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LUBRICATION SYSTEMS

12.1 Introduction
Lubrication may be defined as supplying lubricant between two surfaces that are

in contact in relative motion to one another. Lubrication may fulfil one or more of the
following objectives :

.. minimizes wear between moving parts and power loss due to friction,

.. cools the surfaces in contact by carrying away heat generated by friction,

.. seals a space adjoining the surfaces-such as a piston moving in a cylinder,

.. absorbs shocks between bearings and other engine parts, thus reducing vibration and 
noise, and

.. acts as a cleaning agent between surfaces in contact.
Of all these objectives the most important one is the first one mentioned above.

Lubrication decreases friction by introducing a film of oil between the sliding metal
surfaces. If the film of oil is heavy enough to separate the two surfaces so that they 
will not touch one another, then wear will be eliminated; otherwise it will be only 
reduced. The thickness of the oil film depends upon the viscosity of the oil. Viscosity 
of the oil in turn depends upon properties of the oil and oil temperature. A heavy oil 
that will not flow freely is said to be more viscous, while a thin free-flowing oil is said 
to have a low viscosity. The oils used for lubrication purposes are : mineral oils, 
vegetable oils, and animal oils.
12.2 Classification of Lubricants

Lubricants used for engines may be divided into three classes, namely : (i) solid 
lubricants, (ii) semi-lubricants or greases, and (iii) liquid lubricants or oils. The lubricants 
which are most commonly used for engines are the liquid oils.

The solid lubricants most commonly used are : graphite, talc and mica — all of 
which i"> mineral substances mined from earth. The solid lubricants are mixed with 
semi-suiid lubricants and the mixture is supplied to the bearings. Sometimes solid 
lubricants are supplied separately to the bearings which are lubricated with oil. Solid 
lubricants have the property of filling the depressions in the bearing surfaces and cannot 
be easily squeezed (forced out) from the bearing. Solid lubricants are used on bearings 
and parts of machinery that operate at low pressures and low speeds.

Semi-solid lubricants are those which will not flow at room temperature. Most 
semi-solid lubricants are made from mineral oils and fatty oils. Semi-solid lubricants are 
commonly known as “greases".

The thickness of the grease depends upon the percentage of soap used. Graphite 
or power mica is sometimes added to grease, and it is claimed that these increase 
the lubricating qualities for certain purposes. Cheap greases contain clay, wax, resin
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and other substances which thicken the greases but have no lubricating value.
Greases are used on heavy, slow moving machinery, gear teeth, wheel bearings 

of railroads cars, trucks, automobiles, revolving parts of machinery where oil cannot be 
applied successfully, and parts that can not be easily lubricated or can be lubricated 
only at long intervals.

Liquid lubricants are mainly of two classes of oils used for lubricating purposes :
— Minerals oils, and
— Fatty oils (vegetable and animal).

All minerals oils are produced from crude petroleum by fractional distillation. These 
are the most commonly used as engine and machine lubricants. They are made in a 
wide variety of grades, ranging from an extremely thin oil suitable for lubricating fine 
mechanical movements, to a thick heavy oil almost in the class of grease. Mineral oils 
do not decompose or oxidise, and are free from gumming property. However, for most 
purposes its viscosity is not sufficient. As they do not possess any oiliness, they have 
sometimes to be compounded with a small amount of fatty oil.

The specific gravity of mineral lubricating oil varies from about 0-80 to 0-94. The 
boiling point is high, usually above 350*C in the case of refined distilled oils. The flash 
point ranges from 150’C to 350*C. The cold-test or setting point varies and depends 
partly upon the proportion of solid hydro-carbons present. Russian oils have setting 
point, sometimes below -15*C; most American oils solidify below -5*C, while Scottish 
oils set at about O’C.

Fatty oils are either vegetable or animal fixed oils. They are likely to decompose 
in the presence of heat and produce acid that attacks metals. They are subjected to 
oxidation and gumming tendency. They have two distinct advantages over the mineral 
oils : (i) their viscosity is not lowered much on warming, and (ii) their adhesiveness is 
greater.

In specific gravity they range from about 0-88 to 0-97 at 15'C. Some of the best 
known animal oils are lard oil and sperm oil. Lard oil is obtained by separation of 
solid fat from a lard (pig fat) by pressure. It is used alone or compounded with mineral 
oil as a lubricant for cutting tools. Sperm oil is obtained from sperm whale (large fish 
like marine animal). It possesses low viscosity among fatty oils and does not gum. It
is a good lubricant for delicate mechanisms, such as watches and mathematical
instruments.

Some of the common vegetable oils are : Olive oil, cotton-seed oil, linseed oil, 
castor oil and palm oil. They are sometimes compounded with mineral oils but are 
seldom used alone, as they decompose quickly and have a tendency to become gummy.
12.3 Desirable Qualities of a Lubricant

A good lubricant should have the following qualities (properties) :
— Maximum fluidity: It should have sufficient thickness to prevent wearing surface coming 

into contact. Ail oils should have sufficient body to prevent their being squeezed out from 
between the surfaces they are lubricating. Flowing quality.is represented by viscosity.

— Maximum capacity for absorbing and carrying away heat: Specific heat should be high.
— Low coefficient of friction : Very little power should be needed to overcome the fluid 

friction.
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— Fairly high flash point and a low freezing point: Flash point is the temperature at which 
an oil will flash into flame for a moment only when brought in contact with flame. High 
flash point is required when oils are to be subjected to high temperatures, as in steam 
engines, air compressors and internal combustion engines. Freezing point is also called 
cold pour point. A low pour point is important where oils are to be exposed to very low 
temperature, as in machinery operating in cold countries and in the lubricating of 
refrigerating plants.

— Freedom from corrosive acids with no tendency to gum up or oxide.
— Good wearing qualities : It should retain its viscosity and adhesive capacity for long 

periods.
— Demulsibility . Oils when not properly refined, form emulsions due to continued agitation 

of the oil and the water. Such an emulsion may prevent the oil to flow freely. It also gives 
rise to sludge (thick muddy substance) formation which may choke up the whole 
lubricating system. Demulsibility is the property of the oil to separate itself quickly from 
an emulsion (milky liquid with oily particles suspended in it).

— Cleanliness: The absence of water and sediments is essential for lubricating oil. Water 
is not a lubricating fluid and it promotes corrosion while dirt and small foreign particles 
of insoluble matter cause more wear of engine parts.

12.4 Properties and Testing of Lubricants
Properties of lubricating oils may be tested by chemical analysis, by physical tests 

and by trial in service. Following are the important tests to be carried out :
— Viscosity, — Water content,
— Specific gravity, — Wick feed test,
— Flash point, — Specific heat,
— Fire point, — Carbon residue,
— Pour point, — Neutralization number, and
— Emulsification, — Saponification number, and
— Precipitation number, — Accelerated service tests.
— Corrosion,
Viscosity is a measure of fluid friction or the resistance which particles or molecules 

of an oil will offer to one another when the main body of the oil is in motion. A high 
viscosity oil is thick and flows slowly. A low viscosity oil is thin and flows readily. 
Viscosity is measured by observing the time taken for 60 c.c. of oil to flow through 
standardised orifice (Saybolt viscosimeter). Viscosity to some degree is necessary for 
all lubricants. A high viscosity oil is only necessary for heavily loaded slow moving 
journals. In fast moving machinery it causes large loss of power.

It is customary to determine the viscosity of oil at 38’C, 50‘C or 100‘C. Viscosity 
is important because it indicates heat produced, rate of oil flow and the resistance oil
offers to a shaft turning in its bearing. Viscosity index is the time taken for a definite
quantity of oil to fall a certain level in a capillary tube compared with a standard oil.
The types of viscosimeters in use are :

— Saybolt viscosimeter ( used in U.S.A.),
— Redwood viscosimeter (used in U.K.), and
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— Engler viscosimeter (used in Germany).
Specific Gravity is defined as the ratio of mass of oil compared to the mass of 

an equal volume of watir, both measured at 15‘C.
API (American Petroleum Institute) gravity is the comparative mass of oil to water 

as read on arbitrary scale. This is the scale commonly used by the petroleum industry. 
To find API gravity from the specific gravity, we use the formula

API gravity -  ------ — 131-5
specific gravity

Specific gravity of water is 1 and API number of degree is 10. All oils have API 
gravities greater than 10, the degrees being given in whole numbers instead of the 
decimal fraction representing their specific gravities on the specific scale. Whole numbers 
are much more easily remembered than three or four places decimal fractions.

Lubricating oil is sold by bulk (volume), and litre is a volume unit. In hotter countries 
for the same mass, volume is more and in colder countries it is less; hence utility of 
specific gravity is required for commercial purposes. The specific gravity is found by 
using an instrument called a hydrometer. It is graduated in specific gravity and API 
degrees.

When oil is heated in a cup it vapories so rapidly at a certain temperature that 
it will ignite momentarily when a flame is brought close to it. This temperature is called 
the flash point. In this case fire only takes place and then extinguishes but does not 
bum continuously. When oil vaporises fast enough to keep on burning, it has reached 
its fire point which will be higher than the flash point. At normal temperature there 
must not be any tendency to form explosive mixtures of oil and vapour, and the rate 
of evaporation should be as slow as possible. To ensure this, the flash point must be 
well above the working temperature; otherwise oil consumption increases and fumes are 
given out which may be poisonous. If the fire takes place, damage may be done to 
the factory.

As oil is cooled, it resists pouring more and more until finally it refuses to pour. 
In making tests for pour point, oil temperature is lowered suddenly in steps of 3’C and 
at each 3*C interval the test jar is removed from the bath and tilted for three seconds. 
As soon as the oil ceases to flow when tilted, the test jar is placed horizontal for five 
seconds. If no movement takes place, pour (cold) point is 10'C above this non-flow 
point

For Emulsification test, oil thoroughly mixed with water forms an emulsion which 
generally tends to separate on standing and which has little lubricating value. Some 
oils contain sulphonates, certain adds, alcohols and finely divided earthly metals which 
retard separation.

In case it is not possible to prevent the access of water to lubricating oil as in 
the steam engine cylinder, it is essential that oil and water shall easily separate after 
having been vigorously shaken together. The ability of the oil to separate easily is 
called demulsibility.

There are two tests for demulsibility :
— Steam emulsion test . The number of seconds required for an oil to completely separate 

from an emulsion when steam is passed through the oil in a standard manner is the steam 
emulsion number.
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— Water emulsion test; An emulsion is formed by churning for 5 minutes 27 c.c. of oil and 

53 c.c. of distilled water at either 55*C or 85'C. If complete separation is obtained in one 
minute, oil is said to have perfect demulsibility.

Precipitation number is an indicating of the amount of asphalt or tar present in 
the oil. It is determined by diluting 10 c.c. of oil with 90 c.c. of special Petroleum 
Naptha. Deposits are separated by centrifuging. The volume of separated layer in c.c. 
is the precipitation number. It is useful to see how much deposit of the residues is 
retained in the bearings. It may be taken as an indication of the time interval of 
cleaning the bearings. The precipitates may clog (choke up) the holes in the bearings.

In Corrosive test a clean strip of pure polished copper is placed in a sample of 
oil held at 100'C for 3 hours and is then washed in sulphur free acetone (liquid) and 
compaied with fresh copper strip. It gives an indication of corrosive effect of the oil 
under test.

In Water test the presence of water can be detected by heating a sample of oil 
to a few degrees above 100’C. If cloudiness in oil is due to water, the oil will now 
become transparent. Water in oil retards the capillary action of the wick feed as it wets 
the wick (we may be paying money for water instead of oil). If water is there, it will 
settle down at the bottom. Boiling point of oil is higher than that of water at atmospheric 
conditions.

Wick feed test requires 14 days and involves measuring the quantity of oil lifted 
by capillary action through a wool wick. The results are interpreted by comparison of 
such tests. The amount of oil lifted depends upon the diameter of wick, level of oil, 
constitution of oil, and atmospheric conditions.

Specific heat test is important when oil is used to cool a bearing or a piston 
and higher specific heat is desirable.

Carbon residue test involves destructive distillation in an apparatus designed to 
exclude air, to permit control of heating rate and to eliminate condensation of distillates. 
The non-volatile residue is termed carbon residue. Many bearings, such as internal 
combustion engine bearing, operate at high temperature to cause chemical changes in 
the lubricant and so produce the deposits that clog (choke up) oil passages and cause 
wear.

Neutralization number indicates acidity of oil which is the mass in milligrams of 
KOH (Potassium Hydroxide) required to neutralize one gram of oil. While acids are 
harmful under all conditions, nevertheless their presence may lead to corrosion and 
formation of slucfr- emulsion and deposits.

Saponification number test is applied to only a compounded oil or to a suspected 
mineral oil to find out whether it is compounded with animal or vegetable fatty material. 
The number of milligrams of KOH required to saponify one gram of oil is the saponification 
number.

Accelerated service test is for comparing service characteristics of oil. This test 
is carried out using oil testing machines -  usually a motor driven journal and a plain 
bearing arranged so that a specified load can be applied in a specified lubricating 
system. One machine is loaded until seizure occurs, others operate at constant load, 
and the quality of the lubricant is determined either by testing the oil to determine 
changes in viscosity, neutralisation number and carbon residue, or by visual examination 
of bearing conditions.



LUBRICATION SYSTEMS 395
The test used in practice by the operating engineer, is the performance of the oil 

in actual use on some engines or machines. Oil purchased from reputed oil companies 
are usually of fairly uniform quality, but a certain grade of oil supplied by some one 
company is sometimes better than the same grade supplied by other companies. The 
operating engineer compares various oils and determines which is best for this particular 
purpose by testing each oil in turn on same engine or machine, under the same
conditions and for the same length of time, noting during these practical tests, the 
quantity of oil used, temperatures of bearings, effects on rubbing surfaces and other 
worthwhile points of comparison.
12.5 Methods of Engine Lubrication

The various methods of lubrication in general use in different types of engines sire 
as follows :

The drip system, where oil is fed to the machine parts, drop by drop, from an 
oil cup. It is not particularly efficient but is often the most convenient way of lubricating 
the external parts of engines and machines. Valve gear pins, rocker shafts, main bearings 
of small engines, crank pins, crosshead pins, line shafts bearings, and many other
machine and engine parts are lubricated in this fashion.

The ring oiling system, where the bearing is lubricated by oil brought up from
an oil bath by revolving rings. This is commonly used on the shaft bearings of motors,
generators, small engines and turbines.

The Splash or bath system, where the parts to be lubricated, dip into oil or 
actually run in an oil bath. The splash method is used in the crankcase of numerous 
types of steam and gas . engines, for crank pin, main bearings and crosshead lubrication. 
Many enclosed parts of machine, such as gears, run in an oil bath.

The grease cup method of lubrication is used on heavy slow-moving parts, rocker 
arms and reciprocating parts with a jerky motion, and parts that are not readily accessible 
and can be lubricated only at fairly long intervals.

The forced or pressure system, where oil is forced into bearings by a pressure
pump. This is used on large engines and turbine bearings or on any heavy machine
where oil under pressure must be used to produce and maintain an oil film between 
the tubbing surfaces. It is of course the most efficient system of lubrication though

more expensive to operate, as an oil pump 
is required.

The wick oiler shown in fig. 12-1 is 
rather an old fashioned method of lubrication 
and is used for automatic lubrication of 
carnkshaft bearings. It consists of an oil 
cup on the top of the bearing having a 
short piece of tube in a central oil hole 
and a piece of cotton or wool wick in this 
tube. The oil is carried over by wick capillary 
action and is fed by drops on the shaft. 
To facilitate the handling of the wick, a 
piece of twisted wire is attached to it.

^ S h a ft The sight-feed oil cup shown in 
fig. 12-2, is the most common method ofFig. 12.1. Wick oiler.
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regulated drip lubrication. It consists of a glass 
cup with metal base and top and central tube. 
The cup is filled through a hole in the top 
and the flow of oil is regulated by a needle 
valve in the central tube. The needle valve 
opening is adjusted to a desired amount by 
means of the milled nut on the top. Once set, 
the spring prevents the milled nut from turning. 
The glass body shows the amount of oil in 
the cup at any time and rate of feed can be 
observed through the sight-feed glass at the 
bottom. The needle valve can be closed by 
pulling over the snap lever to the position 
shown dotted in fig. 12-2.

Ring oiler for shaft bearing is shown in 
fig. 12-3. This is a common method of lubricating 
main bearings on small high speed engines, 
generators and motors. Rings running loosely 
on the shaft, carry oil from an oil bath upto 
the top of shaft. This system works on the 
principle of adhesion. The oil brought up on' 
the top of the shaft by the brass oil rings, 
spreads over the bearings surface and drains 
back down into the oil bath. Chains are 
sometimes used instead of rings.

Splash lubrication system as applied to 
small horizontal engines is shown in fig. 12-4.

Fig. 12-3. Ring oiler for shaft bearings Fig. 12-4. Splash system of lubrication.

Once in each revolution the crank pin dips into the oil bath and splashes oil up into 
the crosshead guides, thus lubricating the guides, crosshead pin and crank pin. Scoops 
known as dippers are fitted to the big end of the connecting rod which assist in 
throwing the oil upwards. This produces inside the crankcase a spary of tiny oil drops 
which reach to the various parts as stated above and lubricate them. A sheet steel 
cover prevents the oil from splashing out of the crankcase, and drops of oil carried 
around by the connecting rod are caught in this cover and led to the main bearings. 
This method is employed for lubricating steam engines. I.C. engines and air compressors.

Steel sheet 
cover
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Fig. 12-5.
A telescopic oiler for lubricating steam engine crosshead pin is shown in fig. 12-5(a). 

The telescopic part consists of two tubes, one of which slides into the other. The 
telescoping tubes are connected by swing joints to a short tube attached to the crosshead 
pin and a long tube bolted to the engine frame. A sight feed oil cup is attached to 
the top end of the tube and the oil fed from this cup passes through the telescopic 
tube to the crosshead pin. The telescopic tubes accommodate themselves to the various 
positions of the crosshead, by sliding in and out of each other as the crosshead slides 
to and fro.

The wiper oiler fig. [12-5(b)j is 
used to lubricate reciprocating part 
such as steam engine crosshead. A 
sight-feed oil cup is attached to a 
bracket which is bolted to the upper 
crosshead guide. The oil fed from
this cup drops on to a flat wick, 
which is wiped by a thin piece of 
metal set on top of another oil cup 
attached to the crosshead pin. The 
oil from the wiper trickles into the 
cup and from the cup into a hole in 
the centre of the crosshead pin, and 
through oil holes in the pin to the 
crosshead pin bearing.

Centrifugal oiler is used for
lubricating crankpins on side-crank
engines. It is made in two forms-the 

Banjo type shown in fig. 12-6 and weighted type (not shown).
In the first form, short pipe or banjo having a hollow ball at one end, is firmly 

attached to the crank by means of a hollow cap screw, care being taken to centre 
the ball exactly in line with the centre of the crankshaft. Oil from the sight-feed oil 
cup, supported on the stationary post, passes down the short horizontal pipe, drips into
the hollow ball, and flows from there by centrifugal force to the crankpin.
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A simple type of grease cup consists of a base which is screwed into the oil hole
and a threaded cup which screws over the base. The cup is filled with grease and
screwed on the base for a few threads. The cup is then screwed down occasionally
by hand to force the grease into the bearing.

Forced feed lubrication is a central automatic oiling system for lubricating a number
of parts like main bearings, 
crossheads, crosshead guides, 
etc. of steam and I.C. engines, 
and bearings of turbines. The 
oil is fed under pressure by 
mechanically operated pump to 
the various parts of the engine 
through a distributing pipe. 
Types of oil pumps used are : 
valveless oil pump, gear oil 
pump, eccentric driven oil pump; 
etc. In this system a good 
amount of oil is maintained in 
the engine crankcase which is 
a necessity for the heavy 
demands of modem service 
conditions.

Plunger

Sleeve 
or barrel

Trunton

Outlet

Driven gear

Fig. 1X7 Valveless luh(i..,ttiuii oil pump. 

Oil OUt

Idler geor

Fig. 12-8. Gear oil pump.

A valveless lubrication oil 
pump may be used for lubrica-
tion of steam engines and I.C. 

— engines. This pump mainly con-
sists of a plunger, a sleeve or 
barrel, a trunion and pump body 

as shown in fig. 12-7. The pump is worked 
by the eccentric, fitted on the crankshaft.

The plunger works in a sleeve or barrel 
fitted in a circular disc of metal which is 
known as a trunion. The trunion is free to 
revolve in the body. As the crankshaft revolves 
the plunger not only reciprocates but also 
oscillates the trunion from side to side, 
uncovering the delivery and suction ports 
alternately.

The Gear oil pump, in its simplest form 
has two gear wheels meshing together in a 
tightly enveloping housing as shown in fig.
12-8. One gear is driven and second is idler. 
Oil entrance is on one side and pressurised 
oil delivery is on the other side of the housing. 
Rotation of gears induces a fairly even flow 
of lubricant. Gear oil pump is by far the 
most popular of the various forms of lubricating 
oil pumps.

i
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hg 12-9. Hydrostatic sight feed lubricator

A hydrostatic sight-fce^i 
lubricator is used for iho 
lubrication of steam engine 
cylinder. The common form 
shown in fig. 12-9, is widely 
used because of its simplicity. 
It works on displacement prin-
ciple. Some of the steam taken 
from the supply pipe is con-
densed to water in the con-
denser and this water trickles 
down the central pipe into the 
body of the lubricator where it 
displaces the oil. The oil floats 
on the top of the water and 
passes down the oil feed to the 
bottom of the sight-feed glass.- 
It then passes through the con-
trol valve into the glass, floating 
up through the water in the 
glass, a drop at a time, and 
along the delivery pipe into 
steam main.

As the oil feeds out, its place is taken by condensate from the condenser so that 
the body of the lubricator is always full of oil and water. When all the oil has been 
used, the lubricator will be entirely filled with water. To fill this lubricator, close the 
valve on the top of the body and the valve on the horizontal delivery pipe, open the
drain valve to let the water drain out, take out the filling plug on top, close the drain
valve, fill the lubricator with oil, replace the filling plug, open the top valve and a 
delivery valve, and adjust the feed by means of the control valve. The top connection 
must be atleast 45 cm in length, as it is the small hydrostatic head from this pipe 
that forces the oil into the steam pipe line.

Tutorial -12
1. (a) What is lubrication ? What is accomplished by lubrication ?

(b) What substances are used as lubricants and where ?
(c) Explain the necessity of engine lubrication.

2. (i) Give the desirable qualities of a lubricant.
(ii) Explain the difference between viscosity and oiliness.
(iii) What do you understand by 'Viscosity' and ‘Flash point' of a lubricating oil ?
(iv) What do you understand by ‘Saponification number”, ‘Neutralization number" and “Precipitation number” 
of a lubricating oil ?

3. Describe in short various tests performed in deciding the qualities of a lubricating oil.
4. What do you understand by ‘Oiliness’ , “Coefficient of friction' and ‘Viscosity' of a lubricating oil ?

5. What are the various tests to be conducted before selecting a suitable oil for lubricating an engine ? Describe 
them in brief.

6. Explain the necessity of engine lubrication, and give the desirable properties of a lubricant for crankshaft bearings. 
Describe the various methods of lubrication of crankshaft bearings of an engine.
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7. Explain the operation of a hydrostatic lubricator. Where such a lubricator is used ?
8. Name four methods of lubricating engine bearings and state which is the best and why ?
9. Describe various methods commonly employed for lubricating various parts of steam engines and I.C. engines.

10. Describe with neat sketches the following types of lubricators and state where they are used :
(i) Sight-feed lubricator, (ii) Wick oiler, (iii) Telescopic oiler, (iv) Ring oiler, and (v) Centrifugal oiler.

11. What do you understand by Splash lubrication and Forced feed lubrication ?
12. Describe the methods of lubricating the cylinder and main bearings of a horizontal steam engine. In what respect 

does the lubricating oil for cylinder of such an engine differs from that used for the main bearings ?
13. How stuffing boxes of a steam engine.are lubricated ?
14. How will you lubricate the following parts of a single-cylinder, 10 kW, horizontal, Diesel engine running at 400 

r.p.m.
(i) Cylinder, (ii) Piston pin or Wrist pin bearing, (iii) Crankpin bearing, (iv) Main bearings, and (v) Camshaft 
bearings.

15. What is forced feed lubrication ? Explain the construction and operation of a valveless lubricating oil pump.
16. Explain the construction and operation of a gear pump. Where is such a pump used ?


