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THE LUBRICATION OF THE GASOLINE ENGINE

By P. V, Rosewarne

~ The problem of lubrication is a very complex one that untll

o few years ago the general public was content to leave in the hands
of those scientists and engineers wro by accident or desire had be-
come interested in the subject. A great deal of information_is
available concerning lubrication, much of it being of a highly tech-
nical and mathematical character that formerly served the need of"
those who were interested. With the advent of the motor car and its
gasoline engine, however, the general public devéloped a lively

" curiosity regarding ‘that particular piece of machinery and the lub-
ricating oil that it needed. There has arisen, therefore, an insis-
tent demand for sound and reliadle information concerning this com-
modity that is being sold on almost every street correr, -Further,
that it sShould be stated clearly and concisely, and as nearly every-
day language as is possible

. This "the writer has attempted to do in the: following pagee.
If he has’ failed to' steer clear of 'all technical expressions and
terms, he craves the reader's indulgence, and hopes that the'meanlng
intended is sufficiently clear that the fault has beern somewhat re-
trieved, He has attempted to leave out all mathematieal discussions
-and content himself with stating only the answers. He has endeavour-
ed tc present descriptive data and inforation that will enable the
reader to answer more intelligently the questien, "What oil should
I use, and why?", In bringing this information together the writer
has drawn freely not only upon-his cwn experience in the laboratory,
in the shop, and on the ‘'road, but has alse consulted many text-books
on the subject and a large numbex ‘ of articles in the technical and
scientific journals of the day., To all of these, he acknowledges
his indebtedness, and recommends them to the 1nterested reader ‘who
desires to pursue still further the study of thls fas01nating subJect.

Engineer 1/c 011 and Natural Gas Section, Fuel Researoh Laborator—
ies, Mines Branch, Ottawa, Cahada.
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TUBRICATION:

e,

When two solids are bfessed‘together a certain force is re- .
quired to cause one to move in relation to the other. If these twe
solids were component perts of a perfeot marhine, the motion once
started would continue 1ndef1n1tely, 4% Tongas the machine were..
not made to do work, However, in dll cases there is-a definite
retarding of the initial motion due to-a resistance that must be
overcome. This resistance is called the friction between the sur-
faces., The fricstional resistance varies greatly between different
surfaces and materials, being less for hard materials and smooth
surfaces, The function of lubrication -is-to-minimize this frictiona)
resistance to the greatest possible degree, Lubrication is obtaineg
by placing between two surfaces, one of which it is desired to move
in relation to the other, some. substance or material that reduces
the friction and this substance is called a lubricant. Part of the
efficiency of lubricants is due to the fact that they keep the moving
parts, whooly or partially, from coming in contact with one .another,
Other factors influencing the result are. the change in character of
the surfaces due to chemical or physical action of the lubricant;
the frictional resistance  of ‘the surfaces moving over the lubrlcant

'and the 1nterral frlotlonal reslstance of -the lubrlcant 1tse1f

' Many different materlals have been used as lubrlcants some :
of which are: air, water, soap, grease, graphlte animal and vege-
table o0ils, mineral or petroleum 01ls, etc._ The degree of success

~attending the use of any lubricant.-in any particular case depends

on a great many factors and‘ a satisfactory lubricant. under che set
of" condltlons may be -quite useless under other. condltlons.. Perhaps

"the lubricants most generally used are those known as lubrlcatlng

oils, Materials of this class include animal, vegetable and mineral
oils; the last named being a complex mixture of substances containing
the elements hydrogen and carbon. - On that account they are called :
hydro-carbons, Animal and vegetable 01ls conta in oxygen comblned
W1th hydrogen and carbon. . : S - : ,

-

A good lubrlcant should possess the follow1ng charactorlstlcm

(a) Suff1c1ent VISCOolty, or "boay" to keep. the.mov1ng surfaces
apart under the maximum pressure. o

(b) Chemical “inertness, .in respect. to ox1datlon and corr031ve -
action on the metals of the bearings. - - - : ‘

(¢) A low co-efficient of frietion,., . .

'(dQ Greatest possible capaelty for carrylng away heat so that -
the ‘bearings may remain cool, : S

(&) A high temperature of decomposltlon.

(f) A low solidifying point,

It is unlikely, however, that any one oil or grade of oil
will be found to give the best results in every particular, In
choosing an oil for a particular machine it is necessary, therefore,
to obtain a lubricant that pPosSsésses the quality or qualities which
enable the machine to function properly under operating conditions.,
For that, the two characteristics first mentioned in the above list
are. fundamental. The remaining four will vary in 1mportanee accord-
ing to the operating conditions, ~ Fo¥ instdnce, it is conceivable-
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3.

than oil having a sllghtly higher co-efficient of friction and a
lower solidifying point is to be preferred in some cases to another
0il having a lower co-efficient of friction and a higher solidify-

ing point.
METHODS OF TUBRICATION:

Methods of applying lubricating oil to rubbing surfaces vary
511 the way from the primitive oil can and the spasmodic attention
of the operator, to practically automatic oiling by means of a
force pump and a system of ducts, through which oil is continuously
forced to the bearings from g central reservoir during the operatlon
of the machine., The oil may or may not be used over and over again.
The latter type of 1ubr10atlon is usually referred to as a mechani-
cal force Teed system, In it a small predetermined amount of oil
is supplied to each bearing by an individual pump and no provision
is made to collect the oil for use again, The former type of
lubrication is called a "circulating" system and is characterized
by the fact that the used oil is collected and automatically return-
ed to the bearings to be used again,

The clrculatlng system of lubrication has the following four
important advantages over other systems:

1, A large quantity of 0il is supplled to the bearing provxdlng
that necessary for the maintenance .of a.perfect lubricating film
and avoiding any trouble due to 1nsufflclent 01k, .

2. The flood of oil carries away the heat produced by the frie-
tion resulting in cooler’ bearlngs and lower 011 consumptlon.

3. The oil keeps the bearing clean by washing away particles
of worn-metal or foreign matter that accidentally. gets into the .
bearlng. It also prevents. corr031on - by flushing away corrosive -
substances that may be formed in the oil or dlssolved in it from
the products of combustlon._f' : 4

4, The oil 1is used repeatedly uherebv redu01ng consumptlon
materlally., . , e : o

LUBRICATING . SYSTEMS FOR LHE GASOLINT ENGINA ‘

Two distinct forms of 01rcu1at1ng system are in general use
for the lubrication of the modern gasollne englne namely the
splash system and the forced feed system S

The Splash System: In the splash system a. pump draws 011
from the oil 'pan and delivers it to troughs so arranged ‘that the
lower ends of the conneécting rods dip into-them with every revolu-: -
tion of the crankshaft, A small projection. on'the lower part of -
each connecting rod splashes oil from the troughs directly into
the cylinder walls and the oil is distributed by the moving plstons;-
The rotating parts are lubricated by the spray of oil produced in
the crankcase by the connecting rods., Part of the oil is splashed -
onto the interior surfaces of the crankcase and a part of it drains
down to the bearings through funnel-shaped opening If the oil
is too viscous to be thrown from the troughs in the form of a mist
or spray, or to drain readily down to the bearings, the rotating
parts may become starved for oil in a very few mlnutes and excessive
wear occur, The cylinder walls and plstons under such conditions
may be sufficiently lubricated since they are in line with the throw
of the connecting rods and are almost certain to receive an adeguate
supply of o0il from the start., Since lubricating oils become very
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viscous in cold weather the condltlons described above frequently
occur during winter dr1v1ng.

The Forced Feed System: In the.forced feed system oil is
drawn from the oil pan, pumped through a " hollow crankshaft and
camshaft, and distributed to the. rotating parts through appropriate
holes. The cylinder walls and pistons are lubricated by the excess
0il from the rotating parts, squeezed out from the connecting rod
bearings and thrown onto the cylinder walls by the motion of the
crankshaft and comnecting rods, With this system the rotating parts
are properly lubricated as long as the oil pump can circulate the
oil, but if the oil becomes very viscous the cylinder walls get an
1nsufflclent supply and wear is excessive. It is, therefore,
apparent that lubricating oil for use during the w1nter months must
remain fluid at low temperatures. '

LUBRICATING THE GASOLINE ENGINE:

The main parts of the gasoline engine that need lubrication
are a crankshaft, supported on two, or more,main bearings that are
attached to the englne frame, a plqton and. connectlng rod for each
cylinder, a camshaft, cams, valve push rods, valve stems, tlmlng
gears or chaih, ete, It is obvious, therefore, that an englne has
a large numbér of moving parts, with many- types of motion, and a wide
range of pressurc on the different bearings. There is, for instance,
the sliding of the piston on the cylinder wall, This is a straight_
reciproeating, or back and forwurd motion with low pressures and
large surfaces in contact. "‘The smqll end. of -the connecting rod and
the urigt pii. have very small motions, but . have to support on small
areas pressures that fluctuate gre-tly.  The large end of the con-
necting rod has to support equally grent fluctuating pressures and .
2t the same time take care- of a rotntory motion., The main bearings
have to support a somcwhat fluctuating- pressure, but. the prineipal .
motion is rotation. . The:'gears nnd .ehain are somewhat similar to the
small end of the: connecting rod in that considerable pressure 1is
transferred through small contﬁct_arews, but differ in that there is
a sliding contact 1nstead of a pwrt1°1 rotation.

In spite of thbSL w1dp1y dlfferunt condltlons -of-: operatlon )
in the modern gisoline engine, onc type of 0il is expected to Iub--*
ricate all the parts S1tlschtor11y This can only be done by u81ng
an oil having a high enough viscosity to stand up under’ the greatest
pressures and permit that oil to lubricate all the otheér @ov1ng parts,
This, .of course, results in a slight, loss in . power, but it is con-
s1dered that this power loss is more than counterbalanced by the con-
venience and trouble-frec oneration of modern lubricating systems.
Accordingly, cnginc designers specify tbqt bearing clearances, oil
ducgi and vents shall be such that o0il of that viscosity" c“n bo
handle '

]
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LUBRICANTS :

The materials usced for lubricention cover a wide range of
materials and they may be classified in several ways. For instance,
g 0ils, greases, and solids. However, for the purposes of this
discussion it would appuar to bc more sntlsfﬂctory to consider them
mainly from the viewpoint of ths material of the substance, rather
than from the physiecal state in which it hnppens to bhe under con-
ditions of ordinnry atmosphcric temperatures. The following classi-
fiention is submitted, therefore, in order that a clearer picture
of the subject may be secured.

. Petroloum lubricants,
.. Animal oils and fats.
. Vecgetable oils..

. Compoundcd oils.

. So0lid lubriecants.

O > QRO

PETROLEUM LUBRICAITS:

The word, petroleum, is derived from Latin. and means
rock 0il, Crude pectroleum itsclf is obtained by drilling a hole
down into the earth and into the rock in certain localitics that
have such a conformation below the surface that the oil is trapped
and held there until released through the bore hold.  Sometimes the
oil is under such great pressure that it flows freely and sometimes
the well h~s to be pumped in ordecr to secure the oil., Not only
gasoline and keroscnc but 2lso lubricating oil is obtained from the
‘erude -petroleum. Crude petroleum itseclf may be divided into several
classes, namely:

Paraffin-base petroleum,
Mixed-base petrolcum.
Ngphthene-base petrdleum.

Paraffin-base petroleums: ~ Paraffin-base peﬁrOIéums arc thosc
that contain an ~ppreciable quantity of crystallizablc paruffln vax
and 11ttle or no asphaltic material,

Mixed-base petroleums: Mixed-bnse pétroleums are those contain-
ing some crystrllizable paraffin wax and also some 2sphaltic materiul,

Naphthene-base petrolcums: Naphthenc-basc petroleums are those
that contain no appreciable quantity of paraffin wax, They may con-
tain muech or little asphaltic material., Thosc containing a groat
deal of asphaltic substances are sometimes referred to as asphaltie-
base petrolcums.

The term "ashhaltic material" may be understood to mean the
thick, blaek, tar-like substance that is obtained as a residual
product when crude petroleum is distilled., It is characterized by
being "sticky" rather than "oily". It is often so viscous that it
appears to be solid at ordlnqry temperatures, It is used in the

m%nufacture of paints, for roofing material, for surfacing roads,
€ic
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The number of different kinds of lubricants and lubricating
oils made from petroleum is amnazing. They range in character fronm
very fluid liquids suitable for use as lubricants for sewing machineg
typewriters and similar light mechanisms, to thick, hexvy greases ’
for heavy machinery. A list of thep, according to use in the order
of their fluidity, includes the following: o ‘

Spindle oils.

Loom oils.

Ingine oils.,

Motor oils,

Car and gear oils.
Petrolatum greases.

Classified according to thc degree of refining that they have
undergone, are the following types of oils: : ’

Red paraffin oils.
Pole paraffin oils.
Neutral oils. '
Cylinder stock,
Black oils.

These two more or less. parallel classifieztions are used to
designate the greater mumber of petrolecum oils used for lubrication,
For instance, one may have a pale paraffin oil in a grade suitable
for spindles and light, high-speed machinery, a pale paraffin oil
suitable for medium weight engines, and a pale paraffin oil that :
may be used for lubricating gasoline engines. The same may be said. :
for the red paraffin oils or for the neutral oils. The cylinder - -
stocks and black oils are represented by the car and gear oils in |
the first classification. - : ' o T

Paraffin Oils:

- These oils are distilled from crudé pétroleum and are red or
yellow in colour. ' L :

Red Paraffin Oils: These oils represent the greater volume
of light, medium and hcavy lubrieating oil that is used for general
machinery lubrication., ILight oils of this elass may be used for
lubrication of spindles in textile factories, and in other places
where a thin, light oil is rcguired. The heavy oils may be used
for engines and motors when a cheap oil is required, When made from
crude petroleum having a paraffin base they tend to produce consider-
able quantities of hard carbon when used in gasoline engines, When
nade from naphthene or asphaltic base crudes the carbon that is
formed is softer ard more fluffy. When used in circulating systems
in which moisture may be present red oils have a tendency to emulsify
or to produce a sort of sludge or jelly. This is often observed in
the crankease of a gasoline enginc that is used in cold weather,

Pale Paraffin Oils: Thesc oils are distilled from crudc
potroleum much the samcé as the red paraffin oils, but after distil- -
lation are usually filtered through fuller's carth or clay to im-
prove their colour. They form less carbon than the red oils and do-
not emulsify so readily. They are, therefore, more satisfactory
for use with gasoline engines and air compressors, :

M.Sl _%_2




)

Neutral Oils:
.‘—'—“"'—-__-h-._-

These oils are also distilled from crude petroleum, but
whereas the ‘paraffin oils are distilled without the admission of
steam to the still, neutral oils are steam distilled. After having
the paraffin wax removed the mixed oil distillate is reduced 'in
volume by another distillation with steam. This distillation separ-.
ates the oils into two classes; namely: '"nen-viscous neutrals™,.
which have been distilled over and condensed, and "¥iscous neutrals”
which have not been carried over in this second distillation but
remain as a :residual oil in the rerun still. In some cases they are
sun-bleached to remove the characteristic fluorescence or "bloom",

) Non-Viscous Neutrals: - The non-viscous neutrals are usually
riltered but not acid treated, and are suitable for the lubrication
of spindles and other light, high-speed machinery. They are con-
gidered to be the highest grade oil for this class of work., ‘

Viscous Neutrals: The viscous neutrals are repeatedly fil-
tered through fuller's earth to improve the colour and are not
‘usually acid treated, These oils are suitable for use on motors,
gas engines, air compressorsg, turbines and other work demanding oils

of the best quality.

Cylinder Stock:

This is the name given to the residual oil left in the still
when paraffih-base crudes have been subjected to steam distillation.
The quality of the product depends primarily on the quality of the
crude from which it is made. The unfiltered cylinder stock is brown
or black in colour, The cold test will vary from 20°F. or less to
50°F, or more. . : : ”

Filtered Cylinder Stock:: When filtered through fuller's
earth or bone black, considerable asphaltic and carbonaceeus material
is removed. The 0il becomes more or less transparent, the colour
changes from brown to green when viewed by reflected light, and the
cold test often rises to 80°F. or 100°F. This increase in cold tes$
is caused by amorphous wax and is undesirable if the 0il is to be
used in cold weather, Therefore, a further refining operation is

| used to remove the amorphous wax or petrolatum and to produce what

is known as "bright stock"..

Bright Stock: The cylinder stock is diluted or "cut" with
gasoline or naphtha, chilled to a low temperature and allowed to
settle, or is centrifuged. In either case, the amorphous wax is
separated as a more or less solid substance and the ligquid is steam
distilled to remove the naphtha, The red&idual reduced oil.is callcd
bright stock. ' e S

_ All of thesc oils may be blended with visdous meutrals to
yield heavy-bodied oils for use where required, or may be compounded
with other materials for special purposes. R
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CThol Adea ntxg‘ 0f such an o0il is: that the viscosity is not -greatly

Blended 0ils:

The mixing of naphthas burning'01ls and fuel oils to meet
various specifications is called blending in the industry., When
lubricants are mixed it is usually termed compounding. However,
the writer prefers to res trict the term "compounding®™ to those
cases in which different materials arc mixed, as for instance,
petroleum and animal or vegetable oils, soaps, or other solid
substances, and to usc the term "blending" to describe any operation
when two or more petroleum products of dlfferent grades: are mixed
for any purpose.

Prediluted 0ils:

All oils used in a circulating system for -lubricating gasoline
engines become somewhat diluted or "thinned out" Dby unburned gasoline
that works down pnst she piston rings and into the oil pan while the
engine is running, This occurs most rapidly before the engine and
oil are warmed up and reach their normal operating temperatures., 4in
equilibrium point is then csteblished at whick the amount of unburned
fuel or -"diluent" seeping into the oil is counterbalanced by the
amount 6f diluent being evaporated by the hot metal and oil, Natur-
ally, the amount of diluent present in the o0il at the equilibrium
roint will vary somewhat according to atmospheric temperatures,
operating temperatures of the engine, percentage of its maximum
power delivered by the cngine, the design and mechanicdal condition
of the engine, volatility of the fuel used, and so forth. However,
as stated above, some diluent is always present and this diluent
reduced the viscosity of the oil, In an effgrt to counteract this
condition some réfiners in the United States’ are offering a pre-
diluted 0il. ' This is .simply.a heavy oil blended with.a petroleum
distillate w1th a volatility similar to the average diluent producecd
in a gasoline englne under normal operating conditions. The amount
of diluent added is the amount that maoy be expected to be present
in an average automobile englne under ordimary running conditions,

cnanged niver the oil is put. into the cengine. It also permits the
use of a heavier-bodied oil than would be considered satisfactaory
in a fresh non-diluted oil. The engine designers also are trying
to minimize or counteraeét the dilution of the .0il, In some cases
a part of -the oil is pumped over a "hot. spot", usually near the
exhaust manifold, all the time the engine is runnlng._ The diluent
is evaporated from the heated oil and led back to the intake mani-
fold to be burmed. The hot 0il is then usually passed through a
filter to remove foreign particles. The continuous operation of
such a system tends to keep the amount of diluent in the oil at a
low point.,  In other cases the crank case is ventilated in order to
speed-up the natural evaporatlon of the .diluent from the oil in the
oil pan.  The vapours may or may not, be led into the air intake of
the carburetor to lower fuel consumptlon.

* The Isov1s oils of the Standard 0il Company of Indiana are of this
general type.
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gHigh Vacuum Oils:

During the past few years a new method of producing lub-
rloatlng oils has gained some favour among refiners, By this method
the heavier portlons cf erude petroleum are distilled under very low
pressures, that is, much below atmospheric pressures, or as it is
- often called, under "high vacuum", ZIubricating c¢ils produced by
this method are generally much clearer and lighter in colour than
0ils produced by other methods. By carefully controlling the fras-
tionation it is also possible to greatly simplify the refining treat-
ment that the oils receive later, In other respects they are very
similar to the oils described above,

Bléck Oils:

The ordinary black oils are made from the residues formed
by the redistillation of lubricating oil distillates, or from asphal-
tic crude oils that do not make satisfactory cylinder oils., They
are used to lubricate large gears and heavy, rough machinery.

Petrolatum:

Petrolatum is an amorphous -wax obtained in the process _
of making low cold test bright stock, It is sometimes called pét--
roleum jelly or vaseline. The latter is a trade name and should
be applied only to the petrolatum manufactured by one company. The
colour .of petrolatum varies from brown to being practloally colour-
less, :Large quantities of it are used as a base in the preparation
of ointments and drug specialties, As a lubricant it possesses a.
rather unsatlsfactory characteristic in that it becomes fluid at.a
comparatively low temperature and runs out.of the bearing. This
defect has to be remedied by the addition of other materials or by
special treatment of the petrolatum.

ANIMAT, OILS AND FATS:

A large number of animal oils and fats have been used
for lubrication of all sorts of instruments and machines, They
were, perhaps, the first lubricants that mankind used in the far-off
dawn of history when the first crude machines were made. They in-
clude such materials as seal oil, whale oil, fish oils, lard oills,
tallew oils, degras and so forth Lard 01ls are obtalned by pressing
pig's fat or lard, tallow oils by pressing beef or mutton tallow,
and degras is prepared from the grease obtained from sheep's wool,
Animal oils absorb oxygen and will in time dry out and leave a Summy
residue., The process is slow, but they eventually become rancid and
give off an offensive odour. Durlng this reaction fatty acids are
formed that have a more or less corrosive action on metals, In
addition they are more expensive than petroleum or mineral oils of
similar viscosity. Chemically, animal oils differ from mineral oils
in that they contain oxygen as well as carbon and hydrogen in their
molecular strueture. They belong to a class known as fixed oils
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o VEGETABLE OILS

; GOMEOUNDED OILS

ey

10,

because they cannot be distilled like mineral oils without decom-
position., The fact that they break down on«heab}ng-rendors them
upnsatisfactory for use in a gasoline engine. However, a certain
quantity of animal oil is, used_in the! preparitlcn of compoundod

oils for use with certaln'types of steim engines, ’ Care should be

"taken that such 011s are not uSed fOr the lubr;cation of 1nternal

combustlon englnes. o qw,.n,. e L

NI

o Vegetable 01ls are those obtalnea from varlous plants
and seeds by extraction or by pressing. ‘Many kinds aré in géneral
use, as for instance, castor oil, rapeseed oil, cocoanut oil, cte.
These oils are malnly used in 1ubrlcat10n by belng compounded with
mineral oils, although castor oil finds a considerable sale for use
as a- 1ubrlcant for’ many purposes due to 1ts _stability. It is used
10 a limited extent in- 1nternal combustlon engines that are.fre-

Fquently overhauled and’ cleaned “as for instance, racing earg and

aeroplane ‘engineés; -‘Vegetable™ 0118 as a rule’ dry much morc readily
than animal oils, and have a somewhat similar chemical structure,
They, too, belong to the class of fixed &ils that c¢annot be dis-
tilled w1thout decompos1tlon. Great care should be exercised that

-rags - or wgste used ‘to-wipe up animgl, vegetable or mlneral oils

compounded with them, ars hot permltted to lie around, -~“When rags

. or waste have absorbed .any of these oils the: n%buzﬂl tendcncy to

.oxidation :is greatly acceelerated, fregquently to‘guch an’ extent that
the ‘mass bursts -into “flame- spontanoously and ‘causes meny serlous

r-flres the cause of which'is often uulusoocted U

As steted above the wrlter prefers to include in this
class only those oils that arc composed of oils of different kinds
as opposed to those that are blended by mixing oils of the same
kind, but different grades. Therefore, the: class may. beunderstood

to 1nclude the follow1ng

0ils contﬂlnlng mlneral °nd animal oiXs, -

~f}" - 0ils. containing mineral and vegetoble oils. -

. Oils containing mineral 011 and other materlqls."

:The first two compoundedsoils, namely, tnose in Whlch anrmal or

vegetable oils are mixed with mineral oils, find use in the_lubri-

. .cation of steam enginc cylinders in which- the steam is being used
- .is saturated with water, Steam engines msing dry or superheated
"steam have. tnelr cylinders satisfactorils lubricated by stralght

mineral oil. - .The formér kind of oil shoaid not be used for tps
lubrication .of gasoline engines with the exception of those com-
pounded .oils in which castor oil-is the other lngredlent OllS
of this sort are on the market and have acoulrod an env1able repu—

-tatlon for SOerce and durablllty 1n gasollne englnes.vj
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Compounded oils in which other materials are mixed with
mineral oils are not used for the lubrication of the gasoline
engine 1itself, although they find some favour for other parts of
a motor vehlcle. Examples are greases of various sorts in which
mineral oils are mixed with various soaps in order to thicken them
and permit them to support greater pressures, and mixtures in which
solid substances such as graphite and powdered mica are suspended
in mineral oils, Solid substances are also added to some greases
as fillers, :

SOLID LUBRICANTS:

Some solids such as graphite and powdered mica make very
good lubricants for some. purposes, They may be used in the powdered
form, suspended in oils, mixed with greases, or inserted as a block
or wedge in one of the members it is desired to lubricate, Some of
these are found useful around the chaszis of a motor vehicle, as
mentioned above, but not in the gasoline 'engine proper, Bearlngs
for the electric starting motor and generator may have inserted
graphite blocks so that other lubrication is not necessary. The
engine clutch collar may be formed of a solid block of graphite
and a mixture of oil and powdered graphite or mica may be used
between the leaves of the springs. For these purposes solid lub-
ricants have been found quite satisfactory.

SIGNIFICANCE OF LABORETORY TESTS :

'Bubrloatlng 011s for use in gasollne englnes aré usually

;_teeted.in-a laboratorv to determlne the follow1ng characterletlcs

'gSpeclflc grav1ty. B
Viscasity. .- o '~-1f- L

- Flash. and Fire point.: RS ' e

-~ Carbon residue., - = . o A
CotAeidity. o o oL L e
wiColour.. ‘ S U

-'Saponlflcatlon value.:;J'-_

;;Emu181b111ty.

' The 81gn1Ilcance and value of these tepts is not always
clearly understood and therefore an attempt will be made in the next
few paragraphs to outline some of the main conclus1ons that may be
drawn from the results. R . :

To begln with it must be understood that the value of

rany test depends upon the viewpoint of the individual and what he

wishes to know, Further, it should be Xképt in mind that most tests
for lubricating cils have been deVeloped by the manufacturer and hot
by the purchaser. For that reason many: tests were des1gned and
widely used whose only value was’ to assist the refiner in maintain-
ing a uniform product, 4nd were of very little value when uséd as

a c¢riterion for- Judglng the comparative merlts ‘of two oils refined
by different methods. Since petroleum oils’are used almost exelus-
ively for the ‘lubrication of:gasoline, engines at the present time,
tests for thls class.-of. oils only will be considered.
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Specific gravity:  The specific gravity of an oil is the ratio of
the weight of any volume of the oil to the weight of an equal volume
of pure water, The specific gravity of a lubricating oil is an
indication of the class of crude petroleum from which it is made,
Paraffin-base petroleums usually produce oils having a relatively
low specific gravity, while mixed-base and naphthenic-base petroleums
produce oils with a relatively higher specific gravity, It may be
pointed out here that the terms, "light,"" "medium" and "heavy",
refer to the viscosity of an oil rather than to its specific graV1ty,
In the refinery, the specific gravity is used a great deal as a con-
trol test to indicate the progress of distillation, Its chief ad-
vantage for this purpose is that the specific gravity of an oil may
be read off a hydrometer almost 1nstant1y, and, prov1ding that the
same crude oil is belng handled may be relled upon to give compar-

. able results., =

VlSGOSlty leferent liquids have dlfferent internal resistances;
that is, some are more fluid than others, This varying re31stance
to flow is closely related to viscosity and to internal friction,
The internal friction is usually expressed as the "coefficient of
friction”. ~There is a theory that has been very widely accepted
by . lubrication englnecrs that the coefficient of friction is:pro-
portlonal to the v1scos1ty for all specds and.pressures, except
for veéry slow speeds and very high:pressures, . As stated before,
lubrication is attained by inserting a thin.layer, or film, .of
some substance p0338331ng the property of “0111ness" between solid
surfaces that move in relation to each other. This prOperty of
oiliness is related to the "adhesion’ of ah oil, that is, the ..

1vtendency of an oil to cling to the surface being Tibricated; and
it is also r¢lated to the "cohésion" of:an. oils, -that is, the tend-
ency of a particle of oil to c¢litig to another partlcle of oil.

Cohesion assists lubrication by holding together the particles of
oil and so aids in maintaining the lubricating oil film, Adhesion
assists lubrication by clinging persistently to the solid surfaces,
and therefore also aids in maintaining the '‘lubricating oil film.

It is apparent from the above discussion . that cohesion and intermal
friction are very closcly related to sach other and. to viscosity.

It is held further, that viscosity is a measurc of the combined
effects of cohesion and adhesion, The. writer 'is inclined to believe,
however, that this is only apparently true rather than true in the
abstrnct and is due to the fact that viscosity is usually deter-

~mined in contact with brass, and brass.and similar alloys are largely
used for the manufacture of’ bearings. The viscosity of an oil.is

usually measured by determining the time required for o given volume
of oil at a specified temperature to flow through a definite sized
opening.

'  The v130051ty has been accepted generally as a criterion
in Judglng the ‘quality of an oil. From the standpoint of the con-
sumer and the lubricnting engineer it is without doubt the most

. important 51ngle characterlstic of ‘lubricating.oil that can be.
_determlned satlsfﬂctorlly at the present time. Generally speaking,
the higher the v130051ty of thé oil at the operating temperature,

the greater the pressurc that can be supported. by the oil film on
the bearings; but, the’'higher the viscosity, the higher the power
loss due to 1nternal frlctlon. On that-account it is necessary,
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for most efficicnt operation, to obtnin an oil with a sufficiently
nigh viscosity to allow & reasonable margin of safety in operation,
and yet with a not unduly high viscosity which would cause a loss
of power, It has been shown that lubricating oils having a vis-
~s0sity of from 140 to 280 seconds 2t 100°F., in the Saybolt vis-
cosimeter give good rcsults when used in the standard automobile
engine under properly controlled operating conditions, Such oils
would have a viscosity at 210°F., of from 42 to 50 setonds, approxi-
mately. The oils having the lower values could be used with more
safety in those engines thnt have a full forced-feed lubricating
system, The above figures are asbout 20 per cent lower than the
evyerage motor olls on the market, and since those oils represent
the cxperience of many manufacturers in supplying oil for engines
under all sorts of conditions, it would appear advisable to choose
an oil for ordinary use having values slightly highcer than those

" mentioned.

It is desirable that the viscosity of an oil should not
change greatly with a change in temperature, O0ils made from para-
finn-base crudes show a smaller change in viscosity with change
in temperature than do oils made from naphthenic base and mixed
base petroleums, . o

S.A.E. Numbers: In the past it would appear that each refiner
decided for himself how his product should be graded into "light",
"medium' and "heavy" oils, The great varintions that naturally
occurrcd under such a lack of system was confusing not only to
the average user but also to the engine designer., Accordingly,
the Socicyt of Automotive Enginecrs, usuzlly referred to as
"S.A.E.", adopted a specification for lubricating oils based
entirely on viscosity., In this system distinetive numbers were
-used instead of the old terms of light, medium and heavy, and .
various combinations of them, The S,A.E, recommended practice
is as follows: S :

S.A.E, Viscosity Range
Viscosity Saybolt Universal, seconds

Number - at 130°F, At 210°F.
10 90-115 - -~
20 - 120-150 -
30 - 185-220 .
40 255- - . .= 70
50 ——— " 75~ 95
60 --= 105-120
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At first this scheme met with a great deal of criticism from oil
technologists because they felt, apparently, that it was not com-
prehensive enough, but it has demonstrated its value to the point
where an ever increasing number of refiners are accepting it and
labelling their product in conformity with it. It has some defects,
of course, but it docs insure that the user who follows it will get
an oil reasonably near the grade of oil for Wthh his engine was

de31gned \ _ S

Flash and Flre P01nt

N

The flash point is a quick ”nd valuable reflnery control -
test, used by -the refiner as an aid in maintaining a uniform product
When considered from the consumers standpoint, it indicates two
things. First, when it is reasonably high it indicates that there
is no low—b0111ng and relatively cheaper fraction mixed with the
1ubrlcat1ng 0il, The flash point of mineral lubricating 011 for
use ‘in gasoline jgngincs should not be less than about 335°F.
Second, when considered in conjunction with the viscosity it
1ndlcates the class of crude petroleum from which the oil was made,
For the same viscosity, lubricating cils made from paraffin-base
crudes have a relatlvely higher flash point than those made from
naphthene- base crudes.

A01d1ty.A

The acldlty should be shown as mlneral acid and as orgqnlc
acid, - Mineral &cid is highly .corrosive and 1nd10ates a- careless-
reflning. Ko mineral acid should be found in a geod oil, - Organic
acids are only very lisghtly. corrosive, Vlf at d1l. - A very small.
percentage of .organic acid: may be present with beneficial results
in reducing the:coefficient of: friction. "Pciroleum oils after:
being used for some.time usuplly show a, hlgler percentags of org ganic
acid than they do when new. ' S PE I

Colour., . . ... .. -

The value of testlrg T r colour is problematlcal It was
of value. Wears 2go in estimating .the degree '¢f refining the oil had
undergoney;.. and the class of " crude ‘011l from WhlPh ‘it had been made,
Modern methods, however, have enabled-the- reéfiner .to prcduce oils
of almost any desired colour.up

Saponlflcatlon Value.,

Pure pctroleum, *r mlneral cils have a very low saponl-
fication value,. Both animal and vegetuble cils have a high saponi-
fication value. = For instance, the -saponification value of castor
0il is about 185, Since it ig desirable tco know whether the oils
under consideration is a pure mineral oil or not, this test is
valuable to the consumer, although it is obvious that the refiner
requires it only when compcurding oils. If the saponification
value is found to be less than 3 +the oil may be considered to

"be a pure mineral oil.
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Pmulsibility.

Some oils ferm an undesirable emulsion with water. This
is most noticeable in cold weather., It is usually a characteristic
of the cheaper grade of oils, In warm weather it is not particular-
1y harmful,
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