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Blacksmithing

The blacksmith of yesteryear brings to mind an image of a robust
and independent craftsman who was a main force in the early
history of our country. He was a central figure in the life of the

village, because he provided most of the tools and implements that
were needed for the life of the community. The scale of his work

was small, personal and communal.

In some ways, however, he changed this image and brought about
his own demise, because he had the knowledge and skills to work
iron. He created and invented the tools and processes that were a
part of the Industrial Revolution. Most of the early inventors were
blacksmiths. The result was a change in life-style from the small
shop run by the individual multipurpose craftsman, to the large
factory hiring specialized workers for mass production. The result
was an abundance of mass-produced goods causing the death of the
small-scale operation of the blacksmith. This was truc of my
grandfather.

Too frequently we have criticized mass production without seeing
its benefits. One benefit is that with an abundance of goods,
today’s craftsmen have been freed to produce those things

that have individuality and character.

Perhaps vour work with blacksmithing will allow you to reorder
your priorities, giving emphasis to new values and providing a new
life-style.

Graham Scott Williamson, in his book, The American Craftsman,
asks, what is craft?

Where does craft production stop and industrial production
begin? . . . Our conception of craft as consisting of the spirit in
which, rather than solely the means by which, a production
process is carried out. This would appear to be the only
conception of craft and craftsmanship which can hope to take
root in this technologically advanced age.

Later he quotes Allen Eaton of the Russell Sage Foundation:

The time will come when every kind of work will be judged by
two measurements: one by the product itself, as is now done,
and the other by the effect of the work on the producer.
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Edge of the Anvil

I believe this leads us to some realization that there is hope for the
future and that we do not have to be puppets of our culture and
technology, but can be forceful in redirecting the thought and
movement of our society, if we, as individual craftsmen, set an
example by means of our attitudes to our work and towards others.

The ideas set forth and the alternatives suggested in E. F.
Schumacher’s book, Small Is Beautiful , are in striking contrast to
the general direction of our country today. Those who read the
book may come to feel, as | do, that new attitudes and life-styles
are in order.

.

At a time when there is so much emphasis placed on *‘progress,”
growth and expansion on a nationwide scale, it is almost heresy to
say, “‘Small is beautiful.”” But the two elements can coexist. It is
preciscly becausc of the fast pace of all of our lives, the huge
industries, vast population and overwhelming bureaucracy, that a
reexamination of our values is essential. We see this all around us
in the resurgence of interest in crafts of all kinds, in such small
things as vegetable gardens and in a return to the “‘simpler’” life. I
feel that the village blacksmith’s smaller scale of work is the
kind of thing with which we should temper today’s living. We need
not ignore the advances of science and technology, but we must
recognize that in the haste to acquire and consume, we ourselves
will be consumed.

The world is too much with us, late and soon.
Getting and spending, we lay waste our powers. . . .

W. Wordsworth

Gandhi proposed that we should think in terms of **production by
the masses’’ rather than in terms of ““mass production.”” The home
smithy, wherc only onc or two pcople work, would certainly fall

into this category. If work by its nature ennobles and enlightens,
then we are working on the development of mind, body and spirit.
A technology of *“production by the masses’” would use the best of
modern knowledge and experience to help us to live in ecological
balance in the world. It would serve the people; in contrast, in a
world devoted to mass production, the people serve the machine.

ez

Schumacker calls this “‘intermediate technology.”

The contemporary blacksmith is an example of what is meant by

3
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intermediate technology. His work combines the advances of
madern technology with the scale of the individual craftsman. He
takes pride in each object that he makes and derives pleasure from
the creation of beautiful art forms,

The poetry of the blacksmith shop has been a theme for writers
for centuries, but there is little poetry in it to the blacksmith who
stands at the forge day after day pounding and shaping unless he
has studied, and finds new themes in every heat, spark, or scale.
If he can create beautiful forms in his mind, and with his hands
shape the metal to those forms, then he can see poetry in his
work. If he is but a machine that performs his work automati-
cally, the dull prose of his occupation makes him dissatisfied and
unmanly. [M. T. Richardson; Practical Blacksmithing, vol. I1I]

How do you see your forging, as poetry or work? Itis vital to see it
as poetry, if you wish to find satisfaction.

Even poetry must be structured, and before you can make anything
at the forge, you must design it. There are many factors that
influence the design process. Some of these are: personal direction
and attitude, experience and observation, historical perspective,
current trends, the function of the piece and its placement, and
finally the material and the forming processes used to create it.
Your work will be influenced more strongly by certain factors than
by others; this is what makes artistic ¢creation individualized. No
one way is the “‘right”’ way.

Don’t be intimidated into thinking that you can’t design. You can.
Do it, and you will find that each time you work, you will improve,
becauise the experience of forging and the work itself will give you
feedback. Be your own most severe critic, but at the same time,
talk to others about your work.

A powerful design influence on your work is your own personal
direction, life-style and attitude. Your work will express your own
personality and creativity; it will be you.

Your experience will be a major influence. Your design will reflect
your travel and studies.

Historical perspective affects your design considerably. As you

4
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become familiar with the rich heritage of blacksmithing and learn
about the development of ironwork, you will be inspired. When
you study different periods in the development of iron, you will
gain a greater understanding of the forms and the reasons for their
design. It is interesting to copy one of your favorite old pieces, first
making it the way it was originally made, and then making another
one, this time using your ideas and methods.

History is being made by the new generation of smiths. They will
soon be influential, because their work has the power to excite
your imagination, and lead you to new ideas of your own. Study
their work. The entire contemporary culture, for that matter, can
give you inspiration.

The most powerful factors affecting design will be the material
itself, the tools used and the processes involved in forming it.
Forging iron is a direct working process. You will see this direct
quality in the photographs of Yellin’s work in section V.

It is exciting to try to combine another material, such as wood,
clay, leather, glass, plastic or fiber, with iron, as a challenging
exercise in design. Explore the relationship of iron and the other
material, using the two substances in different ways together.

Because the forging process itself and the tools that you use have
such a powerful form-giving potential, you might want to create a
process or design a new tool. This would in turn be a design
influence. If you are making many similar or identical pieces, the
design of the tools used to make them influences the design of the
pieces themselves.

The formal aspects of design, such as controtl of line, plane, shape,
space and texture, are important. If you have training, then it can
be used to good advantage; if not, art courses will give you the
formal knowledge that will enable you to design and analyze yonr
work. But don’t feel that you can’t design because you have not
been to art school. You can, and you do it everyday in all areas of
your life, by dealing with other problems or challenges creatively
and imaginatively. Incorporate this habit into your work with iron.

1 do my designing in my sketchbook, which is nothing more than an

5



Blacksmithing

8 x 10 bound, plain paper book. If I have an idea for a new piece of
iron or a new way to work it, | draw it here. I really enjoy this

book, because it is the place where [ can give form to my ideas and
have fun with them. First, I envision the complete piece and then 1
draw it o understand how it will be forged. This process has been
invaluable to me, because many of my trials and errors have been
on paper and not at the forge. This has saved me a lot of time.

A work session at the drawing board is as important as a work
session at the forge. This is as true today as it was at the turn of the
century, when the following was written:

The young man who thinks of learning the blacksmith trade
should first learn whether he is physically fitted for the peculiar
labor. If satisfied on that point, he should immediately begin a
course of study with special reference to the working of metals.
He should also study treehand drawing. Every hour spent at the
drawing board is an hour spent shaping irons, as he is training the
hand to perform the work and the eye to see that it is true. And at
no time should he drop the pencil. He should keep tn mind the
fact that the most skillful are the most successful. We do not
mean skillful in one line only, but in all. The man who can direct,
as well as execute, is the one who will make the greatest
advancement, and to direct it is necessary to know why a thing
should be done as well as how. [M. T. Richardson, Practical
Blacksmithing , vol. 111]

Drawing is a tool as essential to the blacksmith as the hammer.
Drawing gives form to ideas, just as the hammer gives form to the
metal. If you try to forge without preparation, forging will be more
difficult. You may occasionally want to experiment at the forge,
but in general, it is a good idea to plan your work ahead of time. Try

working for a whole day at the forge without any preparation and
see what happens.

There is one very important aspect of drawing that I want to stress:
Anyone can draw, but it takes practice and experience to draw
well. So start: the more that you draw, the better your drawings

will be.

There is a way to draw three-dimensionally, and that is by using
clay as a sketch medium. You can give substance to your ideas by
forming in clay those things that vou would like to form later in iron
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at the forge. Clay is a good medium in which to practice while you
are assembling your equipment and setting up your forge. You will
undoubtedly create many new forms and perhaps invent a new tool
or a new technique.

Not only can you sketch with clay, but also you can use it in place
of iron to practice the forging operations before lighting up. Clay,
like hot iron, is plastic and can be easily formed. But hot iron
cannot be directly felt and worked with your hands; it must be
worked quickly and with tools. In contrast, clay can be worked
with your hands at leisure. Practice some of the first forging
exercises in clay, and then design a few pieces to make at the forge.

Who is the piece for and where does it go? These questions will
challenge you to come up with some original creations. If you are
just forging things for yourself and your own enjoyment, then the
design of your work will be different than it would be if you are
selling your work. My cousin, Don Briddell, who is a maker of
painted wildfow] carvings, said it very well:

I've found an important ingredient is respect for the customer.
Too many creators value their way too much. To make a
customer happy is as much a part of the design as any other
element. Ask yourself; ““Am [ in this to make myself happy or
the customer?’ The best solution is to arrive at a design that
makes both of you happy. Arrogance does in many an artist, as
does its inverse, submissiveness. A good designer finds the
middlc way in these matters. Let it be known that such a design
exists.

I think you should tocus your thinking on what you are going to do
with your blacksmithing. The focus of your blacksmithing work
can take many forms: You can be anything from a full-time smith to
just an interested person. Only you can determine the scope of
your involvement and commitment to blacksmithing. If your
approach is casnal and leisurely, you will not need to be too
organized. However, if you intend to devote a lot of time to
blacksmithing, or if you are considering earning part or even all of
your livelihood from smithing, then make plans and get organized!
I recommend The Craftsman’s Survival Manual by George and
Nancy Wettlaufer and How to Organize and Operate a Small
Business by C. M. Baumbeck, K. Lawyer, and P. C. Keclly.
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If you are one of those who intends to start your own business,
then vou should plan to develop your image, vour selling strategy
and business procedures.

Your reputation as a person and as a craftsman is the most
important factor involved in selling your work. If you excell, you
can count on word-of-mouth advertising.

A good portfolio will do a good selling job for you, too. Photograph
your work as you do it. I wish I had done this, because I have
already forgotten some of my early pieces.

A well-designed business card and stationery are also helpful in
creating an image, selling your work and meeting the public.
Eventually you might want to tag each piece to explain it and
compile a catalogue. Keep all of these visually coordinated. The
result will be an tmage of yourself that will come across to the
public: a blending of your work, personality and the above visual
aids. Work on vour image and forge it as well as you forge your
iron,

Records are an important part of running a business. The “‘job-
work file’” is the most important of your records. This is the record
of each job and contains the vital information about it, including
billing. Mine 1s made up on 5 x 8 cards. 1 use a work card for every
Job. I number them consecutively, and file them when the job is
completed. These cards form the basis for my work schedule.

Start and continue your blacksmithing in an orderly way.
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Tools and Equipment

Your first look around a smithy might be
confusing becausc of the great variety of un-
familiar tools and equipment covered with
dust, their seeming disarray and the poor light.
However, an experienced smith looks in on an
order and working arrangement with the light
of knowledge. This section is organized to
bring that order and light as you begin your
study of blacksmithing.

The Smithy

The smithy is the building in which the
blacksmith does his work. This term is [re-
quently confused with another, the smith, who
is the person doing the blacksmithing. Don’t,
however, confuse the space in which the smith
works with the way he feels about it. Good
working relationships and attitudes must exist
for good work to be done.

My first smithy was a shed with one side
open. It was an interesting starting point, but 1
allowed junk to clutter the working space and
soon things were disorganized. I soon realized
that this had an adverse effect on the way I
worked. I was easily discouraged. 1 began to
plan and think about the different types of
buildings 1 could construct. After a long
search. I discovered what 1 was looking for:
the tipi. One is now set up in the woods
behind my home. My sons and | cut the poles
in the wonds and | ordered the cover from
California. The tipi is 20 feet in diameter.

The sun filters through the canvas, providing
good working light all day. By adjusting the
smoke flaps, I can control the ventilation. On
stormy days, when there is a strong southerly
wind, I don't work, | watch the woods in

12




Edge of the Anvil

stead. The tipi was not expensive, it was easy
to erect, and it is portable.

The tipi has another guality which is important
to me (aside from being true American ar-
chitecture). That is the guality of the work-
space. It is a truly enjoyable place to work and
I like being there. The tipi is quiet (sounds do
not reverberate).

I have concluded that there is no ideal smithy.
Construct one to suit yourself.

The primary consideration when building a
smithy should be adequate space. Set aside an
area, as you begin to colleet your equipment
and arrange it. (You can work outside. but this
should only be a temporary arrangement.)
Now consider the ways in which various
pieces of equipment interact. Things may be
convenient and orderly, but unless they relate
in a functional manner, it will be difficult to
work.

Working Relationships

The diagram shows the interrelationships of
the pieces of equipment. They are not drawn
to scale. The amount of time spent at each
location is indicated by the sizc of the circles
and arrows. You can now see the relative
value of each piece of equipment. The general
working relationships are illustrated here. This
diagram can serve as a guideline for setting up
your own equipment. (Since | am righthanded,
the diagram is set up for those working right-
handed; southpaws can reverse the diagram
here, and at other places in the book.)

Most of your work will be done between the
forge and the anvil. Therefore, each step that
you save and each turn that you can shorten

13
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Tools and Equipment

will be to your advantage. You may want to
vary the distance [rom the forge to the anvil
depending on the kind of work that you are
doing. They can be close together when you
are doing small pieces, but you will need more
space when you are doing large pieces. Set up
your forge and anvil first, and then arrange the
other things around them. The workbench,
layout table, tool rack and other items can
easily be moved.

| rake the earthen floor in my tipi everyday
before I start work. At the end of the day. 1
can see my footprints and my work pattern.
The diagram was developed from this pattern.
After working in the tipi for a while, 1 found
that some of my right-angled arrangements
were not very good. So, 1 made some
changes.

When you are visiting another smith and
watching him work, try to sce how hc uses his
space and try to imagine how this would work
for you. Watching the hot metal is fun. but
don’t ignore the steps that he takes, his stance
and posture, and the way in which he uses the
tools and the space around him.

I assume throughout this book that you will be
working by yourself while you are jearning
forging. This means that you will be a single-
handed smith. The descriptions and exercises
are selected with this in mind. Later, some of
the exercises will call for a striker or a ham-
mer man. You will then need more space and
a slightly different arrangement for your
equipment, because the striker stands on the
side of the anvil opposite the smith.

The other important features of a good smithy
are: Proper light, good ventilation, safety and
order.

14
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Light

1t should be fairly obvious that you need
enough light to see the work that you are
doing, but many smiths ignore this important
consideration. Working in direct sunlight can
be a problem. It is difficult to see the color of
the hot metal and to ascertain the tempera-
ture.

If smiths would go to work and wash
their windows, clean out behind their
bellows, pick up the scrap that lies
promiscuously about the shop, gather
up the bolts, etc.. they would be sur-
prised at the change that it would make.
not only in the general appearance of
their shop, but also in the ease and
convenience of doing work. One great
disadvantage under which most smiths
labor is the lack of light. Frequently
blacksmith shops are stuck down in a
basement or in some remote corner of a
building. Itis a fact, whether it be disre-
garded or not, that it is easier to do good
work in a clean. well-lighted shop than
in one which is dirty and dark. (M. T.
Richardson, Practical Blacksmithing,
vol. I, p. 73]

Ventilation

Good ventilation is vital for your health. You
must have a chimney and hood that draw
properly. It will draw out thc smoke and will
help keep the ash from flying around. In addi-
tion, it will help to maintain the fire when you
are away.

There are two types of chimneys: one made of
brick, and the other of sheet metal and smoke
pipe. Unless you are an experienced mason or
smith, it is best to plan something simple. The
hood may either be attached to or hung over

15
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the forge, depending on your preference, al-
though the bell hood will not draw as well.
Think about the ways in which the chimney
will be affected by things outside it, such as
the shape of the roof, trees and prevailing
winds.

When you are setting up your forge, think
about the flow of fresh air through the smithy.
[t is important that windows and doors be
positioned to allow an even flow of cool air
into the smithy.

Another important feature of the smithy 1s the
floor. I have worked on concrete floors, but
they are hard on the feet and legs. In addition,
it is difficult to “*set”” your anvil and other
equipment on a concrete floor. The dirt floor
in my tipi is better. Holmstrom says:

A plank floor is a great nuisance around
the anvil. Every piece cut olf hot is to
be hunted up and picked up or it will set
fire to it. 1 know there will be some
objection to this kind of floor, but if you
once learn how to keep it you will
change your mind. To make this floor
take sand and clay with fine gravel. mix
with coal dust and place a layer where
wanted about four inches thick. This
floor, when a little old, will be as hard
as iron, provided you sprinkle it every
night with water. The dust and soot
from the shop will. in time, settle in with
it and it will be smooth and hard. It will
not catch fire; no cracks for small tools
or bolts to fall through; it will not crack
like cement or brick floors. [J1. G.
Holmstrom, Modern Blacksmithing

p. 3]
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The Anvil

The anvil is the king of the tools for the
blacksmith. Its design has been developed
over the centuries. New anvils are expensive
and hard to find. Look around for a used one.
{Unfortunately. collectors and antique dealers
are looking, too.)

There are several important things to look for
when you are buying an anvil: the size, weight
and general condition. Listen to the ring of the
anvil when it is struck. Cran says:

The guality of an anvil can generally be
judged by its “'ring,” a good anvil giving
out a sharp, clear sound when struck
with a hammer; if soft or not free from
flaws, the sound will be dull. A good
anvil mounted on a block in such a
manner that it gives out its full volume
of sound is easier to work upon than one
where the ring is deadened. [James
Cran, Machine Blacksmithing, p. 23]

Hit the anvil lightly and notice how the hammer
responds. Does it jump back up or does it just
lie there? The hammer is partially lifted by the
life of the anvil. A lively anvil will make your
work much easier. A forged anvil will respond
well: in contrast, cast-iron anvils have a ten-
dency to be dead and full.

The main working parts of the anvil are the
horn, the face and the edge; if these are not in
good shape, you will have problems. Examine
the horn for excessive chisel marks or dents; if
it is only lightly marred. it can be filed. Check
the Tace for sinks; if they arc not too deep.
you can work around them. If there are large,
long chips on the outer edge, consider passing
up the anvil. If you are a good arc welder, you
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Tools and Equipment

will be able to fill the chips and sinks and
regrind the face.

Any used anvil will be worn in areas. This is
not always bad. My anvil, an older style of
unknown origin, has a shallow but smoothly
worn area on the face about one fourth of the
way from the step. This slight depression is an
advantage when I am straightening and bend-
ing, and most of the time, it is out of the way.
since | prefer to do most of my work about
one third to one half the distance from the » *‘ p 5

Sy

In general. you will need an anvil that weighs
somewhere between 100 and 140 pounds, de- i e
pending on the type of work that you will be ol

doing. When you are working single-handed
and doing light work, a small anvil will be
sufficient, but when you are working with a
striker, you will need a heavier anvil. In gen- antlr Inmer
eral. it is better to have a heavier anvil than a /

lighter one. The weight of the anvil is de- i

scribed by the numbers on the side. Itis a

very old system based on the hundredweight.

which is equal to 112 pounds. The first number

is in full hundredweight. the second number is

in quarters of hundredweight, and the third is

in actual pounds. An anvil marked 112 is the .
sum of 112, 28 and 2, or 142 pounds. The i diar aud Gay o, r*gf Al

new-style anvils have their weight marked in o in Sforge Lo ddormme height
pounds.

The top view shows the edges of a typical -
anvil; the cross section shows the way in

which the edges should be ground. The edge

from a to b is the portion that is used most i
often. The edge from a to b should be ground |
to 3-inch radius. Blend it into a Y4-inch radius

from b to ¢. Grind the edge from d to ¢ to l
L4-inch radins. The edge of the heel can be

IR



Edge of the Anvil

either sharp or rounded. Some anvils have
never had their edges dressed in this manner;
as a result, they will be excessively chipped.

Sometimes a smith will leave a sharp edge on
the anvil. He will use the sharp edge of the
heel to cut stock, instead of using the hardie.
Be careful when you do this; it is potentially
dangerous, because pieces of metal can easily
be chipped from the hammer or the edge of
the anvil.

Setting the Anvil

**Setting the anvil”” means placing it in posi-
tion. It is absolutely vital to have the anvil on
a stand, at the right height and distance from
the forge. Yon will probably go through a bit
of jockeying around to find the proper posi-
tion, but once this has been established. it is
best to anchor the stand or sink it in the floor.
In general. you should be able to hold a piece
of iron comfortably on the face of the anvil.

You can make the stand for the anvil from a
log of elm or oak. Sink the log into the ground
a foot or more. This anchors it securely. Make
sure that the anvil is held firmly to the stand
and that it does not slip or slide. You can
secure it with heavy spikes.

The Forge

The forge is an open hearth where the smith
makes his fire. It is made up of: the tuyere and
firebox, a hood or chimney, the hearth, and
the blower or bellows. Small portable forges
are usually found on farms. The Champion 400
is larger and good for general smithing.
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Tools and Equipment

The forge that | made to use in the tipi is built
of 4 ¥ 4 oak lumber, with a new Ruffalo
firebox and tuyere, an old blower and a steel
plate holding the hearth (which is firebrick and
General Refactories fireclay). 1 have bolted a
post vise to the lefthand corner. This is an
extremely handy arrangement, because it pro-
vides space for a large working area around
the vise. There is also a small surface plate at
the corner; this doubles as a small anvil. It is
convenient to have racks on the sides of the
forge to hold tongs and other tools. Sometimes
a coal bin and a water trough are built into the
forge. Most smiths use a slack tub, which is a
large container of water, placed close to the
forge and anvil. A coal bucket is also handy.

If the anvil is king, then the forge is the
alchemist, for the forge contains the trans-
forming fire. The fire transforms the metal into
a plastic medium, making it easy to work and
form. The fire also changes the crystalline
structure of the metal, causing changes in its
physical properties.

Tuyere

Tuyere is a French term derived from the
word fuvaw, meaning blowpipe. Through it,
the blast of air enters the forge, and creates
the intense heat needed for forging. 1t controls
the size and character of the fire by its shape
and the amount of air allowed to the fire. The
type of tuyere that is commonly used today
was preceded by the side-blast tuyere. The
side-blast tuyere had to be water-cooled to
keep from burning and clogging with clinkers.

The simplest of all tuyeres is a pipe with a
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hole in the middle. One end is plugged, the
other attached to the blower. It 1s installed so
the fire will be built over the hole.

The firebox is made of fireclay and brick.
This is serviceable and will get you started,
although there is no grate or ash dump.

The following chart will act as a guideline in
determining sizes for the forge and tuyere:

Tuyere vpening 34" " 198"
Depth of firebox 4" 5* f"

Diameter of supply pipe 13" 2" 215"
Size of work Wa-1" 12" 24"

The air pressure should be at least 8 ounces
per square inch.

Place the hood close to the hearth to catch the
smoke. Don't forget, if it is too high. it loses
drawing power; if it is too large, it can get in
the way of your work. The hood should be
vented as directly as possible.

A blast of air, generated either by means of a
bellows or a mechanical blower, will provide
the oxvgen that the fire needs, and will bring
the fire to a high temperature. Most smiths use
a blower. It is important to be able to control
the amount of air; this can be done with a
rheostat on the motor or a butterfly valve in
the blast tube. The control for the air blast
should be easy to reach, since you will cut the
blast each time iron is taken from the fire.
Usually the blower is mounted on a shelf
underneath the forge. It will then be out of the
way, but close to the tuyere, (Even an old
vacuum cleaner can be used.)

Stde-lilast tuyere




Tools and Equipment

Workbench

You will be doing many different things at the
workbench. It is important to have several
things at hand: a bench grinder for dressing
tools, a wire brush for cleaning and finishing,
and a vise and related hand tools for finishing
vperations, Be sure that you have enough
space to lay out drawings and complex parts
for assembly.

There are many other tools that you will find
handy: an assortment of files, a hacksaw,
drills, a drill press, a band saw and many
others that yvou might already have. The main
thing is: Consider the organization of these
tools and the way in which they are used and
stored, in much the same way that vou con-
sider the arrangement of the forge and anvil.

The Hammer

“By the hammer and the hand all the arts do
stand.”” The hammer is the prince of the
blacksmith's tools. In the pursuit of any other
craft using materials that can be handled, such
as clay, wood, leather or fiber, the craftsman
feels the material, The hammer is of vital
importance to the smith, because in black-
smithing, the smith gets the feel of the iron
through the hammer.

The distinguishing characteristics of a hammer
are the part called the peen. which is the end
of the head opposite the face, and the weight
of the hammer. It is the shape of the peen
which enables us to differentiate between dif-
ferent types of hammers. In general, a ham-
mer that weighs between 2 and 3 pounds will be
adequate, although you may occasionally need
something lighter or heavier.
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Edge of the Anvil

The head of the hammer is made of tool steel
which has been heat-treated. The face and
peen are hard and durable; in contrast, the
body is tough, strong and resiliant. When you
are buying a new hammer, redress the face, so
that it will not mar the iron. The eye of the
hammer holds the handle. Note the difference
between the top of the eye and the bottom of
the eye. The large wooden wedge expands the
top of the handle to the sides and the small
steel wedges tighten it securely.

Hammer handles arc usually made of hickory
because of its strength, long clean grain and
resiliancy, but sometimes ash is substituted.
The handle must be securely attached and
aligned at a right angle to the head. A faulty
alignment can result in misdirected blows. The
shape is fullest about two-thirds of the way
down the handle, making this the most com-
fortable place to grip the handle. It is best to
treat the handle with linseed oil: the wood will
then ensure a firm grip. Never varnish, lac-
guer, or shellac the handle. for if yon do. your
hand will slip.

23
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Sledges

Sledges are heavier than hammers, and are
used by the striker. The hand sledges (some-
times called the uphand sledge) weigh between
5 and 10 pounds. The swing sledges are
heavier, up to 20 pounds, with longer handles.
The striker does not raise the hand sledge over
his head, but the swing sledge he swings like
an ax. The striker must be skillful to use the
swing sledge effectively and safely.

Tongs

Plan your work so that the iron can be held in
yvour hand. However, you will find as the
work progresses that eventually you must cut
off the piece and hold it with tongs. You will
also find that you will need more tongs

than of any other tool. Consider making an
vpen tong rack. You should be able to see and
reach the tongs easily.

Tongs are referred to by the task that they do
or by the shape of the jaws or bits, For exam-
ple, pickup tongs are used at the forge for
picking up pieces in the fire, and are not used
for holding iron while forging.

The handles are called reins. If you slide a
ring, or coupler, on the end of the reins and
force it on tightly, you can grip the iron se-
curely with the jaws of the tongs. This will
allow you to manipulate the tongs easily while
maintaining a secure grip on the iron. You will
need rings in several sizes.
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Edge of the Anvil

Vises

The vise is the third hand of the smith. There
are two types of vises, the machinist vise, and
the post, box or stake vise. The machinist
vise, or bench vise, is the most familiar; it is
used to hold or clamp the metal when you are
finishing a project or doing light work. Its jaws
remain parallel during its entire operation. The
post vise hinges and the jaws do nut remain
parallel; this is because the jaws are hinged.
Both of the jaws are joined to the post; when a
blow is struck, the force travels down the post
into its foundation. The screw-thread assem-
bly does not receive any of the force and will
not break as it might on a machinist vise.
Mount the post vise securely on a heavy
bench with a good base. which will absorb the
force of the blows.

When you arce looking at old post vises. look
at the screw assembly. Examine the screw and
hemispherical washer for excessive wear. If
the spring that holds the jaws open is missing,
a new one can be made. A new holding or
mounting plate can also be made, if necessary.

fost or fox i
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Anvil Tools

The anvil tools, that is, tools which are used in
the anvil, make up the court of the king.

Hardies

The hardie is the anvil tool that is used most
often. In use, they are placed in the square
hole in the anvil, which is known as the hardie
hole. Hardies are used to cut hot or cold
metal. Iron can be cut off flush with the cutoff
hardies.

The hardie is a bottom tool. It has a mate
which does the same job, but which is held on
the top of the piece. The hardie’s mate is a
chisel. This is the top tool. The top tool may
or may not have a handle. The ones with
handles are called either hot or cold sets (or
sate). They are always struck with a sledge,
and are never swung like a hammer. When
you use a tool with a handle, you will not burn
yourself, and you will be less likely to strike
your hand with the sledge.

Top and bottom tools can be used singly or as

matched pairs. When top and bottom tools are
used together. they cut iron easily.
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Edge of the Anvil

Fullers

The top and bottom fullers are used to spread
metal in a horizontal direction. in other words,
to reduce the cross section. They are basic
forming tools that act just like your fingers
when you are squeezing clay. Used together
or singly, they start many forming opera-
tions in forging. The spreading fuller is used to
spread, as well as to make right-angle bends.

Swages

Swages are forming tools used to shape and
finish the iron. You can make swages to create
any desired cross section of metal. The spring
swage is a good example. The spring swage is
useful to the single-handed smith. for he can
hold the iron and strike the top part of the
swage at the same time.
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Tools and Equipment

Swage Block

The swage block is a multi-use bottom tool
that is sometimes called a swage anvil. It can
be used in two positions: lying down or stand-
ing up on its edge. Use the holes for heading,
bending, shaping and forming.

Flatter

The flatter. or flattie, is the tool used to

smooth out the surface of the metal when
there are hammer marks and other imperfec-

tions.

Set Hammer

The set hammer is slightly smaller than the
flattie. It has a sharper edge to get into cor-
ners, shoulders and other areas the flattie
conld not reach. It is used like a hammer. but
because the hammer cannot always be con-
trolled in tight areas, the set hammer is used
instead.

Punches

Punches are used to punch holes. Round,
square and oval punches are the most com-
mon. You can make other shapes as needed.
A bolster is the base placed under the iron
when you are punching a hole. The punch will
go through the iron and through the hole in the
bolster.
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Edge of the Anvil

Mandril

Mandrils are used to form circular shapes and
rings. The smaller mandril fits into the hardie
hole. The larger mandril weighs 100 pounds or
more and stands on the floor. When the small
mandril is bent over, it is called an anvil beak.
because it is a smaller version of the beak on
the anvil. It may even be shaped like a small

anvil.

Cupping Tool

The cupping tool is a finishing tool used to clean
up the head of a rivet. The companion to the
cupping tool is the rivet set, which is placed
on the bottom side of the rivet being formed,
so that it will not be flattened.

Lo

Saddle

A saddle is used to form the jaws of open-
ended wrenches and the tines on forks, when
the horn of the anvil is nnsuitable.

Heading Tool

A heading tool is used 1o make heads on nails
and bolts. It is a piece of metal with one or
more tapered holes n it.
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Tools and Equipment

MNail Header

The nail header has a raised face. This makes
it easy to finish the head of the nail with
angled blows.

Twisting wrenches provide the balance and
leverage for twisting heavy sections of iron,
You can use small adjustable pliers, pipe
wrenches or Vise Grips to twist small pieces
of metal, but since they have only one handle,
the twisting action is not balanced. This can

~
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Cutting Saddle

The cutting saddle, or cutting plate, is used to
split or cut iron when the piece is too large for
the step of the anvil.

Cutoff Tools

The cutoff tools are used to shear off iron.
They are useful when you are cutting off a
number of similar pieces of iron, for example,
when you are making chain links.

Fire Tools

Tools used at the forge are called either fire or
forge tools. The most common are the poker,
rake, shovel and watering can. Stands and
supports are used at the anvil and the forge to
hold the work, leaving the tong hand free.

They are sometimes called the *‘second man®
or the “*blacksmith’s helper.” ’
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Measuring Tools

Use standard measuring tools at the forge.
They should be made of metal so they will not
be burned. The hook rule is handy. You can
measure hot iron easily by hooking the tip
aver the end of the iron. Use chalk or a
soapstone pencil for general marking, but
when you want to mark a piece that will be
placed in the fire, use a center punch. Calipers
are used (o check the thickness of iron as it is
being forged. Travelers are used to measure
rounds or irregular lines. They are about 3
inches in diameter and have a circumference
of about 1 foot. To measure a piece, roll the
traveler along the piece and count the revolu-
tions.

Safety

Your eyes should be protected. I highly rec-
ommend Lhat you wear safety glasses. 1lot
scale and chips of steel can severely burn and
damage your eyes. Radiation from a welding
fire is a hazard, too.

Do not wear synthetic clothing while you are
wuorking, since it catches fire quickly. Cotton
clothing is better. Wear a cotton or leather
apron to protect yourself against some of
the heat and dirt. Some smiths wear only a
half apron.

Wear a leather glove on vour tong hand when
you are holding warm metal and tools. But
avoid using a glove on your hammer hand,
since you will lose control and the feel of the
metal. Harden your hand with work. A word
of caution: If vou are used to wearing gloves
when picking up hot metal, you may forget
and do the same thing when you don’t have
gloves on and you will be burned.
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Edge of the Anvil

The last time 1 wore low-cut shoes in the
forge, a hot slug from a punched hole dropped
into my shoe. I thought it was a bee at first. [
recommend that your shoes come up under
your pants to protect you and provide good
support.

Coal

The production of coal takes many eons of
time. The process begins with the growth of
plants, which become peat; this in turn is
gradually compressed into coal. It is estimated
that it takes three feet of peat to make a seam
of bituminous coal one foot thick. Under the
proper conditions, the peat goes through the
following stages as it is transformed into coal:
peat, brown coal, lignite, sub-bituminous,
bituminous, semi-anthracite and anthracite.

We are concerncd only with bituminous coal.
A dry analysis of bituminous coal would range
as follows:

Ash 7-11 percent
Fixed carbon 60-78 percent
Volatile matter 11-33 percent

By looking at this analysis, you can see that
only 7 to |1 percent of the material will not
burn; this part will form the ash and clinker.
Coke is the desired fuel for the smith; to
obtain this. you drive off the volatile matter
and burn it. This process is called coking, and
it is done at every work session at the forge.
The coke made at the forge is called breeze,
since it 1s hight and easily broken apart. (In
contrast, metallurgical coke is heavier and dif-
ficult to break apart. It i1s made basically for
the steel industry, but 1s useful when you are
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welding. It is also difficult to light and not as
easy to use in the forge, because it is so hard.)

You can easily break blacksmithing coal apart
in your hands. Examine it for white flakes or
brown and yellow spots; these are impurities
and sulfur. The pieces of coal should be no
larger than a dime and contain about 20- to 30-
percent fines. Fines is the coal dust and is
important in cementing the mass of coal to-
gether as coke. (You may have noticed by
now the linquistic shorthand that the black-
smith uses: *flattie.”” ‘*heading tool,”
“breeze,”” and ““fines.”” These terms are direct
and delightfully simple.) To summarize, your
coal should have little ash, be high-bituminous,
be the correct size, be free from sulfur and
have the right amount of fines mixed with it.

You can check the coal when it is burning by
examining the color of the flame; it should be
a bright, clean, light orange glow. The bed of
the fire should be a uniform color without hot
spots. If the fire has hot spots and “‘drops
out,”” that is, burns out rapidly, then the coal
is questionable for forging. Examine the coke
around the edges of the fire; it should be solid
and be a clear, dark grey color. If it is not, it is
dirty.

Anthracite coal is used only for special opera-
tions at the forge. It is difficult to light, but is
almost pure carbon. It gives off a great deal of
heat and lasts a long time, so it is used where
high temperatures and a clean fire are needed.

Charcoal was the first fuel used by smiths. It
is sometimes used today when a lower tem-
perature and a clean fire are desired. It is
lighter than coal and can easily be blown out
of the firebox with the blast. Charcoal is used
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when working with high carbon steels to pre-
vent them from being decarburized.

Gas and electricity are used in industry for
various types of forging and heat-treating op-
erations, but are not ordinarily used by the
independent smith,

Iron

Iron is the black metal and the blacksmith is
so namcd becausc that is the metal that he
works, not because he usually gets so dirty
while working at the forge. When a piece of
iron is placed in the fire, it rapidly oxidizes,
forming a layer of black scale. At an orange
heat (1.740°F.) the scale will readily fall off,
but at a light cherry (1,550°F.), the scale
adheres and the iron remains black. You can
remove the scale by chemical and mechanical
means, but you may not want to, because this
color is one of the positive attributes of the
iron. You can enhance it with various finishes.

A ““heat’ refers to each time that a piece of iron
is hcated. The scale formed during cach hcat
amounts to about | percent of the total weight of
the iron. Itis easy to see that you can lose much
of your iron if you use an excessive number of
heats. A good smith will always do the work
required in as few heats as possible.

Iron in its natural state ts in the form of iron
oxides. Pig tron is the iron that is extracted by
means of a pyrochemical process in the blast
furnace. Other iron products, such as wrought
iron, castiron and steel, are made from pigiron.
For a good understanding of these processes,
read The Making, Shaping and Treating of
Steel, by U. 5. Stecl.
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Cast Iron

Cast iron is made by mixing pig iron with other
grades of iron and steel, depending upon its
future use. Castiron is not a material that canbe
forged, yet many things in the smithy are made
of cast iron.

Wrought Iron

Wrought iron is best described as a two-
component metal consisting of high-purity
iron and iron silicate—a particular type of
glass-like slag. The iron and the slag are in
physical association, as contrasted to the
chemical or alloy relationship that gener-
ally exists betwcen the constitucnts of
other metals. Wrought iron is the only
ferrous metal that contains siliceous slag.
[Wrought Iron and Its Manufacture,
Characteristics, and Applications, James
Aston and Edward B. Story]

Wrought iron is so called because during the
process of its manufacture, it 1s worked with
large hammers to combine the slag with the iron.
The amount of siliceous slag in wrought iron
varies from [ to 3 percent by weight. This slag
gives wrought iron its fibrous character. You
can casily determine whether a piece is wrought
iron by nicking it with a cold chisel and bending
it. There will be fibers (like the ones in wood) in
the wrought iron, rather than grains, which you
would find in steel. Wrought iron is resistant to
corrosion because of the purity of the iron and
because of the slag.

It is easier to forge and weld wrought iron than
any of the other iron metals. It is worked at a
yellow heat (2,100-2,200°F .} and welded at a

white heat (2,300°F.).

36




Edge of the Anvil

Although wrought iron is still made in Europe,
unfortunately it is no longer nade in the Uniled
States. You will be lucky if you can find
someone who has a supply of it (this is most
unlikely); otherwise you will have to scout
around for it at a scrapyard, or when old
buildings are demolished.

Steel

Steelis a combination of iron and carbon; it also
will always contain manganese, phosphorus,
sulfur and silicon. There is a long list of uther
alloys that can greatly vary the properties of the
steel. Carbon, however, is the major alloy of
iron. The amount of carbon in the steel will
range from a trace to about 1,70 percent. In the
language of the blacksmith, this would be 170
points of carbon. Thus a pointis 0.01 percent. A
I-percent carbon steel would have 100 points of
carbon. and a 0.45-percent steel would have 45
points. Steels are graded by the amount of
carbon they contain,

Mild or low carbon steel 1-40  points
High carbon steel 40-60 points
Spring steel 70-80 points
Tool steel 80-170 points

Alloy steels are steels that contain elements
other than carbon as their major alloying ele-
ments. They have enhanced physical properties
as the result of these alloys. There is a more
complete discussion of iron and steel in the
sections "‘Metallurgy for the Blacksmith’™ and
“‘Identification of Metals.”’

Hereafter, in order to make things simple, the

generic name of iron will be used when the
various techniques and processes are de-
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scribed. When a specific alloy is required for a
task or tool, then the specific name will be used.

Getting Started

If you had all of the tools just surveyed, yvour
torge would be very well equipped, bul you can
get started with just a few. (An excellent book
to help you understand more about your search
for tools is H. R. Bradley Smith’s book Black-
smith and Farriers’ Tools at the Shelburne
Museum.)

First of all, establish where you will be working
and begin to plan the space. As yon gather tools
and the equipment, place them and check out
the working relationships. Plan for the forge
immediately as it will be the largest piece of
equipment and most difficult to set. Work out
the ventilation and light. When you place the
anvil and set it on its stand, do it properly, to
avoid the frustration of having it slide around.
Now plan for other large pieces of equipment, if
you have them.

You will need several hammers to begin with. 1
suggest a ball peen weighing around 2 pounds
and a cross peen that is slightly heavier,up to 3
pounds. A couple of pairs of tongs (to grip
14- to Y-inch stock) will be helpful in the
beginning; you can add more later. Vise Grips
and plicrs will fill in the gaps initially. A
hardie or a cold chisel is a must.

Good coal is absolutely necessary, as arc a
bucket and shovel for the coal, and a slack tub
nearby. Visit the steel scrapyards and scrounge
the countryside for steel. To start, try to get
Va-inch, ¥-inch and Y5-inch rounds and squares,
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and then stockpile other sizes. Axles, coil and

leat springs tfrom old cars are very usetul.

With this simple list you can fire up and start.
You will quickly learn how to use these tools
and what other tools and equipment that you
will need. As voubegin, I feel that itis important

to work with the following in mind:

Amaong mechanics, the blacksmith holds
aunique position, he being practically the
only one who makes his own tools. This
he often does without any apparent aim at
economy, beauty, or usefulness, if judged
by the chunks of steel on the ends of
handles to be found in the odd corners of a
greal many blacksmith shops. 16 would
not be fair to put the whole blame on the
blacksmith, as he is usually allowed but
very little time either to keep his tools in
repair or to make new ones; the result is
that if ever blacksmith’s tools have had
a high standard of efficiency, they soon
depreciate. Too much reliance seems to
be put on the old saying: *A good work-
man can do a good job with any kind of
tools’. But when it comes to saving time,
which is one of the most important points
in modern manufacturing, the good
workman with good tools comes out
ahead. [James Cran, Machine Black-
smithing, p. 5]
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Processes and Exercises

You have now made the commitment to be-
come a blacksmith and havc lit the internal fire
of motivation. Keep it burning, supply fuel for
it and tend it well. There may be discouraging
periods that seem to smother this fire; they are
nothing more than clinkers. The fire will con-
tinue to burn brighter than before once they are
removed.,

Lighting a Fire

The next stepis to light the forge fire. T.ight the
fire with the feeling that each time you forge,
you will learn something new.

The first time you light a fire you will have to
make coke (breeze). Pack a layer of wet green
coal around the sides of the firebox. (Green
coal is new, unburnt coal.) Then place some
wadded newspaper and small kindling in the
center. Light the paper and use a small blast to
get the fire going; add a few more pieces of
wood as the fire catches. When the wood
catches, place some more coal around the
edges and a few pieces in the center of the fire.
Do not smother the fire with green coal or you
will be smothered with smoke. The coal will
soon catch on fire and begin to burn off the
gases. Keep the blast going. (Notice that the
flame consumes the smoke: cut the blast and
watch what happens.) Gradually build up the
banks of green coal on the sides and back of the
fire. wet down all of the coal with the watering
can and pack down the banks with a shovel.
This packing and watering with the fire forms
coke. The fines in the coal act like cement to
bind together the larger picces.

By now you should have a good fire and some
coke. Cut the blast and check the fire with a
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poker. If the coal is sticking together on the
sides, it is coke. If not. turn on the blast, pack
the banks in closer to the center of the fire, and
water it down again.

If you water down a new fire that has a lot of
green coal in it, and do not have the blast on,
you can cause a blow back. This is a dull pop or
explosion of the unburned gases that have been
trapped in the fire. This can damage your
bellows and sometimes the blower. It is defi-
nitely not good.

Each time you shut down, make certain you
have enough coke set aside to start another
fire. In time you will need only a little paper or
wood shavings with the coke to start a fire.
Your first fire should be the last fire that has a
lot of smoke. A good smith is known by the
way‘he starts, maintains, banks and shuts
down his fires. This iz something to work on.

Remaove the ash and clinkers that form as the
firc burns. A clean fire is essential. Dig around
in the fire with the poker. Coke and coal will
feel soft, but a clinker feels hard. 1t will clink.
Clinkers are the dark areas in the fire. Try 10
remove them with the poker and pickup tongs.
Rotate the fire grate or tumbler several times
and dump the ashes. Move the bank of coke
and coal closer to the center of the fire with the
shovel or rake and turn on the blast. Add more
green coal to the outer edge of the bank and
wet it down. You now have a good fire, which
will heat the iron more quickly.

There are three types of fires: reducing, neutral
and oxidizing. The reducing firc is onc that
consumes all of the oxygen from the blast. Itis
a compact bed of coals and coke. The sides are
well banked and formed, so that the heat is

43




Processes and Exercises

reflected inward, making a hotter and more
desirable fire. The oxidizing fire has cxcess
oxygen. It is usually hollow with a layer of
coals and clinkers. 1t is impossible to weld in
this type of fire and it is also more ditficult to
heat the metal. In a normal or neutral fire, scale
forms and about 1 percent of the metal’s weight
is lost; in an oxidizing fire, this loss is much
greater. Proper fire maintenance is not dif-
ficult. It takes time. but it saves time. Get in the
habit of working with a good, clean fire.

Place the steel in the fire in a horizontal posi-
tion. with a good bed of coals under it. It will
heat easily, and have less tendency to scale
(oxidize), because the oxygen is burnt off be-
fore it reaches the metal. In contrast, if you
shove the steel down into the fire, the metal
will scale more.

Cutting

The first piece that you work on will be made
from Y-inch round mild steel. We will cut it off
cold. Place the hardie in the anvil and place the
picce across the cdge of the hardie. Using a
hammer, strike the steel with direct, heavy
blows. After several blows, rotate it and hit it
on the other side. Notice the notches vr nicks
forming. When you are almost through the
piece. slack off on your blows. The last blows
will seem mushy and you can fecel the metal
give. Stop. and do not try to cut all the way
through. since you might hit the hardie’s edge
and damage it. Now bend and break it in your
hands. or stick it in the pritchel hole and break
it off.

To cut a hot picce, place the bar in the fire and
turn on the blast. Bring it to an orange heat.
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Always cut the blast when you remove a piece
from the fire, so that you don’t waste fuel.
Place the iron on the hardie and cut off an
1B-inch piece. Motice how much easier it is to
cut and how quickly the notches form. Slack
off on your blows when you see a thin dark line
appear on the bar, This is caused by the cooling
action of the edge of the hardie. There are
several ways to finish now: use shearing blows
off the hardic or edge of the anvil; hold the
piece on the face of the anvil and bend back
and forth; or cool the piece in the slack tub and
break it off. (The water hardens the metal,
allowing it to snap off easily.)

Heat the end of this piece of iron to heats
ranging from yellow at the end to a dark red.
Then strike the bar with blows of equal force at
intervals along the bar. Cool the bar and
examine the difference in the marks made.

Drawing Out

Bring the 18-inch piece that you have just used
to an orange heat. Remove the hardie from the
anvil. Prepare to draw out a 4-inch-long square
taper on the bar. Cut the blast and remove the
bar from the fire. Place it over the anvil, This
will give you a chance to check your stance and
position at the anvil. Strike the piece with
medium blows and gradually pull it over the
edge. These blows will cause the iron to bend
and will create a dimpling effect on the bottom.
Rotate the piece 180° and do the same thing to
the other side. This will straighten out the
piece. Rotate it 90° and do the same thing to the
other sides. The bar will be losing its heat by
now. so place it flat on the face of the anvil,
straighten it out and return it to the fire. Bring
the piece to an orange heat and continue to
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draw out. concentrating on the end, which will
come to a sharp point. Occasionally lay it flat
on the face of the anvil and hit flat blows to
smooth out the dimples that have formed. Be
careful not to let the dimples get too high or
pointed.

Heat the taper again and prepare to finish it.
Wipe the face clean of scale and draw out the
taper on the face of the anvil, continuing to
work as the piece loses its heat, until it is dark
red. This is the finishing heat. Scale will not
form now. and any scale that has already
adhered can be removed by hitting the piece.
Be careful to use light finishing blows. You
should not try to shape the metal at this heat,
because it is now losing its plastic quality. (This
is particularly true when working tool steels:
working them at this heat might crack them.)

Cool the taper and place the other end in the
fire and prepare to taper it by tumbling. Rotate
the piece 90° on the edge of the anvil after the
first blow. Then rotate it 90° back to the
original position and strike it. This makes draw-
ing out faster and easier. Develop a cadence or
rhythm to your blows. (A good smith can be
heard as well as seen.)

Bring the piece to the proper heat and place it
over the edge of the anvil; hit and rotate, hit
and rotate. hit and rotate. Do this until the end
is reached. Then change the position of the bar
in your hand, so that you strike the other two
sides, Develop a square taper as before and
finish off.

This is the basic operation of drawing out. It
will be used many times. To ensure drawing
out properly, dress the edge of the anvil as
discnssed in section I1.
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Hooks

You can make some hooks with the tapers
just finished. Heat a piece to light cherry; be
careful now, because the thin end heats more
quickly and can easily burn. Start the bending
blows as in a and continue as in b and c. This
forms a small pigtail or loop on the end. The
heat will soon be lost on the thin section. Turn
the piece over and proceed to step d. Form a
right angle as in e, and take care not to strike
the hook at position 2., as this will weaken it.
Now heat the piece to a light cherry, turn it
over again and bend it over the beak of the
anvil (0. (After you remove the piece from the
fire, dip the pigtail in the slack tub. This cools
the end, and you can hit it lightly with the
hammer without deforming it.} You can make
any size hook, depending on where you place
the hook on the beak of the anvil.

Heat the hook to cherry red and cut off the
hook on the hardie about | inch from the
right-angle bend. Holding the hook in a pair of
suitable tongs. return it to the fire and draw a
short taper for the nail end.

While the hook is still warm. rub it with an old
candle or a piece of wax: then wire brush it.
Place it over the fire to warm up again and rub
it with wax again. This allows the wax to
penetrate under the scale and to act as a rust
preventative. Rub the hook with a cloth. When
you install the hook. drill a lead hole into the
wall.

It is important to follow this sequence of steps.
There is usually an orderly procedure for each
operation, although this is not always im-
mediately apparent. Always plan the sequence
in advance, particularly for complex parts.
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Examine your hook. It is your first piece. Note
the qualities that you like and enhance those in

yvour next hook,

The first steel that you worked with was light.
s0 get a heavier piece and try a hook that is
about ¥-inch round. Proceed through the same
drawing-oul steps Lo develop the square Ltaper.
Instead of using the edge of the anvil to draw
out this time, use the beak of the anvil. Obvi-
ously it has a much larger radius and gives a
different effect. It will have a much different
sound and response to the hammer. because it
does not have the same mass as the body of the
anvil.

Twisting

The next process is twisting. It is decorative
and sometimes functional, as for example,
when you make skewers.

Cut off a 20-inch piece of Ya-inch square mild
steel. Draw out one end and form a loop as in
the hook exercise. Use the cross peen of the

hammer to close the loop of the handle.

Taper the other end and prepare to twist. Set
the jaws of your vise to the size of the stock.
Heat the piece, moving it back and forth
through the fire. The bar will be hotter in the
center. It is pussible to make more twists in
the center, because it is softer. This gives a
graceful movement to the piece. Clamp one
end of the piece 1n the vise. Do not clamp it
where it is hot, since this will mar the finish and
will break the even flow of the spiral. After the
piece is in the vise, twist the handle to form the
spiral. Use gloves and have a brush handy to
clean off the spiral. so that it can be seen.
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Edge of the Anvil

To do a reverse twist. secure one end of the
piece in the vise, and hold the handle firmly in
one hand. With Vise Grips or pliers in your
other hand. grip the metal in the center, and
twist. Do not allow the piece to turn in your
hand as you are twisting it in the center. Be
careful that the skewer does not wobble and get
out of line. If it does, you can straighten it out
later on the face of the anvil. The sharp edges
of the spiral will be softened. though.

Make a set of skewers with different handles
and twists. When the set is complete, wire
brush them briskly and finish them with an
edible oil. such as vegetable or olive oil. This
type of oil can be carburized over the fire by
heating the skewer and then reheating after
applying the oil. This slightly burns the oil; it is
the same darkening action that takes place on
your pots and pans.

Fire Rake

You can make a combination fire rake and
poker with the techniques just described. This
tool is handy for raking coal into the fire,
breaking breeze and removing clinkers. Use
3&-inch round stock about 24 inches long. Form
the handle; twist the center section. Flatten the
rake end by bringing to an orange heat and
laying it on the face of the anvil. Use heavy
blows to spread the metal. Clean up the ham-
mer marks and point the end. Bend the rake
end.

Simple Toolmaking

You will soon learn to appreciate the fact that
in blacksmithing you can make many of your
own tools. In these next exercises, you will
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make a center punch. a cold chisel and a hole
punch. As you do this, vou will learn the basics
of heat treating, which comprises three steps:
annealing. hardening and tempering.

Try to find a discarded car coil spring from a
garage or scrapvard. This steel has 60 points of
carbon, is hard, tough and suitable for thesc
tools.

When we make these tools, it is important to
heat the steel evenly in a reducing fire. Rebuild
wvour fire, if necessary. Heat the spring to a
light cherry and straighten out a section about
24 inches long. Cut it off on the hardie and
allow this piece to air-cool. (When you put
aside a piece of hot metal, be certain that it is
out of the way, so that you will not bump it or
pick it up inadvertently and be burned.)
Straighten out the remainder of the spring. cut
it into 24-inch pieces, set them aside and allow
them to cool. When the first section that you
have cut off is comfortably cool to pick up,
bring it to a light cherry, cut the blast and leave
itin the fire to soak in the heat for a moment. It
is important to heat heavier sections of metal
evenly . so that no fractures occur while you are
forging. If the metal is heated too rapidly, it will
be hot on the surface and cooler on the inside:
this condition will cause it to crack internally
while you are working on it. If, however, the
piece has cooled on the surface and is hot
inside. surface cracks may form. Therefore,
you must be careful to heat the metal evenly.

Study the temperature chart. The upper part of
the chart indicates the incandescent colors or

forging colors. These colors are used in the
hardening step of heat treating. The lower part
of the chart deals with the oxidizing colors or
temper colors. These colors are used in the
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tempering step.

After the piece has soaked in the fire for a
moment, turn on the blast and bring it to a
yellow heat. Draw out the end of the bar,
forming a taper 2 inches long and about %4 inch
square. This is a test piece. With an old file,
make notches ¥4 inch apart. These are refer-
ence marks, enabling you to see the CDJL1I’S of
the hot steel when it is guenched (cooled in
water to harden), Heat the taper as indicated
and look at the positions of the various colors
on the taper, using the rcference marks as o
guide. Count the number of marks back to
cherry red and dark cherry, since this will be
the temperature range at which the piece will
be quenched. It may be necessary to return the
taper to the fire, if all of the heat has been lost
while you were studying the colors. When the
piece reaches these colors and you can vi-
sualize them clearly. quench the piece by
plunging the taper into water and swirl it
around until it is cool. The piece has now been
hardened,

Now we will look for the section that is in an
optimum crystalline state. Place the first notch
over the edge of the anvil and tap a shearing
blow to the end. The piece will fly off easily.
Examine the broken end and notice the granu-
lar quality. This is the crystalline structure of
the steel. Move to the next notch and break it
off: notice the differences in the crystalline
texture. It will be finer. (Keep the pieces and
line them up.) Do you remember the colors at
these points? Continue the process until you
reach the piece with the finest crystalline struc-
ture, which will appear as a fine dull grey color.
It also will break unevenly. Remember what
the color was at that point, as this is the
“‘critical temperature’” for this steel.
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Center Punch

You can now make a center punch with this
piece. Since it is already drawn out, form a
good taper which has a point that is Y44 inch in
diameter, cut off a 5-inch section and chamfer
the end. To bring the piece back to round after
the taper 1s formed, develop the square section
into an octagonal section and then forge it into
around section. If these steps are not followed,
or a proper heat is not used, internal fracturing
can result.

The forging process is finished and the steel
should be annealed.

Heat Treating

Annealing means heating the metal to the criti-
cal temperature and cooling it by burying it in
a dry medium, such as ashes, lime or sand.
(Allow the metal to heat evenly and do not over-
heat the piece, or this will enlarge the crystal-
line structure and weaken the piece.) It is
annealed when it is cool enough to pick up.
This will take some time, so go on to make
some other tools of the same material,

After annealing, heat treating is usually carried
out in two different operations, which are hard-
ening and tempering. It is sometimes possible
to harden and draw a temper in one operation.
Lay the tool on the fire with the punch end near
the edge. You do this so that the thin part will
not overheat. Heat it evenly and slowly, bring-
ing it to the critical temperature previously

determined by the hardening test. With a pair
of tongs, grasp the center of the punch. Plunge
the end into water about 2 inches deep, gently
swirl it around and move the punch up and

down about an inch to prevent a water crack.
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The metal is hardenaed. Hold it for about 5
seconds and then gquickly polish the end, using
an emery cloth, sharpening stone or bench
grinder. The oxidizing colors appear on the
surface of the bare metal.

Study the chart of temper colors. (See page 110.)
The second stage of heat treating is drawing a
temper. The cooler part of the punch is now
being warmed by the hot part and a thin layer of
oxide is forming on the surface of the bare
metal. As the hardened part heats up, this oxide
film changes color from faint yellow to blue.
This color change is an indication of the tem-
perature of the steel: when the punch becomes
purple, you should quench it again. The end is
now tempered; this is where we get the term,
drawing a temper.

Change the position of the tongs and quench
the head for a few seconds in a depth of | inch;
this slightly hardens the head. Stand the punch
end down in a can of water 2 inches deep and
allow the punch to cool completely.

Punches and Chisels

You can make other punches and chisels with
the remainder of the spring steel. Refer to the
diagrams and charts for sizes and tempering
colors. The colors will draw faster when you
are tempering lhese tools, because there is
additional heat in the longer shank. You must
work fast. Each of these tools should be dressed
according to its use and need. When you

are using the bench grinder, don’t overheat
(this will take out the temper you have just put
in); cool the tool in water frequently.

You might want to refer to section I'V and read
“Metallurgy for the Blacksmith,"" which will
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explain in more detail the processes that you
have just completed.

While you are dressing the tools, bank the fire
so that it will be ready when you return. Rake
the coke in a mound over the fire and cover it
with some green coal. (Or, bury a block of
wood in the center of the fire and bank it.) This
will assure a new supply of coke when you
return.

Shutting Down

When you are shutting down for the day, you
can lct the firc go out, but this wastcs a lot of
fuel. It is better to pull the coke away from the
fire toward the side of the forge, allowing the
fire to die out. To fire up again, dump the ashes
and light up.

Now that the fire is taken care of. plan your
work schedule for the following day and design
the pieces to be forged.

Upsetting

Upsetting is the process of making a piece of
steel shorter and thicker. It is the reverse of
drawing out. Sometimes upsetting is called

“jumping up."’

There are several ways to upset. depending on
the size of the metal and its use. Upset short
pieces on the face of the anvil. Hold the piece.
hot end down, with tongs or gloved hand, and
strike it on the cold end. In this way the heated
part of the metal will be umiformly upset or

thickened. (In contrast, when the heated end is
struck with the hammer. only the very end of
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the heated part is upset or spread. This is called
heading.)

When the end is gathered enough to hold on the
edge of the anvil, you can strike it with
“backing-up blows™ to finish upsetting the end
and to shape it. You will not be able to upset as
fast this way. but you will have more control in
shaping the piece.

Upset longer heavy pieces of steel against a
heavy upsetting block or anvil placed on the
floor. Ram the piece to be upset against the
block: in this way. the combined weight of the
piece and force of the smith upset the end.

Various stages in the upsetting process are
illustrated in figure d: the metal is being upset
normally in I.; 2. and 3. illustrate some bends
that must be straightened out before continuing
to upsct; 4. indicates the way in which a poorly
upset end will curve under and be flawed; 5.
shows what happens when light blows are
used: 6. shows a bar which is upset in the
middle. because the end was cooled before the
bar was struck.

The end of the bar should be even and cut at
right angles to the bar. Square up the end of the
bar before you upset it. If the end is uneven,
curves and bends will form in the bar and you
will have to spend a great deal of time
straightening it. After each heat, straighten out
the piece before you return it to the fire,

Chain Hook

To make a hook, select a Ya-inch round, mild
steel rod and cut off a |2-inch piece on the
cutoff hardie. (Or, you can roll the piece over
the edge of a regular hardie as the piece is
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struck to cut the end evenly.) Bring the bar to a
light yvellow heat and upset the end. As you
strike the bar. look at the end you are striking,
not the end to be upset. If you don’t, you will
miss the bar. Work surely and guickly. since
upsetting requires more heats than drawing
out,

The force of your blows will determine the
shape of the upset. If you want to upset just the
end, use light blows; if you want a longer length
of upset, hit harder. Slightly chamfer the end if
it is spreading too much, (Or, upset it in the
step of the anvil by holding the bar at a 45°
angle.)

When the rod has increased in diameter to
about 3 inch, form a ball on the end by holding
the rod against the edge of the anvil and
striking it with backing-up blows (or use the
horn of the anvil). Bring the ball to a yellow
heat and flatten it out until it is about a Ya-inch

thick.

Punch a 3&-inch hole in the center. Bring the
piece to a yellow heat and lay it down on the
face of the anvil. Then drive the punch halfway
through with four or five heavy blows. Cool the
punch after two or three blows. Turn the piece
over, and place it over the punch hole. There
will be a slight bulge on the side that has just
been turned up. and the metal will be slightly
darkened (because of cooling). As you hold the
piece over the punch hole, place the punch on
the bulge and punch through. The slug will fall
cleanly through the hole. (In contrast, if you
punch the piece from one side only, a deformed
hole will result (d). Shape this hole into an eye.
Use the beak of the anvil or a mandril to form
or enlarge the hole. Cut off the bar 8 inches
from the eye and draw out the end. Shape the
hoolk,
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A shackle can be made in much the same way.
Upset both ends, form a ball on each end, and
punch each to form an eye. Then bend the bar
into a U shape.

Spoon

You can now make a spoon. Sketch several
spoons before you begin work at the forge, and
then plan your work.

Use ¥-inch mild steel (as you did for the hook)
and form it in the same way. but finish it
differently.

|. Upset the spoon end and form a ball, which
you will flatten later. The final shape will
be largely determined by the basic shape
made at this stage.

2. Form the thin section of the handle where it
joins the spoon.

3. Flatten out the spoon and shape it. (The
spooning will be the last operation.) While
the iron is still hot, use an old file to shape
the edges and make the spoon sym-
metrical.

4. Shape the handle, blending it into the spoon
end.

5. Form the spoon.

6. Finish with an edible oil.

There are two ways to flatten out the end of the
spoon. Heat the metal to a light yellow and
strike it with hard flat blows. Either spread the
metal with a cross peen hammer at right angles
to the peen, or spread it uniformly in all di-
rections with the face of the hammer.
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There are two ways to form the spoon using a
ball peen hammer. The first is called peening.
Heat the metal to a bright cherry and strike it
with the ball peen on the face of the anvil and
form a cup shape in the spoon. Begin striking in
the center. and work gradually in a spiral till
you reach the outer edge. Use lighter blows on
the edge. The result is a peened surface. The
second method is called sinking. Place the
spoon over the punch hole or in a swage block
and sink the metal into a circular form. Do not
hit the metal too hard, or it will stretch or
buckle. You can make deeper forms more
quickly this way. Whether you are peening or
sinking, work in an even spiral, beginning in
the center and working out to the edge. This
prevents distortion and creates an even shape.

You can give final shape to the spoon when it is
cold and can clean off the scale. If a great deal
of cold work is to be done, the metal should be
annealled occasionally. Anneal it by heating it
to a cherry red and allow it to cool slowly.

There is another way to make a larger spoon or
bowl from flats or sheet metal. Hammer the
metal into a depression that has been carved in
the end of a log or a block of wood. Use a ball
peen hammer. forming hammer or wooden
mallet to do this, Heat the portion of metal to
be formed, place it over the depression and
hammer it lightly. If you use a mallet with a
rounded face. the bowl will be clear of hammer
or peen marks.

You can also make a cupped form, such as a
candle pan, from sheet metal by forming it over
a stake. This technique is the opposite of the
one just described, and is good for forming a lip
on a bowl. Make a stake from a rod that is |
inch in diameter. Round off the top and shape
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the bottom, so that it will fit into the hardie hole
in the anvil or into a vise. Hold the sheet metal
with tongs. Heat it, and place it on the stake. A
dark spot will appear almost immediately on
the top where the top of the stake cools the
metal. Strike off to the side of the spot with the
edge of your hammer, as you rotate the piece
gradually. The metal will be gradually worked
down. The edge of the hammer causes a
slightly dented surface texture.

Candle Cup

Make a candle cup or holder by using the end
of the stake to swage open the end of a ¥-inch
tube. Heat the end of the tube and flair it over
the end of the stake, by hitting it with light
blows. Do not work the iron below a dark red.
because it might split. Take several heats to get
the tube to flair out. After the lip is formed and
the metal is cool, place the flaired edge on the
cdge of the anvil and spread it further with a
ball peen. Anneal the tube frequently when
cold, working to prevent it from splitting. Cut
oft the cup with a hacksaw, when it is finished.
Join the cup and pan together by brazing.

Many of these processes are quite similar to the
techniques used by silversmiths. However, the
iron is worked hot, while the silver is worked
cold. It might be useful to study some books on
silversmithing.

m:rméfw{.
Threading the Needle

Two other intriguing ways to treat the handles
for spoons and spatulas are ““threading the
needle’” and the spiral.
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the rivet is in place and you are forming the top
of the head. Make the rivet set with a shank so
that it can be held in the vise or hardie hole.
Use the same bar with rounded end to form the
depression in the rivet set.

Make several rivets | inch long and % inch in
diameter. Laler you will need these For a pair of
tight tongs.

Select a “/1s-inch rod and draw out about 1
inch of the rod to a “4-inch diameter, using
shouldering blows. Make it round. Rotate the
rod over the cutting edge of the hardie and hit it
with light blows. Do not cut it off’ leave enough
metal s that the rivet is still held on the rod.

Place the “4-inch hole in the heading tool over
the punch hole. Bring the rivet to an orange

heat and place it in the heading tool. Break off
the bar. Hit the top of the rivet quickly. so that
it spreads evenly, and begin to form the head
with the ball peen. After several blows, while
there is still heat, use the cupping tool to shape
the head. Then dip the header in water; the

rivet will drop out. or can be lightly tapped out.

Do these things quickly to make the rivet in as
few heats as possible. Think out the steps and
then do them without wasted effort or motion.

The time different smiths will be occupied
over a given piece of work differs greatly,
A smart smith will always do as much
work as possible upon a forging in a single
heat. While his iron is in the fire, he will
mentally go through the sequence of oper-
ations, and see that whatever is required is
at hand, and when the iron is on the anvil
he will strike quickly while the iron is hot.
[Paul M. Hasluck, Smith's Work, 1899]

Make up several more rivets and allow more
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material for the head. After shaping the rivet,
reheat it and place it in the header. Create
different decorative patterns on the head with
chisels or punches. Refer to some of the Yellin
cxamples in section V.,

Make a nail header with a square-tapered hole
rather than a round hole. because a square nail
is much easier to make. Make the hole slightly
smaller than the nail stock. Form the header
with a raised shoulder. This makes it easier for
you to head the nail with angled blows of the
hammer.

Nails

Nails arc madc in basically the same way as
rivets. They are usually made from thinner
square stock. Finish off the head with the
hammer. This is a good opportunity for you to
try to develop a rhythm and pace in your work.
Time yourself; see how long it takes to make 10
nails, Look at your work patterns and the way
in which you handled your tools. Do 10 more
nails. Time vourself. How can you increase
your efficiency? How many rods do you have
in the fire? Can you do 60 nails an hour?

Upset rods of small diameter in the vise. Be-
cause they are thin, they have a tendency to
bend if upset normally, Heat the rod, clamp it
in the vise and strike it. The only disadvantage
here is that the jaws of the vise will make sharp
corners on the rod as they grip it. This can be
avoided if you use a spring header inside the
vise to clamp the rod.

Welding

Successful blacksmithing depends on many
techniques. Animportant one is forge welding.

f3
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See how confident you feel after doing your
first good weld.

When ferrous metal is heated gradually, it
softens as the temperature increases and
reaches the point at which two pieces of metal
can be joined together by means of pressure or
hammering. This cohesive union is called weld-
ing. The temperature at which this is possible is
called the fusion point, or a welding heat. This
temperature varies according to the alloying
elements, particularly carbon.

Iron properly welded in the forge will have no
visible joints. because of the cohesive bond of
the crystals.

Successful welding depends on the following:
an understanding of the process, a knowledge
of the material to be welded. the correct flux, a
proper fire, preparation of the parts to be
welded, correct welding procedures and the
refinement of the grain after the weld has been
made.

Wrought iron is the ecasiest of the ferrous
metals to weld, because it is almost pure iron.
Its welding temperature is very high and the
scale melts before the welding heat is reached.
As a result, no flux is needed.

Steels with a small amount of carbon are easy
to weld, and those with high carbon content are
more difficult to weld. As the carbon content of
the metal increases. the welding temperature
decreases. This brings the metal dangerously
close to the burning point. And. at lower weld-
ing temperatures. the melting point of the scale
will be too close to the welding temperature,
causing the scale to build up.
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Flux

To prevent this, use a flux when you are
welding high carbon steels. Flux serves two
purposes: It combines with the scale and low-
ers the melting point, and after the scale melts,
it forms a liquid barrier over the iron, prevent-
ing further oxidation (scaling}. Use flux spar-
ingly for the following reasons:

1. If you use too much. it will cause more scale
formation rather than less, by attracting
oxygen.

2. If there is too much flux in the weld, and it is
not completely forced out by the first
welding blows, it will form a barrier be-
tween the pieces to be welded.

Flux ts not a glue. Welding is a process ot
cohesion, not one of adhesion.

There are a few good commercial fluxes avail-
able, and in addition, there are many formulas
for flux. The basic ingredicnts arc clcan sand
and borax. Clean sand is a good flux for mild
carbon steels. When 4 parts sand and | part
borax ate used, the mixture becomes a
general-purpose flux. Ordinary borax contains
water, and when it 1s heated, 1t bubbles, melts
and runs like water. After it cools, it is called
borax glass (anhydrous). When this is pul-
verized and mixed 4 parts to | with sal am-
moniac (ammonium chloride), the result is a
good flux for carbon steels. Another good flux
for high carbon steels is 50-percent anhydrous
borax, 25-percent boric acid and 25-percent
silica sand.

Iron filings are sometimes combined with flux.
This serves two purposes:
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I. As the iron approaches welding tempera-
ture. the iron filings will be burnt off first,
preventing the pieces to be welded from
oxidizing.

2. Then when you hammer the pieces together,
the filings will be forced out of the scarf
faces. carrying away the scale and flux.

A reducing fire is necessary for welding. It
should be made up of a deep bed of coals, and a
cover of fuel over the pieces to be welded.
(This prevents oxidization.) Heat the metal
slowly in the fire to make sure that it is heated
evenly. The blast should be low and steady; if
necessary, the blast can be increased slightly
just before removing the piece, to bring it up to
welding heat.

Chambered Fire

There are several different types of fires for
welding. The first one that we will use is a
chambered firc. With this fire, you will be able
1o look into the fire and examine the piece as it
heats. Start the fire as you normally would and
make plenty of coke. Use a lot of coal in
building up the banks and pack it down hard.
After the fire is well made, place a 3-inch piece
of 2 x 4 on top of the coals. Turn on the blast,
add more wet coal over the block and build up
the pile to make a roof over it. The wood will
burn away. leaving a hole in the center. The
coal will soon coke and form a roof that will
support itself. Leave a small opening in the
front. After you place the piece to be welded in
the fire, you may want to cover the opening
with a block of coke or a piece of sheet metal,
since the full hot blast will come out of this
opening. It helps to wear a glove, because this
blast will heat up the full length of the picce.
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Before you weld two pieces of metal, you must
shape them, so that they will blend together
easily. This is called scarfing. The scarf should
be thicker than the rest of the piece, because
the iron will be thinned out when the pieces are
hammered together. The convex shape of the
scarf face is critical. When you hammer the
two pieces together, the scale will be forced
out. The scarf faces must always touch in the
center, not at the edges. (Flat pieces and bars
are casier to weld than round pieces; rounds
have a tendency to shide off one another when
they are struck.)

Our first weld will be an eye weld. Make the
scarf on an 18-inch bar of Y4-inch by 3-inch
mild steel. Upset the end so that it is 1Y times
the size of the stock, and then form the scarf
using backing-up blows, The face should be
convex and the end should come to a blunt
point with a thin edge. Now bend the loop to
form the eve at the end of the bar.

Place it in the chamber of the fire and bring it to
an orange hcat. Remove it from the fire and
quickly sprinkie on the flux. Return it im-
mediately to the fire. (At an orange heat, scale
flakes away from the iron, allowing the flux to
combine easily with the newly formed scale.
At a cherry red heat, the scale adheres tightly
to the iron and forms a barrier. Therefore
always add flux at an orange heat to get the
maximum benefit of the flux.)

Turn on a low blast, making certain that the
weld area is in the center of the fire. You may
have to push the piece through the fire to locate
it properly. When the piece reaches a light
yellow heat, turn it over so that the weld faces
down in the fire. Be careful not to get dirt on
the weld.
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As the piece approaches welding heat, the flux
will flow and form a smooth coating over the
weld area. The iron will come to welding heat
shortly after this, and the piece will be a light
yellow. (It is bright and difficult to look at.) The
surface will have a greasy or glassy appear-
ance. When a few sparks start to come from the
fire, it is at welding heat!

Your eyes may adjust to the bright light of the
welding fire, and you may be momentarily
blinded when you shift your attention to the
anvil. Don’t stare directly into the fire for long
periods of time, for this reason. You might
want to try sunglasses for the first welds; they
will prevent the blinding and will enable you to
see the fire more easily. You should wear
safety glasses, because there will be a cascade
of sparks when the weld is struck. I use a pair
of safety glasses with industrial-weight “*Ther-
monon.”’

The anvil should be clean of scale. Place the
hammet ncarby. When the piece comes out of
the fire, you should know exactly what you are
going to do, and it should be done without
hesitation. Don't waste time, because the picce
will cool quickly. Don’t stop and look at the
piece. Hit it!

Remove the piece from the fire, and as you are
moving to the anvil, flick the piece like a
paintbrush. (Or, you can tap the piece on the
side of the anvil.) This will throw off any dirt
which might be aronnd the weld. Place the
piece on the anvil and strike the blows as
numbered. The first blows to close the weld
should be light and quick; gradually make them
heavier. Turn the piece on its side and work the
sides. When the piece cools to an orange heat,
wire brush each side quickly and sprinkle on
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some more flux, and return it to the fire. Bring
it to a welding heat. Finish oft the weld by
continuing to work the sides and blending the
eye with the stock. Two or three welding heats
should be enough to finish the weld.

Welding greatly enlarges the grain size of the
metal and therefore weakens it. When you are
shaping the eye, continue hammering over the
entire weld area until the piece cools to a dark
red. Use light fimishing blows. This is called

“*hammer refining.”” It reduces the size of the
grain and restores the metal's original strength.

Make a weld on the other end of the bar,
making the eve 1% inches in diameter.

If the welds do not hold, examine the weld
areas. If the eye was partially welded. only part
of the weld was at welding heat. If there are
dark spots in the weld area, there was dirt or
flux in the weld, or the fire was oxidizing,
preventing cohesion. If the metal is pitted and
has a mottled look, it is burned. Cut it off and
starl again, being more careflul this time,

Fire Poker

You can make a fire poker with the piece that
has just been welded. Cut one loop with a
chisel and shape the poker end to a point. Then
form the hook end over the beak of the anvil.
Shape and finish the poker halfway up the
handle, cool it and work on the handle end.

Examine the bed of coals. The level of coals is
now considerably lower, because the fire has
burned down. Look for clinkers and remove
them, rotate the tumbler or grate, and dump the
ash. Clean the fire and add more fuel. You can
add hard coke or hard coal to this fire now.
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Both are good fuels, but you should not use
them when you are starting a fire. Add them
only when the fire is going and use breeze along
with them. Many smiths turn aside when hard
coke or hard coal are mentioned, but they have
their place, particularly if itis difficult to obtain
soft coal. The metallurgical or hard coke is
useful for welding because it burns long and
clean.

Open Fire

There is another type of fire that can be used
for welding. It is called an open fire. After you
clean the fire, break up the top (the roof of
coke), and allow it to burn, while you build up
the sides of the fire and pack them down again.
Break the breeze into small pieces so that the
work can be moved easily through the fire. It
takes more experience to weld with this type of
fire, but after a while, you will find it is the
best. This is because the metal is completely
surrounded by fuel and is protected from
scaling.

Faggot Weld

It is sumetimes difficult to get a feel for all of
the variables in welding. Try the faggot weld.
This weld will bring a mass of steel to the end
of a bar more quickly than upsetting it would.
Bend over 2 inches of a Y4-inch by 15-inch bar
and double it back. Place it in the fire and bring
it to an orange heat. Sprinkle flux on gach side
of the weld and return it to the fire. Bring to
welding heat. fling away the dirt, and make the
weld.

Try another faggot weld. but scarf the end and
compare the welded area.
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Welded Fork

Cut off an 18-inch piece of ¥- or Y4-inch square
mild steel to make a large welded barbeque
fork. Scarf the ends, form the eyes and make
loop welds on each end. If you are working in
an open fire, gently lift the piece to see if it is at
welding temperature, Do not move it around
more than necessary or you will get dirt in the
weld area. Welding temperature has been
reached when there are sparks in the tire. The
sparks will appear sooner if you are using a flux
that contains iron filings, so judge the welding
temperature by the surface appearance of the
steel.

Cut the larger eye in half and draw out the

tines. Then straighten and smooth them on the
face of the anvil. Bend the tines over the beak.

Splitting

Splitting is the process of cutting with a chisel.
Hot and cold chisels make a bevelled cut, but a
cutoff chisel gives a straight cut. It is useful to
work with a chisel when you are making
forks, spoons, spatulas and hinges.

Hinges

The butt hinge is named for the two pieces that
mate or butt together and are joined by a pin.
Make the hinge from a Y&-inch by 2-inch or
wider, mild steel bar. Form the strap before
yvou work on the eye. Practice splitting and the
techniques that you have learned.

To start the eye of the hinge, bend a small
section at the end of the piece down over the
edge of the anvil. Turn the piece over and
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continue forming the eye with backing-up
blows. Just before the eye closes upon itself,
insert a piece of round stock (or a nail) into the
eve, and continue rolling the eye around the
pin. Tighten up the cye with the cross peen
hammer. Form the eye for the other side of the
hinge in the same way.

To butt the hinges together, cut out the center
section of one eye and the end sections of the
other eye. Line up the hinges and mark both
with a file where the cuts will be made. Cut out
a section in the middle of one of the pieces. Do
this with a hacksaw, if the metal is cold, or with
a chisel if the metal is hot. (Use a chisel with a
flat side, so that it will make a vertical cut.) Cut
the ends from the other piece. If you use a
chisel to do all of the cutting, heat the piece to
an orange heat with the pin in place, so that the
chisel does not smash the eye. Keep the chisel
cool by dipping it in water frequently. Then
dress up the cut with a file to ensure that the
two sections fit together properly. Place the pin
through both eye sections to join them and cut
the pin off allowing enough extra iron to form

the head.

To head the pin, heat to an orange heat and
quickly place it through the eyes of the hinge.
Start to form the head, using a ball peen
hammer and striking the pin with light, fast
blows. The pin will quickly lose its heat, so
return the whole hinge to the fire, with the part
that you are heading down in the fire. The
headed part will heat much more quickly than
the rest of the hinge. You will be able to finish
it easily now. Rotate the hinge. If it is tight,
return it to the fire, bring it to a cherry red and
rotate it again to free it.

You can also head the pin for the hinge with a
gas welding torch while the pin is in place.
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Pintle Hinges

The pintle is another type of hinge. It is made
up of a pin that is hammered into the door jamb
and another pin at right angles on which the
strap rotates. The strap is made in the same
way as one side of a butt hinge.

If you are making a small, lightweight pintle,
draw out one end of a piece of stock to make
the pin and then make a right-angle bend. It is
best to make a welded pintle, if you are making
alarge hinge for a heavy door. The welded loop
of this type of hinge provides a large. flat
bearing surface for the strap to rotate on.
Prepare the scarf, bend the loop around on the
back and make the weld. Inserta headed pin in
the loop and weld it in place.

Clean up the pin with top and bottom swages

and then form it in a header in order to clean up
the bearing surface.
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Split Fork

You can also make a large fork by splitting
rather than by welding. Compare the drawings

of the two different types and you can select —d
whichever form suits your needs. @
Make the split fork as follows: "7 b

a. Cut off a length of ¥2-inch by Y-inch stock. }
b. Flatten the fork end slightly.

~——
¢. Drill a Y-inch hole and split with a hot —

chisel.
d. Shape the neck and half of the handle.
e. Spread the tines and draw them out.

f. Shape the tines and neck. (This end is now
finished.)

g. Shape the handle and finish the fork with a
suitable oil.

h. Make a hook to hang the fork on.

When you are working with thin sections of
metal, such as tines of a fork, be carcful not to
burn them. Turn the blast on only for a moment .!?asﬂr
and watch the points carefully. Sometimes it is
necessary to cool the points in the slack tub

and return the fork to the fire to heat the

heavier sections. }\
welded Hipes
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Fullers

The fuller is a basic tool that is used to start
many forming operations. It has a rounded
nose that is either straight or bent. With it, you
can notch or spread out the iron; in other
words, you can change the cross section of the
iron. Sometimes you can use it to change the
direction or axis of the metal.

Make a handheld fuller in much the same way
that you would make a chisel. except that you
upset the end and then shape it to a round end.

A simple spring fuller is handy. To make a
spring fuller, cut off a Y-inch piece of round
stock, 36 inches long. Flallen out about 8
inches in the center of this piece, till it is
i4-inch thick. Bend this center section into a
circle about 4 inches in diameter, and bring the
ends of the piece together, forming jaws that
are about 1-inch apart.
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Trowels L

Make trowel d d“j};;:/:f; =
ake trowels, spatulas and garden spades as %

follows: Notch a flat bar of metal with the * i

spring fuller and then draw out this end (o make a

a shank for the handle. Make an offset bend in - #,,:5:

the shank. To make the blade of the trowel, ﬂ

grasp the shank with tongs and hold 1t upside é""’:
down on the inner edge of the anvil. Flatten it
on one side with heavy blows. Heat it again and &=" s
flatten out the other side standing at the other y/
end of the anvil. As you do this, a rib will form

on the top of the blade. Continue to flatten and

spread the blade. Trim the blade to the shape

desired. Recheck the thickness of the blade. €

Mike a wooden handle and fit it to the shank.

When the iron is first roughed down, its
surface will not be smooth, though a good
smith can impart a very fair finish to a flat
surface by the hammer alone. The ham-
mers should strike so as to bruise the work
as little as possible. There is a knack in
using the hammer so that its edges will not
mark the work, the blow being given by
the central rounding portion of the face

only. Striking fair with the middle of the . -
hammer face, each mark serves to partly - "
obliterate others, and leaves a very smooth ‘_»]——'—'

surface, only slightly wavy. This is all that
a smith working single-handed can effect
by way of finish. With the assistance of a
hammerman the surface can be smoothed
more effectually by means of a flatter,
which is held with the right hand of the
smith, and slid in turn all over the surface
of the work while the hammerman strikes
it with the sledge. Thus finished, the work
is left very smooth. [Paul M. Hasluck, Tmﬂrﬁ:
Smith's Work ]

it
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Swages

A swage is used to give the metal its final form,
after a piece of metal has been partially shaped
with other tools. Swages are frequently used in
matched pairs. Like the fullers, they can be
spring mounted for the single-handed smith.

To make the bottom swage, use a square bar
the size of the hardie hole: upset it and cut it
off. Bring it to a yellow heat, place it in the
hardie hole and form it with a sledge into a
rectangular block. Square up the sides. Bring it
to a yellow heat. lay a Y-inch round rod over
the center of the block and using a hammer,
form a groove in the swage that is about half
the depth of the stock used.

To make the top swage. upset a bar to match
the bottom tool. Make a groove in the top
swage to correspond to the one in the bottom.
Prepare a Va-inch U-shaped rod that will wrap
around the heel of the anvil. Place it upside
down in the groove of the bottom swage. Bring
the face of the top swage to a yellow heat, place
it over the U, and hammer the swages together.
This forms a groove in the top swage to match
the one in the bottom swage. File off the edges
of each swage so they do not pinch the metal.
Temper the swages to blue if you are using a
tool steel,

These tools can be used most effectively to
shape the leg of a rivet rather than trying to
make it round with a hammer.

Tenons

A tenon is a bolt-like extension at the end of a
metal rod that serves as a connecting piece.
You can make a tenon with the swages just
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finished. It, in turn, will be used to make a

T square for the forge. Use a 3s-inch square bar.
Either place the bar on the edge of the anvil and
draw out the end with a hammer. or notch the
piece with a small fuller (about /1e-inch
round). (This is sometimes called a veiner.)
Then draw out the end to form the tenon. Bring
the tenon to a light cherry, place it between the
swages and strike them with a hammer to shape
the tenon. Then place the tenon in a Y4-inch
header and strike it to square the shoulder.

To make the T square:

a. Use an 8-inch piece of ¥-inch by %-inch
mild steel for the head.

b. Punch a square hole in the center of the bar.
This will prevent the head of the T square
from rotating.

c. Cut the tenon %-inch long with a hacksaw,
and bring it to a light cherry.

d. Hold the main part of the T square upright,
and place the tenon into the hole in the

head piece. Strike the tenon with a ham-
mer, using heavy blows. This will form a
head on the tenon.

. Square up your T square with a carpenter’s
square. and peen the tenon till it is flush
with the head.

4]

Drifts

Drifts are forming tools that are used to shape a
hole after it has been punched or drilled. Form
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the drift into whatever square or round shape
that you want the hole to be and then drive it
into the hole while the metal is hot. Drifts are
usually so plain and simple looking that they
are mistaken for scraps or unfinished pieces.

To make a square hole in a bar (as for the

T square ): Punch the hole with a punch. Punch
the square drift through the hole and dress up
around the hole. Leave the drift in the hole
when you are working around it.

Eye Punch

An eye punch is a tool that is used to start the
eye of a hammer. Then the eye drift is used
to give the final shape to the eye. The eye
punch may or may not have a handle. The
handle is usually set at a 45° angle to the
line of the eye because this makes it easier

to see when punching a hole. Use an eye
punch that is about 50 percent smaller than
the final size of the eye. so that you do not
remove too much metal during the punch-
ing. Then the drift i1s used to open the hole.
It is absolutely critical that the punched
hole be centered and perpendicular to the
stock. If an eye punch is not available, and
you are making a small hammer, use a drill
press to drill the hole.

You can make a simple eye punch and drift
from a coil spring. Use the same method that
you used in making other punches. Hold the
punch with tongs or Vise Grips when you are

using it.
Place a bolster under the piece when you are

punching if there is not a large enough hole in
the anvil. Bolsters can be any size or shape.
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Small Hammer

We will now make a small, straight peen ham-
mer. With a center punch, mark off a piece of
tool steel (80 points of carbon) for the head.
Bring it to a yellow heat and punch the eye.
After several blows, remove the punch and dip
it in water to cool it; at the same time check the
alignment of the hole. When the hole is about
Vi-inch deep, dip the punch in a little coal dust
before you return it to the hole. The coal dust
will cause the formation of gases that will keep
the punch from sticking in the hole as it is being
hit. When you have punched the hole about
three-quarters of the way through the head of
the hammer, turn the head over and punch the
hole through from the other side. Now, drive
the eye drift into the eye. Leave the drift in as
you work out the bulges on the sides of the
head of the hammer. Draw out the peen. Make
a cut three-quarters of the way through the bar
at the face. Refine the shape of the head and
cut it off completely. Bring the head of the
hammer to the critical temperature and anneal
it. When it is cool, dress the face and the peen
with a bench grinder. The grinding removes the
dccarburized steel.

To heat-treat the hammer, take it to the critical
temperature slowly, because the hammer is
thick. Harden the face by dipping it in water to
adepth of 1 inch; then turn the hammer and do
the same with the peen. Quickly polish the face
and the peen with emery and draw the temper
on the face and peen to a light purple. Allow
the eye to cool slowly. Dip the peen and the
face alternately in water to allow the eye to
cool slowly. Set the handle.

B0
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Rock Pick

You can make a rock pick, claw hammer or a
striking tool with a long-sided eye using the
following technique: Use I-inch by 1¥2-inch
tool steel. Punch a hole for the eye and open
the eye with a drift pin until it measures I-inch
by 3%-inch. 1Ise a hevel set to form notches on
cach side of the eye. This forms a shank on the
head. Draw out the ends to form the head and
pick. Work with a drift pin in the eye when you
shape the side of the eye, the head and the
pick. Grind the face and the point of the pick.
Harden the head and draw (o a dark blue
temper.

Set Hammer

Set hammers are used to “‘set’ or form right
angles and work the iron in tight spots where
the face of the hammer could not make a clean
hit. To do this, strike them with another
hammer.

One might think that anybody knows how
to make a set hammer, if every smith
knows it. [ don't know. but [ do know that
there are thousands of smiths who have
never had a set hammer nor know its use.
To make one: Take a piece of tool steel 114
x 1% inches, punch a hole about two
inches from the end, the hole to be 144 x
3. Now cut off enough for head. Make the
face perfectly square and level, with sharp
corners, harden and cool off when the
temper turns from brown to blue.

This is a very important little tool and for
cutting steel it is a good deal better than
the chisel. Plow steel of every kind is
easier cut with this hammer than any other
way. In cutting with the set hammer hold
the steel so that your inner side of the set
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hammer will be over the outside edge of
the anvil. Let the helper strike on the
outside corner of the set hammer and it
will cut easy. The steel to be cut should be
just a little hot, not enough to he noticed. If
the steel is red hot the set hammer cannot
cut it. The heat must be what is called blue
heat. 1 would not be without the set ham-
mer for money, and still I often meet
smiths who have never seen this use made
of the set hammer. Plow points, corn
shovels, and seeder shovels are guicker
cut with this tool than any other way, with
the exception of shears. [J. G. Holmstrom.
Madern Blacksmithing]

When you cut steel with a set hammer, it is
important to align the hammer and the cdge of
the anvil with a slight offset, which shears the
iron cleanly, rather than pinching it.

Tongs

Tongs that are well made, that are easy to hold
and that grip the iron well, will make your work
much casier at the forge. Good tongs will last a
long time and can be changed and reworked to
do many jobs. Before each new job, adjust the
jaws of the tongs so that they hold the stock
properly. Then there will be no danger of the
hot iron slipping out of the jaws and you will be
able to proceed smoothly with your work.

There are many uses for small tongs at the
forge. We will make several pairs, to get a feel
for making tongs. These are easier to make
than the heavy tongs explained later.

Study the detailed drawings of tongs and the
steps involved in making them. These will help
you to visualize the way in which tongs are
made and assembled. Note that both pieces of
the tongs are exactly the same. Draw one side
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of the tongs and then trace it. Turn the tracing
over and place it on the original drawing; as
you do this, you will see how the tongs mate
and hinge.

Cut off two 12-inch lengths of 3s-inch round
mild steel. Upset one portion near the end of
each piece (a). This is the hinge section and it
should be heavier. Form the jaws and offset
(b). Hold the handle at a 457 angle and turn the
piece %" to the left. Then flatten out the bulge
section (c¢). Grade it into the handle. Turn

the piece 0° again and form the § curve of
the tong (d). Shape and refine this curve by
means of shouldering blows. Draw out and
taper the last one-third at the end of the reins.
Make two identical pieces. Place them together
and see how they match.

If the pieces are slightly different, rework them
and true up on a bending fork ().

Place the two pieces together to determine
where the rivet will connect them. Mark the
spot with a center punch and then punch or
drill a Y-inch hole in both pieces. You can
place a 14-20 nut and bolt in the tongs to check
out their movement. You should make any
necessary adjustments now before riveting.

Check the Va-inch rivets previously made for fit
and length. The length of the leg of the rivet
coming through should be slightly over twice
the diameter of the rivet. Heat the rivet to a
vellow heat and place it in the tongs. Then put
the head of the rivet in the rivet set so that it
will not be flattened. Strike your first blow on
the top firmly and quickly with the face of a
small ball peen hammer. This blow will slightly
expand the entire length of the shank of the
rivet to the diameter of the hole. Strike the next
blows quickly and lightly with the ball peen to
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head the end of the rivet. Strike angled blows
around the head of the rivet. When the head is
partially formed. take the cupping tool and
finish the rivet. This can be done in one heat
with practice. If another heat is needed, put the
tongs in the fire, bring them to a cherry red and
finish the rivet. While the tongs are still red,
open and close them to allow the faces and
rivet to conform to each other. Adjust the jaws
and reins to make sure they are aligned.

You can also make a pair of bow pliers using
this process. These are useful as pickup tongs.
Make the jaws on these 22 to 3 inches long,

round rather than square. The shape of the

S curve in the throat should be more open. Use
a drawing as a pattern for these tongs, as you
did for the others.

Large Tongs

The size of the tongs that you can make by the
previous method is limited because you have to
upscl the joint arca and draw out the long
section of the reins. You can make larger tongs
using a lap weld, which is an overlap of two
pieces and a very useful weld. And if you have
a helper (a striker), you can make the tongs
more quickly.

To make a pair of flat-jawed tongs. use H-inch
square mild steel. You will need about 4 to 5
inches for each jaw, They may be made from
separate pieces or from opposite ends of the
same bar,

First. fuller notches about 3s-inch deep on the
top and bottom of the bar with a top fuller. Ata
45° angle. fuller another notch on the side that
intersects with the top notch. Flatten the jaws
and then spread the hinge area at a right angle
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to them. Be careful to preserve the fillets
formed by the fuller, so that the jaws are not
weakened by sharp corners. Refine the shape
of the jaws and form the inset or notch in the
jaw with a square bar. This inset holds both
square and round pieces firmly. Punch a
34-inch hole for the rivet. Then cut off the piece
about 3 inches from the hole. Form a scarf for
welding on the reins.

Lap Weld

Makec the rcins from a rod which is 14 to 15
inches long and a %2 inch in diameter. Prepare
the rods for welding. But before yvou weld the
tongs, practice with scrap stock. Cut off two
pieces long enough to heat without tongs.
Upset the ends, and make the scarfs, either
with the edge of the anvil or with the cross
peen. The scarf must be convex, formed at a
45° angle, and drawn to a point. The slight
return on the end of the scarf will stay hot when
the two are joined for welding.

As mentioned previously, the fire must be a
reducing fire that is clean and hot. Clean it out
and prepare a deep, well-banked fire. if it is
not. Clean the face of the anvil. Place a
medium-weight hammer on the face of the anvil
where you can grasp it easily and guickly. Flan
your movements from the fire to the anvil and
the way in which you will lay the pieces down
on the face.

Place both pieces in the fire scart down. so that
no dirt will lodge there. Bring to an orange heat
and add flux. Make certain that each piece in
the fire is heating evenly. Pull one back if it

heats too fast. Don’t allow the pieces to touch,
as they might weld together in the fire. When
they have reached welding heat, come away
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from the fire and gently tap both bars, scarfs
down, on the outer edge of the anvil in order to
dislodge dirt. Place them guickly in position for
welding. Hold the left piece scarf down and on
top of the other piece to hold it down. Let go of
the right-hand piece and grab the hammer.
Strike the first blows immediately. They should
be light, for heavy blows might knock the
pieces out of alignment. Strike the second or
third blow on the lip of the scarf to weld it.
Turn the piece and close the other lip. Mow
strike increasingly heavier blows to close the
weld and shape it. When the piece is at an
orange heat, wire brush all scale ol amd
quickly sprinkle a little flux on the weld line.
Return it to the fire. Bring the piece to a
welding heat and finish closing the weld by
working around the weld lines. One or two
heats should complete the weld. When you are
finishing off, clean the face of the anvil and
wire brush the piece. Any excessive scale will
mar the finish.

Practice this sequence of welding several times
before trying to weld the tongs.

If vou are satisfied. try welding the reins and
jaws of the tongs. You will notice that the jaws
are heavier and will take longer to heat. Watch
carefully. Hold the jaws with tongs in your
right hand and the reins in your left hand.
When you place the scarfs together, they will
feel mushy and will tack together, so make
certain that vou align them properly. Drop the
tongs immediately and pick up the hammer.
Weld the jaws and reins together. Make certain
to hammer refine the weld area. After both
welds have been made. join the parts together
with a ¥-inch rivet and adjust the tongs.
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The Striker

The striker, or hammer man, is the smith's
helper. He wields a sledge and stands opposite
the smith at the anvil; he strikes the iron under
the direction of the smith. The striker must be a
knowledgeable smith for he must understand
the way in which the hammer is being used and
how much force is being applied. After each
blow struck by the smuth, the striker must hit
the iron with his sledge in exactly the same
spot, and at the same angle, but with a propor-
tionately heavier blow. When striking. words
are unnecessary; the language of the smith’s
hammer is the only direction needed. How-
ever, the smith must indicate when he wishes
to start and stop. When he is ready to start, the
smith will ring the anvil three times; when he is
ready to stop, he will hit it to the side or will lay
down his hammer, after the striker has hit his
blow.

As he works, the striker must strive to emulate
the force and direction of the smith's blows.
Although he uses a heavy sledge, he should not
try to hit as hard as he can. As the striker
follows the smith's example, he becomes the
alter ego of the smith.

Sometimes the smith will hold a tool, such asa
punch fuller or flattie, in addition to the work.
The striker will then strike the tool. Here also,
the striker must know how to hit with the
proper force and cadence, know when to start
and stop and how to help at the forge. The
striker also helps to maintain the fire, cut
stock. get tools and organize things for the
smith.
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Sledges

There are two types of sledges that the striker
uses. The first type is the hand sledge, which
has a short handle (28 to 30 inches) and weighs
from 5 to 10 pounds. Hold it with your right
hand close to the head and raise it to the height
of your head when you strike. Hold the end of
the handle with your left hand. Do not slide or
move your hands when you are striking. (This
is called the up-hand position.) Although this
position might seem awkward at first, you will
soon find that it works well. Your right hand
and both feet should be in the position that
you use when you are striking with a hammer.

The second type of sledge is the swing sledge,
which has a long handle (34 to 36 inches) and
weighs from 8 to 20 pounds. Hold it and swing
it like an ax, in a full arc. There will be
considerable force created, but you will not
have as much control. Sometimes more than
one striker will be working, especially if the
piece is very large. Then you will need a
heavier, larger anvil.

When you are the striker, stand opposite the
smith at a distance that will allow you to strike
a good blow and then draw back slightly, as
you raise the sledge and prepare for the next
blow. Both the smith and the striker must work
in rhythm as they alternate blows, being careful
to keep hammer and head out of the way of the
next blow. Your stance must be balanced:
stand approximately as you normally would,
but with a wider. more balanced stance.

Practice striking with a friend or fellow worker.

In this way. you learn by doing. You will soon
develop a rhythm. Drawing out is an excellent
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beginning exercise. Start striking and try to
work in an even, steady cadence. Speed up
slightly and then slow down. Try striking blows
of different force and direction. Next, try
tumbling while you are drawing out, keeping in
mind that the smith must turn the piece before
his blow only. never before the striker’s blow.
Otherwise, the striker would not know where
to hit.

Anvil Tools

Anvil tools are much easier o make when you
have a striker to help you. The extra force of
the sledge offsets the difficulty of working with
heavier sections of’ metal.

To make a hot hardie, select a high carbon steel
that is from a Y to a % inch larger than the
hardie hole. If you do this, you can easily form
a shoulder on the tool to prevent it from
jamming in the hole. (Use a truck axle, large
spring or the teeth from a bulldozer blade, or
usc W 1 tool steel with 75 to 85 points of
carbon.)

Fuller in on each side. Draw vut the shank to fit
the hardie hole. Place the shank in the hardie
hole, and then strike the top with a sledge,
thereby upsetting the shoulder and seating it.
Make certain that the piece is perpendicular to
the anvil when you begin. Also, rotate the
piece 90° after four or five blows, so that it
seats in all positions (c).

With your spring fuller, fuller a notch 3& inch
fromthe shoulder(d). Cutoffthe piece 1%2 inches
from the shoulder. To finish the piece, hold it
securely by the shank with a pair of close-
lipped or square-jawed tongs. Draw out the
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blade. Dress the cutting edge on a bench
grinder.

It is best if these tools are annealed and then
hardened and tempered. The cold hardie can be
drawn to a purple. and the others to a blue.

Make the other anvil tools in the same way, hut
do not fuller a notch for the shoulder. Fuller
only one side of the cutoff hardie.

Wrenches

Open-end wrenches are very handy. You may
want to make several of different sizes.

To make a Y2-inch open-end wrench use a
1Y4-inch by ¥%-inch mild steel bar. Form
notches with your spring fuller in the wide
section, Draw out the handle and cut it off at 6
inches. Form the handle and punch a hole in
the end. Now turn to the head. Trim the
corners of the head with a hot chisel and shape
it to a circle. Punch a Y-inch hole that is
slightly off center; using a drift. and working
from both sides, open the hole till it is a ¥4-inch
in diameter. Cut a slot for the jaws at a 20°
angle. Form the jaws on a saddle. Use a flatter
to dress up the sides of the jaws. Use a file to
dress up the jaws to the correct size. Carburize
the wrench as described in **Metallurgy for the
Blacksmith™ in section IV. Carburization har-
dens the surface of the jaws, making them wear
well and it preserves the tough core.

Make a closed-end wrench in the same way.,
but punch a ¥-inch hole and form it with a
hexagonal drift.
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Knifemaking

There is not much forging involved in
knifemaking, but there is a lot of bench work. It
is rewarding, because during this process steel
is brought to a highly refined form. The proce-
dure can be broken down into the following
steps: design, selecting the proper materials.
forging, shaping and finishing the blade, heat
treating, assembling the blade and handle,
shaping the handle, final buffing and
sharpening.

Decide what type of knife you need and make
several sketches. Trace the shape of the blade
onto a piece of cardboard, and cut oul a blade
template (or pattern). The template will serve
as a guide at the forge for both the shape and
the size of the knife. It is difficult to judge-
without it; because the blade always looks
smaller at the forge (and in fact; may actually
be too large).

Select an alloy steel that is tough, that will hold
an edge. and can be forged. Knifemakers have
found several tool steels that are excellent;
these are W 2, F&, O 1 and D 2 (see Toul Steels
chart). Chromium and vanadium are two al-
loys which, in addition to carbon, will provide
knives with edge-holding ability. When you
buy tool steel, remember to get the manufac-
turer’s instructions for heat treating and to
follow them.

If corrosion resistance is important, the 400
series of stainless steels can be used. They are
heat treatable, but 440 B and 440 C are the only
unes that have sufficient carbon for knifemak-
ing. Stainless has a very limited forging range,
so you must be very careful when you are
forging it.
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Old files and car springs may be used success-
fully. However, they lack the alloys mentioned
above, and do not hold an edge as well.

If you use a file, the teeth must be ground off
first. Sometimes, because there is excessive
sulfur in the steel, old files will crack when they
are heated and forged. The steel is then called
“*hot or red short” and is not forgeable.

Make a half-tang knife by shaping the tang first.
This is the narrow extension, which will later
be enclosed by the handle. (Make it the length
of a ¥1e-inch drill, because you will later drill a
¥1s-inch hole in the wooden handle.) Notch
the metal with fullers and draw out the end,
forming the tang. Be careful not to damage the
radii formed by notching; they will prevent
cracking during the heat treating later. Then
punch the rivet holes in the tang. (The wooden
handle will be attached to the tang by rivets
later.) A half tang i1s not as strong as a narrow
or full tang, but it is sufficient for a small knife.

Now turn your attention to the blade of the
knife. Bend the knife blade blank into a curve.
The cutting edge is the edge on the inside
curve. Strike this inside curved odge with a
hammer, working from the tang on out; as the
curved edge is flattened, it will gradually
straighten out. At the same time, draw out and
taper the blade. Use a flattie or a finishing
hammer to refine the surface of the blade.
Keep the scale brushed off. Make certain that
the blade is straight, as this is the last of the
forging operations. Anneal the blade.

Remember that during the forging operations
the surface of the blade will decarburize (i.e.,
lose carbon). This can be ground off during the
shaping operations, but remember when forg-
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ing the blade to use as few heats as possible and
a reducing fire.

Place the template on the blade, and trace the
outline on the blade with a piece of chalk.
Grind the outline to shape. Check the taper and
thickness.

The degree of finish that you use on the surface
of the blade may vary from a highly polished
one to one that has the forging marks left in.
Finish the blade with a belt sander, which is
better than a grinding wheel for this type of
finishing. Shape, develop and finish the blade
completely, but do not do the final buffing.
This will be done after the heat treating.

After finishing the blade, heat-treat it in a fire
of well-packed coke. You can also use charcoal
or hard coal in the fire. Keep the blast low. A
reducing fire will help prevent scaling.

Lay the blade on the fire and bring it up slowly
to hardening heat. Turn it frequently. Be cer-
tain that it comes up uniformly and do not
overheat it. Watch the point; it is thin and
easily overheats. When the blade is at the
proper color, quench it by placing it point down
in the proper medium. (Check the tool steel
guide charts in section IV for proper heat-
treating information.)

When the blade is cool to the touch, temper it
immediately. It is difficult to temper knives.
because the blade is not uniform in thickness.
A pot of oil makes a uniform tempering
medium, but you will need a high temperature
thermometer to take the temperature. You can
also use an oxyacetylene torch to temper a
knife. (Use a carburizing flame.) The torch
offers flexibility, because you can move it over
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the blade and control the heat. (The flame is
very hot. so work slowly and carefully.)
Temper the parts of the blade differently. The
tang and top of the blade should be the softest
parts, the middle of the blade should be harder
and the edge of the blade should be the hardest.

To temper the blade in the forge fire, make a
sheet-metal cone and place it in the fire.
Temper the blade by moving it back and forth.
(1 prefer the fire to the torch since there is more
control and less heat.) Temper colors for
knives range from yellow to blue, depending
upon the knife’s use. Draw the temper on the
tang to a light blue.

Another method of drawing a temperis tousea
heavy block of metal that has been heated in
the forge. Lay the knife on its back edge on the
block and draw the temper. This is perhaps the
safest method, but yvou must still be careful of
overheating the point.

There are limitless possibilities for your knife
handle. If you want a knife guard, make it of
brass or nickel silver. Both of these can be
soft-soldered to the blade, if the soldering
temperature is kept below the temper tempera-
ture. To make the handle. drill out the hole for
the tang. Rough-shape the handle and drill out
the holes for the rivets. Attach it to the blade
with epoxy and rivets. Finish carving and sand-
ing the handle.

When the handle is finished, you can buff the
blade. Be careful not to overheat the blade (and
thus take out the temper) as you arc buffing it.
Sharpen the blade on successive grades of
oilstone, ending up with a hard, fine stone. The
bevelled edge of the blade should form an angle
of 15 to 20°, depending on the knife’s use, and
your own personal preference.
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Chain

Chain links are made with a lap weld. Cut off
some pieces, 7 inches long and 3 inch in
diameter (one per link). Take one picce and
bend it into a U shape, making sure that the
legs are 3 inch apart. If it is uneven, equalize
the legs of the link by putting it in the swage
block and hitting the long end. Then scarf the
end. Hold it flat and at a 45° angle to the step of
the anvil. Strike successive blows on its end, as
vou move it to the left toward the horn. Turn
the 11 ower and do the other leg. Do not make
the scarfs less than '/is-inch thick on the end
or they will be too thin to hold a welding heat.
Close the end by bringing the scarfs together.
Bend the legs at an angle; do not try to round
the corners yet. This will concentrate the heat
at the scarfs, when you put the link in the fire to
bring the ends to welding heat. It will also be
easier for you to hammer the weld.

Bring the link to welding heat and close the
weld on the face of the anvil. Strike several
light blows on each side and then place the link
on the horn of the anvil to finish the weld. If
necessary take another heat and give the link
its final shape on the horn of the anvil.

Prepare the second link and complete the weld,
Make a third and loop the other two onto it.
Then weld the third link. You can add succes-
sive links one by one as you make them, or
make several groups of two or three and then
weld them together.

Other Hooks

Make a welded slip hook or grab hook quickly
by bending a length of steel double and forming
an eye at the looped end. Weld the doubled
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portion and shape it into the hook. Because
these hooks and the chain links are welded, itis
best to anneal them after assembly to relieve
the welding stresses.

Decorative Iron

Decorative or ornamental ironwork is generally
assembled by means of bands, rivels or lenons.
Gates, railings, signs and household acces-
sories all fall into this category.

The tools that you will use to make decorative
pieces should be made first. As with most
blacksmithing tools, you will soon find many
other uses for them at the forge.

There are two types of bending forks: those
held in a vise and those placed in the hardie
hole. The simplest ones are held in the vise;
these are U-shaped forks (a). Select ¥2-inch and
34-inch round stock and make several forks of
different sizes, varying the distance hetween
the tines. (It is casy to bend an eyelet with a
bending fork (b).)

Make the forks that will be used in the anvil
cither by gas or forge welding the U to a block
that is similar to a small swage (¢ and d). Form
the tines after you finish the welding.

Scroll or bending wrenches are handheld bend-
ing tools (e). Use them in scrolling, bending or
straightening.

Scrolls

Scrolls are the filigree of the king's court. If
your interests lie in the decorative area, the
uses of scrolls are limitless. Although a scroll

96




Edge of the Anvil

can be made free-form on the anvil, you will
find that the scroll tool is a great help. Since
scrolls are almost always used in multiples, the
scroll tool will enable you to make uniform
scrolls quickly.

To make a scroll tool, draw the outline of the
curve and trace it onto a piece of sheet metal.
When you are making the scroll tool the hot
metal can be checked on this pattern. Flatten
the end of a Y4-inch by 34-inch bar and flair it up
(a). (You will use this flaired end to start the
scroll.) Then develop the curve to the pattern,
Do this with a hammer over the horn of the
anvil or use a bending fork and wrench. After
you have made two complete revolutions in the
development of the curve, bend the end of the
tool at a right angle and double up the end to fit
the hardie hole. Form the shank so that the
scroll is about | inch off the face of the anvil.

Rectangular bars are generally used to make
scrolls, although scrolls can also be made from
round or square bars. To make the scroll, first
finish the end of a Ys-inch by Y4-inch by 24-inch
strap and start the scroll on the edge of the
anvil or the scroll starter (a). Then heat at least
12 inches of the strap before bending the scroll,
Place the end of the scroll on the raised tip of
the scroll tool and grip them together with a
pair of round-nose pliers. Then bend the strap
in the direction of the curve. When one turn is
complete, the scroll will drop completely into
the tool. If enough of the bar is at a good heat,
you can complete the bending in one heat, If
the bar has cooled, return it to the fire and heat
the portion to be bent.

Make the two basic scrolls, the C and the S in
this tool. To make the S, turn the metal over to
make a reverse curve. Make several scroll
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tools to create different visual effects.

Trivet

Make a trivet to get the feel of making scrolls
and assembling them. On a piece of paper.
trace out a grouping of C scrolls to see how
they would fit together. Then cut the stock into
cqual pieces and make the scrolls. To assemble
the pieces, make enough collars or bands to
join the scrolls together. (Allow an extra one
for practice.) There are two basic types: a scarf
collar and an overlap collar. It is easier to make
a scarf collar, if you are working with thin strap
metal, but when you are working with heavier
pieces. then the overlap collar is better.

Scarf Collar

To make a scarf collar: Make a mandril by
doubling over the stock that has been used to
make the scrolls. Bend the collars around this.
while the metal is hot. Determine the collar
length by rolling the mandril over the stock
used to make the collar. (This stock should be
smaller than the stock for the scroll.) Using a
chisel or hardie, make a diagonal cut partially
through the metal. at the places vou have
marked off for each collar. Heat the bar and
form the collar; then snap off the partially
formed collar. Then complete the collar. While
the collar is still hot, open it up with a pair of
pliers, so that you can place it around the
scrolls. After all the collars are formed, place
several of them in the fire on a wire hook, or
use a pair of pickup tongs with a coupler on the
reins. In this way, they will not be lost in the
coals. When they reach an orange heat, place
the collar around the scroll. Close it with a
small hammer; then use a pair of pliers to
sgueeze the scarfed ends together.
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Overlap Collar

To determine the length of an overlap collar,
add the circumference of the pieces to be
joined to a figure which is 242 times the thick-
ness of the collar. Cut off a piece for one collar
and draw each end to a thin taper. Then
cold-form the collar into a U shape. Clamp itin
a vise over a mandril made of the pieces to be
joined. Make the first bend so that each leg of
the U will be equal (f). Make the second bend
around a mandril and a spacer (g). To install the
collar, heat it and put it under the scrolls (h).
Form the first leg over with angled blows. Then
form the other leg over the first to overlap
them. (A side blow tends to open up the collar,
whereas the angled blow will tighten it.)

Welding Tips

Welding iron is a series of critical operations. Il
is not difficult, if you keep all of the elements
under control. Make sure that you have scarfed
the pieces properly. that the fire is a reducing
fire, that you remove the piece from the fire at
the proper time, that you have positioned the
pieces properly and that you strike them
quickly and surely.

Many people are completely befuddled by
welding. However, when you have done each
step carefully, and have “popped™ a weld, you
will feel more confident. Your first weld will be
the hardest; as you learn and gain confidence
from cach successful weld, cach onc that you
do will be easier.

Look at the iron in the fire. When you are

welding mild steel, it is at a welding heat when
the color of the metal and the color of the fire
are one and the same, a light, bright yellow. In
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Processes and Exercises

contrast, tool steel at welding heat will be a
shade darker than the color of the fire. Learn
these things through experience.

There is another way to test for welding heat.
Take a small rod, a 4 inch in diameter, that has
been drawn to a dull point. As the piece to be
welded approaches welding heat, place the rod
in the fire. Use the rod to check for welding
heat. If the piece is at welding heat, it will be
50l and the rod will stick toit. Try this test; it
is very useful.

1 have found that vou must pay strict attention
to your work when you are welding, perhaps

more than at any other time. If vou allow your
thoughts to wander, you will burn the metal or
miss the moment when welding heat has been
reached. When welding heat has been reached,
the metal will “*speak’” to you; it will give off
sparks, sayving, *"Weld me."”’

Other Welds

To gain experience, let's try some different
types of welds, such as the butt weld, the jump
weld, T and angle welds and the cleft weld.

To make a butt weld, heat two bars of similar
size to welding heat and butt them together hy
hammering the ends together. They upset one
another as this is done (a). Finish the weld by
hammering the sides; use a top and bottom
swage to true up the shape. In general, use the
butt weld on heavy pieces (¥ inch and over)
and the lap weld (described earlier) for thinner
sections of metal.

The jump weld joins a bar to a plate or another
bar. This weld is sometimes used to make
bottom swages and other anvil tools. Prepare
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the two pieces to be joined; form a convex
scarf on one end of the bar and a concave scarf
at the center of the plate. When you weld these
together, the center of the convex scarf on the
bar must touch first to force out any scale, dirt
or flux that is present (b). This is critical. After
the stem is welded to the plate, turn it upside
down, put it in the hardie hole and hammer it in
to finish the weld.

Scarfs for an angle weld are mirror images of
one another (¢). Upset the ends and develop
the scarf, making sure that the edge is no
thinner than a '/1s inch; if it is, it will tend to
burn and to cool quickly. When you place the
pieces on the anvil to weld them, place them
together as you do when you are making a lap
weld, but at a right angle to one another.

Make the T weld in much the same way. Upset
the end of the T and the place in the bar where
it will be welded. Make each scarf face convex.
(When you upset pieces to be welded, make
them half again as thick as the original piece.)
When you make an angle or T weld, close the
weld with one or two blows. Quickly turn the
picce o work the other side. Then return it to
the fire and finish the weld.

Welding thin bands together is difficult because
they cool so quickly. Scarf the ends by splitting
and tapering the points; then interlock and
weld. Keep the split ends short.

With the cleft or V weld, vou can weld spring
steel to mild steel; this is called steeling. (This
is used when the combination of tough steel
and hard steel are required, as for chisels, axes
and froes.) Form the lips of the cleft to wrap
around the end of the piece of spring steel. This
cleft grips and protects the spring steel in the
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welding fire. (Use a flux containing | part sal o
ammoniac and 4 parts borax.) Remember, w

when you are welding steels with two different v &
carbon contents, their welding heats are differ- [_ \ -
£

ent. Place the mild steel in the fire to get
maximum heat; push the spring steel through
the fire to protect it. As the mild steel ap-
pm———————

proaches welding heat, pull the cleft to the

center of the fire for the final heat. Make the st
weld and finish off. Heat-treat it as necessary. NS = sl
i

Crab Net Bow dleft welel for steeliong

Not all of you will want to catch blue crabs.
But let’s make a Crisfield-type crab net bow.
This presents some interesting forging prob-
lems that you may encounter later as you are
making other items.

L ; frmb wel
First prepare the shank from a piece of spring et i

steel that is 4 inches long and a ¥2 inch squarc. s
Draw out a taper and split the other end a 12 v

inch deep. Spread this end. and prepare the P
scarf as you would for a cleft weld. L————% ),

Prepare the bow by drawing out the center of a e ——— T
24-inch piece of 3%-inch round spring steel. <

1’-!'
gt %
Make this #/1s inch in the center and taper it to A
3 inch at the ends. The finished piece will be
40 inches long. Scarf the ends and then bend T
the steel into a circle and make a lap weld.
Hold the bow with a pair of Vise Grips to keep

the circle from rolling in your hand.

Place the shank uver the lap weld on the bow.
Close the lips around the circle at the weld,
making sure that they grip it securely. Heat the
circle, but not the shank when you are doing
this, because this heats the inner part of the
weld area, reducing the chance of burning the
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shank. Make the weld by closing it on the face
of the anvil, then over the edge and the horn.
Hammer-refine the weld area.

Make a special swage to help shape this type of
weld. This tool would also be useful when you
are doing multiple welds, when, for example,
you are making a toothed tool, like a rake. The
teeth of the rake are scarfed like the shank on
the crab net bow and welded to a straight bar.

Heat the entire bow to an even cherry red. Lay
it down on the face of the anvil and straighten it
with light taps. To make it circular, work itona
cone mandril, or on the horn of the anvil. Heat
it 10 a cherry red and gquench it in water to
harden. Draw a temper to a light blue by using
the flashing method on an open forge fire.

Upsetting a Ring

You may occasionally want to make a ring or
hoop smaller. It may be a ring that has
stretched, or it may be one that was too large to
begin with. If you upset a portion of the ring,
you decrease the circumference and, of course,
the diameter.

Heat the ring and place it over a round bar on
the anvil. Using a hammer, form a hump in that
section of the ring. Heat it again and clamp it in
avise. Upset it by hammering. Then reform the
ring into a circle. The area that has been upset
will be thicker. but the ring will be smaller.

You have now come full circle by closing in on
the basic processes used in forging iron. Use
the technigues that you have just learned in
new ways to gain experience and knowledge.
Be creative. Forge ahead.
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Metallurgy for the Blacksmith

Metallurgy is the science of metals and the processes that form
them. Metallurgical information is helpful to any blacksmith.
whether he is doing general blacksmithing or toolmaking. If you are
a general blacksmith, then you need only understand the very basic
principles; however, if you are a toolsmith, then you will need a
broader understanding. This does not mean that you will have to be
a metallurgical engineer to make good tools, but that with some
metallurgical knowledge. you will be able to select the proper
material. forge it properly and heat-treat it to develop the desired
physical properties.

The basic forging processes are made possible because the iron
becomes plastic and can be forged when it is heated to a cherry red
and above, up to a light yellow. Iron can be welded when it is
heated above this color range. Iron burns when it is heated beyond
the welding range; this destroys the metal for forging purposes.

The structure of iron and all its alloys is erystalline, When the iron
is heated, the crystals expand and the bond between them becomes
weaker. The metal then becomes plastic. Generally, the higher the
heat, the casier it is to form the metal. The crystals of the iron
assemble together into groups called grains. The individual crystals
of metal can be seen only with a microscope, whereas the grains
can be seen with the naked eye, which is helpful to the blacksmith.
The size of the grain is an indication of the physical properties of
the metal. Finer grain indicates a refined condition that is hardened
and strong, whereas a coarse grain indicates a weaker condition.

There are two factors affecting the grain size that the smith can
control at the forge: the temperature of the metal and the nature of
the mechanical working (forging). The diagrams of grain size
illustrate what happens to the relative grain size of iron when it is
heated to a dark cherry, an orange and a light yellow, then allowed
to cool without any forging. It is easy to see that the higher the
temperature, the larger the grain,

When iron is heated and then forged, the forging refines, or makes
the grain smaller (d). The forging must continue until the iron cools
to a cherry red. If the forging stops before the iron is cherry red. or
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the iron is reheated, the grain will grow again.

Welding heat greatly increases the grain size (e). However, the
weld can be hammer-refined (f) or annealed (g) to break up the
coarse grain. With this type of control. the smith doing general
forging work can resolve most problems.

The toolmaker can use iron and mild steel for simple tools only. He
must use special steels for tools that will be tough, hard and
durable. To create these steels, alloys are added to the iron. The
major alloy of iron is carbon. The chart of maximum attainable
hardness shows the effect of increasing amounts of carbon in steel.
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Steels with only 30 to 40 points of carbon can be used where
hardness is required. (Steels begin to respond to heat treatment
with 40 points of carbon.)
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Hardness is the ability of a metal to withstand being deformed. This
can be measured by a machine called the Rockwell hardness tester.
(There are other tests; however, only the Rockwell C hardness
scale will be referred to here.) A relative degree of hardness can
also be determined by a file (see File Test).

Chart (i) shows another relationship of carbon to iron: the differ-
ences of tempering temperatures on the hardness of three different
steels. Notice that there is a greater variation in hardness between
the steel with 35 points of carbon and the one with 80 points than
there is between the steel with 80 points and the one with 120 points.
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Toughness is the ability of a metal to withstand shock or impact.
The lzod impact machine measures toughness. Chart (j) shows the
relationship between toughness and hardness. It is easy to see that

there is a trade-off of toughness for hardness. Note the very steep
curve as toughness increases to 30 foot-pounds.
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These are some of the observable properties of steel. What causes
these to happen and what factors are used to make these changes?

The first test that you did when you made the center punch was to
determine the temperature at which to quench the metal to harden

it. This temperature is called the critical point or critical tempera-
ture. What happens at this temperature?

Try to envision the crystal of iron expanding as it is heated. At the
critical temperature it changes from a body-centered cubic crystal
to a face-centered cubic crystal (k). The face-centered cubic crystal
has space in its center because of the rearrangement of the atoms.
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Carbon atoms are smaller than iron atoms; if carbon is present, it
moves from the outside to the center of the iron crystals. When the
metal couls slowly, the carbon moves out of the center of the
crystal and the crystals change back to their previous state.
However, if the metal is cooled rapidly (quenched) the carbon is
trapped inside the crystal. These crystals of metal are now in a
highly stressed condition because they have cooled and shrunk and
have another material inside them (sort of a pregnant crystal). This
makes the metal very hard and brittle. The degree of stress can be
controlled by reheating the metal (tempering) and the desired
physical properties of the steel can be tailored to the tool. Putting
the steel in the stressed state is hardening; removing some of these
stresses is tempering; removing all of the stresses is annealing. All
of these processes are referred to as heat treating.
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Another way of looking at this is to plot a temperature curve of
iron (1). When iron is heated or cooled, the crystalline changes
show up on the curve as steps or lemperature arrests; these points
are labeled A.. A, and A,. Notice that at A,, not only does the
crystal form change, but the metal loses its magnetism. The smith
can use a magnet to determine the critical temperature for high
carbon steels. He can place a magnet on the steel; it is at critical
temperature when the magnet no longer holds.
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The major factor that influences the critical temperature of steel is
the amount of carbon it contains. The phase diagram (m) is a chart
that shows these relationships between carbon and the various
critical temperatures. The horizontal scale shows the amount of

carbon in the metal and the vertical scale shows the temperature.
From chart (1) we know that point A, is the critical temperature
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1 Jhase ;@m Via arhom steel

(where the phase change occurs); on the phase diagram it is a line,
intersecting with A, and then A, as the carbon content increases.
Thus we can use this chart to determine the critical temperature of
known steels.

The following temperature ranges may also be determined: for
forging, for forge welding, for case hardening and for annealing and
hardening.

With this background of information let us proceed to the practical
aspects of toolmaking. As we have seen, there are three different
steps in heat-treating steel: annealing, hardening and tempering.
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The simplest heat treatment is annealing. which is heating the metal
to just above the critical temperature and holding it at that
temperature to heat the metal uniformly, and then cooling it slowly
in a dry medium, such as fine sand, ashes or lime. Annealing
softens. relieves stresses and refines the crystalline structure for
further heat treatment. Notice the area on the phase diagram,
indicating the range of annealing and hardening.

Hardening is the process of heating the metal uniformly to a
temperature slightly above the critical point (A,) and quenching
(cooling) it rapidly ina suitable medivm. When you are heating the
steel to be hardened, you must have a reducing fire and must heat
the piece uniformly; heat it slowly and turn the piece frequently to
get a uniform heat. Do not take the metal too far above the critical
point (no more than 50 degrees F. above) for it will only increase
the grain size and weaken it. When the critical point is reached
throughout. quench the piece immediately. Quench on a rising
heat, not a falling heat; in this way, you will not enlarge the crystals
excessively.

It is important to cool the metal quickly. Different media give
different cooling rates. Those most frequently used are listed in
order, beginning with the fastest: 10-percent brine solution, cold
water, warm water, cold oil, warm oil, air. Use the proper
guenching medium for each steel. IC you use a quench that cools
the steel rapidly, it will create excessive stresses and cracks will
form. If this happens, a slower quench medium should be used.

The mass of the piece is another important factor in the hardening
process. A small thin piece, like a knife, will cool quite rapidly, but
a heavier, thicker piece, like a hardie, will cool much more slowly,
regardless of the quench medium, because the heat has to be drawn
out through the metal (the cooled part acts as an insulator). The
rate at which a piece cools is important, It must cool quickly to
harden properly. To offset the problems caused by slow cooling,
use a steel that contains alloys other than carbon. The desired
physical properties will then be maintained. The ability of the iron
to be hardened in depth consistently is hardenability. Hardenability
is increased by the following alloying elements, listed in order of
decreasing potency: vanadium, molybdenum, tungsten, chromium,
manganese and silicon.
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It is important to understand the difference between the maximum
hardness obtainable in a steel and its hardenability. In plain carbon
steels the hardness is the function of the carbon content only (e),
whereas hardenability is concerned with the depth of hardening.

After a piece has been hardened, it should be tempered as soon as
possible. A hardened piece is very highly stressed and can easily
develop cracks if it 1s just laid aside. For the same reason, do not
drop it, for it might break.

The temperature at which the temper is drawn is determined by the
function of the piece and the desired qualities. The effect of
tempering a fully hardened carbon steel is shown in (i). and it can
easily be seen that as the temperature of the tempering increases,
the hardness goes down. The result of this is shown in chart (j) that
shows the trade-off of hardness for toughness. Understanding this
relationship is very important for the blacksmith making tools. A
cold chisel must be tough and yet remain sharp, a razor must be
extremely hard o hold an edge and a spring must be feaible and
durable.

The chart of temper colors gives oxidizing colors for a temperature

and the tool for that range. This chart is a guide and it is advisable
to test out your tempers for the tools you are making, because of
the many variables that can change the results.

There are several methods for raising the temperature of steel to be
tempered: a furnace, hot oil, oxacetylene torch and the forge. The
furnace offers the greatest control, since it can be set up with
temperature controls. Oil has limits, because it will catch on fire if
it gets too hot, but its temperature can be controlled easily. The gas
welding torch is particularly useful when you are tempering the
sections of a piece differently, but it is very hot, so be careful. The
forge is used for most tempering and with experience just about
anything can be done at the forge. The limitation is the smith’s
ability to recognize the oxidizing colors and judge the temper
temperature from that.

To temper flat springs, use a pot of melted saltpeter, or use a pan of
fine sand to heat the piece and draw to the desired color. Linseed

oil hoils at 600°F : this is a good temperature for saws.

115



Resource Information

..,ﬁfnna’mﬂ WWﬂ Ghart

7" W [plows
) Use
eer
SHeel gr 650
JY =
Greewesh. bl 630 Light springs
¢20
Light blue 610 Sera e
600 Woor Saus , Pundhes
Deaek kibice 590 | Sprin
580 ﬁ;f, Aot chisols
Btue 570 | (od chisels y gkt work
560 | faives
Dwrks pudple 8550 | [fodd chesels, steed
ﬁ'h/ﬁfl 5f0 AxEs, conler panih
Lighd petple 530 | Hamumers , sldqs
Brene otlf, ,:wp& ?IE 520 .,futgﬂ?}af fnstizmunis
Lark broun Sto Tanist arid s
mﬂ' 500 Kock. Arells
sty %0 Wood ckisels
Golden. stras 180 | Dnjfs , ladior Aies
e 470 Rt bercves
Stra i oldow 40 | Hiread cilting Zaoss
ujéﬁ;’u #650 Flaner dﬁs;é-zé
e elloc/ 440 Dratls 4 e
i +30 ZZ%, lathe tacls
Fele yﬁfﬁﬂw “+20 mypors
+lo Beevnishers
00 erym

116




Edge of the Anvil

Another method for drawing a temper is called flashing. This is
used to temper springs in the blue colors (around 600°F.), for oil
flashes (catches on fire) at this heat. Dip the piece to be tempered in
the oil and put it on top of the coals in the forge: move the piece
around to get an even heat. When the oil tflashes, quench the piece
in the oil. Repeat this process several times to develop an even
temper on the entire piece.

If you are making a tool that must be tough and strong, use a steel
that contains one of the following alloys (listed in order of
decreasing potency): titanium, vanadium, molybdenum, tungsten,
chromium and manganese. These alloys refine the grain of the steel
and give it the necessary toughness and strength.

Decarburization is the diffusion of the carbon in the steel to the
surface. where it burns off in an oxidizing atmosphere. The swiface
of the metal loses carbon and some of the important alloying
effects. This is no problem with mild steels, but is critical with tool
steels. Therefore, it is important to keep the forge fire a reducing
fire, and to use as few heats as possible. Steels vary in their rates of
decarburization. The decarburized skin can be removed by machin-
ing operations. If you remove about .010 to .020 inch of the metal
surface, this will clean off the decarburized metal. This is the
normal amount required to dress most tools, knives or special

parts.

Charts of
Forging and Tempering Colors

The charts of forging and tempering colors are usually separated,
but they have been combined here in an attempt to clarify this
aspect for the beginning smith. The two ranges of colors should be
learned. Experience is the best teacher, though.

The incandescent forging colors are created when iron is heated in
the forge. However, describing any color verbally is impossible,
partly because the colors change when viewed under different
lighting conditions. Therefore. it is necessary to establish a con-
stant. This will be cherry red, at the temperature of 1,420°F. (this is
also the transformation point A,, shown on charts 1 and m above.)
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It is easy to determine this temperature at the forge; when iron is
heated and reaches this point, it becomes nonmagnetic. You can
thus be assured of this point, regardless of the lighting condilions
where you are working. This cherry red is the fixed unwavering

point, against which all other temperatures and colors are relative.
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The temper colors are created on the surface of a piece of polished
iron when it is heated. The colors are a result of oxidization; as the
temperature increases, the color becomes deeper. A rainbow of
colors is created: these are indicated on an expanded chart along
with the temperaturc and the type of tool that is to be tempered.
Viewing conditions also affect these colors, although not as much
as the forging colors. However, there are several variables which
do affect these colors: the manner in which the piece is polished or
ground, the presence of any surface film of wax or oil, the shape
and mass of the piece, the time it takes to heat it and the type of fire
used to heat the piece. (Some fires or torches can cause a carbon
film, creating a false reading.) Heat several varying pieces of metal;
in this way yvou will be able to see the colors and the way in which
they change.

Carburizing

Carburizing is the process by which carbon is absorbed into the
surface of the metal by heating it above its critical temperature (A,)
while it is in contact with carbonaceous materials. This is also
referred to as case hardening, since the carbon penetrates only the
outer layer of the metal. With proper heat treatment, a hard case is
created, with a tough internal structure. This is useful on parts
where wear-resistant surfaces and impact or shock resistance are
both required. Carburizing can also be used to case harden the
more forgeable mild steels after they are formed, or on steels where
decarburization would be a problem. Mild steel with 10 to 25 points
of carbon can be carburized successfully. Steels with a higher
concentration of carbon become excessively brittle during this
process, IF this is not 4 factor, then use the higher carbon steels.
There are special alloys for carburizing.

To carburize the finished metal, pack the pieces with the carbon
materials in a steel box or pipe. Seal the container to prevent the
carbon from burning off and use a box that is heavy enough to
withstand the heat of a long fire in the forge or furnace. Pack the
metal pieces evenly in the box with a uniform layer of carbon
materials around them. This assures even heating and uniform
carburizing. Usually a l-inch space between the pieces is adequate.

The carburizing agents must be of a fine, even granulated form, so
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that the carbon gases can move freely throughout the container and
into contact with the metal. It is felt that it is the carbon gases, not
direct contact with the carbon, that allows the carbon to migrate
into the steel.

Commercial carburizing compounds are available, but you may
want to mix up your own. In general, the mixture can be reused.
The rule of thumb is to mix | part new to 3 parts used. The
carburizing agents are: wood, charcoal, animal bone charcoal,
charred leather, barium carbonate, sodium carbonate, calcium
carbonate and sodium chloride. (The carbonates increase the
activity of carburizing.) There are many other carbon materials that
will work and can be tried, but do not use any materials containing
sulfur or phosphorus (use only charred bones). Charcoal will

not be active in the carburizing process for long periods of time,
so use bone-based materials in addition to the charcoal to sustain
the carburizing process. Oil, tar or molasses are sometimes

used as binders in the mixture.

Two basic mixtures to start with are:

Hardwood charcoal 50 percent  Charred bone 75 percent
Barium carbonate 20 percent Hardwood charcoal 15 percent
Sodium carbonate 15 percent  Barium carbonate 5 percent
Caleinm carbonate 10 percent 01l binder 3 percent

Place the container in the fire and bring it up to the critical
temperature, turning the container so that it heats uniformly. You
can place test wires through small holes in the container; these can
be removed and checked for incandescent color temperature o
determine when the interior comes up to the proper heat.

The depth of the carbon penetration is determined by two factors:
time and temperature. As an example, on a piece of mild steel that
is held at 1,600°F. for seven hours. the penetration will be /a:
inch. As the temperature is raised in 50° steps, it takes one hour
less for the same amount of penetration, Thus at 1,800°F. it takes
only three hours for /a2 inch of carbon to be formed. (This
would be about 83 points of carbon.) However, the higher tempera-
tures will increase the grain size of the metal, so you must decide
what factors to control.
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If the piece being treated does not have to be shock resistant, then
you can take it directly from the container and harden it by
guenching it in water or oil. If maximum refinement is desired, then
use these steps for a 1020 steel:

. Carburize at 1,650°F. for time desired and allow to cool in box.
2. Remove and reheat to 1,550°F.; quench in water (refines core).
3. Reheat to 1,400°F.; quench in oil (refines case).

4. Can now be tempered at around 300°F.

Cyaniding is the use of cyanide-based chemicals to form a hard
case; however, cyanides are very toxic and should be handled with
extreme care, Use them only in a well-ventilated forge and smithy.
Do not breathe the fumes. Wear gloves and a face mask. A little of
some of the cyanide chemicals in a cut can cause illness—so be
carelul.

There are some commercial mixtures available that can be used.
Sprinkle them directly on the hot iron and allow this to melt.

Repeat this several times before quench-hardening the iron. This
produces a very thin case and is called superficial case hardening.

A deeper case can be obtained by a process called ligquid carburiz-
ing. The liguid is a melt of sadium chloride (3 parts) and sodium
cyanide (1 part); use a heavy cast-iron container and make certain
that there is no moisture on the piece when it is placed in the melt;
it splatters. Itis also important that the picce be free of scale so the
carbon and nitrogen can penetrate the steel. (In cases using the
salts and cyanides, nitrogen is also an element in the hardening
process. )

Another mix is;

Calcium cyanamide 4 percent
Calcium cvanide 43 percent
Sodium chloride 33 percent
Calcium oxide 15 percent
Carbon 5 percent

As with carburizing, the depth of penetration of carbon and
nitrogen is a function of time and temperature, but liquid carburiz-
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ing is faster. The time in the melted solution ranges from 10 minutes
to several hours. On a 1020 steel, the case formed in a 10-minute
immersion at 1,555°F. is 0.005 inch; in 30 minutes, about 0.01
inch. The maximum that can be obtained with this process is about
0.020 inch.

After soaking the piece, quench-harden it in water. There will
probably be a little of the chemicals carried over into the quench
water, so put it aside, cover it and label it POISON.

When you are using the liguid carburizing process, you can give the
piece an interesting mottled effect if you quench itin a solution that
has saltpeter in it (1 cup per gallon).

To repeat—the cvanides are dangerous poisons—handle and use
them with care.

Forging Stainless Steel

There are two basic types of stainless steel: the 400 series, which
can be heat treated and is magnetic, and the 300 series, which
cannot be heat-treated and is nonmagnetic.

The 400 series stainless steels have forging characteristics similar
to low-alloy steels. but require about 50 percent more force to form
the metal. Above a yellow heat (2,000°F.), changes start to occur in
this metal which reduce forgeability, so the metal should be heated
to this general level for working. A few stainless steels are listed in
order of decreasing forgeability along with recommended forging
temperatures: 410—2,150°F ., 420—2 200°F., 440 A—2,100°F. and
440 C—2 050°F. Heat-treat them in the normal way: anneal. harden
by taking to an orange heat (1,750-1,850°F.), and temper to the
desired degree of hardness (oil or air are normally used). Stainless
steels that are heat-treatable are; 403, 414, 420, 440 A, 440 B and
440 C,

The 300 series stainless steels are more difficult to forge because
more force is required to forge them, and because they work harden
at higher temperatures. Several 300 series stainless steels that can
be forged are: 304, 310, 316, 321 and 347. It is best to forge them at
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a yellow heat. Anneal them after forging by heating them to a
yellow heat and air-cooling quickly.

Identification of Metals

Identification of metals can be done by several methods: by
examining the color, weight, surface finish, magnetic properties,
by means of a spark test and by looking at the specification
numbers.

If you do not know the exact nature of a metal. the simplest way to
identify it is to examine the color, weight and surface finish. As you
gain experience, this will become easier. A test for magnetism will
help you identify iron-based metals, particularly if they have been
plated or painted. This test can also be used 1o sort out the 400
series of stainless steels. which are magnetic, from the 300 series.
which are nonmagnetic.

You can use the spark test to sort out the general types of steel, to
determine the approximate amount of carbon in steel and some-
times to pinpoint the general type of alloy steel. To make this test,
grind the piece on the bench grinder, and observe the sparks. You
should make this test under carefully controlled conditions: stand
upright., making sure that your line of view is perpendicular to the
stream of sparks; make sure that the lighting is constant: and make
sure that you exert the same amount of pressure as you hold each
piece against the grinding wheel. (If you increase the pressure
against the wheel, the temperature of the spark stream will be
raised. changing its appearance.) Look for: the color of the sparks,
the length and amount of the stream, the streaks and the nature of
the bursts or feathering. Try this test on some pieces of steel that are
already identified (and labeled). Use these as control pieces as you
learn this technique. It takes experience and practice. Refer to the
drawings and notice that, as the carbon content is increased, the
bursts increase and the stream shortens. This is because greater
concentrations of carbon burn more rapidly. Also, as the carbon
content is increased, the stream changes from a light yellow to a
white yellow. In contrast, high-speed steel is more of an orange
vellow.
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alloying element in simple-alloy steels; and the last two digits
indicate the average carbon content in points, For example, a 1020
carbon steel is a mild steel with 20 points of carbon; a 2325 steel isa
nickel steel, containing approximately 3-percent nickel and 25
points carbon.

The specification numbers for tool steels are based on a letter

prefix which describes the basic class of steel. A number following
indicates the different types of steel in that class.

Tool Steels

High speed:

TUNGStEN BRSO .. ... iiviiivitivnaiaa s e e T
Mobdenum Bage ... oo oiinmisne i s s S s M

Hot wark;

Chromium Base ..........cccccerersiasamsamersnyssstannanaina H10-H 19
Tungsten base ........ e Ty e D e e il B s H 20-H 38
Molybdanum bams | oo i i LI b et e e e H 40-H 53
Cold work;

High carbon, high Chromium ... .ccoviiiaaiiiereratanasina D
Madlumalluyairharﬂanlng R T i S e

Qil hardening . e
B}'nckreslstlng e e e L R e S R R AR

BYGLd atoein o s A s e g P
Special purpose:

T N T AT J=

[ T g P11 1o (R PR s e F

Water hardening ... ... ... .. S e s St M

The type of steels used on General Motors
cars and trucks is as follows:

Leaf apring 5160

Coil spring 5160 or 9260
Axle shaft 1050
Transmission shaft 1141

Inlet engine valve 3140

Exhaust enging valve ARMCO #21 - 4N
Connecting rod 1038 or 10374
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Comparative Properties of Tool Steels

Resistance
Quench Wear Hardening | Relative to Decar-
Type Group Medium® | Resistance| Toughness Depth Cost burization
L high-speed 0, A A | very high low deep high low-medium
T high-speed 0, A, 5, | vary high law deap highast low-high
H hot work:
CH basc A O fair good daep high medium
W base AC fair to
good | good deap high medium
Mo basa O, A 5§ | high redium deep high lawe-rmedium
O | eokd work A.O | best poor deep medium medium
high
A cold work A good fair desp medium medium-high
O culd work o good fair madium lvw Righ
] shock resisting | O, W fair best medium medium Inw-_madlum
3y high
P [mold steel A, O, W| low to high | high shallow mwdivim high
L special purpose | O, W medium to medium low high
low alloy meadium vary hiah
F special purpose | W, B Tow 1o low to high shallow low high
carbon-lungsten vary high
W water-nardening | W, B fair-good yuod shallow loweet highest
“W-Water,  B-Brine, ©-0il,  A-Air,  S-Melten Salt
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Carbon Content of Steel for Different Uses

Paoints Carbon Properties Uses
510 Very soft, plastic Stampings, rivets, nails, wire, general
forging
10-20 Tough Structural steel, general use, good for
case hardening, genaral forging
20-30 Quite tough Better grade for structural and machine
parts, screws, general forging
a0-40 Very tough Crane hooks, machine parts, connecting
rods
A40-50 Great toughness with little Heat-treated machine parts, goars, axlas,
hardness shafts
50-60 Great toughness with some Crowbars, garden tools, gears, shafts,
hardness machine parts
60-T0 Greal toughness with fair Flatters, fullers, hot swages, tools to be
hardness used on hot work, drop-forging dies
¥0-80 Great toughness with medium All general blacksmith's tools, hammers,
hardness rivet sets, hot sets, wood augers, gun
barrels, wood chisels, screwdrivers
80-90 Very tough, better than medium Cold chisels, hammers, sledges, hammer
hardness with slight cutting dies, shear blades, large springs, scissors
edge
90-100 Fair toughness, hard with Pneumatic chisels, knives, punches, mills,
medium cutting edge reamers, taps, anvil faces, wrenches,
railroad springs
100-110 Little toughness, hardness with Drifts, swages, springs, stone drills, pliers
good cutting edge
110-120 Great hardness with keen Planing tools, axes, saws, woodworking
cutting edge tools, threading discs, coil springs
120-130 Very keen cutting edge; DOrills, taps, lathe tools, shear knives,
somewhat brittle basic steel used for cutting-tool purposes,
files
130-140 Very hard keen cutting edge; Cold-trimming discs, razors, glass cutiers,
brittle ball bearings, steel engraving
140-150 Extremely hard and very brittle Brass cutting tools with fine edge, turning

hard metals, tools used to cut other
partially hardened metals
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Finishes

Finishes must be applied to most iron-based alloys because they
love to rust. 1 will describe how to prepare the surfaces and the
various methods used to finish the metal, but first, in order to
understand why iron must be finished, let’s take a guick look at
rust or corrosion.

All alloys of iron corrode to some degree depending on the alloy,
the temperature and the environment. Iron exists in nature as iron
oxide. Aler it has been refined into the iron metals that we use, it
has a tendency to return to its more stable natural state, iron oxide
or rust. This can be prevented (sometimes), that is. the basic
electrochemical action of corrosion can be blocked. Corrosion is
the flow of an electrical current on the metal when there is an
electrolyte present; this causes oxidation. Thus when steel gets
wet, a current flows, causing rust; if salt is added, the process is
accelerated. Sometimes, as in the case of Cor-ten steel. a layer of
rust will build up and block further corrosion.

In the case of stainless steel, a hard protective layer is formed on
the surface, preventing further corrosion,

The simplest method that you can use to protect a piece of iron that
you have forged. is to brush it briskly with a wire brush, to remove
the loose scale, and then to rub it with oil or wax. When the iron is
warm, the oil and wax can penetrate under the scale, forming a
reasonably protective barrier. This type of finish may wear off with
use, but it is easily replaced. Later vou may want to rub the part
with another type of oil. You can use peanut oil, linseed oil or
machine oil. It is even better to use a combination of linseed oil and
beeswax for most objects. To a pint of linseed oil that has been
heated, gradually add a 3-to 4-cubic-inch lump of beeswax. Stirun-
til the wax melts. After you apply this mixture to the iron, return the
piece to the fire, so that the linseed oil will carburize slightly. Then
apply another coating of oil and rub. Other mixtures of wax and oil
may also be used. However, bear in mind that when you are
treating objects that will be used in or around food, vegetable oils
should be used.

There is another method for removing scale: quench the piece of
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hat iron in a brine solution, the steam created blasts the scale free.

In addition, if you hammer-refine the piece as it is cooling, then the
heavier deposits of scale will be worked off. However, if you want

to make certain that all the scale is removed, you will have to use
additional mechanical or chemical methods. You can use a wire

wheel or any abrasive wheel; these wheels will polish the iron, as
you get rid of the scale.

The method just described is alright for pieces that are simply
shaped. and that have flat surfaces that are easily accessible.
However, you may not be able to remove all of the scale on more
intricate pieces, particularly in the crevices and corners. For those
pieces, you must resort to chemical removal of the scale. The scale
will be completely removed if you soak the piece in an acid ‘‘bath"’;
this is called pickling. Be careful not to leave the metal in the bath
too long: if you do, it will pit. You must neutralize the iron with
baking soda and wash it thoroughly after the pickle bath. Be

- extremely careful when you are mixing, handling and working with
the pickle solutions.

Below are several pickle formulas. Hydrochloric acid works faster
than sulfuric, but it costs more. Phosphoric acid does not leave a
corrosive salt on the metal. These solutions work faster when
heated.

1. Hydrochloric acid 1 gallon
Water 1 gallon

2. Sulfuric acid L5 pint
Water | gallon

3. Sulfuric acid 6 ounces
Ferric sulfate, anhydrous 5 ounces
Water I gallon

4. Phosphoric acid 15 o 1 pint
Water I gallon

5. Sulfuric acid 8 fluid ounces
Hydrochloric acid 10 fluid ounces
Water 1 gallon
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If you are going to use the piece of iron outside, then you should
consider painting it to protect it. Make sure that the surface is
clean; there should be no rust, scale, water, oil or grease. Prime the
surface. A good primer is a must; apply a light coat, making sure
that it completely covers the metal. Some good primers are:

I. Sherwin-Williams. Rust Control Primer #49, RED
2. Sapolin. Rus-trol All-Purpose Metal Primer #96, WHITE
3. Patterson-Sargent. Zinc Chromate Primer #49, YELLOW

MNote that these arc all colors which will show through if you do not
cover them completely when you are putting on the final finishing
coat, which is usually black. This factor will enable you to cover
completely with the black coat, but do not apply it two thickly, or it
will chip. There are many good finish paints, ranging from glossy to
matte.

If any rust appears, clean the piece down to the bare metal, then
prime and paint it. A spot of rust under the paint will continue to
rust; it must be completely removed.

Al-chem makes a brush-on preparation for metal. which cleans it
and prepares it for painting. It can be brushed on and then wiped
clean. The preparation does not leave corrosive salts, as do the
acid baths; instead, it leaves a phosphate coating that helps paint to
adhere to the metal.

There is one disadvantage to painting the metal: the paint covers
the natural texture and color of the iron. If you are going to use the
piece inside, you can avoid this by painting it with a clear
polyurethane varnish. This will give the metal a glossy satin or
matte finish. depending on the varnish used. For variation, you can
wire brush or highlight the iron with paint before varnishing it. If
you want to highlight it with paint, clean it and then rub the
crevasses and corners with a rag damp with black paint. Using
another clean rag, rub off the paint on the highlights. Allow this to
dry before sealing it with the clear polyurethane varnish.

Not long ago, as I read the Fables uf Aesop, 1 came across the tale:
**A Raven and a Swan.’” Perhaps it says something about how iron
should be finished and how the surface should be treated.
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Once a raven thought it would be great to be as white as a swan; he
fancied that the swan's beauty was derived solely from its white-
ness. He set about washing himself, he changed his diet and
environment. and journeyed from his home to lakes and streams.
But there the water was nol good [or him, the change of diet and
environment took its toll and he wasted away and died.

The moral of the tale is this: Certain specific properties and
characteristics should not be altered or changed. The raven failed
when he tried to make himself white. Iron is not necessarily
improved when its intrinsic beauty 1s covered up.

We usually associate blueing and other coloring methods with
gunsmithing. Most of the best information on blueing comes from
gunsmiths. Some excellent sources which will give vou the fine
points about this process are: Modern Gunsmithing by Clyde
Baker, Metal Finishing Guidebook Directory and Phosphatizing
and Black Oxide Coating of Ferrous Metals by the Department
of Defense.

These colors are created by means of the following processes:
chemical solutions, which cause surface oxidation; chemical solu-
tions, which change the surface of the iron into a different
substance: and the combination of heat and chemicals, which cause
oxidation.

You can use these processes on iron that has first been machined,
polished, sandblasted or finished down to the bare metal. Clean it
thoroughly to remove all pils and dirt. Any impurities will produce
faulty coloration. First remove excess oils with a solvent and a
clean rag. Immerse the piece for 5 to 15 minutes in boiling water,
containing | to 2 tablespoons of lve per gallon of water. When it is
clean, immediately immerse it in clear boiling water for several
minutes. It will rust, if vou do not do this quickly. Then, transfer it
to the hot blueing solution, leaving it there until it reaches whatever
color you desire. Use wires to suspend the pieces in the solution.
Rinse it in boiling water, dry it and rub it with oil.
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The blueing solution can be made up in different concentrations:
Sodium thiosulfate 3 ounces

Lead acetate 2 ounces

Water (hoiling) | gallon

Another blueing solution is:

Ferric chloride 2 ounces
Mercuric nitrate 2 ounces
Hydrochloric acid 2 punces
Alcohol B ounces
Water 8 ounces

Use this solution at room temperature. Clean the piece as previ-
ously described, and place it in the solution for 20 minutces.
Remove it, and let it stand at room temperature overnight. Im-
merse it in the solution again for 20 minutes. Boil it in clean water
for 1 hour. Dry it thoroughly; brush with a scratch brush and rub it
with oil.

A third blueing solution is:

Water 1 gallon
Phosphoric acid 4 ounces
Soft iron filings 1% ounces

Clean the steel of oil and scale. Boil the piece for ¥2 hour in the
solution; oil or wax.

You can impart a black or brown color to the iron if you use other
chemicals and other, rather involved techniques. These techniques
are described in the books previously mentioned.

An Old Recipe

Many of the old recipes refer to the chemicals that we use today in
unfamiliar, perhaps ancient terminology. The following list covers
the ones | have been able to find.
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1 question the value of the old recipes, although undoubtedly some
of them are effective. The most elaborate recipe for a tempering
compound that I have encountered is one that I found in a small
book of 40 recipes by Capt. Daniel W. Young, The Practical

- Blacksmith, Camprising the Latest and Most Valuable Receipts for
the Iron and Steel Workers. 1 have not mixed it up, but if anyone
does, please let me know how it works and smells!

Take 100 ounces of vellow resin,
50 ounces of cream of tartar,
5 ounces of prussiate of potash,
5 ounces of aloes,
5 ounces of common salt; pulverize all fine together;
1,200 ounces of common resin, melted carefully,
300 ounces of tallow (sheep tallow best); melt all;
50 ounces of burnt ox claw or hoof (powdered),
20 ounces of ivory black,
20 ounces of saltpeter,
10 ounces ot sal ammoniac,
5 ounces of powdered charcoal (live the best),
5 ounces of gum arabic,
5 ounces of alum,
4 punces of potash,
3 ounces of burnt horn,
10 ounces of cayenne pepper.
10 ounces of chromate of ﬁotash, and add all the above 1o
600 ounces of common fish oil.

Boil slowly and stir well for 1 hour; when cool it is ready for
use. Superior for lathe tools, reamers, chisels, planers, mill
picks, etc. With this composition you can attain excellent
results if your steel tool is prepared or hammered with the
application of no. 4 welding compound, then heated to a red
heat and plunged into this compound, repeated three or four
times, then tempered and cooled off in no. 6 fluid. It is
excellent for edge tools and springs of any kind. This composi-
tion is of great value in any shop, and has been awarded three
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first prizes at different European expositions. Itis excellent for
all cutting tools, as it avoids the warping and cracking in

tempering.

Chemical Names

Acid of sugar

Aqua fortis

Bichromate of potash
Black oxide of manganese

Blue vitriol }
Blue copperas

Borax
Brimstone
Butter of zinc
Calomil
Dragon’s blood

Ferro prussiate }
Ked prussiate of potash

Green vitriol
Horn silver

Liver of sulfur

Muratic a-::id}
Spirit of salt

0il of vitriol
Peach ash
Sal ammoniac

Saltpeter }
Mitre

Water glass

Oxalie acid
Mitric acid
Potassium dichromate

Manganese dioxide
Copper sulfate

Sodium borate
Sulfur

Zinc chloride
Mercurous chloride

Cannett root
Potassium ferricyanide

Ferrous sulfate
Silver nitrate
Potassium sulfide

Hydrochloric acid

Sulfuric acid
Potassium carbonate

Ammonium chtur,lide

Potassium nitrate

Potassium cyanide
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Your Trademark

Your trademark should be applied to your work. It is your
signature and has the obvious advantage of advertising you. You
can us¢ one of several methods: a special die made up by a
diemaker; a simple one that you make yourself; a name stamped
out with a standard set of letter dies; an acid etch on the piece.

The dies are simple to hammer on soft steel. In contrast, if the

piece is hardened, then you must sign it before it is heat-treated.
Otherwise, use the acid. This is explained in Modern Black-
smithing by J. G, Holmstrom.

To Write Your Name on Steel

Take of nitric acid 4 ounces; muriatic acid, 2 ounce. Mix
together. Now cover the place you wish to write on with
beeswax, the beeswax to be warm when applied. When it is cold,
write your name with a sharp instrument, Be surc to write so that
the steel is discernible in the name. Now apply the mixture with
afeather, well filling each letter. Let the mixture remain about 5
minutes or more, according to the depth desired: then wash off
the acid; water will stop the process of the same. When the wax

is removed, the inscription is plain,

Other formulas for etching steel

|. Indine
Potassium iodide
Water

2. Nitric acid
Water
Alcohol
Copper nitrate

3. Glacial acetic acid
Nitric acid
Alcohol

2 parts
5 parts

40 parts

60 parts
120 parts
200 parts

8 parts

4 parts
| part
| part
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Calculatlons

You must be prepared to make calculations in the following
instances: to determine the weight of a piece, to determine the
length of a piece to be bent and to determine the amount of stock
required in drawing out, upsetting or other forging operations. A
pocket calculator is a big help.

You can easily calculate the weight of a piece by multiplying the
volume by the weight per cubic inch of the material used. Figure
out the volume in cubic inches and multiply by 0.2936 for steel and

0.2779 for wrought iron. Refer to the charts containing weights for
different stock.

When yvou are cutting off a piece of stock to be bent, remember that
the centerline is the only part of the metal that will remain
undisturbed. To determine the proper length to cut, use a traveler
or measuring wheel. It is simple to use. With the pointer on **0."
place the wheel at the beginning of the line to be measured. Push
the wheel along the line, counting the revolutions as you go. Figure
the length by totaling the revolutions and the remaining portion
indicated on the scale.

An alternate method which is both quick and easy is as follows:
Lay out a string or wire over the drawing or piece and then measure
the wire or string.

When you are making a circle, use the centerline method. Multiply
the diameter of the centerline of the circle by 7 (3.1416) to get the
circumference. For example, in figure a, the centerline or mean
diameter is 11.5 inches; the length of stock needed for the circle is
11.5 % 7 or 36.128 inches. (Note on the decimal equivalent chart
that . 128 is close to '.) If you are going to weld the ring, allow
ahout 34 inch extra at each end. as each end must be upset to make
the scarfs (%2 inch for scarfs and % inch for overlap). The length
would be 36 + 1%2 = 373 inches.
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To calculate the amount of stock required to make the form in
figure b, first calculate the length of each part needed to make up
the piece. Then total the amounts. The piece is made up of three
parts: A, B and C. A measures 1.5 inches by 1 inch on the face of
the bar (cross section). Use that size bar. You will need 2 inches for
A. (You do not need to calculate length since you are beginning
with the proper size bar.) B contains 1.5 cubic inches of metal, and
measures 1.5 square inches in cross section. To get the length
needed for B, divide the volume (1.5 cubic inches) by the area on
the face of the bar (1.5 square inches). 1.5 = 1.5 = 1. Therclore you
need a piece | inch long for B. Use the same method for C. C's
volume is .75 cubic inch. Divide the volume (.75 cubic inch) by the
face area (1.5 square inches) to get .5. One half inch is needed for
C. Totaling these three amounts: 2 + 1 +.5 = 3.5,

You must also make allowance for loss incurred through sealing
and the fillets in the corners.
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Inch/Millimeter Decimal Equivalents

Fraction Dacimal Millimaters Fraction Decimal Millimaters
14 015625 03968 *pg 515625 13.09690
o 03125 0.79375 i3z 53125 13.49378
3aa 048875 1.18063 ¥/ 546875 13.B8065
e 0625 1.68780 8ia 5525 14 28783
5/ga 078125 1.98438 gy 578125 1468440
312 09375 238125 193n 58375 15.08128
Tieq 109375 277813 Mg 609375 1547816
s 125 31750 g 625 1587503
Heay 140625 3.57188 ga B40625 1627191
§/az 15625 3.96876 2fap 65625 16.66878
Maq 171875 4.36563 gy &T1875 17.06566
16 1875 4. 76251 i BB7E 17.46253
135y 203125 5.15939 454 J03125 17.85941
Tlaa 21875 5. 55626 23y J1875 18.25629
15{gq 234375 5.95314 4¥ga 734375 18.65316
s 25 6.35001 34 g5 19.05004
gy 265625 6.74689 185y JE5625 19.44691
3z 28125 7.14376 28(qy 8125 19.84379
LY 296875 7.54064 51/py 796875 20.24067
e 125 7.93752 LT B125 20.83764
g, 328125 8.33439 53(gy B28125 21.03442
Mise 34375 ATA27 27)aa .B4375 2143129
23)eq .369375 9.12814 5lea 859375 21.82817
g 375 9.52502 Tle 875 2222504
255 390625 992189 576 890625 2262192
135, 40625 10.31877 28/5 80625 23.01880
ey 421875 10.71565 59/aq 921875 23 41567
The 4375 11.11252 1546 9375 23.81255
N 453125 11.50940 B1/5q 853125 24.20942
Sz AG875 11.60627 Mgy ORATS 24.60630
Mgy 484375 12.30315 /g4 084375 25.00318
e 5 1270003 1 1. 25.40005
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Sizes of Numbered and Lettered Drills

Mo, Size Mo, Size Mo, Size Lottar Size
Bl 0.0135 53 0.0595 26 0.1470 A 0.2340
79 0.0145 s 0.0635 25 0.1495 g 0.2380
78 0.0 60 a1 0.0670 24 0.1520 C 0.2420
7 0.0180 B0 0.0700 23 0.1540 D 0.2460
768 0.0200 49 0.0730 22 0.1570 E 0.2500
75 0.0210 48 0.0760 21 0.1590 F 0.2570
T4 0.0225 a7 0.0785 20 01610 G 0.2610
73 0.0240 46 0.0810 19 0.1660 H 0.2660
72 0.0250 45 0.0820 18 0.1685 I 0.2720
71 0.0260 44 0.0860 17 0.1730 J 0.2770
70 0.02B0 43 Q.0EE0 16 Q1770 K 02810
69 0.0262 42 0.0935 15 0.1800 L 0.2900
68 0.0310 41 0.0860 14 0.1820 M 0.2950
67 0.0320 40 0.0080 13 0.1850 M 0.3020
66 0.0330 0.0885 12 0.1880 (] 03160
65 0.0350 28 0.1015 1 0.1910 P 0.3230
64 0.0360 ar 0.1040 10 0.1935 Q 03320
63 0.0370 26 0.1065 9 01960 R 0.3390
62 0.0380 a5 0.1100 8 0.1990 s 0.3480
61 0.0390 34 0.1110 T 0.2010 T 0.3580
60 0.0400 33 0.1130 B 0.2040 u 0.3680
50 0.0410 32 0.1160 5 0.2055 ¥ 0.3770
58 0.0420 | 0.1200 4 0.2090 W 0.3860
57 0.0430 a0 0.1285 3 0.2130 X 0.3970
56 0.0465 29 0.1360 2 0.2210 ¥ 0.4040
85 0.0520 28 0.1405 1 0.2280 £ 0.4130
54 0.0550 27 0.1440

Dry ash stick rubbed on stecl produces these effects at the

temperature indicated.

660°F.
680°F.
TOO0°F.
T20°F

T35°F.
T50°F.
TT0°F.
T90°F.

This test is useful when heating up a metal in the blue heat

range.

becomes sticky

more greasy
starts fo slide

slips easily and starts to smoke
slips very easily, smoke and a few sparks

moare sparks
lots of sparks
starts to flame
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Rules Relative to the Circle

To Find Circumference: To Find Side of an Inscribed Square;
Multiply diameter by l4ie, Multiply diameter by 07071,
or divide g .3183. or multiply mrcumfcrencc by 02251,
To Find Diameter: divide 4.4428,
Multiply circu mfertm.e by 03183, To Find Side of an Eqgual Square:
or divide 31416, Multiply dlnmeter h]..r 08862,
or divide 1.284,
To Find Radius: * multiply c:lrcum.f'crcnu: h'_'f' 0.2821,
Multiply -:lrcumferen:e by 0.15915, i 3 545
or divide  BJ2B3IE. ™
T Find the Area of a Circle:
Multiply circumference by 4 of the diameter,
or multipiy T_he square of diameter by 0.7854,
ot gireumference by 0.07958,
=t * 14 diameter °° 3.1416.
Circumferences of Circles
In Inches
Diameter Circumfarence Diameter Circumference Diametar Circumference
1 7854 i2 3769 24V 76.96
Ya 1.570 12% 3927 25 7854
34 2.356 13 4084 2512 8010
1 3141 13% 4241 26 8168
1% 4,712 14 43.98 2614 8325
2 6.283 141 4558 &7 g482
& 7.B54 15 A7 12 gl BE 39
3 9.424 15V 48 69 28 a7.96
I 10.99 16 50.26 284 8953
4 12.56 164 51.83 29 91.10
e 1413 17 5340 29z 92.67
5 15.70 1T 5497 30 2424
1] 1727 18 56.54 30% 9581
3] 18.84 18V 58.11 a1 97.38
Bl 2042 19 59.69 e 98.96
7 2199 19% 61.26 3z 1005
i ] 23.56 20 6283 32V 1021
a 25.13 201 64.40 a3 103.6
av 26.70 21 65.97 331 108.2
9 28.27 211 67.54 34 106.8
b L] 29.84 22 69.11 3415 108.3
10 3141 22V .68 a5 109.9
100 J2.98 23 T2.25 d58%e 111.5
11 3455 23 7382 36 1130
111 3612 24 7539
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Weight of Mild Steel Bars

ROUNDS SOUARES HEXAGONS
8IZE SIZE BIZE

O

Siza Per Ft. Periln. PerFt. Perin. PerFt. Perin.
s 042 004 053 004 046 004
Mg 094 008 20 010 A04 009
g A67 014 213 .08 184 015
g 261 022 332 0z8 288 024
3ia 76 031 478 040 414 035
LT S11 043 L6581 054 564 047
Ifa L =la% 056 B850 071 Ja7F 061
LET Bd5 070 1.076 080 a3z 078

5la 1.040 087 1.328 A1 1.150 096
e 1.260 105 1.807 34 1.383 118
¥y 1.500 25 1913 159  1.858 .138
B 1.760 47 2245 A87  1.944 162
s 2.040 70 2.603 217 2256 .188
5he 2350 196  2.088 249  2.588 216

1 2670 223 3.400 283 2944 245
118 3.010 .251 3.838 320 3324 277
1Ya 4.380 282 4.303 358 3727 A1
13 3.770 414 4796 400 41562 46
1'a 4,170 348 5314 443 48601 383
118 4,600 A3 5.857 488 2.072 23
1%s 5.050 421 6.428 536  5.567 464
17he 5.517 460  7.026 .BBE  6.085 507

1'fa 6.010 S0 7.650 538 6.625 292
1%1a 6.519 543 8.3 692 7.189 .588
15 7.050 588 8.978 748 7775 648
1M 7.604 B34 g.682 807 8.388 B89
1% 8.180 6B2 10414 868 9.018 752
113 B.773 J31 11170 831 9673 808
17a 9.390 783 12000 1.000 10.355 .BB3
119y 10.024 B35 12763 1.064 11.053 821

2 10.700 892 136800 1133 11.780 982
2%e  11.360 847 14463 1205 12528 1.044
2'g 12058 1.008 15354 1.280 13300 1.108
23w 12778 1.085 16270 1.355 14082 1.174
214 13519 1127 17.213  1.434 14911  1.243
2% 18 14280 1.190 18.182 1.515 15747 1.312
2%0n 15.063 1.255 19.178 1.588 16613 1.384
274 15866 1322 20201 1683 17486 1.458

2z 16690 1391 21.250 1.771 18403 1534

OCTAGONS

SIZE

O

Per Ft.

D44
.099
A76
273
396
539

o4

B9
1.100
1.331
1.584
1.859
2.157
2476

2817
3.180
3.565
3.972
4.401
4.852
5.325
5.820

6.338
6877
7.438
8.021
B8.626
9.253
8.902
10.574
11.267
11.882
12719
13.478
14259
15.063
15.6868
16.735
17.604

Per In.

004
.0o8
s
023
033
.045

059
074
092
A11
132
155
180
206

235
265
287
331
367
404
444
485

528
573
620
668
119
J71
825
.881

939

989
1.060
1.123
1.188
1.255
1.324
1.395

1.4G67
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Weights of Square Edge Mild Steel Flats

Pounds per Linear Foof

Thickness. Inches

Width,
Inches | e a LT s LT % Ti1g e g 3y Tla 1

1ia 053 | 106 | 159 213 | 266 | 319 | 372 | 425| 531 | .636| .744| .850

YWa 0B | 213 | 319 | 425 | 531 | 638 | .744 | .BB0| 1.063 | 1.275( 1.488 | 1.700

s Jd68 | 319 | 47B| 638 | 797 | 956 |1.116 (1.275| 1.594 | 1.913 | 2231 | 2,550
1 213 | 425 | B38| .850 1.083 |1.275 (1488 (1700 | 2.125| 2.550 | 2975 | 3.400
s 266 | 531 | 797 | 1.063 | 1.328 |1.594 |1.859 | 2.125| 2.656| 3.188 | 3.719| 4.250
1z 319 | B38| 956 1.275( 1.594 |1.913 (2231 | 2550 | 3.188| 3.825| 4463 | 5.100
1%s A72 | 744 |1.116| 1.488 | 1.859 (2231 (2603 | 2975| 3.719| 4.463 | 5206 | 5.950
2 425 | B850 |1.275|1.700 | 2.125 (2.550 (2975 | 3.400| 4.250 | 5.100| 5.950| 6.800
24 ATB | 956 1.434 | 1913 | 2391 (2869 (3347 | 3825 | 4.781 | 5738 | 6694 | 7.650
22 531 |1.063 | 1.594 | 2.125 | 2.656 |3.188 (3.719 | 4.250 | 5313 | 6.375| 7.438 | B.500
234 584 1,169 (1.753 | 2338 | 2922 |3.506 (4001 | 4675| 5.844 | 7013 | 8181 | 9.350
3 638 [1.275 11913 | 2550 | 3.188 [3.825 (4463 | 5100 | 6.375 | 7.650 | B.925 |10.20
Ay 691 (1381 |2072 (2763 | 1453 |4144 [AR34 | 5525 | 906 | B 288 | O8R4 |11.05
Al | 744 (1488 |2.231 | 2975 | 3.719 |(4.463 | 65206 | 5,950 | 7.438( 8.925|1041 |11.890
3% 797 [1.594 [ 2391 | 3.188 | 3.984 (4.781 | 5578 | 6375 | 7.969| 9563 (1116 [12.75
4 JBS0 [ 1,700 | 2550 | 3.400 | 4.250 (5100 | 5950 | 6.800 | 8.500(10.20 (11.90 |13.60
41y 803 | 1.806 | 2.709 | 3.613 | 4516 (5419 |6322 | 7.225 | 9.031 1084 [12.64 |14.45
41z 056 [1.913 | 2.869 | 3.825 | 4.781 |5.738 (6694 | 7.650 | 9.563(11.48 (13.39 (1530
434y 1.009 (2019 (3028 | 4.038 | 5.047 (60568 |7.066 | 8.075 |10.09 1211 (1413 [1B.15”
5 I 1.063 |2.125 | 3.188 | 4.250 | 5,313 |6.375 |7.438 | 8.500 [10.63 [12.75 |'14.Eﬂ 17.00
Coal

| cubic foot of broken bituminous coal averages 4% pounds

I cubic foot of loose bituminous coal averages 40 to 48 pounds

1 ton of bituminous coal equals 32 to 34 cubic feet
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hts and Melting Temperatures

l Pounds Pounds Melting Point
pear Cubic Foot per Cubic Inch in degrees F.
Wro ght Iron 461 to 493 .267 to 285 + 2,790
el (1040) 489 .283 + 2,600
450 261 + 2,200
spper (Rolled) 548 a7 = 1,980
25 (Rolled) 542 203 +1.652t01,724
: Aluminum 159 082 + 1,218
711 A11 + B20

“A.B.A.N.A.

‘The Artist-Blacksmith’s Association of North America. an organi-
zation of smiths and friends, is a major resource for blacksmiths.
Membership is open to all. The yearly rates are: students, $5;

regular members, $15; and contributing members, $50. For infor-
mation write to: ABANA, 345 West Putnam Avenue, Greenwich,

CT 06830,

ABANA holds annual meetings. which usually comprise several
days of demonstrations, work, discussions, exhibits. and last but
not least, the comraderie of fellow smiths exchanging information.

The **Anvil's Ring"" is the quarterly publication of ABANA (free to
all members). Included in its helpful services are: Membership lists.
names and addresses of suppliers, correspondence and some useful
“‘tricks of the trade”” (ideas and processes submitted by members).
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Metric Equivalents
for Measures

1inch (in.)= 2.54 cm

1 square inch (in.?) = 64516 cm®
1 cubie inch (in.?) = 16.3872 em?
1 foot (ft) (12 in) = 30.48 cm

= 929.03 crm?
&
1 square foot (%) _ 1, hong ams
. = 28,317 cm?
1 cubic foot (ft%) _ o nhas o
= 91.44 cm
1yard (yd) B ) _ 5 0144 m

1 square yard (yd?) = 0.8361 m?
1 cubic yard (yd?) = 0.7646 m®

1 mile (5,280 ft, or 1,760 yd)

1 millimeter (mm) = 0.03937 in.
1 square mm (mm?) = 0.0015 in.?
1 centimeter (cm) (10 mm) = 0.3937 in.
1 square cm (cmZ) = 0.1549 in.?
1 cubic cm (cm?) = 0.0610 in.?
=39.37 in.
1 meter (m) (100 cm) = 3.2808 ft
= 1.0836 yd
= 10.7639 fi*
1 square meter (m2)= 1.196 yd?
= 35.314 it
1 cubic meter (m?) = 13079 yd?
= 3,280.83 ft

1 kilometer (km) (1,000 m) = 1,093.61 yd
= 0.6214 mile

Metric Equivalents
for Weights

1 ounce avolrdupois (oz) = 28.3495 gm
1 pound (Ib) (16 o0z) = 453.6 gm

11b per in.= 178.6 gm per cm

1l per in®*= 70.31 gm per cm®

1 Ik per in*= 27.68 gm per cm?

11b per ft = 1.4882 kg per m

1 Ih per ft2 = 4 AR24 ko per m?

1 Ib per ft* = 16.0184 kg per m?

1 net ton (NT) (2,000 |b) = 907.19 kg

1 gram (gm) = 0.0022 Ib

1 gm per em = 0.0056 |b per in.

1 .gm per cm® = 0.0142 Ib per in.*

1 gm per cm’ = 0.0361 Ib perin?

1 kilegram (kg) (1,000 gm) = 2.2046 |b
1 kg per m = 0.67187 Ib per ft

1 kg per m? = 0.2048 |b per ft?

1 kg per m* = 0.0624 Ib per ft*

1 metric ton (1,000 kg) = 1.1023 NT
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File Test
Action of File on Approximate
the Metal Rockwell G Temperature Temper Color
Hardened piece €5 not drawn
scratches glass
File slides off 60 400°F.
File will hardly mark 420°F, pale yellow
File can hardly be made 58
to catch
Flle marks 450°F. straw yellow
File catches with 57
difficulty
File marke desper S00°F. deep straw
File scratehes deeply 55 530°F. light purple
550°F. dark purple
Files with great difficulty 570°F. blue
Files with difficulty 53 BOO°F. light blue
File cuts easier 50 BBO°F. steel grey

Blacksmith’s Beer

Blacksmith’s beer is the name that my students at the Philadelphia
College of Art have given my homemade beer. It is our custom to
meet at my house at the end of each semester for a final evaluation
or “erit.”” The students bring their work and I provide homemade
bread and beer. At their insistence, [ am including the recipe for my
beer, which may prove to be a valuable resource for my fellow
smiths. This idea was developed after several beers.

I dedicate this section to my students, who have taught me much.

Ingredients

10 pounds sugar

| pound brown sugar

15 gallons water

2-3 pound cans “*Blue Ribbon™ dark malt
extract, flavored with hops

2 lemoms, juiced

5 vitamin C tablets

5 tablespoons salt

| package lager beer yeast
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I use a plastic garbage can with a lid, as my **mash tun,” the
container in which the beer, or “wort,”" works. (Please, use this
only for beer brewing!) Mix the ingredients as follows:

Heat !4 gallon water in a large pot and add 5 pounds sugar. Stir
until dissolved. Pour this into the mash tun. Repeat with the other
sugars. Add malt extract and stir until mixed. Add all the other
ingredients except the yeast. The yeast must be started or
“proofed’” by putting it in a cup of lukewarm water with a

pinch of sugar. Set it aside until it has started (it will bubble up
and “‘rise’’).

Make sure that the remaining water is warm, not hot, when you add
it, so that temperature of the wort will be around 85°F. Now

add the yeast. Place the cover on the can and let it set for about 2 to
3 weeks. The setting time is partly a function of temperature. Try to
place the mash tun in a location where there are not too many
temperature variations, and where the temperature will not drop
lower than 65°F. Also, remember to place the mash tun up off the
floor. so that vou will be able to siphon off the beer into the bottles.
The mash tun must be above the level of the bottles.

A beer hydrometer will indicate when the fermentation has stopped
or “‘gone flat.”” However, any good smith can tell by color. Draw
the temper of the wort to a **dark brown’ that is clear with no
bubbles rising to the top.

Using a plastic 38-inch tube as a siphon, draw off the beer into |-
guart sterile, returnable bottles. Fill them to within ¥2 inch of the
top. Do not leave more air space, as too much pressure might
develop. To get foam or a head on the beer, you must add sugar to
the hottles hefore filling them. Add a level teaspoon of sugar to
cach I-quart bottle (or ¥ teaspoon to each 16-ounce bottle), This
will cause a secondary fermentation. Cap each bottle and shake it
twice when you place it in the case. Bottle caps and a capper are
readily available in many stores.

Store in a dark cool space (or temper to a light straw).

In about 2 weeks, cool a bottle and see how it tastes. The beer
should be clear and have a medinm head. The beer really needs a
full month to mature, but | cannot wait.

Cheers.




Edge of the Anvil

Bibliography

This bibliography is divided into three sections: blacksmithing,
which covers the many aspects of forging processes, tools and
materials; technical, which covers the metallurgical and scientific
problems encountered in forging; general, which covers the histor-
ical and other aspects related to blacksmithing.

These books have been informative in my search and study of
blacksmithing but they are only a partial answer. For, as the
Chinese sage Lin Yu Tang said, **A wise man reads both books and
life itself.”’
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Section V

The Yellin Portfolio




The Yellin Portfolio

Samuel Yellin was born in Mogilev-Podolski, Russia, in 1885, After
completing his apprenticeship to an ornamental ironworker there,
he moved to Philadelphia, Pennsylvania, to join his mother and two
sisters. He enrolled in the School of Industrial Art of the Pennsyl-
vania Museum in Philadelphia {(now the Philadelphia College of

Art), and because of his experience and knowledge, was made the
instructor of the classes in metal, which he taught for several years.

In 1922 he started his own forge, and gradually built up this
business until there were 300 people employved. He was largely
recsponsible for the revival of decorative ironwork in the twentics
and thirties, until his death in 1940,

This chapter contains photographs of the ironwork of Samuel
Yellin. They are small test pieces that he forged at the Yellin
Metalworks in West Philadelphia. They are in a small museum
there. Harvey Yellin, his son, still operates the shop. Because of
their importance, these pieces, as well as Mr. Yellin’s photographs,
drawings, and library, are being assembled and will be housed in an
appropriate museum in Philadelphia.

Samuel Yellin made these pieces in order to check out the ideas,
thoughts and drawings that flowed from his creative mind. As his
son Harvey said, “"He used to draw ideas far into the night and
always kept a pencil and pad on a table beside his bed so that he
could put them down and not forget them.”” He describes how he
felt about drawing and making these samples in an article he wrote
for the Encyclopedia Britannica, the 1955 edition, vol. 12, called
“Iron in Art."”

Execution of Work—First draw a sketch to a small scale, 50 as to
obtain the general composition, proportion, silhouette and har-
money with the design of surrounding materials or conditions.
This sketch should then be developed into full size to obtain
details of ornament, various sections and sizes of material and a
general idea of the method of making. At this time. careful
consideration must be given to the practical use of the piece of
work so that it may serve its purpose in the best manner
possible. Workers in iron should always attempt to make every-
thing direct from a drawing, rather than from models. When
working from a model, the object becomes more or less a
reproduction, whereas the drawings allow a greater opportunity
to express the craftsman’s individuality.
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Studies or experiments in the actual material are now made. for
here many things are revealed which could not possibly be
shown on paper. The character of a twisted member or the
flexibility of the material might be used for example to show how
difficult it would be to conceive many things in the drawings. For
this reason the true craftsman should often make a fragment or
portion of the ornament in the actual material first, and make the
drawings later.

The full-size pieces that he forged are located throughout the
country. These are the magnificent creations of a master smith and
bear witness to his genius. However. in this book. we will
concentrate on his beginnings. The photographs of Yellin's work
are included here to suggest possibilities and to challenge you. 1
hope that after you study them. you will be inspired to use some of
the techniques or processes which Yellin used. As Yellin once said,
“*Where one possesses the ability, he can produce work in iron with
a spontaneity that cannot be obtained in any other way.”" Notice
that some of the pieces are assemblies of simple components; these
show how larger grills or gates could be made, Study these things
carefully and learn from them.
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Acid etching, 133
Air flow, through the smithy, 16
Air pressure, for forge, 21
Alloys. description of, 37
for knifemaking, 91
for strength, 117
Angle weld, description of. 101
Annealing. definition of, 111
techniques of, 52, 114
Anthracite coal, for forge, 34
Anvil, description of, 17-19
Anvil beak. See Mandnl
Ash, as hammer handle, 23

Backing-up blows, used in upsetting,
55
Beer recipe, 145-46
Bench grinder. use in smithy. 22
Bench vise, description of, 25
Bituminous coal, in the forge. 33
Blacksmith, contemporary, 34
yesteryear's, 1-2
Blow back, when watering fire, 43
Blower, to provide air for forge. 21
Blueing, techniques of, 131-32
Bolster, used with punch, 28, 79
Box vise. See Post vise
Breeze, fuel for forge, 33
making of, 4243

Brine solution, for quenching, 114
Business card, for selling your work. 8
Butt hinge, making of, 71-72

Butt weld, description of, 100

il

Calipers. for measuring thickness, 32
Candle cup, making of, 59
Carbon, content for various uses, 127
used in making steel, 37, 108
Carburizing, description of, 49, 119-22
Case hardening. See Carburizing
Cast iron, description of, 36
Cast-iron anvil, use of, 17
Center punch, making of, 52-53
use [or marking, 32
Chain, making of, 95
Chain hook, making of, 55-57
Chambered fire, for welding, 66
Charcoal, as fuel for forge, 34-35
Chimney, for ventilation. 15
Chisel, description of, 26
making of, 53
Circumference, of circle, 140
Clay, as design medium, 6-7
Cleft weld, description of, 101-2
Clinker, in fire, 43
Clothing, for safety in smithy, 32
Coal, for forge, 33-35
weight ul, 142
Coke, as fuel for forge, 33
making of, 42-43
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Cold set, description of, 26
Color, of coal when burning, 34
of steel when forging, 50, 117-18
of steel when tempering. 50.
117-19
Coupler, to hold tongs tightly, 24
Crab net bow, making of, 102-3
Critical temperature, description of,
110-14
testing for, 51
Crystalline structure, of steel, 51,
106
Cupping tool. making of, 6l
use of, 29
Cutoff tools, 31
Cutting, with set hammer, 81-82
technigues of, 4445
Cutting saddle. description of. 31
Cyaniding, to form hard case, 121

- I)-

Decarburization, definition of, 117
Decimal equivalents, of fractions,
138
Decorative iron, making of, 96-99
Design. importance of before forging,
4-6
Drawing out, techniques of, 45-46
Drift, description of , 30
use of, 78-79
Drill sizes, 139

s

Edges, of anvil, 17
grinding of, 18
Etching, with acid, 135
Eye, of hammer, 23, 79
Eye protection, when working, 32
Eve punch. use of, 79

207

Eve weld, description of, 67-69
i

Face, of anvil, 17
Faggot weld, description of, 70
Files, use in smithy, 22
File test, for hardness of metal, 145
Fines, in coal, 34
Finishes, descriptions of, 128-34
Fire, lighting of, 42-43

types of, 43, 66, 70
Fire. chambered, for welding. 66
Fire, open. for welding, 70
Firebox, of forge, construction of, 21
Fire poker, making of, 69
Fire rake, making of. 49
Fire tools, description of, 31
Flairing, to spread bar, 59
Flashing, method of drawing a

temper, 117

Flatter. See Flaltic
Flattie, description of, 28
Floor, smithy, materials for, 16
Flux, use when welding, 65-66
Forge, parts of, 19-21
Fork, making of, 71, 74
Fullers, function of, 27

working with, 75
Fusion point. See Welding heat

Y 2
Gloves, for hand protection, 32
Grain, of iron and steel, 106-8
Green coal, description of, 42

-H -

Hammer, description of, 22-23
making of. 80



Hammer man. See Striker
Hammer refining, technique of, 69
Handle, hammer, finishing of, 59-60
woods used for, 23
Hand sledge, description of, 24, 88
Hardenability, of iron, 114-15
Hardening. definition of, 111
technigues of, 51, 52-53, 114
Hardie, cutting with, 19, 45
description of, 26
making of, §89-90
Hardie hole, on anvil, 26
Hardness, of metal, 109
Head, of hammer, 23
Heading, of steel, description of,
54-55
techniques of. 61-63
Heading tool, making of, 61
use of, 29
Heat, definition of, 35
Heat treating, description of, 52-53,
i1
of hammer, B0
of knife, 93-94
Heel, of anvil, 18-19
cutting with, 19
Hickory, for hammer handle, 23
Hinges, making of, 71-73
Holes, shaping of, 30, 56
Hood, for ventilation. 15-16
placement for efficiency, 21
Hook rule, for measuring length, 32
Hooks, making of, 47-48, 55-56,
95-96
Horn, of anvil, 17
Hot set, description of, 26

)

Intermediate technology. black-
smithing in, 3-4

Iron, description of, 35
types of, 36-37

o

Jumping up. See Upsetting
Iump weld. description of. 100-101

-K -

Knifemaking, 91-94

alliw

Lap weld, description of, 85-86

Layout, of smithy, 13-14

Light, need in smithy. 15

Liquid carburizing, description of,
121-22

«-M -

Machinist vise. Se¢ Bench vise

Magnetism, of steel, at critical
temperature, 112

Mandril, description of, 29

Measuring tools, descriptions of, 32

Melting temperatures, 143

Metal identification, 123

Metric conversion charts, 138, 144

W

Nail header, description of, 30
making of, 63

Nails, making of, 63

Neutral fire, definition of, 44
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Oil, for finishing, 128

for quenching, 114
Open fire, for welding, 70
Overlap collar, to hold scrolls, 99
Oxidizing fire, definition of, 44

-P-

Painting. of forged items, 130-31
Peen, of hammer, 22
Peening, to form spoon, 38
Pick, rock. making of, 81
Pickling, to remove scale, 129
Pintle hinge, making of. 73
Poker, as fire tool, 31
making of, 69
Polyurethanc varnish, for finishing,
130
Portfolio, to sell your work, 8
Post vise, description of, 25
Primer, need for before painting, 130
Punches, description of, 28, 79
making of, 52-33

= I
Quenching. after forging. 111, 114
-R-

Rake, as fire tool, 31
making of, 49
Record keeping. of blacksmithing
business, 8
Reducing fire, definition of, 43-44
Reins. of tongs, 24
Rivets, making of, 62
Rivet set, making of, 61-62
use of, 29

209

Rock pick, making of, 81
Rust, description of, 128

il

Saddle, use of, 29
Safety precautions, 32-33
Sate. See Set
Scale, forming on iron, 33
removal of, 128-29
Scarl collar, for holding scrolls, Y8
Scarfing, before welding, 67
Scrolls, making of, 96-97
*Second man,” tool for smithy, 31
Set, chisel, description of, 26
$et hammer, description of, 28
use of, 81-82
Setting, of anvil, 19
Shoes. for safety. 33
Shutting down, of forge, 54
Sinking. to form spoon, 58
Slack tub, use in smithy, 20
Slag. use in making wrought iron, 36
Sledges, description of, 24, 88
Smithy. description of, 12
layout of, 13-14
Soapstone pencil, for marking, 32
Spark test, for identification of
metals, 123
Spiral, finish on handles, 60-61
Splitting, description of, 71
Spoon, making of, 57-58
Spreading fuller. use of, 27
Spring fuller, use of, 75
Spring swage, benefits of, 27
Stainless steel, forging of, 122-23
Stake vise. See Post vise
Stand, for anvil, 19
Steel, description of, 37
Steeling. definition of, 101
Step, of anvil, 18



Striker, function in smithy, 87-89
Sulfur, in coal, 34
Swage, description of, 27

making of, 77
Swage block, description of, 28
Swing sledge, description of, 24, 88

B Y

Tang, types on knife, 92
Tempering. definition of, 111

of knife, 93-94

techniques of, 53, 115-17
Tenons, making of, 77-78
Threading the needle, finish on

handles, 59-60)

Tongs, description of, 24

making of, 82-86
Toughness, of metal, 110
Trademark, personal, on finished

items, 135

Travelers, for measuring rounds, 32
Trivet, making of, 98
Trowels, making of, 76
T-square, making of, 78
Tumbling. method of drawing out. 46
Tuvere, of forge, function of, 20-21
T weld, description of, 101
Twisting, techniques of , 48-49
Twisting wrenches, deseription of .

30
-U-
Uphand sledge. See Hand sledge

Upsetting. of ring, 103
of steel bar, 54-55

Index
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- X

Varnish, polyurethane, for finishing,
130
Ventilation, of smithy. 15-16
Vise, description of, 25
use in smithy, 22
YV weld, description of, 101-2

-W -

Water. for quenching, 114
Watering, of fire,k 4243
Watering can, as fire tool, 31
Wax, for finishing, 128
Weight, of anvil, 18
of hammer, 22
of steel bars, 141
of steel flats, 142
Welding, with the forge, 63-70,
85-86, 100-102
tips for, 99-100
Welding heat, description of, 64, 68,
71, 99
Wire brush. use in smithy, 22, 128
Workbench. tools for, 22
Working relationship. hetween
pieces of equipment, 13-14
Wrenches, closed and open-ended,
making of, 90
Wrenches, twisting, description of,
30
Wrought iron, description of, 36-37
welding of, 64



