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Lubrication is not only about reducing friction.
It also removes heat and carries contamination.

Oil condition can reveal developing failure
before machinery loses pressure or stops.
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GUIDE OVERVIEW

What a lubrication system is designed to
do
Lubrication systems create a controlled oil film between moving surfaces, carry heat away, suspend
contamination, protect against corrosion and provide hydraulic control in some machinery.

SCOPE
This guide focuses on pressurised lubrication systems used in marine diesel engines, gearboxes,
generators and selected auxiliaries. Exact oil grades, level-check methods, pressures and service
intervals are equipment-specific.

By the end of this guide, you should be able to:
● Explain hydrodynamic lubrication, boundary lubrication and why oil viscosity changes with temperature.
● Trace oil from sump or tank through pump, pressure control, filter, cooler, galleries and return.
● Recognise low pressure, overtemperature, dilution, water contamination, aeration and filter restriction.
● Understand sensible oil sampling, analysis, storage and change practices.
● Ask better questions during purchase, survey, maintenance and offshore preparation.

CORE PRINCIPLE Oil pressure is only one indicator. Adequate lubrication also depends on correct oil, sufficient flow,
stable temperature, clean filters, intact coolers and oil reaching every bearing or clutch.

Safety
Lubricating oil may be hot, pressurised and flammable. Rotating machinery can start remotely. Do not open filters, coolers,
sampling points or crankcase covers until the equipment is safely isolated, depressurised and cooled.
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LUBRICATION FUNDAMENTALS

How oil separates, cools and protects
surfaces
A bearing survives because oil is drawn into a narrowing gap and develops pressure that separates the
moving surfaces. The protective film changes with speed, load, viscosity, temperature and surface
condition.

HYDRODYNAMIC

Full oil film separates
loaded surfaces

MIXED FILM

Partial film with some
surface interaction

BOUNDARY

Additives protect when
film is very thin

COOL / CLEAN

Oil carries heat and
particles away

Start-up, shutdown, low speed and sudden load changes increase the time spent outside full-film lubrication.

What oil is doing
● Separating: Prevents direct metal-to-metal contact in bearings, gears, piston rings and valve gear.
● Cooling: Carries heat from bearings, pistons, turbochargers, clutches and gears to the sump or cooler.
● Cleaning: Suspends soot and wear debris until filtration or oil change removes it.
● Sealing: Helps piston rings and some hydraulic components maintain pressure.
● Protecting: Additives resist oxidation, corrosion, deposits, foaming and wear.
● Transmitting: In gearboxes and hydraulic controls, oil also applies clutches or moves actuators.

THE FILM CAN FAIL

WITHOUT ZERO

PRESSURE

Oil that is too hot, diluted, aerated or the wrong viscosity may produce a pressure reading while
providing insufficient film thickness at the most heavily loaded surfaces.
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SYSTEM ARCHITECTURE

How oil circulates through machinery
Most systems store oil in a sump or tank, draw it through a pickup, pressurise it, regulate pressure, filter
and cool it, then distribute it to bearings and return by gravity.

SUMP / TANK

Stores usable oil
and allows deaeration

PICKUP / PUMP

Creates flow from
the reservoir

REGULATE / FILTER

Controls pressure and
removes particles

COOL / DISTRIBUTE

Controls temperature and
feeds galleries

BEARINGS / RETURN

Oil protects surfaces
and returns to reservoir

Sensors, alarms, relief valves, bypasses, breathers and sampling points support the main circulation path.

Component or area Function Owner focus

Sump, tank or reservoir Stores oil, allows air to separate and receives return flow. Correct level, drains, baffles, access, leaks and operating
attitude.

Pickup and suction line Supplies the pump without air or restriction. Screen condition, seal integrity, hose collapse, sludge and
minimum level.

Oil pump Creates flow and pressure for lubrication or hydraulic
control.

Drive, wear, priming, pressure response and service
history.

Pressure-regulating valve Limits or controls system pressure across speed and
temperature.

Sticking, spring condition, contamination and correct
setting.

Filter and bypass Removes particles while preserving flow if restriction
becomes excessive.

Correct element, differential pressure, debris and bypass
indication.

Cooler and thermostat Reject heat while maintaining suitable oil temperature. Fouling, cross-leak, hose condition, anodes and
temperature trend.

Galleries, jets and bearings Deliver oil to loaded surfaces and cooling points. Internal cleanliness, overhaul evidence and consequences
of blocked jets.

ACCESS IS RELIABILITY The level point, filters, drains, cooler connections, sampling port and pressure-test point should be
identifiable and usable without unsafe work near hot or rotating machinery.
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OIL SELECTION

Viscosity, specifications and additive
chemistry
Oil must meet the equipment manufacturer's viscosity and performance specification. Brand, colour or a
broad label such as “diesel oil” is not enough to prove compatibility.

VISCOSITY GRADE

Controls resistance to
flow at temperature

PERFORMANCE SPEC

Defines detergent, wear
and oxidation control

BASE OIL

Mineral, synthetic or
blended foundation

ADDITIVES

Detergents, dispersants,
anti-wear and anti-foam

The correct product is the one approved for the exact equipment, duty, temperature range and service interval.

Decision area What can go wrong Owner focus

Viscosity too low Film thickness falls, leakage rises and hot pressure may
reduce.

Ambient/operating temperature, dilution, shear and
approved grade.

Viscosity too high Cold flow is slow, filters bypass and start-up wear rises. Cold-start temperature, preheating and maximum
permitted grade.

Wrong additive category Deposits, clutch slip, seal attack or inadequate wear
protection.

Engine API/ACEA/OEM specification or
transmission-specific friction requirement.

Mixing products Additives may be incompatible or analysis trends become
unclear.

Identify installed oil before topping up and document
any unavoidable mix.

Extended-drain oil Long-life claims are applied without analysis or
manufacturer approval.

Hours, calendar time, fuel sulphur, soot, duty and
analysis results.

Unlabelled onboard oil Wrong product is added to engines, gearboxes, hydraulics
or steering.

Dedicated labelled containers, transfer equipment and
inventory control.

DO NOT CHOOSE BY

PRESSURE ALONE
A thicker oil may raise the gauge reading while flowing more slowly at start-up or masking wear. Use
the specified grade and diagnose why the reading changed.
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OIL STORAGE AND LEVEL

Wet sumps, dry sumps, tanks and
checking methods
Oil level is meaningful only when checked using the correct equipment-specific procedure. Temperature,
vessel attitude, engine state and oil retained in filters or coolers can all change the reading.

WET SUMP

Oil stored beneath the
working machinery

DRY SUMP

Scavenge pumps return oil
to a separate tank

STATIC LEVEL

Checked after stated
settling time

RUNNING LEVEL

Some transmissions use
running/hot procedure

Always use the specified engine state, temperature, selector position and timing before accepting a level reading.

Condition Possible consequence Owner focus

Low level Pickup uncovers, pump draws air, pressure fluctuates and
oil temperature rises.

Leaks, consumption, vessel heel/trim, minimum safe
level and top-up quantity.

Overfilled Crank or gears churn oil, causing foam, heat, breather
carryover and seal leakage.

Correct check method and whether fuel/coolant
contamination is raising the level.

Rising level Fuel, coolant or seawater may be entering the oil. Smell, viscosity, analysis, cooler/injector condition and
urgent diagnosis.

Falling level External leakage, burning, turbo or breather carryover
removes oil.

Record top-up volume per hours and inspect the
complete system.

Foaming / aeration Pump receives air, pressure becomes unstable and film
strength falls.

Overfill, suction leak, wrong oil, return splash and
adequate settling/deaeration.

Sludge in sump Pickup restriction and poor heat transfer or contamination
control.

Drain inspection, cleaning history and cause of
oxidation or water entry.

TOP-UP RECORDS

MATTER
A level described as “always needing a little” should be quantified. Oil use per running hour often
reveals a trend long before smoke or pressure alarms appear.
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PUMPS AND PRESSURE CONTROL

Creating flow without cavitation or
starvation
Positive-displacement oil pumps rely on an unrestricted supply and correct clearances. System pressure
reflects pump flow, oil viscosity, bearing leakage and the action of regulating valves.

PICKUP

Clean oil reaches pump
without air

PUMP

Gears or rotors create
positive flow

RELIEF / REGULATE

Limits pressure and
routes excess flow

GALLERIES

Distribute oil to
loaded surfaces

RETURN

Oil drains back for
reuse and deaeration

Pressure is created by resistance to flow; it does not prove every branch or jet is receiving oil.

Observation Possible cause Owner response

Low pressure immediately after start No prime, low level, failed drive, blocked pickup, major leak
or sensor fault.

Protect machinery immediately; do not run while
assuming the gauge is wrong.

Pressure falls as oil warms Normal viscosity reduction, excessive bearing clearance,
dilution or weak pump.

Compare with approved hot-idle and loaded limits
and historical baseline.

Pressure unusually high when cold Thick oil, blocked filter, stuck relief valve or restricted
gallery.

Avoid heavy load until temperature stabilises;
investigate persistent high pressure.

Fluctuating pressure Aeration, low level, suction leak, vessel motion, intermittent
pickup blockage or sensor wiring.

Reduce load and correlate with level, temperature,
sound and sea state.

Slow pressure build after service Empty filter/cooler, lost prime, wrong assembly or air
trapped in system.

Follow the approved priming procedure before
further starting attempts.

Normal pressure but abnormal noise/heat Blocked branch, local bearing fault, wrong oil or pressure
sensor not representing the fault.

Treat the complete symptom set rather than relying
on one gauge.

A GENUINE

LOW-PRESSURE ALARM

IS URGENT

Bearing damage can begin within seconds. Reducing load may not protect machinery that has lost oil
supply; follow the manufacturer’s shutdown response.
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FILTRATION AND BYPASS

Removing contamination without losing
flow
Full-flow filters protect every lubricated component, while bypass filters may remove finer particles from
a smaller flow. Bypass valves preserve oil supply when restriction becomes excessive.

FULL-FLOW FILTER

All main oil passes
through element

BYPASS VALVE

Opens when restriction
is excessive

FINE BYPASS FILTER

Small flow receives
finer cleaning

DEBRIS INSPECTION

Element and magnets
reveal wear evidence

A clean pressure reading can coexist with unfiltered oil if the filter has entered bypass.

Area What can go wrong Owner focus

Incorrect filter element Wrong micron rating, bypass setting, seal or flow capacity. Use verified part number for exact equipment and
duty.

Restricted element Cold oil, soot, sludge or debris raises differential pressure. Restriction indicator, service interval, oil condition and
cause of rapid loading.

Filter bypass open Oil continues flowing but contamination reaches bearings
or clutches.

Alarm/indicator, temperature, correct oil and filter-cut
inspection.

Seal or double gasket Sudden external oil loss after service. Clean sealing face, lubricated correct seal, torque and
immediate post-start inspection.

Magnetic plugs / screens Debris is discarded without inspection or trend record. Photograph and identify material, amount, shape and
recurrence.

Centrifugal or self-cleaning filter Rotor, drains or automation fail while appearing available. Operating indication, sludge quantity, cleaning and
backup full-flow protection.

INSPECT WHAT THE

FILTER CAUGHT
Cutting open an engine filter or examining gearbox magnets can provide more useful evidence than
simply recording that the element was replaced.
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OIL COOLING AND TEMPERATURE

Controlling viscosity and oxidation
Oil must become warm enough to flow and remove moisture, but not so hot that viscosity falls or
oxidation accelerates. Coolers, thermostats and the machinery-space environment all influence
temperature.

COLD OIL

High viscosity and
slow initial flow

WORKING RANGE

Stable film, flow and
additive performance

HIGH TEMPERATURE

Low viscosity and faster
oxidation

COOLER / THERMOSTAT

Controls heat rejection
and warm-up

The correct operating range and alarm limit are equipment-specific and should be compared with a repeatable loaded baseline.

Area Common weakness Owner focus

Oil-to-seawater cooler Fouling, corrosion, blocked tubes or internal cross-leak. Cleaning, pressure test, anodes, cooler position and
oil/water evidence.

Oil-to-coolant cooler Engine coolant restriction or failed wall mixes fluids. Coolant condition, oil level, pressure relationship and
previous overheating.

Thermostatic bypass Sticks open or closed, delaying warm-up or causing
overheating.

Temperature trend and correct installation after
service.

Hoses and fittings Heat, vibration, chafe or ageing causes leakage or collapse. Pressure rating, support, full-length access and
replacement history.

Machinery-space temperature Hot ambient air reduces cooler margin and heats
sump/tank.

Ventilation condition and loaded temperature in warm
weather.

High oil temperature after shutdown Heat soak damages oil or seals after circulation stops. Cool-down guidance, post-run circulation or fan logic
where fitted.

OIL AND COOLING

SYSTEMS SHARE

EVIDENCE

Milky oil, rising oil level or oil in coolant can indicate a cooler breach. Changing one fluid does not
remove the need to pressure-test and find the failed barrier.
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BREATHERS AND CRANKCASE CONDITION

Controlling pressure, vapour and oil
carryover
As components move and gases pass piston rings, the crankcase must breathe. Restriction or excessive
blow-by raises pressure and can push oil through seals, breathers or intake systems.

CRANKCASE

Oil mist and blow-by
collect internally

BREATHER

Controls pressure and
separates droplets

DRAIN / RETURN

Recovered oil returns
to sump

VENT / INTAKE

Gas leaves safely or
re-enters intake

MONITOR

Pressure, mist and
oil use reveal change

The design may be open, closed or use a dedicated separator; all require clear drainage and suitable maintenance.

Observation Possible cause Why it matters

Oil around breather Overfill, blocked separator, high blow-by, poor drain or
vessel motion.

Fire/contamination risk and loss of oil; may indicate
internal wear.

Seal leakage in several places Crankcase pressure or blocked vent rather than multiple
independent seals.

Replacing seals alone may not correct the cause.

High oil consumption Breather carryover, ring/turbo wear, leaks or wrong
viscosity.

Quantify use and inspect intake, exhaust and
crankcase evidence.

Strong pulsing or mist Increased blow-by, broken ring, cylinder fault or breather
restriction.

Obtain specialist diagnosis before continued heavy
loading.

Oil in turbo/intake hose Breather return, compressor seal, overfill or normal film
depending design.

Trend amount, drain function, boost and smoke
rather than assuming normality.

Blocked separator drain Recovered oil accumulates and is carried into intake or
discharged externally.

Service interval, drain route and evidence of sludge
or icing.

CRANKCASE OPENING

CAN BE DANGEROUS
Do not open crankcase doors or inspection covers on hot running machinery. Oil mist and hot surfaces
can create fire or explosion hazards, and the manufacturer’s waiting period must be respected.
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CONTAMINATION AND DEGRADATION

Fuel, water, soot, wear debris and
oxidation
Oil can look reasonably clean while its viscosity, additive reserve or contamination has changed
significantly. The source and effect matter more than appearance alone.

FUEL DILUTION

Lowers viscosity and
flash point

WATER / COOLANT

Causes corrosion, sludge
and additive loss

SOOT / SOLIDS

Thickens oil and loads
filters

OXIDATION

Creates acids, varnish
and deposits

Wear metals are evidence of component interaction; dirt and salt often reveal external contamination or poor handling.

Contaminant or change Possible source Useful clues

Fuel dilution Injector leak, poor combustion, repeated failed starts, short
running or pump seal.

Rising level, fuel smell, lower viscosity, flash point and
analysis.

Freshwater / coolant Cooler, gasket, liner seal, condensation or wash-down
entry.

Milky oil may be late; analysis for water, glycol, sodium
or potassium.

Seawater Oil cooler, stern-tube system or contaminated transfer
equipment.

Chloride/sodium, corrosion and rapid bearing damage.

Soot / carbon Normal diesel combustion, blow-by, poor injection or
extended drain.

Viscosity increase, filter loading, dispersancy and
engine condition.

Wear debris Bearings, gears, rings, liners, pumps or external dirt. Metal type, particle size, trend and filter/magnet
inspection.

Oxidation / varnish High temperature, long service, air exposure or unsuitable
oil.

Darkening, acidity, viscosity rise, deposits and sticky
valves.

CHANGING

CONTAMINATED OIL IS

ONLY THE FIRST STEP

Fresh oil may quickly become contaminated again. Identify the source, inspect filters and coolers, and
decide whether flushing or further component checks are required.
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OIL SAMPLING AND ANALYSIS

Turning lubricant condition into useful
evidence
Oil analysis is most valuable as a consistent trend. A sample without hours, oil type, top-up history or a
repeatable sampling point can produce misleading conclusions.

WARM / MIXED

Sample after oil has
reached normal circulation

CLEAN POINT

Use a repeatable live
sampling location

LABEL DATA

Record equipment, hours,
oil and top-ups

LAB ANALYSIS

Viscosity, wear, fuel,
water and additives

TREND / ACT

Compare history and
investigate change

A drain-pan sample may be useful for gross contamination but is less repeatable and easily picks up settled debris.

Analysis area What it can indicate Important context

Viscosity Dilution, oxidation, wrong oil or shear. Compare with fresh-oil grade and operating hours.

Wear metals Bearing, gear, ring, liner, pump or cooler wear. Engine design, metallurgy, recent overhaul and trend
rate.

Fuel and water Combustion, injector, cooler, condensation or handling
faults.

Sampling timing, storage and repeat confirmation.

Soot / insolubles Combustion quality, blow-by, filtration and drain interval. Oil dispersancy, duty and top-up dilution of the
sample.

Additive elements / TBN / TAN Oil identity, depletion, acidity and contamination. Product formulation and manufacturer limits.

Particle count / ferrous density Cleanliness and larger wear particles not fully represented
by spectroscopy.

System type, filtration target and sample cleanliness.

ONE RESULT IS NOT A

DIAGNOSIS

An abnormal result should be checked against operating evidence, previous samples and possible
sampling error. A normal result does not exclude an active leak, blocked gallery or sudden mechanical
fault.
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OIL CHANGES AND HANDLING

Keeping clean oil clean
Contamination is often introduced during maintenance. Dedicated containers, clean pumps, correct filter
installation and complete post-service checks are part of the lubrication system.

STORE

Sealed, labelled and
dry containers

TRANSFER

Dedicated clean pump,
hose and fittings

CHANGE

Warm drain, correct
quantity and filter

VERIFY

Pressure, leaks, level
and records after run

Different engine, gearbox and hydraulic oils should not share unclean transfer equipment.

Stage Good practice Common failure

Preparation Verify oil/filter part numbers, quantity, disposal route and safe
isolation.

Wrong product, insufficient stock or opening the
system while hot/pressurised.

Draining Drain warm where instructed and inspect quantity, water and
debris.

Leaving contaminated low points or losing evidence
before investigation.

Filter replacement Clean sealing face, fit correct seal, prefill only if approved and
inspect old element.

Double gasket, dirt entry, wrong bypass
specification or lost prime.

Refilling Use clean dedicated transfer equipment and measured quantity. Cross-contamination, overfill or reliance on an
unverified sight glass.

Initial start Confirm prompt pressure and inspect every disturbed joint
immediately.

Running with no pressure or a rapid external leak.

Final check Reach correct temperature/state, recheck level, record top-up and
retain sample if useful.

Leaving the level high/low after filters and coolers
fill.

CLEANLINESS IS A

TECHNICAL CONTROL
An open funnel, dirty drum pump or shared hose can introduce more damaging contamination than
the old oil contained.
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MONITORING AND FAILURE RESPONSE

Recognising change before the oil film is
lost
Lubrication problems often show as a combination of pressure, temperature, level, smell, smoke, leakage,
noise and filter debris. The first objective is to protect machinery and prevent fire or secondary damage.

RECOGNISE

Alarm, leak, smell, heat
or changed reading

REDUCE LOAD

Lower bearing and
thermal demand

STABILISE

Protect propulsion, power
and crew

STOP / INSPECT

Confirm level, leakage,
pressure and contamination

REASSESS

Repair, sample, divert
or seek assistance

Evidence or failure Possible causes Immediate thinking

Low oil pressure Low level, pump/pickup fault, severe leak, hot/diluted oil,
bearing damage or sensor fault.

Protect machinery immediately and exclude real
pressure loss before treating it as instrumentation.

High oil temperature Cooler restriction, low/overfilled oil, overload, ventilation
heat or internal friction.

Reduce load and inspect cooling, level, pressure
and associated machinery temperature.

Sudden external leak Filter seal, hose, cooler, pressure line, drain or housing
failure.

Address fire and slip risk, stop oil loss and avoid
running below safe level.

Rising level / thin oil Fuel, coolant or water contamination. Stop sustained operation; sample and diagnose
before bearing film or flash point is compromised.

Metal on magnet/filter Gear, bearing, pump, ring or other active wear. Record quantity/type and obtain specialist
assessment before evidence is discarded.

Oil mist, smoke or hot smell Leak on hot surface, breather carryover, overheated oil or
bearing failure.

Treat as potential fire; stop source and ventilate
only within the vessel’s incident procedure.

RESTART DECISIONS

MATTER
Replacing oil or resetting an alarm does not make a failed pump, cooler leak, blocked pickup or
damaged bearing safe. Restart only when the cause and remaining oil supply are understood.
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MAINTENANCE AND OFFSHORE READINESS

Buyer questions and readiness checklist
An offshore-ready lubrication system has correct oil, stable loaded pressure and temperature, clean
handling practices, useful trend evidence and a crew able to respond to leakage, contamination and
pressure loss.

Area Questions for purchase or survey

Oil identity and records Are product, grade, change interval, top-up quantity, filters and analysis history documented for each machine?

Condition and leakage Are sump/tank, hoses, filters, cooler, breathers and sampling points accessible and free from unresolved leakage?

Pressure and temperature Are cold, hot-idle and loaded readings known and credible, with alarms tested?

Contamination Is there evidence of fuel, coolant, seawater, soot, sludge or abnormal wear in oil, filters or magnets?

Cooling and filtration Are coolers, thermostats, filter bypasses and restriction indicators maintained and tested?

Handling Are oils stored, labelled and transferred with dedicated clean equipment?

Degraded operation What propulsion or electrical options remain after oil-pressure loss, cooler failure or a major leak?

Quick readiness check
Readiness statement

□ I can identify the correct oil, level-check procedure, filters, pump, cooler, breather and sampling point for each critical machine.

□ Normal cold-start, hot-idle and loaded pressure and temperature values are known.

□ There are no unresolved leaks, repeated top-ups, rising levels, filter bypasses or contamination trends.

□ Oil-change, filter-inspection and analysis records explain the present condition.

□ Coolers, hoses, pressure controls, alarms and shutdowns are current and accessible.

□ Stored oils and transfer equipment are labelled, clean and separated by system.

□ Appropriate oil, filters, seals, sampling equipment and leak-control materials are carried.

□ More than one person knows the immediate response to low pressure, high temperature, major leakage and suspected contamination.

KEY TAKEAWAY
A dependable lubrication system combines the correct oil and level with reliable pumps, filtration,
cooling, breathers, clean handling, useful trend monitoring and decisive response before pressure or
film strength is lost.

Guidance to consult
Use the installed engine, gearbox, generator and auxiliary manufacturers’ current oil specifications, level-check methods, pressure/temperature limits and
service instructions, together with applicable flag-state, coding, class, insurance and yard requirements.
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