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TYPES OF METAL

SPARK STREAM

SPARK CHARACTERISTICS

WROUGHT IRON

TOP - STRAW YELLOW
MIDDLE - DULL RED
BOTTOM - WHITE
LONG (65") STRAIGHT
STREAKS THAT WIDEN AND
THEN DISAPPEAR

MILD STEEL or LOW
CARBON STEEL

BRIGHTER THAN
WROUGHT IRON SPARKS,
WHITE - ABOUT 70",
SPARKS BRANCH A LITTLE

MEDIUM - CARBON
STEEL

BRIGHT STAR-LIKE
EXPLOSION SPARKS,
ABOUT 60" LONG

TOOL STEEL OR HIGH
CARBON STEEL

WHITE SPARKS EXPLODE
SOON AFTER LEAVING
WHEEL - ABOUT 55"
BURNS EASIER THAN
MEDIUM OR LOW CARBON
STEEL

ALLOY STEEL

TOP - STRAW YELLOW
BOTTOM - WHITE
LENGTH VARIES,

PEARSHAPED, SPARKS

PARK OR DULL RED.
SOME OF THESE METALS
DO NOT GIVE OFF SPARKS,
YET OTHERS MAY GIVE
OFF SPARKS AT RIGHT
ANGLES.
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Course:
01.421

Agriculture Mechanics Technology

Unit 12:
Metal Fabrication
Lesson 1:
Metal Identification

Georgia Performance Standards: AG-AMI-12 (a-b)
Academic Standards: ELA10C1, ELA9RL5, SCSh9, ELA10LSV1 (i), ELA10LSV (f), ELA9RC2, ELA12LSV1, ELA9RL5, ELA10W3, MA1P1, SCSh2, SCSh3, SCSh4, SP1, SPS5
National Standards:

Objectives: 

1.   Explain the origins of metal

2.  Explain how metal is manufactured

3.
Identify the different types of metals.
4.  Identify the different shapes and uses of metals.
Teaching Time: 5 hours
Grades: 9-12

Essential Question: How can metal be identified and used?
Unit Understandings, Themes, and Concepts:

Students will learn how to identify the different types of metals. Students will also learn how to compare sizes of metal for purchase.
Primary Learning Goals:

Students will be able to identify and explain identify the different types of metals and compare sizes of metal for purchase.
Students with disabilities: For students with disabilities, the instructor should refer to the individual student's IEP to insure that the accommodations specified in the IEP are being provided within the classroom setting. Instructors should familiarize themselves with the provisions of Behavior Intervention Plans that may be part of a student's IEP. Frequent consultation with a student's special education instructor will be beneficial in providing appropriate differentiation within any given instructional activity or requirement.

Assessment Method/Type:

____ Constructed Response

____ Peer Assessment

_X__ Combined Methods


____ Selected Response

____ Informal Checks


____ Self Assessment

References:

Burke, Stan & T.J. Wakeman. Modern Agricultural Mechanics.. Interstate 

Publishers, Inc. Danville, IL.  1992.

Agricultural Mechanics: Fundamentals & Applications, 6th Edition- Ray V. Herren

Modern Welding, Andrew D. Aithouse, Carl H. Turnquist, William A. Bowditch, and Kevin E. Bowditch    ISBN: 9781566379878
Web Resources:

http://www.tpub.com/content/construction/14250/css/14250_21.htm
http://www.free-ed.net/free-ed/BldgConst/Welding01/welding01_v2.asp
http://www.millerwelds.com/resources/bookspamphlets.html Welding and the world of Metals Download

Steel Making Processes
Video – Industrial Revelation: Steel Making Methods (England)
Virtual Steelmaking
Materials and Equipment:

Variety of metals

Portable grinder

Metal specifications

Videos

Video Equipment

PowerPoint:
Metal History and Production

http://www.slideworld.com/pptslides.aspx/welding
Georgia Performance Standards:

AG-AMI-12:  The student will identify metal based on its characteristics.


a.
Identify the different types of metals.

  b.
Compare sizes of metal for purchase
Academic Standards:

ELA10C1 The student demonstrates understanding and control of the rules of the English language, realizing that usage involves the appropriate application of conventions and grammar in both written and spoken formats. 

ELA9RL5 The student researches the life of a particular person as it is represented in a variety of texts.

SCSh9 The student enhances reading in all curriculum areas.

ELA10LSV1 (i) The student employs group decision-making techniques such as brainstorming or a problem-solving sequence (e.g., recognizes problem, defines problem, identifies possible solutions, selects optimal solution, implements solution, evaluates solution).

ELA10LSV1 (f) The student contributes voluntarily and responds directly when solicited by teacher or discussion leader; (g) The student gives reasons in support of opinions expressed.

ELA9RC2 The student participates in discussions related to curricular learning in all subject areas.

ELA12LSV1 The student participates in student-to-teacher, student-to-student, and group verbal interactions.

ELA9RL5 The student acquires new vocabulary and uses it correctly in reading and writing.

ELA10W3 The student uses research and technology to support writing. 

MA1P1. The student solves problems (using appropriate technology).

SCSh2 The student uses standard safety practices for all classroom laboratory and field investigations.

SCSh3 The student identifies and investigates problems scientifically.

SCSh4 The student uses tools and instruments for observing, measuring, and manipulating scientific equipment and materials.

SP1 The student analyzes the relationships between force, mass, gravity, and the motion of objects.

SPS5 The student compares and contrasts the phases of matter as they relate to atomic and molecular motion.

Teaching Procedure

Introduction and Mental Set
Ask the students to identify two pieces of metal provided by the instructor.  

Then ask the students why they cannot correctly identify the metals.
Where does metal come from?  What are alloy metals?  Are all metals the same?  What is the difference between high carbon steel and low carbon steel?  How can I distinguish between types of metals?  What is a spark test?
Discussion


1.
Discuss the origins of metal.


2.
Discuss how metal products are produced.
3.
Discuss metal specifications.

1.
Discuss the origins of metal.
The Age of Steel

We are said to be living in the Age of Steel. We can get a good idea of how true this is by imagining what would happen if a magical magnet suddenly

took away all the steel in use. Life as we know it would come to a complete stop. Our large buildings would come tumbling down. Bridges over our streams and rivers would disappear. Railroad tracks and trains would be no more. Most of the machinery in our factories would be whisked away. Ships at sea and on our lakes and rivers would be lifted from the water. Tractors and plows would vanish from farms and so would the wire fences, shovels, hoes and other tools. There would not be a single automobile or truck on any

street or highway. No planes would fly. Rockets, missiles and the giant cranes which place them on the launching pads would be carried off. These are some of the things that would happen outside our

homes. 

In our homes, we would look about and wonder where the refrigerator and stove had gone. The kitchen shelves would be empty of "tin" cans.

When we sat in a chair we would find it uncomfortable without steel springs. We would be surprised to find that the TV or radio wouldn't run

and that the electric lights wouldn't go on. If we picked up the phone we would find it dead. All the electricity would be cut off because steel is in the

generators of. the plants where electric power is produced by falling water, steam or nuclear energy. With the TV and radio not working, we could get no "late news bulletins" on what had happened to the world. We couldn't even read about it next day in the newspapers because there wouldn't be any. The steel in the giant presses which print newspapers would be gone, and besides, the presses are run by electricity.

This imaginary story would never happen, but it helps to explain why steel is the most widely used of all metals. For every ten pounds of metals produced in the world today, about nine pounds are steel. Many things we depend on in modern life are all steel or partly steel. Even things that have no steel, such as the carpets on our floors, were made by steel machinery. 

There are three important reasons why steel is so widely used.

1. Steel has more different uses than any other metal. Steel is used in buildings, bridges, trains, automobiles, bicycles and in many other things
where a strong, long lasting material is needed. Or steel can be made so soft that you can bend it, as in a paper clip. It can be made springy for springs of many kinds. Steel can be made to stand great heat. It can be made "stainless" so that it resists rust.

2. There are plenty of raw materials in the earth for making steel. Large deposits of iron ore, coal and limestone, needed to make steel, exist in
many parts of the world. Iron makes up one twentieth of the earth's crust. It is, next to aluminum, the most plentiful metal in the earth.

3. Steel costs less than any other metal. Its average price is less than 9 cents a pound. Of course many other materials are needed to build our modern world and to keep it going."
It would be hard to think of life without metal , for buildings, rubber for automobile tires and copper to carry electricity.  Bricks are used almost entirely in buildings. Other materials have many uses. We find glass in windows, electric light bulbs, mirrors, TV sets, microscopes and bottles.

But steel has many thousands of uses. Perhaps you would like to know more about this important metal.
 What materials are used in making it?
 Where do they come from? 
How is steel made?
FROM THE IRON AGE TO THE STEEL AGE

Steel is made from iron. Iron was used long before steel. Iron was first discovered about 6,000 Years ago.  That time in history is known as the

Stone Age. Tools and. weapons were made of stones.  Iron was probably discovered by Stone Age men looking for hard stones to make into hammers or spearheads. They came upon a meteorite. A meteorite is a piece of a shattered planet which has fallen onto the earth. The meteorite the men found was almost all iron, but they thought it was just another "stone." They knocked a few pieces of iron loose from the meteorite. When these iron

pieces were hammered, they did not split or break as stones did, but could be beaten into various shapes, such as knives or arrowheads.
The Stone Age men were delighted with their discovery and they hunted for other meteorites, because they thought that was the only place where iron could be found. But meteorites were not very plentiful and iron from them was so scarce that some people valued it more than gold. In fact, iron was even shaped into jewelry, such as necklaces, bracelets and earrings.

We know that Stone Age people chipped iron from meteorites because the remains of about 50 meteorites which they used have been found. Even up to one hundred years ago the Eskimos in Greenland obtained iron from meteorites for making harpoon points and knife blades. Now the Eskimos

in Greenland get all the iron they need by trading furs for iron made in modern furnaces.

Man Discovers Iron Ore

Men were using iron from meteorites for hundreds of years without ever thinking that there might be iron in the earth. Iron in the earth is

combined with other elements and is what we today call iron ore. Men discovered iron ore by accident. Probably they built a campfire one night

on ground that happened to be rich in iron ore. The fire melted out some of the iron. Next morning in the ashes, the men found a lump of hard material that was like the iron they got from meteorites. After that, men built more fires and dropped in some of the same kind of earth and again they found iron in the ashes. Man had made one of his first scientific experiments!

Soon afterwards, men built crude furnaces of stones for melting, or smelting, iron from ore. To fan the fire and make it burn better, they used

bellows of animal skins. The use of iron spread rapidly and soon it became man's chief metal. It was used in tools, weapons, armor, farm implements, nails, wagons and in many other forms. This period of history is known as the Iron Age. It began about 3,500 years ago.
First Iron in America

When the first settlers came to America, they needed iron axes to cut forests, iron guns to shoot game and iron pots to cook food. For a good many

years, all the iron the settlers used was brought from England, because iron was not yet produced in the Colonies. Iron nails were made by hand and were so scarce that men sometimes burned down old houses just to recover the nails. Some settlers built crude stone furnaces in the forests to make
a little iron to repair a broken wagon axle or the point of a plow. Colonial America was starved for iron and there was great need to build regular iron-making furnaces.

The first successful ironworks in America was built in 1644 in Massachusetts. It was between Boston and Salem, on the banks of the Saugus River. This birthplace of the American iron industry has recently been rebuilt and looks almost as it did more than 300 years ago. Soon ironworks were built in other Colonies, particularly in Pennsylvania and New Jersey. 

Iron Helped Washington's Armies during the Revolutionary War. Most of the men who owned ironworks were on the side of the Colonies. George Washington himself was the son of a Virginia ironmaster. Cannon and cannon balls were made for his army at the colonial furnaces and forges. To weaken General Washington's fighting power, the British destroyed all the ironworks they could and one of them was Valley Forge. Here, Washington and his ragged soldiers spent the terrible winter of 1777-78.

About 25 years after the United States was formed, steam power began to come into use. Before that, wind and water power and the muscles of men and animals had been used to do most work. Steam power brought many changes. It was used in steamboats which were soon chugging up and down our rivers. Next came steam locomotives and America eagerly began building railroads. Steam power also began to replace water wheels in driving machines in our factories.
The Age of Steel Begins

Steam power required iron boilers where the water was heated into steam. The machinery also had to be of iron. The tracks of the railroads were

iron and the locomotives were known as "Iron Horses." Wooden bridges were no longer strong enough to hold up the trains and men began to

build iron bridges. There was plenty of iron for all these needs, but as trains grew heavier and factory machines turned faster, iron could no longer

stand the strain. A tougher metal was needed. This was steel, which is much stronger than iron. Steel is iron combined with a small amount of carbon . Steel was already being made in America, but by a slow method that took nearly a week to make a few pounds. Steel was so expensive that it was used mostly in clock springs, scissors and sharp cutting instruments. It cost too much to be used for railroads and factories.
2.
Discuss how metal products are produced.
The Bessemer Process

In 1847, an American, named William Kelly, thought of a new way to make steel. The idea sounded so ridiculous to his father-in-law that he thought Kelly was crazy. But Kelly continued to experiment at an ironworks which he owned in Kentucky. A few years later, Henry Bessemer, in England, began the .same kind of experiments but without knowing of Kelly's ideas. Both men were finally successful. The new method produced steel in tons  instead of in pounds, and in only 15 to 20 minutes instead of a week as old methods did. This first mass production of steel made it possible to reduce the price from around 20 cents to a few cents a pound. Through one of those queer turns of fortune, Bessemer's process became better known  than Kelly's and is named after him to this day. The Bessemer process was important because it brought in the modern Age of Steel about 1856. A few years later another new process for making steel was introduced-the open hearth process. It produced steel in even greater quantities than the Bessemer converter. Open-hearth steel production gained steadily on Bessemer steel production and in 1908 went into first place and has remained there ever since. In fact, Bessemer converters now produce a fraction of one per cent of our steel.

With more and more cheap steel being made, our nation grew rapidly. Railroads spread farther and farther and soon steel rails reached from

coast to coast. The first office buildings with steel frames were put up. Our busy factories grew in size and number.
The Life of Andrew Carnegie

In this period of our history one person stands out as the greatest steelmaster of them all. He was Andrew Carnegie. He was born in Scotland in

1835. When he was 13 years old his family came to America and settled in Pittsburgh, Pennsylvania. His family was very poor. In those days, there was no law making a boy or girl finish the elementary grades. After a few years in school, little Andy went to work to help support his family. His first job was in a cotton mill where he earned about one dollar a week. Andy always studied for the job ahead and when he was only 24, he held an important position in a big railroad company.
Pittsburgh was then becoming important as an iron manufacturing city. Carnegie saw the need for iron in our growing industries and he saved enough money to buy an interest in a company that manufactured iron. The business grew rapidly and after the invention of the Bessemer process he built a large steel mill of his own. As his business grew and grew, Carnegie built other steel mills. More than any person Carnegie made Pittsburgh famous as a great steel city. He owned the largest steel company in America, and was one of the richest men in the world. Toward the end of his life, he sold his steel company and began giving most of his money away. Because there were

no public libraries when he was a boy, and he was too poor to buy books, he spent millions of dollars building Carnegie public libraries in many parts of the country. Andrew Carnegie also gave many millions of dollars to universities and for scientific research and world peace.

After 1900 the nation's need for steel grew even more rapidly than before. Steel was needed for many new inventions-airplanes, automobiles,

mechanical refrigerators, washing machines and many others. Tractors and other machinery on farms came to be made mostly of steel. To meet all of these needs for steel, more and larger steel mills were built.
The American Steel Industry

The American steel industry is the largest in the world.  It has shown it can produce steel at a rate of over 140 million tons of steel a year, which is about one third of all the steel made in the world. The Free World produces about three quarters of all the steel made and Communist countries about one quarter.

In 1956, 100 years after the Age of Steel began the United States produced its three-billionth ton of steel. By 1966, another billion tons had been produced. This steel, serving in factories, on the farm, in the home, in transportation and other ways has helped to make America the greatest

industrial nation in the world, with the highest living standards of any people. The amount of steel produced each year in a country is a good measure of its industrial strength. America makes around 1,365 pounds of steel a year for
every man, woman and child in the nation. This compares with 1,320 pounds per person in West Germany, 1,001 pounds in Canada, 973 pounds in the United Kingdom, 790 pounds in the Soviet Union and 786 pounds in France.

Steel mills are very expensive to build. For example, a blast furnace alone, and the entire equipment to .operate it, costs well above 25 million dollars.
IRON AND STEEL QUIZ

1. Why is it important to learn about steel?

2. What would happen if all the steel in use were suddenly taken away?

3. How did man first learn about iron? 
4. What new developments in the last century made it necessary for steel to 
    replace iron in our growing industries?

5. What new process brought in the Age of Steel? How did it make the Age 
    of Steel possible?

RAW MATERIALS FOR IRON AND STEEL 
The three chief raw materials used in making iron and steel are iron ore, coal and limestone. Millions of years ago they were formed in the earth, waiting for man to make use of them. Fortunately, the United States has large deposits of these three raw materials, which have helped to make this country the greatest steel producer in the world.

We find major iron ore deposits are in Minnesota, Wisconsin and Michigan, near Lake Superior. Taken together, these deposits are the largest source of iron ore in the United States. In what states are our largest coal deposits? Our limestone quarries? We see that some of these deposits of raw materials are quite a distance apart.

The iron ore, coal and limestone must be brought together in one place in order to make iron and then change it into steel.

Where  Steel Mills Are Built

The steel companies in the north central part of the country have found that the best place to collect the raw materials needed for steelmaking is

near the southern shore of the Great Lakes or a little farther south. That is one reason why so many steel centers are in New York, Pennsylvania,

Ohio, Illinois and Indiana, as shown by the three largest circles. These five states manufacture about 70 per cent of all the steel made in the United States. Iron ore, coal and limestone are found in other regions of the United States and important steel centers have grown up near them. Although steel is made in 31 of the 50 states.
Steel mills help a community to grow because other manufacturers come there to be near a steel plant. Many years ago steel mills were built near

Birmingham, Alabama. More and more manufacturers, who use steel, decided to build their factories there. As a result, Birmingham is the chief manufacturing center of the entire South. In the same way, large modern steel mills in Colorado, Utah and California have greatly helped industry

to grow in the West.
Iron Ore

The supply of iron in this country is important for our future. Most of the iron ore mined so far in the United States has been a natural ore, containing

about half iron and half waste material. This ore is generally a reddish color. There are still millions of tons of natural ore deposits in the nation. Steel companies have also found ways to use low-grade ores that contain as little as 25 per cent iron. The principal low grade ore is taconite. It is a hard rock and must be specially treated before it can be used to make iron. Scientists have found ways of treating taconite to make iron-bearing materials that will actually produce more iron per pound than the same amount of natural ore.
There is enough taconite in the Lake Superior region to last the nation hundreds of years. 

MINING IRON ORE

Much of our rich iron ore is so near the surface of the ground that it can be scooped up by huge shovels worked by electric power. The shovels dump the ore into railroad cars, trucks and conveyor belts which carry their loads up the steep slopes of the mines. This is called open pit mining. The largest open pit mine in the world is on the Isabi Range in Minnesota. It is about three miles long and one-half to one mile wide. It covers 1,450 acres.

Some iron ore beds are too far down in the earth for open pit mining. They are mined by sinking shafts below the surface of the ground and extracting

the ore by underground mining methods.

TRANSPORTING IRON ORE

The iron ore that is mined near Lake Superior is carried by railroad cars to special docks on the Lake. There, the ore is loaded into huge ore boats,

some of which are twice as long as a football field. The boats carry the ore down the Great Lakes for use in the steel mills. The trip is 850 miles or more and takes about three days. Because these are fresh water lakes, parts of them freeze in winter. Therefore, the ore boats travel only about eight months of the year.  In other parts of the nation, the iron ore is carried in railroad cars to the steel mills, or is brought from foreign mines in ocean-going vessels.

Limestone 

Limestone is the second principal raw material needed in making iron and steel. Limestone is a very common mineral and is found in many parts of the United States. The pits from which limestone is obtained are called quarries. The limestone is blasted loose and is then loaded by power shovels into railroad cars or trucks. It is taken to a plant where the big rocks are crushed into smaller pieces. Limestone is also mined underground in some parts of the country.
In iron and steelmaking furnaces, limestone acts as a chemical sponge to soak up waste materials and impurities.
Coal for the Steel Industry

The third raw material used by the steel industry is a special kind of soft coal, known as coking coal. Most coal is mined deep in the ground and the miners are assisted by machines. A huge machine called a continuous coal mining machine mines the coal in one operation. Steel teeth rip the coal from the seam and drop it on a moving belt, which starts the coal on its way out of the mine.

COKE OVENS

Soft coal as it comes from the earth cannot be used in the ironmaking furnace. It must first be changed into coke. Coke is made by heating or

"baking" coal in air-tight ovens. The heat drives off tremendous amounts of smoke and gas, and what is left behind in the ovens is coke, which is almost entirely hard, solid carbon. When coke burns it gives a very great heat and that is one reason why the steel industry uses it in making iron.
COAL CHEMICALS

Many years ago when coke was made the smoke and gases were allowed to escape into the air. Then scientists discovered that the smoke and

gases contain very valuable chemicals. Special coke ovens were built which have made it possible to catch the escaping smoke and gases, which are

taken in pipes to special equipment where the various chemicals are removed. These are called coal chemicals because they come from coal. Some

of them are benzene, toluene, naphthalene and creosote oil. Next, scientists found that hundreds of useful things can be made from coal chemicals. Whole new industries have grown from the use of coal chemicals. Two examples are the manufacture of nylon" and synthetic rubber. Other products which make use of coal chemicals are plastics, which you see everywhere, and the famous insecticide DDT. Still other products are paint, moth balls, ink, cellophane, perfumes, fertilizers, dyes, lipstick, and
Such medicines as aspirin, sulfa drugs and vitamins. Even the coloring in the icing of a cake, or the artificial flavor in a soft drink, may have come from chemicals locked in coal millions of years ago.
Raw Materials for Alloy Steels

About 90 per cent of all the steel made in America is called plain steel. You see it all about you in nails, automobile bodies, trains and bridges. You may be wearing plain steel in snap clasps of your clothing, or in pins, belt buckles or zippers. In the classroom, there are examples such as the thin strip of steel in a ruler, paper clips, points of thumb tacks, and wire fasteners in notebooks.

In all of these cases, plain steel is satisfactory because it is strong and long-lasting. That is why nine out of every ten pounds of all the steel made

in America are plain steel. You might compare it to a plain cake, made with the plainest ingredients. But to make special cakes, the cook adds

chocolate, lemon or other flavoring, depending on the kind of cake to be made. In much the same way, special steels are made by adding certain

materials to plain steel while it is still in the furnace.
These special steels are called alloy steels. An alloy is a combination of two or more metals, blended together like the materials in a cake.

Brass, for example, is an alloy of copper and zinc. The materials added to make special steels are called alloying elements. The three most important

are nickel, chromium and manganese, but there are many others.

Why Alloy Steels Are Needed
Why are alloy steels needed? 
There are places where alloy steel is needed to do what a plain steel cannot do. The frame and most of a bicycle are made of plain steel, but the ball bearings are alloy steel because they must be extra hard to stand grinding wear as the wheels turn around. Sometimes a special steel is needed that can stand greater heat than a plain steel can stand. An example is the exhaust pipe of an airplane. Or the steel must be able to withstand the attack of acids or the weather. Here, the well-known "stainless

steel" is widely used. We see this bright and shining alloy steel behind soda fountains, at lunch counters and in kitchens. It is also found in dairy

plants, hospitals and other places where equipment must be sanitary. This famous steel is made by adding nickel and chromium to plain steel.

Stainless steel not only resists rust, but can also stand great heat. That is why it has been used as the "skin" on an experimental rocket powered

plane, which travels faster than 1900 miles an hour, or almost three times the speed of sound. At such speeds, the friction of the air causes such great heat on the wings and fuselage that stainless steel has been chosen as the best metal for the job. Thus, there are different kinds of alloy steels.
Each is made to do a special job. Although alloy steels are only 10 per cent of all steel made in this country, they are extremely important. In fact, we could not live as we do today and we could not defend ourselves in war without alloy steels.
The United States is rich in the chief raw materials needed to make plain steel-iron are, coal and limestone. But we are not so fortunate in deposits of alloying elements. We must import from other nations the three most important

alloying elements, nickel, chromium, and manganese and some of the others. 
Ores of these alloying elements are shipped to this country and to steelmaking plants in other nations from many parts of the world.

This is a good illustration of how nations depend on trade with each other for many of the necessities of modern life.
IRON AND STEEL QUIZ

1. What are the three chief raw materials used in making iron and steel?

2. How is iron ore mined and transported?

3. What is the primary use of coal in the steel industry?

4. Name some products made from gases released when coal is turned into 

    coke.

5. Is plain steel the only kind of steel made? Explain.

6. What special raw materials are used by the steel industry? Can you tell 

    where some of them are obtained?
The Blast Furnace

The actual making of both iron and steel is like cooking in a kitchen oven. But in a steel plant, the raw materials are cooked at very great heat in giant furnaces. Inside the furnaces, the temperature may reach as high as 3000 degrees Fahrenheit. The furnaces are made of steel and are lined with heat-resistant brick in order to stand the very high temperature.
How the Blast Furnace Works

The small stone furnaces in which iron was made hundreds of years ago have grown into huge blast furnaces ten stories high. The large pipes at the top are to carry off gases which come from inside the furnace.

This is the way the furnace works: The slanted track, called a "skip hoist,"

goes to the top of the furnace. At the bottom of the track are bins with large piles of iron ore, coke and limestone. Every few minutes, a little skip car carries a load of raw material up the track and dumps it into the top of the furnace. There are two skip cars. While one goes up, the other comes down. A skip car carries only one kind of raw material at a time. The blast furnace works 24 hours a day, so the little skip cars are busy day and night to keep the furnace filled with raw materials. This is necessary because as the iron melts it collects in a pool in the bottom of the furnace, and is drawn

off every few hours.
Inside the Blast Furnace

Now let's see what happens inside the furnace. In the earliest furnaces, you will remember, the fire was made to burn better by blowing on it with bellows of animal skins. Today there are two big differences. First, before the air goes into the furnace it is heated to well over 1000 degrees Fahrenheit, which makes the coke burn with greater heat. The air is heated in special stoves. These are the round-topped towers standing near the furnace. Second, the hot air is blown into the bottom of the furnace by powerful machines which drive the air in at 300 miles an hour. The

blast of air makes the coke burn even more fiercely. It is this air blast which gives the furnace its name.

The burning of the coke produces carbon monoxide and carbon dioxide gases, which rush up and meet the raw materials coming down. In the

intense heat, the gases act on the iron oxides in the iron ore, separating the iron. In chemical terms, the iron is said to have been reduced from the ore. The freed iron forms into drops which trickle into a pool at the bottom of the furnace where they absorb carbon from the coke. Meanwhile,

the limestone soaks up impurities from the iron ore to form a scum called slag. The slag is lighter than the iron and floats on top of it.
Several times at regular intervals in 24 hours the liquid, or molten, iron is run off from the furnace. It flows down a trough into a huge bucket

called a ladle. The slag runs down a separate trough into a smaller ladle.

To make one ton of iron takes, on the average, one and three-quarters tons of iron ore, one-half to three-quarters of a ton of coke and one-quarter

of a ton of limestone, and about two tons of air in the blast. In other words, it takes almost the same weight of air as of solid materials to make a ton

of iron.
In ancient times furnaces made 25 pounds of iron a day. Today's largest furnaces have produced over eight million pounds of iron in 24 hours.
IRON AND STEEL QUIZ

1. Why doesn't the great heat inside of iron and steelmaking furnaces melt 
    the walls of the furnaces?

2. What is the name of the furnace that changes iron ore into iron? Why was
    it given that name?

3. How is the furnace loaded with raw materials?

4. How would you describe what happens inside the furnace?

5. In making a ton of iron which is heaviest, the total weight of the raw

     materials or the total weight of the air used?

 6. How many days would it take an ancient furnace to make as much iron as a 
     Modern furnace makes in 24 hours?
Making Steel.

Iron as it comes from the blast furnace contains certain impurities which make it brittle. To change the iron into steel, these impurities are burned out in special furnaces. Steel is much stronger than iron. Steel can be made into countless varieties, especially suited to our modern needs.

Iron is refined into steel in three different kinds of furnaces. They are the basic oxygen furnace, the open hearth furnace and the electric furnace.
All three are lined with heat-resistant brick. Each furnace differs from the other two because of the method it uses to cook iron into steel, but all depend on oxygen supplied in one way or another to burn out the unwanted impurities. Every batch of steel being made in a furnace is for a special purpose. One batch may be for refrigerators, another for automobile fenders and another for railroad rails.
Importance of Scrap

There is an important material used in all three steelmaking furnaces which has not been mentioned so far. This is scrap iron and steel.

Scrap is a word used for worn out pieces of steel and iron that are no longer useful. Some examples are old automobile bodies, machinery and railroad.

tracks. Scrap also comes from trimmings cut from pieces of steel in the steel mills and in factories which make things of steel. This is similar to shavings and odds and ends of wood that collect in a carpenter's shop. Some scrap also comes from things thrown away from homes such as old baby

carriages, pieces of pipe, fencing and so on.
In the furnaces, the scrap is melted with other materials to make steel. In this way, much of our worn-out steel is used over again. Each ton of scrap used in the furnaces takes the place of a ton of blast furnace iron that would require nearly two tons of iron ore, about a fourth of a ton of

limestone and more than two-thirds of a ton of coke to make. This helps to conserve our natural resources. Since about half the material put into

an open hearth furnace is scrap, the saving of iron ore each year in all the open hearth furnaces  in the country alone amounts to millions or tons.
The Open Hearth Furnace

The open hearth furnace is like an immense oven. Inside the furnace is a large basin, shaped like a saucer, called the hearth. The various materials

are cooked in this open hearth, and that is how the fl1rnace gets its name. Generally there are several furnaces side by side, like a row of similar houses on a city street. 

First, limestone and scrap are put into the furnace through the doors. It is done by a machine which runs on tracks in front of the row of furnaces. This charging machine has a long steel arm which picks up a steel box loaded with limestone or scrap. The long arm pushes the box ·inside the white-hot furnace, turns it upside down to empty it and then withdraws it. The arm puts down the empty box and picks up another loaded one. This is repeated a number of times until the furnace has been filled, or charged, with the right

amount of limestone, iron ore and scrap. Then the machine moves on to the next furnace. All this is done by an operator sitting near the back of

the machine and working levers.

The limestone is used in the open hearth furnace to soak up impurities. It forms a scummy slag which floats on top of the steel.

The iron oxides in the iron ore supply oxygen for the chemical reactions that purify the metal in the furnace.
MAKING OPEN HEARTH STEEL
Inside the furnace, long tongues of flame play over the charge. In about two hours the scrap is melted. Then liquid iron is added. As much as 50 to 100 tons of spark-spitting iron are poured into the furnace from a huge ladle. The ladle is held by strong steel cables from an electric crane above the furnaces. A man in the crane moves levers to make the cables tilt the ladle just right for pouring. In doing this, he watches hand signals from the man on the floor. For many jobs in steel mills and other places where men are too far apart to hear each other, they "talk" with hand signals.

It takes great skill and long training for the two men to do the job together well a!1d safely.

The mixture of liquid iron, scrap, iron ore and limestone is cooked under the flames for 8 to 10 hours. Oxygen released from iron oxides in the ore, as well as from the melting scrap, and from the air in the furnace "burns out," or oxidizes, the impurities in the charge. Sometimes, in order to speed up the process, gaseous oxygen is blown through a lance lowered into the open hearth furnace.

The furnace operator, wearing special glasses to protect his eyes from the strong glare, peers through a hole into the furnace now and then to see how things are going. If you could peer in, too, you would see the metal boiling like a "steel stew." Samples of the bubbling steel are taken from the furnace  in a small ladle with a long handle. Samples are sent to the laboratory for

examination to see if some special materials need to be added.

TAPPING THE FURNACE

The moment finally arrives when the steel is ready to leave the furnace. A small jet rocket (which operates on the same principle as a bazooka rocket) is fired into a hole at the side of the furnace and white-hot steel gushes out with a dull roar and a shower of sparks. It flows into an enormous ladle. The slag comes last and flows over into a smaller slag pot or onto the floor beneath the furnace. This process is called tapping the furnace.
Open hearth furnaces are built in different sizes, but most of them are large enough to produce more steel at one time than any other type of furnace. Some open hearth furnaces can make 550 tons of steel in one batch, which is equal in weight to three of the largest Diesel passenger locomotives. The average open hearth furnace in the steel industry, however, produces over 200 tons at one time. For many years open hearth furnaces have produced most of the steel made in the United States. Increasing amounts of steel are being made in basic oxygen and electric furnaces.
The Electric Furnace

The electric furnace makes all kinds of steel, but is used especially to make alloy steels. We have already discussed how important alloy steels are to our way of life.

One of the reasons why the electric furnace is used to produce alloy steel is that the heat can be regulated more precisely than in other steelmaking

furnaces. The other reason is that an electric furnace can be operated in such a way as to conserve valuable alloying elements which would be

burned up or oxidized and lost in other types of steelmaking furnaces.

The electric furnace also differs from the other two furnaces by using only steel scrap as the starting material. The scrap is put inside the furnace. Then three long carbon rods, called electrodes are lowered through the top of the furnace until they nearly touch the scrap. A gap is left between the electrodes and the scrap.

Powerful electric currents are turned on. A current flows down the electrodes and jumps across the gaps to the scrap in hot, bright electric
arcs, like man-made lightning flashes. Inside the furnace, there is a noise like gunfire, as the arcs leap and break. The electric arcs are very hot and

melt the scrap.
After the scrap has been melted, various alloying elements are shoveled into the furnace in carefully measured amounts. Iron ore is added to provide oxygen to burn out impurities, or gaseous oxygen may be injected into the molten metal. Slag-making materials also are added.

The alloying elements are so carefully measured that if a housewife made a cake with the same care, she would measure her sugar by grains instead of by pinches and cupfuls.
Each alloying element has a different effect on steel. Chromium alone or nickel and chromium are added to make stainless steel. Tungsten steel makes a hard machine tool that does not lose its cutting edge even when it becomes red hot. Steel containing manganese is very tough and is used in railway switches and the teeth of power shovels, which must stand rough use.

The melted scrap and alloying elements are cooked together for several hours until they are blended into an alloy steel. Then the furnace is tilted forward to pour out the steel, which flows into a ladle. Electric furnaces produce about 10 percent of all the steel made in the United States.
The Basic Oxygen Furnace

The basic oxygen furnace is now widely used in steelmaking. This is because it makes high quality steel in quantity and at high speed. The basic oxygen furnace is shaped like a giant pear with the top cut off. It uses gaseous oxygen for making steel from blast-furnace iron and scrap. 
To operate the furnace, it is tilted and carefully measured amounts of scrap and molten blast-furnace iron are placed in it. The furnace is then turned to an upright position and a vertical water-cooled pipe, called a lance, is lowered into the furnace until the tip of the lance is near the surface of the molten iron. Pure oxygen gas is blown through the lance at high pressure and causes impurities in the iron, such as silicon, manganese and carbon, to catch fire.

In chemical terms, the impurities are said to be oxidized. The oxides that are formed either leave the furnace as gases or are soaked up by the slag

in the -furnace. These reactions purify the iron and convert it to steel. Lime (from limestone) and other materials are added during blowing to form

the slag that soaks up the impurities.

All of the smoke from the basic oxygen furnace is collected in a hood over the mouth of the furnace, and no flame or smoke can be seen outside

the building where the furnace is operating.
 It takes about 20 minutes of blowing with oxygen to convert 150 tons of molten blast-furnace iron and scrap to high-quality steel. The furnace is tipped to pour the steel into a ladle and alloying elements are added to the steel to give it the exact chemical composition that is wanted.
IRON AND STEEL QUIZ

1. How is iron from the blast furnace changed into steel?

2. What are the three kinds of steelmaking furnaces?

    Can you describe how each one makes steel?

3. How does the use of steel scrap help to conserve our natural resources?

4. Why did William Kelly's father-in-law say he was crazy?
Rolling Steel into Various Shapes

After the molten steel has been tapped from a furnace into a ladle, it is lifted by overhead steel cables and carried a short distance where it stops

above a row of tall, hollow iron forms called ingot molds. A hole in the bottom of the ladle is opened and the steel pours into the molds, one at a time, until they are filled to the top. In the molds the liquid steel cools enough to become solid. Then the iron molds are lifted off, leaving a row of red-hot blocks of steel, called ingots. An ingot is the first solid form in which most steel is made.
Some ingots weigh only a few tons, but most of them weigh 25 tons and are generally taller than a man. We might call the ingot the grandfather of most of the steel we see and use, from pins to streamlined locomotives.

Manufacturers who make things of steel do not want to buy a huge ingot. They want to buy steel in smaller pieces that are the right size and shape

for whatever they are going to make. A bicycle manufacturer needs steel tubes for the frame and handle-bars. He needs steel wire for the wheel

spokes, and springs made from wire to fasten underneath the seat. He needs thin flat sheets of steel for making the fenders, sprockets, luggage carrier, chain guard and parts of the coaster brake. He needs steel bars for the axles and the front hubs.

Still other special shapes and sizes of steel are needed by other manufacturers to make and build the thousands of different things we depend on in the Age of Steel. Practically all of these special shapes and sizes are made from ingots as the starting material.

The molten steel pours from the bottom of the ladle into the ingot molds. This process is called teeming. The men on the platform wear safety clothing for protection.
ROLLING STEEL INTO BLOOMS, SLABS

AND BILLETS

How is this done? First, the ingot, which has cooled slightly, is re-heated. This is done in a soaking pit, a deep furnace where the ingot is "soaked" in heat several hours until it is white hot all through. In such a condition, steel is rather soft and can be squeezed into different shapes by passing it between powerful steel rolls. This is called rolling the steel, and it takes place in a rolling mill. .
The white-hot ingot is placed on a steel conveyor which moves it along to a pair of huge steel rolls which are turning rapidly. When the rolls grip the ingot, there is a noise like a giant groan. Then as the ingot is pulled through the rolls, the hot, soft steel is squeezed flatter and longer. After the ingot has gone once between the rolls, they are brought a little nearer together. The ingot goes through the rolls again. It is squeezed still flatter and longer. This is repeated a number of times until the original ingot has been stretched out into a much longer and thinner piece of steel.

An ingot is rolled into one of three principal  shapes, called blooms, slabs and billets. Each of these three shapes is the starting point for still other smaller shapes of steel. Blooms and slabs usually are rolled between· smooth, round rolls; billets are rolled between rolls with matching grooves. Blooms, slabs and billets may also be made by continuous casting, as will be described

later.

A bloom is a big chunky block of steel. It is the right shape to be squeezed into a long section of steel, such as a beam for a building or a rail for

a railroad track.

A slab is a thick flat piece of steel. It is the right shape to be rolled into steel plate for the hull of a ship or steel sheets for automobile bodies.
A billet is long and narrow. It is the right shape to be rolled into much longer .and narrower pieces of steel, such as bars for a bicycle hub.
Continuous Casting of Blooms, Slabs and Billets

Instead of making ingots by pouring steel into ingot molds, and then reheating the ingots and rolling them into blooms, slabs or billets, these

three shapes of steel can also be made by a new process called continuous casting.
Molten steel is poured continuously into a water cooled mold that is open at the top and bottom. A starting bar temporarily closes the bottom. The steel gradually cools and begins to set solid in the mold. Then the starting bar is slowly pulled downward, drawing the steel with it. The rate at which molten steel is poured in the top is matched with the rate at which the solid steel is

pulled out at the bottom. In this way, a long continuous piece is formed. It can then be cut into lengths as desired. Different shapes of mold are used, depending upon whether blooms, slabs or billets are being made.

Rolling Steel into other Shapes

We have seen how hot, soft steel can be flattened and lengthened into simple shapes between pairs of rolls. But steel can also be rolled into quite a variety of other shapes. Let us take, for example, the rolling of a bloom into a steel beam which has ends shaped like an I. This is called an I-beam. In this case, there is not just one pair of rolls through which the steel passes back and forth, but a number of pairs of rolls a few feet apart. In each

pair of rolls there are grooves, shaped more and more like an I. As the white-hot bloom goes between one pair of rolls after another, it is squeezed

little by little in the grooves into the shape of an I. When the steel leaves the last rolls it is a perfectly shaped I-beam. By varying the shape of the grooves, steel can be rolled into beams of other shapes, with ends that look like the letter H, L or Z.
FLAT STEEL FROM SLABS

About half Of all the steel made in America is rolled into a flat form. Flat pieces of steel, like flat boards, can be cut up and manufactured into

thousands of things. Flat steel is rolled from slabs.
PLATE

Flat steel thicker than about one-quarter of an inch is called plate. Plates are used where strength is needed, such as in a railroad car or the hull of a

ship. The farmer's sturdy plow and the blade of a bulldozer are made from steel plates. The strong floor of a bridge is put together from plates. Plates

can also be bent and welded together to form large round tanks for storing gasoline or natural gas.
SHEET AND STRIP

Flat steel thinner than one-quarter inch is called sheet, strip and foil. Sheet and strip may be rolled as thin as one-hundredth of an inch; foil may now be rolled thinner than the page of a newspaper.

The thickness of sheet and strip depends on what they are to be used for. The sheets for the top or fender of an automobile must be thicker

than the sheet for a toy or the strip steel for safety razor blades.
Sheet and strip in tractors, disc harrows and other machinery help the farmer do a better job. In the home, sheet and strip have many uses, such as in refrigerators, washing machines, toasters, sinks, stoves, water heaters, mixers, pots and pans. 
TIN PLATE

What most of us call a "tin can" is actually about 99 per cent sheet steel with a thin coating of tin on both sides. Steel coated with tin is called tin
plate. The steel in regular tin plate is one-hundredth of an inch thick and the tin is about one fortieth the thickness of a human hair. Special tin plate called "thin tin" is rolled to as little as one half the thickness of regular tin plate. Steel foil, coated with tin and only two-thousandths of an inch thick, in spite of being so thin, has great strength. It has many uses in making strong, light boxes and bags and other forms of packaging.

Most tin plate is now made by using electric current to coat steel with tin.

Most tin plate is used to make "tin cans" for preserving foods, but some tin plate is manufactured into containers for oil, tobacco and. Other products. Millions of bottle caps are made from tin plate. The principal sources of tin are Malaysia, Indonesia and Thailand in Southeast Asia, China, Bolivia in South America, and the Republic of the Congo and Nigeria in Africa.
GALVANIZED STEEL

The next time you see a garbage pail, notice how different the "spangled" surface looks from ordinary steel. The difference is due to a very thin coat of zinc. Steel coated with zinc is called galvanized steel. It is done by passing the steel through a tank of melted zinc, which forms a thin

coating on both sides of the steel. Galvanized steel is especially good for resisting the effects of the weather. It is widely used in roofing, mrain spouts and rural mail boxes. It serves the farmer in poultry houses, grain bins and other buildings. Millions of bushels of surplus grain are stored by the government in large bins of galvanized steel.
BARS AND RODS

Billets are rolled into long slender shapes of steel called bars and rods. The greatest use of bars is in making automobile parts such as piston rods and connections for the brakes and steering gear. There is hardly a piece of machinery that does not have bars in it somewhere. Bars are also used in making tools, such as screw drivers and wrenches.

An important use of bars is in reinforced concrete for buildings, dams, highways and airport runways. A grillwork of bars is put down and concrete is poured over it. After the concrete hardens, the steel bars add greatly to its strength. Rods are round lengths of steel about as thick as a lead pencil. Their chief use is in making wire.
DRAWING STEEL WIRE

Steel wire is made by pulling a rod through a die having a hole smaller than the rod. A rod is always cold when this is done. Great force is needed to pull the cold rod through the die and this is done by machinery. As the rod is pulled through the die, it is stretched longer and thinner and when it comes out it is wire. This is known as wire drawing. Wire may be drawn through several dies, each smaller than the one before the smaller the die the thinner the wire. The inside of dies must be very hard to stand the wear

and tear of wire drawing. Diamonds, the hardest substance known, are often used inside of dies
WIRE IN MODERN LIFE

Steel wire has over 150,000 uses. Wire fence of different kinds surrounds farm fields, poultry pens, athletic fields, school yards and private properties. Steel wire is twisted into strong rope and cable for suspension bridges and for lifting purposes in elevators, power shovels and on ships.

Steel wire safety cable is often strung along parts of highways.

Nails, made of wire, help to build our homes. Window and door screens of steel wire keep out flies and mosquitoes. In the home, we find steel wire in pins, needles, clothes hangers, kitchen strainers and bird cages. The familiar paper clip is made of steel wire.

Wire springs serve as "tireless muscles" ready for instant action in countless ways, from tiny hair springs in watches to giant overhead garage door springs. Many springs are in use where we can't see them. When we open a door, the handle is returned to its starting position by a steel spring. A steel spring in a pop-up toaster lifts the toast at the right moment. 
STEEL PIPES AND TUBES

The world we live in could not exist without steel pipes and tubes. They bring water to towns and cities for drinking, cooking, fighting fires and for use in factories.

Thousands of miles of steel pipelines carry crude oil from wells to refinery centers and natural gas to towns and cities. The freezing mixture in a refrigerator travels through a coil of steel tubes. The exhaust systems of automobiles and planes are made of steel tubes.

Pipes and tubes are not always used to carry liquids or gases. They often serve a structural purpose, as in ship masts, flagpoles, playground equipment,

railings and bicycle frames.
There are two kinds of pipes and tubes ,called seamless and welded.
SEAMLESS STEEL PIPES AND TUBES

Seamless pipes and tubes are made from round billets about 15 feet long and 5 inches thick. The billet is heated in a furnace until it is white-hot.

Then the billet is spun around rapidly between two large steel rolls. One end of the spinning billet is forced against a round-nosed steel bar. The bar goes through the soft, hot steel and comes out the other end. The solid round billet has been changed into a tube without a seam!
WELDED STEEL PIPE AND TUBES

Welded pipes are not made from billets. A flat piece of steel is curled around into the shape of a pipe and the edges are welded together. You can

imitate this by curling a sheet of paper into the shape of a pipe and pasting the edges together.

Sometimes welded pipe is made by heating long, thin pieces of flat steel called skelp and passing them through a series of specially grooved rolls. The

rolls curl the hot skelp into the shape of a pipe by first bending it and then pressing the hot edges together to form a weld. This is known as continuous
butt welding. Other rolls then finish the pipe or tube to the exact size that the customer wants.

In another method, long strips of flat steel pass, without being heated, into a machine that first curls them into a tube shape. The edges of the formed tube are pressed together and an electric current is passed across the seam. Resistance to the flow of electric current generates enough heat to

weld the two edges together. This is called electric resistance welding. The welded tubes pass through rolls that make them the exact size wanted.
Very large pipes are made from long plates. Powerful hydraulic presses form the plates, without heating, first into a U form and then into an o form. The open seam where the edges of the plate have been forced together is then welded Large size electrically welded pipe is cut to desired length. electrically in automatic welding machines. The large pipe used in pipelines for transporting natural gas over great distances is made by this method.

IRON AND STEEL QUIZ
1. How is most steel first made into a solid form? 
    What is this solid steel called?

2. Is this first solid form of steel sold to manufacturers?

    Explain your answer.

3. What is the principal method used for shaping steel?

4. What different shapes are made by continuous casting?

5. How can steel be shaped into a usable form, such as an I-beam?

6. What kinds of flat steel are made for manufacturers?

    Name some of their uses.

7. What are some uses of steel bars?

8. How is steel wire made? How many uses of steel wire can you name?

9. In what ways do we depend on steel pipes , and tubes?

Terms used in the Iron and Steel Industry

Alloy Steel - Special steel which is harder or stronger than plain steel, or can resist rust or stand heat better. It is made by adding one or

more alloying elements to plain steel while it is in the furnace.

Alloying Element-Special raw material added to liquid plain steel to make alloy steel.

Bar - A length of steel, usually round or square, and less than two inches wide or thick. It is rolled from a billet.

Basic Oxygen Furnace - A steelmaking furnace that refines scrap and molten iron with pure oxygen.

Billet (BILL-et)-Square or round length of steel, usually four inches thick and 15 feet or more long. It is shaped from an ingot on a rolling

mill. Billets are rolled into bars, rods and seamless tubes.

Blast Furnace-Furnace in which iron ore, coke and limestone are smelted at great heat to make liquid iron.

Bloom (BLUME)-Large round or square length of steel, shaped from an ingot on a rolling mill. Blooms are rolled into billets, rails and beams.

Coal Chemical-Chemical obtained from coal gases as the coal is changed into coke in coke ovens.

Coke - Almost pure carbon, made by baking soft  coal in coke ovens.

Continuous Casting - A process for molding liquid steel directly into the form of blooms, slabs and billets in one unbroken step.

Die (WIRE DRAWING)-A block of steel, with the entrance hole larger than the exit hole, used for drawing a steel rod into wire. The hole is lined with very hard material.

Electric Furnace-Steelmaking furnace which uses the heat from an electric arc to melt steel scrap and refine it into steel. The electric furnace is

used principally to make alloy steels.

Electrodes (el-LEK-trodes) - Carbon rods which carry an electric current inside an electric furnace to supply heat for making steel.

Electron Microscope (el-LEK-tron) -Powerful microscope which can magnify an object more than 100,000 times.

Galvanized Steel (GAL-vun-ized) -Steel coated with zinc.

Ingot (lNG-gut) - First solid form of most steel. Itis formed by pouring liquid steel from a ladle into an ingot mold.
Ingot Mold--Tall, iron mold into which liquid steel is poured, or "teemed," to harden into an ingot.

Iron Ore-Deposits in the earth of iron combined with other elements. Natural iron ore is usually about one third to one half iron. (Natural ores

can be treated to increase their iron content to over 60 per cent.)

Ladle-A large steel bucket into which molten steel is poured from a furnace. Also used to pour molten iron into steelmaking furnaces. 
Limestone - A mineral used to soak up impurities liberated in the blast furnace and steelmaking furnaces.

Mettalurgist (MET-tuhl-urge-ist) - Scientist who specializes in the study of metals.

Molten (MoLE-ten)-Made into a liquid or melted condition by heat.

Open Hearth Furnace - Steelmaking furnace in which limestone, steel scrap and molten iron are heated together. The melted scrap and iron are refined into steel.

Open Pit Mine-Iron ore mine where the ore is near the surface of the ground and can be scooped up in huge power shovels.

Ore Vessel--Special boat which transports iron ore. Plate-Flat steel more than %, inch thick and up to 17 feet wide. It is rolled from a slab.

Quenching (KWEN-ching)-Plunging red-hot iron or steel into oil or cold water to make it hard.

Raw Materials-Materials from the earth, such as iron ore, limestone and coal, used in making iron and steel.

Rod--Steel in a slender round form, rolled from a billet.

Rolling Mill--A machine having large steel 1'011., like cylinders, which are used to give steel various shapes. .

Scrap-Worn-out pieces of steel and steel trimmings from steelmaking and manufacturing plants.

Sheet and Strip - Thin, flat steel, from one hundredth of an inch to %. inch thick. Sheet and strip are rolled from slabs.
 Skip Car-Small car which carries raw materials for making iron from storage bins to the top of the blast furnace.

Slab-Thick, flat steel, shaped from an ingot on a rolling mill. Slabs are rolled into plates, sheet and strip. Slabs may be continuously cast.

Slag-A waste scum made up of impurities formed in the furnaces during iron and steelmaking. .

Smelt-To separate a metal from its ore by heating the ore in a furnace.

Soaking Pit-Deep furnace where ingots are heated for rolling in a rolling mill.

Structural Steel (STRuK-churr-uhl) - Steel beams and girders, used to make steel frames for buildings, bridges and other structures.

Taconite (TAK-uh-nite)-Low grade iron ore in the form of a hard rock, with about 30 per cent iron.

Tapping the Furnace-Allowing molten iron or steel to pour from a furnace into a ladle.

Teeming - Pouring steel from a ladle into molds. 
Tin Plate-Sheet steel thinly coated with tin.
Wire Drawing-Drawing a steel rod through a die to form it into wire.
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3.
Discuss  metal specifications.

LOW CARBON STEELS

A. General. The low carbon (mild) steels include those with a carbon content of up to 0.30 percent (Fig. P-1). In most low carbon steels, carbon ranges from 0.10 to 0.25 percent, manganese from 0.25 to 0.50 percent, phosphorous 0.40 percent maximum, and sulfur 0.50 percent maximum. Steels in this range are most widely used for industrial fabrication and construction. These low carbon steels do not harden appreciably when welded, and therefore do not require preheating or post heating except in special cases, such as when heavy sections are to be welded. In general, no difficulties are encountered when welding low carbon steels. Properly made low carbon steel welds will equal or exceed the base metal in strength. Low carbon steels are soft, ductile, can be rolled, punched, sheared, and worked when either hot or cold. They can be machined and are readily welded. Cast steel has a rough, dark gray surface except where machined. Rolled steel has fine surface lines running in one direction. Forged steel is usually recognizable by its shape, hammer marks, or fins. The fracture color is bright crystalline gray, and the spark test yields sparks with long, yellow-orange streaks that have a tendency to burst into white, forked sparklers. Steel gives off sparks when melted and solidifies almost instantly. Low carbon steels can be easily welded with any of the arc, gas, and resistance welding processes. 
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b. Copper coated low carbon rods should be used for welding low carbon steel. The rod sizes for various plate thicknesses are as follows: 

	Plate thickness
1/16 to 1/8 in. (1.6 to 3.2 mm)
1/8 to 3/8 in. (3.2 to 9.5 mm)
3/8 to 1/2 in. (9.5 to 12.7 mm)
1/2 in. (12.7mm) and heavier
	Rod diameter
1/16 in. (1.6 mm)
1/8 in. (3.2 mm)
3/16 in. (4.8 mm)
1/4 in. (6.4 mm)



NOTE

Rods from 5/16 to 3/8 in. (7.9 to 9.5 mm) are available for heavy welding. However, heavy welds can be made with the 3/16 or 1/4 in. (4.8 or 6.4 mm) rods by properly controlling the puddle and melting rate of the rod.
c. The joints may be prepared by flame cutting or machining. The type of preparation (Fig P-2) is determined by the plate thickness and the welding position. 
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Figure P-5. Weld Preparation




d. The flame should be adjusted to neutral. Either the forehand or backhand welding method may be used depending on the thickness of the plates being welded. 

e. The molten metal should not be overheated, because this will cause the metal to boil and spark excessively. The resultant grain structure of the weld metal will be large, the strength lowered, and the weld badly scarred. 

f. The low carbon steels do not harden in the fusion zone as a result of welding. 

g. Metal-Arc Welding. 

(1) When metal-arc welding low carbon steels, the bare, thin coated or heavy coated shielded arc types of electrodes may be used. These electrodes are of low carbon type (0.10 to 0.14 percent). 

(2) Low carbon sheet or plate materials that have been exposed to low temperatures should be preheated slightly to room temperature before welding. 

(3) In welding sheet metal up to 1/8 in. (3.2 mm) in thickness, the plain square butt joint type of edge preparation may be used. When long seams are to be welded in these materials, the edges should be spaced to allow for shrinkage, because the deposited metal tends to pull the plates together. This shrinkage is less severe in arc welding than in gas welding, and spacing of approximately 1/8 in. (3.2 mm) will be sufficient. 

(4) The backstep, or skip, welding technique should be used for short seams that are fixed in place. This will prevent warpage or distortion, and will minimize residual stresses. 

(5) Heavy plates should be beveled to provide an included angle of up to 60 degrees, depending on the thickness. The parts should be tack welded in place at short intervals along the seam. The first, or root, bead should be made with an electrode small enough in diameter to obtain good penetration and fusion at the base of the joint. A 1/8 or 5/32 in. (3.2 or 4.0 mm) electrode is suitable for this purpose. The first bead should be thoroughly cleaned by chipping and wire brushing before additional layers of weld metal are deposited. Additional passes of the filler metal should be made with a 5/32 or 3/16 in. (4.0 or 4.8 mm) electrode. The passes should be made with a weaving motion for flat, horizontal, or vertical positions. When overhead welding, the best results are obtained by using string beads throughout the weld. 

(6) When welding heavy sections that have been beveled from both sides, the weave beads should be deposited alternately on one side and then the other. This will reduce the amount of distortion in the welded structure. Each bead should be cleaned thoroughly to remove all scale, oxides, and slag before additional metal is deposited. The motion of the electrode should be controlled so as to make the bead uniform in thickness and to prevent undercutting and overlap at the edges of the weld. All slag and oxides must be removed from the surface of the completed weld to prevent rusting. 

h. Carbon-Arc Welding. Low carbon sheet and plate up to 3/4 in. (19.0 mm) in thickness can be welded using the carbon-arc welding process. The arc is struck against the plate edges, which are prepared in a manner similar to that required for metal-arc welding. A flux should be used on the joint and filler metal should be added as in oxyacetylene welding. A gaseous shield should be provided around the molten base. Filler metal, by means of a flux coated welding rod, should also be provided. Welding must be done without overheating the molten metal. Failure to observe these precautions can cause the weld metal to absorb an excessive amount of carbon from the electrode and oxygen and nitrogen from the air, and cause brittleness in the welded joint. 

MEDIUM CARBON STEELS 

a. General. Medium carbon steels are non-alloy steels which contain from 0.30 to 0.55 percent carbon. These steels may be heat treated after fabrication and used for general machining and forging of parts which require surface hardness and strength. They are manufactured in bar form and in the cold rolled or the normalized and annealed condition. When heat treated steels are welded, they should be preheated from 300 to 500°F (149 to 260°C), depending on the carbon content (0.25 to 0.45 percent) and the thickness of the steel. The preheating temperature may be checked by applying a stick of 50-50 solder (melting point 450°F (232°C)) to the plate at the joint, and noting when the solder begins to melt. During welding, the weld zone will become hardened if cooled rapidly, and must be stress relieved after welding. Medium carbon steels may be welded with any of the arc, gas, and resistance welding processes. 

b. With higher carbon and manganese content, the low-hydrogen type electrodes should be used, particularly in thicker sections. Electrodes of the low-carbon, heavy coated, straight or reverse polarity type, similar to those used for metal-arc welding of low carbon steels, are satisfactory for welding medium carbon steels. 

c. Small parts should be annealed to induce softness before welding. The parts should be preheated at the joint and welded with a filler rod that produces heat treatable welds. After welding, the entire piece should be heat treated to restore its original properties. 

d. Either a low carbon or high strength rod can be used for welding medium carbon steels. The welding flame should be adjusted to slightly carburizing, and the puddle of metal kept as small as possible to make a sound joint. Welding with a carburizing flame causes the metal to heat quickly, because heat is given off when steel absorbs carbon. This permits welding at higher speeds. 

e. Care should be taken to slowly cool the parts after welding to prevent cracking of the weld. The entire welded part should be stress relieved by heating to between 1100 and 1250°F (593 and 677°C) for one hour per inch (25.4 mm) of thickness, and then slowly cooling. Cooling can be accomplished by covering the parts with fire resistant material or sand. 

f. Medium carbon steels can be brazed by using a preheat of 200 to 400°F (93 to 204°C), a good bronze rod, and a brazing flux. However, these steels are better welded by the metal-arc process with mild steel shielded arc electrodes. 

g. When welding mild steels, keep the following general techniques in mind: 

(1) The plates should be prepared for welding in a manner similar to that used for welding low carbon steels. When welding with low carbon steel electrodes, the welding heat should be carefully controlled to avoid overheating the weld metal and excessive penetration into the side walls of the joint. This control is accomplished by directing the electrode more toward the previously deposited filler metal adjacent to the side walls than toward the side walls directly. By using this procedure, the weld metal is caused to wash up against the side of the joint and fuse with it without deep or excessive penetration. 

(2) High welding heats will cause large areas of the base metal in the fusion zone adjacent to the welds to become hard and brittle. The area of these hard zones in the base metal can be kept to a minimum by making the weld with a series of small string or weave beads, which will limit the heat input. Each bead or layer of weld metal will refine the grain in the weld immediately beneath it, and will anneal and lessen the hardness produced in the base metal by the previous bead. 

(3) When possible, the finished joint should be heat treated after welding. Stress relieving is normally used when joining mild steel, and high carbon alloys should be annealed. 

(4) In welding medium carbon steels with stainless steel electrodes, the metal should be deposited in string beads in order to prevent cracking of the weld metal in the fusion zone. When depositing weld metal in the upper layers of welds made on heavy sections, the weaving motion of the electrode should not exceed three electrode diameters. 

(5) Each successive bead of weld should be chipped, brushed, and cleaned prior to the laying of another bead. 

HIGH CARBON STEELS 

a. General. High carbon steels include those with a carbon content exceeding 0.55 percent. The unfinished surface of high carbon steels is dark gray and similar to other steels. High carbon steels usually produce a very fine grained fracture, whiter than low carbon steels. Tool steel is harder and more brittle than plate steel or other low carbon material. High carbon steel can be hardened by heating to a good red and quenching in water. Low carbon steel, wrought iron, and steel castings cannot be hardened. Molten high carbon steel is brighter than low carbon steel, and the melting surface has a cellular appearance. It sparks more freely than low carbon (mild) steel, and the sparks are whiter. These steels are used to manufacture tools which are heat treated after fabrication to develop the hard structure necessary to withstand high shear stress and wear. They are manufactured in bar, sheet, and wire forms, and in the annealed or normalized and annealed condition in order to be suitable for machining before heat treatment. The high carbon steels are difficult to weld because of the hardening effect of heat at the welded joint. Because of the high carbon content and the heat treatment usually given to these steels, their basic properties are impaired by arc welding. 

b. The welding heat changes the properties of high carbon steel in the vicinity of the weld. To restore the original properties, heat treatment is necessary. 

c. High carbon steels should be preheated from 500 to 800°F (260 to 427°C) before welding. The preheating temperature can be checked with a pine stick, which will char at these temperatures. 

d. Since high carbon steels melt at lower temperatures than low and medium carbon steels, care should be taken not to overheat the weld or base metal. Overheating is indicated by excessive sparking of the molten metal. Welding should be completed as soon as possible and the amount of sparking should be used as a check on the welding heat. The flame should be adjusted to carburizing. This type of flame tends to produce sound welds. 

e. Either a medium or high carbon welding rod should be used to make the weld. After welding, the entire piece should be stress relieved by heating to between 1200 and 1450°F (649 and 788°C) for one hour per inch (25.4 mm) of thickness, and then slowly cooling. If the parts can easily be softened before welding, a high carbon welding rod should be used to make the joint. The entire piece should then be heat treated to restore the original properties of the base metal.

f. In some cases, minor repairs to these steels can be made by brazing. This process does not require temperatures as high as those used for welding, so the properties of the base metal are not seriously affected. Brazing should only be used in special cases, because the strength of the joint is not as high as the original base metal. 

g. Either mild or stainless steel electrodes can be used with high carbon steels. 

h. Metal-arc welding in high carbon steels requires critical control of the weld heat. The following techniques should be kept in mind: 

(1) The welding heat should be adjusted to provide good fusion at the side walls and root of the joint without excessive penetration. Control of the welding heat can be accomplished by depositing the weld metal in small string beads. Excessive puddling of the metal should be avoided, because this can cause carbon to be picked up from the base metal, which in turn will make the weld metal hard and brittle. Fusion between the filler metal and the side walls should be confined to a narrow zone. Use the surface fusion procedure prescribed for medium carbon steels. 

(2) The same procedure for edge preparation, cleaning of the welds, and sequence of welding beads as prescribed for low and medium carbon steels also applies to high carbon steels. 

(3) Small, high carbon steel parts are sometimes repaired by building up worn surfaces. When this is done, the piece should be annealed or softened by heating to a red heat and cooling slowly. The piece should then be welded or built up with medium carbon or high strength electrodes, and heat treated after welding to restore its original properties. 

TOOL STEELS 

a. General. Steels used for making tools, punches, and dies are perhaps the hardest, strongest, and toughest steels used in industry. In general, tool steels are medium to high carbon steels with specific elements included in different amounts to provide special characteristics. A spark test shows a moderately large volume of white sparks having many fine, repeating bursts. 

b. Carbon is provided in tool steel to help harden the steel for cutting and wear resistance. Other elements are added to provide greater toughness or strength. In some cases, elements are added to retain the size and shape of the tool during its heat treat hardening operation, or to make the hardening operation safer and to provide red hardness so that the tool retains its hardness and strength when it becomes extremely hot. Iron is the predominant element in the composition of tool steels. Other elements added include chromium, cobalt, manganese, molybdenum, nickel, tungsten, and vanadium. The tool or die steels are designed for special purposes that are dependent upon composition. Certain tool steels are made for producing die blocks; some are made for producing molds, others for hot working, and others for high-speed cutting application. 

c. Another way to classify tool steels is according to the type of quench required to harden the steel. The most severe quench after heating is the water quench (water-hardening steels). A less severe quench is the oil quench, obtained by cooling the tool steel in oil baths (oil-hardening steels). The least drastic quench is cooling in air (air-hardening steels). 

d. Tool steels and dies can also be classified according to the work that is to be done by the tool. This is based on class numbers. 

(1) Class I steels are used to make tools that work by a shearing or cutting actions, such as cutoff dies, shearing dies, blanking dies, and trimming dies. 

(2) Class II steels are used to make tools that produce the desired shape of the part by causing the material being worked, either hot or cold, to flow under tension. This includes drawing dies, forming dies, reducing dies, forging dies, plastic molds, and die cast molding dies. 

(3) Class III steels are used to make tools that act upon the material being worked by partially or wholly reforming it without changing the actual dimensions. This includes bending dies, folding dies, and twisting dies. 

(4) Class IV steels are used to make dies that work under heavy pressure and that produce a flow of metal or other material caressing it into the desired form. This includes crimping dies, embossing dies, heading dies, extrusion dies, and staking dies. 

e. Steels in the tool steels group have a carbon content ranging from 0.83 to 1.55 percent. They are rarely welded by arc welding because of the excessive hardness produced in the fusion zone of the base metal. If arc welding must be done, either mild steel or stainless steel electrodes can be used. 

f. Uniformly high preheating temperatures (up to 1000°F (583°C)) must be used when welding tool steels. 

g. In general, the same precautions should be taken as those required for welding high carbon steels. The welding flare should be adjusted to carburizing to prevent the burning out of carbon in the weld metal. The welding should be done as quickly as possible, taking care not to overheat the molten metal. After welding, the steel should be heat treated to restore its original properties. 

h. Drill rods can be used as filler rods because their high carbon content compares closely with that of tool steels. 

i. A flux suitable for welding cast iron should be used in small quantities to protect the puddle of high carbon steel and to remove oxides in the weld metal. 

j. Welding Technique. When welding tool steels, the following techniques should be kept in mind: 

(1) If the parts to be welded are small, they should be annealed or softened before welding. The edges should then be preheated up to 1000°F (538°C), depending on the carbon content and thickness of the plate. Welding should be done with either a mild steel or high strength electrode. 

(2) High carbon electrodes should not be used for welding tool steels. The carbon picked up from the base metal by the filler metal will cause the weld to become glass hard, whereas the mild steel weld metal can absorb additional carbon without becoming excessively hard. The welded part should then be heat treated to restore its original properties. 

(3) When welding with stainless steel electrodes, the edge of the plate should be preheated to prevent the formation of hard zones in the base metal. The weld metal should be deposited in small string beads to keep the heat input to a minimum. In general, the application procedure is the same as that required for medium and high carbon steels. 

k. There are four types of die steels that are weld repairable. These are water-hardening dies, oil-hardening dies, air-hardening dies, and hot work tools. High-speed tools can also be repaired. 

HIGH HARDNESS ALLOY STEELS 

a. General. A large number and variety of obtain high strength, high hardness, corrosion alloy steels have been developed to resistance, and other special properties. Most of these steels depend on a special heat treatment process in order to develop the desired characteristic in the finished state. Alloy steels have greater strength and durability than other carbon steels, and a given strength is secured with less material weight. 

b. High hardness alloy steels include the following: 

(1) Chromium alloy steels. Chromium is used as an alloying element in carbon steels to increase hardenability, corrosion resistance, and shock resistance, and gives high strength with little loss in ductility. Chromium in large amounts shortens the spark stream to one half that of the same steel without chromium, but does not affect the stream’s brightness. 

(2) Nickel alloy steels. Nickel increases the toughness, strength, and ductility of steels, and lowers the hardening temperature so that an oil quench, rather than a water quench, is used for hardening. The nickel spark has a short, sharply defined dash of brilliant light just before the fork. 

(3) High chromium-nickel alloy (stainless) steels. These high alloy steels cover a wide range of compositions. Their stainless, corrosion, and heat resistant properties vary with the alloy content, and are due to the formation of a very thin oxide film which forms on the surface of the metal. Sparks are straw colored near the grinding wheel, and white near the end of the streak. There is a medium volume of streaks which have a moderate number of forked bursts. 

(4) Manganese alloy steels. Manganese is used in steel to produce greater toughness, wear resistance, easier hot rolling, and forging. An increase in manganese content decreases the weldability of steel. Steels containing manganese produce a spark similar to a carbon spark. A moderate increase in manganese increases the volume of the spark stream and the intensity of the bursts. A steel containing more than a normal amount of manganese will produce a spark similar to a high carbon steel with a lower manganese content. 

(5) Molybdenum alloy steels. Molybdenum increases hardenability, which is the depth of hardening possible through heat treatment. The impact fatigue property of the steel is improved with up to 0.60 percent molybdenum. Above 0.60 percent molybdenum, the impact fatigue proper is impaired. Wear resistance is improved with molybdenum content above about 0.75 percent. Molybdenum is sometimes combined with chromium, tungsten, or vanadium to obtain desired properties. Steels containing this element produce a characteristic spark with a detached arrowhead similar to that of wrought iron, which can be seen even in fairly strong carbon bursts. Molybdenum alloy steels contain either nickel and/or chromium. 

(6) Titanium and columbium (niobium) alloy steels. These elements are used as additional alloying agents in low carbon content, corrosion resistant steels. They support resistance to intergranular corrosion after the metal is subjected to high temperatures for a prolonged period of time. 

(7) Tungsten alloy steels. Tungsten, as an alloying element in tool steel, tends to produce a fine, dense grain when used in relatively small quantities. When used in larger quantities, from 17 to 20 percent, and in combination with other alloys, tungsten produces a steel that retains its hardness at high temperatures. This element is usually used in combination with chromium or other alloying agents. In a spark test, tungsten will show a dull red color in the spark stream near the wheel. It also shortens the spark stream and decreases the size of or completely eliminates the carbon burst. A tungsten steel containing about 10 percent tungsten causes short, curved, orange spear points at the end of the carrier lines. Still lower tungsten content causes small, white bursts to appear at the end of the spear petit. Carrier lines may be from dull red to orange, depending on the other elements present, providing the tungsten content is not too high. 

(8) Vanadium alloy steels. Vanadium is used to help control grain size. It tends to increase hardenability and causes marked secondary hardness, yet resists tempering. It is added to steel during manufacture to remove oxygen. Alloy steels containing vanadium produce sparks with detached arrowheads at the end of the carrier line similar to those produced by molybdenum steels. 

(9) Silicon alloy steels. Silicon is added to steel to obtain greater hardenability and corrosion resistance. It is often used with manganese to obtain a strong, tough steel. 

(10) High speed tool steels. These steels are usually special alloy compositions designed for cutting tools. The carbon content ranges from 0.70 to 0.80 percent. They are difficult to weld, except by the furnace induction method. A spark test will show a few long, forked spades which are red near the wheel, and straw colored near the end of the spark stream. 

c. Many of these steels can be welded with a heavy coated electrode of the shielded arc type, whose composition is similar to that of the base metal. Low carbon electrodes can also be used with some steels. Stainless steel electrodes are effective where preheating is not feasible or desirable. Heat treated steels should be preheated, if possible, in order to minimize the formation of hard zones, or layers, in the base metal adjacent to the weld. The molten metal should not be overheated, and the welding heat should be controlled by depositing the metal in narrow string beads. In many cases, the procedures for welding medium carbon steels and high carbon steels can be used in the welding of alloy steels. 

HIGH YIELD STRENGTH, LOW ALLOY STRUCTURAL STEELS 

a. General. High yield strength, low alloy structural steels (constructional alloy steels) are special steels that are tempered to obtain extreme toughness and durability. The special alloys and general makeup of these steels require special treatment to obtain satisfactory weldments. These steels are special, low-carbon steels containing specific, small amounts of alloying elements. They are quenched and tempered to obtain a yield strength of 90,000 to 100,000 psi (620,550 to 689,500 kPa) and a tensile strength of 100,000 to 140,000 psi (689,500 to 965,300 kPa), depending upon size and shape. Structural members fabricated from these high strength steels may have smaller cross-sectional areas than common structural steels and still have equal strength. These steels are also more corrosion and abrasion resistant than other steels. In a spark test, these alloys produce a spark very similar to low carbon steels. 

b. Welding Technique. Reliable welding of high yield strength, low alloy structural steels can be performed by using the following guidelines: 

CAUTION
To prevent underbead cracking, only low hydrogen electrodes should be used when welding high yield strength, low alloy structural steels.

(1) Correct electrodes. Hydrogen is the number one enemy of sound welds in alloy steels; therefore, use only low hydrogen electrodes to prevent underbead cracking. Underbead cracking is caused by hydrogen picked up in the electrode coating, released into the arc, and absorbed by the molten metal. 

(2) Moisture control of electrodes. If the electrodes are in an airtight container, place them, immediately upon opening the container, in a ventilated holding oven set at 250 to 300°F (121 to 149°C). In the event that the electrodes are not in an airtight container, put them in a ventilated baking oven and bake for 1-1/4 hours at 800°F (427°C). Baked electrodes should, while still warm, be placed in the holding oven until used. Electrodes must be kept dry to eliminate absorption of hydrogen. 

c. Low Hydrogen Electrode Selection. Electrodes are identified by classification numbers which are always marked on the electrode containers. For low hydrogen coatings, the last two numbers of the classification should be 15, 16, or 18. Electrodes of 5/32 and 1/8 in. (4.0 and 3.2 mm) in diameter are the most commonly used, since they are more adaptable to all types of welding of this type steel. The following table lists electrodes used to weld high yield strength, low alloy structural steels.

	Electrode Numbers
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	E8015*
	E9015*
	E10015
	E11015
	E12015

	E8016**
	E9016
	E10016
	E11016
	E12016

	E8018
	E9018
	E10018
	E11018
	E12018

	Note:
*The E indicates electrode the first two or three digits indicate tensile strength; the last two digits indicate a low hydrogen covering. The numbers 15, 16, and 18 all indicate a low hydrogen covering.
**Low hydrogen electrodes E80 and E90 are recommended for fillet welds since they are more ductile than the higher strength electrodes which are desirable for butt welds.


d. Selecting Wire-Flux and Wire-Gas Combinations. Wire electrodes for submerged arc and gas-shielded arc welding are not classified according to strength. Welding wire and wire-flux combinations used for steels to be stress relieved should contain no more than 0.05 recent vanadium. Weld metal with more than 0.05 percent vanadium may brittle if stress relieved. When using either the submerged arc or gas metal-arc welding processes to weld high yield strength, low alloy structural steels to lower strength steels the wire-flux and wire-gas combination should be the same as that recommended for the lower strength steels. 

e. Preheating. For welding plates less than 1.0 in. (25.4 mm) thick, above 50°F (10°C) is not required except to remove surface moisture metal. This table contains suggested preheating temperatures: 

	Suggested Preheat Temperatures*
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	Plate Thickness (inches)
	Shielded Metal-Arc Welding** (SMAW)
	Gas Metal-Arc Welding*** (GMAW)
	Submerged Arc Welding
Carbon Steel or Alloy Wire Neutral Flux^
	Carbon Steel Wire Alloy
Flux^^

	0 to .500
	50°F (10°C)
	50°F (10°C)
	50°F (10°C)
	50°F (10°C)

	.501 to 1
	50°F (10°C)
	50°F (10°C)
	50°F (10°C)
	200°F (93°C)

	1.001 to 2
	150°F (66°C)
	150°F (66°C)
	200°F (93°C)
	300°F (149°C)

	over 2
	200°F (93°C)
	200°F (93°C)
	300°F (149°C)
	400°F (204°C)

	*preheated temperatures above the minimum shown may be necessary for highly restrained welds. However preheat or interpass temperatures should never exceed 400°F(204°C) for thicknesses over 1-1/2 inch (38.1mm) or 450°F (232°C) for thicknesses over 1-1/2 inch (38.1 mm)
**Electrode E11018 is normal for this type of steel. However, E12015, 16 or 18 may be necessary for thin sections, depending on design stress. Lower strength low hydrogen electrodes E100XX may also be used.
***Example: A-632 wire (Airco) and argon with 1 percent oxygen.
^Example: oxweld 100 wire (Linde) and 709-5 flux.
^^Example: L61 wire (Lincoln) and A0905 x 10 flux.


f. Welding Heat. 

(1) General. It is important to avoid excessive heat concentration in order to allow the weld area to cool quickly. Either the heat input nomograph or the heat input calculator can be used to determine the heat input into the weld. 

(2) Heat input nomograph. To use the heat input nomograph (fig. P-3), find the volts value in column 1 and draw a line to the amps value in column 3. From the point where this line intersects column 2, draw another line to the in./min value in column 5. Read the heat units at the point where this second line intersects column 4. The heat units represent thousands of joules per inch. For example, at 20 volts and 300 amps, the line intersects column 2 at the value 6. At 12 in./min, the heat input is determined as 30 heat units, or 30,000 joules/in. 

[image: image6.png]Figure P-6. High input nomograph.




(3) Heat input calculator. The heat input calculator can be made by copying the pattern printed on the inside of the back cover of this manual onto plastic, light cardboard, or other suitable material and cutting out the pieces. If no suitable material is available, the calculator may be assembled by cutting the pattern out of the back cover. After the two pieces are cut out, a hole is punched in the center of each. They are then assembled using a paper fastener, or some similar device, which will allow the pieces to rotate. To determine welding heat input using the calculator, rotate until the value on the volts scale is aligned directly opposite the value on the speed (in./min) scale. The value on the amps scale will then be aligned directly opposite the calculated value for heat units. As with the nomograph, heat units represent thousands of joules per inch. 

(4) Maximum heat input. Check the heat input value obtained from the nomograph or calculator against the suggested maximums in tables A-10 and A-11. If the calculated value is too high, adjust the amperes, travel speed, or preheat temperature until the calculated heat input is within the proper range. (The tables are applicable only to single-arc, shielded metal-arc, submerged arc, gas tungsten-arc, flux-cored arc, and gas metal-arc processes. They are not applicable to multiple-arc or electroslag welding, or other high heat input vertical-welding processes, since welds made by these in the "T-1" steels should be heat treated by quenching and tempering.) For welding conditions exceeding the range of the nomograph or calculator, the heat input can be calculated using the following formula: 

Heat Input (1000 Joules/inch) = Amps x Volts x 60
                                 Speed (inches/min)

	Maximum Heat Inputs for T1 Steel*
Preheat and Interpass Temperature
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	Thickness
	70°F
	150°F
	200°F
	300°F
	400°F

	(Inches)
	(21°C)
	(60°C)
	(93°C)
	(149°C)
	(204°C)

	3/16
	27
	23
	21
	17
	13

	1/4
	36
	32
	29
	24
	19

	1/2
	70
	62
	56
	47
	40

	3/4
	121
	107
	99
	82
	65

	1/2
	any
	188
	173
	126
	93

	1-1/4
	any
	any
	any
	175
	127

	1-1/2
	any
	any
	any
	any
	165

	2
	any
	any
	any
	any
	any

	Note:
*Maximum heat inputs are based on a minimum Charp V-notch impact value of 10 ft-lb at -50°F (-46° in the heat-affected zone.


	Maximum Heat Inputs for T1 Type A and Type B steels*
Preheat and Interpass Temperature
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	Thickness
	70°F
	150°F
	200°F
	300°F
	400°F

	(Inches)
	(21°C)
	(60°C)
	(93°C)
	(149°C)
	(204°C)

	3/16
	17.5
	15.3
	14
	11.5
	9

	1/4
	23.7
	20.9
	19.2
	15.8
	12.3

	3/8
	35
	30.7
	28
	23.5
	18.5

	1/2
	47.4
	41.9
	38.5
	31.9
	25.9

	5/8
	64.5
	57.4
	53
	42.5
	33.5

	3/4
	88.6
	77.4
	69.9
	55.7
	41.9

	1
	any
	120
	110.3
	86
	65.6

	1-1/4
	any
	any
	154
	120
	94

	Note:
*maximum heat inputs are based on a minimum Charpy V-notch impact value of 10ft-lb at 0°F (-18°C) in the heat-affected zone.


g. Welding Process. Reliable welding of high yield strength, low alloy structural steel can be per formal by choosing an electrode with low hydrogen content or selecting the proper wire-flux or wire gas combination when using the submerged arc or gas metal arc processes. Use a straight stringer bead whenever possible. Avoid using the weave pattern; however, if needed, it must be restricted to a partial weave pattern. Best results are obtained by a slight circular motion of the electrode with the weave area never exceeding two elect-rode diameters. Never use a full weave pattern. The partial weave pattern should not exceed twice the diameter of the electrode. Skip weld as practical. Peening of the weld is sometimes recommended to relieve stresses while cooling larger pieces. Fillet welds should be smooth and correctly contoured. Avoid toe cracks and undercutting. Electrodes used for fillet welds should be of lower strength than those used for butt welding. Air-hammer peening of fillet welds can help to prevent cracks, especially if the welds are to be stress relieved. A soft steel wire pedestal can help to absorb shrinkage forces. Butter welding in the toe area before actual fillet welding strengths the area where a toe crack may start. A bead is laid in the toe area, then ground off prior to the actual fillet welding. This butter weld bead must be located so that the toe of the fillet will be laid directly over it during actual fillet welding. Because of the additional material involved in fillet welding, the cooling rate is increased and heat inputs may be extended about 25 percent. 

CAST IRON 

a. General. A cast iron is an alloy of iron, carbon, and silicon, in which the amount of carbon is usually more than 1.7 percent and less than 4.5 percent. 

(1) The most widely used type of cast iron is known as gray iron. Gray iron has a variety of compositions, but is usually such that it is primarily perlite with many graphite flakes dispersed throughout. 

(2) There are also alloy cast irons which contain small amounts of chromium, nickel, molybdenum, copper, or other elements added to provide specific properties. 

(3) Another alloy iron is austenitic cast iron, which is modified by additions of nickel and other elements to reduce the transformation temperature so that the structure is austenitic at room or normal temperatures. Austenitic cast irons have a high degree of corrosion resistance. 

(4) In white cast iron, almost all the carbon is in the combined form. This provides a cast iron with higher hardness, which is used for abrasion resistance. 

(5) Malleable cast iron is made by giving white cast iron a special annealing heat treatment to change the structure of the carbon in the iron. The structure is changed to perlitic or ferritic, which increases its ductility. 

(6) Nodular iron and ductile cast iron are made by the addition of magnesium or aluminum which will either tie up the carbon in a combined state or will give the free carbon a spherical or nodular shape, rather than the normal flake shape in gray cast iron. This structure provides a greater degree of ductility or malleability of the casting. 

(7) Cast irons are widely used in agricultural equipment; on machine tools as bases, brackets, and covers; for pipe fittings and cast iron pipe; and for automobile engine blocks, heads, manifolds, and water preps. Cast iron is rarely used in structural work except for compression members. It is widely used in construction machinery for counterweights and in other applications for which weight is required. 

b. Gray cast iron has low ductility and therefore will not expand or stretch to any considerable extent before breaking or cracking. Because of this characteristic, preheating is necessary when cast iron is welded by the oxyacetylene welding process. It can, however, be welded with the metal-arc process without preheating if the welding heat is carefully controlled. This can be accomplished by welding only short lengths of the joint at a time and allowing these sections to cool. By this procedure, the heat of welding is confined to a small area, and the danger of cracking the casting is eliminated. Large castings with complicated sections, such as motor blocks, can be welded without dismantling or preheating. Special electrodes designed for this purpose are usually desirable. Ductile cast irons, such as malleable iron, ductile iron, and nodular iron, can be successfully welded. For best results, these types of cast irons should be welded in the annealed condition. 

c. Welding is used to salvage new iron castings, to repair castings that have failed in service, and to join castings to each other or to steel parts in manufacturing operations. The following table shows the welding processes that can be used for welding cast, malleable, and nodular irons. The selection of the welding process and the welding filler metals depends on the type of weld properties desired and the service life that is expected. For example, when using the shielded metal arc welding process, different types of filler metal can be used. The filler metal will have an effect on the color match of the weld compared to the base material. The color match can be a determining factor, specifically in the salvage or repair of castings, where a difference of color would not be acceptable. 
	Welding Processes and Filler Metals for Cast Iron
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	Filler Metal
Type
	Composition
Spec***
	Filler Metal
Type***
	Color
Match
	Machineable
Deposit
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	SMAW (Stick)
	
	
	
	

	Cast iron
	E-CL
	Cast iron
	Good
	Yes

	Copper-tin*
	EcuSn A & C
	Copper- 5% or 8% tin
	No
	Yes

	Copper-aluminum*
	EcuAl-A2
	Copper- 10% aluminum
	No
	Yes

	Mild steel
	E-St
	Mild steel
	Fair
	No

	Nickel
	Eni-CI
	High nickel alloy
	No
	Yes

	Nickel-iron
	EniFe-CI
	50% Nickel plus iron
	No
	Yes

	Nickel-copper
	EniCu-A & B
	55% or 65% Ni + 40% or 30% W
	No
	Yes
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	Oxy Fuel Gas
	
	
	
	

	Cast iron
	RCI & A & B
	Cast iron with minor alloys
	Good
	Yes

	Copper-zinc*
	RcuZn B & C
	58% Coper-zinc
	No
	Yes
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	Brazing**
	
	
	
	

	Copper-zinc 
	RBCuZn A&D
	Copper-zinc & Copper-zinc-nickel
	No
	Yes
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	GMAW (Mig (wire))
	
	
	
	

	Mild steel
	E60S-3
	Mild steel
	Fair
	No

	Copper base*
	EcuZn-C
	Silicon bronze
	No
	Yes

	Nickel-copper
	EniCu-B
	High nickel 
	No
	Yes
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	FCAW
	
	
	
	

	Mild steel
	E70T-7
	Mild steel
	Fair
	No

	Nickel type
	no spec
	50% Nickel plus iron
	No
	Yes
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	Note:
*Would be considered a brass weld
**Heat source any for brazing also carbon arc, twin carbon arc, gas tungsten arc, or plasma arc
***See CWB/AWS Specification for Welding Rods and Covered Electrode for Welding Cast Iron


d. No matter which of the welding processes is selected, certain preparatory steps should be made. It is important to determine the exact type of cast iron to be welded, whether it is gray cast iron or a malleable or ductile type. If exact information is not known, it is best to assume that it is gray cast iron with little or no ductility. In general, it is not recommended to weld repair gray iron castings that are subject to heating and cooling in normal service, especially when heating and cooling vary over a range of temperatures exceeding 400°F (204°C). Unless cast iron is used as the filler material, the weld metal and base metal may have different coefficients of expansion and contraction. This will contribute to internal stresses which cannot be withstood by gray cast iron. Repair of these types of castings can be made, but the reliability and service life on such repairs cannot be predicted with accuracy. 

e. Preparation for Welding. 

(1) In preparing the casting for welding, it is necessary to remove all surface materials to completely clean the casting in the area of the weld. This means removing paint, grease, oil, and other foreign material from the weld zone. It is desirable to heat the weld area for a short time to remove entrapped gas from the weld zone of the base metal. The skin or high silicon surface should also be removed adjacent to the weld area on both the face and root side. The edges of a joint should be chipped out or ground to form a 60° angle or bevel. Where grooves are involved, a V groove from a 60-90° included angle should be used. The V should extend approximately 1/8 in. (3.2 mm) from the bottom of the crack. A small hole should be drilled at each end of the crack to keep it from spreading. Complete penetration welds should always be used, since a crack or defect not completely removed may quickly reappear under service conditions. 

(2) Preheating is desirable for welding cast irons with any of the welding processes. It can be reduced when using extremely ductile filler metal. Preheating will reduce the thermal gradient between the weld and the remainder of the cast iron. Preheat temperatures should be related to the welding process, the filler metal type, the mass, and the complexity of the casting. Preheating can be done by any of the normal methods. Torch heating is normally used for relatively small castings weighing 30.0 lb (13.6 kg) or less. Larger parts may be furnace preheated, and in some cases, temporary furnaces are built around the part rather than taking the part to a furnace. In this way, the parts can be maintained at a high interpass temperature in the temporary furnace during welding. Preheating should be general, since it helps to improve the ductility of the material and will spread shrinkage stresses over a large area to avoid critical stresses at any one point. Preheating tends to help soften the area adjacent to the weld; it assists in degassing the casting, and this in turn reduces the possibility of porosity of the deposited weld metal; and it increases welding speed. 

(3) Slow cooling or post heating improves the machinability of the heat-affected zone in the cast iron adjacent to the weld. The post cooling should be as slow as possible. This can be done by covering the casting with insulating materials to keep the air or breezes from it.

f. Welding Technique. 

(1) Electrodes. 

(a) Cast iron can be welded with a coated steel electrode, but this method should be used as an emergency measure only. When using a steel electrode, the contraction of the steel weld metal, the carbon picked up from the cast iron by the weld metal, and the hardness of the weld metal caused by rapid cooling must be considered. Steel shrinks more than cast iron when ceded from a molten to a solid state. When a steel electrode is used, this uneven shrinkage will cause strains at the joint after welding. When a large quantity of filler metal is applied to the joint, the cast iron may crack just back of the line of fusion unless preventive steps are taken. To overcome these difficulties, the prepared joint should be welded by depositing the weld metal in short string beads, 0.75 to 1.0 in. long (19.0 to 25.4 mm). These are made intermittently and, in some cases, by the back step and skip procedure. To avoid hard spots, the arc should be struck in the V, and not on the surface of the base metal. Each short length of weld metal applied to the joint should be lightly peened while hot with a small ball peen hammer, and allowed to cool before additional weld metal is applied. The peening action forges the metal and relieves the cooling strains. 

(b) The electrodes used should be 1/8 in. (3.2 mm) in diameter to prevent excessive welding heat. Welding should be done with reverse polarity. Weaving of the electrode should be held to a minimum. Each weld metal deposit should be thoroughly cleaned before additional metal is added. 

(c) Cast iron electrodes must be used where subsequent machining of the welded joint is required. Stainless steel electrodes are used when machining of the weld is not required. The procedure for making welds with these electrodes is the same as that outlined for welding with mild steel electrodes. Stainless steel electrodes provide excellent fusion between the filler and base metals. Great care must be taken to avoid cracking in the weld, contracts approximately 50 percent more than because stainless steel expands and mild steel in equal changes of temperature. 

(2) Arc Welding. 

(a) The shielded metal arc welding process can be utilized for welding cast iron. There are four types of filler metals that may be used: cast iron covered electrodes; covered copper base alloy electrodes; covered nickel base alloy electrodes; and mild steel covered electrodes. There are reasons for using each of the different specific types of electrodes, which include the machinability of the deposit, the color match of the deposit, the strength of the deposit, and the ductility of the final weld. 

(b) When arc welding with the cast iron electrodes (ECI), preheat to between 250 and 800°F (121 and 425°C), depending on the size and complexity of the casting and the need to machine the deposit and adjacent areas. The higher degree of heating, the easier it will be to machine the weld deposit. In general, it is best to use small-size electrodes and a relatively 1ow current setting. A medium arc length should be used, and, if at all possible, welding should be done in the flat position. Wandering or skip welding procedure should be used, and peening will help reduce stresses and will minimize distortion. Slow cooling after welding is recommended. These electrodes provide an excellent color match cm gray iron. The strength of the weld will equal the strength of the base metal. There are two types of copper-base electrodes: the copper tin alloy and the copper aluminum types. The copper zinc alloys cannot be used for arc welding electrodes because of the low boiling temperature of zinc. Zinc will volatilize in the arc and will cause weld metal porosity. 

(c) When the copper base electrodes are used, a preheat of 250 to 400°F (121 to 204°C) is recommended. Small electrodes and low current should be used. The arc should be directed against the deposited metal or puddle to avoid penetration and mixing the base metal with the weld metal. Slow cooling is recommended after welding. The copper-base electrodes do not provide a good color match. 

(d) There are three types of nickel electrodes used for welding cast iron. These electrodes can be used without preheat; however, heating to 100°F (38°C) is recommended. These electrodes can be used in all positions; however, the flat position is recommended. The welding slag should be removed between passes. The nickel and nickel iron deposits are extremely ductile and will not become brittle with the carbon pickup. The hardness of the heat-affected zone can be minimized by reducing penetration into the cast iron base metal. The technique mentioned above, playing the arc on the puddle rather than on the base metal, will help minimize dilution. Slow cooling and, if necessary, postheating will improve machinability of the heat-affected zone. The nickel-base electrodes do not provide a close color match. 

(e) Copper nickel type electrodes cane in two grades. Either of these electrodes can be used in the same manner as the nickel or nickel iron electrode with about the same technique and results. The deposits of these electrodes do not provide a color match. 

(f) Mild steel electrodes are not recommended for welding cast iron if the deposit is to be machined. The mild steel deposit will pick up sufficient carbon to make a high-carbon deposit, which is impossible to machine. Additionally, the mild steel deposit will have a reduced level of ductility as a result of increased carbon content. This type of electrode should be used only for small repairs and should not be used when machining is required. Minimum preheat is possible for small repair jobs. Small electrodes at low current are recommended to minimize dilution and to avoid the concentration of shrinkage stresses. Short welds using a wandering sequence should be used, and the weld should be peened as quickly as possible after welding. The mild steel electrode deposit provides a fair color match. 

(3) Carbon-arc welding of cast iron. Iron castings may be welded with a carbon arc, a cast iron rod, and a cast iron welding flux. The joint should be preheated by moving the carbon electrodes along the surface. This prevents too-rapid cooling after welding. The molten puddle of metal can be worked with the carbon electrode so as to move any slag or oxides that are formed to the surface. Welds made with the carbon arc cool more slowly and are not as hard as those made with the metal arc and a cast iron electrode. The welds are machinable. 

(4) Oxyfuel gas welding. The oxyfuel gas process is often used for welding cast iron. Most of the fuel gases can be used. The flame should be neutral to slightly reducing. Flux should be used. Two types of filler metals are available: the cast iron rods and the copper zinc rods. Welds made with the proper cast iron electrode will be as strong as the base metal. Good color match is provided by all of these welding reds. The optimum welding procedure should be used with regard to joint preparation, preheat, and post heat. The copper zinc rods produce braze welds. There are two classifications: a manganese bronze and a low-fuming bronze. The deposited bronze has relatively high ductility but will not provide a color match. 

(5) Brazing and braze welding. 

(a) Brazing is used for joining cast iron to cast iron and steels. In these cases, the joint design must be selected for brazing so that capillary attraction causes the filler metal to flow between closely fitting parts. The torch method is normally used. In addition, the carbon arc, the twin carbon arc, the gas tungsten arc, and the plasma arc can all be used as sources of heat. Two brazing filler metal alloys are normally used; both are copper zinc alloys. Braze welding can also be used to join cast iron. In braze welding, the filler metal is not drawn into the joint by capillary attraction. This is sometimes called bronze welding. The filler material having a liquidous above 850°F (454°C) should be used. Braze welding will not provide a color match. 

(b) Braze welding can also be accomplished by the shielded metal arc and the gas metal arc welding processes. High temperature preheating is not usually required for braze welding unless the part is extremely heavy or complex in geometry. The bronze weld metal deposit has extremely high ductility, which compensates for the lack of ductility of the cast iron. The heat of the arc is sufficient to bring the surface of the cast iron up to a temperature at which the copper base filler metal alloy will make a bond to the cast iron. Since there is little or no intermixing of the materials, the zone adjacent to the weld in the base metal is not appreciably hardened. The weld and adjacent area are machinable after the weld is completed. In general, a 200°F (93°C) preheat is sufficient for most application. The cooling rate is not extremely critical and a stress relief heat treatment is not usually required. This type of welding is commonly used for repair welding of automotive parts, agricultural implement parts, and even automotive engine blocks and heads. It can only be used when the absence of color match is not objectionable. 

(6) Gas metal arc welding. The gas metal arc welding process can be used for making welds between malleable iron and carbon steels. Several types of electrode wires can be used, including: 

(a) Mild steel using 75% argon + 25% CO2 for shielding. 

(b) Nickel copper using 100% argon for shielding. 

(c) Silicon bronze using 50% argon + 50% helium for shielding. 

In all cases, small diameter electrode wire should be used at low current. With the mild steel electrode wire, the Argon-CO2 shielding gas mixture issued to minimize penetration. In the case of the nickel base filler metal and the Copper base filler metal, the deposited filler metal is extremely ductile. The mild steel provides a fair color match. A higher preheat is usually required to reduce residual stresses and cracking tendencies. 

(7) Flux-cored arc welding. This process has recently been used for welding cast irons. The more successful application has been using a nickel base flux-cored wire. This electrode wire is normally operated with CO2 shielding gas, but when lower mechanical properties are not objectionable, it can be operated without external shielding gas. The minimum preheat temperatures can be used. The technique should minimize penetration into the cast iron base metal. Post heating is normally not required. A color match is not obtained. 

(8) Studding. Cracks in large castings are sometimes repaired by studding (fig. P-4). In this process, the fracture is removed by grinding a V groove. Holes are drilled and tapped at an angle on each side of the groove, and studs are screwed into these holes for a distance equal to the diameter of the studs, with the upper ends projecting approximately 1/4 in. (6.4 mm) above the cast iron surface. The studs should be seal welded in place by one or two beads around each stud, and then tied together by weld metal beads. Welds should be made in short lengths, and each length peened while hot to prevent high stresses or cracking upon cooling. Each bead should be allowed to cool and be thoroughly cleaned before additional metal is deposited. If the studding method cannot be applied, the edges of the joint should be chipped out or machined with a round-nosed tool to form a U groove into which the weld metal should be deposited. 
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TFigure P-7. Studding method for cast iron repair.




(9) Other welding processes can be used for cast iron. Thermit welding has been used for repairing certain types of cast iron machine tool parts. Soldering can be used for joining cast iron, and is sometimes used for repairing small defects in small castings. Flash welding can also be used for welding cast iron. 

2.
Have the students determine compression strength, durability, brittleness and tensile strength of various metals.

3. Have a few students call metal suppliers and get information on various sizes metal can be purchased in and the cost.  

Provide this information for all of the students.
4. Demonstrate how to perform a spark test.

5. Show videos to show the students how metal is forged.

Summary
Summarize the data and ask the students to describe the metal forging process.

Evaluation
Evaluate the students using the spark test to identify the metals.

Administer an objective test covering identification of metals.


Individual Learning Activity

Lesson:
Metal Identification 
Assignment:
Choose one of the topics below and research it. Write a report on your findings that answers the question or explains the concept and shows why it is relevant to your life.

1.   Explain the origins of metal

2.  Explain how metal is manufactured

3.
Identify the different types of metals.
4.  Identify the different shapes and uses of metals.
Minimum Requirements:
1. Paper must be typed in 12 point font and at least one page in length. The paper may be double-spaced. 

2. At least two credible references must be properly cited.

3. All work must be original. No plagiarism! Any use of  

another’s ideas without giving credit will result in a zero.

4. Papers will be graded on content (amount of good information, accuracy, etc.) and mechanics (grammar, spelling, and punctuation.)

Due Date:

Points/Grade Available:

Individual Learning Activity Rubric

	Content - offers current information on the topic chosen, thoroughly covers each aspect of the question, and demonstrates understanding and mastery of the lesson. The paper should include information and issues of state and local importance.
	35 pts.



	Critical Analysis - logical process of analyzing and reporting information that examines and explains the topic selected. The paper should go beyond simply listing facts and must include why the concept is relevant to the student’s life. 
	25 pts.

	Organization- The paper should have an orderly structure that demonstrates a logical flow of ideas.
	15 pts.

	Mechanics- spelling, grammar, punctuation, font size, double spacing, citation, etc. Essentially, the paper should meet all specifications and be executed following rules of proper written English.
	15 pts.


Group Learning Activity

Lesson: 
Metal Identification
Assignment: 
Choose one of the topics below and research it. With your group, prepare a presentation to teach the class your concept.

1.   Explain the origins of metal

2.  Explain how metal is manufactured

3.
Identify the different types of metals.
4.  Identify the different shapes and uses of metals.
Your presentation should include the following:

1. A lesson plan outlining exactly what your group will teach and how the information will be taught

2. A Power Point of at least twelve slides

3. Notes containing the information the class will be responsible for (these can be printed and given to the class, written on the board, or part of the Power Point). A copy of the notes will be turned in to the instructor.

4. Some type of interactive activity for the class (game, problem solving activity, interactive model, etc.)

5. Your group must also prepare an assessment for the class. This assessment can be written or oral, but should show the instructor that the class understands and has retained the material being taught.

Due Date:

Points/Grade Available:

All work must be original. No plagiarism! Any use of  

another’s ideas without giving credit will result in a zero.

Group Learning Activity Rubric

	Lesson Plan – The group submits a thorough, detailed lesson plan highlighting the content and organization of their lesson.
	10 pts.

	PowerPoint – The group presents a Power Point of at least twelve slides that contains information and pictures vital to the lesson with additional information or examples for enhancement.
	20 pts.

	Interactive Activity – Some type of interactive activity is used to help teach the lesson. The activity should contribute to the mastery of content and involve the entire class in some way.
	15 pts.

	Assessment – A fair, thorough assessment is prepared and administered based on the information presented to the class. Poor grades on the assessment by a few members of the class are excusable, but if the entire class has difficulty, the points awarded in this category may be lowered at the discretion of the instructor.
	   15 pts.

	Content – The group should cover the concept (within reason) in entirety. The group may study actual lesson plans to help decide what should be emphasized.
	    25 pts.

	Overall Effect – The group is prepared, enthusiastic, and interesting, and the lesson flows smoothly. 
	    15 pts.


Presentation Learning Activity
Lesson:
Metal Identification
Assignment:
Choose one of the topics below, research it, and prepare a presentation that answers the question or explains the concept and shows why it is relevant to your life.

1.   Explain the origins of metal

2.  Explain how metal is manufactured

3.
Identify the different types of metals.
4.  Identify the different shapes and uses of metals.
Minimum Requirements:
Oral Report Option

1.   Write a paper on one of the topics and orally present your work to the class.

2.   Paper may be double-spaced and should be at least one page in length, resulting in a two to five minute presentation. 

3.   At least two references must be properly cited. 

4.   The presentation of the report will be graded secondary 

      to the content of the paper.

PowerPoint Option
1. Presentation should be at least ten slides in length

2. Presentation should include at least four photos.

3. Presentation should be two to five minutes in length.

4. Grammar and spelling will be graded by the same standards as any other written assignment.

5. At least two references must be properly cited.

Poster Option:

1. Prepare a poster that answers/explains one of the topics. You will present your poster to the class.

2. Your poster should include both text and graphics that help communicate your research.

3. At least two sources of information should be properly cited on the back of the poster.

4. Neatness and appearance of the poster will be graded.

5. Poster presentation should last two to five minutes.

Due Date:

Points/Grade Available:

For all presentations: All work must be original. No plagiarism! Any use of another’s work or ideas without giving proper credit will result in a zero.
Presentation Learning Activity Rubric

	Content- offers current information on the topic chosen, thoroughly covers each aspect of the question, and demonstrates understanding and mastery of the lesson. The presentation should include information and issues of state and local importance.
	40 pts.

	Critical Analysis/Organization – The presentation shows a logical process of analyzing and reporting information that examines and explains the topic selected. The presentation should go beyond simply listing facts and must include why the concept is relevant to the student’s life.
	20 pts.

	Presentation – The student makes a genuine effort to present, not just read the material. The student should present with confidence using techniques like eye contact and voice inflexion to make his or her point. Although content takes precedence over presentation, the experience of successfully presenting in front of a class is part of the basis of this assignment.
	25 pts.

	Mechanics- spelling, grammar, punctuation, font size, double spacing, citation, etc. Essentially, the presentation should meet all guidelines set forth and should be executed in proper written English. For the poster, this includes neatness and appearance.
	15 pts.


Teacher Notes
Essential Question: How can metal be identified and used?
Vocabulary
LOW CARBON STEELS

MEDIUM CARBON STEELS

HIGH CARBON STEELS

TOOL STEELS

ALLOY STEELS
CAST IRON

ARC WELDING
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