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Ship Inspection and Audit Techniques

Engine Room Performance Evaluation

Aft Bearing Temperature – The temperature measured at the bearing located on the aft side of the main
propulsion shaft. Monitoring this temperature helps detect lubrication failures, misalignment, or excessive
wear. Example: A sudden rise of 15 °C above the baseline during a sea trial may indicate impending bearing
failure, prompting immediate corrective action. Practical application includes installing continuous
temperature sensors linked to the ship’s monitoring system for real‑time alerts. Challenges involve sensor
calibration drift and distinguishing between normal thermal expansion and abnormal heating.

Alignment Verification – A systematic check of shaft line straightness and bearing positioning using laser or
dial‑indicator methods. Proper alignment reduces vibration, improves fuel efficiency, and extends
component life. Example: After a dry‑dock, the alignment tolerance of ±0.2 Mm is verified before restarting
the engine. Practical application requires skilled technicians and calibrated equipment. Common challenges
are ship movement during measurement and thermal growth of the shaft line after the engine reaches
operating temperature.

Auxiliary Engine Load Factor – The ratio of actual power output of an auxiliary engine to its rated capacity,
expressed as a percentage. It indicates how effectively the auxiliary engine is utilized during hotel
operations. Example: An auxiliary diesel generating 350 kW operating at a load factor of 85 % during cargo
handling demonstrates efficient use of fuel. Practical application includes logging load data via the engine
control system for performance trends. Challenges arise when load varies rapidly, making accurate
averaging difficult.

Baseline Performance Data – Historical records of engine room parameters (fuel consumption, exhaust
temperature, vibration levels) collected under normal operating conditions. These data serve as reference
points for future evaluations. Example: Comparing current fuel consumption of 180 g/kWh with a baseline of
175 g/kWh highlights a 3 % increase that may warrant investigation. Practical application involves
maintaining a digital database accessible to auditors. Challenges include ensuring data consistency across
different measurement devices and accounting for changes in cargo or weather.

Combustion Efficiency – The proportion of fuel energy converted into useful work in the combustion
chamber, usually expressed as a percentage. High combustion efficiency reduces fuel costs and emissions.
Example: A measured combustion efficiency of 92 % in a low‑speed main engine indicates optimal fuel‑air
mixing, whereas a drop to 88 % may signal injector fouling. Practical application uses exhaust gas analysis
(oxygen, CO₂, CO) to calculate efficiency. Challenges include maintaining sensor cleanliness and interpreting
results under variable load conditions.

Condition Monitoring – The continuous observation of critical engine room components (vibration,
temperature, oil quality) using sensors and software analytics to predict failures before they occur. Example:
Vibration analysis shows a growing 4X harmonic component, prompting bearing inspection before
catastrophic failure. Practical application integrates data into the ship’s integrated automation system for
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trend analysis. Challenges are data overload, false alarms, and the need for skilled personnel to interpret
complex signatures.

Deadweight Power Curve – A graphical representation of engine power output versus ship speed at a given
displacement, used to assess propulsive efficiency. Example: The curve shows that at 12 kn the engine
delivers 10 % more power than required, suggesting possible over‑fueling. Practical application assists
planners in selecting optimal speed for fuel savings. Challenges include accurate displacement
measurement and environmental factors such as sea state influencing the curve.

Exhaust Gas Temperature (EGT) – The temperature of gases exiting the engine’s exhaust manifold, a key
indicator of combustion quality and engine health. Example: An EGT rise of 30 °C beyond the normal range
during a load increase may signal improper fuel injection timing. Practical application employs
thermocouples linked to the engine control panel for real‑time monitoring. Challenges involve sensor
placement in high‑flow areas and compensating for ambient temperature variations.

Fuel Consumption Rate – The quantity of fuel burned per unit of produced power, typically expressed in
grams per kilowatt‑hour (g/kWh). It is a primary metric for evaluating engine room performance. Example: A
main engine consuming 190 g/kWh versus a target of 180 g/kWh indicates a 5.5 % Efficiency loss. Practical
application includes logging fuel flow meter readings synchronized with power output data. Challenges
include meter accuracy, fuel quality variations, and the influence of auxiliary loads.

Generator Load Balancing – The practice of distributing electrical demand evenly among multiple
generators to avoid overloading any single unit and to improve overall efficiency. Example: During peak
hotel load, three 1 MW generators share the load at 33 % each rather than running one at 100 % and the
others idle. Practical application requires automated load‑sharing controllers. Challenges arise when one
generator experiences a fault, necessitating rapid re‑balancing without interrupting critical services.

Heat Rate – The amount of heat energy required to produce one kilowatt‑hour of electricity, expressed in
kJ/kWh. Lower heat rates denote higher efficiency. Example: A generator with a heat rate of 3 500 kJ/kWh
outperforms a similar unit rated at 3 800 kJ/kWh, saving fuel. Practical application uses the formula: Heat
Rate = (Fuel flow × Calorific value) / Power output. Challenges include accurate calorific value determination
for different fuel grades and accounting for auxiliary power consumption.

Inspection Checklist Compliance – The degree to which the engine room adheres to a predefined list of
inspection items covering safety, environmental, and performance aspects. Example: A compliance score of
96 % indicates that only minor items were noted during the audit. Practical application involves auditors
marking each checklist item and summarizing findings. Challenges include checklist fatigue, subjective
interpretation of items, and ensuring that corrective actions are documented.

Lubrication Oil Quality Index – A composite score derived from oil analysis parameters (viscosity, water
content, contamination, wear metals) that reflects the health of the lubrication system. Example: An index of
85 % suggests good oil condition, whereas a drop to 60 % may require oil change and system cleaning.
Practical application uses laboratory testing of oil samples taken at regular intervals. Challenges include
timely sample handling, variability due to temperature, and distinguishing between normal wear and
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abnormal contamination.

Marine Diesel Engine (MDE) Rating – The official power rating assigned to a marine diesel engine by
classification societies, expressed in kilowatts (kW) or brake horsepower (BHP). Example: A two‑stroke MDE
rated at 12 000 kW must not exceed this limit during operation, as documented in the engine logbook.
Practical application ensures that operational planning respects the rating to avoid over‑stress. Challenges
involve interpreting rating conditions (e.G., Sea water cooling, ambient temperature) and adjusting for
derating in extreme climates.

Mean Time Between Failures (MTBF) – A reliability metric that estimates the average operating time before a
failure occurs for a specific component. Example: An MTBF of 5 000 hours for a fuel pump indicates a
relatively robust design, while a drop to 2 000 hours may signal deteriorating condition. Practical application
uses historical failure data to schedule preventive maintenance. Challenges include limited failure records
for new equipment and distinguishing between minor and major failures.

Noise and Vibration Assessment – The process of measuring acoustic and vibratory levels in the engine
room to ensure compliance with occupational health standards and to detect mechanical issues. Example: A
vibration level of 0.5 Mm/s at 8 Hz on the main bearing is within acceptable limits, whereas a reading of
1.2 Mm/s would trigger corrective measures. Practical application employs handheld accelerometers and
sound level meters. Challenges involve isolating sources, dealing with background noise, and interpreting
data for complex machinery.

Oil Consumption Monitoring – Tracking the quantity of lubricating oil lost during operation, expressed as
liters per hour or per power unit. Example: An oil consumption of 0.8 L/h for a main engine is normal,
whereas 2.5 L/h may indicate seal leakage. Practical application integrates flow meters and engine control
data to generate daily reports. Challenges include distinguishing between normal oil burn‑off and leaks,
and accounting for oil added during routine top‑ups.

Peak Load Testing – A controlled procedure where the engine is operated at its maximum rated load for a
defined period to verify performance and durability. Example: During a dry‑dock, the main engine was run
at 100 % load for 2 hours, confirming that exhaust temperature, vibration, and fuel consumption remained
within specifications. Practical application validates that the engine can meet contractual speed
requirements. Challenges include ensuring safety, accurate load measurement, and avoiding overstressing
the machinery.

Power Quality Monitoring – The observation of electrical parameters (voltage, frequency, harmonic
distortion) supplied by shipboard generators to ensure stable operation of critical equipment. Example: A
total harmonic distortion (THD) of 3 % on a 6.6 KV bus is acceptable, whereas exceeding 5 % might damage
sensitive electronics. Practical application utilizes power quality analyzers linked to the ship’s monitoring
network. Challenges involve fluctuating loads, harmonic sources from variable‑frequency drives, and
interpreting transient events.

Preventive Maintenance Scheduling – The planning of routine service tasks (oil changes, filter replacements,
inspection) based on manufacturer recommendations, usage hours, and performance trends. Example: A
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preventive schedule calls for fuel injector cleaning every 2 000 operating hours, reducing the risk of
efficiency loss. Practical application uses computerized maintenance management systems (CMMS) to
generate work orders. Challenges include balancing maintenance windows with operational demands and
adapting schedules when unexpected failures occur.

Propulsion Efficiency (ηp) – The ratio of the useful thrust power delivered to the water to the brake power
supplied by the engine, expressed as a percentage. Example: An ηp of 68 % indicates good conversion of
engine power to ship movement, whereas a drop to 60 % may signal propeller fouling or hull drag increase.
Practical application uses measured shaft power and vessel speed to calculate efficiency. Challenges include
accurate measurement of thrust, accounting for hull condition, and variability due to sea state.

Quality Assurance (QA) Audits – Structured assessments that verify compliance with internal procedures,
classification society rules, and regulatory standards related to engine room operations. Example: A QA
audit reveals that fuel sampling records were not retained for the required 12‑month period, prompting
corrective action. Practical application involves checklists, document review, and interviews with crew.
Challenges include auditor independence, maintaining up‑to‑date documentation, and addressing
non‑conformities promptly.

Remote Monitoring Systems (RMS) – Technology that enables shore‑based personnel to view real‑time
engine room data (temperatures, pressures, alarms) via satellite or VHF links. Example: An RMS alerts the
fleet manager to a rising bearing temperature while the vessel is at sea, allowing a pre‑emptive stop for
inspection. Practical application reduces the need for onboard specialists and enhances response time.
Challenges include data latency, cybersecurity risks, and ensuring sensor reliability in harsh marine
environments.

Safety Management System (SMS) Integration – The incorporation of performance evaluation procedures
into the vessel’s overall safety framework, ensuring that operational risks are identified and mitigated.
example: Engine room performance trends are fed into the SMS to trigger risk assessments when fuel
consumption exceeds a defined threshold. Practical application aligns performance metrics with safety
objectives, facilitating continuous improvement. Challenges involve harmonizing data from disparate
systems and maintaining crew awareness of performance‑related safety issues.

Sea Water Cooling Efficiency – The effectiveness of the seawater heat exchanger in removing waste heat
from the engine’s cooling circuit, typically expressed as a temperature drop per unit flow. Example: A
cooling efficiency of 12 °C per 100 m³/h indicates proper operation, whereas a reduced drop may suggest
fouling. Practical application includes regular cleaning of heat‑exchanger tubes and monitoring inlet/outlet
temperatures. Challenges include bio‑fouling, corrosion, and variations in sea temperature.

Ship Energy Management Plan (SEMP) – A strategic document outlining actions to improve overall vessel
energy use, with specific targets for engine room performance. example: The SEMP sets a goal to reduce
main engine specific fuel consumption by 4 % over two years through optimized load management.
Practical application integrates performance data into decision‑making processes. Challenges include
aligning crew incentives, measuring progress accurately, and adapting to changing operational profiles.
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Specific Fuel Consumption (SFC) – The mass of fuel consumed per unit of power output, usually expressed
in g/kWh. It is a direct indicator of engine efficiency. example: An SFC of 185 g/kWh at 80 % load is better
than the design value of 190 g/kWh, indicating good combustion control. Practical application requires
synchronized fuel flow and power measurements. Challenges involve variations in fuel quality, ambient
conditions, and auxiliary power draws that must be accounted for.

Steam Boiler Performance Index – A composite metric that evaluates boiler efficiency based on fuel
consumption, steam generation rate, and blow‑down losses. example: An index of 92 % suggests the boiler
is operating near its optimal point, while a drop to 85 % may point to excessive blow‑down or fouling.
Practical application uses boiler monitoring software to calculate the index daily. Challenges include
accurate measurement of steam flow, maintaining consistent feedwater quality, and adjusting for load
fluctuations.

Thermal Imaging Diagnostics – The use of infrared cameras to detect abnormal heat patterns on engine
components, helping to locate insulation failures, hot spots, or leaking fluids. example: A thermal image
reveals a 30 °C hot spot on a gearbox housing, prompting immediate inspection. Practical application
provides a non‑intrusive method for early fault detection. Challenges include emissivity calibration, ambient
temperature interference, and interpreting complex thermal signatures.

Thrust Power Verification – The process of confirming that the measured thrust power aligns with
theoretical calculations based on propeller characteristics and ship speed. example: A discrepancy of 5 %
between measured and calculated thrust power may indicate propeller damage or hull fouling. Practical
application involves tow‑tank testing data and on‑board speed logs. Challenges include accounting for sea
state, hull condition, and sensor accuracy.

Vibration Trend Analysis – The statistical evaluation of vibration data over time to identify progressive
deterioration or sudden anomalies. example: A gradual increase in 2X shaft frequency over six months
suggests bearing wear, leading to scheduled replacement before failure. Practical application employs
software that plots amplitude versus time for key frequencies. Challenges include data gaps, sensor
relocation, and distinguishing between normal operational variations and genuine degradation.

Water Ingress Detection – The monitoring of moisture or water entry into the engine room’s air‑intake and
fuel systems, which can cause corrosion or combustion problems. example: A sudden rise in humidity
sensor reading triggers a check, revealing a leaking seal on the air intake manifold. Practical application
includes installing moisture sensors and regular visual inspections. Challenges involve false alarms due to
condensation, sensor placement, and rapid response to prevent damage.

Wear Particle Analysis (WPA) – Laboratory examination of oil samples to identify metal particles, providing
insight into internal component wear rates. example: An increase in iron particles from 5 ppm to 20 ppm
signals accelerated wear of cylinder liners, prompting a detailed inspection. Practical application integrates
results into the maintenance schedule. Challenges include sample contamination, interpreting particle size
distributions, and correlating findings with specific component failures.

Yield Optimization – The strategic adjustment of operating parameters (load, speed, fuel type) to maximize
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the ratio of useful work to fuel input. example: By operating the main engine at 85 % load rather than 100 %
during long voyages, fuel consumption is reduced while maintaining schedule adherence. Practical
application utilizes performance curves and real‑time monitoring to select the most economical operating
point. Challenges involve balancing speed requirements, cargo deadlines, and environmental regulations.

Zero‑Emission Compliance Reporting – Documentation that demonstrates adherence to emission control
areas (ECAs) and International Maritime Organization (IMO) limits for NOₓ, SOₓ, and particulate matter.
example: A quarterly report shows that the engine’s NOₓ emissions remained below 2.0 G/kWh, satisfying
Tier III standards. Practical application requires accurate emissions monitoring equipment and systematic
data logging. Challenges include equipment calibration, data validation, and reconciling discrepancies
between measured and reported values.
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