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Note to teachers and students on the use of published marking schemes 

Marking schemes published by the State ExaminaƟons Commission are not intended to be 
standalone documents.  They are an essenƟal resource for examiners who receive training 
in the correct interpretaƟon and applicaƟon of the scheme.  This training involves, among 
other things, marking samples of student work and discussing the marks awarded, so as to 
clarify the correct applicaƟon of the scheme.  The work of examiners is subsequently 
monitored by Advising Examiners to ensure consistent and accurate applicaƟon of the 
marking scheme.  This process is overseen by the Chief Examiner, usually assisted by a Chief 
Advising Examiner.  The Chief Examiner is the final authority regarding whether or not the 
marking scheme has been correctly applied to any piece of candidate work.  

Marking schemes are working documents.  While a draŌ marking scheme is prepared in 
advance of the examinaƟon, the scheme is not finalised unƟl examiners have applied it to 
candidates’ work and the feedback from all examiners has been collated and considered in 
light of the full range of responses of candidates, the overall level of difficulty of the 
examinaƟon and the need to maintain consistency in standards from year to year.  This 
published document contains the finalised scheme, as it was applied to all candidates’ work.  

In the case of marking schemes that include model soluƟons or answers, it should be noted 
that these are not intended to be exhausƟve.  VariaƟons and alternaƟves may also be 
acceptable.  Examiners must consider all answers on their merits, and will have consulted 
with their Advising Examiners when in doubt.  

Future Marking Schemes 

AssumpƟons about future marking schemes on the basis of past schemes should be 
avoided.  While the underlying assessment principles remain the same, the details of the 
marking of a parƟcular type of quesƟon may change in the context of the contribuƟon of 
that quesƟon to the overall examinaƟon in a given year.  The Chief Examiner in any given 
year has the responsibility to determine how best to ensure the fair and accurate 
assessment of candidates’ work and to ensure consistency in the standard of the 
assessment from year to year.  Accordingly, aspects of the structure, detail and applicaƟon 
of the marking scheme for a parƟcular examinaƟon are subject to change from one year to 
the next without noƟce.  
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IntroducƟon – wriƩen examinaƟon  

In considering the marking scheme, the following should be noted. 

1. The soluƟons presented are examples only. All other valid soluƟons are acceptable and are marked
accordingly.

2. The detail required in any answer is determined by the context and the manner in which the quesƟon is
asked, and by the number of marks assigned to the answer in the examinaƟon paper and, in any instance,
therefore, may vary from year to year.

3. Bonus marks at the rate of 5% of the marks obtained will be given to a candidate who answers enƟrely
through Irish and who obtains less than 75% of the total marks. In calculaƟng the bonus to be applied
decimals are always rounded down, not up e.g., 4.5 becomes 4; 4.9 becomes 4, etc. The bonus table given
on the next page applies to candidates who answer enƟrely through Irish and who obtain more than 75%
of the total marks.

4. The table below contains informaƟon about annotaƟons used for marking throughout the exam paper.

AnnotaƟon Meaning 

Blank page 

// Page marked by examiner 
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Coimisiún na Scrúduithe Stáit  

Marcanna Breise as ucht freagairt trí Ghaeilge 

Léiríonn an tábla thíos an méid marcanna breise ba chóir a bhronnadh ar iarrthóirí a ghnóthaíonn níos mó ná 
75% d’iomlán na marcanna.  

N.B. Ba chóir marcanna de réir an ghnáthráta a bhronnadh ar iarrthóirí nach ngnóthaíonn níos mó ná 75% 
d’iomlán na marcanna don scrúdú.  Ba chóir freisin an marc bónais sin a shlánú síos.  

Tábla 300 @ 5%  
Bain úsáid as an tábla seo i gcás na n-ábhar a bhfuil 300 marc san iomlán ag gabháil leo agus inarb é 10% 
gnáthráta an bhónais.  

Bain úsáid as an ngnáthráta i gcás 187 marc agus faoina bhun sin.  Os cionn an mharc sin, féach an tábla thíos. 

Bunmharc Marc Bónais Bunmharc Marc Bónais 

226 11 261 – 266  5 

227 – 233 10 267 – 273  4 

234 – 240 9 274 – 280   3 

241 – 246 8 281 – 286  2 

247 – 253 7 287 – 293  1 

254 – 260 6 294 – 300  0 
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ENGINEERING-MATERIALS AND TECHNOLOGY 
(Higher Level – 300 marks) 

Marking Scheme 2026 
Answer any six quesƟons. 

QuesƟon 1 – 50 marks QuesƟon 2 – 50 marks QuesƟon 3 – 50 marks 
Any ten @ 5 marks each.  Answer all parts of this quesƟon  Answer all parts of this quesƟon 

(a)   3 + 2
(b)   3 + 2 (a) 4 + 3 + 3 (a) (i) 4 
(c)   5 (b) (i) 3 + 2  (ii) 8 
(d)   5  (ii) 5  (iii) 4 
(e)   5            (c) (i) 3 + 2 (b) (i) 10 
(f)   3 + 2  (ii) 5  (ii) 4 
(g)   3 + 2 (d) 10  (iii) 4 
(h)   Any one @ 5 (e) (i)       5 (c) (i) 8 
(i)   3 + 2 (ii)          5 (ii) 8 
(j)   3 + 2
(k)   5
(l)   5

(m)   3 + 2

QuesƟon 4 – 50 marks QuesƟon 5 – 50 marks QuesƟon 6 – 50 marks 
Answer all parts of this quesƟon Answer all parts of this quesƟon  Answer all parts of this quesƟon 

(a) (i) 2 + 2 
(a) (i) 4 (a) (i) 2 + 2   (ii) 4 

 (ii) 8  (ii) 8  (iii) 8 
 (iii) 2 + 2  (iii) 4 (b) Any three @ 6 + 6 + 6 

(b) (i) 4 (b) (i) 8 + 1 + 1 (c) (i) 10 
 (ii) 4 + 4  (ii) 4  (ii) 6 
 (iii) 6  (iii) 4 OR 

(c) Any two @ 8 + 8           (c) Any two @ 8 + 8 (c) (i) 4 + 4 
 (ii) 4 + 4 

QuesƟon 7 – 50 marks QuesƟon 8 – 50 marks QuesƟon 9 – 50 marks 
Answer all parts of this quesƟon  Answer all parts of this quesƟon  Answer all parts of this quesƟon 

(a) (i) 6 (a) (i) 8 
(a) (i) 2 + 2  (ii) 6  (ii) 8 

 (ii) 8  (iii) 2 + 2 (b) Any three@ 6 + 6 + 6 
 (iii) 4 (b) Any three @ 6 + 6 + 6            (c) (i) 8 

(b) Any three @ 6 + 6 + 6            (c) (i) 8  (ii) 4 + 4 
(c) (i) 4  (ii) 4 + 4  OR 

 (ii) 6 OR (c) (i) 4 + 4 
 (iii) 3 + 3 (c) 4 + 4 + 4 + 4  (ii) 8 
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Sample Answers and Marking Scheme  

  Note: The soluƟons presented are examples only.     
All other valid soluƟons are acceptable and are marked accordingly.  

QuesƟon 1              (50 Marks)  

(a) Advantages of Quick Response (QR) codes in engineering applicaƟons:
• Fast and easy data access – QR codes can be scanned quickly using smartphones or

scanners to instantly access informaƟon, such as product details, websites or
instrucƟons.

• Compact and high data capacity – They can store more informaƟon than tradiƟonal
barcodes in a smaller space, including text, URLs and tracking data.

• They improve efficiency in inventory management and product idenƟficaƟon.
       3 + 2   

(b) Safety features integrated into a CNC lathe:
• Emergency stop buƩon: A large, easily accessible buƩon that immediately shuts down

all machine operaƟons when pressed. It helps prevent injury or damage in the event of
a malfuncƟon or emergency.

• Interlocking safety guards: Transparent protecƟve enclosures that prevent access to
moving parts during operaƟon. These guards are oŌen interlocked, meaning the
machine will not run unless they are securely closed.

• SoŌware calibrated to run as safely as possible.
 3 + 2     

(c) MagneƟc separaƟon:

Ore is crushed and poured over a rotaƟng drum
which contains a fixed magnet. The magneƟc
ore (ferrous) is held to the drum unƟl the waste
has fallen off. This separaƟon technique can be
useful in mining iron as it is aƩracted to a
magnet.

5 

Magne c 
roller

Powdered 
ore 

Conveyor belt 
Magne c 
par cles  

Non-magne c 
par cles 

collectors 
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(d) TilƟng the liŌing plaƞorm
The liŌing plaƞorm can be Ɵlted with the use
of a hydraulic cylinder which will raise the
back of the plaƞorm causing it to Ɵlt.

  5 

(e) DisƟnguish between a clearance fit and an interference fit.

A clearance fit has a gap between the parts             An interference fit requires force to allow  
allowing them to move freely.                      the parts to fit together. 

5 

(f) Design aƩributes of the Dyson Airblade Wash+Dry tap:
• Combines hand-washing and drying in a single contactless tap.
• Infrared sensors automaƟcally switch between water flow and high-speed air.
• Fast and efficient, it eliminates the need to move from sink to a separate dryer.
• Touch-free, enhances hygiene and cleanliness in public washrooms.
• Reduces surface contact and prevents water dripping onto the floor.

3 + 2   

(g) Suitable material for the manufacture of the tap and jusƟfy your selecƟon:
Material: Stainless Steel
JusƟficaƟon: Stainless steel resists rust and corrosion from constant exposure to water. It
is strong enough to withstand daily use and impact without deforming. Stainless steel is
easy to clean and does not harbour bacteria, making it ideal for sanitary environments. It
has a sleek, modern look that suits public and commercial washrooms.

3 + 2   

(h) (i)    Nikola Tesla: A Serbian-American inventor and engineer who developed the
alternaƟng current (AC) system, revoluƟonising electrical power transmission. He invented
the AC motor and contributed to radio and wireless energy technologies, shaping modern
electricity and communicaƟons.
(ii) Eileen Gray: An Irish-born architect and designer, renowned for her innovaƟve
contribuƟons to modernist architecture and furniture design. Gray is known for iconic
pieces such as the E-1027 Table and the Bibendum Chair.

Hydraulic 
cylinder 
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(iii) Frank WhiƩle: BriƟsh engineer and inventor credited with developing the turbojet
engine. His invenƟon revoluƟonised aviaƟon by enabling faster and more efficient jet-
powered aircraŌ, laying the foundaƟon for modern jet engines.

Any one @ 5 

(i) Benefits of upcycling:
• Reduces waste: Upcycling transforms old or discarded materials into new products,

keeping them out of landfill and reducing environmental polluƟon.
• Conserves resources: By reusing exisƟng materials, upcycling decreases the need for

new raw materials, saving energy and natural resources.
• Creates a mindset of the reuse of materials which will reduce waste.

       3 + 2  

(j) Methods to protect steel from corrosion:
Galvanising: CoaƟng steel with a layer of zinc to prevent rusƟng by acƟng as a barrier and
sacrificial anode.
PainƟng or coaƟng: Applying paint, enamel or other protecƟve coaƟngs to block moisture
and air from reaching the steel surface.

       3 + 2  

(k) DucƟlity in FCC

FCC structure has a greater atom density than BCC. This allows metals to glide across each 
other without breaking bonds. This close pack structure makes FCC metals more ducƟle. 

5 

(l) GPS provides accurate locaƟon tracking, allowing the vehicle to follow mapped routes and
navigate to desƟnaƟons. It works with digital maps to guide the vehicle, detect traffic
condiƟons and choose the most efficient path.

5 

(m) Benefits of electric powered vehicles (EVs) in urban areas:
EVs produce no exhaust emissions, helping improve air quality in ciƟes. EVs are quieter
than combusƟon engine vehicles, reducing noise polluƟon in urban environments.

3 + 2 

FCC shear planes allow 
smoother movement 

FCC  

BCC 
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QuesƟon 2             (50 Marks)  

(a) Smartphone functions that depend on semiconductor technology.
• Processing capability of smartphones allows communication to be handled, acts as

CPU, enables OS procedures, runs apps, processes AI, etc.
• Data storage on DRAM provide fast processing memory.
• Camera functionality is enabled.
• Display ICs control colour and image pixels.
• MOSFETs and power management control energy use and battery power.
• Semiconductors allow high-speed connectivity.
• Semiconductor sensors enable facial recognition, gyroscopes and touchscreens.

4 + 3 + 3 

(b) (i)   Advantages of using semiconductor components in circuits.
        Compact size, expands capability of circuits, consistent and reliable operaƟon. 

3 + 2 

(ii) DisƟnguish between electrical conductors, insulators and semiconductors.
Electrical conductor: A material that allows electric current to flow through it easily
because it has free electrons. Conductors offer very low resistance to the movement of
electric charge. Examples include copper (used in electrical wiring) and aluminium
(used in overhead power lines).
Electrical insulator: A material that resists the flow of electric current because its
electrons are Ɵghtly bound and not free to move. Insulators provide high resistance
and prevent electrical conducƟon. Examples include PVC (used as insulaƟon on
electrical cables) and rubber (used in protecƟve gloves for electrical work).
Semiconductors: A material that will conduct electricity under certain condiƟons.
Silicon is the most common semiconductor.

 5 

(c) (i)   Diode: allows current to flow in only one direcƟon.
Transistor: A transistor can act as an electronic switch which stops or starts the flow of  

       current or an amplifier that controls the flow of large currents relaƟve to the small 
       change in the control signal. 

             3 + 2 

(ii) Structure and operation of a transistor
A transistor is a three-terminal semiconductor funcƟoning as an electronic switch or
amplifier. The three terminals are emiƩer, base (or gate) and collector. It consists of
three doped semiconductor layers forming two PN juncƟons.



Page 11 

NPN Structure: A thin, lightly doped p-type base is sandwiched between two heavily 
doped n-type layers (emiƩer and collector). 
PNP Structure: A thin, lightly doped n-type base is sandwiched between two heavily 
doped p-type layers. 

5 

(d) The process of doping
Semiconductor doping is the deliberate process of introducing impuriƟes into pure
semiconductor materials to modulate their electrical properƟes. This manufacturing step
allows silicon and other semiconductors to conduct electricity in precise ways to enable all
modern electronics.

Deple on  
region 

N-type doping adds atoms like phosphorus, which have one more valence electron than
silicon. These extra electrons are not needed for bonding, so they can easily move into the
conducƟon band and help carry electric current. The movement of a free electron
supplied by a phosphorus dopant atom which becomes free to move through the silicon
laƫce and contribute to conducƟon.
P-type doping adds atoms like boron, which create more holes in the valence band,
helping electrons move. An electron moves to fill a hole created by the boron dopant. As
electrons move from one atom to another, the hole appears to move in the opposite
direcƟon. Electrical current flows in p-type material through the apparent movement of
holes.

 10 

NPN                              PNP 
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(e) (i)    Use of precious metals
Many devices sƟll contain recoverable metals and components including precious 
metals. Improper disposal leads to polluƟon and resource loss. 

5 

(ii) Disposal of electronic waste after use.
Electronic waste is difficult to recycle due to the variety of materials to be separated
and the small size of components. Semiconductor companies and governments are
increasingly investing in sustainable production practices, improved recycling
technologies, and circular-economy initiatives aimed at reducing the industry’s
environmental footprint.

5 
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QuesƟon 3               (50 Marks)  

(a) (i)    Hardness is the ability of a material to resist denƟng, scratching and wear.
4 

(ii) Vickers hardness test: A hard metal point, called an
indenter, is pressed into the surface of the material
being tested with a measured force. SoŌer materials
will produce a deeper indentaƟon. The test piece is
considerably thicker than the indentaƟon.

• The test material is placed on a table, which can
be adjusted for height.

• A diamond square-based pyramid indenter is
used in this hardness test.

• The angle of the indenter is 136.̊
• The length of the diagonals (d₁ and d₂) of the indentaƟon are measured.
• Hardness Vickers (HV) number is calculated as follows; HV = Load / d₁.d₂
• The Vickers test provides accurate results on a full range of test pieces.

                8  

(iii) Torsional forces are twisƟng forces that act along the axis of the crankshaŌ.
These forces occur during engine operaƟon as the crankshaŌ rotates and
transmits power.
Repeated twisƟng can cause faƟgue, leading to cracks or failure over Ɵme. It may
also cause deformaƟon, impact on engine performance and increase wear at
stress points.

4 

 

Diamond 
indentor 

 indenta on 

Load force 

Test part 
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(b) (i)   Stress-strain graph:

10  

(ii) Youngs Modulus:
 =  =         88kN/mm2 

4 

(iii) In a tensile test, ducƟle fracture involves significant plasƟc deformaƟon before
failure, while briƩle fracture occurs with liƩle or no plasƟc deformaƟon.
BriƩle materials, such as brass, fracture suddenly with
minimal elongaƟon and the fracture surface is typically
flat and clean.
DucƟle materials, like aluminium, stretch and deform
considerably before breaking, oŌen showing signs of
necking and a cup-and-cone shaped fracture surface.

4 
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(c) (i) Importance of Quality Control (QC) in motorcycle component producƟon:
• Safety: Ensures criƟcal parts like brakes and engines meet safety standards.
• Consistency: Maintains uniform quality across all components.
• Cost efficiency: Reduces waste and rework by idenƟfying defects early.
• Customer saƟsfacƟon: Produces reliable components, improving user trust.
• Regulatory compliance: Ensures parts meet legal and industry requirements.

          8 

(ii) MagneƟc parƟcle tesƟng:
This method detects surface and near-surface flaws in ferrous materials by exploiƟng
their magneƟc properƟes. The process involves magneƟsing the component and then
applying magneƟc parƟcles onto its surface. Flaws such as cracks or caviƟes disrupt
the uniform magneƟc field, causing localised distorƟons. These distorƟons aƩract the
magneƟc parƟcles, creaƟng visible indicaƟons that reveal the presence and locaƟon of
defects. MagneƟc parƟcle inspecƟon provides highly reliable results ensuring
compliance with safety and quality standards.

       8 
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QuesƟon 4            (50 Marks)  

(a) (i)    Axe A:
Slow air cooling produces a soŌer, more ducƟle microstructure 
like pearlite or ferrite, resulƟng in higher impact resistance but 
lower wear resistance. 
Axe B: 
Rapid quenching forms martensite, making the axe harder and 
more resistant to cuƫng and wear, but also more briƩle and 
prone to fracture under sudden forces. 

4 

(ii) Axe B. This is because its higher hardness and wear resistance, resulƟng from the
martensiƟc microstructure, allow it to maintain a sharp edge longer and resist wear.

    IdenƟfy 2 
JusƟfy 6 

(iii) Tempering decreases the hardness and briƩleness leŌ by hardening, making the axe
less prone to cracking or shaƩering under impact.
It enhances the toughness of the axe, allowing it to absorb shocks and impacts beƩer
during use, which is essenƟal for safe and effecƟve chopping.

    2 + 2 

(b) (i)    A = Liquid
B = Austenite 
C = Ferrite and Pearlite 
D = Pearlite and CemenƟte 

                1 + 1 + 1 + 1 

(ii) Point X is called the eutecƟc point. This is where the liquid steel turns into solid steel
without going through a pasty stage. It occurs at approximately 1140°C and 4.3%
carbon content.
Point Y is called the eutectoid point. At this point solid austenite changes to solid
pearlite at approximately 723°C at 0.83% carbon content.

        IdenƟfy 2 + 2 
Explain 2 + 2 

(iii) The opƟcal pyrometer method compares the intensity of light from the filament of a
lamp with the colour from the furnace. Current flow from the lamp can be adjusted,
using a variable resistor, to match the light from the furnace.



Page 17 

There are three possible results with the opƟcal pyrometer: filament too bright, 
filament not bright enough and filament matching the furnace colour. When the 
filament seems to ‘disappear’, the temperature of the filament matches that of the 
furnace and a reading can then be established.  

Temperature too low         Correct        Temperature too high   
                 6 

(c) (i)    Reasons for annealing silver during jewellery manufacture:
Annealing makes the silver soŌer and more malleable. This makes it easier for 
jewellers to shape, bend and form intricate designs without cracking or breaking. 
The annealing process helps to reduce internal stresses and strain hardening caused 
by previous working (such as hammering or shaping). This reduces the risk of the 
silver becoming briƩle and improves its overall workability. 

(ii) Safety hazards with flame hardening:
• Risk of burns or fire due to the open flames and high temperatures associated

with the heaƟng process – wear PPE.
• Bright flames and sparks can cause damage to the eyes.
• Spiƫng of the water while impacƟng the heated surface could lead to burning.
• Fumes could lead to dangerous gas levels in the work area.
• Improper handling of gas cylinders or equipment malfuncƟon can lead to

explosions or accidents.

(iii) ApplicaƟons of cast iron:
• Engine blocks and machinery parts as cast iron will allow intricate shapes.
• Cookware such as skillets, pots and pans as cast iron will conduct heat effecƟvely.
• Manhole covers and drainage systems as cast iron is durable.

Any two @ 8 + 8 
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QuesƟon 5             (50 Marks)  

(a) (i)    Bronze has excellent resistance to corrosion, especially in
               seawater. This helps prevent deterioraƟon of the propeller over 
               Ɵme. 

Bronze possesses high strength, toughness and good wear 
resistance, making it capable of withstanding the harsh 
condiƟons and mechanical stresses experienced by a ship’s 
propeller during operaƟon. 

2 + 2  

(ii) Sacrificial protecƟon:
Sacrificial protecƟon involves using a more reacƟve metal to protect the bronze
propeller from corrosion. A sacrificial anode made of a metal like zinc or magnesium,
which is more reacƟve than bronze, is aƩached to the ship's hull or propeller. Due to
electrochemical principles, the sacrificial anode corrodes (oxidizes), sacrificing itself to
protect the bronze. This extends the lifespan of the propeller.

8 

(iii) Regular inspecƟon and replacement of sacrificial anodes is essenƟal because they
gradually corrode over Ɵme, losing their protecƟve effecƟveness. If leŌ unchecked,
depleted anodes can no longer protect the vessel in the harsh marine environment.

4 

(b) (i)   Equilibrium diagram with liquidus and solidus lines labelled

                        8 + 1 + 1 
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(ii) RaƟo of the phases at 1250°C for 50% B:
Mass of solid   = 50 – 26 = 24 = 3 
Mass of liquid 66 – 50 16 2  

    4 
(iii) Cooling curve for 20% B:

As the 20% alloy cools, it begins to solidify at 1220 °C and becomes a solid alloy at
1090 °C.

4 

(c) (i)    DendriƟc growth:
As a metal reaches its cooling point, small parƟcles cool first. SolidificaƟon takes place 
in a paƩern. This paƩern is called DendriƟc Growth and looks like the branches of a 
tree. Each small parƟcle grows to form a crystal or grain. Crystals grow together to form 
a solid. This process is known as dendriƟc growth, from Greek word “dendron” for 
treelike. 

(ii) Crystal point defects:
SubsƟtute Defect
This is where foreign atoms replace the parent atoms.
Vacancy Defect
This is where there is an atom missing from the laƫce.
IntersƟƟal Defect
This is where foreign atoms fit in between the
parent atoms.

(iii) Effects of cold working on material properƟes and internal structure:
Cold working of metals involves deforming the material below its recrystallisaƟon
temperature, which results in increased strength and hardness due to strain hardening.
Internally, it introduces dislocaƟons and residual stresses, making the metal more
briƩle and prone to cracking.

  Any two @ 8 + 8 
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QuesƟon 6               (50 Marks)  

(a) (i)  Reasons for using tubular aluminium:
• High strength-to-weight raƟo: Tubular aluminium is lightweight yet strong,

which makes tubular aluminium ideal for trusses that need to support heavy
lighƟng equipment while being easy to transport, handle and install.

• Corrosion resistance: Aluminium naturally forms an oxide layer that protects it
from corrosion. This makes tubular aluminium suitable for both indoor and
outdoor use, ensuring durability and a long service life in various environments.

2 + 2 

(ii) Suitable welding process: Tungsten Inert Gas (TIG) welding.
Reason:  TIG welding is suitable for aluminium and offers precise heat control,
therefore minimising warping and burn-through of the thin-walled tubes. TIG
produces clean, high-quality welds which are strong and aestheƟcally pleasing.

Name 2 
Reason 2 

(iii) Tungsten Inert Gas (TIG) welding:

An arc is formed between the non-consumable tungsten electrode and the metal
being welded. The inert gas shielded arc is used to flux the joint, argon or helium are
typically used to prevent oxygen geƫng to the joint area.
A filler metal (welding rod) is added manually to the weld pool when necessary.
A high frequency generator provides a path for the welding current. Both AC and DC
power can be used in TIG welding techniques.
TIG welding is a highly skilled welding process and is generally a manual operaƟon.

 8 
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(b) (i)     Consumable electrodes melt and become part of the weld joint. They act as both the
           electrode and the filler metal. In MIG (Metal Inert Gas) welding, a conƟnuous wire 
           electrode melts to form the weld.  

Non-consumable electrodes do not melt during welding. In TIG (Tungsten Inert Gas) 
welding, a tungsten electrode provides the arc and a separate filler rod may be added 
manually. 

(ii) Benefits of welding helmet:
• The lens darkens instantly when the arc is struck, protecƟng eyes

from harmful light without the need to flip the helmet manually.
• Welders can keep the helmet down between welds, saving Ɵme

and maintaining posiƟoning without interrupƟons, therefore
increasing producƟvity.

• Clear visibility before and aŌer the weld helps with precise
alignment and setup.

• The welder also has both hands free without the need to hold a welding shield.

(iii) Reasons for using a jig during welding processes:
• Accuracy – Ensures precise alignment and consistent

welds.
• Efficiency – Speeds up setup and reduces reposiƟoning.
• Safety – Holds parts securely, reducing movement and

risk.
• Less distorƟon – Helps control heat-related warping.

(iv) Safety features integrated into oxy-acetylene welding:
• Low pressure acetylene and high-pressure oxygen cylinders and lines are colour 

coded.
• Acetylene is stored in acetone to prevent explosion.
• Regulators are fiƩed with different threads to prevent interchange.
• Flashback arrestors are used. 

(v) Advantages of Laser Beam Welding (LBW)
Laser Beam Welding (LBW) offers high
precision and deep, narrow welds with
minimal distorƟon due to its concentrated
heat input. It enables fast welding speeds
and is well-suited for automaƟon, making it
ideal for high-volume or complex
manufacturing. The process is versaƟle and
clean, oŌen requiring no filler material and
producing liƩle to no spaƩer.

Any three @ 6 + 6 + 6 

Laser beam 
Laser pulse 

Melt pool 
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(c) (i)     Weld porosity refers to small holes or gas pockets that form inside a weld, caused by
trapped gases during the welding process. This can weaken the strength and quality of 
the weld. 
To prevent porosity:  

• Clean the material thoroughly by removing oil, rust, paint and moisture from the
metal surface before welding.

• Use correct shielding methods such as argon gas to protect the weld area from air
contaminaƟon.

    Meaning 6 
Methods 2 + 2   

(ii) Weld cracks may occur from rapid cooling, high residual stress, or using the wrong filler
material. They oŌen start at weak points and can spread through the weld.
Incomplete fusion happens when the weld metal does not fully bond with the base
metal or previous weld passes. This is usually caused by insufficient heat, poor
technique or incorrect welding angles.

6   

OR 

(c) (i)   ApplicaƟons of roboƟc arms:
• Automated welding – Used in automoƟve and manufacturing industries for precision

welding.
• Assembly line operaƟons – RoboƟc arms can assemble components quickly and

accurately in electronics, aerospace and machinery producƟon.
• Spray painƟng – Used to apply paint evenly and efficiently in industries such as

automoƟve and appliance manufacturing, improving finish quality and reducing
waste.

4 + 4   

(ii) Working envelope:
Working envelope refers to the three-dimensional space
within which a roboƟc arm can move and operate. It
defines the maximum range or boundary that the robot
can reach in all direcƟons, based on its design, joint
configuraƟon and axis movement.
Degrees of freedom:
The degrees of freedom (DOF) describe the number of independent movements a
roboƟc arm can make. Each joint or axis adds one degree of freedom. Having 6 DOF
allows the robot to place its tool anywhere within its workspace and orient it in any
required direcƟon.

4 + 4 

working 
envelope 
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QuesƟon 7              (50 Marks)  

(a) (i)    ThermoplasƟc tubes: Extrusion
   ThermoplasƟc Joints: InjecƟon moulding 

2 + 2 

(ii) Extrusion process:
PlasƟc granules or pellets (commonly PVC or HDPE) are fed into the hopper of the
extrusion machine and are transported along a heated barrel by a rotaƟng screw. As they
move forward, fricƟon and external heaters melt the polymer into a thick, molten form.
The molten plasƟc is then forced through a shaping die designed to produce the long,
hollow tube profile needed for goal posts. The die determines the cross-secƟon (usually
circular or square).
The hot plasƟc tube exits the die and is immediately cooled, oŌen in a water bath, so
that it hardens and retains its shape. The conƟnuous extruded tube is cut into lengths
suitable for goal post uprights and crossbars.

 8      

(iii) Stabilisers are added to plasƟcs to protect against heat, UV light and oxidaƟon during
outdoor use, helping maintain the goal posts strength, colour and durability over Ɵme.

       4  

(b) (i)    Advantages of using polycarbonate for the machine guard:
• Polycarbonate is extremely tough and can withstand strong impacts without

shaƩering.
• It is transparent, allowing full visibility of machine operaƟons.
• It is lightweight, easy to install and replace compared to glass or metal alternaƟves.
• It is durable long-lasƟng and resistant to wear, reducing the need for frequent

replacement.

(ii) Polymer recycling breaks down the plasƟcs into raw materials for use again, these
materials are collected, sorted, cleaned and reformed into pellets e.g. plasƟc boƩles can
be recycled to be moulded again.
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Polymer upcycling transforms plasƟc objects into products of a higher quality or value 
e.g. transforming old plasƟc bags or wrappers into fashion items like wallets, phone cases
or tote bags

   (iii)

(iv) Copolymer: When two or more different monomers are added together, their result is
called a copolymer and the process is called copolymerisaƟon. It is similar to the process
of metal alloying.
Examples of copolymers include Acrylonitrile butadiene styrene (ABS), Nitrile rubber,
Styrene-acrylonitrile, Styrene-isoprene-styrene (SIS) and Ethylene-vinyl acetate.

(v) PolylacƟc Acid (PLA)
• PLA is biodegradable and breaks down naturally in soil, reducing plasƟc polluƟon

and eliminaƟng the need for removal aŌer use.
• PLA is made from renewable source such as plant-based materials like corn starch,

making it more sustainable than petroleum-based plasƟcs.
• PLA is strong and flexible enough to protect crops while allowing water and air to

pass through.
• PLA is safe for the environment and does not release harmful chemicals as it

degrades, supporƟng healthier soil and crops.

  Any three @ 6 + 6 + 6  

Linear polymer structure Cross-linked polymer structure 
Made up of long, straight chains 
of repeaƟng units (monomers). 
Chains are loosely held together 
by weak van der Waals forces, 
allowing flexibility and easy 
melƟng or reshaping. 

Example: Polyethylene (used in 
plasƟc bags). 

Polymer chains are connected by 
covalent bonds at various points, 
forming a rigid, three-
dimensional network. 
These materials are tougher, 
heat-resistant, and cannot be 
remelted or reshaped once set. 
Example: Epoxy resin or 
vulcanised rubber. 
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(c) (i)     An elastomer has long chainlike molecules that are capable of recovering their original
shape aŌer stretching. Elastomers are durable and flexible.  

4 
(ii) A group of polymers consisƟng of linear chains that

are coiled, entangled and are subject to minimal
cross-linking. This irregular internal structure and
bonding arrangement allows these materials to be
very elasƟc at room temperature.

  6 
(iii) Advantages of 3D-printed elastomer saddle:

• Elastomers provide flexible cushioning that can be custom made for the riders’ needs
through 3D prinƟng.

• The material is light, helping reduce the overall weight of the saddle and bike.
• Elastomers absorb shocks and vibraƟons, improving comfort.
• 3D prinƟng allows for intricate designs that improve ergonomics and venƟlaƟon.

3 + 3 

QuesƟon 8              (50 Marks)  

(a) (i)   Loading: a grinding wheel becomes loaded with small
parƟcles when grinding debris becomes trapped in the space 
between the abrasive grains and the wheel. This will cause 
overheaƟng of the work piece 

 Glazing: the grinding wheel has a shiny appearance as the 
abrasive parƟcles have lost their edge and failed to break 
away from the wheel. The grinding wheel will not cut 
effecƟvely. These faults are caused by inappropriate 
choice of grinding wheel for the material being ground. 

 6 
(ii) Wheel dressing:

Wheel dressing restores grinding wheel sharpness and corrects irregulariƟes such as loss of
concentricity or surface undulaƟons. While wheels are designed to self-dress, dressing
removes clogged or worn abrasive grains, exposing fresh cuƫng edges. This process
improves cuƫng performance, surface finish and workpiece accuracy while also reducing
vibraƟon and overheaƟng during grinding.

6

Loading 

Glazing 
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(iii) Safety precauƟons while grinding:
• Wear appropriate PPE – Use safety goggles/face shield, gloves to protect against

sparks, metal fragments and abrasive parƟcles that can fly off at high speeds.
• Inspect the machine and wheel – Check for cracks or damage before use; ensure the

wheel is properly mounted and rated for the machine speed.
• Use the wheel guard – Always keep the guard in place to protect against flying debris.
• Secure the workpiece – Hold or clamp it firmly to prevent slipping or kickback.
• Avoid loose clothing and jewellery – These can get caught in moving parts.
• Do not apply excessive force – Let the wheel do the cuƫng to avoid breakage.

2 + 2  

(b) (i)  Forming involves the creaƟon of workpiece shape
due to the shape of the cuƫng tool; common 
examples include form turning and drilling. 

GeneraƟng refers to the creaƟon of workpiece due 
to the feed trajectory of the cuƫng tool, examples 
include straight turning, taper turning and 
profile milling.  

(ii) Hazards in using coolants:
The use of coolants poses several hazards, including eye damage from splashing and skin
irritaƟon.
Metal swarf may be gathered while machining, this may contaminate the coolant.
Machine parts and materials can become slippery aŌer coolant use.

(iii) Methods of prevenƟng a built-up edge:
• Use of cuƫng fluids.
• Select correct cuƫng speed for the metal.
• Use appropriate feed rate and depth of cut.
• Ensure good condiƟon of the cuƫng tools in terms of geometry and sharpness.

(iv) A four-jaw independent chuck has four jaws that can be moved separately, each adjusted
with a chuck key. This allows irregular shapes (e.g. square or non-cylindrical workpieces) to
be held securely. It also allows off-centre or eccentric turning because the workpiece does
not need to be centred. It takes longer to set up as the jaws must be adjusted individually,
oŌen with a dial indicator for accuracy.
A three-jaw self-centring chuck has three jaws linked together by a scroll mechanism.
When the chuck key is turned, all three jaws move at the same Ɵme, automaƟcally

  Contoured form tool 

Workpiece    formed shape 

Workpiece shape generated by line cu ng 

Cu ng tool 
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centring round or hexagonal workpieces. It is quicker and easier to set up but is less 
versaƟle than a four-jaw chuck. 

   Any three @ 6 + 6 + 6       

(c) (i)  Face milling:
Face milling is a machining process where a rotaƟng cuƫng tool with mulƟple teeth 
removes material from the surface of a workpiece creaƟng a flat, smooth face.  
The cuƫng edges on the end and outer sides of the tool  
remove material as it moves across the surface. 
• The cuƩer axis is perpendicular to the surface

being machined.
• The tool rotates and either the workpiece or

the tool moves in a straight path.
• It is commonly used to produce flat surfaces,

improve surface finish or reduce part thickness.

Face milling is ideal for large, flat surfaces and is 
widely used in manufacturing of engine blocks and 
moulds for injecƟon moulding. 

        8 

(ii) Effects of cuƫng fluid:
Material surface finish: Cuƫng fluids help cool and
lubricate the cuƫng area, reducing fricƟon and heat. This
results in a smoother surface finish on the material.
Cu ng tool life: By lowering heat and fricƟon, cuƫng
fluids reduce tool wear and overheaƟng, which extends
the cuƫng tool’s lifespan.

     4 + 4  
OR 

(c) G-code: Geometric code is the main programming language used to drive CNC machines. G-codes
will direct tool paths, set feed rate and spindle rotation.
Stepper motor: uses an electromagnetic brushless motor to precisely control movement in
increments.
Leadscrew: translates rotary motion of the stepper motor into linear motion which drives the
machine carriages.
Control panel: the HMI that allows operators to interact with the CNC machine. It allows digital
instructions to be loaded, monitored and executed.

4 + 4 + 4 + 4 

Rota ng axis is perpendicular to 
the workpiece 

Cu er 

Workpiece 
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QuesƟon 9             (50 Marks)  

(a) (i)  Conveyor mechanism used in Reverse Vending Machine (RVM):

A conveyor belt is a conƟnuous loop of material, usually rubber, PVC or fabric, stretched 
over two or more pulleys. There is a drive pulley powered by a motor, which pulls the 
conveyor belt forward in a conƟnuous moƟon. FricƟon between the pulley surface and the 
belt keeps the belt moving without slipping. 

In a reverse vending machine, the consumers insert used containers into the machine's 
slot, where the conveyor belt moves the container towards the idenƟficaƟon stage. The 
machine uses sensors, barcode scanners or AI to idenƟfy the material and check if it meets 
recycling criteria. The accepted containers are sorted by type; plasƟcs are sent one 
direcƟon and drink cans another direcƟon. Materials are compacted to save space and 
allow for efficient storage and transport. Users receive a reward (e.g. refund or coupon) 
for recycling, encouraging further parƟcipaƟon. 

8 

(ii) Can crusher mechanism:
A crank and slider mechanism converts rotary moƟon into linear moƟon. In this system,
the crank is powered by a motor and rotates 360°, transferring moƟon through a
connecƟng rod to the slider, which moves back and forth in a straight line. The force of this
linear moƟon is used to crush a can placed in the holding chamber. Once the crushing
stroke is complete, the crushed can falls out, allowing a new can to take its place. This
mechanism is efficient for repeƟƟve tasks that require controlled, straight-line movement
from a rotary input.

conveyor belt 

barcode scanner  

Drive pulley powered by 
a motor Tension pulley 
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Suggested solu on - other viable solu ons are acceptable. 
8 

(b) (i) Advantages of a toothed belt drive over a chain drive:
A toothed belt drive operates more quietly and smoothly 
with less vibraƟon, requires less maintenance and doesn’t 
need lubricaƟon.  
It is lighter in weight, causes less wear on components, 
provides beƩer power transmission efficiency and resists 
corrosion since it’s not made of metal. 

(ii) The fulcrum acts as the pivot point around which the
lever rotates, allowing the lever to amplify force or
change the direcƟon of effort applied.
The posiƟon of the fulcrum will determine the liŌing
power of a lever as well as the class or type of lever.

(iii) Universal Joint. ApplicaƟons include vehicle drive shaŌ, PTO outlets, socket sets, etc.

(iv) Purpose of colour-coded bands on a resistor:
The colour-coded bands on a resistor indicate its
resistance value and tolerance, allowing quick
idenƟficaƟon of the resistor’s electrical properƟes
without needing to measure it.

(v) Worm and gear mechanism:
A worm and gear mechanism transmits moƟon and power between non-parallel,
perpendicular shaŌs.

slider 

crank 

motor and rota ng sha  

connec ng rod 

holding chamber 
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The worm drives the gear, enabling smooth and controlled 
movement, typically offering high torque and significant 
speed reducƟon.  
This mechanism also oŌen prevents the gear from driving 
the worm, providing a self-locking feature. 

  Any three @ 6 + 6 + 6 

(c) (i) The camera boom is free to rotate about a fixed pivot point. The angle can be adjusted by
     removing the thumbscrew and replacing it into one of the adjustment holes available. 

    Suggested solu on - other viable solu ons are acceptable.  

8  

worm 

gear 

thumbscrew 

adjustment 
holes 

pivot point 

thumbscrew 
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(ii) Features of an Easyrig system:
It transfers the weight of the camera from the arms and shoulders to the hips and back,
significantly reducing faƟgue and physical strain. This allows operators to shoot for
extended periods with greater comfort.
The system also improves stability and control, resulƟng in smoother handheld or moving
shots. AddiƟonally, the Easyrig enhances mobility, enabling operators to move freely while
maintaining steady footage.

4 + 4  
OR 

(c) (i)   Energy conversion in wall light:
During the day, the solar panel converts solar energy into electrical energy, which is then 
stored in a rechargeable baƩery as chemical energy. At night the baƩery releases this 
chemical energy, converƟng it back into electrical energy to power the LED. The LED then 
converts the electrical energy into light energy, illuminaƟng the area. 

            4 + 4  
(ii) OperaƟon of an LDR:

The light-dependent resistor (LDR) detects the
surrounding light level. During the day when light
levels are high, the LDR's resistance is low,
allowing the circuit to stay off and prevenƟng the
light from turning on.
At night when light levels drop, the LDR’s
resistance increases, triggering the circuit to turn
on the LED, using stored baƩery power to provide
illuminaƟon.

  8 
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