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1. With reference to diesel engines, explain EACH of the following terms:

(a)
(b)
(c)
(d)
(e)
(H

top dead centre;
bottom dead centre;
piston stroke;

swept volume;
clearance volume;

compression ratio.

January 2019 MDE

2. With

(a)

(b)

reference to four stroke diesel engine exhaust valves:
explain the effects of EACH of the following:

(1) too large a tappet clearance:

(1) too small a tappet clearance;

explain why double (nested) valve springs may be fitted.
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3. (a)

(b)
(c)

Janua

4. (a)

(b)

www. SVEstudy.com

Show, using sketches, the THREE clearances necessary for efficient piston ring

functioning.
Explain why piston rings are necessary.

Explain why the clearances sketched in part (a) are necessary.

ry 2019 MDE

Describe the operation and purpose of a diesel engine fuel nozzle.

State the defects diesel engine fuel nozzles may encounter during service.

(1)
(1)
2)
(2)
(2)
(2)

(4)
(4)
(2)

(3)
(2)
(5)

(6)
(4)



Full written solutions. Online tutoring and exam Prep www. SVEstudy.com

January 2019 MDE

5. (a) Describe how contamination of fuel oil by EACH of the following can occur:
(1)  microbes; (2)
(i)  sodium. (2)

(b) Describe how to avoid fuel system and engine related problems with reference to the
TWO contaminants in part (a). (6)
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6.  With reference to diesel engine cooling water:
(a) explain why the water requires treatment; (6)

(b) descnbe the type of treatment that should be used. (4)
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7. (a) Describe, with the aid of a sketch, a keel type cooling water system, labelling the
MAIN components. (6)

(b) Explain the purpose of EACH of the following in the cooling system:
(i)  header tanks; (3)

(ii)  vent lines. (1)
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8. (a) State TWO possible causes for EACH of the following exhaust emissions:

(i)  black smoke; (2)
(1))  blue smoke; (2)
()  white smoke. (2)
(b) State ONE remedy for EACH of the emissions in part (a). (3)

(c) State how combustion defects may be diagnosed. (1)
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9.  Sketch a hydraulically operated, multi-plate, friction clutch, labelling the main components. (10)
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10.  With reference to a reduction gearing and pneumatic clutch arrangement of a propulsion
system:

(a) state FIVE protection devices fitted; (3)

(b) explain the need for EACH device stated in part (a). (5)
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1. With reference to diesel engines, explain EACH of the following terms:

(a) top dead centre; (1)
(b) bottom dead centre; (1)
(c) piston stroke; (2)
(d) swept volume; (2)
(e) clearance volume; (2)
(f)  compression ratio. (2)

These terms all relate to the movement of the piston within the cylinder of a diesel engine and the
resulting volumes created:

(a) Top Dead Center (TDC):

This refers to the uppermost point in the cylinder that the piston reaches during its movement. At
TDC, the piston is as close as it gets to the cylinder head.

(b) Bottom Dead Center (BDC):

This is the opposite of TDC and represents the lowest point in the cylinder that the piston reaches
during its movement. At BDC, the piston is as far away from the cylinder head as it gets.

(c) Piston Stroke:

The piston stroke is the total distance the piston travels between TDC and BDC. It's essentially the
length of the piston's movement within the cylinder.

(d) Swept Volume:

The swept volume is the theoretical volume displaced by the piston during one complete stroke (up
and down) within the cylinder. It's calculated by multiplying the cylinder's bore area (11 * bore radius
squared) by the piston stroke.

(e) Clearance Volume:

The clearance volume is the volume remaining in the cylinder at TDC. With the piston at its highest
position, there's still some space between the piston head and the cylinder head. This clearance
volume is crucial for several reasons:

e Combustion Space: It provides the necessary space for air (or air-fuel mixture) to be
compressed before ignition.

e Piston Expansion: The clearance volume allows room for the piston to expand slightly
without contacting the cylinder head.
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e Engine Starting: Adequate clearance volume is necessary for the engine to crank freely

without the piston hitting the cylinder head.

(f) Compression Ratio:

The compression ratio is a critical parameter in a diesel engine and is calculated by dividing the total
cylinder volume (swept volume + clearance volume) by the clearance volume. Here's the formula:

Compression Ratio = (Total Cylinder Volume) / (Clearance Volume)

A higher compression ratio signifies a greater compression of the air (or air-fuel mixture) in the
cylinder, leading to:

e Higher Efficiency: Increased compression creates higher temperatures and pressures during
combustion, improving fuel efficiency.

e More Power: The higher pressure generated during combustion translates to more power
output from the engine.

However, there are limits to compression ratio due to factors like:

e Fuel Ignition: Very high compression ratios can cause the air to ignite spontaneously before
the intended injection of fuel, leading to engine knocking.

e Engine Design: The engine needs to be designed to withstand the increased forces
associated with higher compression.
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2. With reference to four stroke diesel engine exhaust valves:

(a) explain the effects of EACH of the following:

(1) too large a tappet clearance: (4)
(11) too small a tappet clearance; (4)
(b) explain why double (nested) valve springs may be fitted. (2)

Four-Stroke Diesel Engine Exhaust Valves and Tappet Clearance
(a):

Tappet clearance refers to the gap between the valve stem and the rocker arm (or other valve
actuation mechanism) when the cam lobe is not pushing on the valve. Here's how incorrect tappet
clearance affects exhaust valves in a four-stroke diesel engine:

(i) Too Large Tappet Clearance:

e Delayed Valve Opening: With excessive clearance, the rocker arm takes longer to contact
the valve stem and push it open. This leads to a delayed opening of the exhaust valve,
causing hot exhaust gases to remain in the cylinder for a longer duration. This can result in:
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o Increased Cylinder Temperatures: Excessive heat can damage pistons, valves, and

other engine components.
o Reduced Power Output: Incomplete exhaust gas evacuation can reduce the efficiency
of the next intake stroke, leading to lower power output.
o Increased Fuel Consumption: Incomplete combustion due to higher cylinder
temperatures and inefficient gas exchange can lead to increased fuel consumption.
e Increased Valve Train Noise: The extra space allows for more play between the valve stem
and rocker arm, creating knocking or clattering sounds during engine operation.

(ii) Too Small Tappet Clearance:

e Premature Valve Opening: With minimal clearance, the valve might remain slightly open
even when the cam lobe is not pushing on it. This can lead to:

o Loss of Compression: Premature opening allows some compressed air to escape the
cylinder during the compression stroke, reducing engine efficiency and power output.

o Burned Exhaust Valve: Hot exhaust gases can leak past a slightly open valve, burning
the valve seat and damaging the valve itself.

o Valve Sticking: In extreme cases, tight clearance can cause the valve to stick open
due to heat expansion, leading to severe engine damage.

Double (Nested) Valve Springs (b):

Double or nested valve springs are commonly used in diesel engines for several reasons:

e High Exhaust Gas Pressure: Diesel engines experience significantly higher exhaust gas
pressures compared to gasoline engines. Double springs provide the necessary force to
overcome these high pressures and ensure proper valve closure against the valve seat.

e Control Valve Dynamics: The dual springs allow for a more precise control of valve opening
and closing. The spring rates and characteristics can be designed to achieve the desired valve
opening profile, optimizing engine performance and reducing valve train noise.

e Safety and Reliability: In case one spring breaks or weakens, the other spring can still
provide some level of valve control, preventing catastrophic engine failure due to a completely
open exhaust valve.

By utilizing a combination of high spring force and controlled valve dynamics, double valve springs
help ensure proper exhaust valve operation under the demanding conditions of a diesel engine.
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3. (a) Show, using sketches, the THREE clearances necessary for efficient piston ring

functioning. (3)
(b) Explain why piston rings are necessary. (2)
(¢) Explain why the clearances sketched in part (a) are necessary. (5)

Piston Ring Clearances and Their Importance:

(a) Three Essential Piston Ring Clearances:

1. Top Ring Land Clearance: This refers to the gap between the top compression ring and its
groove in the piston. This clearance allows for thermal expansion of the ring and piston,
preventing seizing and maintaining proper ring-to-cylinder wall contact for effective sealing.

2. Second Ring Land Clearance: This is the gap between the second compression ring and its
groove in the piston. It's typically larger than the top ring land clearance, allowing for better oil
control while still maintaining adequate gas sealing.

3. Piston Ring End Clearance (Gap): This refers to the space between the ends of a piston ring
when placed inside its groove. This clearance is crucial for:

o Thermal Expansion: As the ring and cylinder wall heat up, they expand. The gap
allows for this expansion and prevents seizing.

o Oil Control: Excess oil needs to return to the crankcase. The gap allows for scraped oil
to pass through.

o Sealing Efficiency: A small amount of gas leakage is inevitable. The gap allows for
controlled leakage, preventing pressure buildup behind the rings.

(b) Necessity of Piston Rings:

Piston rings play a vital role in ensuring efficient and smooth operation of a diesel engine. They
perform several critical functions:

e Sealing: Piston rings create a tight seal between the piston and the cylinder wall. This
prevents combustion gasses from leaking past the piston into the crankcase, which would
reduce engine power and efficiency. It also prevents excessive oil from entering the
combustion chamber, which could lead to oil burning and increased emissions.

e Oil Control: Piston rings scrape excess oil from the cylinder wall on the downward stroke,
preventing excessive oil from entering the combustion chamber. This helps maintain proper
lubrication while minimizing oil consumption and emissions.

e Heat Transfer: Piston rings aid in heat transfer from the piston to the cylinder wall. This heat is
then transferred to the engine coolant, helping to regulate engine temperature.

(c) Importance of Piston Ring Clearances:

The clearances mentioned in part (a) are essential for optimal piston ring function for the following
reasons:
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e Minimizing Friction: Excessive clearance can increase friction between the rings and the

cylinder wall, leading to power losses and wear.

Maintaining Sealing: Too little clearance, particularly for the top ring land clearance and
piston ring end gap, can cause the rings to seize or bind in their grooves. This can damage the
rings and cylinder wall, compromising sealing and leading to blow-by (gas leakage) and
increased oil consumption.

Effective Oil Control: The second ring land clearance needs to be large enough to allow
scraped oil to return to the crankcase. However, it can't be too large, or it could compromise
gas sealing.

These clearances are carefully engineered based on engine design, materials used, and operating
conditions. Maintaining them within the specified range is crucial for optimal engine performance,
efficiency, and longevity.
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4.

(a) Describe the operation and purpose of a diesel engine fuel nozzle. (6)

(b) State the defects diesel engine fuel nozzles may encounter during service. (4)

(a) Operation and Purpose of a Diesel Engine Fuel Nozzle:

A diesel engine fuel nozzle plays a critical role in the efficient combustion process. Here's a
breakdown of its operation and purpose:

Purpose:

The primary purpose of a diesel engine fuel nozzle is to deliver a precisely metered, atomized, and
timed spray of fuel into the engine cylinder at the appropriate moment during the compression

stroke.
Operation:

1. Fuel Injection Pressure: High-pressure fuel from the injection pump reaches the nozzle
through an inlet passage.

2. Needle Valve: The fuel pressure acts on a spring-loaded needle valve within the nozzle.
When the pressure overcomes the spring force, the valve lifts, allowing fuel to flow through.

3. Atomization: The fuel exiting the nozzle passes through tiny orifices at the tip, breaking it up
into a fine mist (atomization). This increases the surface area of the fuel for better mixing with
air within the cylinder.

4. Spray Pattern: The design of the nozzle tip and orifices determines the spray pattern of the
atomized fuel. This pattern ensures proper distribution of fuel within the cylinder for optimal
combustion.

5. Injection Timing: The timing of the injection process is crucial. The injection pump controls

the timing by electronically actuating the opening and closing of the nozzle's needle valve.
Fuel is ideally injected shortly before the top dead center (TDC) of the compression stroke for
optimal performance.
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By delivering a precisely controlled spray of atomized fuel at the right time, the nozzle promotes

efficient combustion, leading to:

e Increased Power Output: Better fuel-air mixing leads to more complete combustion, resulting
in higher engine power output.

e Improved Efficiency: Efficient fuel combustion reduces fuel consumption and improves
engine efficiency.

e Reduced Emissions: Proper atomization and combustion contribute to lower emissions of
pollutants like soot and NOx.

(b) Defects a Diesel Engine Fuel Nozzle May Encounter During Service:

During operation, several issues can develop with diesel engine fuel nozzles, affecting performance
and potentially leading to engine problems:

e Sticking or Leaking Injector Needle Valve: Wear or deposits on the needle valve can cause
it to stick partially open or leak, leading to poor fuel metering and potentially causing excessive
smoke or incomplete combustion.

e Blocked or Worn Nozzle Orifices: Deposits from the fuel or wear on the orifices can reduce
fuel flow and disrupt the spray pattern, hindering proper atomization and combustion.

e Internal Leakage: Worn seals or internal components within the nozzle can lead to internal
leakage, bypassing the metering process and affecting fuel delivery.

e Faulty Solenoid Valve (if applicable): In electronically controlled nozzles, a faulty solenoid
valve might not properly actuate the needle valve, leading to incorrect injection timing or even
injector failure.

These defects can manifest in various symptoms, such as:

e Reduced Engine Power: Poor fuel atomization and delivery can lead to a noticeable
decrease in engine power output.

e Increased Fuel Consumption: Incomplete combustion due to injector issues can result in
higher fuel consumption.

e Black Smoke Emission: Improper fuel-air mixing or incomplete combustion can cause
excessive black smoke emission from the exhaust.

e Rough Engine Running: Uneven fuel delivery due to faulty injectors can lead to rough engine
operation and vibrations.

Regular maintenance practices, including cleaning or replacing nozzles as per manufacturer's
recommendations, are crucial to prevent these issues and ensure optimal engine performance.
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5. (a) Describe how contamination of fuel oil by EACH of the following can occur:
(i) microbes; (2)
(1) sodium. (2)

(b) Describe how to avoid fuel system and engine related problems with reference to the
TWO contaminants in part (a). (6)

Distillate Fuel Oil Contamination: Sources and Prevention
(a) Sources of Contamination:
(i) Microbes:

e Water Ingress: The primary culprit for microbial growth in fuel oil is water contamination.
Microbes require moisture to survive and reproduce. Even small amounts of water at the
fuel-oil interface in storage tanks can create a suitable environment for microbial growth.

e Dirty Storage Tanks: Improperly cleaned or maintained storage tanks can harbor microbial
colonies that can then contaminate the fuel during filling or transfer.

e Fuel Transfer Practices: Contamination can occur during fuel transfer if equipment or hoses
are not clean or if the transfer process allows for water or other microbial-laden substances to
enter the fuel.

(ii) Sodium:

e Seawater Ingress: In marine applications, the biggest risk of sodium contamination comes
from seawater intrusion. Leaks in heat exchangers or breaches in the fuel system can allow
seawater to mix with the fuel oil, introducing sodium chloride (salt).

e Contaminated Fuel Source: Less commonly, sodium contamination can occur if the fuel itself
is sourced from a well or reserve with naturally high sodium content.

e Improper Additive Use: Using certain additives containing sodium-based compounds for
purposes like corrosion inhibition can introduce sodium into the fuel if not used within
recommended guidelines.

(b) Avoiding System and Engine Problems:
(i) Microbes:

e Minimize Water Ingress: Maintain a water-tight storage system and regularly drain any
accumulated water from the fuel tank.

e Proper Storage Practices: Store fuel in clean, sealed containers and avoid prolonged
storage times, especially in warm and humid conditions.

e Biocide Additives: Consider using biocide fuel additives as a preventative measure to inhibit
microbial growth within the fuel.

e Regular Fuel Testing: Periodically test fuel samples for signs of microbial contamination.
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e Fuel Filtration: Regularly replace fuel filters to remove any captured microbes or debris.

(i) Sodium:

e Regular System Inspections: For marine applications, conduct regular inspections of heat
exchangers and the fuel system for leaks or potential seawater intrusion points.

e Fuel Source Monitoring: If operating in regions with known high-sodium fuel sources,
consider alternative fuel options or implement additional purification steps.

e Proper Use of Additives: Follow the manufacturer's recommendations for dosage and
application of any sodium-based fuel additives.

e Fuel Analysis: For critical applications, consider routine fuel analysis to monitor sodium
content and identify potential contamination risks.

By taking these preventive measures, you can significantly reduce the risk of both microbial and
sodium contamination, preventing problems within the fuel system and engine. Clean fuel ensures
optimal engine performance, efficiency, and lifespan
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6. With reference to diesel engine cooling water:
(a) explain why the water requires treatment; (6)
(b) describe the type of treatment that should be used. (4)

(a) Why Treatment is Needed:

Diesel engine cooling water requires treatment to address several potential problems that can arise if
left untreated. These problems can significantly impact engine performance, reliability, and lifespan:

e Corrosion: Untreated water can be corrosive to the metal components within the engine
cooling system, such as cylinder liners, water jackets, and the radiator. This corrosion can lead
to leaks, blockages within the system, and ultimately, engine damage.

e Scale Formation: Minerals dissolved in the water can precipitate out as scale when the water
temperature increases. Scale buildup on heat transfer surfaces within the engine and radiator
reduces cooling efficiency and can lead to engine overheating.

e Biological Growth: Stagnant water in the cooling system can promote the growth of bacteria,
algae, and other microorganisms. This biological growth can clog the system, reduce coolant
flow, and even lead to biocorrosion of metal components.

e Cavitation: Air bubbles can form and collapse within the coolant under certain conditions. This
phenomenon, known as cavitation, can erode metal surfaces within the engine and pump,
leading to premature component wear and potential failures.

(b) Cooling Water Treatment:

To address these concerns, a multi-pronged approach to cooling water treatment is typically
employed:
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Corrosion Inhibitors: These chemicals form a protective film on metal surfaces, hindering the
interaction between the water and the metal, and slowing down the corrosion process. Specific
inhibitors are chosen based on the water chemistry and system materials.

Anti-Scalants: These chemicals act in two ways:

o Thresholding agents prevent scale formation by keeping the dissolved minerals
dispersed in the water, preventing them from coming out of solution and forming
deposits.

o Dispersants keep any formed scale particles suspended in the coolant, preventing them
from accumulating on heat transfer surfaces.

Biocides: These chemicals kill or inhibit the growth of bacteria, algae, and other
microorganisms within the cooling system, preventing biofouling and its associated problems.
The specific biocide chosen depends on the type of microorganisms likely to be present in the
water source.

Anti-Cavitation Agents: These additives can help reduce the formation and collapse of air
bubbles within the coolant, mitigating cavitation damage to engine components.

The specific treatment chosen will depend on factors like the engine type, operating environment,
and the water quality used in the cooling system. Regular monitoring of the coolant and system
condition is crucial to ensure the effectiveness of the chosen treatment program.
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7.

(a) Describe, with the aid of a sketch, a keel type cooling water system, labelling the
MAIN components. (6)

(b) Explain the purpose of EACH of the following in the cooling system:
(1)  header tanks; (3)

(1)  vent lines. (1)

(a) Keel Cooling System: Main Components

A keel cooling system is a closed-circuit system utilized for cooling marine engines by transferring
heat to seawater. Here are the main components:

Heat Exchanger (Keel Cooler): This is the heart of the system, typically mounted externally
on the vessel's hull below the waterline. Engine coolant circulates through tubes or channels
within the heat exchanger, transferring heat to the surrounding seawater flowing over the
outside.

Circulation Pump: An engine-driven or electrically powered pump is responsible for
circulating the coolant through the closed loop within the system.

Thermostat: This valve regulates the coolant temperature by controlling the flow of coolant
through the heat exchanger. When the coolant reaches a set temperature, the thermostat
opens, allowing coolant to flow through the heat exchanger for cooling.

Expansion Tank: This tank accommodates the volume changes of the coolant due to
temperature fluctuations. It also serves as a reservoir for any trapped air within the system.
Seawater Inlet and Outlet: These connections allow seawater to enter the system, flow past
the heat exchanger, and exit back into the sea after absorbing heat from the coolant.
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e Shut-Off Valves: Valves positioned at strategic points in the system allow for isolation of

sections for maintenance or repairs.
e Strainers: These filters placed on the seawater inlet line prevent debris and marine growth
from entering the system and potentially clogging the heat exchanger.

(b) Purpose of Specific Components:
(i) Header Tanks:

There might be one or two header tanks depending on the system design. Here's a breakdown of
their functions:

e Coolant Reservoir and Expansion Space: The header tank acts as a reservoir for the
coolant and provides space for coolant expansion due to temperature changes. This
expansion space prevents excessive pressure buildup within the closed loop.

e Additional Functions: The header tank may also incorporate features like:

o Overflow Outlet: This allows excess coolant to escape the system and prevent
overfilling in case of a coolant mix error or expansion beyond the tank's capacity.

o Fill Point: This allows for refilling or topping up the coolant level in the system.

o Level Indicator: This helps visually monitor the coolant level within the system.

(ii) Vent Lines:

Vent lines play a crucial role in removing trapped air from the system. Air pockets within the system
can impede proper coolant circulation and reduce heat transfer efficiency.

e Location: Vent lines are typically located at high points in the system, such as the top of the
header tank or at high points in the piping circuit.

e Function: These lines allow trapped air to escape the system as the coolant fills the cavities
during initial system filling or after topping up the coolant level. They might also be equipped
with one-way valves that allow air to escape but prevent seawater ingress.

2019
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8. (a) State TWO possible causes for EACH of the following exhaust emissions:

(1)  black smoke:; (2)
(1)  blue smoke; (2)
(i)  white smoke. (2)
(b) State ONE remedy for EACH of the emissions in part (a). (3)
(c) State how combustion defects may be diagnosed. (1

Exhaust Emissions and Causes (a):

(i) Black Smoke:
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1. Incomplete Combustion: When fuel doesn't burn completely due to insufficient air intake, rich

fuel mixture, or low combustion chamber temperature, it produces unburnt soot particles that
appear as black smoke in the exhaust.

2. Over-fueling: Excessive fuel injection or a faulty injector can deliver more fuel than the
available air can support, leading to incomplete combustion and black smoke.

(ii) Blue Smoke:

1. Oil Burning: Worn piston rings, valve seals, or cylinder liner can allow engine oil to enter the
combustion chamber and burn with the fuel, resulting in blue smoke.

2. Turbocharger Seal Failure: A faulty seal in the turbocharger can allow engine oil to leak into
the compressed air intake, leading to blue smoke upon burning.

(iii) White Smoke:

1. Coolant Leak: A leak in the engine's coolant system can allow coolant to enter the
combustion chamber and be expelled as white steamy exhaust, especially during engine
startup.

2. Water Ingestion: In rare cases, water ingestion (e.g., through a faulty air intake or a problem
with the head gasket) can cause white smoke upon vaporization.

Remedies for Emissions (b):

(i) Black Smoke:

e Air Filter Cleaning/Replacement: Ensure a clean air filter allows proper air intake for efficient
combustion.

e Fuel Injection System Inspection/Repair: Check for faulty injectors or incorrect fuel delivery
settings to address over-fueling.

(ii) Blue Smoke:

e Engine Rebuild/Replacement of Worn Components: Depending on the severity, worn
piston rings, valve seals, or cylinder liners might need replacement to prevent oil burning.

e Turbocharger Seal Repair/Replacement: A faulty turbocharger seal needs repair or
replacement to stop oil from entering the air intake.

(iii) White Smoke:

e Coolant System Leak Repair: Locate and repair the leak in the coolant system to prevent
coolant from entering the combustion chamber.

e Head Gasket Inspection/Replacement (severe cases): A blown head gasket can cause
coolant leaks. If severe, the head gasket might need replacement.

Diagnosing Combustion Defects (c):

Combustion defects can be diagnosed using various methods:
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e Visual Inspection: Mechanics can visually inspect spark plugs (gasoline engines) or glow

plugs (diesel engines) for signs of excessive wear, deposits, or fouling that can indicate
combustion issues.

e Compression Test: This test measures the pressure buildup in each engine cylinder, helping
identify weak cylinders with potential combustion problems.

e Leakdown Test: A leakdown test pressurizes the cylinder and monitors pressure loss,
revealing leaks in valves, piston rings, or the head gasket.

e Exhaust Gas Analysis: Analyzing the exhaust gas composition can reveal imbalances in
air-fuel ratio and identify incomplete combustion or other combustion defects.

By combining these diagnostic methods, mechanics can pinpoint the root cause of abnormal exhaust
emissions and address the underlying combustion defects.
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9.  Sketch a hydraulically operated, multi-plate, fnction clutch, labelling the main components. (10)

Hydraulically Operated, Multi-Plate Friction Clutch: Components
and Function

A hydraulically operated, multi-plate friction clutch is a key component in the drivetrain of many
vehicles, allowing for smooth and controlled engagement and disengagement of power between the
engine and the gearbox. Here's a breakdown of its main components and their functions:

1. Pressure Plate: This rotating plate is directly connected to the engine flywheel. It houses the
friction plates and applies clamping force to them through the pressure spring.

2. Friction Plates (Multiple): These are typically alternating steel and friction material discs stacked
together. The steel plates have high strength and are splined to mate with the pressure plate. The
friction material discs are bonded to the steel plates and provide the gripping surface for torque
transmission.

3. Driven Plate (Disc): This splined disc connects directly to the gearbox input shaft. It rotates with
the engine flywheel and pressure plate when the clutch is engaged.

4. Pressure Spring: A strong coil spring located behind the pressure plate. It provides the
continuous force that holds the pressure plate and friction plates together, transmitting torque from
the engine to the gearbox.

5. Throw-Out Bearing: This bearing is located on a fork mechanism and is the key component for
clutch disengagement. It's positioned to push against the pressure plate fingers when actuated by the
hydraulic system.

6. Hydraulic Release Cylinder: This cylinder is connected to the clutch pedal or a hydraulic control
unit. It converts hydraulic pressure from the master cylinder (not shown) into mechanical force to
operate the throw-out bearing.
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7. Clutch Housing: This is a sturdy housing that encloses the entire clutch assembly, protecting the

components from dirt and debris. It also provides a mounting point for the clutch to the engine and
gearbox.

Operation:

e \When the driver presses the clutch pedal, hydraulic pressure is generated in the master
cylinder and transmitted to the hydraulic release cylinder.

The hydraulic release cylinder pushes the throw-out bearing against the pressure plate fingers.
This action overcomes the force of the pressure spring, forcing the pressure plate to move
away from the friction plates.

e With the pressure plate disengaged from the friction plates, the connection between the
engine and gearbox is interrupted, allowing gear changes or stopping the vehicle without
stalling the engine.

e Once the driver releases the clutch pedal, the hydraulic pressure is relieved, and the pressure
spring pushes the pressure plate back onto the friction plates. This re-establishes the
connection between the engine and gearbox, transmitting torque and propelling the vehicle.

By utilizing multiple friction plates, this design increases the total clamping force and torque capacity
compared to a single-plate clutch. The hydraulic actuation provides a smoother and more consistent
clutch feel compared to a mechanical linkage system.

n 2019
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10. With reference to a reduction gearing and pneumatic clutch arrangement of a propulsion

system:
(a) state FIVE protection devices fitted; (5)
(b) explain the need for EACH device stated in part (a). (5)

Protection Devices in a Reduction Gearing and Pneumatic Clutch
Propulsion System:

(a) Five Protection Devices:

1. Shear Pin: A sacrificial pin designed to break in case of excessive torque overload in the
system.

2. Pressure Relief Valve: A valve in the pneumatic clutch system that automatically relieves
pressure if it exceeds a safe limit.

3. Low Qil Pressure Switch: A sensor that detects a drop in lubricating oil pressure below a
safe operating level.

4. Over-Speed Governor: A device that shuts down the system if the reduction gearing exceeds
a safe rotational speed limit.

5. Vibration Sensor: A sensor that monitors vibration levels in the reduction gearing and can
trigger an alarm or shutdown if excessive vibration is detected.
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(b) Explanation for Each Device:

1.

Shear Pin: This sacrificial pin protects the reduction gearing from catastrophic failure due to
excessive torque overload. In case of a severe jam or blockage, the shear pin breaks,
disconnecting the power transmission and preventing damage to gears and shafts. The broken
pin requires replacement before restarting the system.

Pressure Relief Valve: This valve safeguards the pneumatic clutch system from
over-pressurization. If the air pressure within the clutch system exceeds a safe limit due to a
malfunction, the pressure relief valve opens and releases excess air, preventing damage to
the clutch components and potential leaks.

Low Oil Pressure Switch: This sensor monitors the lubricating oil pressure in the reduction
gearing. If the oil pressure falls below a safe operating level due to a leak, pump malfunction,
or low oil volume, the switch triggers an alarm or shuts down the system. This protects the
gears and bearings from damage caused by insufficient lubrication.

Over-Speed Governor: This device acts as a safety measure to prevent excessive rotational
speeds in the reduction gearing. If the gearing exceeds a safe speed limit due to a malfunction
or loss of control, the governor activates a shutdown mechanism, preventing potential damage
to gears, shafts, and bearings.

Vibration Sensor: This sensor continuously monitors the vibration levels within the reduction
gearing. Excessive vibration can indicate developing problems like gear wear, misalignment,
or bearing issues. The sensor can trigger an alarm or shutdown the system depending on the
severity of the vibration, allowing for early detection and prevention of damage.

These five protection devices work together to safeguard the reduction gearing and pneumatic clutch
system in a propulsion system. They ensure safe operation by preventing damage due to excessive
torque, over-pressure, lubrication issues, overspeeding, and developing mechanical problems.



