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The four-stroke cycle is the operating principle behind most internal combustion engines, including gasoline
and diesel engines. It utilizes four distinct strokes of the piston within the cylinder to achieve combustion and
produce power. Here's a breakdown of the four strokes:

1. Intake Stroke (Suction):
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● The piston moves downward from Top Dead Center (TDC) towards Bottom Dead Center (BDC).
● The intake valve opens, allowing an air-fuel mixture (gasoline engines) or fresh air (diesel engines) to

be drawn into the cylinder by the increasing volume created by the descending piston.
● The exhaust valve remains closed throughout the intake stroke.

2. Compression Stroke:

● The piston moves upward from BDC towards TDC.
● Both the intake and exhaust valves are closed.
● The trapped air-fuel mixture (or air in diesel engines) is compressed by the rising piston, significantly

increasing its pressure and temperature.

3. Combustion Stroke (Power Stroke):

● Shortly before TDC on the compression stroke, a spark plug ignites the compressed air-fuel mixture in
gasoline engines. In diesel engines, the high pressure and temperature cause the injected fuel to
spontaneously combust.

● The combustion process rapidly expands the hot gases, forcing the piston down with significant force,
creating the power output of the engine.

● Both the intake and exhaust valves remain closed throughout the combustion stroke.

4. Exhaust Stroke:

● The piston moves upward from BDC towards TDC.
● The exhaust valve opens.
● The burned exhaust gases are pushed out of the cylinder by the rising piston.
● The intake valve remains closed throughout the exhaust stroke.

Repeating Cycle:

● Once the exhaust stroke is complete, the piston reaches TDC again, and the cycle repeats,
continuously drawing in fresh air/fuel mixture, compressing it, combusting it for power generation, and
expelling the exhaust gases.
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Key Points:

● The crankshaft is connected to the piston by a connecting rod and converts the reciprocating motion of
the piston into rotary motion for driving the wheels or other applications.

● The four strokes occur in two complete revolutions of the crankshaft.
● Precise timing of valve opening and closing is crucial for efficient engine operation and is controlled by

a camshaft or other valve actuation mechanisms.

This four-stroke cycle efficiently converts chemical energy stored in the fuel into mechanical work that can be
used to power vehicles, generators, and other machinery

Pulse System vs. Constant Pressure System in Turbochargers for
Large Medium Speed Diesel Engines:

(a) Pulse System:

The pulse system, also known as the pulse converter system, is a specific type of turbocharging
arrangement used in some large medium-speed diesel engines. It utilizes the pulsating nature of
exhaust gas flow from each engine cylinder to optimize turbocharger performance. Here's how it
works:

1. Exhaust Grouping: Unlike a constant pressure system where all exhaust pipes combine into
a single large manifold, the pulse system groups exhaust pipes from a specific number of
cylinders together.

2. Pulse Wave Utilization: The exhaust piping for each group is designed to minimize
interaction between the exhaust pulses from individual cylinders. This allows each pulse of
high-velocity exhaust gas to reach the turbine inlet with minimal energy loss.
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3. Optimizing Turbine Response: By utilizing the individual high-pressure pulses from each

cylinder group, the pulse system can improve the efficiency of energy transfer from the
exhaust gas to the turbine. This allows for better responsiveness of the turbocharger,
especially at lower engine speeds.

(b) Advantages of Pulse System over Constant Pressure System:

The pulse system offers several advantages compared to the more common constant pressure
system for large medium-speed diesel engines:

● Improved Low-Speed Performance: The pulse system's ability to utilize individual exhaust
pulses is particularly beneficial at lower engine speeds. At these speeds, a constant pressure
system might experience reduced efficiency due to lower exhaust gas flow. The pulse system's
focused use of high-pressure pulses helps maintain better turbocharger responsiveness and
boost pressure at lower RPMs.

● Reduced Lag: Turbo lag refers to the delay between increased engine speed and the
corresponding rise in boost pressure. The pulse system's efficient utilization of exhaust pulses
can help minimize turbo lag, leading to improved engine response and acceleration.

● Potential for Smaller Turbocharger: In some cases, the improved efficiency of the pulse
system might allow for the use of a slightly smaller turbocharger compared to a constant
pressure system for achieving the same performance. This can offer weight and space
savings in some applications.

However, the pulse system also has some drawbacks:

● Increased Complexity: The pulse system requires a more complex exhaust manifold design
with individual piping groups. This can increase manufacturing cost and maintenance
complexity compared to the simpler design of a constant pressure system.

● Limited Applicability: The pulse system is most beneficial for large medium-speed diesel
engines with a specific number of cylinders. It might not offer significant advantages for
smaller engines or engines with a different cylinder configuration.

Overall, the choice between a pulse system and a constant pressure system depends on the specific
application and engine design. For large medium-speed diesel engines where improved low-speed
performance and responsiveness are crucial, the pulse system can offer significant advantages.
However, its increased complexity needs to be considered.
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However, based on a generic timing chain design, here are the possible components:
● Link Plate (Chain Body): The main body of the chain, consisting of alternating flat plates that

connect the side plates. (Not labeled in the image)
● Inner Link Plate: The inner plate that connects the side plates on the inside of the chain. (Not

labeled in the image)
● Outer Link Plate: The outer plate that connects the side plates on the outside of the chain.

(Not labeled in the image)
● Side Plate: The side plates that fit between the link plates and form the chain's sides. They

interlock with the sprocket teeth. (Labeled in the image as A and C)
● Roller: A cylindrical roller between the side plates that reduces friction as the chain travels

over the sprocket teeth. (Labeled in the image as B and D)
● Bush Pin: The pin that connects the side plates at each link. (Labeled in the image as E)

It's important to note that the terminology may vary depending on the specific manufacturer or design.

There are several reasons why chains, including timing chains in diesel engines, may elongate or
slacken in service:

1. Wear and Stretch:
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● Metal Fatigue: Over time, the constant cyclical loading and unloading of the chain as it rotates

causes metal fatigue. This weakens the metal in the chain links, causing them to elongate
slightly.

● Roller and Bush Pin Wear: The rollers and bush pins that reduce friction between the chain
and sprocket teeth wear down over time. This wear increases the space between links,
effectively lengthening the chain.

2. Improper Tension:

● Incorrect Initial Tension: If the chain is not tensioned properly during installation, it can be
too loose from the start. This allows for additional slack to develop as the chain wears.

● Tensioner Failure: The automatic tensioner maintains appropriate chain tension. A
malfunctioning tensioner could allow the chain to become too loose.

Areas that may wear:

● Chain Links: As mentioned earlier, the link plates themselves experience metal fatigue and
can elongate slightly.

● Rollers and Bush Pins: These components directly contact the sprocket teeth and are prone
to wear. Worn rollers and bush pins increase the space between links, effectively lengthening
the chain.

● Sprocket Teeth:While less common, the sprocket teeth can also wear down. This wear can
cause the chain to ride higher on the teeth, which can contribute to chain slack.

● Chain Guides:Worn guides can allow the chain to move excessively, increasing wear on the
chain and sprockets.

By understanding these reasons for chain elongation and the areas that wear, mechanics can
perform regular inspections to identify potential problems early on. This allows for preventative
maintenance such as chain and sprocket replacement before they wear excessively and cause
engine performance issues or potential failure.

May 2021

(a) Purpose of Crankcase Relief Valves:
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Diesel engines have crankcases that house moving pistons. This movement generates pressure
inside due to:

● Blow-by gases: Incomplete combustion allows some unburnt fuel and air to leak past the
piston rings into the crankcase.

● Piston compression: As pistons compress air for combustion, the pressure within the
crankcase rises.

To prevent excessive pressure buildup, crankcases are equipped with relief valves. Uncontrolled
pressure can:

● Damage the Crankcase: High pressure can cause cracks or ruptures, leading to severe
engine failure.

● Hinder Lubrication: Excessive pressure can disrupt the proper oil flow, increasing friction and
wear on engine components.

(b) Circumstances Triggering Relief Valve Operation:

Relief valves are designed to open and release pressure under specific situations:

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

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

● Crankcase Ventilation Blockage: The ventilation system removes crankcase gases. A
clogged system traps these gases, causing pressure buildup.

(c) Safety Detection System Example:

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

● Crankcase Pressure Sensor: This sensor continuously monitors crankcase pressure. If it
exceeds a safe limit, an alarm will be triggered.

● Oil Level Sensor: This sensor detects abnormally low oil levels, which can lead to increased
friction and blow-by gases.

● 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 the relief valve
needs to intervene. This allows for preventative maintenance and helps avoid serious engine
damage.
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Main Engine Cooling Water System Components:

(a) Purpose of the Header Tank:

The header tank in a main engine cooling water system plays a crucial role in maintaining proper
coolant circulation and pressure:

● Expansion and Contraction: Coolant expands as its temperature increases and contracts as
it cools down. The header tank provides a dedicated space to accommodate these volume
changes. This prevents excessive pressure buildup within the closed-loop system during
operation.

● Air Removal: The header tank is typically located at a high point in the system. This allows
trapped air bubbles to accumulate in the tank, where they can be easily purged through a vent
line. Air pockets within the system can impede coolant circulation and reduce heat transfer
efficiency.

● Coolant Level Monitoring: The header tank often has a transparent section or level indicator
which allows for visual monitoring of the coolant level within the system. This helps identify
potential leaks or the need for topping up the coolant if the level drops below the
recommended operating range.

● Overflow Prevention: Some designs incorporate an overflow outlet in the header tank. This
prevents overfilling the system in case of a coolant mix error or expansion beyond the tank's
capacity. The overflow allows excess coolant to escape and avoid system pressurization
issues.

(b) Heaters and Coolers in the System:

The presence of both heaters and coolers in a main engine cooling water system caters to
maintaining the optimal engine operating temperature across various conditions:

● Engine Coolers: The primary function of the cooling system is to regulate engine temperature
and prevent overheating. Engine coolers, often referred to as heat exchangers, utilize various
methods (seawater, freshwater/seawater mix, or dedicated coolants) to transfer heat away
from the engine and maintain a safe operating temperature range.

● Engine Heaters: In cold weather conditions, the engine may take longer to reach its optimal
operating temperature, which can lead to inefficient combustion and increased wear. Engine
heaters, often utilizing jacket water heating or electrical elements, pre-heat the coolant before
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starting the engine. This ensures faster engine warmup, improved efficiency, and reduced
wear during cold starts.

**(c) Type of Pumps Used and Reasons:

Centrifugal pumps are the most commonly used type of pump in main engine cooling water systems
due to several advantages:

● Positive Displacement: Centrifugal pumps continuously move a specific volume of coolant
through the system, ensuring sufficient circulation for effective heat transfer.

● Reliability: They offer a relatively simple and robust design, with fewer moving parts
compared to other pump types, leading to reliable operation and less maintenance downtime.

● Efficiency: Centrifugal pumps can achieve good flow rates and pressure head characteristics,
efficiently circulating the coolant throughout the system.

● Self-Priming (in some designs): Some centrifugal pump designs incorporate self-priming
capabilities, allowing them to remove trapped air from the line during initial filling or after
maintenance procedures. This simplifies system startup and ensures proper coolant circulation
from the beginning.

While other pump types like gear pumps might be used in specific applications, centrifugal pumps
generally offer the best combination of reliability, efficiency, and self-priming capabilities for main
engine cooling water systems.

may 2021

Tube-Type Heat Exchanger Components and Functions:
Tube-type heat exchangers are widely used in various industries for transferring heat between two fluids.
Here's an explanation of the purpose of each component you mentioned:

(a) Baffle Plates:
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● Function: Baffle plates are thin metal plates strategically positioned within the shell side of the heat

exchanger. They disrupt the straight-through flow of the shell-side fluid, forcing it to flow across the
tubes multiple times. This increases the number of times the shell-side fluid interacts with the tubes,
enhancing heat transfer between the fluids.

● Benefits: Baffle plates improve the overall heat transfer efficiency of the exchanger. They also help to
distribute the shell-side fluid flow more evenly across the tube bundle, preventing stagnant zones and
maximizing heat transfer potential.

(b) Sliding Tube Plate:

● Function: Not all tube-type heat exchangers have a sliding tube plate. This feature is typically found in
specific designs, such as U-tube heat exchangers. A sliding tube plate allows for the controlled
movement of the U-tubes at one end.

● Purpose: The sliding tube plate enables thermal expansion and contraction of the U-tubes during
temperature changes. This prevents excessive stress on the tubes and the tube joints at the fixed end
by accommodating the length variations due to temperature fluctuations.

(c) Tell-Tale Ring:

● Function: A tell-tale ring is a small groove or machined channel located on the shell side of the heat
exchanger, typically near the tube bundle. It might also be a small drilled hole or passage within the
shell.

● Purpose: The tell-tale ring acts as a leak detection mechanism. In case a tube develops a leak and
allows the inner fluid to mix with the shell-side fluid, the tell-tale ring will provide a path for the leaking
fluid to escape the tube bundle area. This leakage can then be visually detected, indicating a potential
tube leak within the heat exchanger.

(d) Vent Cock:

● Function: A vent cock is a small valve located on the shell side of the heat exchanger, typically at a
high point.

● Purpose: The vent cock serves two main purposes:
1. Air Venting: During the initial system filling or after maintenance procedures, the vent cock

allows trapped air within the shell side to be purged. Air pockets can hinder proper circulation
and heat transfer efficiency.

2. Pressure Relief: In case of an unexpected pressure buildup within the shell side due to trapped
fluids or other reasons, the vent cock can act as a safety relief valve, releasing excess pressure
and preventing damage to the heat exchanger.
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(e) Anodes:

Function: Anodes, also known as sacrificial anodes, are consumable metal elements installed within the shell
of the heat exchanger. They are typically made from a metal that is more susceptible to corrosion than the tube
material.

● Purpose: Anodes act as a cathodic protection system. By corroding preferentially, they attract the
corrosive elements in the shell-side fluid, protecting the tubes from corrosion. As the anode material
corrodes and wears away, it needs to be replaced periodically.

May 2021

Solenoid-Operated Electric Starting System (Internal Combustion
Engine)

(a) Operation:

A solenoid-operated, battery-powered electric starting system provides a convenient and reliable way
to crank an internal combustion engine for starting purposes. Here's a breakdown of its operation:

Components:

● Battery: Provides the electrical power for the system.
● Starter Motor: An electric motor with high torque output designed to crank the engine.
● Solenoid: An electromagnet that acts as a heavy-duty relay.
● Ignition Switch: Controls the flow of current to the solenoid.
● Starter Drive Pinion: A gear on the starter motor that meshes with the engine's flywheel ring

gear.

Operation:

1. Ignition Switch Turned:When the operator turns the ignition switch to the "start" position,
current flows from the battery to the solenoid.

2. Solenoid Activation: The current energizes the solenoid's electromagnet, creating a strong
magnetic field.

3. Plunger Movement: The magnetic field pulls in a metal plunger within the solenoid.
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4. Circuit Completion: The movement of the plunger connects two high-current contacts within

the solenoid. One contact connects the battery directly to the starter motor, providing full
power. The other contact may engage the starter drive pinion with the flywheel ring gear
(depending on the system design).

5. Engine Cranking: The powerful starter motor begins to spin, cranking the engine flywheel
through the engaged drive pinion.

6. Engine Starts: Once the engine reaches sufficient speed, the internal combustion process
takes over, and the engine continues to run on its own.

7. Ignition Switch Released:When the operator releases the ignition switch from the "start"
position, the current flow to the solenoid stops.

8. Solenoid Reset: The solenoid's magnetic field collapses, releasing the plunger.
9. Circuit Disconnection: The high-current contacts disconnect, stopping the flow of current to

the starter motor.
10.Drive Pinion Disengagement (if applicable): The starter drive pinion may disengage from

the flywheel ring gear (depending on the system design).

Benefits:

● Convenience: Solenoid-operated systems offer a simple and convenient way to start an
engine compared to manual crank starting.

● Reliability: Solenoids provide a reliable and consistent means of engaging the starter motor.
● Safety: Ignition switches and interlocks can prevent accidental starter engagement.

(b) Pre-Engaged Starter:

In some starter systems, a pre-engaged design is employed. Here's what it means:

● Drive Pinion Engagement: The starter drive pinion is already engaged with the flywheel ring
gear when the engine is at rest. This engagement can be achieved through a spring-loaded
mechanism or a gear arrangement.

● Solenoid Function: The solenoid in a pre-engaged system primarily functions to connect the
battery directly to the starter motor for cranking. It may not have a separate mechanism for
engaging the drive pinion because it's already in mesh with the ring gear.

● Benefits: Pre-engaged starters offer faster cranking since there's no delay for pinion
engagement. This can be beneficial in cold weather conditions where easier starting is
desired.

Note: Some pre-engaged starters may incorporate a solenoid design that performs both functions -
engaging the drive pinion and supplying full power to the starter motor.
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May 2021 MDE

Abnormal Turbocharger Vibration at Steady Speed

Even at a steady engine speed, a turbocharger can experience abnormal vibrations. Here's a
breakdown of some possible causes and ways to minimize them:

(a) Possible Causes:

● Unbalanced Rotor Assembly: Components within the turbocharger, such as the compressor
or turbine wheel, can become unbalanced due to:

○ Dirt or foreign object contamination: Accumulation of debris on the blades can
disrupt their weight distribution.

○ Damaged turbine blades or compressor blades: Bent or broken blades can cause
an imbalance.

● Misalignment: Misalignment between the turbine housing and the compressor housing can
cause the shaft to vibrate excessively. This can occur due to:

○ Improper installation: Mistakes during turbocharger replacement can lead to
misalignment.

○ Engine mounts wear:Worn or damaged engine mounts can allow the engine to move,
potentially misaligning the turbocharger.

● Worn Machine Parts: Over time, wear on critical components can contribute to vibrations:
○ Shaft bearing wear:Worn bearings allow the shaft to move excessively within the

housing, causing imbalance and vibration.
○ Impeller or diffuser wear: Erosion or damage to these components can affect airflow

and contribute to vibration.
● Improperly Driven Machine Components: Issues with components driving the turbocharger

can lead to vibrations:
○ Exhaust gas leaks: Leaks in the exhaust system before the turbine can affect exhaust

flow and create imbalanced forces.
○ Seized variable geometry mechanism (VGT): If applicable, a stuck VGT vane can

disrupt proper airflow and induce vibration.

(b) Minimizing the Causes:

● Regular Maintenance:
○ Scheduled cleaning of the air intake filter can prevent debris from entering the

turbocharger.
○ Visual inspections of the turbocharger for damage or leaks during routine maintenance.
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● Proper Installation: Ensure the turbocharger is installed following the manufacturer's

instructions to avoid misalignment.
● Replacing Worn Parts: Regularly replace worn components like air filters and engine mounts

to minimize wear on the turbocharger.
● Maintaining Proper Lubrication: Use the recommended engine oil and maintain a healthy oil

level to ensure proper lubrication of the turbocharger shaft bearings.
● Quality Components:When replacing parts, use high-quality components to ensure proper fit

and balance.
● Avoiding Overheating: Excessive engine temperatures can stress the turbocharger. Avoid

sustained high loads and ensure proper engine cooling.
● Following Manufacturer's Guidelines: Refer to the engine or turbocharger manufacturer's

recommendations for specific maintenance practices and operating limits.

By implementing these preventative measures, you can minimize the risk of abnormal turbocharger
vibration and ensure the smooth operation and longevity of your engine. If you experience persistent
abnormal vibrations, consult a qualified mechanic for proper diagnosis and repairs.
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Main Components:
● Pressure Plate: This rotating plate applies clamping force to the clutch plates through the

pressure spring.
● Friction Plates (Multiple): These interleaved discs with high-friction surfaces are responsible

for transmitting torque between the engine and gearbox.
● Driven Plate (Disc): This splined disc connects to the gearbox input shaft and rotates with the

engine when the clutch is engaged.
● Pressure Spring: This spring provides the clamping force between the pressure plate and

friction plates, holding them together during clutch engagement.
● Throw-Out Bearing: This bearing, actuated by the hydraulic system, pushes against the

pressure plate fingers to disengage the clutch.
● Hydraulic Release Cylinder: This cylinder converts hydraulic pressure from the master

cylinder into mechanical force to operate the throw-out bearing.
● Clutch Housing: The housing encloses the entire clutch assembly and protects the

components.
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a) Magnetic Filter:

The magnetic filter in the lubricating oil system of a reduction gear serves the purpose of removing
ferrous wear debris from the oil. Here's how it works:

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

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

● 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 is

extended.
● 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 (ferrous wear
debris) 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) Importance of Gear Teeth Surface Finish:

The surface finish of gear teeth in reduction gearing is crucial for several reasons:

● Reduced Friction: A smooth surface finish minimizes friction between gear teeth as they
mesh. This reduces power losses and improves overall efficiency.

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

● Reduced Noise: Rough surface finishes can lead to increased noise during gear operation. A
smooth finish helps to minimize noise generation.

● Enhanced Lubrication: A smooth surface allows for better retention of lubricating oil film
between gear teeth, improving lubrication effectiveness.



Full written solutions. Online tutoring and exam Prep www. SVEstudy.com
The specific surface finish requirements depend on factors like gear material, load rating, and
operating speed. However, a well-honed or lapped surface finish is generally preferred for optimal
performance and longevity of reduction gears.

(c) Preference for EP (Extreme Pressure) Lubricating Oil:

EP (Extreme Pressure) lubricating oils are preferred for reduction gearing due to the demanding
operating conditions these components experience. Here's why:

● High Pressure Contact: Gear teeth in reduction gearing undergo high contact pressures
during operation. EP oils contain special additives that activate under these high pressures.

● Anti-Seizure Protection: The EP additives form a thin film on the gear teeth under high
pressure, preventing metal-to-metal contact and seizure. This protects the gear teeth from
severe wear and potential damage.

● Reduced Friction: EP additives can also help to reduce friction between gear teeth under
extreme pressure conditions.

● Improved Load-Carrying Capacity: EP oils can enhance the load-carrying capacity of the
lubricating oil film, enabling the gears to handle higher loads without failure.

While EP oils offer these benefits, it's important to note that they can break down over time due to the
activation of the EP additives under pressure. Therefore, regular oil changes are essential to
maintain the effectiveness of EP lubrication and protect the reduction gearing.


