








METALLURGY AND WHEELS

Malleable iron is made from cast irons of a special composition.
The castings are made in the same manner as when ordinary cast iron
is used. After the casting has been taken out of the mold it is given a
special heat treatment which completely changes its characteristics.

The castings are packed in iron drums and heated in a furnace to °

about 1700 degrees F., which is a yellow heat. The castings are kept at
this heat for a long time, after which they are slowly cooled. This
treatment, which takes from two and a half days to a week, is called
annealing.

When they are removed from the furnace the castings look the
same, yet a tremendous change has taken place inside. When the cast-
ings went into the furnace they were so hard and so brittle they could
easily be broken with a hammer. When they come out, they will with-
stand a great deal of hammering and the metal is so soft that it will
bend almost double before breaking.

Malleable iron is used for parts of the automobile where strength is
required of complicated parts which must be cast. Wheel hubs,
differential parts, clutch and brake pedals, bearing caps and spring
hangers may be made of malleable iron castings.

YOU SHOULD HAMMER YOUR IRON WHILE IT IS
GLOWING HOT

—PUBLIUS S5YRUS

Forging is the process of forming steel by a hammer blow or a
heavy pressure. Forging presses are made in sizes up to 6,000 tons.
Steam hammers are usually used in forging operations, although
hammers may also be driven by an electric motor or air. The method

used to form steel parts by .

forging is similar to the
method used by the black-
smith in making a horseshoe.
Hot metal is hammered to
the shape of the shoe on
the anvil.

lron Flashes

The earliest method of forming iron was probably forging by hand.
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GRAIN IN CRANKSHAFT '8

// \

To make a connecting rod, a bar of steel of the right size is heated
to a white heat in a furnace next to the hammer. The face of the
hammer is shaped like the outside of the connecting rod. In some
respects it is similar to the mold used in casting iron except that here
the mold is of hard steel. In casting iron the mold was filled with
molten metal. In forging, the white hot bar is squeezed between an
upper and lower mold, or die, as they are called in forging practice, to
fill the mold. The sharp hammer blow is necessary to squeeze the hot
metal into the dies. The connecting rod dies will be made so that half of
the shape is in the top and half in the bottom die.

Many automobile parts are forged. Crankshafts, camshafts, gear
blanks, connecting rods, rocker arms, valves, steering gear parts,
universal joint parts, rear axle parts, ball bearings, roller bearings and

lron Flashes

The chain placed across the Hudson River in 1812 weighed 186 tons and
was forged at an early iron works near by.
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many small parts are forgings. Forgings are usually machined before
they are used.

An interesting fact about steel forgings is that they have grain
lines just like a tree. The illustration shows the lines in a crankshaft
compared to the grain in a small tree with a branch out one side.

PRESSES

Still another typical process of shaping steel into automobile parts
is to form in presses. Parts, all the way from the smallest washer up to
an entire steel automobile body top, can be made in presses. These
presses vary all the way from a very small size up to the four-story high
giants of 750 tons capacity. The process is, in some respects, similar to
forging except that thin metal is used and it is formed cold.

To make a
stamping, a set
of dies is made
in the shape of
the part. The
lower die is sta-
g tionary and the
upper one moves
downoverit. The
metal is squeezed
between the dies
and comes out of
11IY the press in the
I shape of the fin-
ished part.

Many types
of press work are
done. Forming,
piercing, bending
and punching can
all be done on a

LARGE PRESS FOR FORMING STEEL TOPS Y

L1

lron Flashes

Sheet steel for press work is soft and ductile, and contains very little
/d carbon.
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press. Sometimes a die is made to do several operations at once. Sheet
metal is fed into the press and the complete part comes out. Other
parts require several operations.

Press work makes strong, light, low cost parts. There are thousands
of parts on your automobile made on presses of one type or another.
Fenders, gasoline tanks, body parts, hoods, fans, frames, rear axle
housings, steel wheels, and crankcases are some of the major parts
made on presses. Many smaller parts such as washers, covers, head-
light parts, tail light cases, instrument parts and dust shields are
made in small presses.

MACHINE TOOLS

There are many types of machine tools for cutting steel and iron
parts into the form desired. Lathes, milling machines, screw machines,
grinders, broaches, drill presses, planers, shapers and dozens of special
types of machines are used in making automobile parts. Each part and
each job requires special tools and special machines. Sometimes a
single piece will go through a number of machines, each doing one
operation.

Forgings, castings, press work and bar, rod or strip steel are
machined to make the finished part. Many machines are automatic
and steel bars fed
into oneend come
out finished parts
at the other.
Other machines
require much
skilled operation
by trained ma-
chinists. All ma-
chinesmustbeset
up,and thespecial
tools and fixtures
made, by highly
experienced tool

lron Flashes

Almost a fourth of the metal working equipment in all the factories in
the United States is used by the automotive industry.
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makers. It would be impossible in this booklet to explain all the
methods of machining metals.

Round parts are made on lathes, screw machines and turret lathes.
Flat surfaces are cut on planers, shapers and milling machines. Milling
machines, broaches, and special machinery are used for irregular
shapes and holes. Drill presses are used for round holes. Special gear
cutting machinery is used for making the various gears used in the
automobile. Many parts are given the final finish by grinding. Each
factory has thousands of machine tools of all types.

It is the machine tool which has lightened man’s work and made it
possible to produce automobiles in the reach of the greatest number of
us. Over five million persons, or one out of every eight of those em-
ployed, are employed directly and indirectly in the automobile
industry. Work for these men is made possible by the advance in
machine tools. .

WELDING

Welding is the term applied to the joining together of two pieces of
steel, usually by melting the joints. Many parts of the automobile are

e S P>n _ WELDING A FENDER

w I|”Mﬂf 7
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lron Flashes

The blacksmith welds by heating the metal to a white hot temperature
5| and pounding the joint together.
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welded. Welding can be done by many methods. The most necessary
thing is a method of producing a high temperature. The two most
common methods are acetylene welding and electric welding.

For joining the panels on the automobile body and for making
many smaller parts, electric welding is used. Even the thick sections of
the rear axle housing are joined by this method. We know that if two
wires on our house circuit are brought together we get a blinding flash
and the wires are melted together. We therefore take every precaution
that this kind of a “short™ does not occur, since it not only burns out
the fuses but is dangerous as well. However, welding machines can be
built which use the right voltage and current so that parts can be
melted at their joints and welded together.

In the other method, acetylene welding, the joints are melted
by an intensely hot flame produced by the burning of oxygen and
acetylene gas. This method is not much used in the manufacture of
automobiles, but is extremely valuable in the repair shops.

“FINGER PRINTS"” OF STEEL

Heating and cooling can make large changes in the strength,
hardness, brittleness and wearing qualities of iron and steel.
Steel or iron is made up of fine microscopic crystals of iron,
carbon and other alloying elements. Heat treatment is just a
method of controlling the crystalline structure to give the desired
properties. A piece of steel with a uniform fine grain is tougher
than a piece with a large grain. The metallurgist uses a micro-
scope to examine the crystals. A sample of the steel is ground and
highly polished to give a smooth, even surface. It is dipped in
dilute acid to show up the crystalline structure of the metal.
Placed under a microscope and magnified from 100 to 1000
times, the formation of the crystals in the specimen classifies the
steel to the metallurgist. These are really the “finger prints” of

’

lron Flashes .
Metallurgists also use the spectroscope, X-ray, and chemical laboratories
to study the internal structure and composition of steel. J
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the metal and identify the metal just as human finger prints
identify a person. These “finger prints” are called photo-micro-

graphs. The illustrations show the structure of a number of
different types of steels with the heat treatments described

hereafter.
ANNEALING

Annealing is a process in which the metal is heated high enough
to soften it and then slowly cooled. This relieves strains set up within

lron Flashes

The Romans were familiar with hardening steel both by quenching it in
water and in oil.
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the metal by other treatments,
makes the metal soft and ductile,
alters the toughness or refines the
grain structure. Either steel or
cast iron can be annealed.

We are all probably familiar
with annealing. Tools, such as
a saw or plane, which have gone
through a fire, will no longer cut.
This is because they have been
heated to a high enough temperature and cooled slowly enough to
anneal the steel and make it soft.

#.» MICROGRAPH OF ANNEALED STEEL
€ f MAGNIFIED 100 DIAMETERS

HARDENING STEEL

Steel is hardened by heating it to a high temperature and sud-
denly cooling it by plunging into water, salt brine or oil. Steels are
hardened to give them a good cutting edge, a good wearing surface, or
high strength. Sudden cooling of
the steel changes the crystalline
structureintoahard, brittle form.

The photomicrograph shows
the crystalline structure of a
hardened steel. The piston pin,
valve springs, leaf springs, coil
springs, valve tappets, cam-
shafts, crankshafts, gears, steer-
ing gear parts and connecting
rods and many other parts are
hardened to give strength or
resistance to wear. Many of these parts are given other heat treatments
such as annealing, carburizing and tempering. These treatments are
described herein.
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MICROGRAPH OF HARDENED STEEL
MAGNIFIED 500 DIAMETERS

lron Flashes

The rapid cooling during hardening sometimes sets up such high strains § :
inside the metal that the steel flies into pieces. s
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TEMPERING

Tempering is the process of obtaining the exact hardness, strength
and ductility of steel which is necessary for the work it is to do.
After quenching, the metal is re-
heated to the desired temperature
to give it the correct combination
of toughness and hardness which
its use demands.

Crankshafts, which must be
hard enough to withstand wear
at the bearing surfaces, yet tough
enough to withstand the explo-
sion and other forces, are tempered
steel. Connecting rods, valve and
leaf springs and transmission gears are likewise quenched and tempered.

R AL 0 syl S
MICROGRAPH OF TEMPERED STEEL
MAGNIFIED 500 DIAMETERS

CARBURIZING AND CASE HARDENING

In some instances, it is necessary to have a glass-hard surface to
resist wear and a tough center to give strength. This can be obtained
with many steels by a process called case hardening. We have seen that
the higher the carbon content of steel, the greater its hardness. Where
a hard wearing surface is required, the surface is made of a high carbon
content by carburizing.

MICI?OGI?APH OF CORE OF CARBUI‘:‘PZED STEEL
MAGNIFIED 100 DIAMETERS

Mty T & o
MICROGRAPH CASE OF CARBURIZED STEEL
MAGNIFIED 100 DIAMETERS

lron Flashes

The deadly poison, sodium cyanide, is sometimes used to carburize steel.
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MiCROGEAPH OF CORE OF CASE HARDENED STEEL
MAGNIFIED 500 DIAMETERS

MI’CRORA ‘.. OF CS HAENED SEE
MAGNIFIED 500 DIAMETERS
To carburize a part, it is packed in a box and surrounded with
carbon. The box full of parts is then heated to a yellow heat in an oven.
The carbon may be in the form of wood or bone charcoal, charred
leather or even sugar. Sometimes various chemicals
are used. The steel parts absorb some of the carbon
at the surface but the center remains unchanged.
To case-harden the parts, they are quenched in
water, brine or oil to harden the surface.

The difference in the outside and inside can
be seen without the aid of the microscope in
the fractured piece. The carburized surface is a
different texture than the tough interior. The
illustration shows the further difference which the
microscope reveals. Rear axle gears, camshafts,
transmission gears, steering gear parts and many CASE HARDENED GEAR TOOTH
other parts are case-hardened.

MEN

We have examined various means of forming iron and steel and
machining finished parts. We have seen that many special types of
steels are used for different parts and that heat treatments are used to
bring out the right properties. In the automobile factory each piece of
the automobile flows from process to process in a smooth, orderly
manner. The machines are arranged so that the parts can move from

lron Flashes

When it is not desired to carburize all of the surface of the metal, the
part which is to remain soft is copper plated.
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the raw material stage to the finished part with the least movement
and effort.

Conveyors are used to carry the parts along from machine to
machine and to lighten the back-breaking labor formerly necessary in
all factories. The cylinder block is started at one end of a conveyor line.
As it moves along, a group of workmen add parts until at the end of the
line, we have a finished engine. Transmissions, rear axles and bodies
are put together on sub-assembly lines. These sub-assemblies are car-
ried by other conveyors to the main assembly line where workmen put
them together to make the complete car. A single factory may turn
out as many as 5000 complete automobiles every day. Each of the
thousands of parts are produced on time and delivered to the right
spot. Each individual part must be made of the right material, given
the correct heat treatment and be made to an accuracy measured by
thousandths of an inch.

To do all these things requires the co-operation of thousands of
men using every type of machine which other men have conceived and

‘ lron Flashes
Pure iron is not rusted by exposure to pure dry air at ordinary tem-
= peratures.
X Iron increases in volume from 10 to 20 times when it rusts.
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built. Engineers, tool and die designers, tool makers, metallurgists,
electricians, machine operators of many types, chemists, and skilled
workmen each has his specific part of the work. Each man, doing his
own work, and responsible for one job, makes it possible for all of us to
enjoy the benefits of the motor car. When it rolls off the end of the
assembly line, even the smallest car has the equivalent of almost three
months of a man’s labor. New wealth has been created largely out of
iron rust. The country and all its people are richer and are ultimately
benefited by the creation of a usable article from the ore of the earth.

>

The Story Below is Reprinted from a
Customer Research Bulletin.

Paul deKruif, in his delightful book “SEVEN IRON MEN” traces
the genesis of the giant automobile industry, not back to Duryea, nor to
Olds, nor to Haynes, but to the Merritt boys who, after prospecting for
gold in the wilds of the Duluth-Superior district for several generations,
finally stumbled onto the great Mesabi Range.

Here lay the ingredients that were destined to feed the great assembly
lines of the automobile industry—that were to usher in a new era of
mechanical products at low cost, and make America the industrial capital
of the world.

It had taken three generations of rigorous prospecting by the Merritt
frontiersmen—three generations of hard going.

And it took almost another generation to break down traditions and get
something done about it.

Here was the rich ore in the form of iron oxide filling an entire valley—
laying right out on top of the ground—assaying 64 per cent pure iron.
Buicks, Cadillacs, Oldsmobiles, Chevrolets and Pontiacs in the amorphous
form—stretching as far as the eye could see.

lron Flashes

When the Spaniards invaded Mexico, they found the Aztecs possessed
knives of iron which they valued higher than gold.
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. The Merritts didn’t know much about iron so they imported an expert
—a real practical Cornishman—a mining engineer.

The Cornishman knew his business—but an iron mine off of a railroad
track was something new in his experience. After grumbling about having
to go through the wilds to get to the place—he looked it over, knitted his
brow and uttered an oath—“What’s the matter,” asked one of the Merritts
—“It’s real iron ore, isn’t it?”

“Yes,” answered the Cornishman “I guess IT°S IRON ALL RIGHT,
but how are you going to mine it? It’s too much out in the open. It's got no
hanging wall—and where’s your foot wall—tell me that?”

“—and anyway the stuff’s too loose and fluffy—you’ll never be able
to sink a shaft into it—the sides will cave in!”’

The Merritts went into a huddle. Then they timidly asked, “Why
should you have to sink a shaft—why not just dig it right up with shovels?”’

lron Flashes

Oil, gas or electric furnaces are used for heating paris to be hardened,
annealed, tempered or carburized.
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The finer sensibilities of the Cornishman were deeply offended—he was
horrified! He told the prospectors in no uncertain terms that even in the
secluded wilds of the Mesabi he would not—could not cast aside the ethics
and traditions of his time-honored profession—under no circumstances
would he be a party to any such unorthodox procedure—‘‘no shaft—no
mining” —was his parting injunction. Then he got on his donkey and
started back on the 100-mile jaunt to Duluth.

But the project was not entirely abandoned—and some people finally
became interested who, although lacking in traditional background, man-
aged to get the 64 per cent ore out of the valley—onto a train—into a boat—
across the lakes and down the throats of the yawning Pittsburgh Bessemers
—and at about the same price that it had formerly cost to elevate ore from
the bowels of the earth.

lron Flashes

The famous Damascus blades of the Middle Ages were made from steel | [§
imported from India.
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OTHER BOOKLETS OF A SIMILAR NATURE

STEEL
“POWER GOES TO WORK" 1.5% CARBON
A simple explanation of the fundamentals
of power transmission systems, portray-
ing in some detail the power drives of
the automobile, airplane, and ship. Many
colored illustrations.
“A POWER PRIMER"
“A Power Primer” strips the internal
combustion engine of its technical mys-
teries by presenting the simple elemen-
tary facts about engines in general use
today—automobile, aircraft, and Diesel.
“CHEMISTRY AND WHEELS"
The fascinating story of the combustion
of gasoline in an automobile engine,
treated from the standpoint that the
motor car is a chemical factory on
sious e CAST IRON
2,59, CARBON
“ABC's OF HAND TOOLS"
A simple and informal text, together
with cartoons and drawings, tells the
right and wrong ways of handling and
using the more common hand tools.
“OPTICS AND WHEELS" CAST IRON

A survey of the outstanding historical 3.0% CARBON

events in the development of artificial
light, as well as the basic principles of
optics as applied to automotive lighting

problems.
ADORESS CAST IRON
Department of Public Relations 4.0% CARBON

GENERAL MOTORS
Detroit, Michigan
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