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Explain the meaning of EACH of the following diesel engine terms:
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(d)
(e)

overlap;
scavenging;
afterburning;
compression;

expansion.
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State THREE desirable properties of piston rings.
State the materials commonly used for piston rings.
Sketch THREE different types of piston ring ends.

Explain why piston ring end clearance is necessary.
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Describe a procedure for manually testing the set points on a diesel engine lubricating oil
low pressure alarm and shut down using a pressure calibrator.
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4.  Describe, with the aid of a sketch, a typical distillate fuel supply system for a diesel engine,
including ALL the safety devices.
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5. Explain what is meant by EACH of the following terms:
(a) cetane number;
(b) calonfic value;
(c) density;

(d) viscosity.
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6.  Describe, with the aid of a sketch, a coalescer type distillate fuel oil filter.
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7. Describe how large medium speed diesel engine lubricating oil is kept in optimum condition.
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8.  With reference to leaking cylinder air start valves:
(a) describe how this may be detected whilst the engine is running;
(b) describe the procedure on discovery:

(c) hist FOUR possible causes.
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9.  Describe the procedure to be adopted prior to removing a diesel engine cylinder head,
including safety precautions. (10)
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10. With reference to reduction gearing:

(a) explain the purpose of the magnetic filter in the lubricating o1l system; (3)
(b) explain why the surface finish of the gear teeth is important; (4)
(c) state why a flexible coupling is fitted between the engine and gearbox. (3)

Here's an explanation of each diesel engine term:
(a) Overlap:

Overlap refers to the period in a four-stroke diesel engine cycle where both the intake and exhaust
valves are open slightly at the same time. This timing is crucial for efficient operation:

Exhaust Valve Closing: The exhaust valve starts closing near the end of the exhaust stroke.
Intake Valve Opening: A little before the piston reaches the bottom of its stroke (end of
exhaust), the intake valve opens. This allows some fresh air to enter the cylinder to help expel
remaining exhaust gases.

e Benefits: The overlap period helps scavenge exhaust gases more effectively and promotes a
cooler intake charge due to the incoming fresh air.

(b) Scavenging:

Scavenging is the process of removing exhaust gases from the engine cylinder and replacing them
with fresh air during the engine cycle. This is essential for several reasons:
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e Combustion Efficiency: Proper scavenging ensures a mostly fresh air charge is present in

the cylinder for efficient fuel combustion during the power stroke.

e Reduced Emissions: By removing exhaust gases, scavenging helps minimize pollutants like
unburned hydrocarbons and oxides of nitrogen (NOX) in the exhaust.

e Cooler Operation: Fresh air entering the cylinder helps lower the overall engine temperature.

Overlap between the exhaust and intake valve cycles plays a critical role in the scavenging process.
(c) Afterburning:

Afterburning, also known as exhaust gas treatment, is not a typical part of the four-stroke diesel
engine cycle itself. It refers to additional technologies used to reduce harmful emissions in the
exhaust after it leaves the engine cylinder.

Common afterburning techniques include:

e Catalytic Converters: These devices promote chemical reactions that convert pollutants like
NOX into less harmful substances.

e Diesel Particulate Filters (DPF): DPFs trap soot particles in the exhaust, reducing their
release into the atmosphere.

(d) Compression:
Compression is a crucial stage in the four-stroke diesel engine cycle:

1. Intake Stroke: The piston moves down, drawing in a mixture of air and fuel (air only in direct
injection engines) through the open intake valve.

2. Compression Stroke: With the intake valve closed, the piston moves up, significantly
reducing the volume of the air-fuel mixture within the cylinder. This compression dramatically
increases the temperature and pressure of the mixture.

The high temperature and pressure created during compression are essential for efficient fuel ignition
in a diesel engine without the need for spark plugs.

(e) Expansion:
Expansion is the power stroke of the four-stroke diesel engine cycle:

1. Combustion: Under the high pressure and temperature from compression, the injected fuel
ignites spontaneously. This burning fuel rapidly expands, pushing the piston down with great
force.

2. Expansion Stroke: The expanding hot gases from combustion force the piston down, rotating
the crankshaft and generating power output from the engine.

The force exerted by the expanding gases during this stroke is what ultimately propels the engine.
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(b)
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State THREE desirable properties of piston rings.
State the materials commonly used for piston rings.
Sketch THREE different types of piston ring ends.

Explain why piston ring end clearance 1s necessary.

Desirable Properties of Piston Rings:

1. High Wear Resistance: Piston rings are constantly in contact with the cylinder wall and
sliding against it. They need to be highly wear-resistant to minimize friction, maintain proper
sealing, and extend engine life.

2. Good Conformity: Piston rings need to conform closely to the cylinder wall to create a tight
seal and prevent combustion gasses from leaking past the rings into the crankcase. This
conformity also helps distribute heat effectively.

3. Low Friction: While providing a good seal, piston rings should also have low friction to
minimize energy losses due to friction between the ring and the cylinder wall. This improves
engine efficiency and fuel economy.

Materials Used for Piston Rings:

www. SVEstudy.com

Piston rings are typically made from a combination of materials to achieve the desired properties:

e Cast Iron: Traditionally, cast iron was the dominant material for piston rings due to its good
wear resistance and affordability. However, its higher weight and friction have led to the
exploration of other materials.

e Steel: Steel alloys, particularly those with high chromium content, offer excellent wear

resistance and good strength. However, they can be heavier than some other options and may
require special coatings to improve conformity and reduce friction.

e Composite Materials: Modern piston rings often utilize composite materials that combine the

strengths of different materials. These can include steel backings for strength, cast iron inserts

for wear resistance, and surface coatings (like molybdenum or phosphate) to improve
conformity and reduce friction.

The specific material selection for piston rings depends on various factors like engine type, operating
conditions, and desired performance characteristics.

Piston Ring End Types:

(c) Three Different Piston Ring End Types:

1. Butt Cut:
o This is the simplest design, with a straight square cut at the ring end, resembling a butt

o

joint.

It's efficient for gas sealing but offers less oil control.
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o Due to the minimal gap, it's often used for compression rings.

2. Lap Joint:
o This design features two angled cuts on the ring end, creating an overlapping V-shaped
joint.

o It provides better sealing compared to the butt cut, particularly for gas control.
o It's a common design for both compression and scraper rings.
3. Taper Cut:

o This design has a tapered cut on one side of the ring end, creating a slight wedge
shape.

o As the ring expands due to thermal load, the tapered section exerts a outward force
against the cylinder wall, improving ring-to-wall contact.

o This design is often used for compression rings in high-performance engines.

Importance of Piston Ring End Clearance (Gap):

(d) Necessity of Piston Ring End Clearance:

Piston ring end clearance, also known as end gap, is a crucial aspect of proper engine operation for
several reasons:

1. Thermal Expansion: Piston rings and cylinder walls expand due to heat generated during
engine operation. Without adequate end clearance, the rings could seize or bind in their
grooves as they expand, causing friction and potential damage. The gap allows for this
thermal expansion and ensures smooth ring movement.

2. Oil Control: Engine oil needs to circulate between the piston and cylinder wall for lubrication
and heat transfer. The end gap allows excess oil scraped by the rings to return to the
crankcase. Without this clearance, oil could accumulate above the rings, creating excessive
friction and potential oil burning.

3. Sealing Efficiency: A small amount of gas leakage past the rings is inevitable. The end gap
allows for a controlled amount of gas to pass, preventing excessive pressure buildup behind
the rings and maintaining proper ring-to-wall contact for effective sealing.

Balancing Act: While necessary, the end gap needs to be within a specific range. A gap that's too
small can lead to seizing or excessive friction, while a gap that's too large can compromise gas
sealing and oil control. The appropriate end gap is determined by factors like engine design, ring
material, and operating conditions.

October 2022 MDE

3.  Describe a procedure for manually testing the set points on a diesel engine lubricating oil
low pressure alarm and shut down using a pressure calibrator. (10)

Manually Testing Diesel Engine Oil Pressure Alarm and Shutdown
with Pressure Calibrator

Important Notes:
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e Safety First: Ensure all safety precautions are followed before performing this procedure.

Refer to the engine manufacturer's manual for specific safety instructions related to your
engine model.

o Qualified Personnel: Ideally, a qualified technician familiar with the engine and its control
system should perform this test.

e Alternatives: Consult the manufacturer's manual to see if there are alternative methods for
testing the set points, such as using diagnostic software or built-in testing functions.

Procedure:

1. Preparation:

o Engine Off and Secured: Ensure the engine is completely off and disconnected from
any electrical load. Lock out or tag out any switches to prevent accidental startup.

o ldentify Components: Locate the engine oil pressure sensor, the low-pressure alarm
indicator (light or buzzer), and the engine shutdown mechanism (usually a relay or
contactor). Refer to the engine manual or electrical schematics for guidance.

o Tools: Gather necessary tools, including a reliable pressure calibrator with a
compatible adapter for the engine's oil pressure sensor fitting, safety glasses, gloves,
and rags.

2. lIsolating the Oil Pressure Sensor:

o Locate the oil pressure sensor and identify the connection point with the engine's oil
pressure line.

o Carefully loosen the connection, using wrenches or appropriate tools, to isolate the
sensor from the oil pressure line. Contain any spilled oil with rags.

o Caution: Avoid introducing any debris into the engine oil system during this process.

3. Connecting the Pressure Calibrator:

o Attach the pressure calibrator's adapter to the isolated oil pressure sensor port. Ensure
a secure and leak-free connection.

o Connect the pressure calibrator to the adapter, following the manufacturer's instructions
for proper connection and operation.

4. Pressure Increase and Alarm Test:

o Gradually increase the pressure on the calibrator, simulating a decrease in engine oll
pressure.

o Monitor the engine's instrument panel or alarm indicator. Once the pressure reaches the
low-pressure alarm set point as specified in the manual, the alarm should activate
(usually a visual or audible signal).

o Record the observed pressure at which the alarm activates.

5. Shutdown Test (Use Caution):

o Important: Proceed with extreme caution as this test involves stopping the engine.
Ensure no critical loads depend on the engine's operation during this test.

Continue increasing the pressure on the calibrator slightly beyond the alarm set point.
Observe if the engine control system triggers a shutdown. The engine should stop
automatically.

o Record the observed pressure at which the engine shuts down.

6. System Reset and Verification:

o Once the alarm and shutdown functions have been tested, slowly decrease the

pressure on the calibrator to zero.
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o Reinstall the oil pressure sensor to its original position, ensuring a leak-free connection.
Tighten the connection to the recommended torque specifications as specified in the

manual.

o Verify that the engine starts and runs normally after the oil pressure sensor is
reconnected.

7. Documentation:

o Document the observed alarm and shutdown set points during the test and compare
them to the manufacturer's specifications.

o Document any discrepancies or malfunctions for further investigation or repairs.

Remember:

Exercise extreme caution during the test, especially during the shutdown simulation.
Consider alternative testing methods recommended by the manufacturer if available.

If unsure about any step, consult a qualified technician for safe and proper execution of the
procedure.
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4.

Describe, with the aid of a sketch, a typical distillate fuel supply system for a diesel engine,
including ALL the safety devices. (10)

Distillate Fuel Supply System for a Diesel Engine (Including Safety
Devices)

A typical distillate fuel supply system for a diesel engine ensures a clean, steady flow of fuel to the
engine while incorporating safety features to prevent fires, spills, and other hazards. Here's a
breakdown of the key components and safety devices:

Components:

1.

Fuel Tank: This sturdy container holds the main reserve of diesel fuel. It's often made of metal
to ensure strength and is vented to allow air intake as fuel is consumed.
Safety Devices:
o Filler Cap: A secured cap with a seal prevents fuel spills during transport and storage.
o Vent Line: This line allows air into the tank as fuel is used, preventing a vacuum that
could hinder fuel flow. It may incorporate a flame arrester to prevent external ignition
sources from reaching the fuel tank interior.
Fuel Day Tank (Optional): Some systems utilize a smaller day tank mounted closer to the
engine. This tank serves as a buffer and provides a more consistent fuel supply to the engine.
Fuel Lines: Durable hoses or pipes carry fuel from the tank to the engine.
Safety Devices:
o Material: Fuel lines are made of materials resistant to fuel degradation and able to
withstand operating pressures.
o Clamps and Connections: Secure clamps ensure tight connections at all points to
prevent leaks.
Fuel Filter (Primary): This filter removes larger particles like dirt, rust, and debris from the
fuel before it enters the engine.
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5.

Fuel Transfer Pump (Optional): Some systems, especially those with high fuel consumption
or located higher than the engine, might utilize a pump to ensure a consistent flow of fuel to
the engine.

Fuel Shutoff Valve: This manually operated valve allows for stopping fuel flow to the engine
for maintenance or emergency shutdowns.

Safety Device: This valve serves as a critical safety measure to isolate the fuel system in
case of emergencies.

Secondary Fuel Filter (Optional): Some systems might have an additional, finer filter
located closer to the engine to remove any remaining microscopic contaminants.

Fuel Injection Pump: This pump pressurizes the fuel and delivers it to the engine's injectors
at high pressure.

Fuel Injection System: This system meters and injects the pressurized fuel directly into the
engine cylinders at the appropriate time during the combustion cycle.

Additional Safety Considerations:

Fuel Line Routing: Fuel lines should be routed away from heat sources and protected from
physical damage.

Spill Containment: A spill tray or pan can be placed under the fuel filter or other potential leak
points to contain any spills.

Regular Maintenance: Regular inspection and replacement of fuel filters and other
components are crucial to ensure proper system function and prevent issues.

By incorporating these components and safety devices, a distillate fuel supply system ensures a
clean and reliable fuel source for the diesel engine while minimizing the risk of fires, leaks, and other
hazards.
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Explain what is meant by EACH of the following terms:

(a) cetane number; (3)

(b) calorific value; (3)
5

(c) density: (2)

(d) viscosity. (2)

Here's a breakdown of each term related to diesel fuel:

(a) Cetane Number:

The cetane number is a critical indicator of a diesel fuel's ignition quality. It represents the delay
between fuel injection and the start of combustion in a diesel engine. Here's a breakdown:

e Higher Cetane Number: Indicates a shorter ignition delay. This is ideal for smooth engine

operation, minimizing knocking and incomplete combustion.
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e Lower Cetane Number: Represents a longer ignition delay. This can lead to rough engine

operation, increased noise (knocking), and incomplete combustion resulting in higher
emissions.

Cetane number is similar to the octane rating used for gasoline, but they measure different
properties.

(b) Calorific Value:

The calorific value, also known as heating value, refers to the amount of heat energy released when
a unit mass of fuel is burned completely. It's typically expressed in units like Megajoules per kilogram
(MJ/kg) or British thermal units per pound (Btu/Ib).

A higher calorific value indicates the fuel contains more potential energy per unit mass. This
translates to more power output from the engine for a given amount of fuel burned.

(c) Density:

Density refers to the mass of a fuel per unit volume. It's typically expressed in kilograms per liter
(kg/L) or pounds per gallon (Ib/gal).

Density is important for several reasons:

e Fuel Economy: Denser fuels store more energy per unit volume, potentially leading to better
fuel economy (assuming similar calorific values).

e Injection Systems: Fuel injection systems are calibrated for a specific fuel density. Significant
deviations can affect engine performance.

(d) Viscosity:

Viscosity refers to a fluid's resistance to flow. In the context of diesel fuel, it describes how easily the
fuel flows at a given temperature. It's typically measured in units like centiStokes (cSt).

Here's how viscosity affects diesel engines:

e Cold Starts: At lower temperatures, higher viscosity can make it harder for the fuel to flow,
hindering engine starting.

e Injection and Atomization: Proper fuel atomization (breaking down into fine droplets) is
crucial for efficient combustion. High viscosity can hinder this process.

e Pump Wear: Fuel pumps rely on the fuel's lubricating properties. Very low viscosity can
increase wear on pump components.

October 2022 MDE

6.  Describe, with the aid of a sketch, a coalescer type distillate fuel oil filter. (10)
Distillate Fuel Oil Coalescer Filter

A coalescer type distillate fuel oil filter is a device that utilizes the principle of coalescence to remove
water from the fuel oil. Here's a breakdown of its operation and key components:
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Function:

Unlike traditional filter media that simply trap water droplets, a coalescer filter promotes the merging
of smaller water droplets dispersed throughout the fuel oil into larger water droplets. These larger
droplets can then be more easily separated from the fuel oil due to the difference in density (water is
denser than oil).

Components:

1.
2.
3.

Filter Housing: This sturdy container holds all the internal components of the filter.

Inlet Port: The dirty fuel oil containing water droplets enters the filter through this port.
Coalescing Media: This is the heart of the filter and is typically made of a pleated or layered
synthetic material with a high surface area. The specific design of the media can vary, but it is
designed to:

o Capture Water Droplets: As the fuel oil passes through the media, the water droplets
come into contact with the fibers and adhere to them due to surface tension.

o Coalescence: The media promotes the merging of these smaller water droplets into
larger ones due to the phenomenon of coalescence. Water droplets naturally tend to
minimize their surface area, and merging into larger droplets achieves this.

Drainage Mechanism: A mechanism, such as a drain valve or an automated float system,
allows the accumulated larger water droplets to be periodically drained from the filter housing.
Outlet Port: The cleaned fuel oil, now with significantly reduced water content, exits the filter
through this port.

Benefits of Coalescer Filters:

High Water Removal Efficiency: Coalescer filters can remove very small water droplets from
fuel oil, offering superior performance compared to traditional filter media.

Reduced Maintenance: By efficiently separating water, coalescer filters can extend the
lifespan of downstream filters and reduce maintenance frequency.

Improved Engine Performance: Water in fuel oil can lead to problems like corrosion, reduced
combustion efficiency, and potential engine damage. Coalescer filters help prevent these
issues by ensuring cleaner, drier fuel for the engine.

Applications:

Coalescer filters are widely used in applications where clean, dry fuel oil is essential, such as:

Onboard marine engines and generators

Industrial diesel engines and generators

Construction equipment

Off-road vehicles operating in wet or humid environments

By utilizing coalescing technology, these filters effectively remove water from distillate fuel oil,
ensuring optimal engine performance and protection from water-related problems.
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7. Describe how large medium speed diesel engine lubricating o1l is kept in optimum condition. (10)

Here's an explanation of how large medium speed diesel engine lubricating oil is kept in optimum
condition:

Preventative Maintenance Practices:

e Regular Oil Changes: Following the manufacturer's recommended oil change intervals is
crucial. Used oil accumulates contaminants and degrades over time, losing its lubricating
properties. Timely oil changes ensure clean oil is present to protect engine components.

e Using the Correct Oil Grade and Type: Always use the oil grade and type specified by the
engine manufacturer. The viscosity and additive package of the oil are formulated for the
specific needs of your engine.

e Air Filter Maintenance: A clean and functioning air filter prevents excessive dirt and dust
particles from entering the engine and contaminating the oil.

e Coolant System Maintenance: Regularly inspect the coolant system for leaks to minimize the
risk of coolant (which contains water) mixing with the oil.

e Oil Analysis: Periodic oil analysis can identify early signs of contamination, wear, or
degradation before they cause significant damage. This allows for preventive maintenance
and potentially extended oil change intervals.

Oil Cleanliness Practices:

e Cleanliness During Oil Changes: Maintain a clean work area and use clean tools during oil
changes to minimize the risk of introducing dirt and debris into the engine crankcase.

e Proper Oil Storage: Store engine oil in sealed containers in a cool, dry place to prevent
oxidation and contamination.

Additional Considerations:

e Moisture Control: Address potential sources of water ingress, such as condensation buildup
or coolant leaks, to prevent water contamination within the oil.

e Monitoring Oil Level and Condition: Regularly check the oil level using the dipstick and
visually inspect the oil for any signs of discoloration or abnormal consistency.

e Fuel Quality: Using clean, high-quality fuel can help minimize soot and unburned fuel
contamination of the oil.

By implementing these practices, you can help maintain your large medium speed diesel engine's
lubricating oil in optimum condition. This promotes extended engine life, improved performance,
reduced wear and tear, and lower maintenance costs. Remember, clean and well-maintained oil is
vital for a healthy and reliable engine.
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With reference to leaking cylinder air start valves:

(a) descnibe how this may be detected whilst the engine 1s running; (2)
(b) descnibe the procedure on discovery; (4)
(c) list FOUR possible causes. (4)

Leaking cylinder air start valves can be a serious issue in diesel engines. Here's how to detect,
handle, and understand the potential causes of such leaks:

(a) Detection While Engine is Running:

Several signs can indicate a leaking cylinder air start valve while the engine is running:

Overheating of the air start line: The compressed air escaping from the leaking valve can
cause the air line near the affected cylinder to become noticeably hotter than other lines.
Uneven engine speed or vibrations: Leaking air can disrupt the combustion process in that
cylinder, leading to uneven firing and potentially causing vibrations.

Unusual air consumption: A constant demand for compressed air to compensate for the
leaking air can lead to increased air compressor activity.

Loss of air pressure: If the leak is significant, the overall air start system pressure might drop
noticeably.

(b) Procedure Upon Discovery:

1.

Reduce Engine Load: Gradually decrease engine load to minimize combustion pressure and
further air loss.

Identify the Leaking Cylinder: Using a temperature probe or careful observation, identify the
cylinder with the overheating air line, indicating the location of the leaking valve.

Isolate the Cylinder (if possible): Some engines allow isolating the faulty cylinder by
deactivating its fuel injector. This can help stabilize engine operation and minimize air loss.
Prepare for Shutdown: If isolating the cylinder isn't possible, prepare for a safe engine
shutdown as soon as possible.

Alert Personnel: Inform relevant personnel, especially maintenance staff, about the situation.
Do Not Restart: Avoid restarting the engine until the leaking valve is repaired or replaced.

(c) Four Possible Causes of Leaking Cylinder Air Start Valves:

1.

Worn Valve Seat or Disc: Over time, the valve seat and disc can wear due to constant use,
allowing compressed air to leak past.

Debris or Foreign Material: Dirt or debris lodged between the valve seat and disc can
prevent a proper seal, causing air leakage.

Broken Valve Spring: A broken spring can prevent the valve from closing completely,
allowing air to leak through.

Improper Valve Clearance: Incorrect valve clearance due to wear or improper adjustment
can disrupt the sealing mechanism and lead to air leaks.
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By understanding the detection methods, procedures, and potential causes of leaking cylinder air

start valves, you can ensure timely identification and prevent further engine damage. It's crucial to
address this issue promptly and seek professional help from a qualified mechanic for repairs or
replacements to maintain safe and efficient engine operation.

October 2022 MDE

9. Describe the procedure to be adopted prior to removing a diesel engine cylinder head,
including safety precautions. (10)

Procedure Before Removing a Diesel Engine Cylinder Head
(Marine Applications) - Safety First!

Removing a cylinder head on a marine diesel engine requires following safe practices specific to the
marine environment. Here's a breakdown of the procedure before removal, emphasizing safety
precautions:

1. Prepare the Work Area:

e Lock out/tag out procedures: Follow established marine safety protocols for locking out and
tagging out the engine to prevent accidental startup. This might involve isolating the fuel
supply and electrical systems.

e Work Permit: Obtain a work permit from the Chief Engineer or designated authority to ensure
proper authorization and awareness of the work being performed.

e Confined Space Entry (if applicable): If the engine room is considered a confined space,
follow all necessary confined space entry procedures, including proper ventilation, buddy
system, and communication.

e Cooling Down: Allow the engine to cool completely to prevent burns from hot components.
Consider circulating cooling water if necessary to expedite the cool-down process.

e Bilge Management: Ensure the bilge is clear of any flammable liquids (fuel oil) and has
adequate pumping capacity to handle any accidental coolant spills.

2. Gather Necessary Tools and Equipment:

e Marine-rated tools: Use tools specifically designed for the marine environment to ensure
corrosion resistance and proper functionality.
Socket wrench set with various sizes for removing head bolts and other fasteners.
Torque wrench calibrated for marine applications: Crucial for proper tightening of head
bolts during reassembly.
Head gasket removal scraper set: Marine-grade scrapers preferred.
Gasket scraper for cleaning mating surfaces.
Rubber mallet for gentle tapping during removal.
Cleaning rags and degreaser suitable for marine applications.
Personal Protective Equipment (PPE):
o Safety glasses to shield from debris.
o Gloves to protect hands from cuts, scrapes, and chemicals.
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o Steel-toed boots for foot protection.
o Depending on the situation, consider a respirator if working with significant dust or
fumes.

3. Identify and Disconnect Components:

e Electrical Disconnection: Disconnect all electrical connectors attached to the cylinder head.
Label them clearly for proper reassembly.
e Fluid System Disconnection:

o Drain the engine coolant system following the manufacturer's instructions and approved
disposal practices for the coolant.

o Disconnect and remove any hoses or pipes connected to the cylinder head, such as
coolant hoses, fuel lines, or injector lines. Drain any residual fluids and securely cap the
open ends of the hoses/pipes to prevent contamination. Dispose of drained fluids
responsibly following marine regulations.

o Consider using drip pans or funnels to catch any unexpected spills and prevent them
from entering the bilge.

4. Exhaust System Disconnection:

e Disconnect the exhaust manifold from the cylinder head by removing the nuts/bolts that
secure them together. Utilize proper lifting tools if the exhaust manifold is heavy.

5. Additional Components:

e Remove any other components attached to the cylinder head as per the engine's
service manual. This might involve removing rocker arms, valve springs, or injector
assemblies. Ensure proper labeling for reassembly.

6. Label and Loosen Head Bolts (Crucial Step):

e Label each head bolt with its location number using a tag or marker. This ensures they
are reinstalled in the correct sequence and position during assembly (critical for proper head
clamping force).

e Loosen the head bolts in the reverse order they were tightened during assembly
(consult the service manual for the specific pattern). Loosen the bolts in stages, a few
turns at a time, to avoid warping the head.

7. Support and Lifting:

e Support the weight of the cylinder head. Depending on the engine design, you might need
an engine hoist or a jack specifically designed for marine applications to support the head
once the bolts are fully removed. Consider using certified lifting slings for safe lifting.

e Have a clean and designated workspace to place the removed head to prevent damage to
the mating surface. A designated stand or workbench within the engine room is ideal.

Remember:

e Always refer to the specific service manual for your marine diesel engine for detailed
instructions and torque specifications for head bolt removal and reassembly.
e Never attempt to remove a cylinder head without proper knowledge, tools, and authorization.
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e Prioritize safety throughout the process, following established marine safety protocols and

using appropriate PPE.
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10. With reference to reduction gearing:

(a) explain the purpose of the magnetic filter in the lubricating o1l system; (3)
(b) explain why the surface finish of the gear teeth 1s important; (4)
(c) state why a flexible coupling 1s fitted between the engine and gearbox. (3)

Reduction Gearing: Components and Their Importance

(a) Magnetic Filter:

The magnetic filter in a reduction gear's lubricating oil system serves a critical purpose: removing
ferrous wear debris from the oil.

e Magnetic Attraction: The filter contains strong magnets that attract ferrous particles (made of
iron or steel) suspended in the lubricating oil.

e Contamination Capture: As the oil flows through the filter, the ferrous wear debris is drawn
towards the magnets and gets trapped on their surface.

e Cleaner Oil: By removing these ferrous particles, the magnetic filter helps to keep the
lubricating oil cleaner and free from contaminants.

This cleaner oil offers several benefits:

Reduced Wear: Abrasive wear caused by metal particles circulating in the oil is minimized.
Improved Gear and Bearing Life: By reducing wear, the lifespan of gears and bearings in the
reduction gear is extended.

e Protection from Scoring: Large ferrous particles can cause scoring damage on gear teeth
and bearing surfaces. The magnetic filter helps prevent this by removing these larger particles.

Magnetic filters are a simple and effective way to remove a specific type of contaminant from the
lubricating oil in reduction gears. They are often used in conjunction with other filtration methods like
full-flow filters that remove non-ferrous contaminants and other impurities.

(b) Surface Finish of Gear Teeth:

The surface finish of gear teeth in reduction gearing plays a crucial role in its performance and
longevity:

e Reduced Friction: A smoother surface finish minimizes friction between gear teeth as they
mesh. This reduces power losses and improves overall efficiency of the reduction gear.

e Improved Load Distribution: A smoother surface allows for more even load distribution
across the tooth profile, reducing stress concentrations and minimizing wear.

e Reduced Noise: Rough surface finishes can lead to increased noise during gear operation. A
smooth finish helps to minimize noise generation by reducing vibrations caused by uneven
contact between teeth.
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e Enhanced Lubrication: A smooth surface allows for better retention of lubricating oil film

between gear teeth, improving lubrication effectiveness and reducing friction further.
The specific surface finish requirements depend on several factors, including:

e Gear material
e Load rating
e Operating speed

However, a well-honed or lapped surface finish is generally preferred for optimal performance and
lifespan of reduction gears.

(c) Flexible Coupling Between Engine and Gearbox:

A flexible coupling is fitted between the engine and gearbox in a reduction gear system for several
important reasons:

e Misalignment Accommodation: Engines and gearboxes can experience slight
misalignments due to thermal expansion, manufacturing tolerances, or chassis flex. A flexible
coupling can accommodate these misalignments without placing undue stress on the engine
crankshaft or gearbox shaft. This helps to prevent bearing wear, shaft fatigue, and potential
failures.

e Vibration Damping: Engines can generate vibrations due to combustion and imbalances. A
flexible coupling can help to dampen these vibrations, preventing them from being transmitted
to the gearbox and potentially damaging its gears and bearings.

e Shock Load Protection: Engines can generate sudden torque spikes during operation, such
as during gear changes. A flexible coupling can help to absorb these shock loads, protecting
the more rigid components of the drivetrain (engine crankshaft and gearbox shaft) from
damage.

The choice of a specific type of flexible coupling depends on the application and the level of
misalignment, vibration, and shock load that needs to be accommodated. Common types of flexible
couplings used in reduction gear systems include:

e Gear couplings
e Elastomeric couplings
e Jaw couplings

By incorporating a flexible coupling, the reduction gear system becomes more robust and less
susceptible to damage caused by misalignment, vibration, and shock loads.



