PROPERTIES OF MATERIALS

The construction, operation and maintenance of the mechanical systems involves
matter in each of its three states and uses all of its properties. Each part.of
a machine is made of a material that has properties which allow it to do its job,
figure 2-1.

The fuel that powers the machine to produce motion and the J.ubricat;ing oils
that reduce friction are examples of amtter that is essential to operation, but is
not an integral part of the machine. The tools, equipment, a?d the atmosphere
of a shop are also examples of matter. Hydraulic jacks and air compressors use
matter in the form of liquids and gases.
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Fig. 2-1 How the woild's resources are used in a modern antomobile



Matter is practically everywhere. But what makes one solid or one
liquid or one gas differ from another? The answer may be found in the
molecular structure of each which is responsible for the characteristics
or properties that each i)osscsscs. The terms used for these properties ]
are explained in this unit. These terms shouid be understood and used \
by the automotive technician.

The fibrous tissues used to clean windshields and wipe up oil or
grease have a high degree of porosity. This means the spaces between
the molecules of thesc tissues are large. Such tissues also have the
property of adhesion. Adhesion is an attractive force between molecules
of different materials.

The density of a material is its weight per unit of volume. An iron
alloy cylinder head differs in weight from an aluminum alloy cylinder
head of the same size becausc of the differcnce in densitics of the two
matcrials. If thesc two cylinder heads are the same size, they have the
same volume.

It is easy to see the impenetrability of matter when a hammer
strikes an anvil, or when any inctal attempts to occupy the same space
as another metal, as in the case of two automobiles mecting head on.
It is also true that, whether the matter is solid (stcel), or liquid (oil), or - Fig. 2-2 A piston com-
gas (air), the space it occupies cannot be occupied by other matter at presses the gas
the same time. When the piston rises against the gas vapor in the com-
bustion chamber, it docs not penctrate the gas, but merely compresses it, {igure 2-2. When the
pedal on hydraulic brakes is pushed down, the force against the hydraulic fluid is transmitted
against the brake shoes and, in turn, against the drums. The fluid, unlike the gas, cannot be
compressed and the space it occupies cannot be occupicd by anothei matcerial at the same time.

Notice that when a drop of oil is spilled it scems to form a ball shape while a drop of anti-
frecze spreads out to a pancake shape. This diffcrence is due to the property of cohiesion. Cohesion
is the tendency of the molecules to stick together. Oil has greater cohesion than antifreeze.

Oil also has a high degree of adhesion. It tends to stick to other materials. Notice that it is.
almost impossible to wipe oil completely from a bearing. The attraction between the molecules
of the oil and the molecules of the bearing is very strong. This is one of many desirable qualities
of lubricating oil.

Inertia is the resistance of an object to change its direction or state of motion. When push-
ing a car by hand, notice how difficult it is to get it startcd and how, once it starts to roll. it is
casier to kecp it rolling. This is mainly due to incrtia. When the brakes are applicd suddenly,
passengers are thrown forward. The passengers’ inertia tends to keep them moving in the same
direction and speed as that of the car before the brakes are applicd. The force of inertia is also
illustrated by the rapid motion of the piston which must be stopped at the end of each stroke
by the crank connection. This is similar to a rapidly moving automobile hitling a solid object.




BASIC PROPERTIES OF SOLIDS

Few pecople realize the variety of materials that go into the manufacture of an automobile.
For example, there may be 160 separate varietics of steel in a car. This stecl appears in over a
thousand combinations of form, composition, size, and quality.

Some of the uses of steel in a typical four-door scdan, together with its forms and weights,

are shown in figure 3-1. The total weight of steel is 3,542 pounds, excluding weight allowance
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Fig. 3-1 Allocation of steel in a typical four-door sedan .




The remaining solids requircd to meet the vast manufacturing nceds of the automobile are:
rubber, glass, aluminum, copper, leather, diamonds, platinum, tungsten, mica, plastics, carbon,
wood, wool, cotton, lead, iron, tin, nickel, zinc, manganese platinum, and abrasives. All of these
materials, uscd alone or in combination, have very definite properties which make them partxc—

ularly well suited for certain parts of automobiles or for their manufacture.

Science, rescarch and engineering develop new materials or improve existing ones to meet
new or more severe requirements of the modern motor vehicle. Metals are changed through
me:allurgy to improve their basic properties. Synthetic rubber and plastics are developed through
chemistry to mect new and varied uses. The efficicncy, specd, power, comfort and safety of
today’s automobile is ample proof that the scientists and engincers are successful in developing
and utilizing the basic properties of solids.

Plastics are-often used in automobiles because they have the propertics of hardness, tough-_ -
ness, ductility, and tenacity. Fiberglass is used for many car bodies and scveral kinds of plas-
tics are used for automotive accessories and structural parts. The use of these materiais results
in less weight and rcduced cost.

Hardness is the ability of a material to rcsist forces that tend to push thc molecules apart.

Toughness is the property of a material to withstand a permanent change.

Ductility refers to the ability of a material to be drawn into shape without losing other

- mechanical propertics.

Tenacity is the cohesive ability to resist forces which tend to pull a material apart.

Malleability refers to the ability of a matcnal to wnthstand mechanical processmg, such as
hammcnng and rolling.

SUMMARY REVIEW .
1. DPlace an X in the appropriatc square, or squares, which best describes
the basic property or propertics of cach of the automotive parts listed.

The column on the right indicates the number of propertics that should

be marked.
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BASIC PROPERTIES OF LIQUIDS

A number of different liquids arc used jn the operation and scrvicing of the automobile . With-
out thesc liquids and their propertics, the automobile would be an impossibility. The modern auto
mobile with its automatic transmission, power steering, and hydraulic brakes and shock absorbers
uses many of the propertics of liquids. This unit is concerned only with the basic properties of liq-
uids, leaving the mechanics of liquids (pressure and force) to be studied in another unit.

The basic -propertics of liquids can be seen by their use in the automobile. A lubricant
adheres to a bearing surface and. is also partially absorbed by the surface. The oil xtsclf is held
together by the cohesive action of its molecules.

When a crankshaft journal turns in its bearings or a piston slides up and down within a
cylinder, the oil adheres to both moving and stationary parts. DPressure is built up in the oil
between the bearing surfaces. It is this pressure that supports and (loats the moving body, therc-
by preventing actual contact between the moving parts and reducing the friction.

The cohesive property of the ‘oil must hold the molecules together as pressures build up
between bearing surfaces or when friction develops high temperature. A breakdown of the oil
film would mean metallic contact between bearing surfau.s and therefore cxcessive wear or
possible danage to the bearing surfaces.

- Oil must have enough viscosity (the measure of resistance to flow) to keep the bearmv sur-
faces separated under all conditions. .

" Since viscosity is onc of the most impor-
tant propertics of a lubricating oil, difterent
viscosity oils are recomnmended to mect
. Varying opcrating conditions. These condi-
tions include air temperatures, opcrating
temperaturcs of the engine, and the age and
condition of the engine. The viscosity num-
bers SW, 10W and 20W represent winter oils;
numbers 20, 30, and 40 arc summer oils.
The proper grade to use at any season depends
on engine condition and design. and on ar
approximate temperature range. Siice the
rate of viscosity change with change in
temperature varies widely with different .
types of oils, a standard of mcasurement of Fig. 4-1 Cross-sectional dizgram of a bearing assembly
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this rate of change, known as Viscosity Index, has been established. A high Viscosity Index num-
ber (as 90 or above) indicatcs a relatively low rate of viscosity change with change in temperature,
while a low Viscosity Index number (50 or lower) indicates the reverse. An enginc requiring an
S.A.E. (Society of Automotive Enginecrs) 20 oil in summer would require an S.AE. 10 or 10W
oil in winter or in cold climates. Dual-graded oil meets the viscosity requirements of a grade at
0° F. and at 210°. F. Forexample, SW-20, 10W-30 or 1 0W-40 oils will meet all-season requircments.

Liquids have a tendency to sprcad over any surface in proportion to their viscosity. Lubri-
cating oil is drawn into the space betwcen a piston and the cylinder wall by capillary action.
Penctrating oil sprcads betwecn the leaves of an automobile spring by capillary action. Oil
penctrates as a film in the spacc between a bearing and a shaft, no matter how small, in exactly
the same manner as water climbs in a capillary tube. Filins as thin as onc-millionth of an inch
(thinner than the walls of a soap bubble) are possible. Theoretically, a film of oil may be spread
out until it is only one molecule in thickness. Capillary action, therefore, is partly responsible
for the efficient Jubrication of moving parts of an automobile.

Oil has less surface tension than water. When oil is pourcd on water, it spreads over the
watcr forming a thin film. This characteristic of low surface tension causes it to spread in a thin
film over solids. This property is very important in the lubrication of an automobilc.

The boiling point of a liquid is an important considcration in some applications. Some
liquids might give good protection against freczing when used as an antifrecze but do not have
high cnough boiling points for summer usc, figure 4-2. Glyccrine and ethylcne glycol have a high
boiling point, hence do not boil away casily. This is'one requirement of a good permanentantifreeze.

The clectrolyte used in a storage battery is a solution of chemically pure sulfuric acid and
distilled water. The proportion is about two parts of acid to five parts of water by volume. The
proportion of water and acid should be such that the densily of the solution will be at a specific
gravity of 1.265 to 1.290 at 80° F. : .

The sludge in the crankcase of all internal combustion engines is a product of contamination
from both outside and inside sources. Jt is brought about by the presence of water, fuel dilution,
_acid formation, metal dust, and carbon churned together into an emulsion by the operation of
the engine. This emulsion is very harmful to the enginc. [t will foul piston rings, accclerate -
carbon formation, restrict or cven close oil lines, and eventually lead to lubricating system failure.
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Fig.4-2 A good permancat antifrecze rcquirés a high boiling point.
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Sludge also forms in the cooling system of a motor. Water solu-
tions tend to corrode cooling system metals when the metals are not
protected by inhibitors in the antifreeze or in antirust preparations
added to water for summer driving. Loss of metal by corrosion may
result in parts failure or leakage. The formation of corrosion products
on the surface of thc metal will reduce heat transfer at the walls of the
enginc water jacket and in the tubes of the radiator even before
clogging occurs.

Corrosion of some metals in the cooling system, such as stainless
steel, brass, solder, aluminum and copper, may be the result of direct
attack by the liquid but more often it is caused by galvanic corrosion.

Galvanic action (electrolytic corrosion) is a form of corrosion which

can -occur when unlike metals, in contact with cach other, ar¢ immersed

in a liquid which will carry an electric current. It is an action similar Fig. 4-3 High float

to that occurring in a storage battery. : ~ means high specific
The tendency of a liquid to produce an upward force on an object gravity.

“in the liquid is known as buoyancy.

The buoyant force is used to determine the specific gravity of liquids. Specific gravity can
be measured quickly by using an instrument called a hydrometer, figure 4-3. The hydrometer
used for determining the state of charge of a storage battery should include a thermometer for
making a temperature correction to the specific gravity reading. The temperature correction
amounts to .004 spccific gravity. This is sometimes referred to as four points of gravity for each
1C°F: change in temperature.

Most battery manufacturers adjust the acid in their batteries so that the specific gravity
readings are accurate only when the acid temperature is at 80° F., figure 4-4.

Special hydromcters are used to test antifreeze solutions and are marked to read in freezing
points for the standard types of antifreeze. ’
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BASIC PROPERTIES OF GASES

The internal combustion engine used in the automobile is essentially an air engine; it pumps
air. In traveling a distance of Icss than 50 miles, a 330-cubic inch engine puzﬁps enough air to
fill an cight-room house. The fuel (gasoline) is suspended in the air. Gasoline engines operate on
" the principle of the compressibility of zascs. Gases expand to produce extremcly high pressurcs

when ignited. Each power stroke may produce as much as 12,000 pounds of force. However,
we arc now concerned with thc basic propertics of gases and not with the operation of . the
internal combustion cngine, which will be studied later. .

If a gas is confined, so that it cannot expand when itis heated, it will exert a greater pressure.

An automobile tire may secm underinflated in the cool of carly morning, yct due to the heat of

_the road and travel, it inay expand until a blowout occurs. Suppose the tircs on an automobile arc

inflated to 25 Ib. pressurc when the temperature is 32° F. When the temperature rises to 63° F.,
the pressurc in the tires incrcases to approximately 28 lbs. When the thermal energy of a gas
increases, the specd of the molecules increases. They bombard the inner walls of the tirc more
vigorously, increasing the pressurc cxerted by the gas.

Gas pressure is measured by a number of different types of gages. The Bourdon-type gage,
figure 5-1, is often used in motor vehicles to indicate oil pressure and engine temperaturc. The
temperaturc indicator is a remotely controlled thermometer which tells the ten:perature of the
engine coolant. A Bourdon temperature gage has a capiilary tube and a bulb attached to the unit.
This tube and bulb are filled with a volatile liquid (onc which cvaporates casily), such as ether,
_and sealed. When the bulb is heated by the engine coolant, the confined liquid generates vapor
pressure. This pressurc is transmitted through the capillary tube to the Bourdon tube in the gage.

(BULB & ADAPTOR NUTS)

BOURDON TUBE

HOLLOW WIRE TUBING

GAS FILLED BULB'

Fig. 5-1 The bourdon tube tends to expand with increased vapor pressure.
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PRESSURE LINE
0 VALVE

Fig. 5-2 Automatic lozd leveling system

The Bourdon tube is a slightly oval tube,
bent in a circular shape and closed except for
the conncction to the bulb. When vapor pres-
sure is applicd to the tube it tries to expand
and in so doing straightens out slightly. This
straightening of the Bourdon tube causes the
pointer, which is attachcd to it, to move.

Due to the springincss of gir, automobiles
are able to usc air shocks for controlling the
riding height. Air shocks opcrate on the
principle of the compressibility of air. The
basic parts of a typical automatic load leveling
system, figure 5-2, include a vacuum compres-
sdr, height control valve and linkage, air sleeve

ILGHT CONTROL VALVE

AR SLEEVE SHOCK ADIORBLRS

Fig. §-3 Air sleeve shock absorbers

shock absorbers, plus connecting lines and flexible hoses. .

The air slecve shock absorbers and adjacent related parts are shown in figure 5-3. The system
is designed to raisc the rear of the vehicle after a predetermined load is reached. When this extra
load is placed in the vehicle, the vacuum operated compressor will produce the pressure required
to inflate the shocks and extend themn to raise the vehicle.

The vehicle is kept at the proper height by the action of the control valve. The shock
absorbers deflate and collapse as the extra load is removed thus Jeveling the automobile. A time
delay is included in the control valve so the system will not be activated by a slightly bumpy road

surface. Pneumatic springs (air bags) replace steel springs on certain buses.. Pncumatic springs
support the .vehicle weight, absorb the shock from the uneven road surfaces, and maintain the

correct height regardless of the load.
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