technical engineering language and phrases.
Example:
Helps the drone fly – Generates lift
Pushes the drone forward – Provides thrust.
Task 7
The conclusion should summarise how the design features influence take-off and efficient flight.
Complete the following frame to develop a clear discussion-based conclusion:
· Start your conclusion with ‘in conclusion’ or ‘overall’.
· Refer to how the design features work together.
· Highlight how the design features contribute to effective take- off and flight.
· Highlight some of the limitations.
Task 8
Review your answer to ensure:
· Each design feature is clearly linked to a relevant force.
· Different design features are discussed – how and why they influence performance.
· Cause-and-effect relationships are clearly discussed.
· Paragraphs are logically ordered and well structured.
· Technical terms are used accurately.
· The conclusion summarises how the design features influence the drone’s performance.


AO3 question 7 – Core Content 5.8
Targeted content
Thermodynamics in engineering.
What is the key issue(s) that should be identified from the scenario 
Behaviour of gas at different temperatures.
Question
A metalworking factory regularly uses compressed gases for welding and cutting operations. These gases must be stored in cylinders that are clearly labelled with maximum operating pressures and appropriate storage conditions.
The gas cylinders are transported from the supplier’s warehouse to the factory by lorry.  
The company plans to introduce a new storage system for one of its compressed gases and is deciding between two-cylinder designs:
· An expansible cylinder.
· A rigid cylinder.
Which type of cylinder would be the safer and more efficient option for storing the gas? Justify your answer.
What theory would be appropriate to refer to in the answer (indicative content)
· Gas laws.
· Pressure–temperature relationship.
· Gay-Lussac’s law.
· Behaviour of gases under temperature change.
· Volume change in expansible containers.
· Safety considerations related to over-pressure.
Model answer – meets required standard
The key issue here is the potential change in temperatures. The factory is likely to have a high temperature because it is used for welding and cutting. However, the supplier storage and transportation to the factory is likely to be at a more ambient or cooler temperature. This change in temperature is likely to have a significant impact on the behaviour of the compressed gases.
The expansible cylinder would be the safer and more efficient option for storing the gas. This can be justified by considering the behaviour of gases under varying temperatures, cylinder safety, and operational efficiency.
According to the general gas law (PV = nRT), the pressure of a gas is directly proportional to its temperature when the volume is constant. That means at a constant volume, the pressure of a gas increases as the temperature increases and decreases as the temperature decreases. This is caused by the change in kinetic energy of gases as their temperature changes. An expansible cylinder is designed to allow the volume to change as the environmental conditions change. When the temperature rises, the cylinder can expand, which reduces the pressure increase compared to a rigid cylinder. Similarly, when the temperature drops, the cylinder contracts, helping to maintain a consistent pressure for operational use. For this factory, when the gases are in an environment where there is welding and the environmental temperature increases, the temperature of the gas in the cylinder will also increase. As the gas temperature increases, so does the volume. If the gas is in an expansible cylinder, there is space to accommodate the increased volume, which maintains safety as the pressure stays the same. As a result, it operates efficiently. Clearly, when the factory is not operational, there will be temperature fluctuations, but providing they are not severe, there should be a limited impact on the efficient operation of the cylinder when needed. This further justifies the selection of the expansible cylinder.
Consideration of the use of a rigid cylinder further confirms the justification of the use of an expansive cylinder. In a rigid cylinder, the volume cannot change. Therefore, if the temperature rises, such as in the factory, the gas pressure inside the cylinder also increases proportionally. This could potentially exceed the maximum pressure indicated on the cylinder label, increasing the risk of cylinder explosion. Conversely, if the temperature drops significantly, the gas pressure decreases, which could negatively affect operational efficiency, as there may not be enough pressure for effective welding or cutting operations.
Considering both available options, it is clear that the expansible cylinder option is the most appropriate, as evidenced by the application of the general gas laws and the potential location where the cylinder will be used.
Why is this a model answer?
This is a model answer because, firstly, it identifies the issue of potential temperature changes in the environment where the gas cylinders will be used. It correctly applies relevant gas theory to the scenario and demonstrates clear scientific understanding, and how this understanding is applied to the context and the problem given. The answer shows that the student has a high level of understanding of how gases behave when environmental conditions change. In addition, the answer clearly applies this theory to the practical situation. 
The learner constantly refers to their answering answer, justifying their selection. Each time, they use valid scientific information and evidence applicable to the context to support that justification.
The response also addresses both safety and operational efficiency, which are key aspects of the question. The explanation is logically structured, scientifically accurate, and directly linked to the scenario.
Model answer – development required
When the temperature of a gas changes, its pressure can also change. This relationship is described by the Ideal Gas Law, which shows that pressure, volume, and temperature are related. In a rigid cylinder, the volume remains constant, so if the temperature increases, the volume stays the same.
An expansible cylinder can change its volume when the temperature changes. This could improve safety because the pressure is less likely to rise above the maximum limit of the cylinder. Therefore, the expansible cylinder would likely be a safer option for storing the gas.
Why does this answer indicate the learner needs further development?
The response demonstrates a basic understanding of gas behaviour and identifies the expansible cylinder as the safer option. It also refers to the Ideal Gas Law, indicating awareness that pressure, volume, and temperature are related. However, the explanation remains incomplete because it does not clearly explain how temperature changes affect pressure in a rigid cylinder, particularly that an increase in temperature would lead to an increase in pressure when the volume is constant. The discussion of gas behaviour is therefore only partially developed.
In addition, the response focuses mainly on the expansible cylinder and provides only a limited comparison with the rigid cylinder. The explanation does not fully consider the potential consequences of temperature decreases or discuss the impact on operational efficiency for welding and cutting processes.
There is no link to the scenario in the answer, so there is no evidence used in support. This demonstrates some understanding, but not high levels, which can be used to support problem-solving and decision-making.

AO3 question 7 development activity – using PEEL to structure and extended written response
An extended written response can be structured using the PEEL approach.  PEEL stands for Point, Evidence, Explain and Link.
PEEL 
1. Point – Introduce the topic with a clear sentence that states your main point.
2. Evidence – Now give examples, quotes, scientific concepts and, laws and/or the parts of the scenario that are relevant to the point that you are making.  The idea is to prove the claim you stated in the first sentence.
3. Explain – This means give reasons. So, give reasons why your evidence supports your main point. So, in the sentence before, you might have said that there are gas laws and what they are, now you say why those gas laws justify the point you are making. You are talking about how or why, but don’t describe, ; make sure you explain.
4. Link – What is the connection to the information you have been given.  ?  Bring it back to the scenario, situation, issue, problem, etc.  
P (Point)
State the decision clearly and directly.
· Identify which cylinder design is safer and more efficient.
· Use one clear, assertive sentence.
· Make a definite choice.
· Do not begin with an explanation.
· Do not compare both options equally at this stage.
Task 1
Complete the sentence below
The safer and more efficient option for storing the gas would be the __________ cylinder.
E (Evidence)
Present the relevant scientific principle(s).
· Refer to gas laws.
· Describe the relationship between temperature and pressure in gases.
· Refer to kinetic theory and particle movement.
· Explain what happens to pressure when temperature increases in a fixed-volume container.
· Explain what happens when volume is allowed to change.
Task 2
Discuss the relevant scientific principles that should be applied to the question.  Refer to the bullet points above to assist you.
E (Explain)
Apply the scientific principle directly to the scenario.
· Explain how fluctuations in temperature increase or decrease internal pressure.
· Explain how each cylinder design responds under changing temperatures.
· Show why one design manages temperature changes more effectively.
Task 3
Produce a paragraph to explain how the scientific principles are applied to the content of the scenario.
L (Link)
Link the explanation back to the original decision.
· Explain why the chosen cylinder reduces risk. Use this explanation to justify your decision.
· Explain how it improves operational efficiency. Use this explanation to justify your decision.
· Show why the alternative option presents greater risk or inefficiency. Use this to justify your decision for the alternative option.
· End with a firm statement that reinforces the decision.
Task 4
Produce a paragraph that justifies your selection. Use the bullet points above to help you.
Task 5
Review your answer. Read it aloud or use Read Aloud in Word. Does it make sense? Is there a logical flow? Is the meaning clear?
Task 6
Look back at your answer and check if you have used connectives to link ideas and show cause and effect. Some connectives are shown below: 
· Because.
· Therefore.
· As a result.
· However.
· Despite that.
· This means that. 
· Consequently.
· In contrast.
· Thus.
· Due to.
· For this reason.
Revise your answer, including connectives to make the relationships clearer, if needed.
Task 7
Review your answer. Are there instances where you have used plain language phrases in your response instead of appropriate engineering phrases?
Amend your answer to include technical engineering language and phrases. You may need to refer to your notes on thermodynamics or conduct internet research.
Examples:
Cannot expand – maintains a constant volume
Handles change in pressure better – accommodates pressure variation
Task 8
Review your answer to ensure:
· A clear and definite choice is stated.
· Scientific principles support the choice.
· The principles are applied to the scenario.
· The justification is logically linked to the decision.
· Paragraphs are logically ordered and cohesive.
· Technical terms are used accurately.
· Connectives show clear reasoning.
· The conclusion strongly justifies the decision

AO3 question 8 – Core Content 5.7
Targeted content
Fluid dynamics in engineering.
What is the key issue(s) that should be identified from the scenario 
Effect of pipe diameter on fluid pressure.
Question
A pipe used for transporting a chemical fluid in a plant must maintain a fixed operating pressure throughout its length. Due to modifications in the plant layout, a section of the pipe needs to be elevated above its originally designed position. To maintain the required pressure, the design engineer recommends increasing the diameter of the elevated section of the pipe. 
Evaluate the effectiveness of this adjustment in maintaining the fixed operating pressure.
What theory would be appropriate to refer to in the answer (indicative content)
· Fluid mechanics.
· Pressure in fluids.
· Hydrostatic pressure.
· Bernoulli’s principle.
· Continuity equation.
· Volumetric flow rate.
· Energy conservation in fluid flow. 
Model answer – meets required standard
The proposed adjustment of increasing the diameter of the elevated pipe section can be effective in maintaining the fluid pressure, ; however, it also has some disadvantages and challenges.
According to Bernoulli’s principle, the total energy in a flowing fluid is conserved and consists of pressure energy, kinetic energy, and potential energy. When the pipe is elevated, the potential energy of the fluid increases due to the greater height. If no adjustment is made, the increase in potential energy would lead to a decrease in pressure energy. However, increasing the diameter of the elevated section will reduce the fluid velocity in that section in accordance with the continuity equation v1a1 = v2a2. A lower velocity means a reduction in kinetic energy, which, according to Bernoulli’s principle, allows the pressure to increase. 
Therefore, by enlarging the diameter, the drop in pressure head caused by the increased height can be compensated, helping to maintain the target operating pressure.
However, enlarging the diameter of the pipe can lead to turbulence turbulent flow, causing vortices around the junction of the small and large diameter pipes if the enlargement is not done gradually. Therefore, for the proposed adjustment to be effective, the engineer must ensure that the change in diameter is gradual and is not excessive enough to induce turbulent flow. Otherwise, additional measures must be put in place to manage turbulence within the pipe section. 
Overall, the adjustment could be effective.  However, it may lead to turbulent flow in the pipe if the enlargement is not done gradually.
Why is this a model answer?
This is a model answer because it correctly applies principles from fluid mechanics to analyse the engineering situation and evaluate the proposed design change. The response clearly refers to Bernoulli’s Principle and the Continuity Equation, using these theories to explain the effects of increasing the pipe diameter on fluid pressure. This demonstrates an accurate understanding of the theory and the ability to apply it directly to the given scenario.
The answer is also clearly evaluative. By discussing both the benefits and possible drawbacks of the design change, the response demonstrates balanced engineering reasoning. Overall, the evaluation is scientifically accurate, logically structured, and clearly linked to the scenario with a clear and concise conclusion.
Model answer – development required
The proposed adjustment of increasing the diameter of the elevated pipe section could help to maintain the fluid pressure. According to Bernoulli’s equation, moving fluid consists of pressure energy, kinetic energy, and potential energy. When the pipe is raised, the potential energy will increase, and because of this, the pressure may decrease because the fluid must move to a higher level. By making the pipe wider, the fluid can flow more easily, and the pressure might be restored.
Why does this answer indicate the learner needs further development?
This answer requires further development because it is incomplete and does not demonstrate an understanding of Bernoulli’s Principle, the Continuity Equation, or the relationship between velocity, kinetic energy, and pressure. Although the response refers to Bernoulli’s equation, it does not apply it to evaluate the proposed amendment. The answer is essentially a series of assertions with no evidence to support the statements and no real evaluation. Additionally, the answer is not balanced as it lacks consideration of possible disadvantages.


AO3 question 8 development activity – producing an evaluative answer
Task 1
Define the command verb ‘evaluate’.
Write a list of what should be included in an answer to show evaluation.  
Task 2
Read the scenario in the question. Analyse by highlighting the key elements of the problem.
This must include:
· The variable that changes in the system.
· The design adjustment suggested by the engineer.
· The performance requirement that must be maintained.
Using this information, write one or two sentences that clearly summarise the core engineering issue.
Task 3
Review your notes on fluid mechanics. Which content is relevant to the problem you identified in Task 2? You may need to refer to textbooks, online resources, and other credible materials, if you don’t have the information in your notes.
You should find the following topics useful:
· Laws governing fluid flow in pipes.
· Factors affecting fluid pressure.
· The effect of pipe elevation on fluid pressure.
· The effect of pipe diameter on fluid behaviour.
· Energy conservation in fluid systems.
Make brief notes summarising the principles that could help explain the engineering situation.
Task 4
From your research in Task 3, compile a short glossary of key technical terms if any were unfamiliar to you. You may want to include the following:
· Pressure head.
· Gravitational head.
· Volumetric flow rate.
Ensure definitions are clear, concise, and scientifically accurate.
Task 5
Prepare a draft response to the question. Structure your answer around the following aspects:
The modification
· How does increasing the height of the pipe section affect fluid pressure?
· Which scientific theory or law that describes this behaviour?
The proposed solution
· Clearly state your proposed solution.
· How does increasing the pipe diameter influences the flow characteristics?
· Which scientific principles are relevant?
The system requirement
· How does the proposed adjustment helps maintain the required pressure in the system?
· Link the design decision to the appropriate fluid mechanics laws, theories and equations.
Task 6
Write a paragraph to evaluate whether the engineer’s recommendation is an effective solution.
In your evaluation:
· State whether the proposed solution is appropriate for maintaining the required pressure.
· Support your judgement using scientific and engineering principles.
· Explain the advantages of increasing the pipe diameter.
· Discuss any limitations or potential drawbacks.
· Provide a clear overall judgement on the suitability and efficiency of the solution.
· Suggest whether additional design measures might be necessary to fully maintain the required pressure.
Task 7
Write a conclusion. Use one or two sentences to summarise your evaluation.
Your conclusion should highlight:
· The main advantage of the adjustment.
· Its key limitation.
· The conditions under which the solution would be most effective.
· Any additional considerations.
Task 8
Review your answer. Read it aloud or use Read Aloud in Word. Does it make sense? Is there a logical flow? Is the meaning clear?
Task 9
Look back at your answer and check if you have used appropriate connectives.  Some connectives are shown below:
· Leading to.
· Which results in.
· Although.
· By contrast.
· Thereby.
· In order to.
· Under these conditions.
· In practical terms.
· Ultimately.
· Because.
· Therefore.
· As a result.
· However.
· Consequently.
· In addition.
· For this reason.
Revise your answer, including connectives to make your evaluation (judgements) clearer, if needed.
Task 10
Review your answer. Are there instances where you have used plain language phrases in your response instead of appropriate engineering phrases?
Amend your answer to include technical engineering language and phrases. Refer to those you produced in Task 3.
Task 11
Review your answer to ensure:
· The effect of pipe elevation on pressure is clearly explained.
· The relationship between pipe diameter and fluid velocity is described.
· Relevant scientific principles are applied to the scenario.
· Cause-and-effect relationships are clearly demonstrated.
· The advantages and limitations of the design change are evaluated.
· Ideas flow logically from one section to the next.
· Technical terminology is used accurately and consistently.
· Connectives clearly show relationships between ideas.
· The response provides a clear evaluation of the engineer’s recommendation.
· The conclusion offers a well-justified final judgement on the effectiveness of the proposed adjustment.


AO3 question 9 – Core Content 6.3
Targeted content
The effects of processing techniques on materials.
What is the key issue(s) that should be identified from the scenario 
Effects of working temperatures on properties of steel.
Question
A steel processing company is producing rolled structural steel beams for use in building frames. The steel is currently worked at 500°C during manufacture. Given that the recrystallisation temperature of the steel is 450°C, a newly appointed process engineer suggests reducing the working temperature to 260°C.
Discuss how these changes in working temperature would influence the properties of the steel beams.
What theory would be appropriate to refer to in the answer (indicative content)
· Properties of materials.
· Recrystallisation temperature.
· Hot working and cold working of metals.
· Plastic deformation.
· Grain structure and grain size.
· Strain hardening/work hardening.
· Effect of working temperature on ductility.
· Effect of working temperature on strength. 
· Effect of working temperature on hardness.
· Dislocation movement.
· Residual stresses.
Model answer – meets required standard
Reducing the working temperature from 500°C to 260°C would significantly change the properties of the rolled structural steel beams. At 500°C, the steel is being worked above its recrystallisation temperature of 450°C. Under these conditions, the steel undergoes hot working, where deformation and recovery are taking place simultaneously, leading to continuous formation of new, strain-free grains. This prevents work hardening, therefore, producing fine grain structure. As a result, the steel beams produced at this temperature have good ductility, toughness, and uniform mechanical properties, with low residual stresses.
If the working temperature is reduced to 260°C, the steel would be deformed below its recrystallisation temperature and therefore undergo cold working. In this case, no recovery occurs during deformation, leading to an increase in dislocation density within the steel. This causes strain hardening, increasing the strength and hardness of the beams. 
Apart from improved strength, cold working will also produce a superior surface finish, thereby reducing the extra cost of finishing. Working at a lower temperature means lower expansion, this which will give the product higher dimensional accuracy and reduce the cost of heating.
However, cold- worked steel usually has high hardness, low ductility and toughness, making the steel more susceptible to cracking during production or in service. Additionally, cold working would require higher rolling forces, leading to residual stresses, distortion, reduced fatigue resistance, and an increased risk of brittle fracture.
Overall, lowering the working temperature to 260 °C would increase strength and hardness, it will produce better surface finishing, has have better dimensional accuracy, and save money. However, it would reduce ductility, toughness, and fatigue resistance, increase forming difficulty, and introduce residual stresses.
Why is this a model answer?
This is a model answer because it demonstrates a clear understanding and correct application of materials science concepts related to metal forming. The response accurately discusses the significance of the recrystallisation temperature and correctly distinguishes between hot working and cold working. 
The response also provides a balanced discussion of the proposed temperature change, considering both advantages and disadvantages. The discussion is logically organised, uses appropriate technical terms, and fully addresses the command word “discuss” by presenting several possibilities and linking theoretical principles to the practical implications for the steel beams.
Model answer – development required
The suggested change in working temperature would likely affect the properties of the steel beams. Since the steel is currently worked at 500°C and the recrystallisation temperature is 450°C, the process is taking place at a relatively high temperature. If the working temperature is reduced to 260°C, the behaviour of the material during processing may change.
At lower temperatures, the steel may become harder and stronger, but it could also become more difficult to shape during manufacturing. This could influence the final properties of the steel beams and may affect how the material behaves in structural applications. The reduction in temperature might also influence the internal structure of the steel.
Why does this answer indicate the learner needs further development?
This answer needs further development because it does not demonstrate a clear understanding of the materials science concepts required to explain the situation. Although it mentions that reducing the working temperature may change the hardness and strength of the steel, it does not clearly address the role of the recrystallisation temperature in determining whether the steel undergoes hot working or cold working.
The response also fails to consider how working the steel at 260°C, which is below the recrystallisation temperature of 450°C, would prevent recrystallisation from occurring during deformation. As a result, the answer does not discuss the important effects of cold working on the properties of the steel beams.


AO3 question 9 development activity – planning a response
Task 1
The first stage in planning an answer is to look at the information provided in the question. Analyse the scenario to determine what is the key issue or problem.
Review this question. What is the key issue?
Task 2
Look at the command verb ‘discuss’.
Write a list of what should be included in an answer to show a discussion.  
Task 3
What are the key points you want to make in your response?  
For this question, you might want to refer to recrystallisation temperature (hot working) and working below recrystallisation temperature (cold working) and their relationships to material properties.  
Select three or four key points you want to make in your answer. Use them to start a mind map. Alternatively, create a table with each point as a heading.
Task 4
For each of the points you want to make, what are the scientific and engineering principles or laws you want to refer to?
Add these to your mind map or table.
Task 5
How do your points link back to the scenario and the problem or issue identified?  
Add these to your mind map or table. You might want to use a different colour to highlight this.
Task 6
What key engineering terms could be relevant to use for the answer?
Write a list of key engineering terms relevant to the topic of the question and their meanings.
Examples for this question may include:
· Recrystallisation temperature.
· Hot working.
· Cold working.
· Grain structure.
· Work hardening.
· Ductility.
· Strength.
· Hardness.
· Residual stress.
· Plastic deformation.
· Dislocation movement.
Task 7
Consider your structure. You know you need to write an introductory paragraph and a conclusion.  
Each of the points you want to make can be a paragraph. For each paragraph, consider:
· Make a clear point to start.
· Refer to the scientific principle that underpins that point.
· Show the relationship between the science and the scenario – refer to impacts, benefits, limitations, etc.
· Summarise the key point.
Use your mind map or table to help you to organise the content.
Prepare a draft response. You might want to start with bullet points and build into sentences.
Task 8
Consider the connective terms that can be used to demonstrate that the command verb has been met. Here is a list of some connective terms.
· Leading to.
· Which results in.
· Although.
· By contrast.
· Thereby.
· In order to.
· Under these conditions.
· In practical terms.
· Ultimately.
· Because.
· Therefore.
· As a result.
· However.
· Consequently.
· In addition.
· This means that.
Add the relevant connective terms to your draft answer.
Task 9
Review your draft answer. Are there instances where you have used plain language phrases in your response instead of appropriate engineering phrases?
Amend your answer to include technical engineering language and phrases that you had in your list.
Task 10
Review your response and ensure that:
· The discussion evaluates both the benefits and limitations of the proposed temperature change.
· The specific temperatures in the scenario are used in the discussion.
· Cause-and-effect relationships are clearly explained.
· Engineering and materials science terminology is used accurately.
· Paragraphs follow a clear and logical structure.
· The conclusion summarises how the temperature change influences the final properties of the steel beams.


AO3 question 10 – Core Content 6.5
Targeted content
Causes of material failure and their prevention.
What is the key issue(s) that should be identified from the scenario 
Cause of corrosion in metal pipes.
Question
A piping system is used to transport a hot liquid at a high flow rate. Due to variations in the height and geometry of the pipework, the pressure of the liquid changes at different sections of the system. These pressure variations lead to the formation of vapour bubbles within the flowing liquid, which collapse as the fluid moves into regions of higher pressure.
After several months of operation, engineers observe severe surface erosion and pitting in sections of the pipe operating at the highest pressures.
Analyse the cause of the degradation in the metal pipes.
What theory would be appropriate to refer to in the answer (indicative content)
· Cavitation.
· Pressure variation in fluids.
· Vapour pressure.
· Bernoulli’s principle.
· Material erosion and pitting.
· Kinetic energy.
· Flow rates.
· Properties of materials.
· Corrosion in metals.
Model answer – meets required standard
The accelerated erosion observed in the metal pipes is the result of the combined effects of high temperature, pressure variation, high flow rate, and cavitation within the piping system.
The high temperature of the liquid increases the rate of erosion by reducing the mechanical strength and hardness of the metal surface, making it more susceptible to material removal. Higher temperatures also lower the viscosity of the liquid, allowing it to flow more rapidly and increasing the kinetic energy of the fluid impacting the pipe walls.
Variations in pressure lead to low-pressure regions where vapour bubbles form within the liquid. As the fluid moves into areas of higher pressure, these bubbles collapse, producing shock waves that strike the metal surface, leading to cavitation erosion.
The high flow rate further accelerates erosion by increasing the frequency and energy of liquid impact on the metal surface. 
Although cavitation bubbles form in low-pressure regions, the most severe erosion occurs in sections operating at higher pressures because bubble collapse occurs in these regions. The continuous bombardment of the pipe surface by collapsing bubbles and high-energy fluid flow leads to rapid material loss and surface pitting.
Overall, the interaction between elevated temperature, pressure variations, high flow rate, and cavitation significantly increases the rate of erosion, resulting in the observed damage to the metal pipes in sections where pressure is high.
Why is this a model answer?
This is a model answer because it demonstrates the correct use of fluid mechanics and corrosion concepts to interpret the problem. Relevant principles are appropriately referenced and applied to explain the behaviour of the fluid and the resulting damage to the pipe surface. The response also considers multiple contributing factors, showing an understanding of corrosion concepts in metals.  In order to achieve this, it is clear that analysis has taken place.
The answer also makes effective use of appropriate technical terms and presents the explanation in a clear and logical structure. The ideas are organised in a way that progressively considers the mechanisms involved and links them to the observed effects in the system. In addition, the response adheres well to the command word “analyse”, as it breaks down the causes of the erosion and how the different factors interact to produce the damage observed in the pipes.
Model answer – development required
The pipes may be experiencing erosion because the liquid is moving at a high speed through the system. When fluids move quickly through pipes, they can wear away the surface of the metal over time. The changes in height and shape of the pipes may also cause changes in pressure, which could affect how the liquid flows through the system.
Vapour bubbles can also form in the liquid and may collapse as the fluid moves through different sections of the pipe. This could contribute to damage on the pipe surface. In addition, the hot temperature of the liquid may make the metal weaker and more likely to wear away. Overall, the high flow rate and pressure changes in the system may be responsible for the erosion seen in the pipes.
Why does this answer indicate the learner needs further development?
This answer indicates that the learner needs further development because it does not clearly demonstrate an understanding of the fluid mechanics principles required to explain the erosion. Although the response mentions pressure changes, high flow rate, and vapour bubbles, these ideas are described in a general way and are not supported with relevant theory. Important concepts such as Cavitation and Bernoulli’s Principle are not explained or applied to the situation.
The response also does not fully analyse why the most severe damage occurs in sections of the pipe operating at higher pressure. It does not clearly link the formation and collapse of vapour bubbles to surface erosion and pitting, and the interaction between the different contributing factors is not explored. In addition, the use of technical terms is limited, and the response is descriptive rather than analytical.



AO3 question 10 development activity – cause, effect and analysis
Task 1
Read the question.  Identify all key issues mentioned in the scenario. Use a highlighter pen to help you.
Examples include:
· High liquid temperature.
· High flow rate.
· Variation in the height and geometry of the pipe.
You could then produce a list so that you can go back and check that you have addressed them all. These are the possible causes.
Task 2
For each issue or cause identified in Task 1, consider the relationship between the resulting effects, and the underlying scientific principles responsible for those effects.  This is when you are analysing.
You are going to develop a structure of cause, effect and analysis.
For each cause you produced in Task 1, list all possible effects. Analyse the science or engineering principles behind the effects.
Use the structure below:
Cause:
State the factor responsible for the change or condition in the system (issues identified in Task 1).
Effect:
Describe the observable or measurable changes that occur in the piping system as a result of the cause.
Analysis:
Provide a scientific or engineering explanation of why these effects occur, referring to relevant fluid mechanics or material behaviour.
Example
Cause:
· High liquid temperature
Effect:
· Reduction in fluid viscosity
· Increase in vapour pressure of the fluid.
· Increased likelihood of vapour bubble formation.
· Reduction in the surface hardness or strength of the pipe material.
Analysis:
· A reduction in viscosity allows the fluid to flow more easily, which can increase fluid velocity and interaction with the pipe surface, leading to increased mechanical wear.
· An increase in vapour pressure means the liquid can vaporise more easily when pressure decreases, increasing the likelihood of vapour bubble formation.
· Reduced material hardness decreases the pipe’s resistance to erosion and surface damage.
· Under these conditions, vapour bubbles may form in low-pressure regions and collapse in high-pressure areas, potentially leading to cavitation damage.
Create your own cause, effect and analysis structure for each issue in Task 1.
Task 3
Create a list of relevant scientific and engineering terms that will help you to analyse the processes occurring in the piping system. 
Examples may include:
· Cavitation.
· Erosion.
· Pitting.
· Corrosion.
· Mechanical wear.
· Wear resistance.
· Vapour pressure.
· Fluid velocity.
· Turbulence.
· Pressure head.
· Flow rate.
· Fluid viscosity.
You may add additional terms that are relevant to the scenario.
Task 4
Using the key issues identified in Task 1 and the cause – effect – analysis developed in Task 2, organise your analysis using the PEEL structure.  As a reminder, this is:
P – Point
State the main argument or idea.
E – Evidence
Provide relevant scientific or engineering evidence drawn from the scenario or from fluid mechanics principles.
E – Explanation
Explain how the evidence supports the point and describe the scientific mechanisms involved.
L – Link
Link your explanation back to the central problem of accelerated pipe erosion.
Write one analytical paragraph for each key issue identified.
Example
Issue 1 – High Liquid Temperature.
Point:
High liquid temperature can accelerate erosion in sections of the pipe operating at the highest pressures.
Evidence:
Higher temperatures increase the vapour pressure of the liquid, reduce fluid viscosity, and may decrease the resistance of the pipe surface to wear.
Explanation:
When the hot liquid flows through low-pressure areas of the pipe, vaporisation may occur, forming vapour bubbles due to the increased vapour pressure. As the fluid moves into higher-pressure regions, these bubbles collapse violently. This collapse releases energy that strikes the pipe surface repeatedly. These impacts, combined with the high temperature of the fluid, weaken the metal surface, leading to pitting.
Link:
Therefore, high liquid temperature contributes to cavitation and accelerates erosion of the pipe walls in regions where pressure increases.
Task 5
Use appropriate connectives to ensure your analysis flows logically and clearly.  Go through your answer and see what connectives you have already used, and which can be added.  Here is a list of possible connectives you could use:
· Leading to.
· Which results in.
· Although.
· By contrast.
· Thereby.
· Under these conditions.
· In practical terms.
· Ultimately.
· Because.
· Therefore.
· As a result.
· However.
· Consequently.
· In addition.
· This means that.
Task 6
Write a short concluding paragraph summarising the main reasons why the pipes operating at the highest pressures are experiencing accelerated erosion.
Your conclusion should:
· Bring together the main issues identified in the analysis.
· Explain the overall mechanism responsible for the observed pipe damage.
Task 7
Review your answer. Are there instances where you have used plain language phrases in your response instead of appropriate engineering phrases?
Amend your answer to include technical engineering language and phrases.  


Task 8
Review your answer. Read it aloud or use Read Aloud in Word. Does it make sense? Is there a logical flow? Is the meaning clear?
Task 9
Review your response and ensure that:
· All key issues relevant to the scenario are clearly identified and analysed.
· Cause-and-effect relationships are logically explained.
· Scientific terminology is used accurately and consistently.
· Paragraphs follow a clear analytical structure.
· Ideas are logically connected and clearly written.
· There is a clear conclusion that summarises key points raised in the answer.
· 
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