














Insolubles and Debris
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73 - Scoring and impact damage from 75 - Severe ¢
severe debris entrainment in the oil. bearing over
Look at the debris tracks and also

where the oil film was at a minimum.

Close up machinery before shot blasting

anything nearby!

tack of bearing materials .
| material has been
dissolved showing the

kel interfayer, underlay and
19. In consecutive order!
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Overload

68 - Long term overload and resultant 71 - Thermal facetting of a v

axial fatiqgue damage of a small end thrust pad (caused by sever
bush. heating and cooling resulting
growth)

89 - Fatigue of the bearing overfay. 98 - Localised fatigue on a poorly 95 - Central bore wiping caused by a
supported bearing (design fault). differentially wormn bearing journal.
Typically only happens when new
bearings are fitted as old bearings have
wom with the jounal.
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101 - Severe overloaded ball bearing 102 - Fatigue damage to a roller bearing
pin showing plastic deformation, fatigue pin, less severe than 101
and scoring.
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90 - Hard rubbing in bearing bore due to 91 - Generalised overlay ersoion
interference between housing and tang. attributed fo cavitation at exit of bearing
(see also 82) groove.
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-5 77 - Cavitation damage within the oil 94 - Severe axial shaft misalignment 80 - Cavitation erosion of the bearing
g film. Perhaps not true misalignment but overloading one edge of the bearing. groove edge.

o still caused by geometry See also

b waler.
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Fretting

ALWAYS tighten bearing caps to the correct seitings, use a
well-maintained torque wrench/hydraulics and lubricate threads

according to the instruction manual.

74 - Fretting damage to the edge of a
bearing shell.

18a - Static fretting due to machinery
exposed to external vibrations.

84 - Fretting again, this time it is severe
in way of the joint edge and cannot be
allowed to continue. Probably damage
has also occurred to the bearing
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86 - Fretting at two localised spots has
resulted in high spots on the bearing
face itself. Could eventually result in
localised wiping, hopefully this would be
self healing.

83 - Fretting on the rear of a shell
bearing. This is common but generally
not threatening.
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79 - Generalised bearing wear due to
insufficient oil film thickness. Probably
the result of oil dilution with a distillate
fuel

Electrical
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69 - Electical discharge damage to an
alternator bearing, estimated at the
50mV level.

:

88 - Thin film wiping due to engine over
speed.

81 - Scoring and pitting from electrical
discharge on an operating high-speed
alternator.
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Appendix 1

Viscosity Conversion Tables

Approximate Equivalents

Saybolt
Kinematic Redwood 1 Engler Universal
cSt seconds degrees seconds

at 40°C at 100°F at 40°C at 100°F

Gas 2 31 1.12 33
And 3 34 1.22 37
Diesel 5 39 1.40 44
Oils 7 45 1.56 51
9 51 1.75 58
11 57 1.93 65
24 110 3.34 125
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Approximate Equivalents -g

Q

Saybolt Saybolt Kinematic Q

Kinematic Redwood 1 Engler Universal Furol cSt Q

cSt seconds degrees seconds seconds at 82.2°C ~

at 50°C at 100°F at 50°C at 100°F at 100°F (180°F)

Fuel 30 200 41 230 26 11

Oils 40 280 53 320 35 13.5
60 440 7.9 510 53 18
80 610 10.5 700 72 225
100 780 13.2 900 93 26.5
120 950 15.8 1,120 116 30
150 1,250 19.8 1,400 147 35
180 1,500 23.7 1,750 175 40
240 2,200 31.6 2,370 257 49
280 2,500 36.9 2,850 300 55
320 2,900 421 3,300 345 61
380 3,600 50.0 4,100 420 69
420 4,100 55.0 4,650 480 74
460 4,600 61.0 5,200 540 79




Appendix 2

Glossary of Acronyms & Terms

List of Acronyms

AA Atomic Absorption
API American Petroleum Institute
ASTM American Society for Testing and Material
BDR Bunker Delivery Receipt
BSI British Standards Institute
CCAI Calculated Carbon Aromaticity Index
CCR Conradson Carbon Residue
cll Calculated Ignition Index
CIMAC International Council on Combustion Engines
DM Distillate Marine (as used in ISO 8217)
DnV Det Norske Veritas
v FOBAS Fuel Oil Bunker Analysis and Advisory Service
@ .
O H,S Hydroggn Sulphlde o
© IATA International Air Transport Association
g IBIA International Bunker Industry Association
Q ICP Inductively Coupled Plasma
g- IF Inter Fuel
IMDG International Maritime Agreement for the Carriage of Dangerous Goods
IMO International Maritime Organisation
IP Institute of Petroleum
IPA Iso Propyl Alcohol
ISO International Standards Organisation
(International Organisation for Standardisation)
KOH Potassium Hydroxide
LFL Lower Flammability Limit
m/m Mass for Mass (by proportion)
MCR Micro Carbon Residue
MT Metric Tonne
NOx Nitrous Oxides
PSA Port of Singapore Authority (fuel bunkering standard)
RCR Ramsbottom Carbon Residue
RM Residue Marine (as used in ISO 8217)
SAE Society of Automotive Engineers
SAN Strong Acid Number
SG Specific Gravity
Sl International System of Units
SOx Sulphurous Oxides
TAN Total Acid Number
TBN Total Base Number
TSA Total Sediment Accelerated
TSE Total Sediment Existent
TSP Total Sediment Potential
ViV Volume for Volume (by proportion)
VCF Volume Correction Factor

Vi Viscosity Index




List of Terms

Antioxidant

API Gravity

Asphaltenes

Ash

Barrel

Blending

Blow-by
BN

Boundary
Lubrication

Bulk Modulus

Cams
Calorific Value

Carbon
Residue

Catalyst

Catalyst Fines

Catalytic
Cracking

A substance that retards the process of oxidation.

An arbitrary scale adopted by the American Petroleum Institute (API) for
expressing the relative density of oils. Its relation to relative density is:

141.5

— - -1315
Specific gravity at 60 / 60°F

API gravity (degrees) =

(The term Relative Density can be substituted for Specific Gravity)

Small quantity of residue, free from carbonaceous matter, remaining after burning
in air, of oil fuel at a prescribed temperature.

Those components of asphalt that are insoluble in petroleum naphtha but are
soluble in carbon disulphide. (Other solvents may be stipulated). Hard and brittle
compounds, made up largely of high molecular weight polynuclear hydrocarbon
derivatives containing carbon, hydrogen, sulphur, nitrogen, oxygen and usually the
three heavy metals - nickel, iron and vanadium.

Non-combustible fuel residues usually containing a mixture of aluminium, calcium,
iron, nickel, silicon, sodium and vanadium. Contamination may be derived from the
crude oil stock or from catalyst fines, downstream storage and airborne dirt.
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Unit of volume measurement used for petroleum and petroleum products.
1 barrel = 42 US gallons, = 35 Imperial gallons, = 159 Litres

The intimate mixing of various components in the preparation of a product
of specified properties.

Passage of combustion gases past the piston rings of an engine.
See TBN.

Lubrication between 2 rubbing surfaces without development of a full
lubricating film. It occurs under high loads and low speeds.

The reciprocal of compressibility of oil. The higher the BM, the less the fluid can be
compressed.

Eccentric lobes typically used to open valves.
See Specific Energy.

Residue left when an oil is heated under prescribed conditions. Hence carbon
residue is an indicator of the coke-forming tendencies of an oil.

A substance which accelerates or changes the course of a reaction without itself
undergoing any chemical change.

Small (typically less than 50 micron) particles in the form of complex alumino-
silicates which may be present in residues from a catalytic cracking plant.

Process whereby cracking is accomplished by the use of heat and catalysts.
Used primarily to convert high-boiling distillate to gasoline, gas oil, butanes and
lighter gases.




centiPoise (cP) See Viscosity.
centiStoke (cSt) See Viscosity.

Cetane Index A measure of the ignition quality of a distillate fuel, indicating the relative ease with
which the fuel will ignite when injected into the combustion chamber of a
compression-ignition engine. Higher cetane indices and numbers indicate shorter
ignition lags and are associated with better all-round performances in most types of
compression-ignition engines. Cetane Index is calculated from the API gravity and
the boiling point characteristics of the fuel.

Cetane Number  Cetane Number is measured from a prescribed engine test.

Cloud Point The temperature at which a cloud or haze begins to appear when an oil, which has
been previously dried, is cooled under the prescribed conditions. Such cloud or
haze is due to the separation of paraffin wax. Since a fuel must be “clear and
bright” for the clouding to be observed, this parameter is only applicable to some
distillate fuels. Clouding may be regarded as an advance warning of the onset of
“pour” problems due to either low temperature or high wax content of a fuel.

» Compatibility When blending two or more fuels of different crude oil origins and/or different
Q refinery processes, the resultant blend should be an homogeneous mixture in
90 which asphaltenes remain in stable equilibrium. Conversely, when blending two or
g more fuels of different crude oil origins and/or different refinery processes, should
Q the resultant blend precipitate asphaltenes, then the two or more fuels are
& incompatible.
< Corrosion A substance added to lubricating oil to protect active metal surfaces
Inhibitor from corrosion.
Cross Head Slow-speed diesel engine where the piston rod is confined to move vertically and
Engine the piston pin is replaced by a cross head to transfer thrust to the connecting rod.
Crown The top of the piston of a diesel engine exposed to the cylinder.
Cylinder Oil Lube oil used in the cylinders of cross head diesel engines. Usually high viscosity

and TBN greater than 70.
Density Mass per unit volume.

Detergent The ability of a lubricant to keep oil-wetted parts clean. Commonly metallic soaps
with an alkaline reserve.

Dispersant The ability of an oil to hold debris in suspension and thus prevent
deposition on oil-wetted surfaces.

Diesel Oil Oil used as fuel in diesel and other compression-ignition engines.

Diluent In fuel oil blending, low viscosity materials having suitably high flash points
are used to reduce the viscosity of residues.

Distillate Any product obtained by condensing the vapours distilled from petroleum or its
products.

Distillation The range of temperature, usually determined at atmospheric (Boiling Range)

Range pressure by means of standard apparatus, over which boiling or distillation of a

liquid proceeds. Only a pure substance has one definite boiling or distillation
temperature at a given pressure. Mixtures of substances such as petroleum
distillates have a distillation temperature range.




Emulsion

End Point

Ester

EP additives

Flash Point,
Closed

Flash Point,
Open

Fuels - Residual
Fuel Oil

Fuels - Marine
Fuels - Gas QOil

Grease

Hydrocarbons

Inhibitor
Insolubles

KV

Lands
Mineral Oil

Multigrade

Nitration

Oxidation

An intimate mixture of fine particles of one liquid in another. An emulsion
is said to “break” when the patrticles join and the liquids become separate.

The highest temperature is indicated on the distillation (Final Boiling Point)
thermometer when a light distillate is subjected to one of the standard laboratory
methods of distillation.

Compounds of alcohol and fatty acid which form the major constituent
of many synthetic oils.

Additives provided to limit micro-seizure of contacting surfaces under Extreme
Pressure lubricating conditions.

The lowest temperature at which application of a small flame causes the vapour
above a petroleum product to ignite when the product is heated under prescribed
conditions in a ‘closed’ container.

The lowest temperature at which an application of a small flame causes the vapour
above a petroleum product to ignite when the product is heated under prescribed
conditions in an ‘open’ container.

The residue remaining after removal of the lighter products.
The result of selective blending of various residues and distillate cutter stocks.

A distillate or blended product containing some residue. Diesel Oil.
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A distillate fuel.

A lubricant composed of oil, thickened with a metallic soap or other compound to
produce a semi solid lubricant.

Compounds composed entirely of carbon and hydrogen. They form the basic
building blocks of most fuel and lubricating oils.

A compound added to lubricant to prevent or retard undesirable changes.
Contaminants that remain after extraction of the sample with a solvent.

Kinematic Viscosity, measure of resistance to flow under gravity and at a specific
temperature.

The vertical surfaces of a piston between the piston rings and or crown.
Lubricant derived from crude oil.

A term used to describe a lubricant where the viscosity temperature relationship
has been altered by the addition of polymers that control viscosity limits at different
temperatures.

The process whereby nitrous oxides attack petroleum fluids at high temperatures.
Common in gas fuelled engines and often associated with viscosity increase,
deposits formation and oxidation.

A process whereby oxygen attacks the lubricant. Oxidation is continuous in the
presence of air but greatly speeded at high temperatures.
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inhibitor pH

Petroleum

Pour Point

Relative Density

Residue

Scuffing

Specific Energy

Straight Run

Thermal Cracking

Viscosity

Viscosity Index

v

VI Improver

A measure of acidity or alkalinity expressed as the log of the hydrogen ion
concentration. 0-acid, 7-neutral, 14-alkali.

Crude Qil, i.e. oil in its natural state before it has been refined. Mineral Oil, normally
a liquid mixture consisting essentially of many different hydrocarbons, occurring
naturally and having a wide range of colours from yellow to black and characteristic
odours. It is the raw material from which gasoline, kerosene, lubricating oil, fuel oil,
paraffin wax, bitumen, petro-chemical feedstocks, etc. are obtained.

The lowest temperature at which a petroleum oil is found to pour or flow when it
has been chilled under prescribed conditions.

The ratio of mass of a given volume of a substance to that of the same volume of
pure water at constant temperature. Relative density decreases with increase of
temperature and increases with decrease of temperature. It can only be compared
at constant temperature. The standard temperature for quoting the relative density
for most petroleum products is 15°C. Density is also referred to in absolute terms in
units of kg/m? at a particular reference temperature - usually 15°C.

The material remaining, as an un-evaporated liquid or solid, from a process
involving distillation or cracking.

The abnormal wear that occurs due to seizure, micro-welding and subsequent
tearing of the sliding surfaces.

The amount of heat liberated by the combustion of a unit quantity under specified
conditions. The gross specific energy is the sum of the heat produced by the total
combustion of the fuel and the heat released by the condensation of the water
formed by such combustion. This is applicable to a boiler. The net specific energy
is the gross value minus the heat released by condensation of the water vapour
formed by the combustion. The net value is applicable to a diesel engine.

Produced by distillation without cracking or alteration to the structure of the
constituent hydrocarbons.

A cracking process in which the reaction is prompted purely by the action of
heat and pressure.

The measure of a fluid's resistance to flow. With increasing temperature the
viscosity decreases. There are two types of viscosity: kinematic and dynamic or
absolute. The more common is kinematic viscosity, which is measured by the time
taken for a fixed volume of oil to flow through a capillary tube.

The usual unit is the centiStoke (cSt); one ¢St = mm?/s

Dynamic (absolute) viscosity is usually measured by a rotating viscometer and
is commonly expressed in centiPoise (cP). 1 cP = 1 mPa.s

An arbitrary scale used to measure a fluid’s change in viscosity with temperature.

A compound used to raise the VI of a mineral oil or other product
(see also multigrade).





