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PREFACE TO THE THIRD EDITION.

- MoperN demands on the finished products of
steel have necessitated rapid strides in the art of
heat treatment of the metal. As the subjects of
forging, hardening, tempering and annealing are so
closely correlated it has seemed wise to add to
~‘““Forge Practice” a certain amount of material
devoted to the other branches of the art.

The introduction of heat measuring and hardness
testing instruments, together with various other
modern appliances, and up to date systems of doing
work have made necessary a broader knowledge of
heat-treating inethods than was formerly the case:
for after all the most important factor is the man
doing the work.

It is the earnest wish of the writers of this volume
that it may be instrumental in helping men engaged
in heat treating steel to be of greater value to them-
selves and others.



PREFACE TO THE SECOND EDITION.

THaE author believes that the text book should
be used to explain principles and give examples,
not to give minute explicit directions for making
a set of exercises.

This necesitates an independent set of drawings
for the work to be done.

It is for this purpose that the set of drawings
is given.

The author has felt the need and lack of such
drawings in the text-book as used before, and it is
to remedy this defect that the addition has been
made. ;

The exercises are such as have been found useful
in the shop, and an effort has also been made
to give drawings of such tools as are ordinarily
used in the forge and machine shops.

'S
March, 19o8.

vi



PREFACE TO THE FIRST EDITION.

Tms little volume is the outgrowth of a series of
notes given to the students at Lewis Institute from time
to time in connection with shop work of the character
described.

It is not the author’s purpose to attempt to put forth
anything which will in any way take the place of actual
shop work, but rather to give some explanation which will
aid in the production of work in an intelligent manner.

The cxamples cited are not necessarily given in the
order in which they could most advantageously be made
as a series of exercises, but are grouped under general
headings in such a way as to be more convenient for
reference.

The original drawings from which the engravings
were made were drawn by L. S. B.
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FORGE-PRACTICE.

CHAPTER 1.

GENERAL DESCRIPTION OF FORGE AND TOOLS.

Forge.—The principal part of the forge as gener-
ally made now is simply a cast-iron hearth with
a bowl, or depression, in the center for the fire.
In the bottom of this bowl is an opening through
which the blast is forced. This blast-opening
is known as the tuyere. Tuyeres are made in
various shapes; but the object is the same in all,
that is, to provide an opening, or a number of
openings, of such a shape as to easily allow the
blast to pass through, and at the same time, as
much as possible, to prevent .the cinders from
dropping into the blast-pipe.

There should be some means of opening the
blast-pipe beneath the tuyere and cleaning out
the cinders which work through the tuyere-open-
ings, as some cinders are bound to do this no
matter how carefully the tuyere is designed.

When a long fire is wanted, sometimes several
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tuyeres are placed in a line; and for some special
work the tuyeres take the form of nozzles pro-
jecting inwardly from the side of the forge.

Coal.—The coal used for forge-work should be
of the best quality bituminous, or soft, coal. It
should coke easily; that is, when dampened and
put on the fire it should cake up, form coke, and
not break into small pieces. It should be as free
from sulphur as possible, and make very little
clinker when burned.

Good forge-coal should be of even structure
through the lumps, and the lumps should crumble
easily in the hand. The lumps should crumble
rather than split up into layers, and the broken
pieces should look bright and glossy on all faces,
almost like black glass, and show no dull-looking
streaks.

Ordinary soft coal, such as is used for “steam-
ing-coal,” makes a dirty fire with much clinker.
“Steaming-coal”’ when broken is liable to split
into layers, some of which are bright and glossy,
while others are dull and slaty-looking.

Fire.—On the fire, to a very great extent, depends
the success or failure of all forging operations,
particularly work with tool-steel and welding.

In building a new fire the ashes, cinders, etc.,
should be cleaned away from the center of the
forge down to the tuyere. Do not clean out the
whole top of the forge, but only the part where
the new fire is wanted, leaving, after the old
material has been taken out, a clean hole in which
to start the fresh fire.
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The hearth of the forge is generally kept filled
with cinders, etc., even with the top of the rim.

Shavings, oily waste, or some other easily lighted
material should be placed on top of the tuyere
and set on fire.

As soon as the shavings are well lighted, the
blast should be turned on and coke (more or less
of which is always left over from the last fire)
put on top and outside of the burning shavings.
Over this the “green coal” should be spread.

Green coal is fresh coal dampened with water.
Before using the forge-coal it should be broken
into small pieces and thoroughly wet with water.
This is necessary, as it holds together better when
coking, making better coke and keeping in the
heat of the fire better. It is also easier to prevent
the fire from spreading out too much, as this
dampened coal can be packed down hard around
the edges, keeping the blast from blowing through.

The fire should not be used until all the coal on
top has been coked. As the fire burns out in the
center, the coke, which has been forming around
the edge, is pushed into the middle, and more
green coal added around the outside.

We might say the fire is made up of three parts:
the center where the coke is forming and the iron
heating; a ring around and next to this center
where coke is forming; and, outside of this, a ring
of green coal.

This is the ordinary method of making a small
fire.

This sort of fire is suitable for smaller kinds of
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work. It can be used for about an hour or two,
at the end of which time it should be cleaned.
When welding, the cleaning should be done much
oftener.

Large Fires.—Larger fires are sometimes made
as follows: Enough coke is first made to last. for
several hours by mounding up green coal over
the newly started fire and letting it burn slowly
to coke thoroughly. This coke is then shoveled
to one side and the fire again started in the follow-
ing way: A large block, the size of the intended
fire, is placed on top of the tuyere and green coal
is packed down hard on each side, forming two
mounds of closely packed coal. The block is
taken out and the fire started in the hole between
the two mounds, coke being added as necessary.
This sort of a fire is sometimes called a stock. fire,
and will last’ for some time. The mounds keep
the fire together and help to hold in the heat.

For larger work, or where a great many pieces
are to be heated at once, or when a very even
or long-continued heat is wanted, a furnace is
used. For furnace use, and often for large forge-
fires, the coke is bought ready-made.

Banking Fires. — When a forge-fire is left it
should always be banked. The coke should be
well raked up together into a mound and then
covered with green coal. This will keep the fire
alive for some time and insure plenty of good
coke for starting anew when it does die out. A
still better method to follow, when it is desired
to keep the fire for some time, is to bury a block
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of wood in the center of the fire when bank-
ing it.

Oxidizing Fire.— When the blast is supplied
from a power fan, or blower, the beginner generally
tries to use too much air and blow the fire too hard.

Coal requires a certain amount of air to burn
properly, and as it burns it consumes the oxygen
from the air. When too much blast is used the
oxygen is not all burned out of the air and will
affect the heated iron in the fire. Whenever a
piece of hot iron comes in contact with the air the
oxygen of the air attacks the iron and forms oxide.
This oxide is the scale which is seen on the outside
of iron. The higher the temperature to which the
iron is heated, the more easily the oxide is formed.
When welding, particularly, there should be as
little scale, or oxide, as possible, and to prevent its
formation the iron should not be heated in con-
tact with any more air than necessary. Even on
an ordinary forging this scale is a disadvantage,
to say the least, as it must be cleaned o, and
even then is liable to leave the surface of the work
pitted and rough. If it were possible to keep air
away from the iron entirely, no trace of scale would
be formed, even at a high heat.

If just enough air is blown into the fire to make
it burn properly, all the oxygen will be burned
out, and very little, if any, scale will be formed
while heating. On the other hand, if too much
air is used, the oxygen will not all be consumed
and this unburned oxygen will attack the iron
and form scale. This is known as ‘oxidizing”’;
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that is, when too much air is admitted to the fire
the surplus oxygen will attack the iron, forming
“oxide,” or scale. This sort of a fire is known as
an “oxidizing " fire and has a tendency to “‘ oxidize”’
anything heated in it.

Anvil.—The ordinary anvil, Fig. 1, has a body
of cast iron, wrought iron, or soft steel, with a
tool-steel face welded on and hardened. The
hardened steel covers just the top face, leaving
-the horn and the small block next the horn of the
softer material.

The anvil should be so placed that as the work-
man faces it the horn will point toward his left.

The square hardie-hole in the right-hand end of
the face is to receive and hold the stems of hardies,
swages, etc.

For small work the anvil should weigh about
150 lbs.

Hot and Cold Chisels.—Two kinds of chisels are
commonly used in the forge-shop: one for cutting
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cold stock, and the other for cutting red-hot metal.
These are called cold and hot chisels. :

The cold chisel is generally made a little thicker
in the blade than the hot chisel, which is forged
down to a thin edge.

. Fig. 2 shows common shapes for coid and hot
chisels, as well as a hardie, another tool used for
cutting.

HARDIE

CHISEL

F1G. 2.

Both chisels should be tempered alike when
made.

The cold chisel holds its temper; but, from con-
tact with hot metal, the hot chisel soon has its
edge softened. For these reasons the two chisels
should never be used in place of each other, for by
using the cold chisel on hot work the temper is
drawn and the edge left too soft for cutting cold
metal, while the hot chisel soon becomes so soft
that if used in place of the cold it will have its
edge turned and ruined.

It would seem that it is useless to temper a hot
chisel, as the heated work, with which the chisel
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comes in contact, so soon draws the temper. When
the chisel is tempered, however, the steel is left in
a much better condition even after being affected
by hot metal on which it is used than it would
be if the chisel were made untempered.

Grinding Chisels.—It is very important to have
the chisels, particularly cold chisels, ground cor-
rectly, and the following directions should be
carefully followed.

The sides of a cold chisel should be ground to
form an angle of about 60° with <ach other, as
shown in Fig. 3. This makes an angle blunt

Fic. 3.

enough to wear well, and also sharp enough to
cut well.

The cutting edge should be ground convex,
or curving outward, as at B. This prevents the
corners from breaking off. When the edge of the
chisel is in this shape, the strain of cutting tends
to force the corners back against the solid metal
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in the central part of the tool. If the edge were
made concave, like C, the strain would tend to
force the corners outward and snap them off. The
arrows on B and C indicate the direction of these
forces.

Hot chisels should be ground sharper. The
sides should be ground at an angle of about 30°
instead of 60°.

Another tool used for cutting is the hardie. This
takes the place of the cold or hot chisel. It has a
stem fitted to the square hole in the right-hand end
of the anvil face, this stem holding the hardie in
place when in use.

Cutting Stock.—When soft steel and wrought-iron
bars are cut with a cold chisel the method should
be about as follows: First cut about one-fourth
of the way through the bar on one side; then
make a cut across each edge at the ends of the
first cut; turn the bar over and cut across the
second side about one-fourth the way through;
tilt the bar slightly, with the cut resting on the
outside corner of the anvil, and by striking a sharp
blow with the sledge on the projecting end, the
piece can generally be easily broken off.

Chisels should always be kept carefully ground
and sharp.

A much easier way of cutting stock is to use
bar shears, but these are not always at hand.

The edge of a chisel should never under any circum-
stances be driven clear through the stock and allowed
to come in contact with the hard face of the anvil.

Sometimes when trimming thin stock it is con-
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venient to cut clear through the piece; in this
case the cutting should be done either on the horn,
the soft blcck next the horn, or the stock to be
cut should be backed up with some soft metal.
An easy way to do this is to cut a wide strip of
stock about two inches longer than the width of
the face of the anvil, and bend the ends down to
fit over the sides of the anvil. The cutting may
be done on this without injury to the edge of the
chisel. It is very convenient to have one of these
strips always at hand for use when trimming thin
work with a hot chisel.

The author has seen a copper block used for
this same purpose. The block
was formed like Fig. 4, the stem
being shaped to fit into the hardie-
hole of the anvil. This block was
designed for use principally when

Fic. 4. trimming thin parts of heated
work with a hot chisel.

Care should always be taken to see that the
work rests flat on the anvil or block when
cutting. The work should be supported directly
underneath the point where the cutting is to be
done; and the solider the support, the easier the
cutting.

Hammers.—Various shapes and sizes of hammers
are used, but the commonest, and most convenient
for ordinary use, is the ball pene-hammer shown in
Bigeie:

The large end is used for ordinary work, and
the small ball end, or pene, for riveting, scarfing,
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etc. These hammers vary in weight from a few
ounces up to several pounds. For ordinary use
about a 1}- or 2-pound hammer is used.

Several other types in ordinary use are illustrated

$ .
NE D)6
Ssdde s

Fie. s. Fic. 6.

in Fig. 6. A is 2 straight-pene; B, a cross-pene;
and C, a riveting-hammer.

Sledges.—Very light sledges are sometimes made
the same shape as ball-pene hammers. They are
used for light tool-work and boiler-work.

Fig. 7 illustrates a common shape for sledges.
This is a double-faced sledge.

AR
0 IR\

Fic. 7. Fic. 8.

Sledges are also made with a cross-pene or straight. -
" #pene, as shown in Fig. 8.
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For ordinary work a sledge should weigh about
10 or 12 lbs.; for heavy work, from 16 to 2o0.

Sledges for light work weigh about 5 or 6 Ibs.

Tongs.—Tongs are made in a wide variety of
shapes and sizes, depending upon the work they
are intended to hold. Three of the more ordinary
shapes are illustrated.

The ordinary straight-jawed tongs are shown in
Fig. 9. They are used for holding flat iron. For
holding round iron the jaws are grooved or bent
to the shape of the piece to be held.

Fig. 10 shows a pair of bolt-tongs. These tongs
are used for holding bolts or pieces which are larger
on the end than through the body, and are so
shaped that the tongs do not touch the enlarged end
when the jaws grip the body of the work.

B

Fic. 9
———=0x
F1c. 10. ¢
= S‘@
Fic. 11.

Pick-up tongs, Fig. 11, are used for handling
small pieces, tempering, etc., but are very seldom
used for holding work while forging.
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Fitting Tongs to Work.—Tongs should always be
carefully fitted to the work they are intended to
hold. _

Tongs which fit the work in the manner shown
in Fig. 12 should not be used until more carefully
fitted. In the first case shown, the jaws are too
close together; and in the second case, too far
apart,

F1c. 13.

When properly fitted, the jaws should touch
the work the entire length, as illustrated in Fig.
13. With properly fitted tongs the work may be
held firmly, but if fitted as shown in Fig. 12 there
is always a very ‘“wobbly’” action between the
jaws and the work.

To fit a pair of tongs to a piece of work, the jaws
should be heated red-hot, the piece to be held
placed between them, and the jaws closed down
tight around the piece with a hummer. To pre-
vent the handles from being brought too close
together while the tongs are being fitted, a short
piece of stock should be held between them just
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back of the jaws. If the handles are too far apart,
a few blows just back of the eye will close them up.

Flatter—Set-hammer—Swage—Fuller—Swage-block.
—Among the commonest tools used in forge-work
are the ones mentioned above.

The flatter, Fig. 14, as its name implies, is used
for flattening and smoothing straight surfaces.

The face of the flatter is generally from 2 inches
to 3 inches square, and should be kept perfectly
smooth with the edges slightly rounding.

Fic. 14. Fic. 15.

Fig. 15 shows a set-hammer. This is used for
finishing parts which cannot be reached with the
flatter, up into corners, and work of that character.
The face of this tool also should be smooth and
flat, with the corners more or less rounded, depend-
ing on the work it is intended to do.

Set-hammers for small work should be about
1 or 1} inches square on the face.

“Set-hammer’ is a name which is sometimes
given to almost any tool provided with a handle,
which tool in use is held in place and struck with,
another hammer. Thus, flatters, swages, fullers,
etc., are sometimes classed under the general name
of set-hammers.
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Fullers, Fig. 16, are used for finishing up filleted
corners, forming grooves, and for  numerous pur-
poses which will be given more in detail later.

They are made in a variety of sizes, the size
being determined by the shape of the edge A.
On a % inch fuller this edge would be a half-circle
1 inch in diameter; on a £ inch it would be  inch
in diameter, etc.

Fullers are made ‘“top” and “bottom.” The
one shown with a handle is a “top” fuller, and
the lower one in the illustration is a “bottom”
fuller and has the stem forged to fit into the square
hardie-hole of the anvil. This stem should be a
loose fit in the hardie-hole. Tools of this character
should never be used on an anvil where they fit
so tightly that it is necessary to drive them into
place.

A top and bottom swage is shown in Fig. 17.
The swages shown here are for finishing round

Fic. 16. Fic. 17. Fic. 18.

work; but swages are made to be used for other
shapes as well.
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Swages are sized according to the shape they are
made to fit. A 1-inch round swage, for instance,
is made to fit a circle 1 inch in diameter, and would
be used for finishing work of that size.

All of the above tools are made of low-carbon
tool steel.

A swage-block is shown in Fig. 18. These blocks
are made in a variety of shapes; the illustration
showing a common form for general use. This
block is made of cast iron and is about 3} inches
thick. It has a wide range of uses and is very
convenient for general work, where it takes the
place of a good many special tools.



CHAPTER IL
WELDING.

Welding-heat.—A piece of wrought iron or mild
steel, when heated, as the temperature increases
becomes softer and softer until at last a heat is
reached at which the iron is so soft that if another
piece of iron heated to the same point touches it,
the two will stick together. The heat at which
the two pieces will stick together is known as the
welding-heat. If the iron is heated much beyond
this point, it will burn. All metals cannot be welded
(in the sense in which the term is ordinarily used).
Some, when heated, remain very dense and retain
almost their initial hardness until a certain heat
is reached, when a very slight rise of temperature
will cause them to either crumble or melt. Only
those metals which, as the temperature is increased,
become gradually softer, passing slowly from the
solid to the liquid state, can be welded easily.
Metals of this kind just before melting become

“soft and more or less pasty, and it is in this con-
dition that they are most weldable. The greater
the range of temperature through which the metal
remains pasty the more easily may it be welded.

In nearly all welding the greatest trouble is in

heating the metal properly. The fire must be clean
17



18 : FORGE-PRACTICE.

and bright or the result will be a “dirty” heat;
that is, small pieces of cinder and other dirt will
stick to the metal, get in between the two pieces,
and make a bad weld.

Too much care cannot be used in welding; if the
pieces are too cold they will not stick, and no
amount of hammering will weld them. On the
other hand, if they are kept in the fire too long
and heated to too high a temperature they waill
be burned, and burned iron is absolutely worthless.

The heating must be done siowly enough to
insure the work heating evenly all the way through.
If heated too rapidly, the outside may be at the
proper heat while the interior metal is much colder;
and, as soon as taken from the fire, this cooler
metal on the inside and the air almost instantly
cool the surface to be welded below the welding
temperature, and it will be too cold to weld by
the time any work can be done on it.

If the pieces are properly heated (when welding
wrought iron or mild steel), they will feel sticky
when brought in contact.

When welding, it is best to be sure that every-
thing is ready before the iron is taken from the
fire. All the tools should be so placed that they
may be picked up without looking to see where
they are. The face of the anvil should be perfectly
clean, and the hammer in such a position that it
will not be knocked out of the way when the work
is placed on the anvil for welding.

All the tools being in place, and the iron brought .
to the proper heat, the tongs should be held in
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such a way that the pieces can be easily placed in
position for welding without changing the grip or
letting go of them; then, when everything is ready,
the blast should be shut off, the pieces taken from
the fire, placed together on the anvil, and welded
together with rapid blows of the hammer, welding
(after the pieces are once stuck together) the
thin parts first, as these are the parts which
naturally cool the quickest.

Burning Iron or Steel.—The statement that iron
can be burned seems to the beginner to be rather
exaggerated. The truth of this can, however, be
very easily shown. If a bar of iron be heated in the
forge and considerable blast turned on, the bar will
grow hotter and hotter, until at last sparks will be
seen coming from the fire. These sparks, which are
quite unlike the ordinary ones from the fire, are
white and seem to explode and form little white
stars.

These sparks are small particles of burning iron
which have been blown upward out of the fire.

The same sparks may be made by dropping fine
iron-filings into a gas-flame, or by burning a piece
of oily waste which has been used for wiping up
iron-filings.

If the bar of iron be taken from the fire at the
time these sparks appear, the end of the bar will
seem white and sparkling, with sparks, like stars
similar to those in the fire, coming from it. If the
heating be continued long enough, the end of the
bar will be partly consumed, forming lumps similar
to the “clinkers” taken from a coal fire.
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To burn iron two things are necessary: a high
enough heat, and the presence of oxygen.

As noted before, when welding, care must be
taken not to have too much air going through the
fire; in other words, not to have an oxidizing fire.

If the fire is not an oxidizing one, there is not so
much danger of injury to the iron by burning and
the forming of scale.

Iron which has been overheated and partially
burned has a rough, spongy appearance and is
brittle and crumbly.

Use of Fluxes in Welding.—When a piece of iron
or steel is heated for welding under ordinary con-
ditions the outside is oxidized; that is, a thin film
of iron oxide is formed. This oxide is the black
scale which is continually falling fromx heated iron
and is formed when heated iron is brought in contact
with the air. This oxide of iron is not fluid except
at a very high heat, and, if allowed to stay on the
iron, will prevent a good weld.

When welding without a flux the iron is brought
to a high enough heat to melt the oxide, which is
forced from between the welding pieces by the
blows of the hammer. :

This heat may easily be taken when welding
ordinary iron; but when working with some ma-
chine-steel, and particularly tool-steel, the metal
cannot be heated to a high enough temperature
to melt the oxide without burning the steel.

From the above it would seem imipossible to weld
steel, as it cannot be heated under ordinary condi-
tions without oxidizing, but by the use of a flux
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this difficulty may be overcome and the oxide
melted at a lower temperature.

The flux (sand and borax are the most common)
should be sprinkled on the part of the piece to be
welded when it has reached about a yellow heat,
and the heating continued until the metal is at a
proper temperature to be soft enough to weld, but
care should be taken to see that the flux covers
the parts to be welded together.

The flux has a double action; in the first place,
as it melts it flows over the piece and forms a
protecting covering which prevents oxidation,
and also when raised to the proper heat dissolves
the oxide that has already formed.

The oxide melts at a much lower heat when
combined with the flux than without it, and to
melt the oxide is the principal use of the flux. The
metal when heated in contact with the flux becomes
soft and “weldable” at a lower temperature than
when without it.

Ordinary borax contains water which causes it
to bubble up when heated. If the heating is con-
tinued at a high temperature, the borax melts
and runs like water; this melted borax, when
cooled, i3 called borax-glass.

Borax for welding is sometimes fused as above
and then powdered for use.

Sal ammoniac mixed with borax seems to clean
the surface better than borax alone. A flux made
of one part of sal ammoniac and four parts borax
works well, particularly when welding tool-steel,
and is a little better than borax alone.
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Most patented welding compounds have borax
as a basis, and are very little, if any, better
than the ordinary mixture given above,

The flux does not in any way stick the pieces
together or act as a cement or glue. Its use is
principally to help melt the oxide already formed
and to prevent the formation of more.

Iron filings are sometimes mixed with borax and
used as a flux.

When using a flux the work should always be
scarfed the same as when no flux is used. The
pieces can be welded, however, at a lower
heat.

Fagot or Pile Welding.—When a large forging
is to be made of wrought iron, small pieces of
“scrap’ iron (old horseshoes, bolts, nuts, etc.)
are placed together in a square or rectangular
pile on a board, bound together with wire, heated
to welding heat in a furnace, and welded together
into one solid lump, and the forging made from
this. If there is not enough metal in one lump,
several are made in this way and afterward welded
to each other—making one large piece. This is

known as fagot or pile welding.
Sand is used for fluxing to a
A eing / large extent on work of this kind.
Sometimes a small fagot weld
is made by laying two or more

S‘ pieces together and welding them

o, 4 their entire length, or one piece
o may be doubled together several
times and welded into a lump. Such a weld is
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shown in Fig. 19, which shows the piece before
welding and also after being welded and shaped.
Scarfing.—In a fagot weld the pieces are not
prepared or shaped for each other, being simply laid
together and welded, but for most welding the
ends of the pieces to be joined should be so shaped
that they will fit together and form a smooth
joint when welded. This is called scarfing. It
is very important that the scarfing be properly
done, as a badly shaped scarf will probably spoil
the weld. For instance, if an attempt be made
to weld two bars together simply by overlapping
their ends, as in Fig. 20, the weld when finished
would be something like Fig. 21. Each bar would

Fic. 21.

be forged into the other and leave a small crack
where the end came. On the other hand, if the
ends of the bars were properly scarfed or pointed,
they could be welded together and leave no mark—
making a smooth joint.

Lap-welds are sometimes made without scarf-
ing when manufacturing many pieces alike, but
this should not be attempted in ordinary work.



24 FORGE-PRACTICE.

Lap-weld Scarf.—In preparing for the lap-weld,
the ends of the pieces to be welded should be first
upset until they are considerably thicker than the
rest of the bar. This is done to allow for the
iron which burns off, or is lost by scaling, and
also to allow for the hammering which must .be
done when welding the pieces together. To make
a proper weld the joint should be well hammered
together, and as this reduces the size of the iron
at that point the pieces must be upset to allow
for this reduction in size in order to have the weld
the same size as the bar.

If the ends are not upset enough in the first
place, it requires considerable hard work to upset
the weld after they are joined together. Too
much upsetting does no harm, and the extra
metal is very easily worked into shape. To be on
the safe side it is better to upset a little more than
is absolutely necessary——1t may save considerable
work afterwards.

If more than one heating will be necessary to
make a weld, the iron should be upset just that
much more to allow for the extra waste due to
the second or third heating.

Flat Lap-weld.—The lap-weld is the weld ordinarily
used to join flat or round bars of iron together
end to end.

Following is a description of a flat lap-weld:
The ends of the pieces to be joined must be first
upset. When heating for upsetting heat only the
end as shown in Fig. 22, where the shaded part
indicates the hotter metal. To heat this way
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place only the extreme end of the bar in the fire,
so the heat will not run back too far. The end
should be upset until it looks about like Fig. 23.

= e

Fic. 23.

When starting to shape the scarf use the round
or pene end of the hammer. Do not strike directly
down on the work, but let the blows come at an
angle of about 45 degrees and in such a way as to
force the metal back toward the base as shown in Fig.

¥

Fic. 24. Fic. 23.

24. This drives the metal back and makes a sort of
thick ridge at the beginning of the scarf. In
finishing the scarf, use the flat face of the hammer,
and bring the piece to the very edge of the anvil,
as in this way a hard blow may be struck without
danger of hitting the anvil instead of the work.
The proper position is shown in Fig. 25.

The scarfs should be shaped as in Fig. 26, leav-
ing them slightly convex and not concave, as
shown in Fig. 27.
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The reason for this is that if the scarfed ends be
concave when the two pieces are put together, a

Fic. 26. Fic. 27.

small pocket or hollow will be left between them,
the scarfs touching only the edges. When the
weld is hammered together, these edges being in
contact will naturally weld first, closing up all
outlet to the pocket. As the surface of the scarf
is more or less covered with melted scale and
other impurities, some of this will be held in the
pocket and make a bad place in the weld. On
the other hand, if the scarfs are convex, the metal
will first stick in the very center of the scarf, forc-
ing out the melted scale at the sides of the joint
as the hammering continues.

The length of the scarf should be about 1} times
the thickness of the bar; thus on a bar 3"’ thick
the scarf should be about "’ long.

The width of the end A should be slightly less
than the width B of the bar. In welding the two
pieces together, the first piece should be placed
scarf side up on the anvil, and the second piece
laid on top, scarf side down, in such a way that
the thin edges of the second piece will lap over
the thick ridge C on the first piece as shown in
Fig. 28. The. piece which is laid on top should
be held by the smith doing the welding, the other
may be handled by the helper.
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The helper should place his piece in position
on the anvil first. As it is rather hard to lay the
other piece directly on top of this and place it
exactly in the right position, it is better to rest
the second piece on the corner of the anvil as

Fic. 28. FiG. 29.

shown at A, Fig. 29, and thus guide it into position.
In this way the piece may be steadied and placed
on the other in the right position without any
loss of time.

When heating for a lap-weld, or for that matter
any weld where two pieces are joined together,
great care should be taken to bring both pieces
to the same heat at the same time. If one piece
heats faster than the other, it should be taken
from the fire and allowed to cool until the other
piece ‘“‘catches up’ with it. It requires some
practice to so place the pieces in the fire that they
will be heated uniformly and equally. The tips
particularly must be watched, and it may be
necessary to cool them from time to time in the
water-bucket to prevent the extreme ends from
burning off.

The fire must be clean, and the heating should be
done slowly in order to insure its being done evenly.

Just before taking the pieces from the fivg they



28 : FORGE-PRACTICE.

should be turned scarf side down for a short time,
to be sure that the surfaces to be joined will be hot.

More blast should be used at the last moment
. than when starting to heat.

The only way to know how this heating is going
on is to take the pieces from the fire from time
to time and look at them. The color grows lighter
as the temperature increases, until finally, when
the welding heat is reached, the iron will seem
almost white. The exact heat can only be learned
by experience; but the workman should recognize
it after a little practice as soon as he sees it.

To get an indication of the heat, which will help
sometimes, watch the sparks that come from the
fire. When the little, white, explosive sparks
come they show that some of the iron has been
heated hot enough to be melted off in small particles
and is burning. This serves as a rough indication
that the iron is somewhere near the welding heat.
This should never be relied on entirely, as the
condition of the fire has much to do with their
appearance.

Round Lap-weld.—The round lap-weld—the weld
used to join round bars end to end—is made in
much the same way as the ordinary or flat lap-
weld. The directions given for making the flat

weld apply to the round lap as

m well, excepting that the scarf
m is slightly different in shape.

The proper shape of scarf is
shown in Fig. 3o, which gives
the top and side views of the piece. One side is

Fic. 30.
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left straight, the other three sides tapering in
to meet it in a point. The length of the scarf
should be about one and one-half times the
diameter of the bar. Always be sure, particularly
in small work, that the pieces are scarfed to a
point, and not merely flattened out. The greatest
difficulty with this weld is to have the points of
the pieces well welded, as they cool very rapidly
after leaving the fire. The first blows, after stick-
ing the pieces together, should cover the points.
The weld should be made square at first and then
rounded. The weld is not so apt to split while
being hammered if welded square and then worked
round, as it would be if hammered round at first.

If the scarf were made wide on the end like
the ordinary lap-weld, it would be necessary to
hammer clear around the bar in order to close
down the weld; but with the pointed scarf, one
blow on each point will stick the work in place,
making it much more quickly handled.

Ring Weld, Round Stock. A ring formed from
round stock may be made in two ways; that is,
by scarfing before or after bending into shape.
When scarfed before bending, the length of stock
should be carefully calculated, a small amount

S A, S N
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being added for welding, and the ends upset and
scarfed exactly the same as for a round lap-weld.
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Care should be taken to see that the scarfs come
on opposite sides of the piece.

Fig. 31 shows a piece of stock scarfed ready for

bending.

After scarfing, the piece should be bent into
a ring and welded, care
being taken when bend-
ing to see that the points
of the scarf lie as indi-
cated at A, Fig. 32, and
not as shown at ‘B.

. When the points of
the scarfs are lapped as
shown at A, most of the

‘ welding may be done

‘ while the ring lies flat on

the anvil, the shaping

being finished over the

Fic. 32. horn. If the points are

lapped the other way, B, the welding also must

be done over the horn, making it much more awk-
ward to handle.

The second way of welding the ring is practically
the same as that of making a chain link, and the
same description of scarfing will answer for both,
the stock being cut and bent into a ring, with the
ends a little distance apart; these ends are then
scarfed the same as described below for a link
scarf and welded in exactly the same manner
as described for making the other ring.

Chain-making.—The first step in making a link
is to bend the iron into a U-shaped piece, being
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careful to keep the legs of the U exactly even in
length. The piece should be gripped at the lower
end of the U, the two ends brought to a high heat,
scarfed, bent into shape together, reheated, and
welded.

To scarf the piece place one end of the U on the
anvil, as shown in Fig. 33, and strike one blow on
it; move it a short distance in the direction shown
by the arrow and strike another blow. This
should be continued until the edge or corner of
the piece is reached, moving it after each blow.

Fic. 33. Fic. 34.

This operation leaves a series of little steps on
the end of the piece, and works it out in a more
or less pointed shape, as shown in Fig. 34.

This scarf may be finished by being brought
more to a point by a few blows over the horn of
the anvil. The ends should then be bent together
and welded. TFig. 35 shows the steps in making
the link and two views of the finished link. The
link is sometimes left slightly thicker through
the weld. A second link is made—all but welding—
spread open, and the first link put on it, closed
up again, and welded. A third is joined to this
etc.

When made on a commercial scale, the links are
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not scarfed but bent together and welded in one
heat.
TR
U @
=
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®

Fig: 35.

Ring, or Band.—A method of making a ring from

Fic. 36.

flat iron is shown in Fig. 36, which shows the
stock before and after bending into shape.
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The stock is cut to the correct length, upset,
and scarfed exactly the same as for a flat lap-weld.
The piece is bent into shape and welded over the
horn of the anvil. The ring must be heated for
welding very carefully or the outside lap will
burn before the inside is hot enough to weld.

In scarfing this—as in making other rings—care
must be taken to have the scarfs come on opposite
sides of the tock.

Washer, or Flat Ring.— In this weld flat stock
is used bent edgewise into a ring without any
preparation. The corners of the ends are trimmed
off parallel after the stock is bent as shown in

Fig. 37.

Fic. 37. : Fic. 38.

After trimming the ends are scarfed with a
fuller or pene end of a hammer and lapped ready
for welding (Fig. 38).

When heating for welding, the ring should be
turned over several times to insure uniformity in
heating.

If the work is particular, the ends of the stock
should be upset somewhat before bending into
shape.
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Butt-weld. — This is a weld where the pieces
are butted together without any slanting scarfs,
leaving a square joint through the weld.

When two pieces are so welded the ends should
be slightly rounded, simillar to Fig.. 39, which
shows two pieces ready for welding. If the ends
are convex as shown, the scale and other impurity
sticking to the metal is forced out of the joint.
If the ends were concave this matter would be

e K
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held between the pieces and make a poor weld.
The pieces are welded by being struck on the ends
and driven together. This, of course, upsets the
metal near the weld and leaves the piece something
like Fig. 40, showing a slight seam where the
rounded edges of the ends join. This upset part
is worked down to size at a welding heat, leaving
the bar smooth.

A butt-weld is not as safe or as strong as a lap-
weld. ;
When the pieces are long enough they may be
welded right in the fire. This is done by placing
the pieces in the fire in the proper position for
welding; a heavy weight is held against the pro-
jecting end of one piece—to ‘“back it up’’—and
the weld is made by driving the pieces together
b}'r hammering on the projecting end of the second
piece. As soon as the work is “stuck,” the weld
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is taken from the fire and finished on the
anvil.

Jump Weld.—Another form of butt-weld, Fig. 41,
is the ‘“jump” weld, which,
however, is a form which should
be avoided as much as possible,
as it is very liable to be weak. ¥
When making a weld like this, the
piece which is to be “jumped,”’
or ‘“butted,” on to the other Fic. 41.
piece should have its end upset in such a way as
to flare out and form a sort of flange the wider
the better. When the weld is made, this flange—
indicated by the arrow—can be welded down with a
hammer, or set-hammers, and make a fairly strong
weld.

Split Weld; Weld for very Thin Steel.—Very thin
stock is sometimes difficult to join with the ordi-
nary lap-weld for the reason that the stock is so
thin that if the pieces are taken from the fire at the
proper heat they will be too cold to weld before
they can be properly placed together on the anvil.

This difficulty is somewhat overcome by scarfing
the ends, similar to Fig. 42. The ends are tapered

PN

Fig. 42.

to a blunt edge and split down the center for half an
inch or so, depending on the thickness of stock.
One half of each split end is bent up, the other
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down; the ends are pushed tightly together and
the split parts closed down on each other, as shown

A

Fic. 43.

in Fig. 43. The joint may then be heated and
welded.

This is a weld sometimes used for welding spring
steel, or iron to steel.

Split Weld; Heavier Stock.— A split weld for
heavier stock is shown ready for welding in Fig.

Fic. 44.
Fi6. 45.
F1G. 46.

453, Fig. 44 showing the two pieces before they are
put together. In this weld the ends of the pieces
are first upset and then scarfed, one piece being
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split and shaped into a Y, while the other has its
end brought to a point with the sides of the bar
just back of the point bulging out slightly as shown
at A and B. This bulge is to prevent the two
pieces from slipping apart.

When properly shaped the two pieces are driven
together and the sides, or lips, of the Y-shaped
scarf closed down over the pointed end of the other
piece. The lips of the Y should be long enough to
lap over the bulge on the end of the other piece
and thus prevent the two pieces from slipping apart.
The pieces are then heated and welded. Care must
be taken to heat slowly, that the pointed part may
be brought to a welding heat without burning the
outside piece. Borax, sand, or some other flux
should be used. (Sometimes the faces of the scarfs
are roughened or notched with a chisel, as shown in
Fig. 46, to prevent the pieces from slipping apart.)

This is the weld that is often used when welding
tool-steel to iron or mild steel.

Sometimes the pieces are heated separately to a
welding heat before being placed together. Good
results may be obtained this way when tool-steel is
welded to iron or mild steel, as the tool-steel welds
at a much lower temperature than either wrought
iron or mild steel, and if the two pieces are heated
separately, the other metal may be raised to a much
higher temperature than the tool-steel.

Angle Weld.—In all welding it should be remem-
bered that the object of scarfing is to so shape the
pieces to be welded that they will fif together and
form a smooth joint when properly hammered.
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Frequently there are several equally good methods
of scarfing for the same sort of weld, and it should
be remembered that the method given here is not
necessarily the only way in which the particular
weld can be made.

Fig. 47 shows one way of
/‘ scarfing for a right-angle weld
> / made of flat iron. Both pieces
are scarfed exactly alike. The
@ scarfing is done with the pene
end of the hammer. If neces-
sary the ends of the pieces
may be upset before scarfing.
As in all other welds, care
must be taken to so shape the
scarfs that when they are placed
together they will touch in the
center, and not around the edges, thus leaving an
opening for forcing out the impurities which collect
on the surfaces to be welded.

Fic. 47.

Fic. 48.

“T" Weld. —A method of scarfing for a “T”
weld is illustrated in Fig. 48.
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The stem, A, should be placed on the bar, B,
when welding in about the position shown by the
dotted line on B.

“T” Weld, Round Stock.— Two methods of
scarfing for a “T’”’ weld made from round stock are
shown in Fig. 49.

gy e
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Fia. 49.

The scarfs are formed mostly with the pene end
of the hammer.

The illustration will explain itself. The stock
should be well upset in either method.

Welding Tool - steel. — The general method of
scarfing is the same in all welding; but when tool-
steel is to be welded, either to itself or to wrought
iron or mild steel, more care must be used in the
heating than when working with the softer metals
alone.

The proper heat for welding tool-steel—about a
bright yellow—can only be learned by experiment.
If the tool-steel is heated until the sparks fly, a
light blow of the hammer will cause if. te crumble
and fall to pieces.
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When welding mild steel or wrought iron to tool-
steel, the tool-steel should be at a lower heat than
the other metal, which should be heated to its reg-
ular welding heat.

The flux used should be a mixture of about one
part sal ammoniac and four parts borax.

Tool-steel of high carbon, and such as is used for
files, small lathe tools, etc., can seldom be welded to
itself in a satisfactory manner. What appears to
be a first-class weld may be made, and the steel
may work up into shape and seem perfect—may, in
fact, be machined and finished without showing
any signs of the weld—but when the work is hard-
ened, the weld is almost certain to crack open.

Spring steel, a lower carbon steel, may be satis-
factorily welded if great care be used.



CHAPTER III.
CALCULATION OF STOCK FOR BENT SHAPES,

Calculating for Angles and Simple Bends.— It is
often necessary to cut the stock for a forging as
nearly as possible to the exact length needed. This
length can generally be easily obtained by meas-
ment or calculation. '

About the simplest case for calculation is a plain
right-angle bend, of which the piece in Fig. so will
serve as an example.

This piece as shown is a simple right-angle bend
made from stock 1"’ through, 8 long on the outside
of each leg.
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Suppose this to be made of wood in place of iron.

It is easily seen that a piece of stock 1’/ thick and

15" long would make the angle by cutting off 7"
41
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from one end and fastening this piece to the end of
the 8" piece, as shown in Fig. s1.

This is practically what is done when the angle is
made of iron—only, in place of cutting and fasten-
ing, the bar is bent and hammered into shape.

In other words, any method which will give the
length of stock required to make a shape of uniform
section in wood, if no allowance is made for cutting
or waste, will also give the length required to make
.the same shape with iron.

An easier way—which will serve for calculating
lengths of all bent shapes—is to measure the length
of an imaginary line drawn through the center of
the stock. Thus, if a dotted line should be drawn
through the center of stock in Fig. 50, the length of
each leg of this line would be 74"/, and the length of
stock required 15", as found before.

No matter what the shape when the stock is left
of uniform width through its length, this length of
straight stock may always be found by measuring
the length of the center line on the bent shape.
This may be clearly shown by the following experi-
ment.

Experiment to Determine Part of Stock which
Remains Constant in Length while Bending. — Sup-
pose a straight bar of iron with square ends be
taken and bent into the shape shown in Fig. 52. If

the length of the bar be
A measured on the inside
edge of the bend and then

. Fro. 52. on the outside, it will be
found that the inside length is considerably shorter
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than the outside; and not only this, but the inside
will be shorter than the original bar, while the out-
side will be longer. The metal must therefore
squeeze together or wupset on the inside and
stretch or draw out on the outside. If this is the
case, as it is, there must be some part of the bar
which when it is bent neither squeezes together nor
draws out, but retains its original length, and this
part of the bar lies almost exactly in the center, as
shown by the dotted line. It is on this line of the
bent bar that the measuring must be done in order
to determine the original length of the straight
stock, for this is the only part of the stock which
remains unaltered in length when the bar is bent.
To make the explanation a little clearer, suppose
a bar of iron is taken, polished on one side, and lines
scratched upon the surface, as shown in the lower
drawing of Fig. 53, and this bar then bent into the
shape shown in the upper drawing. Now if the
length of each one of these lines be measured and
the measurements compared with the length of the
same lines before the bar was bent, it would be
found that the line AA, on the outside of the bar,
had lengthened considerably; the line BB would
be somewhat lengthened, but not as much as AA;
and CC would be lengthened less than BB. The
line OO, through the center of the bar, would meas-
ure almost exactly the same as when the bar was
straight. The line DD would be found to be
shorter than OO and FF shorter than any other.
The line OO, at the center of the bar, does not
change its length when the bar is bent; conse-
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quently, to determine the length of straight stock
required to bend into any shape, measure the

ety

e ,A,B L D

Og === 50 Lt

EF '''''''''''''''''''''' fE ﬁ—iﬁ.——_’i
Fic. 53. F1c. 54.

length of the line following the center of the stock
of the bent shape.

As another example Fig. 54 will serve.

Suppose a center line be drawn, as shown by the
dotted line. As the stock is 1"/ thick, the length of
the center line of the part A will be 5”7, at B 8",
C 5", D 2", E 3}, and the total length of stock
required 21%".

A convenient form for making calculations is as
follows:

A=g”
B = 8//
G 51/
E= 3%11

Total. .. 21}’ =1ength of stock required.

Curves. Circles. Methods of Measuring.— On cir-
cles and curves there are several different methods
which may be employed in determining the length
of stock, but the same principle must be followed
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in any case—the length must be measured along
the center line of the stock.

One way of measuring is to lay off the work full size.
On this full-size drawing lay a string or thin, easily
bent wire in such a way that it follows the shape
of the bend through its entire length, being careful
that the string is laid along the center of the stock.

The string or wire may then be straightened and
the length measured directly.

Irregular shapes or scrolls are easily measured in
this way.

Another method of measuring stock for scrolls,
etc., is to step around a scroll with a pair of dividers
with the points a short distance apart, and then lay
off the same number of spaces in a straight line and
measure the length of that line. This is of more
use in the drawing-room than in the shop.

Measuring-wheel.—Still another way of measuring
directly from the drawing is to use a
light measuring-wheel, similar to
the one shown in Fig. 55, mounted
in some sort of a handle. Thisis a
thin light wheel generally made
with a circumference of about

24'".  'The side of the rim is some- ‘ ‘
times graduated in inches by

eighths. To use it, the wheel is (\
placed lightly in contact with the »
line or object which it is wished

to measure, with the zero-mark on Fie. 55.

the wheel corresponding to the point from which
the measurement is started. The wheel is then
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pushed along the surface following the line to be
measured, with just pressure enough to make it
revolve. By counting the revolutions made and
setting the pointer or making a mark on the wheel
to correspond to the end of the line when it is
reached, it is an easy matter to push the wheel over
a straight line for the same number of revolutions
and part of a revolution as shown by the pointer
and measure the length. If the wheel is gradu-
ated, the length run over can of course be read
directly from the figures on the side of the wheel.

Calculating Stock for Circles.—On circles and parts
of circles, the length may be calculated mathe-
matically, and in the majority of cases this is prob-
ably the easiest and most accurate method. This
is done in the following way: The circumference, or
distance around a circle, is equal to the diameter
multiplied by 34 (or more accurately, 3.1416).

As an illustration, the length of stock required tec
bend up the ring in Fig. 56 is calculated as follows:

The inside diameter of the ring is 6 and the
stock 1”7 in diameter. The length must, of course,
be measured along the center
of the stock, as shown by
the dotted line. It is the
diameter of this circle, made
by the dotted line, that -is
used for calculating the
length of stock; and for
convenience this may be

F1G. 56. called the ‘“calculating” di-

ameter, shown by C in Fig. s56.
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The length of this calculating diameter is equal
to the inside diameter of the ring with one-half the
thickness of stock added at each end, and in this
case would be ¥ + 6" +47'=74".

The length of stock required to make the ring
would be 7" X3}=22"; or, in other words, to find
the length of stock required to make a ring, multi-
ply the diameter of the ring, measured from center
to center of the stock, by 3.

Calculating Stock for “U’s.”—Some shapes may
be divided up into straight lines and parts of circles
and then easily calculated. Thus 3814~
the U shape in TFig. 57 may be ’
divided into two straight sides and !
a half-circle end. The end is half of |
a circle having an outside diameter i
of 34”’. The calculating diameter of \ W
this circle would be 3", and the 7\
length of stock required for an entire F1e. s57.
circle this size 3X31=9%, which for convenience
we may call 9§"’, as this is near enough for ordinary
work. As the forging calls for only half a circle,
the length needed would be 93" +1=41}".

As the circle is 334"’ outside diameter, half of this
diameter, or 1}/, must be taken from the total
length of the U to give the length of the straight
part of the sides; in other words, the distance from
the line A to the extreme end of the U is half the
diameter of the circle, or 13”’. This leaves the
straight sides each 4}” long, or a total length for
both of 8}””. The total stock required for the
forging would be:

>

B

[P &
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Length stock for sides......... 83"
i« BaRRtS T R TR
Total L S S ITOTTORNEE I, 13:%".

Link.—As another example, take the link shown
in Fig. 58. This may be divided into the two semi-
circles at the ends and the
two straight sides. Calcu-
lating as always through
= the center of the stock,
l : & there are the two straight

et 4 sides 2’ long, or 4"/, and the

Fio. 8. two semicircular ends, or

one complete circle for the two ends. The length

required for these two ends would be 13" X31"=

$§”=41", or, nearly enough, 414”. The total length

of the stock would be 4" 4 4313%’=81}", to which
must be added a slight amount for the weld.

Double Link.—The double link in Fig. 59 is an-
other example of stock calculation. Here there
are two complete circles each hav-
ing an inside diameter of §”/, and,
as they are made of }” stock, a
‘““calculating’’ diameter of 1”/. The
length of stock required for one side
would be 3.1416” X 1”7 = 3.1416”,
and the total length for complete F1c. 59.
links 3.1416"" X 2" =6.2832", which is about 63"

As a general rule it is much easier to make the
calculations with decimals as above and then
reduce these decimals to eighths, sixteenths, etc.
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Use of Tables.— To aid in reduction a table of
decimal equivalents is given on p. 249. By using
this table it is only necessary to find the decimal
result and select the nearest sixteenth in the table.
It is generally sufficiently accurate to take the
nearest sixteenth.

A table of circumferences of circles is also given;
and by looking up the diameter of any circle the
circumference may be found opposite.

To illustrate, suppose it is necessary to find the
amount of stock required to make a ring 6’ inside
diameter out of 4/ round stock. This would make
the calculating diameter of the ring 6%.

In the table of circumferences and areas of circles
opposite a diameter 6% is found the circumference
21.206. In the table of decimal equivalents it will
be seen that 3 is the nearest sixteenth to the deci-
mal .206; thus the amount of stock required is
21:%"”. This of course makes no allowance for
welding.

Allowance for Welding. — Some allowance must
always be made for welding, but the exact amount
is very hard to determine, as it depends on how
carefully the iron is heated and how many heats
are taken to make the weld.

The only stock which is really lost in welding,
and consequently the only waste which has to be
allowed for, is the amount which is burned off or
lost in scale when heating the iron.

Of course when preparing for the weld the ends
of the piece are upset and the work consequently
shortened, and the pieces are still farther shortened
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by overlapping the ends in making the weld; but
ail this material is afterward hammered back into
shape so that no loss occurs here at all, except of
course the loss from scaling.

A skilled workman requires a very small allow-
ance for waste in welding, in fact sometimes none
at all; but by the beginners an allowance should
always be made.

No rules can be given; but as a rough guide on
small work, a length of stock equal to from one-
fourth to three-fourths the thickness of the bar will
probably be about right for waste on rings, etc.
When making straight welds, when possible it is
better to allow a little more than is necessary and
trim off the extra stock from the end of the finished
Ppiece.

Work of this kind should be watched very closely
and the stock measured before and after welding in
order to determine exactly how much stock is lost
in welding. In this way an accurate knowledge is
soon obtained of the proper allowance for waste.



CHAPTER 1V,
UPSETTING, DRAWING OUT, AND BENDING.

Drawing Out.—When a piece of metal is worked
out, either by pounding or otherwise, in such a way
that the length is increased, and either the width or
thickness reduced, we say that the metal is being
“drawn out,” and the operation is known as “ draw-
ing out.”

It is always best when drawing out to heat the
metal to as high a heat as it will stand without
injury. Work can sometimes be drawn out much
faster by working over the horn of the anvil than on
the face, the reason being this: when a piece of
iron is laid flat on the anvil face and hit a blow with
the hammer, it flattens out and spreads both length-
wise and crosswise, making the piece longer and
wider. The piece is not wanted wider, however,
but only longer, so it is necessary to turn it on edge
and strike it in this position, when it will again in-
crease in length and also in thickness, and will have
to be thinned out again. A good deal of work thus
goes to either increasing the width or thickness,
which is not wanted increased; consequently this
work and the work required to again thin the forg-
ing are lost. In other words, when drawing out
iron on the face of the anvil the force of the blow is

St
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expended in forcing the iron sidewise as well as
lengthwise, and the work used in forcing the iron
sidewise is lost. Thus only about one half the
force of the blow is really used to do the work
wanted.

Suppose the iron be placed on the horn of the

anvil, as shown in Fig. 6o, and hit with the hammer
as before. The iron will still spread out sidewise a
little, but not nearly as much as before and will
lengthen out very much more. The horn in this
case acts as sort of a blunt wedge, forcing out the
metal in the direction of the arrow, and the force of
the blow is used almost entirely in lengthening the
work.

Fullers may be used for the same purpose, and
the work held either on the horn or the face of the
anvil. :

Drawing Out and Pointing Round Stock.—When
drawing out or pointing round stock it should always
be first forged down square to the required size and
then, in as few blows as possible, rounded up. -

Fig. 61 illustrates the different steps in drawing
out round iron to a smaller size. A is the original
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bar, B is thé first step, C is the next, when the iron
is forged octagonal, and the last step is shown at D,

A

Fic. 61.

where the iron is finished up round. In drawing
out a piece of round iron it should first be forged
like B, then like C, and lastly finished like D.

As an example: Suppose part of a bar of 3
round stock is to be drawn down to 2’/ in diameter.
Instead of pounding it down round and round until
the 3 diameter is reached, the part to be drawn out
should be forged perfectly square and this drawn
down to §”/, keeping it as nearly square as possible
all the time.

The corners of the square are forged off, making
an octagon, and, last of all, the work is rounded up.
This prevents the metal from splitting, as it is very
liable to do if worked round and round.

Fic. 63.

The reason for the above is as follows: Suppose
Fig. 62 represents the cross-section of a round bar
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as it is being hit on the upper side. The arrows
indicate the flow of the metal—that is, it is forged
together at AA and apart at BB. Now, as the bar
is turned and the hammering continued, the out-
side metal is forced away from the center, which
may, at last, give way and form a crack; and by
the time the bar is of the required size, if cut, it
would probably look something like Fig. 63.

The same precaution must be taken when forging
any shaped stock down to a round or conical point.
The point must first be made square and then
rounded up by the method given above. If this is
not done the point is almost sure to split.

Squaring Up Work.—A common difficulty met
with in all drawing out, or in fact in all work which
must be hammered up square, is the liability of the
bar to forge into a diamond shape, or to have one
corner projecting out too far. If a section be cut
through a bar misshaped in this way, at right angles
to its length, instead of being a square or rectangle,
the shape will appear something like one of the out-
lines in Fig. 64.

o

Fia. 64. Fic. 63.

To remedy this and square up the bad corners,
lay the bar across the anvil and strike upon the
projecting corners as shown in Fig. 65, striking in
such a way as to force the extra metal back into the
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body of the bar, gradually squaring it off.” Just as
the hammer strikes the metal it should be given a
sort of a sliding motion, as indicated by the arrow.

No attempt should be made to square up a corner
of this kind by simply striking squarely down upon
the work. The hammering should all be done in
such a way as to force the metal back into the bar
and away from the corner.

Upsetting.—When a piece of metal is worked in
such a way that its length is shortened, and either
or both its thickness and width increased, the piece
is said to be upset; and the operation is known as
upsetting.

There are several ways of upsetting, the method
depending mostly on the shape the work isin. With
short pieces the work is generally stood on end on
the anvil and the blow struck directly on the upper
end. The work should always be kept straight;
after a few blows it will probably start to bend and
must then be straightened before more upsetting is
done.

If one part only of a piece is to be upset, then the
heat must be confined to that part, as the part of
the work which is hottest will be upset the most.

When upsetting a short piece for its entire length,
it will sometimes work up like Fig. 66. This may
be due to two causes: either the ends were hotter
than the center or the blows of the hammer were
too light. To bring a piece of this sort to uniform
size throughout, it should be heated to a higher heat
in the center and upset with heavy blows. If the
work is very short 1t is not always convenient to
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confine the heat to the central part; in such a case,
the piece may be heated all over, seized by the tongs
in the middle and the ends cooled, one at a time, in
the water-bucket.

Fic. 66. Fic. 67.

When light blows are used the effect of the blow
does not reach the middle of the work, and conse-
quently the upsetting is only done on the ends.

The effect of good heating and ‘heavy blows is
shown in Fig. 67. With a heavy blow the work is
upset more in the middle and less on the ends.

To bring a piece of this kind to uniform size
throughout, one end should be heated and upset
and then the other end treated in the same way,
confining the heat each time as much as possible
to the ends. '

Long work may be upset by laying it across the
face of the anvil, letting the heated end extend two
or three inches over the edge, the upsetting being
done by striking against this end with the hammer
or sledge. If the work is heavy the weight will
offer enough resistance to the blow to prevent the
piece from sliding back too far at each blow; but
vs.ith lighter pieces it may be necessary to ‘“back

up”’ the work by holdmg a sledge against the un-
heated end.
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Another way of upsetting the ends of a heavy
piece is to ““ram” the heated end against the side of
the anvil by swinging the work back and forth hori-
zontally and striking it against the side of the anvil.
The weight of the piece in this case takes the place
of the hammer and does the upsetting.

Heavy pieces are sometimes upset by lifting them
up and dropping or driving them down on the face
of the anvil or against a heavy block of iron resting
on the floor. Heavy cast-iron plates are sometimes
set in the floor for this purpose, and are called
“upsetting-plates.”

Fig. 68 shows the effect of the blows when upset-
ting the end of a bar. The lower piece has been
properly heated and upset with
heavy blows, while the other
piece shows the effect of light : I
blows. This last shape may also :
be caused by having the extreme ::I
end at a higher heat than the rest
of the part to be upset. Fic. 68.

Punching.—There are two kinds of punches used
for making holes in hot metal —the straight hand-
punch, used with a hand-hammer, and the punch
made from heavier stock and provided with a
handle, used with a sledge-hammer.

Punches should, of course, be made of tool-steel.

For punching small holes in thin iron a hand-
punch is ordinarily used. This is simply a bar of
round or octagonal steel, eight or ten inches long,
with the end forged down tapering, and the extreme
end the same shape, but slightly smaller than the
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hole which is to be punched. Such a punch is
shown in Fig. 69. The punch should taper uni-
formly, and the extreme end should be perfectly
square across, not in the least rounding.

Fic. 69. Fic. 0.

For heavier and faster work with a helper, a
punch like Fig. 70 is used. This is driven into the
work with a sledge-hammer.

A, B, and C, in Fig. 71, show the different steps
in punching a clean hole through a piece of hot iron.

L

E
SR QLN

Fic. 71.
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The punch is first driven about half-way through
the bar while the work is lying flat on the anvil;
this compresses the metal directly underneath the
punch and raises a slight bulge on the opposite side
of the bar by which the hole can be readily located.
The piece is then turned over and the punching
completed from this side, the small piece, “A”,
being driven completely through. This leaves a
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clean hole; while if the punching were all done from
one side, a burr, or projection, would be raised on
the side where the punch came through.

D and E (Fig. 71) illustrate the effects of proper
and improper punching. If started from one side
and finished from the other the hole will be clean
and sharp on both sides of the work; but if the
punching is done from one side only a burr will be
raised, as shown at E, on the side opposite to that
from which the punching is done.

If the piece is thick the punch should be started,
then a little powdered coal put in the hole, and the
punching continued. The coal prevents the punch
from sticking as much as it would without it.

Bending.—Bends may be roughly divided into two
¢classes—curves and angles.

Angles.— In bending angles it is nearly always
necessary to make the bend at some definite point
on the stock. As the measurements are much easier
made while the stock is cold than when hot, it is
best to “lay off” the stock before heating.

The point at which the bend is to be made should
be marked with a center punch—generally on the
edge of the stock, in preference to the side.

Marking with a cold chisel should not be done
unless done very lightly on the edge of stock. If a
slight nick be made on the side of a piece of stock to
be bent, and the stockbent at this point with the
nick outside, the small nick will expand and leave
quite a crack. If the nick be on the inside, it is apt
to start a bad cold shut which may extend nearly
through the stock before the bending is finished.
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Whenever convenient, it is generally easier to
bend in a vise, as the piece may be gripped at the
exact point where the bend is wanted.

When making a bend over the anvil the stock
should be laid flat on the face, with the point at

X ﬁ | I i

Fic. 72.

which the bend is wanted almost, but not quite, up
to the outside edge of the anvil.

The bar should be held down firmly on the anvil
by bearing down on it with a sledge, so placed that
the outside edge of the sledge is about in line with
the outside edge of the anvil.

This makes it possible to make a short bend with
less hammering than when the sledge is not used.

The bar will pull over the edge of the anvil
slightly when bending.

Bend with Forged Corner.— Brackets and other

o forgings are sometimes made with
the outside corner of the bend
forged up square, as shown in
Fig. 73.

There are several ways of
bending a piece to finish in this

Fic. 73. shape.
One way is to take stock of the required finished
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size and bend the angle, forging the corner square
as it is bent; another is to start with stock consid-
erably thicker than the finished forging and draw
down both ends to the required finished thickness,
leaving a thin-pointed ridge across the bar at the
point where the bend will come, this ridge forming
the outside or square corner of the angle where the
piece is bent; or this ridge may be formed by upset-
ting before bending.

The process in detail of the first method men-
tioned is as follows: The first step is to bend the bar
so that it forms nearly a right angle, keeping the
bend as sharp as possible, as shown at A (Fig. 74).

Fic. 74.

This should be done at a high heat, as the higher
the heat the easier it is to bend the iron and conse-
quently the sharper the bend.

Working the iron at a good high heat, as before,
the outside of the bend should be forged into a
sharp corner, letting the blows come in such a way
as to force the metal out where it is wanted, being
careful not to let the angle bend so that it becomes
less than a right angle or even equal to one. Fig.
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74, B, shows the proper way to strike. The arrows
indicate the direction of the blows.

The work should rest on top of the anvil while
this is being done, not over one corner. If worked
over the corner, the stock will be hammered too
thin.

The object in keeping the angle obtuse is this:
The metal at the corner of the bend is really being
upset, and the action is somewhat as follows: In
Fig. 75 is shown the bent piece on the anvil. We
will suppose the blows come on the part A in the
direction indicated by the heavy arrow. The
metal, being heated to a high soft heat at C, upsets,
part of it forming the sharp outside corner and
part flowing as shown by the small arrow at C and

Fis. 75. Fic. 76

making a sort of fillet on the inside corner. If in
place of having the angle greater than go degrees it
had been an acute angle (Fig. 76), the metal forced
downward by the blows on A would carry with it
part of the metal on the inside of the piece B, and
a cold shut or crack would be formed on the inside
of the angle. To form a sound bend the corner
must be forged at an angle greater than a right
angle. When the piece has been brought to a sharp
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corner the last step is to square up the bend over
the corner, or edge, of the anvil.

The second way of making the above is to forge
a piece as shown in Fig. 77,
where the dotted lines indi-
cate the size of the original
piece. This piece is then
bent in such a way that the
ridge, C, forms the outside
sharp corner of the angle.

This ridge is sometimes upset in place of being
drawn out. _

The first method described is the most satisfac-
tory.

Ring-bending.—In making a ring the first step
of course is to calculate and cut from the bar the
proper amount of stock. The bend should always
be started from the end of the piece. TFor ordinary
rings up to 4/ or 5 in diameter the stock should
be heated for about one-half its length. To start
bending, the extreme end of the piece should be
first bent over the horn of the anvil, and the bar
should be fed across the horn of the anvil and bent
down as it is pushed forward. Do
not strike directly on top of the
horn, but let the blows fall a little
way from it, as in Fig. 48. This
bends the iron and does not pound
it out of shape. One-half of the
ring is bent in this way and then the part left
straight is heated. This half is bent up the same
as the other, starting from the end exactly as before.

Fi1c. %8.
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Eye-bending. — The first step in making an eye
‘ like Fig. 79 is to calculate the

7 amount of stock required for the
G@“J bend. The amcunt required in this
case, found by looking up the circum-

Fre. 79. ference of a 2’ circle in the table, is

73”.  This distance should be laid off by making
a chalk-mark on the face of the anvil 73’ from the
left-hand end.

A piece of iron is heated and laid on the anvil with
the heated end on the chalk-mark, the rest of the
bar extending to the left. A hand-hammer is held
on the bar with the edge of the hammer directly in
line with the end of the anvil. This measures off
73"’ from the edge of the hammer to the end of the
bar. The bar is then laid across the anvil bringing
the edge of the hammer exactly in line with the
outside edge of the anvil, thus leaving 7}’ project-
ing over the edge. This projecting end is bent
down until it forms a right angle. The extreme
end of this bent part is then bent over the horn intc

41ih fi)

F1c. 8o.

the circular shape and the bending continued until
the eye is formed.
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The same general method as described for bend-
ing rings should be followed. The different steps
are shown in Fig. 8o.

If an eye is too small to close
up around the horn, it may be
closed as far as possible in
this way, and then completely
closed over the corner or on
the face of the anvil, as shown
in Fig. 81.

Double Link.—Another good Fic. 81.
example of this sort of bending is the double link,
shown in Fig. 59.

The link is started by bending the stock in the
exact center, the first step being to bend a right
angle. This step, with the succeeding ones, is
shown in Fig. 8a.

2nd /
1st O

4th

Fic. 82,

After this piece has been bent into a right angle,
the ring on the end should be bent in the same way
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as an ordinary ring; excepting that all the bending
is done from one end of the piece, starting from the
extreme end as usual.

Twisting.—Fig. 83 shows the effects produced by
twisting stock of various shapes—square, octagonal,

XXX
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Fic. 83.

and flat, the shapes being shown by the cuts in
each case.

To twist work in this way it should be brought to
a uniform heat through the length intended to
twist. When the bar is properly heated it should
be firmly gripped with a pair of tongs, or in a vise,
at the exact point where the twist is to commence.
With another pair of tongs the work is taken hold
of where the twist is to stop, and the bar twisted
through as many turns as required. The metal
will of course be twisted only between the two pairs
of tongs, or between the vise and the tongs, as the
case may be; so care must be used in taking hold
of the bar or the twist will be made at the wrong
points.

The heat must be the same throughout the part
to be twisted. If one part is hotter than another,
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this hotter part, being softer, will twist more easily,
and the twist will not be uniform. If one end of
the bar is wanted more tightly ‘twisted than the
other, the heat should be so regulated that the part
is heated hottest that is wanted tightest twisted;
the heat gradually shading off into the parts wanted
more loosely twisted.

Reverse Twisting. — The effect shown in Fig. 84
is produced by reversing the direction of twisting.

L7

A square bar is heated and twisted enough to
give the desired angle. It is then cooled, in as
sharp a line as possible, as far as B, and twisted
back in the opposite direction. It is again heated,
tooled up to A, and twisted in the first direction;
and this operation is continued until the twist is of
the desired length.



CHAPTER V.
SIMPLE FORGED WORK.

Twisted Gate-hook.—This description answers, of
course, not only for this particular piece, but for
others-of a like nature.

Fig. 85 shows the hook to be made. To start
with, it must be determined what length of stock,

o
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Fic. 85.

after it is forged to proper size, will be required to
bend up the ends.

The length of straight stock necessary should, of
course, be measured through the center of the
stock on the dotted lines in the figure. To do this
lay out the work full size, and lay a string or thin
piece of soft wire upon the lines to be measured.
It is then a very easy matter to straighten out the
wire or string, and measure the exact length re-
quired. If the drawing is not made full size, an
accurate sketch may be made on a board, or other

flat surface, and the length measured from this.
68
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The hook as above will require about 2} length
for stock; the eye, about 2§”.
The first step would be like Fig. 86.

- 5/.0 0
K 16 R
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Fic. 86.

After cutting the piece of .5 square stock, start
the forging by drawing out the end, starting from
the end and working back into the stock until a
piece is forged out 28" long and }” in diameter.
Now work in the shoulder with the set-hammer in
the following way:

Forming Shoulders: Both Sides—One Side.—Place
the piece on the anvil in such a position that
the point where the shoulder is wanted comes
exactly on the nearest edge of the anvil. Place
the set-hammer on top of the piece in such a way
that its edge comes directly in line with the edge of
the anvil (Fig. 87). Do mot place the piece like

D FTE |
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Fic 87. Fic 88.

Fig. 88, or the result will be as shown—a shoulder
on one side only. As the shoulder is worked in the
piece should be turned continually, or the shoulder
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will work in faster on one side than on the other.
Always be careful to keep the shoulder exactly even
with the edge of the anvil.

When the piece is formed in the proper shape on
one end, start the second shoulder 4 from the first,
and finish like Fig. 86. Bend the eye and then the
hook; and, lastly, put the twist in the center.
Make the twist as follows:

First make a chalk-mark on the jaws of the vise,
so that when the end of the hook is even with the
mark the edge of the vise will be where one end of
the twist should come. Heat the part to be twisted
: to an even yellow heat (be sure
that it is heated evenly); place
it in a vise quickly, with the end
even with the mark; grasp the
piece with the tongs, leaving the
distance between the tongs and
vise equal to the length of twist
(Fig. 89); and twist it around one complete turn.

The eye should be bent as described before, and
the hook bent in the same general way as the eye.

Grab-hooks.—This is the name given to a kind
of hooks used on chains, and made for grabbing or
hooking over the chain. The hook is so shaped that
the throat, or opening, is large enough to slip eas-
ily over a link turned edgewise, but too narrow to
slip down off this link on to the next one, which, of
course, passes through the first link at right angles
toit.

Grab-hooks are made in a variety of ways, one of
"which is given below in detail.

Fic. 89.
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Fig. go will serve as an example. To forge this,
use a bar of round iron large enough in section to
form the heavy part of the hook. This bar should
first be slightly upset, either by ramming or ham-
mering, for a short distance from the end, and then
flattened out like Fig. g1.
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F1c. go. Fic. g2. F1c. 93.

The next step is to round up the part for the eye,
as shown in Fig. 92, by forming it over the corner of
the anvil as indicated in Fig. 93. The eye should
be forged as nearly round as possible, and then

punched.

Particular attention should be paid to this point.
If the eye is not properly rounded before punching,
it is difficult to correct the shape afterward.

After punching, the inside corners of the hole are
rounded off over the horn of the anvil in the man-
ner shown in Fig. 94. Fig. 95 shows the appear-
ance of a section of the eye as left by the punch.
When the eye is finished it should appear as though
bent up from round iron—that is, all the square
corners should be rounded off as shown in Fig. g6.

When the eye is completed the bodyv of the hook
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should be drawn out straight, forged to size, and
then bent into shape. Care should be taken to

\

Fi1c. 94. F16. 95. Fic. ¢6.

keep the hook thickest around the bottom of the
bend.

As the stock is entirely formed before bending,
the length of the straight piece must be carefully

L NS .. measured, as indicated

@ > at A (Fig. 97), where

the piece is shown ready

B for bending. To deter-

mine the required length the drawing or sample

should be measured with a string or piece of flexible

wire, measuring along the center of the stock, from
the extreme point to the center of the eye.

The weakest point of almost any hook is in the
bottom bend. When the hook is strained there is
a tendency for it to straighten out and take the
shape shown by the dotted lines in Fig. go. To
avoid this the bottom of the hook must be kept as
thick as possible along the line of strain, which is
shown by the line drawn through the eye. A good
shape for this lower bend is shown in the sketch,
where it will be noticed that the bar has been ham-
mered a little thinner in ordvr to increase the thick-
ness of the metal in the direction of the line of

strain.




SIMPLE FORGED WORK. 73

The part of the hook most liable to bend under a
load is the part lying between the points marked
I'and J in Fig. 102.

Another style of grab-hook is shown in Fig. 98,

g

Fic. ¢8.

which shows the finished hook and also the straight
piece ready for bending.

The forming will need no particular description.
The hook shown is forged about §” thick; the out-
side edge around the curve being thinned out to
about }”, in order to give greater stiffness in the
direction of the strain.

Stock about ' X 1" is used.

A very convenient way to start the eye for a hook
of this kind, or in fact almost any forged eye, is
shown in Fig. 99. Two fullers, top and bottom,
arc used, and the work shaped as shown. The bar
should be turned, edge for edge, between every few
blows, if the grooves are wanted of the same depth.
After cutting the grooves the edge is shaped the
same as described above.

A grab-hook, sometimes used on logging-chains,
is shown in Fig. 10o. This is forged from square
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stock by flattening and forming one end into an eye
and pointing the other end; after which the hook
is bent into shape.

g
=

Fic. 99. F16. 100.

Welded Eye-hooks.— Hooks sometimes have the
eye made by welding instead of forging from the
solid stock. Such a hook is shown in Fig. 101,

959

FiG. tor1.

which also shows the stock scarfed and bent into
shape ready for closing up the eye for the weld, and
also the eye ready for welding. Before heating for
the weld, the eye should be closed, and stock at the
end be bent close together. The scarf should be
pointed the same as for any other round weld.
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This sort of eye is not as strong as a forged eye
of the same size; but is usually as strong as the rest
of the hook, as the eye is generally considerably
stronger than any other part.

Hoisting-hooks. — A widely accepted shape for
hoisting-hooks, used on
cranes, etc., is shown in

i

Fig. 102. The shape and Lkl b
formula are given by Henry & R%
R. Town, in his Treatise on i““Q “"'I i
Cranes. 3 h¢ ‘1:57-
T =working load in tons ‘, .
——- vl Sl
of 2000 1bs. N, 0,

A=diameter of round
stock used to form hook.

The size of stock to use
for a hook to carry any
particular load is given below. The capacity of
the hook, in tons, is given in the upper line—the
figures in the lower line, directly under any particu-
lar load in the upper line, giving the size of bar
required to form a hook to be used at that load.

Tk ok pk oo iy
A=% H % 1y 1} 13 1

FiG. 102.

4858 6% 4.8 - 1O
t 2 21 2} 2} 3}
The other dimensions of the hook are found by
the following formula, all the dimensions being in
inches:
D= .5T +1.23
E= 64T+1.6
F= 33T+ .83
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G= .75D

O= .363T+.66
Q= .64T41.6
H=1.084
T=17334
J=1.24
K=1.13A
F=——_1OTrA!
M= A

N= 85B-.16
U= .866A

To illustrate the use of the table, suppose a hook
is wanted to raise a load of 500 lbs.

In the line marked T in the table are found the
figures 1, denoting a load of one-quarter of a ton, or
soo Ibs. Under this are the figures {}, giving the
size stock required to shape the hook.

The different dimensions of the hook would be
found as follows:

D=3 X1/4+Il/4”=13/3”.
E=.64X",+1.6""=1.76 =1%/," about.
H=1.08A=1.08X"/,;=.74 =%/, about.
I=1.334A=1.33X"/14=.915="/, about.

When reducing the decimals, the dimensions
which have to do only with the bending of the hook,
that is, the opening, the length, the length of point,
etc., may be taken as the nearest 16th, but these
dimensions for flattening should be reduced to the
nearest 32d on small hooks.
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The complete dimensions for the hook in ques-
tion, rooo lbs. capacity, would be as follows:

D= 13/3" G=1" H=3/4” L=z=/sz”
E= 13/411 O= s/‘ll I=29/32H M=u/32"
= 15/16" Q= 13/4” J= 13/1611

K=25/32H U=°/m"

Bolts.—Bolts are made by two methods, upset-
ting and welding. The first method is the more
common, particularly on small bolts, where it is
nearly always used, the stock being upset to
form the head. In the second method the head is
formed by welding a ring of stock around the stem.

An upset head is stronger'than a welded head,
provided they are both equally well made.

. The size of the bolt is always given as the diame-
ter and length of the shank, or stem. Thus, a
¥’ bolt, 6" long, means a bolt having a shank }”” in
diameter, and 6" long from the under side of the
head to the end.

Dimensions of bolt-heads are determined from
the diameter of the shank, and should always be
the same size for the same diameter, being inde-
pendent of the length.

The diameter and thickness of the head are meas-
ured as shown in Fig. 103.

The dimensions of both square and hexagonal
heads are as follows:

D =diameter of head across the flats (short
diameter).

T =thickness of head

S =diameter of shank of bolt.



78 FORGE-PRACTICE.

D=1}xS+%".

T =S.

For a 2 bolt the dimensions would be calcu
lated as follows:

Diameter of head would equal 13”X2""41" =
V4

Thickness of head would be 2”.

These are dimensions for rough or unfinished
heads; each dimension of a finished head is '/,
less than the same dimension of the rough head.

\/

Bolts generally have the top corners of the head
rounded or chamfered off (Fig. 103). This can
be done with a hand-hammer, or with a cupping-

FiG. 103.

Fic. 10j.

tool (Fig. 104), which is simply a set-hammer with
the bottom face hollowed out into a bowl or cup
shape.
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For making bolts one special tool is required,
the heading-tool. This is commonly made some-
thing the shape of Fig. 105, although for a “hurry-
up”’ bolt sometimes any flat strip of iron with a
hole punched the proper size to admit the stem of
the bolt can be used.

When in use this tool is placed on the anvil
directly over the square hardie-hole, the stem of
the bolt projecting down through the heading-tool
and hardie-hole while the head is being forged on
the bolt. :

This heading-tool is made with one side of the
head flush with the handle, the other side project-
ing a quarter of an inch or so above it. The tool
should always be used with the flat side on the anvil.

Upset-head Bolt.—An upset head is made as fol-
lows: The stock is first heated to a high heat for a
short distance at the end, and upset as shown at
Fig. 106. Thebolt is then dropped A

through the heading tool, the up-
set portion projecting above. This e,
upset part is then flattened down ﬂ

on the tool as shown at B, and
forged square or hexagonal on the
anvil,

The hole in the heading-tool should be large
enough to allow the stock to slip through it nearly
up to the upset portion.

Welded-head Bolts.—A welded-head bolt is made
by welding a ring of square iron around the shank
to form the head, which is then shaped in a heading-
tool the same as an upset head. A piece of square

[N,

I
L.

Fi1cG. 106.
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iron of the proper size is bent into a ring, but not
welded. About the easiest way to do this is to take
a bar several feet long, bend the ring on the end, and
then cut it off as shown in Fig. 107.

=

Fic. 107.

This ring is just large enough, when the ends are
slightly separated, to slip easily over the shank.

The shank is heated to about a welding heat, the
ring being slightly cooler, and the two put together
as shown in Fig. 107, B. The head is heated and
welded, and then shaped as described above.

When welding on the head it should be hammered
square the first thing, and #ot pounded round and
round. It is much easier to make a sound weld by
forging square.

Care must be used when taking the welding heat
to heat slowly, otherwise the outside of the ring will
be burned before the shank is hot enough to stick.

It is sometimes necessary when heating the bolt-
head for welding to cool the outside ring to prevent
its burning before the shank has been heated suffi-
ciently to weld; to do this put the bolt in the water
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sideways just far enough to cool the outside edge of
the ring and leave the central part, or shank, hot.

Tongs.—Tongs are made in a great variety of
ways, several of which are given below.

Common flat-jaw tongs, such as are used for
holding stock up to about # inch thick, may be
made as follows: Stock about ¢ inch square
should be used. This is first bent like A, Fig.
108. To form the eye the bent stock is laid

B\ %
G
y (&)
i) %
D
Fi16. 108.

across the anvil in the position shown at B, and
flattened by striking with a sledge the edge of the
anvil, forming the shoulder for the jaw. A set-
hammer may be used to do this by placing the
piece with the other side up, flat on the face of the
anvil, and holding the set-hammer in such a way as
to form the shoulder with the edge of the hammer,
the face of the hammer flattening the eye.
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The long handle is drawn out with a sledge,
working as shown at C. When drawing out work
this way the forging should always be held with
the straight side up, the corner of the anvil forming
the sharp corner up against the shoulder on the
piece. If the piece be turned the other side up,
there is danger of striking the projecting shoulder
with the sledge and knocking the work out of shape.

For finishing up into the shoulder a set-hammer
or swage should be used, and the handles should
be smoothed off with a flatter, or between top and
bottom swages. The jaw may be flattened as
shown at D.

The inside face of the jaw should be slightly
creased with a fuller, as this insures the tongs grip-
ping the work firmly with the sides of the jaws, and
not simply touching it at one point in the center, as
they sometimes do if this crease is not made.

After the tongs have been shaped, and are fin-
ished in every other way, the hole for the rivet
should be punched. The rivet should drop easily
into the hole. The straight end of the rivet should
be brought to a high heat, the two parts of the
tongs placed together with the holes in line, the
rivet inserted, and the end ‘““headed up.” Most of
the heading should be done with the pene end of
the hammer. After riveting the tongs will prob-
ably be rather “stiff’; opening and shutting them
several times, while the rivet is still red-hot, will
leave them loose. The tongs should be finished
by fitting to a piece of stock of the size on which
they are to be used.
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Light Tongs.—Tongs may be made from flat stock
in the following way: A cut is made with a narrow
fuller at the right distance from the end of the bar
to leave enough stock to form the jaw between the
cut and the end, as shown at A, Fig. 1o9.

A :
Q
£ s
B
Fig. 109.

This end is bent over as shown at B and a second
fuller cut made, shown at C, to form the eye. The
other end of the bar is drawn out to form the handle,
as indicated by the dotted lines. The jaw is shaped,
the rivet-hole punched, and.the tongs finished, as
at D, in the usual way.

Tongs of this character may be used on light
work.

Tongs for Round Stock. — Tongs for holding
round stock may be made by either of the above
methods, the operations
in making being the
same, with the exception
of shaping the jaws,
which may be done in
this way: A top fuller
and bottom swage are Fic. 110.
used, the swage being of the size to which it is
wished to finish the outside of the jaws, the fuller
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the size of the inside. The jaw is held on the swage,
and the fuller placed on top and driven down on
it, Fig. 110, forcing the jaw to take the desired
shape, shown at A. The final fitting is done as
usual, after the jaws are riveted together.

' Welded Tongs.—Tongs with welded handles are
made in exactly the same way as those with solid,
drawn-out handles excepting that, in place of draw-
ing out the entire length of the handle, a short stub
only is forged, a few inches long, and to this is
welded a bar of round stock to form the handle.
Fig. 111 shows one ready for welding.

= J%

Fi1G. 111,

Pick-up Tongs. — No particular description is
necessary for making pick-up tongs. The tongs
may be drawn out of a flat piece and bent as
shown in Fig. r12.

WL e YT R

Fic. 112.

Bolt-tongs. — Bolt-tongs are easily made from
round stock, although square may be used to
advantage.

The first operation is to bend the bar in the shape
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shown in Fig. 113. This may be done with a fuller
over the edge of the anvil, as shown at A. When
bending the extreme end of the jaw the bar should
be held almost level at first, and gradually swung
down, as shown by the arrow, until the end is prop-
erly bent.

Fia. 113. F1c. 114.

The eye may be flattened with the set-hammer,
and the part between the jaw proper and the eye
worked down to shape over the horn and on the
anvil with the same tool.

The jaw proper is rounded and finished with a
fuller and swage, as shown in Fig. 114.

There is generally a tendency for the spring of
the jaw to open up too much in forging. This
may be bent back into shape either on the face of
the anvil, as shown at A (Fig. 115), or over the
horn, as at B. :

Another method of making the first bend, when
starting the tongs, is shown in Fig. 116. A swage-
block and fuller are here used; a swage of the
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proper size could of course be used in place of the
block.

Fia. 115. : Fic. 116.

Ladle—A ladle, similar to Fig. 117, may be
made of two pieces welded together, one piece
forming the handle, the other the bowl.

A square piece of stock of the proper thickness
is cut and “laid out” (or marked out) like Fig.
118; the center of the piece being first found by
drawing the diagonals.

R
\("/ <
e
. & N 2

FiG. 117. ] Fic. 118.

A circle is drawn as large as possible, with its
center on the intersection of the diagonals; the
piece is cut out with a cold chisel to the circle,
excepting at the points where projections are left
for lips and for a place to weld on the handle. This
latter projection is scarfed and welded to the strip
forming the handle.
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The bowl is formed from the circular part by
heating it carefully to an even yellow heat and
placing it over a round hole in a swage-block or
other object. The peneend of the hammer is used,
and the pounding done over the hole in the swage-
block. As the metal in the center is forced down-
ward by the blow of the hammer, the swage-block
prevents the material at the sides from following
and 1s gradually worked into a bowl shape.

Fig. 119 shows the position of the block and the
piece when forging.

The bowl being shaped properly, the lips should
be formed, and the top of the bowl ground off true.

OCof

F1c. 120.

The lips may be formed by holding the part
where the lips are to be against one of the smaller
grooves in the side of the swage-block, and driving
it into the groove by placing a small piece of round
iron on the inside of the bowl as shown in Fig. 120.

For aladle with a bowl 33 in diameter, the diam-
eter of the circle, cut from the flat stock, should be
about 4’, as the edges of the piece draw in some-
what.  Stock for other sizes should be in about
the same proportion. Stock should be about 3}
thick, ]
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Machine-steel should be used for making the
bowl. If ordinary wrought iron is used, the metal
is liable to split.

Bowls.—Bowls, and objects of similar shape,
may be made in the manner described above, but
care must be used not to do too much hammering in
the center of the stock, as that is the part most
liable to be worked too thin.

Chain-stop.—The chain-stop, shown in Fig. 121,
will serve as an example of a very numerous class

L of forgings; that is, forg-
| b S ir.lgs having a compara-
@ jﬁg tively large projection
| on one side.
: Care should be taken
to select stock, for pieces
of this sort, that will work into the proper shape with
the least effort. The stock should be as thick as
the thickest part of the forging,
and as wide as the widest part.
Stock, in this particular case,
should be 4"/ X 13”.

The different steps in making
the forging are shown in Fig.
122. First two cuts are made "
1}/ apart, as shown at A; then
these cuts are widened out with k
a fuller, B. The ends are then %
forged out square, as at C. To J
finish the piece the hole is Fic. 122.
punched and rounded and the ends finished

round.

TT

FiG. 121.
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When the fuller is used it should be held

slightly slanting, as shown in 2
Fig. 123. @
This forces the metal toward ’

the central part and leaves a
more nearly square shoulder, in
place of the slanting shoulder
that would be left were the fuller to be held exactly

upright.

Fic. 123.



CHAPTER VL

CALCULATION OF STOCK; AND MAKING OF
GENERAL FORGINGS.

Stock Calculations for Forged Work.—When cal-
culating the amount of stock required to make a
forging, when the stock has its original shape
altered, there is one simple rule to follow: Calcu-
late the volume of the forging, add an allowance
for stock lost in forging, and cut a length of stock
having the total volume. In other words, the
forging contains the same amount, or volume, of
metal, no matter in what shape it may be, as the
original stock; an allowance of course being made

B c.
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Fic. 124.

for the slight loss by scaling, and for the parts cut
off in making.
Take as an example the forging shown in Fig.
124, to determine the amount of stock required to
90
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make the piece. This forging could be made in
much the same way as the chain-stop. A piece of
straight stock would be used and two cuts made
and widened with a fuller, in the manner shown
in Fig. 125. The ends on either side of the cuts

42 Tl e

Fie. 125.

are then drawn down to size, as shown by the
dotted lines, the center being left the size of the
original bar. The stock should be "/ X 1", as these
are the dimensions of the largest parts of the forg-
ing. For convenience in calculating the forging
may be divided into three parts: the round end
4, the central rectangular block B, and the square
end C.

The block B will of course require just 2’/ of
stock.

The end C has a volume of 3/ X% X 3" =% of a
tubic inch.

The stock (3”X1””) has a volume of 3 X1”
X 1" =% of a cubic inch for each inch of length.

To find the number of inches of stock required to
make the end C, the volume of this end (§ cubic
inch) should be divided by the volume of one inch
of stock (or 4 cubic inch). Thus, $+3}=13".

It will therefore requize 13" of stock to make
the end C'; with allowance for scaling, 1§”.

The end A is really a round shaft, or cylinder,
4" long and %" in diameter. To find the volume
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of a cylinder, multiply the square of half the diame-
ter by 3'/,, and then multiply this result by the
length of the cylinder.

The volume of A would be '/, X!/, X31/,X4=1/,,.
And the amount of stock required to make A would
be 1/, ,+1/,=14//" in length, which is practically
equal to 1°/;. To the above amount of stock must
be added a small amount for scaling, allowing alto-
gether about 13/,

The stock needed for the different parts of the
forging is as follows:

Round’shafit AFEaeEitne SIS e 13’

Bloclks I51 e BT eV sauena SR es 21

Savare SRMTE G178 T A 1§’
s 28 el W L e TS T SR 58"

First taking a piece of stock 3"/ X1”X53”, the
cuts would be made for drawing out the ends as
shown in Fig. 125.

In such a case as the above it is not always neces-
sary to know the exact amount of stock to cut.
What is known to be more than enough stock to
make the forging could be taken, the central block
made the proper dimensions, the extra metal
worked down into the ends, and then trimmed off
to the proper length. There are frequently times,
however, when the amount of material required
must be calculated accurately.

Take a case like the forging shown in Fig. 126.
Here is what amounts to two blocks, each 2’/ X 4"
X 6", connected by a round shaft, 2’ in diameter.
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To make this, stock 2’ thick and 4” wide should
be used, starting by making cuts as shown in Fig.

L1

£ )
3 9§ ¢

6~ 24~ !
Fic. 126.

127, and drawing down the center to 2’’ round.
It is of course necessary to know how far apart to

!
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" FiG. 127.

make the cuts when starting to draw down the
center.

The volume of a cylinder 2’ in diameter and
24" long would be 1”7 X1 X3!/, X 24" =752/, cubic
inches, which may be taken as 75!/, cubic inches.
For each inch in length the stock would have a
volume of 4" X2 X1""=8 cubic inches. There-
fore it would require 75!/,+8 =97/, inches of stock
to form the central piece; consequently the dis-
tance between cuts, shown at A in Fig. 127, would
have to be ¢7/,J/’. Each end would require 6" of
stock, so the total stock mnecessary would be
B0 & 97/1811 "o 217/15"‘

Any forging can generally be separated into sev-
eral simple parts of uniform shape, as was done
above, and in this form the calculation can be
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easily made, if it is always remembered that the
amount of metal remains the same, and in forging,
merely the shape, and not the volume, is altered.

Weight of Forgings.—To find the weight of any
forging, the volume may first be found in cubic
inches, and this volume multiplied by .2779, the
weight of wrought iron per cubic inch. (If the
forging is made of steel, multiply by .2836 in place
of .2779.) This will give the weight in pounds.

Below is given the weight of both wrought and
cast iron and steel, both in pounds per cubic inch
and per cubic foot.

Lbs. per Lbs. per

' Cu. Ft. Cu. In,
Cast iron weighs....... 450 .2604
Wrought iron weighs. . 480 2779
Steel weighs........... 490 .2936

Suppose it is required to find the weight of the
forging shown in Fig. 124. We had a volume in
A of 1/, cubic inch, in C of ®/, cubic inch, and in
B of 1 cubic inch, making a total of 2%/,, cubic
inches. If the forging were made of wrought iron,
it would weight 2%/,,X.2779 =.7 of a pound.

The forging shown in Fig. 126 has a volume in
each end of 48 cubic inches, and in the center of
75% cubic inches, making a total of 1713 cubic
inches, and would weigh, if made of wrought iron,
47.64 pounds.

A much quicker way to calculate weights is to
use a table such as is given on page 250. As steel
is now commonly used for making forgings, this
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table is figured for steel. The weight given in the
table is for a bar of steel of the dimensions named
and one foot long. Thus a bar 1" square weighs
3.402 lbs. per foot, a bar 33" X1” weighs 11.9 lbs.
per foot, etc.

To calculate the weight of the forging shown in
Fig. 126, proceed as follows: Each end is 2’/ X 4"
and 6”" long, so, as far as weight is concerned, equal
to a bar 4" X2 and 12” long. From the table,
a bar 4" X1” weighs 13.6 lbs. for each foot in
length; so a bar 4" X2”, being twice as thick,
would weigh twice as much, or 27.2 lbs., and as
the combined length of the two ends of the forging
is one foot, this would be their weight. The table
shows that a bar 2’ in diameter weighs 10.69 Ibs.
for every foot in length; consequently the central
part of the forging, being 2 ft. long, would weigh
10.69 X2, or 21.38 lbs. The total weight of the
entire forging would be 48.58 lbs. (This seems to
show a difference between this weight and the
weight as calculated before, but it must be remem-
bered that before the weight was ecalculated for
wrought iron;, while this calculation was made for
steel.)

Finish.—Some forgings are machined, or ‘fin-
ished,” after leaving the forge-shop. As the draw-
ings are always made to represent the finished
work, and give the finished dimensions, it is neces-
sary to make an allowance for this finishing when
making the forging, and all parts which have to
be “finished,” or ‘““machined,” must be left with
extra metal to be removed in finishing.
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The parts required to be finished are generally
marked on the drawing; sometimes the finished
surfaces have the word riNisH marked on them;
sometimes the finishing is shown simply by the
symbol f, as used in Tig. 128, showing that the
shafts and pin only of the crank are to be finished.

-
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Fic. 128.

When all surfaces of a piece are to be finished
the words FINISH-ALL-OVER are sometimes marked
on the drawing.

The allowance for finish on small forgings is gen-
erally about !/,/” on each surface; thus if a block
were wanted to finish 4” X2"" X1”, and /,J” were
allowed for finishing, the dimensions of the forging
should be 4} X 2}"" X 1}"".

On a forging like Fig. 126, about }”/ allowance
should be made for finish, if it were called for;
thus the diameter of the central shaft would be
2}”, the thickness of the ends 2}/, etc. On larger
work 1’/ is sometimes allowed for machining.

The amount of finish allowed depends to a large
extent on the way the forging is to be finished. If
it is necessary to finish by filing the forging should
be made as nearly to size as possible, and having
a very slight amount for finish, !/,,”, or even /',
being enough in some cases.
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It is of course necessary to take this into account
when calculating stock, and the calculation made
for the forging with the allowance for finish added
to the drawing dimensions and not simply for the
finished piece. »

Crank-shafts. — There are several methods of
forging crank-shafts, but only the common com-
mercial method will be given here.

When forgings were mostly made of wrought iron,
cranks were welded up of several pieces. One
piece was used for each of the end shafts, one piece
for each cheek, or side, and another piece for the
crank-pin.  Mild-steel cranks are now more uni-
versally used and forged from one solid piece of
stock. The drawing for such a crank is given in
Fig. 128; finish to be allowed only as shown, that
is, only on crank-pin and shafts. The forgings, as
made, will appear like the outlines in Fig. 129.
The metal in the throat of the crank is generally
removed by drilling a line of holes and then sawing
slots where the sides of ‘the crank cheeks should
come, as shown by the dotted lines in Fig. 129.

A g el SRR B

Fic. 129.

The central block is then easily knocked out. This
drilling and sawing are done in the machine-shop.
This throat can be formed by chopping out the
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surplus metal with a hot chisel, but on small cranks,
such as here shown, it is generally cheaper in a well-
equipped shop to use the first method.

The first step is to calculate the amount of stock
required. Stock 13X 4" should be used. The
ends, A and B, should be left 11" in diameter to
allow for finishing. The end A contains r10.13
cubic inches. Each inch of stock contains 6 cubic
inches. It would therefore require 1.7’ of stock
to form this end provided there were no waste from
scale in heating. This waste does take place, and
must be allowed for, so it will be safe to take about
2"’ of stock for this end. B contains 5.22 cubic
inches, and would require .87"" of stock without
allowance for scale. About 1}” should be taken.
The stock should then be 71’ long. The first step
is to make cuts 14"’ from one end and 2" from the
other, and widen out these cuts with a fuller, as
shown in Fig. 130.

Fic. 130. Fic. 131.

These ends are then forged out round in the man-
ner illustrated in Fig. 131. The forging should be
placed over the corner of the anvil in the position
shown, the blows striking upon the corner of the
piece as indicated. As the ead gradually straightens
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out, the other end of the piece is slowly raised into
the position shown by the dotted lines and the
shaft hammered down round and finished up be-
tween swages.

Care must be taken to spread the cuts properly
before drawing down the ends, otherwise a bad

cold-shut will be formed. If
the cuts are left without spread-
ing, the metal will act some-

what after the manner shown
in Fig. 132. The top part of

the bar, as it is worked down, 4
will gradually fold over, leav- | )
ing, when hammered down to. Frc. 132.

size, a bad cold-shut, or crack, such as illustrated
in Fig. 132. When the metal starts to act this way,
as shown by the upper sketch in 132, the fault may
be remedied by trimming off the corner along the
dotted line. This must always be done as soon as
any tendency to double over is detected.
Double-throw Cranks.—Multiple-throw cranks are

. =L ..J'-‘

o
o

®
3

Fie. 133

first forged flat, rough turned, then heated and
twisted into shape.
The double-throw crank, shown ip Fig. 133,
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would be first forged as shown in Fig. 134 ; the parts
shown dotted would then be cut out with the drill
and saw, as described above.

After the pins and shafts have been rough turned
—that is, turned round, but left as large as possi-

ERYITTRA)
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Fic. 134.
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ble—the crank is returned to the forge-shop, where
it is heated red-hot and twisted into the finished
shape.

When twisting, the crank is gripped just to one
side of the central bearing, as shown by the dotted
line A. This may be done with a vise or wrench,
if the crank is small, or the crank may be placed
on the anvil of a steam-hammer and the hammer
lowered down on it to hold it in place.

The other end of the crank is gripped on the line
B and twisted into the required shape.

X

F1c. 135.

A wrench of the shape shown in Fig. 135 is very
convenient for doing work of this character. It
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may be formed by bending a U out of ﬂat stock 5
bent edgewise, and welding on a handle.

Three-throw Crank.—Fig. 136 shows what is
known as a ‘“three-throw’’ crank. The forging for

[ ] [ (o)

2 NS 7z
ETE B e R A
¢ vl hralk .aud i B B

FIG. 136.

lat
b Y

Sy
4—]1——

this is first made as shown by the solid lines in Fig.
137. The forging is drilled and sawed in the
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Fic. 137.

machine-shop to the dotted lines, and pins rough
turned, being left as large as possible. The forging
is returned to the forge-shop, heated, and bent into
the shape of the finished crank. It is then sent
to the machine-shop and finished to size. Four-
throw cranks are also made in this manner.

The slots are sometimes cut out in the forge-shop
with a hot chisel, but, particularly on small work,
it is generally more economical to have them sawed
out in the machine-shop. This is especially so of
multiple-throw cranks, which must be twisted.
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" Knuckles—There is a large variety of forgings
which can be classed under one head—such forg-
ings as the forked end of a marine connecting-rod,
the knuckle-joints sometimes used in valve-rods,
and others of this character, such as illustrated in
Figs. 139, 140, 141, E. '

Fi1G. 141.

Connecting-rod End.—Fig. 138 shows the shaped
end often used on the crank end of connecting-
rods. The method of forming this is the same as
the first step in forging the other pieces above men-
tioned. :

The stock used for making this should be as wide
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as B and somewhat more than twice as thick as A.
The first step is to make two

fuller cuts as shown at A, Fig. % 5 E i
142, using a top and bottom

fuller and working in both

sides at the same time. When
working in both sides of a bar s Y

this way, it should be turned

frequently, bringing first one
side, then the other, upper-

most. In this way the cuts

will be worked to the same e ,
depth on both sides, while if {
the work is held in one posi- wh

tion, one cut will generally be
deeper than the other. After
the cuts are made, the left-
hand end of the bar is drawn
out to the proper size and the
right-hand end punched and split like B. Some-
times when the length D, Fig. 138, is compara-
tively short and the stock wide, instead of being
punched and split, the end of the bar is cut out, as
shown at C, Fig. 142, with a right angle or curved
cutter.

The split ends are spread out into the position
shown at D, and drawn down to size over the cor-
ner of the anvil, in the manner illustrated in Fig.
143. These ends are then bent back into the
proper position for the finished forging. Gener-
ally when the ends are worked out and bent back
in this manner, a bump is left like that indicated

F1G. 142.
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by the arrow-point at E, Fig. 142. This should

be trimmed off along the dotted line.
Knuckle.—The knuckle, Fig. 139, is started in

exactly the same way, but after being forged out

Fic. 143. Fic. 144.

straight, as above, the tips of these ends are bent
down, forming a U-shaped loop of approximately
"the shape of the finished knuckle. A bar of iron
of the same dimension at the inside of the finished
knuckle is then inserted between the sides of the
loop and the sides closed down flat over it, Fig.
144.
Forked-end Connecting-rod.—Fig. 140 is made in
the same manner. The shaft S should be drawn
down into shape and rounded
& up before the other end is
%} split. After the split ends
& have been bent back
straight, the shoulder' A
should be finished up with
a fuller in the manner shown
in Fig. 145. The rounded
ends B-B should be formed before the piece is bent

N

F1c. 145.
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into shape. The final bending can be done over a
cast-iron block of the right shape and size if the
forging is a large one and several of the same kind
are wanted. ‘

Hook with Forked End.—Fig. 141, E is a forging
which also comes in this general class. This is
made from §’” square stock. The end of the bar is
first drawn down to */,/”’ round. This round endis
put through the hole of a heading-tool, and the
square part is split with a hot chisel, the cut wid-
ened out, and the sides hammered out straight on
the tool. The different steps are shown in Fig.
I41.

Wrench, Open-end.—Open-end wrenches of the
general class shown in Fig. 146 may be made in

o) )

Fic. 146.

several different ways. It would be possible to
make this by the same general method followed
for making the forked end of the connecting-rod
described above. Ordinary size wrenches are more
easily made in the way illustrated in Fig. 147.

A piece of stock is used, wide enough and thick
enough to form the head of the wrench. This is
worked in on both sides with a fuller and the head
rounded up as shown. /A hole is then punched
through the head and the piece cut out to form
the opening, as shown by the dotted lines at B.

This wrench could also be made by bending up
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a U from the proper size flat stock and welding
on a handle.

Fic. 147.

The solid-forged wrench is the more satisfactory.
Socket-wrench. — The socket-wrench, shown in
Fig. 148, may be made in several ways. About

the easiest, on ‘hurry-
-.- up”’ work, is the method
A AN shown in Fig. 149. Here

a stub is shaped up the
same size and shape as
the finished hole is to be. A ringis bent up of thin
flat iron and this ring welded around the stub.

%@

Fic. 149.

Fic. 148.

The width of the ring should of course be equal to

the length of the hole plus the lap of the weld.
When finishing the socket, a nut or bolt-head

the size the wrench is intended to fit should be
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placed in the hole and the socket finished over
this between swages.
A better way of making wrenches of this sort is

to make a forging having
the same dimensions as
<>

the finished wrench, but
with the socket end
274

forged solid. The socket
F1c. 150.

045
N/

end should then De
drilled to a depth slightly
greater than the socket is
wanted. The diameter of
the drill should be, as
shown in Fig. 150, equal to the shortest diameter of
the hole.

After drilling, the socket end is heated red-hot
and a punch of the same shape as the intended hole
driven into it. The end of the punch should be
square, with the corners sharp. As the punch is
driven in, the corners will shave off some of the
metal around the hole and force it to the bottom
of the hole, thus making it necessary to have the
drilled hole slightly deeper than the socket hole is
intended to finish.

While punching, the wrench may be held in a
heading tool, or if the wrench be double-ended, in a
pair of special tongs, as shown in Fig. 150.

Split Work.—There is a great variety of thin
forgings, formed by splitting a bar and bending
the split parts into shape. For convenience, these
can be called split forgings.

Fig. 151 is a fair sample of this kind of work.
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This piece could be made by taking two flat strips
and welding them across each other, but, particu-

(/\\\ //’X
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Fic. 151. FiG. 1352,

larly if the work is very thin, this is rather a diffi-
cult weld to make.

An easier way is to take a flat piece of stock of
the proper thickness and cut it with a hot chisel,
as shown by the solid lines in Fig. 152. The four
ends formed by the splits are then bent at right
angles to each other as shown by the dotted lines,
and hammered out pointed as required.

If machine steel stock is used, it is not generally
necessary to take any particular precautions when

Fic. 153.

splitting the bar, but if the material used is wrought
iron, it is necessary to punch a small hole through
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the bar where the end of the cut comes, to prevent
the split from extending back too far.

' TFig. 153 shows several examples of this kind of
work. The illustrations show in each case the
finished piece, and also the method of cutting the
bar. The shaded portions of the bar are cut away
completely.

Expanded or Weldless Eye. — Another forging of
the same nature is the expanded eye in Fig. 154.

=)
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FiG. 154. FiG. 153.

To make this, a flat bar is forged rounding on the
end, punched and split as shown. The split is
widened out by driving a punch, or other tapering
tool into it, and the forging finished by working
over the horn of the anvil, as shown in Fig. 155.

If the dimensions of the eye are to be very accu-
rate, it will be necessary to make a calculation for
the length of the cut. This can be done as follows:
Suppose the forging, for the sake of convenience in
calculating, to be made up of a ring 3’ inside diame-
ter and sides 4" wide, placed on the end of a bar
1}"” wide. The first thing is to determine the area
of this ring. To do this find the area of the out-
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side circle and subtract from it the area of the
inside circle. (Areas may be found in table, page

243.)

Area of outside circle. . .. ......... =12.5% sq. in.
e 0 wninside |G R s s =5 20 Mo RIS
RALEL RTINS T SRR — P8 oI LY

The stock, being 1}’ wide, has an area of 1}
sq. in. for every inch in length, and it will take 33"’
of this stock to form the ring, as we must take an
amount of stock having the same area as the ring.
This will be practically 311/,/.

The stock should be punched and split, as shown
in Fig. 154. It will be noticed that the punch-
holes are §’’ from the end, while the stock is to be
drawn to 3”/. The extra amount is given to allow
for the hammering necessary to form the eye.

Weldless Rings.—Weldless rings can be made in
the above way by splitting a piece of flat stock and
expanding it into a ring, or they can be made as
follows: The necessary volume of stock is first
forged into a round flat disc and a hole is punched
through the center. The hole should be large
enough to admit the end of the horn of the anvil.
The forging is then placed on the horn and worked
to the desired size in the manner indicated in
Fig. 155. Fig. 156 shows the different steps in
the process—the disc, the punched disc, and the
finished ring.

Rings of this sort are made very rapidly under
the steam-hammer by a slight modification of this
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method. The discs are shaped and punched and

then forged to size over a ‘‘mandril.”” A U-
- & ﬁ@
Fic. 156. Fic. 157.

shaped rest is placed on the anvil of the steam-
hammer, the mandril is slipped through the hole
in the disc and placed on the rest, as shown in
Fig. 157. The blows come directly down upon
the top side of the ring, it being turned between
each two blows. The ring of course rests only upon
the mandril. As the hole increases in size, larger
and larger mandrils are used, keeping the mandril
as nearly as possible the same size as the hole.
Forging a Hub, or Boss.—Fig. 158 is an example
of a shape very often met with in machine forging:
a lever, or some flat bar or shank, with a ‘‘boss”

e

formed on one end. This may be made in two
ways—either by doubling over the end of the bar,
as shown in Fig. 159, and making a fagot-weld of
sufficient thickness to form the boss, or by taking a
bar large enough to form the boss and drawing
down the shank. The second method will be
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described, as no particular directions are necessary
for the weld, and after welding up the end, the
boss is rounded up in the same way in either case.
The stock should be large enough to form the boss
without any upsetting.

A bar of stock is taken, for the forging shown
above, 2’ wide and 2" thick. The first step is to
make a cut about 2/’ from the end, with a fuller,
like A, Fig. 160.

£
3

D

E
Fic. 160.

The stock, to the right of the cut, is then flat-
tened down and drawn out to size, as shown at B.
In drawing out the stock, certain precautions must
be taken or a ‘‘cold-shut’ will be formed close to
the boss. If the metal is allowed to flatten down
into shape like Fig. C, the corner at X will over-
lap, and work into the metal, making a crack in
the work which will look like TFig. E. This
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is quite a common fault, and whenever a crack
appears in a forging close to a shoulder, it is gener-
ally caused by something of this sort—that is, by
some corner or part of the metal lapping over and
cutting into the forging. When one of these cracks
appears, the only way to remedy the evil is to cut
it out as shown by the dotted lines in E. For this
purpose a hot-chisel is sometimes used, with a
lade formed like a gouge.

Fig. D shows the proper way to draw out the
stock; the corner in question should be forged
away from the boss in such a manner as to grad-
ually widen the cut. The bar should now be
rounded up by placing the work over the corner of
the anvil, as shown in Fig. 161. First forge off the

Fic. 161.

corners and then round up the boss in this way.
To finish around the corner formed between the
boss and the flat shank, a set-hammer should be
used. Sometimes the shank is bent away from
the boss to give room to work, and a set-hammer,
or swage, used for rounding the boss as shown.
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After the boss is finished, the shank is straightened.
The boss should be smoothed up with a swage.
Ladle Shank.—The ladle shank, shown in Fig.
162, may be made in several ways. It is possible
to make it solid without
any welds, or the handle
may be welded on a flat
bar and the bar bent into
a ring and welded, or the
ring and handle may be
forged in one piece and
the ring closed together by welding. The last-
mentioned method is as follows: The stock should
be about 1”7 square. It is necessary to make a

|

Fic. 163.

rough calculation of the amount of this size stock
required to form the ring of the shank. If the ring
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were made of §/ X1 stock, about 233"’ would be
required; now as 1” X1 stock is the same width
and about two and one-half times as thick as
' X1" stock, every inch of the 1" X1” will make
about 21" of 3" X1, consequently about ¢}/’ of
the 1’/ square will be required to form the ring.

A fuller cut is made around the bar, as shown
at A, Fig. 163. This should be made about 93"
from the end of the bar. The left-hand end of the
bar is drawn down to $”’ in diameter to form the
handle. If the work is being done under a steam
or power hammer, enough stock may be drawn
out to form the entire handle, but if working on
the anvil, it will probably be more satisfactory to
draw out only enough stock to make a ‘‘stub’’4” or
5’ long. To this stub may be welded a round bar
to form the handle.

After drawing out the handle, the 94" square
end of the stock is split, as shown by the dotted
lines at B. These split ends .
are spread apart, as shown
at C, forged into shape, and
bent back to the position
shown by the dotted lines.

The ring is completed by
cutting the ends to the proper length, scarfing,
bending into shape, and welding, as indicated in
Fig. 164.

If for any reason it is necessary to make a forg-
ing of this kind without a weld in the ring, it may
be done by the method shown in Fig. 165. The
split in this case should not extend to the end of the

FiG. 164.
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bar. About ' or $” of stock should be left uncut
at the end. This split is widened out and the

| )

=

Fic. 165.

sides drawn down and shaped into a ring as desired.
Starting-lever.—The lever shown in Fig. 166 is a

Fic. 166

shape sometimes used for levers used to turn the
fly-wheels of engines or other heavy wheels by
gripping the rim.

The method used in making the lever is shown
in Fig. 167. The end is first drawn down round
| and the handle formed.
The other end is then
split, forged down to

== R A .
A size, and bent at right
angles to the handle.
L] After trimming to the
= 2 proper length, the flat
TRAL ends are bent into shape.
e 3 If this shaped end is

very heavy, it may be necessary to forge it in the
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shape of a solid block, as shown in Fig. 168, and
then either work in the depression
shown by the dotted lines, with a ° b
fuller and set-hammers, or the dotted
line may be cut out with a hot-chisel.

Moulder’s Trowel.—The moulder’s trowel shown
in Fig. 169 gives an example of the method used in

F1c. 168.

Fic. 169.
making forgings of a large class, forgings having a
wide thin face with a stem, comparatively small,
forged at one end.
The stock to be used for the trowel shown should
be about %/ X1”. This is thick enough to allow
for the formation of the ridge at R.

:Ei’\__::] g
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Fiac. 170.

Fig. 170 shows the general method employed.
The forging is started by making nicks like A, with
the top and bottom fuller. One end is drawn down
to form the tang for the handle. This should not
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be forged down pointed, as required when com-
pleted, but the entire length of handle should be
forged square and about the size the largest part is
required to finish to. The handle is then bent up
at right angles, as at B, and the corner forged
square in the same manner that the corner of a
bracket is shaped up sharp and square on the out-
side.

After this corner is formed, the blade is drawn
down to size on the face of the anvil.

When flattening out the blade, in order to leave
the ridge shown at R, Fig. 169, the work should
be held as shown at C, Fig. 170. Here the handle
is held pointing down and against the side of the
anvil. By striking directly down on the work, and
covering the part directly over the edge of the anvil
with the blows, all of the metal on the anvil will be
flattened down, leaving the metal not resting on
the anvil unworked. By swinging the piece around
into a reverse position the other edge of the blade
may be thinned down. If care be taken to hold
the trowel in the proper position while thinning
out the blade, a small triangular-shaped piece next
the handle will be left thicker than the rest of the
blade. This raised part will form the ridge shown
at R, Fig. 169.

The same result may be obtained by placing the
trowel, other side up, on the face of the anvil and
using a set-hammer, or flatter, to thin out the blade.

Welded Brace.—Fig. 171 shows a form of brace,
or bracket, sometimes used for holding swinging
signs and for various other purposes.



CALCULATION OF STOCK; GENERAL FORGINGS. 119

The bracket in this case is made of round stock;
but the same method may be followed in making
one of flat or square material.

( )

Fic. 171.

The stock is first scarfed on one end and this end
doubled over, forming a loop, as shown in Fig. 172.

]
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Fie. 172.

The loop is welded and then split, the ends straight-

ened out and flattened into the desired shape as
illustrated.

Fic. 173.

Welded Fork.—The welded fork, shown in Fig,

173, is made in the same way as the brace de-
scribed above.



CHAPTER VII.

STEAM-HAMMER WORK.

General Description of Steam-hammer.—The gen-
eral shape of small and medium steam-hammers

Fic. 174.

separate foundation.

is shown in Fig. 174.
This type is known as
a single - frame ham-
mer.

The size of a steam-
hammer is determined
by the weight of its
falling parts; thus the
term a g4oo0-lb. ham-
mer would mean that
the total weight of
the ram, hammer-die,
and piston-rod was 400
1bs.

Steam-hammers are
made in this general
style from 200 1bs. up.

The anvil is entire-
ly separate from the
frame of the hammer,
and each rests on a

120
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The foundation for the frame generally takes the
shape of two blocks of timber or masonry capped
with timber—one in front and one behind the anvil
block. The anvil foundation is placed between
the two blocks of the frame foundation, and is
larger and heavier.

The object of separating the anvil and frame is to
allow the anvil to give under a heavy blow with-
out disturbing the frame or its foundation,

Hammer-dies.—The dies most commonly used on
steam-hammers have flat faces; the upper or ham-
mer die being the same width, but sometimes
shorter in length than the lower or anvil die.

Tool-steel makes the best dies, but chilled iron
is also used to a very large extent. Sometimes,
for forming work, even gray iron castings are used.
Flat dies made of tool-steel are sometimes used
without hardening. Dies made this way, when
worn, may be faced off and used again without
the bother of annealing and rehardening.

For special work the dies are made in various
shapes, the faces being more or less in the shape of
the work to be formed. When the die-faces are
shaped to the exact form of the finished piece, the
work is known as drop-forging.

Tongs for Steam-hammer Work.—The tongs used
for holding work under the steam-hammer should
be very carefully fitted and the jaws so shaped
that they hold the stock on all sides. Ordinary
flat-jawed tongs should not be used, as the work
is liable to be jarred or slip out sideways.

Fig. 175 shows the jaws of a pair of tongs fitted
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to square stock. Tongs for other shaped stock
should have the jaws
gfc_}% formed in a correspond-
ing way; that is, the in-
: side of the jaws, viewed
Fic. 175.

from the end, should have
the same shape as the cross-section of the stock they
are intended to hold, and should grip the stock

firmly on at least three sides.

Flat-jawed tongs can be easily shaped as above
in the manner shown in Fig. 176. The tongs are

Fic. 176.

heated and held as shown, by placing one jaw,
inside up, on a swage. The jaw is grooved or
bent by driving down a top-fuller on it. After
shaping the other jaw in the same way, the final
fitting is done by inserting a short piece of stock of
the proper size in the jaws and closing them down
tightly over this by hammering.

When fitting tongs to round stock, the finishing
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may be done between swages, the stock being kept
between the jaws while working them into shape.
Tongs for heavy work should have the jaws
shaped as shown in Fig. 177. When in use, tongs
of this kind are held by
slipping a link over the
handles to force them to- 0
gether. On very large sizes,
this link is driven on with a
sledge.
To turn the work easily,
the link is sometimes made in the shape shown in
Fig. 178, with a handle projecting from each end.

e s

Fic. 178.

Fic. 177.

Hammer-chisels.—The hot-chisel used for cutting
work under the hammer is shaped, ordinarily, like
Fig. 179. This is sometimes made of solid tool-

STEEL
IRON
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Fic. 179. F1e. 180.

steel, and sometimes the blade is made of tool-steel
and has a wrought-iron handle welded on. Fig.
180 shows the method of welding on the wrought-
iron handle.
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The handle of the chisel, close up to the blade, is
hammered out comparatively thin. This is to
allow the blade to spring slightly without snapping
off the handle. The hammer will always knock
the blade into a certain position, and as the chisel
is not always held in exactly the right way, this
thin part of the handle permits a little ‘‘give ”
without doing any harm.

The force of the blow is so great when cutting,
that the edge of the chisel must be left rather
blunt. The edge should be square across, and not
rounding. The proper shape is shown at A, Fig.

A

181. Sometimes for special work the edge may
be slightly beveled, as at B or C, but should never
be shaped like D.

Sometimes a bar is cut or nicked with a cold-

chisel under the hammer.
The chisel used is shaped
like Fig. 182, being very

Fignshes flat and stumpy to resist the
crushing effect of heavy blows. The three faces
of the chisel are of almost equal width.

Cutting Hot Stock.—Hot cutting is done under the
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steam-hammer in much the same way as done on
the anvil.

If the chisel be held perfectly upright, as shown
at A, Fig. 183, the cut end of the bar will be left

w s b,
2 {

Fic. 183.

bulging out in the middle. When the end is wanted
square the cut should be started with the chisel
upright, but once started, the chisel should be very
slightly tipped, as shown at B. When -cutting
work this way the cut should be made about half
way through from all sides. When cutting off
large pieces of square stock the chisel should be
driven nearly through the bar, leaving only a thir
strip of metal, " or }” thick, joining the twe
pieces, A, Fig. 184. The bar is then turned over

yE iE
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Fic. 184.

on the anvil and a thin bar of steel laid directly on
top of this thin strip, as shown at B, Fig. 184.
One hard blow of the hammer sends the thin bar
of steel between the two pieces and completely
cuts out the thin connecting strip of metal. This
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leaves the ends of both pieces smooth, while if the
chisel is used for cutting
on both sides, the end of
one piece will be smooth
and the other will have a
, fin left on it.

For cutting up into corners on the ends of slots
bent cutters are sometimes used; such a cutter is
shown in Fig. 185. These cutters are also made
curved, and special shapes made for special work.

General Notes on Steam-hammer.—When working
under the hammer, great care should always be
taken to be sure that everything is in the proper
position before striking a blow. The work must
rest flat and solid on the anvil, and the part to be
worked should be held as nearly as possible below
the center of the hammer-die; if the work be done
under one edge or corner of the hammer-die, the
result is a ‘‘foul” blow, which has a tendency to
tip the ram and strain the frame.

When tools are used, they should always be held
in such a way that the part of the tool touching
the work is directly below the point of the tool on
which the hammer will strike. Thus, supposing a
. piece were being cut off under the hammer, the
chisel should be held exactly upright, and directly
under the center of the hammer, as shown at A,
Fig. 186. In this way a fair cut is made. If the
chisel were not held upright, but slantingly, as
shown at B, the result of the blow would be as
shown by the dotted lines, the chisel would be
turned over and knocked flat, and, in some cases,

Fic. 185.
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might be even thrown very forcibly from under
the hammer.

When a piece is to be worked out to any great
extent, the blows should be heavy, and the end of
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the stock being hammered should bulge out slightly,
like A, Fig. 187, showing that the metal is being
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worked clear through. If light blows are used the
end of the piece will forge out convex, like B, show-
ing that the metal on the outside of the bar has
been worked more than that on the inside. If this
sort of work is continued, the bar will split and
work hollow in the center, like C.

Round shafts formed between flat dies are very
liable to be split in this way when not carefully
handled.

The faces of the hammer- and anvil-dies are gen-
erally of the same width, but not always the same
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length. Thus, when the hammer is resting on the
anvil, the front and back sides of the two dies are
in line with each other, while either one or both
ends of the anvil-die project beyond the ends of
the hammer-die.

This is not always the case, however, as in many
hammers the faces of the two dies are the same
shape and size.

Having one die face longer than the other is an
advantage sometimes when a shoulder is to be
formed on one side of the work only.

When a shoulder is to be formed on both sides of
a piece the work should be placed under the ham-
mer in such a way that the top die will work in one
shoulder, while the bottom die is forming the other;
in other words, the work should be done from the
side of the hammer, where the edges of the dies are
even, as shown in Fig. 188. If the shoulder is re-
quired on one side only, as in forging tongs, the
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work should be so placed as to work in the shoulder
with the top die, while the bottom die keeps the
under side of the work straight, as in Fig. 189, A.
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The same object, a shoulder on one side only,
may be accomplished by using a block, as shown
at B, Fig. 189. The block may be used as shown,
or the positions of work and block may be reversed
and the work laid with flat side on the anvil and
block placed on top.

This method of forming shoulders will be taken
up more in detail in treating individual forgings.

Tools: Swages.—In general, the tools used in
steam-hammer work, except in special cases, are
very simple.

Swages for finishing work up to about 3" or 4
in diameter are commonly made as shown in Fig.
190. The two parts of the swage are held apart
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by the long spring handle. This spring handle
may be made as shown at B, by forming it of a sep-
arate piece of stock and fastening it to the swage,
by making a thin slot in the side of the block with
a hot-chisel or punch, forcing the handle into this
and closing the metal around it with a few light
blows around the hole with the edge of a fuller.
Another method of forming the handle (C) is to
draw out the same piece from which the blocks are
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made, hammering down the center of the stock to
form the handle, and leaving the ends full size to
make the swages.

Swages for large work are made sometimes as
shown in Fig. 191. The one shown at B is made
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for an anvil-die having a square hole, similar to
the hardie-hole in an ordinary anvil, near 