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I.  (a) With reference to the combustion of fuel, explam EACH of the following terms:

(1)  atomisation;
(i)  penetration;

(1)  compression ratio.

(b) State the factors which influence the terms explained in part (a).
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2. With reference to main engine turbo chargers, explain the purpose of EACH of the

following:
(a) the volute casing;
(b) the diffuser;

(c) the nozzle ring.
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3. (a) Explain the difference between in line and vee type engines.

(b) State the advantages of vee type engines.

(c) Sketch TWO vee engine bottom end arrangement types.
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4. With reference to diesel engine crankcases:

(a) explain why crankcases may have relief valves fitted;

(b) outline the circumstances which may cause the relief valves to operate;

(c) state a safety detection system which may be fitted.
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5.  With reference to microbial infestation of distillate fuel:

(a) describe what is meant by the term microbe; (1)
(b) state what microbes need to survive; (2)
(c) describe the possible diesel engine problems; (5)
(d) describe how it can be identified. (2)
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6.  Sketch a distillate fuel oil centrifugal purifier, showing the direction of all fluid flows labelling
the MAIN components. (10)
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7. (a) Explain how the lubricating oil of a diesel engine may become contaminated with
water. (6)

(b)  Outline the problems that water in an engine oil may cause. (4)
October 2023 MDE

8. With reference to diesel engine high bearing temperatures:
(a) describe the possible causes: (5)

(b) explain the procedure to be adopted if detected. (5)



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

9.

With reference to friction clutches, state EACH of the following:

(a)
(b)
(c)
(d)

THREE advantages of a wet clutch;
THREE disadvantages of a wet clutch;
ONE advantage of multiple plates;

THREE disadvantages of multiple plates.
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10.  With reference to reduction gears, state the advantages and disadvantages of EACH of the
following:

(a)
(b)

helical teeth compared with spur teeth;

double helix compared to single helix.
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With reference to the combustion of fuel, explamm EACH of the following terms:
(1)  atomisation;

(i)  penetration;

(i) compression ratio.

State the factors which influence the terms explained in part (a).
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(a) Combustion Terms Explained:

In the context of diesel engine combustion, several key terms play a crucial role in optimizing the
process:

(i) Atomization:

e Definition: Atomization refers to the process of breaking up a liquid fuel into a fine mist of tiny
droplets.

e Importance: Proper atomization increases the surface area of the fuel significantly. This
allows for better mixing with the compressed air within the engine cylinder, promoting more
complete and efficient combustion.

o Benefits:

o Increased Power Output: Better air-fuel mixing leads to more efficient combustion,
resulting in higher power output from the engine.

o Reduced Emissions: Proper atomization contributes to lower emissions of pollutants
like soot and NOx by ensuring complete combustion of the fuel.

(ii) Penetration:

e Definition: Penetration refers to the ability of the atomized fuel spray to travel a specific
distance within the engine cylinder after injection.
e Importance: The fuel spray needs to penetrate adequately to reach all areas of the
combustion chamber, ensuring proper mixing with air throughout the cylinder volume.
e Impact:
o Efficient Mixing: Good penetration allows for better air-fuel mixing even in larger
cylinders, promoting efficient combustion.
o Power Output: Proper penetration helps ensure all the injected fuel participates in the
combustion process, leading to optimal power output.
o Incomplete Combustion: Insufficient penetration can lead to some fuel droplets not
mixing well with air, resulting in incomplete combustion and potentially higher
emissions.

(iii) Compression Ratio:

e Definition: The compression ratio is a dimensionless parameter that compares the volume of
the cylinder with the air-fuel mixture at the bottom of the intake stroke (maximum volume) to
the volume of the compressed air-fuel mixture at the top of the compression stroke (minimum
volume).

e Importance: A higher compression ratio signifies a greater compression of the air-fuel
mixture, leading to a higher temperature and pressure within the cylinder.

e Impact on Combustion:

o Improved Efficiency: Higher compression temperatures promote more efficient ignition
and combustion of the fuel, leading to better fuel economy.

o Increased Power Output: The higher pressure in the cylinder during the power stroke
translates to greater force acting on the piston, resulting in increased engine power
output.
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o Trade-offs: While beneficial, excessively high compression ratios can lead to problems

like engine knocking and the need for higher quality fuels to avoid pre-ignition.

(b) Factors Influencing the Combustion Terms:
(i) Atomization:

e Injector Nozzle Design: The size and arrangement of orifices in the injector nozzle tip
significantly influence how finely the fuel is atomized.

e Fuel Injection Pressure: Higher injection pressure generally leads to finer atomization due to
the increased force breaking up the fuel droplets.

e Fuel Properties: The viscosity and volatility of the fuel can affect its atomization
characteristics.

(ii) Penetration:

e Injector Nozzle Design: The spray pattern and angle of the injector nozzle can influence how
far the fuel spray penetrates within the cylinder.

e Injection Timing: The timing of fuel injection relative to the piston position can affect the
available space for the spray to penetrate before combustion starts.

e Engine Speed: Higher engine speeds can lead to turbulence within the cylinder, potentially
affecting the penetration of the fuel spray.

(iii) Compression Ratio:

e Engine Design: The engine's physical design, particularly the cylinder head and piston crown
shapes, determines the maximum achievable compression ratio.

e Clearance Volume: The volume remaining above the piston at top dead center (TDC) of the
compression stroke is called the clearance volume. A smaller clearance volume contributes to
a higher compression ratio.

e Fuel Characteristics: The octane rating of the fuel determines its resistance to autoignition.
Higher compression ratios typically require fuels with higher octane ratings to avoid
pre-ignition.
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With reference to main engine turbo chargers, explain the purpose of EACH of the

[&¥]

following:

(a) the volute casing; (3)
(b) the diffuser; 4)
(c) the nozzle ring. (3)

Functions of Components in a Main Engine Turbocharger:
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A turbocharger utilizes exhaust gas flow to drive a compressor that boosts intake air pressure for a

diesel engine, improving power output and efficiency. Let's explore the specific purposes of three key
components:

(a) Volute Casing:

The volute casing, also known as the snail housing, is a spiral-shaped chamber that surrounds the
turbine wheel. Its key function is to:

e Collect and Direct Exhaust Gas Flow: The volute casing collects the high-velocity exhaust
gases exiting the engine cylinders.

e Convert Kinetic Energy to Pressure: The volute's spiral design gradually increases the
cross-sectional area as the exhaust gas flows through it. This conversion is crucial because it
takes the high velocity (kinetic energy) of the exhaust gas and transforms it into higher
pressure at the turbine inlet.

e Guide Exhaust Flow: The volute's shape ensures a smooth and efficient flow of exhaust gas

towards the turbine nozzle ring.
(b) Diffuser:

The diffuser is a component located downstream of the compressor impeller in the turbocharger. Its
primary function is to:

e Recover Kinetic Energy and Increase Pressure: Similar to the volute casing for the turbine
section, the diffuser plays a crucial role in the compressor section. As the high-velocity air exits
the compressor impeller, the diffuser gradually increases the flow area. This conversion
process helps recover some of the kinetic energy of the air and convert it into an increase in
pressure.

e Reduce Flow Losses: The diffuser's design is crucial for minimizing energy losses associated
with abrupt changes in flow direction after the air exits the impeller.

(c) Nozzle Ring:

The nozzle ring, also known as the turbine nozzle, is a critical component located just before the
turbine wheel. Its main function is to:

e Control and Direct Exhaust Gas Flow: The nozzle ring is essentially a set of fixed blades
that create a precisely shaped passage for the high-pressure exhaust gas.

e Direct Gas Flow onto Turbine Blades: The design of the nozzle ring ensures the exhaust
gas is directed onto the turbine blades at the optimal angle for efficient energy transfer. This
focused and high-velocity flow maximizes the force exerted on the turbine blades, leading to
efficient rotation of the turbine shaft.

By working together, these components play a vital role in converting exhaust gas energy into usable
power to drive the compressor in a turbocharger system.
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(a) Explain the difference between in line and vee type engines. (2)
(b) State the advantages of vee type engines. (2)
(c) Sketch TWO vee engine bottom end arrangement types. (6)

In-Line vs. Vee Engines (a):

Here's a breakdown of the key differences between in-line and vee type engines:

In-Line Engine (Straight Engine):

All cylinders are arranged in a single row, one behind the other, along the crankshaft.
Common configurations include 3, 4, 5, and 6 cylinders.

Simpler design, easier to manufacture and maintain.

Generally smoother operation due to inherent balance.

Can be taller and longer depending on the number of cylinders.

Vee Engine:

Cylinders are arranged in two banks at an angle (usually 60 or 90 degrees) to each other,
forming a "V" shape.

pen_spark

Common configurations include V6, V8, V10, and V12 engines.

More compact design, especially for higher cylinder numbers, compared to in-line engines.
Can produce more power and torque due to potential for larger displacement within a smaller
footprint.

Generally more complex design and potentially higher maintenance costs.

Advantages of Vee Engines (b):

Compactness: Vee engines offer a more compact design compared to in-line engines with
the same number of cylinders, allowing for better packaging in space-constrained applications
like car engine bays.

Power and Torque Potential: The V configuration allows for larger engine displacements
within a compact space, enabling higher power output and torque compared to in-line engines
of similar size.

Lower Center of Gravity: The V-shaped arrangement can contribute to a lower center of
gravity in vehicles, improving handling characteristics.

Smoother Operation (in some cases): V6 engines can achieve inherent balance by having
opposing pistons cancel out some vibration, leading to smoother operation compared to an
in-line 4-cylinder. However, V8 engines and above often require balancing shafts for smooth
operation.
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Vee Engine Bottom End Arrangements (c):

1. 60-Degree Vee with Single Crankpin:

Opens in a new window

encyclopedia.pub

60 degree vee engine with single crankpin

e This design uses a single crankpin with two connecting rods attached (fork-and-blade or
side-by-side) for each cylinder bank.

e Offers a compact design but can lead to uneven firing intervals and increased vibration
compared to other configurations.

e Commonly used in some V6 engines.

2. 90-Degree Vee with Individual Crankpins:

e This design uses a separate crankpin for each connecting rod in each cylinder bank.

e Provides smoother operation due to more balanced firing intervals compared to the single
crankpin design.
More complex design and potentially higher manufacturing cost.
Commonly used in V6, V8, and other higher-cylinder-count Vee engines.
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4. With reference to diesel engine crankcases:

(a) explain why crankcases may have relief valves fitted; (3)
(b) outline the circumstances which may cause the relief valves to operate; (5)
(c) state a safety detection system which may be fitted. (2)

Diesel Engine Crankcase Relief Valves
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Here's a breakdown of the role of relief valves in diesel engine crankcases:

(a) Why relief valves are fitted:

Diesel engines operate with pistons moving up and down within the crankcase. This creates pressure
inside the crankcase due to:

e Blow-by gases: Incomplete combustion allows some fuel and air mixture to slip past the
piston rings into the crankcase.

e Piston movement: As pistons compress air for combustion, the pressure within the crankcase
increases.

Relief valves are installed to prevent excessive pressure buildup within the crankcase. This pressure
buildup can:

e Damage the crankcase: Excessive pressure can cause the crankcase to crack or rupture,
leading to catastrophic engine failure.

e Hinder lubrication: High pressure can interfere with the proper flow of oil, leading to
increased friction and wear on engine components.

(b) Circumstances causing relief valve operation:
Relief valves are designed to open and release pressure under specific conditions:

e Piston ring failure: Worn or broken piston rings allow excessive blow-by gases to enter the
crankcase, causing a rapid pressure increase.

e Fuel injector malfunction: A faulty injector can deliver too much fuel, leading to incomplete
combustion and increased blow-by.

e Crankcase ventilation system blockage: The ventilation system removes crankcase gases.
A clogged system traps these gases, causing pressure buildup.

(c) Safety detection system:

Several safety detection systems can be fitted to monitor crankcase conditions and warn of potential
problems before a relief valve needs to activate:

e Crankcase pressure sensor: Continuously monitors crankcase pressure and triggers an
alarm if it exceeds a safe limit.

e Oil level sensor: Detects abnormally low oil levels, which can lead to increased friction and
blow-by gases.

e Engine temperature sensor: High engine temperatures can worsen blow-by and pressure
buildup.

By monitoring these factors, the system can alert operators to potential issues before a situation
requiring the relief valve to activate arises. This allows for preventative maintenance and helps avoid
serious engine damage.
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With reference to microbial infestation of distillate fuel:

L ]

(a) describe what is meant by the term microbe; (1)
(b) state what microbes need to survive; (2)
(c) describe the possible diesel engine problems; (5)
(d) describe how it can be identified. (2)

Microbial Infestation in Distillate Fuel:

(a) What is a Microbe?

A microbe is a microscopic organism, encompassing a diverse range of life forms too small to be
seen with the naked eye. This includes:

e Bacteria: Single-celled organisms with a cell wall, some of which can cause biodegradation of
fuels.

e Fungi: Multicellular organisms that can grow as mold or yeast, also capable of degrading
organic materials like fuel.

e Algae: Simple aquatic photosynthetic organisms that might be present in trace amounts in
contaminated fuel storage tanks.

(b) What Microbes Need to Survive:
Microbes involved in fuel degradation have specific requirements for survival and growth:

e Moisture: Water is essential for microbial activity. The presence of even small amounts of
water at the fuel-water interface in storage tanks can create a suitable environment for
microbial growth.

e Nutrients: Microbes require nutrients for growth and reproduction. Distillate fuels themselves
don't provide sufficient nutrients, but contaminants like dirt, debris, or organic material
introduced during storage or handling can act as nutrient sources.

e Favorable Temperature: Microbial growth rates are influenced by temperature. Warmer
storage tank temperatures can accelerate microbial growth compared to cooler conditions.

(c) Possible Diesel Engine Problems Caused by Microbial Infestation:
Microbial growth in diesel fuel can lead to several problems in diesel engines:

e Blocked Filters: Microbial colonies and associated biomass can clog fuel filters, restricting
fuel flow to the engine and potentially causing power loss or engine stalling.

e Corrosion: Certain microbes can produce byproducts like organic acids that contribute to fuel
system corrosion, damaging pumps, injectors, and other components.
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e Degraded Fuel Quality: Microbial activity can break down fuel components, reducing its

energy content and hindering combustion efficiency. This can lead to increased fuel
consumption and decreased engine power output.

e Gel Formation: In cold weather conditions, some microbes can produce gel-like substances
that can thicken the fuel, further impeding fuel flow and potentially causing engine startup
issues.

(d) Identifying Microbial Infestation:
Several methods can be used to identify the presence of microbial contamination in diesel fuel:

e Visual Inspection: Fuel samples with a cloudy appearance, presence of water droplets, or
visible sludge formation can indicate potential microbial growth.

e Spot Tests: Simple test kits can be used to check for the presence of microbial colonies in
fuel samples.

e Fuel Analysis: Sending fuel samples to a laboratory for detailed analysis can identify specific
types of microbes present and assess the severity of the contamination.

Regular fuel sampling and testing, along with proper storage practices to minimize water ingress and
contamination, are crucial for preventing microbial growth and ensuring clean fuel for optimal engine
performance.

October 2023 MDE

6.  Sketch a distillate fuel oil centrifugal purifier, showing the direction of all fluid flows labelling
the MAIN components. (10)

Distillate Fuel Oil Centrifugal Purifier:

A distillate fuel oil centrifugal purifier is a device that utilizes centrifugal force to separate
contaminants like water and solids from the fuel oil. Here's a breakdown of the main components and
fluid flow directions:

Components:

1. Inlet Housing: This is the entry point for the dirty fuel oil.

2. Feed Pump (Optional): An optional pump located before the inlet housing can be used to
ensure a consistent flow rate of fuel oil entering the purifier.

3. Distributor: This component evenly distributes the incoming fuel oil into the centrifuge bowl.

4. Centrifuge Bowl: This is a cylindrical, high-speed rotating vessel that separates the fuel oil
from the contaminants based on their densities.

5. Disc Stack (Optional): Some purifiers utilize a stack of discs within the bowl to improve
separation efficiency by creating a larger effective settling area.

6. Heavy Phase (Solids and Water) Collection Chamber: The denser contaminants like water
and solids accumulate at the periphery of the rotating bowl due to centrifugal force.
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7. Light Phase (Clean Fuel Qil) Collection Chamber: The less dense clean fuel oil

accumulates near the center of the rotating bowl.

8. Heavy Phase Outlet: This allows the separated water and solids to exit the bowl.

9. Light Phase Outlet: The cleaned fuel oil exits the bowl through this outlet.

10.Drive System: A motor provides the power to rotate the centrifuge bowl at high speeds
(typically several thousand rpm).

11. Control System (Optional): Modern purifiers might have an electronic control system that
monitors and regulates various parameters like speed, temperature, and differential pressure.

Fluid Flow Direction:

Dirty fuel oil enters the inlet housing.

The fuel oil might pass through an optional feed pump to ensure consistent flow.

The distributor directs the incoming fuel oil towards the center of the rotating centrifuge bowl.

As the bowl spins at high speed, centrifugal force separates the fluids based on their densities.

Denser contaminants (water and solids) migrate outwards and accumulate at the periphery of

the bowl in the heavy phase collection chamber.

6. Less dense clean fuel oil accumulates near the center of the bowl in the light phase
collection chamber.

7. Separated water and solids are continuously discharged from the bowl! through the heavy
phase outlet.

8. Cleaned fuel oil exits the bowl through the light phase outlet.

ok =

Note:

e The specific design and configuration of a centrifugal purifier might vary depending on the
manufacturer and application. Some purifiers might have a self-cleaning mechanism for the
heavy phase chamber, eliminating the need for frequent manual cleaning.

e Modern purifiers can be automated and integrated into a larger fuel oil handling system.

By utilizing centrifugal force, a distillate fuel oil centrifugal purifier effectively removes contaminants,
ensuring cleaner fuel for optimal engine performance and reduced wear and tear.
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7. (a) Explain how the lubricating oil of a diesel engine may become contaminated with
water. (6)
(b)  Outline the problems that water in an engine oil may cause. (4)

Water Contamination in Diesel Engine Lubricating Oil:
(a) How Water Enters Engine Oil:

Several factors can contribute to water contamination in diesel engine lubricating oil:
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Coolant Leaks: Leaks in the engine cooling system, such as a faulty head gasket, cracked
radiator, or loose hose connections, can allow coolant (which contains water) to mix with the
engine oil.

Condensation Buildup: During engine operation, particularly in cold weather, moisture from
the atmosphere can condense within the crankcase if the engine doesn't reach operating
temperature for extended periods. Short trips with frequent starts and stops can exacerbate
this issue.

Improper Storage: Storing an engine that's not in regular use for extended periods in a humid
environment can allow moisture to accumulate in the oil through condensation.

Air Intake Ingestion: In some cases, if the air intake system is not properly sealed or has
leaks, water from rain, humidity, or even car washes can potentially enter the crankcase
through the intake. This is less common but can occur.

(b) Problems Caused by Water in Engine Oil:

Water in engine oil can lead to several detrimental effects on engine performance and longevity:

Reduced Lubrication Effectiveness: Water doesn't mix well with oil and can disrupt the
lubricating film, reducing its ability to separate moving parts and minimize friction. This can
lead to increased wear and potential damage to engine components.

Corrosion: Water can accelerate corrosion of internal engine components like bearings,
camshafts, and cylinder liners. The acidic byproducts formed during oil oxidation can further
exacerbate this issue.

Sludge Formation: Water can react with certain additives in the oil and create sludge, a thick,
sticky substance that can clog oil passages and restrict oil flow to critical engine components.
Foam Formation: Water can cause the oil to foam, reducing its ability to circulate properly
and hindering its heat transfer capabilities.

Freezing: In extremely cold climates, water can freeze within the crankcase, potentially
causing damage to components or hindering engine startup.

Additional Considerations:

The severity of the problems caused by water contamination depends on the amount of water
present in the oil. Small amounts might not cause immediate issues, but the negative effects
can become more pronounced over time.

Regular oil changes and proper engine maintenance practices can help minimize the risk of
water contamination.

By preventing water ingress and maintaining a healthy lubricating oil system, you can protect your
diesel engine from the harmful effects of water contamination.
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8.

With reference to diesel engine high bearing temperatures:
(a) describe the possible causes; (5)

(b)  explain the procedure to be adopted if detected. (5)

Diesel Engine High Bearing Temperatures: Causes and
Procedures

High bearing temperatures in a diesel engine can be a serious issue and should be addressed
promptly. Here's a breakdown of the possible causes and the recommended procedure upon
detection:

(a) Possible Causes of High Bearing Temperatures:

Insufficient Lubrication:
o Low Oil Level: Insufficient oil in the crankcase reduces oil's ability to absorb heat and
lubricate bearings effectively.
o  Worn Oil Pump: A worn pump may not deliver enough oil pressure to reach all
bearings properly.
o Clogged Oil Filter: A blocked filter restricts oil flow, leading to inadequate lubrication
and increased bearing temperatures.
Bearing Wear: Worn bearings can increase friction and reduce oil clearance, leading to higher
bearing temperatures.
Excessive Engine Load: Operating the engine under heavy load for extended periods can
generate excessive heat, straining the lubrication system and raising bearing temperatures.
Coolant System Issues: Overheating, due to a malfunctioning cooling system, can indirectly
increase bearing temperatures as overall engine heat rises.
Contaminated Oil: Dirty oil with debris or excessive air bubbles can hinder heat transfer and
lubrication, leading to higher bearing temperatures.

(b) Procedure Upon Detection of High Bearing Temperatures:

1.

Immediate Shutdown: Safely reduce engine load and stop the engine as soon as possible.
Continued operation with high bearing temperatures can lead to bearing failure and
catastrophic engine damage.

Identify the Cause: Investigate the reason behind the high temperature. Check oil level, oil
pressure, and coolant system functionality. Look for signs of bearing wear or oil leaks.
Monitor Engine Temperature: Continuously monitor engine temperature even after shutdown
as hot components can cool down slowly.

Do Not Restart: Avoid restarting the engine until the cause of the high temperature is
identified and addressed.

Consult a Mechanic: Depending on the severity of the issue, professional help from a
qualified mechanic is highly recommended. They can diagnose the problem, perform
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necessary repairs (such as replacing worn bearings or oil pump), and ensure safe engine

operation.
Additional Tips:

Maintain a regular oil change schedule with the recommended oil grade for your engine.
Monitor engine gauges regularly, paying attention to oil pressure and temperature readings.
Address any minor oil leaks promptly to prevent oil loss and potential lubrication issues.
Avoid overloading the engine for extended periods.

By following these steps and taking preventative measures, you can help minimize the risk of high
bearing temperatures and ensure the longevity of your diesel engine.
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9.  With reference to friction clutches, state EACH of the following:

(a) THREE advantages of a wet clutch; (3)
(b) THREE disadvantages of a wet clutch: 3)
(¢) ONE advantage of multiple plates: (1)
(d) THREE disadvantages of multiple plates. (3)

(a) Advantages of a Wet Clutch (3):

1. Improved Cooling: Wet clutches are bathed in engine oil, which helps dissipate heat
generated by friction during clutch operation. This is particularly beneficial for
high-performance applications or situations involving frequent clutch engagement (e.g.,
stop-and-go traffic).

2. Smoother Engagement: The oil provides a dampening effect, reducing the abruptness of
clutch engagement and creating a smoother feeling when starting or shifting gears.

3. Reduced Wear: The oil lubricates the clutch plates, minimizing wear and tear on the friction
surfaces and extending clutch life.

(b) Disadvantages of a Wet Clutch (3):

1. Power Loss: Due to the oil's resistance, there's a slight power loss from the engine to the
wheels compared to a dry clutch. This is a trade-off for the benefits mentioned above.

2. Maintenance: Wet clutches require periodic oil changes to maintain their lubrication properties
and prevent clutch slippage due to contaminated oil.

3. Messy Service: Disassembling a wet clutch can be messier because of the engine oll
involved compared to a dry clutch.

(c) Advantage of Multiple Plates (1):
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1. Increased Torque Capacity: By using multiple clutch plates, the total friction surface area is

increased. This allows the clutch to handle higher engine torque without slipping, making it
suitable for powerful engines.

(d) Disadvantages of Multiple Plates (3):

1. Increased Weight and Bulk: More plates add weight and complexity to the clutch assembly
compared to a single-plate design.

2. Gradual Engagement: With multiple plates, engagement might feel slightly less direct
compared to a single-plate clutch due to the need to overcome friction between more surfaces.
This can be a subjective feeling, and some riders might prefer a smoother engagement.

3. Complexity of Adjustment: Depending on the design, adjusting engagement point or clutch
play might involve manipulating multiple components compared to a simpler single-plate
setup.
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10.  With reference to reduction gears, state the advantages and disadvantages of EACH of the

following:
(a)  helical teeth compared with spur teeth; (5)
(b) double helix compared to single helix. (5)

Reduction Gears: Helical vs. Spur Teeth & Single vs. Double
Helical

(a) Helical Teeth vs. Spur Teeth:
Helical Teeth (Advantages):

e Smoother Operation: The angled teeth of helical gears engage gradually, resulting in
smoother meshing and quieter operation compared to spur gears with straight teeth.

e Reduced Load: The helical teeth transmit force along an oblique path, leading to a more even
distribution of load across the tooth width compared to spur gears, which concentrate load at a
single point of contact. This reduces stress on individual teeth and bearings.

e Higher Load Capacity: Due to the more even load distribution, helical gears can typically
handle higher loads than spur gears of similar size.

e Reduced Axial Thrust: Helical teeth generate an axial thrust force along the shaft in addition
to the rotational force. However, the opposing helix angle on the mating gear cancels out most
of this thrust in properly designed helical gear sets.

Helical Teeth (Disadvantages):
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e Higher Manufacturing Cost: The machining process for helical gears is more complex than

for spur gears, making them slightly more expensive to manufacture.
e Thrust Bearing Requirements: The axial thrust force generated by helical gears necessitates
the use of thrust bearings to accommodate this additional load.

Spur Teeth (Advantages):

e Lower Manufacturing Cost: Spur gears are simpler to manufacture compared to helical
gears, making them a more cost-effective option.

e No Axial Thrust: Spur gears do not generate any axial thrust force, eliminating the need for
additional thrust bearings.

Spur Teeth (Disadvantages):

o Noisier Operation: The abrupt engagement of straight teeth in spur gears results in higher
noise levels compared to helical gears.

e Higher Stress on Teeth: The concentrated load at the point of contact in spur gears can lead
to higher stress on individual teeth, potentially limiting load capacity.

e Higher Vibration: The abrupt engagement of spur teeth can also generate higher vibration
levels compared to helical gears.

(b) Single Helical vs. Double Helical Gears:
Single Helical Gears (Advantages):

e Simpler Design: Single helical gears are simpler to design and manufacture compared to
double helical gears.

e Lower Cost: Due to their simpler design, single helical gears are generally less expensive
than double helical gears.

Single Helical Gears (Disadvantages):

e Axial Thrust: As mentioned earlier, single helical gears generate an axial thrust force that
needs to be accommodated by thrust bearings. This can be a disadvantage in applications
where space is limited for additional bearings.

e Shaft Deflection: The axial thrust force can cause some deflection in the shaft, which can be
undesirable in high-precision applications.

Double Helical Gears (Advantages):

e Balanced Axial Thrust: Double helical gears have opposing helix angles on each gear,
resulting in cancellation of the axial thrust forces within the gear set. This eliminates the need
for separate thrust bearings and reduces shaft deflection.

e Smoother Operation: Double helical gears offer even smoother operation and quieter noise
levels compared to single helical gears due to the balanced opposing forces.

Double Helical Gears (Disadvantages):

e Higher Complexity: The design and manufacturing process for double helical gears is more
complex compared to single helical gears, leading to higher cost.



Full written solutions. Online tutoring and exam Prep www. SVEstudy.com
e Increased Weight: Double helical gears typically require slightly more material due to the
additional gear teeth, resulting in increased weight compared to single helical gears.

In conclusion, the choice between helical and spur teeth, and single or double helical gears, depends
on the specific application requirements. Helical gears offer smoother operation, higher load capacity,
and quieter operation at the expense of higher cost and potential thrust bearing requirements. Double
helical gears provide the advantage of balanced axial thrust but are more complex and expensive

than single helical gears.



