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FOREWORD

This is a reprint of the BLACKSMITH'S MANUAL
ILLUSTRATED originally published in 1930. The complete
text has been reproduced with new pages on temperature
and measurement conversion and safety added to the back of
the book.

The Rural Development Commission gratefully
acknowledges the cooperation of the late author’s family in
bringing this valuable book back into print.

The Commission has always been involved in promoting
traditional rural crafts and today also offers training and
technical publications in many disciplines including forge-
work.

Forgework courses are set at various levels and cover:
general smithing techniques, scroll work, fitting and frame-
work, power hammering and toolmaking, art metal work,
block repoussé, gilding and decorative effects.

The Rural Development Commission advises the
Government on economic and social matters affecting rural
areas and takes measures to further their development. Its
prime aim is to stimulate job creation and the provision of
essential services throughout the English countryside.
Nearly 30,000 small firms receive advice, training or
finance from the Commission.




INTRODUCTORY

IN compiling this book on Blacksmith work, I have in
mind the many little difficulties which arise from time to
time in this class of work.

In my own experience, and also in that of my fellow
workmen, problems both of time saving and labour saving
have had to be solved, and the * tricks of the trade ’ and
*“wrinkles " which have been learned thereby, are passed
on in this book to anyone who can make use of them. I
trust that they will be found of real service to the young
and ambitious smith. Blacksmithing is a trade difficult
to learn. Well termed the King of Trades, practically
every kindred trade depends on it in some shape or form.
Tools, without which modern methods could not be de-
veloped, have to be speedily made, repaired and tempered.

I have endeavoured in this book to demonstrate, by
drawings and simple text matter, specimens of smith
work commonly done, and the best, simplest and quickest
way to do them. From my own experience, gained at
the forges of different engineering works, I have tried to
pass on the easiest and best methods of arriving at the
finished job.

The different types of forged work seen to-day, and
the various methods by which they may be done, appear
to be endless. It is not surprising, therefore, that many
smiths are often at a loss as to how to commence a job
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INTRODUCTORY

and how best to proceed with it. It is no uncommon
sight to see a smith commence with what should really be
an intermediate or final operation. Valuable time and
material is often lost through such methods.

With a view to surmounting this difficulty, I have
illustrated the finished article, the commencing, following-
through and final operations, which have proved under
various conditions to be most successful. To become a
good smith, the ability to concentrate one’s mind on the
work in hand is necessary. While the iron is in the
fire, the smith should be mentally visualising the various
operations to be gone through immediately the iron is
ready.

He is a poor workman who brings his heated iron
below the hammer with no clear idea in his head as to
what he intends to do first. A good motto would be,
“Think first and act afterwards.” The smith who is
well equipped with tools will often finish his job in one
heat, whereas the smith using antiquated methods will
require three or four heats for the same job. Some of
the tools illustrated in this book might almost be called
““labour-saving gadgets,” as in many cases they have no
resemblance to the orthodox tool. The smith who has to
rely on his striker has obviously to use different methods
from the smith who has the advantage of the steam
hammer.

Rapid calculations plays an important part in modern
smith work, and the smith who can reckon in figures the
required length of material necessary to do a certain job
has the advantage of his fellow workman who merely relies
on guesswork. I do not suggest that the working black-
smith should be a skilled mathematician, and I have there-
fore embodied in this work one or two simple formulas for
calculating length, which will be found to work out very

vi



INTRODUCTORY

well in practice. These formulas can quickly be acquired
by memory, and the smith will then be saved the worry
of wondering whether he has cut enough material for a
job, or whether he is going to have a big waste of bar.

In a sentence, I have endeavoured to show, by illustra-
tions and text matter, how to obtain the length of material
for a job, the tools required, and the operations necessary
to complete the job in the most expeditious manner.

J. W. LILLICO.

23 Langwell Crescent,
Ashington, Northumberland,
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BLACKSMITH’S MANUAL ILLUSTRATED

FORGES OR HEARTHS. PLATE t
CAST-IRON FORGE

There are various forges in connection with blacksmith
work, and the illustrations given show one or two
designs in common use,

In F1G. 1 is shown a cast-iron forge fitted with a water-
cooled tuyére, which protects the nose from burning
when coming in constant contact with the fire.

If at any time the blacksmith's shop requires to be re-
arranged, this design of forge can be easily moved,
not being fixed to the floor, as is the case with the
brick forge illustrated on the following plate.
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BLACKSMITH'S MANUAL ILLUSTRATED

FORGES OR HEARTHS. PLATE 2
BRICK FORGE

In Fi6. 1 is shown a common type of forge which is
built of bricks. It is fitted with a water-cooled
tuyére and a water trough underneath the hearth.
This forge, unlike the one illustrated in PLATE 1, is
a fixture and cannot be moved about.

The average height of the hearth is about 2 ft., having
a length 3 ft. 6 ins. and a width 3 f{t.
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BRICK FORGE.
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BLACKSMITH'S MANUAL ILLUSTRATED

FORGES OR HEARTHS. PLATE 3
HEARTHS

In Fi16. 1 is shown a method to adopt when heating
large quantities of small tools all over. Arrange
a few bricks on the hearth so as to form a small
furnace, the bricks being kept together by means
of wet coal surrounding them.

The fuel for such a fire is coke. Place the tools to be
heated on top of the coke, and to get a good heat,
place a brick in front of the fire. This can be
easily moved, when taking the tools out, by sliding
it along on the bricks placed for that purpose.

In Fi6. z is shown another method for heating large
quantities of tools which have only to be heated
at the ends.

Take a 1}-inch square bar and double it as shown
Place this bar in front of the fire and bank over
with wet coal. This forces the heat through the
opening, and by placing the tools between the bars
a satisfactory result can be obtained,
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BLACKSMITH'S MANUAL ILLUSTRATED

FORGES OR HEARTHS. PLATE 4

POT FIRE

1 shows what is commonly called a pot fire. It
can be adapted in many ways, and the building of

" such a fire is verv simple. It is made about 2 ft,

F1c.

The

The

high and 3 ft. square, and should be situated so
that the smith can work at it from all sides.

2 shows a section of the pot fire. The fire hole is
18 ins. deep, 12 ins. at the base and 6 ins. at the
top, the air-blast entering 15 ins. from the top.
The base of the fire hole is composed of a sliding
door which is easily pulled out for cleaning the
fire. After the fire is cleaned, adjust the door and
place on fop dead ashes, as shown in the sketch,
reaching to the blast entrance. This prevents it
from becoming too hot. The best fuel to use for
such a fire is coke.

Author’s experience has shown this fire to have
no superior in heating large forgings and in welding.
Having no canopy hanging over, as in the previous
illustrations, it is easy to work at.

force of air can be increased by arranging an air-
blast at the opposite side, similar to the one shown,
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BLACKSMITH'S MANUAL ILLUSTRATED

FORGES OR HEARTHS. PLATE 5
POT FIRE

F1c. 1 shows a method of building on top of a pot
fire with bricks, when heating large bars. The
advantage of such a fire is that the material is
heated with flame, which keeps it free from all
dirt.

To build such a fire, arrange two walls of bricks in
single tier three or four bricks high and place on
top large flat bricks. Enclose the bar by placing
loose bricks around it as shown. When the bar
is heated, these can be easily removed. When
heating very large bars they should rest on two
bricks, one at each side of the fire hole, thus allowing
the flame to circulate around the bar.

F16. 2z shows a method of covering over the top of the
fire when bricks large enough are not obtainable.
Make a clam from z-inch by §-inch bar, and slightly
bend it. Bricks can be held together in this clam
as shown. To lift off the clam containing the
bricks, place a rod through an eye bolt which is
riveted in the centre of the clam.

I0






BLACKSMITH'S MANUAL ILLUSTRATED

FORGES OR HEARTHS. PLATE ¢
POT FIRE

F16. 1 shows a method that is adopted for heating
coal cutter picks which have to be hardened.
Place bricks as shown leaving a narrow space
about 30 ins. by 3 ins. through which the flame
can rise. Next lay the picks on the bricks with
the sharpened points over the flame. When the
points become dark red, plunge into oil to harden.

This method was adopted after numerous experiments
and proved the most successful.

In Fi16. 2 is shown a method to heat coal cutter picks
for sharpening. By arranging a few bricks to form
a small furnace, the picks can be heated by placing
them in and enclosing them by sliding a brick in
front of the fire.

Fhis method gives good results when large quantities
of picks have to be heated. When using this method
the picks are heated bv the flame, and so do not
burn, as sometimes occurs in an ordinary coal fire.

12
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BLACKSMITH'S MANUAL ILLUSTRATED

FORGES OR HEARTHS. PLATE 7
POT FIRE

In Fic. 1 is shown a method that can be used for carbon-
ising when a furnace cannot be obtained. This can
be arranged by placing two bricks, one on each side
of the fire hole, to rest the box on containing the
parts to be carbonised.

Note.—Methods of carbonising are fully explained in
the Hardening chapter.

The box with its contents is cased in by building four
walls around it, and covering as shown. The fire
is kept burning by being occasionally filled with coke.
This fuel is put in through a small opening at the
front, large enough to allow a loose brick to be
placed in it,

14
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BLACKSMITH’S MANUAL ILLUSTRATED

TOOLS. PLATE 8
ANVILS

Blacksmith's anvils. The blacksmith generally judges
an anvil by its ring, a good anvil giving out a clear,
sharp sound when struck with the hammer. If
the anvil is defective the sound will be dull. A
good anvil giving out a full volume of sound is
easier to work upon than one having a dull ring.
The average weight of an anvil for the smithy is
300 Ib., and it is usually composed of a wrought-
iron body to which is welded a hardened steel
face.

To get the height in setting an anvil. The smith’s
finger-tips should just reach the top when standing
beside it.

F1G. 1 shows an anvil set on a wood biock let into the
floor.

F1G. 2 shows an anvil set on a cast-iron mounting block,
which is preferable, being easily moved when
needed.

The practice which some smiths have of packing the
anvil on their side to make it incline towards the
striker is not good policy and proves a disadvantage
to the smith. The anvil should be perfectly level
to get the best results.

F1G. 3 shows a cast-iron swage block which is a very
useful tool in the smithy. As can be seen in the
illustration, the holes vary in size and shape, and
around its edges are various grooves which can be
selected to suit the requirements of the smith.

16
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BLACKSMITH'S MANUAL ILLUSTRATED

TOOLS. PLATE 9
HAND HAMMER

In F1G. 1 is shown a hand hammer, which is made from
1}-inch octagon bar,

F16. 2 shows the first operation by punching the hole
for the shaft.

Note.—When punching a hole, it is necessary to withdraw
the punch after four or five blows have been struck,
so as to cool the point. A little coal dust should
be put into the hole before proceeding with the
punching, as this will generate gas and help to force
out the punch,

Next fuller, as shown in F16. 3, on each side of the hole,
then insert the mandril and flatten on the sides, as
shown in F16. 4. F16. 5 shows a special bolster
which is used to protect the shape of the eye when
driving the finishing mandril in, as shown in F16. 6.

Another method of making a hand hammer is by working
a round bar in a pair of spring tools, as shown in
F1G. 7. Fi16. 8 shows how the hammer is practically
formed when withdrawn from the tools, leaving
only the hole to be punched and the hammer cut
to length.

18
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BLACKSMITH'S MANUAL ILLUSTRATED

HAND TOOLS. PLATE 10
TONGS

PLATE 10 shows various kinds of tongs that are needed
in the smithy, and almost every make of tongs has
to be repeated to various sizes to cope with the
different sections of material stocked.

Note.—Should a bar require to be forged and the tongs
in stock do not fit the bar, the best remedy is to
forge the end of the bar to fit the nearest size of
tongs. The bar is then known to have a tong end.

This method should be encouraged as it relieves the
smith in many cases from handling large and heavy
tongs. For example, should the smith have to
handle a piece of 4-inch square bar 12 ins. long to
make a forging, instead of using 4-inch tongs, reduce
the end down to 1}-inch square or to fit tongs about
that size which may be in stock. The end reduced
need not be scrap when cut off, as in many cases
it can be used in making smaller forgings.

Fic. 1 illustrates tongs known as pincer hollow bits.
As can be seen in the illustration they are made
V-shaped where they grip, thus enabling them to
fit square bars as well as round bars.

Fic. 2 illustrates pincer tongs to grip between two
sections as shown.

F16. 3 shows hollow bits made to grip round or square
material,

F1G. 4 shows square clip tongs also made to grip square
material.

F16. 5 shows flat tongs used with a clip, to hold various
widths of material.

F1G. 6 shows duck-neb tongs used for holding hoops and
bars edgeways.

F16. 7 shows hoop tongs used for holding hoops.
FiG. B shows angle tongs used for gripping angle iron.

20
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BLACKSMITH'S MANUAL ILLUSTRATED

HAND TOOLS. PLATE 11
TONGS

PLATE 11 deals with another collection of tongs.

‘F16.

F1c.
F1a.

Fic.

Fi1c.

Fic.

Fic.

Fi1aG.

1 illustrates pick tongs which are used for holding
tapered material, such as picks, etc. The rivet in
the tongs in this case is an eye bolt which is used
to support the tapered point of the material.

2 shows link tongs which are used when making links.

3 shows chisel tongs, so-called because they are used
when repairing chisels.

4 shows T-angle tongs used for holding T-bars as
shown.

5 shows shingling tongs used for holding short pieces
of material that have to be jumped under the steam
hammer.

6 shows pipe tongs which fit inside of the pipe.

7 shows pliers or anvil tongs which are generally
used by the assistant, to pick up odd pieces of hot
material.

8 shows rivet tongs used when riveting.

As can be seen in the illustrations the tong shanks are

sufficiently open when gripping the material to
enable a hand, to tighten and still avoid any pos-
sibility of the fingers being nipped in between.

22
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BLACKSMITH'S MANUAL ILLUSTRATED

HAND TOOLS. PLATE 12
TONGS

PLATE 12 illustrates how to make tongs. When making
these great care ought to be taken, as faulty tongs
have been the cause of many accidents, through
breaking. When making tongs avoid forging sharp
angles, as these are liable to break when forging at
the steam hammer, and the operator will be lucky
to escape injury.

F16. 1 illustrates the tongs to be made.

F1G. 2 shows the first operation by starting the shank of
the tongs, and by following the operations shown in
Fi1Gs. 3, 4, and 5, the result is obtained.

Another method of forging tongs is to make the tong end
first, as shown in Fic. 6, then follow the operations
as shown in F1Gs 7 and 8, and g which illustrates the
shank ready for welding on. This method should
only be adopted when there is no steam hammer
available.

A method of making small tongs is to get a round bar
and jump as shown in F16. 10, then bend to shape
as shown in FiG. r1. Finish off as shown in FiG. 12.

F16. 13 shows the shape to which clip tongs should be
forged.

F16. 14 shows another method by punching a hole and
cutting open, finishing by bending the ends over to
fit the bar.

24
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BLACKSMITH'S MANUAL ILLUSTRATED

HAND TOOLS. PLATE 13
HAND TOOLS

PLATE 13 illustrates hand tools which are commonly used.

Fics. 1 and 2 illustrate the blacksmith’s hand hammer,
which generally weighs between 14 1b. and 2 ib.

Fics. 3 and 4 show cold sets, which are used for cutting
cold material and handled by a shaft.

F1G. 5 shows the same cold set, handled by a rod.

Fics. 6 and 7 show hot sets, which are used for cutting
hot material, having a finer edge than that of the cold
sets.

F1gs. 8 and g show what is commonly called a flat face,
used for levelling and finishing.

Note.—F16. 8 has rounded edges, while Fic. g has square
edges.

Fi1cs. 10 and 17 illustrate set hammers which are similar
to the flat face, having round and square edges.
They are commonly used, and as their name signifies,
they set forgings.

Figs. 12 and 13 show top swages used when rounding
material. The eyve can be punched in, either way,
as shown.

F16. 14 shows a top fuller having a straight, but rounded,
edge.

F16. 15 is a top fuller having a circular and rounded edge

Figs. 16 and 17 illustrate what are known as necking
fullers, which can be seen in use on PLATE 47.

Fi1G. 18 shows a round-faced fuller.

Swages and fullers ought to be stocked in various sizes,
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BLACKSMITH'S MANUAL ILLUSTRATED

TOOLS. PLATE 14
ANVIL TOOLS

It is essential that the smith be well versed in the various
uses of the many tools common with his trade. The
very variety of smith work itself calls for the con-
stant necessity of some new design of tools, and the
smith with an inventive tumn of mind will find full
scope for his ability here.

Anvil swages, as seen in FIGs. T and 2, are made in various
sizes, from } in. to 4 ins., with a top swage to go along
with each one. They are used in rounding material
to any given size that may be required. The
majority of anvil tools can be made from tong ends
which have been cut off the end of bars.

Note.—When making tong ends it is advisable to draw
them down to suit any tool that may be required.

F16. 3 shows a bottom fuller, which can be seen in use on
PLATE 17.

F1G. 4 shows a bottom fuller with a stop forged on. This
is to keep the forging from rolling off when fullering.

Fic. 5 shows a tool known as a saddle, and can be seen
in use on PLATE 16.

Fic. 6 shows a bending link. See PLATE 16.

F16. 7 shows a cutting tool which is made to come flush
with the side of the anvil. This tool should be made
of steel that can be hardened. See PLATE 16.

Fic. 8 shows a fork tool which is used for bending. See
PLATE 16,
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BLACKSMITH'S MANUAL ILLUSTRATED

TOOLS. PLATE 15
ANVIL TOOLS

FI1G. 1 shows what is termed a bolt swage, so called
because it is used for making bolts. It has a groove
to round the bolt, and a deeper groove, which acts
as a bolster when welding the head of the bolt. It
also contains a hexagon groove for shaping the head
as shown. A tool so made saves the trouble of
changing at each operation, as is the case with single-
grooved swages.

Fi1G. 2 shows a T-swage, so called because it is used for
swaging T-pieces. See PLATE 16.

F1G. 3 shows an anvil cutter used for cutting small bars.

FiG. 4 shows a bottom radius fuller, which is explained
fully on PLATE 17.

F1G. 5 shows what is termed a hexagon swage used for
shaping bolt heads.

F1G. 6 shows a V-swage used for shaping square corners.
See PLATE 16. )

Fic. 7 shows a link tool used for welding links. See
PLATE 16.

Fic. 8 shows a block tool, which is used when the anvil
15 too wide.

30



ANVIL TOOLS. nmw

FIC 1 FIGC 2

r\%\

/

PIG 4

%

I

e

di

PIc T PIG 8

F
&



BLACKSMITH'S MANUAL ILLUSTRATED

TOOLS. PLATE 18
ANVIL TOOLS

PLATE 16 illustrates the tools which have previously been
mentioned in use.

In F1G..1 will be seen a saddle generally used for such
forgings as double eves.

Fi16. 2 shows the method of bending a bar at nght angles
by using a bending link.

F1c. 3 shows the method of using the cutting tool.
FiG. 4 shows the fork tool in use.
F1G. 5 shows the bolt swage in use.

Fic. 6 illustrates a T-piece between top and bottom
T-swages.

F1G. 7 shows one method of using a V-swage with a fuller
to shape square corners.

Fic. 8 illustrates a method of welding a link by using
a link tool.
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BLACKSMITH'S MANUAL ILLUSTRATED

HAND TOOLS. PLATE 17
HAND TOOLS
PLATE 17 illustrates the uses of various hand tools.

F16. 1 is showing top and bottom fullers. Fullering is
generally the first operation before commencing to
forge. By hammering the fullers into the depth re-
quired, as shown in Fi1G, 2, the smith is given a good
start before drawing down, as shown in F1G. 3.

F1G. 4 shows top and bottom radius fullers, which are used
for reducing a large diameter bar to a small diameter
bar, as shown in F16.5. FIG. 6 shows the bar when
drawn down.

In F1G. 7 is shown a circular chisel, which is used for
cutting discs out of square plates.

F1G. 8 shows a gouge, which is used for rounding ends of
bars as shown.

Fic. ¢ illustrates a punch for punching holes in the
material when hot. FiG. g also shows a sledge
hammer, which is made out of 2}-inch square cast
steel. The average weight of a sledge hammer is
12z b,

F16. 10 illustrates a cold set for cutting rivet heads off.
This particular set is ground at one side only, as
shown. Fie. 10 also shows a toul known as a quarter
hammer, made from a z-inch square cast-steel bar.
Its average weight is 6 1b.
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BLACKSMITH'S MANUAL ILLUSTRATED

HAND TOOLS. PLATE 18
CALIPERS, ETC.

PLaTE 18 illustrates a useful collection of tools very
necessary for the smith in his trade.

F1G. 1 shows double calipers, which are used for checking
sizes when forging.

Fi1c. 2 shows the handle made from a flat bar.

Note.—This has a square hole to allow each arm, as shown
in F16s. 3 and 4, to work separately when riveted.
The rivet used (F1G. 5) has a square collar.

Fi1Gs. 6 and 7 are the washers which complete its structure.
Fi1G. 8 represents blacksmiths’ compasses or dividers.

FiGs. g to 12 illustrate the parts of compasses before they
are riveted together.

F1c. 13 illustrates a blacksmith’s T-square, which is used
to square corners.

F1G. 14 shows the method of making it.

Fi1G. 15 represents a bevel used for setting bars to their
required angles.
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BLACKSMITH'S MANUAL ILLUSTRATED

ANVIL TOOLS. PLATE 19
ANVIL SWAGES

PLATE 19 illustrates anvil swages. These are made in
various sizes and are used for rounding material to
any size that may be required.

Fic. 1 shows a short bottom swage containing three
different sizes. The narrow swage is necessary for
swaging between two larger sections, as in FigG. 3.

F1G. 2 represents a long single bottom swage used as in
Fic. 4.

To make a swage, commence by forging 1}-inch square
from a 3-inch square bar. Next cut it off the 3-inch
square bar, allowing enough material to make the
body. Place in a bolster and hammer down to the
required size. Next sink the groove by hammering
in two or three different sizes of diameter bars,
beginning with the smallest and gradually increasing
the diameter to the required size.
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BLAGKSMITH'S MANUAL ILLUSTRATED

ANVIL TOOLS. PLATE 20
SMALL ANVIL

1 illustrates a small anvil fixed into a large anvil,
which is useful in the case of small work such as
links, double eyes, etc.

2 shows the first operation, by side-setting, 3 ins.
from the end. Draw down the 3 ins. of the bar to
2 ins. diameter. Leave 4 ins. of the 2 ins. diameter,
and draw down the remainder to the size of the hole
in the anvil, which is about 1}-inch square, as shown
in F1c. 3. Next cut it off the bar 3 ins. long and
place it in a bolster as in FiG. 4. Flatten down as
in Fic. 5. Next withdraw from the bolster and
hold it with the tongs, as shown, and taper the
flat end down to the required size. Next draw down
the opposite end and finish off.

Note.—If a smith has not a bolster high enough to hand,

the difficulty can be overcome by placing several on
top of each other.
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BLACKSMITH'S MANUAL ILLUSTRATED

ANVIL TOOLS. PLATE 21
BOLSTER SWAGE

F1c. 1 shows a bolster swage which is a very useful tool,
and ought to be stocked in various sizes. A large
number of tools can be accumulated by using scrap
pieces and shaping them while hot to any size
required.

A bolster swage is similar to an anvil swage, except that
it has a hole in the centre instead of a stalk.

The remainder of the illustrations on this plate show the
uses to which a bolster swage can be put.

F16Gs. 2 to 4 show the making of an eye bolt, before placing
in a bolster swage, as in F1G. 5.

F16. 6 illustrates a bolster swage in use during the making
of a top swage.

F1G. 7 shows it in use during the making of a double eye.

Fi1c. 8 shows it in use during the making of a T-piece.
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BLACKSMITH'S MANUAL ILLUSTRATED

ANVIL TOOLS. PLATE 22
ANGLE BAR TOOLS

PLATE 22 is a collection of tools used for angle bar work.
It sometimes happens that smiths have to do this
class of work, although it really belongs to another
branch of the trade called Angle Iron Smiths.

In F1c. 1 is shown a split block used for straighting or
cutting T-bars and angle bars, as seen in F1Gs. 2and 3.

FiG. 4 shows an angle V-block suitable for welding angle
bars, as shown in FIG. 5.

IF16. 6 shows a joggling block, which is used for joggling
T-bars and angle bars by laying a piece of flat bar
on top of the T-bar when hot under the steam hammer,
and hammering down, as seen in FIG. 7.

FiG. 8 is a bending link used, as seen in FIG. g, to bend an
angle bar at right angles.

Fi1G6. 10 shows a block to be used, as seen in FiG. 11, to
bend small angle bars by gripping the bar at one end
and pulling it around, at the same time hammering
it on top to avoid puckering.
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BLACKSMITH'S MANUAL ILLUSTRATED

POWER TOOLS. PLATE 28
CUTTERS

PLATE 23 illustrates cold cutters for cutting cold material
at the steam hammer.

F1Gs. 1 and 2 show a pair of steel cutters or shears for
cutting flat bars under the steam hammer. The
making of a pair of cutters is very simple. Use a
steel bar § in. by } in. and cut a piece off 4 ins. long
to make the bottom cutter. The top cutter has a
handle forged, which is held by the smith as shown in
Fic. 3.

F16. 4 shows the position of the cutters ready to cut.
F1G. 5 shows the result.

To harden these cutters heat to a dark red, then plunge
into oil. Next polish them, then lay on a hot surface
till they turm dark brown.

F1G. 6 represents a cold cutter used at the steam hammer
for cutting square and round bars.

F1G. 7 shows the cutter in operation.

Figs. 8 and g show the method of breaking the bar when
nicked around with the cutter. Place two pieces of
material not exceeding 1 in. in thickness on the
hammer block. Place the bar on top of them, and
hold a small diameter bar on top as shown. Hit one
sharp blow with steam hammer.
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BLACKSMITH'S MANUAL ILLUSTRATED

POWER TOOLS. PLATE 24
SIDE SET TOOLS

PLATE 24 illustrates various side set tools and their uses.
They are mostly used for heavy forging and made in
different sizes. Side sets are used similar to fullers,
i.e. generally used for the first operation in forging.

In Fi1G. 1 is shown a pair of side sets with sharp angles,
which are used to forin a square shoulder when
hammered in.

Fi1G. 2 shows a pair of side sets with the edges rounded,
so as to form a radius when hammered in.

F1G. 3 represents a pair of radius side sets, which are used
for side setting round or square bars.

F1G. 4 illustrates each pair of side sets hammered into
the bar.

F16. 5 shows the result.
F1G. 6 shows where only one side set has been used.

F1G. 7 shows the method of making a side set, by drawing
down a handle from 3-inch square cast steel and
cutting one corner off. The angle, when finished,
should be perfectly square, as shown in Fig. 8.
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BLACKSMITH'S MANUAL ILLUSTRATED

POWER TOOLS. PLATE 25
RADIUS TOOLS

PrLate 25; FI1G. 1 illustrates radius cutters, which are
used for cutting and rounding the end of a bar and
also to form bosses.

F16. 2 shows a pair of radius fullers, which are used to
fuller and radius the bar at the same time.

Fic. 3 illustrates each pair of tools hammered into the
bar, and Fi1G. 4 shows the result.

The method of making these tools is to hammer a square
bar comer-ways into an impression which has been
machined to shape, as shown in Fi16s. 5 and 6.

FiGs. 7 and 8 show right-hand and left-hand cutters used
for cutting hot material.

Note.—When drawing down the handles of these tools
they should be made as light as possible to avoid
jarring the hand.
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BLACKSMITH’S MANUAL ILLUSTRATED

POWER TOOLS. PLATE 28
SPRING SWAGES

PrATE 26 illustrates how to make spring swages. Suppos-
ing vou have to make a pair of 1-inch spring swages,
as shown in F1c. 1. First make two 4-inch square
blocks 2 ins. thick, and in each block sink a #-inch
diameter bar half-way down, as shown in Fi1G. 2.
Next place a 1-inch diameter bar, as seen in FiG. 3,
and sink it half-way in. When this is done, drill
a §-inch hole in each an inch deep. Next take a
f-inch diameter bar, 5 ft. long, jump it at each end,
then place the ends into the holes, and fix them firmly
by closing in the holes with a centre punch, as in
F1G. 4. Next complete the spring swages by bending
the §-inch bar, as shown in F16. 1. FIG. 5 shows the
swages in use.

F1Gs. 6 to 10 show the making of a pair of double eye
spring swages. These swages are seen in F16. 6. The
forging for which they are used is shown in FiG. 7.
After making a pair of swages similar to the previous
ones, stamp a flat bar, §-in. thick, in one side of one
swage, as shown in Fics. 8 and 9. Repeat the same
operation to the other swage. Then stamp a flat
bar 13-in. thick between the two swages (F1G. 10).
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BLACKSMITH'S MANUAL ILLUSTRATED

POWER TOOLS. PLATE 27
SPRING SWAGES

PLATE 27 shows a collection of useful spring tools. FIG. 1
illustrates a pair of spring swages which are used for
rounding forgings to the required size. Swages for
use, as in FIG. 1, should be made with the inside
corners having plenty of radius, as shown. This
prevents the material from sticking when revolving.

F1c. 2 shows a pair of double eve swages which really
act as stamps to form double eye bosses, as shown in
FiG. 3.

F16. 4 shows a pair of middle boss swages used for stamp-
ing a boss in the middle of a bar, as shown in FIG. 5.

F1G. 6 shows a pair of eye bolt swages, used for stamping
a boss with a round shank attached, as shown in
FiG, 7.

F1G. 8 shows a pair of side boss swages used for stamping
bosses on one side, as shown in F1G. 9.

F1G. 10 shows the method of fixing the handles in the
tools, as previously described on PLATE 26.
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BLACKSMITH'S MANUAL ILLUSTRATED

POWER TOOLS. PLATE 28
TAPERED TOOLS

PLATE 28 illustrates tapered tools and their uses. These
tools are very essential in the smithy.,

F1G. 1 shows a pair of tapered sets. These should be
made to various angles, to enable the smith to select
the required pair for any given forging that may need
tapering. Should a pair of sets be required which
are not in stock and it is found necessary to have
them made, Fi16. 2 shows the method to adopt.
Mark the given taper of the required forging on a
plate and make the sets to same. Fic. 3 shows the
bar drawn down to the given set. Finish by cutting
off at the dotted lines. These top and bottom sets
are used when tapering between bosses, as shown in
Fi1G. 4.

F1G. 5 shows a single tapered set.

In Fi1Gs. 6 and 7 the bar is drawn down, as in F1aG. 3, with
the exception that in this example the bar is fullered
and drawn down. The ends are then bent down, as
shown in FIG. 5.

Fi1c. 8 illustrates the tapered set in use.

F1G. g shows a round tapered mandril for enlarging
round holes.

FiG. 10 shows an oval mandril used for shaping the eye
of a hand hammer.

Fi1c. 11 shows a square tapered mandril for enlarging
square holes,

Fi16. 12 shows a hexagon mandril used for shaping spanner
jaws.
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BLACKSMITH’S MANUAL ILLUSTRATED

POWER TOOLS. PLATE 29
PUNCH AND DIE

PLATE 2g illustrates a very useful tool for punching holes
in flat bars.

Fic. 1 shows the formation of the die. The bottom hole
acts as the die and the top hole as a guide for the
punch.

F1Gc. 2 illustrates the first operation when making a die.
Draw down a 3-inch by 1d-inch bar to 3-inch by
§-inch, then fuller between, as shown in FiG. 3, and
draw down, as shown in FiG. 4. Drill a hole in each
end and taper the bottom hole for clearance. Finish
by bending, as in FiG. 1.

F1G. 5 illustrates the shape of the punch made of hardened
steel.

F16. 6 shows the punch and die in use.

F1G. 7 gives a sectional view of punch and die.
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BLACKMTH'S MANUAL ILLUSTRATED

POWER TOOLS. PLATE 30
COTTER DIE

PLATE 30: FIG. 1 illustrates a very useful tool used for
punching cotter holes.

Figs. 2, 3, 4 show the method of making a cotter die for
punching a 1-inch by }-inch cotter hole. Commence
by making a block of mild steel 3 ins. square, then
using a tapered cotter punch, the cotter hole is punched
out, F16. 2. Next hammer a tapered mandril in to
form the cotter hole, F16. 3. Fi1G. 4 shows the final
operation. A hole 13y in. in diameter is drilled in
the block, to allow a 1-inch diameter bar, when hot,
to enter,

F1G. 5 shows the shape of the cotter punch used when
punching under the hammer.

Fi1G. 6 shows the punch ready to be hammered through
the bar ; the result is shown in Fic. 4.

If a steam hammer is not available, an alternate method
is shown in FigGs, 8, g, 10,

F16. 8 shows a punch being used to punch the cotter
hole into the bar.

F1G6. g shows a piece of steel being used to keep the hole
in shape while swaging the bar, as in F1G. 10.
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BLACKSMITH'S MANUAL ILLUSTRATED

POWER TOOLS. PLATE 31
HANDLES

PLATE 31 illustrates methods of handling heaving forgings
by other means than tongs.

Fi1G. 1 illustrates an appliance known as a portabar
which is clamped to a forging. To make a portabar
weld a piece of angle bar to a round bar, as shown in
F1G. 2.

FiG. 3 shows a pair of handles which act as a pair of
clams to clamp the portabar, when forging. In this
case the striker acts in conjunction with the smith,
by putting his weight on the portabar to enable the
smith to turn the forging as required.

F16G. 4 shows another design of handles.
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BLACKSMITH'S MANUAL ILLUSTRATED

POWER TOOLS. PLATE 32
CRANE

PLATE 32 illustrates a crane supporting a forging. This

apparatus is invaluable in a shop where heavy forg-
ings are handled on the anvil and under the steam
hammer. When erecting a crane in the smithy,
select a position which will allow the jib to reach
the fire, anvil, and steam hammer. The crane illus-
trated shows the jib reaching over the top of the
steam hammer. It can therefore cope with any
forging close to the hammer.

The following dimensions will give an idea of the material

required to make a crane.

The shaft or pivot which supports the jib is 2} ins. dia-

meter, fixed into double eyes which are riveted or
bolted to a girder, as shown.

The jib is 3 ins. by I in. and the tie rod 1} in. diameter.

On the jib two pulley wheels are held together by two

plates. These support a right- and left-hand screw
adjustment which in turn supports a snatch block
and chain used for turning the forging.
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BLACKSMITH'S MANUAL JLLUSTRATED

ESTIMATION OF LENGTHS OF MATERIAL

After acquainting himself with the various tools and their
uses, as illustrated on the preceding plates, the young
smith may find this chapter, on the estimation of
lengths, of some real service to him. A great amount
of unnecessary work and worry have resulted where
smiths have not taken the trouble to do a simple
calculation, but have endeavoured to arrive at a
given result purely by guesswork.

A few examples are given here for obtaining the weight
per ft. of steel bars.

To find the weight per ft. of square, round, and flat bars.

Formula : Multiply the width in eighths (inches) by the
thickness in eighths (inches) and divide by 19 for
square and 24 for round bars.

Examples : 6-inch square bar and 6-inch diameter bar.

6 ins. sq. 6 sq. 6 ins. dia. 6 dia.
. S L
48 x 48 48 x 48
.48 48
384 384
192 192
19)2304 24)2304
1212 lb. per ft. g6 1b. per ft.



BLACKSMITH'S MANUAL ILLUSTRATED

ESTIMATION OF LENGTHS OF MATERIAL

To find the weight of flat bars adopt the same method as
that for finding the weight of square bars.

Example : 7% ins. x 3} ins. sq. bar
8 8
60 x 26
26
360
120
19)1360

8z'1 lb. per ft.

To find the weight per 1 in. of steel bars, multiply the
width by the thickness and multiply the result by
2. Divide by 7 for square and by g for round bars.

Example:  6ins. sq. 6 ins. dia.
6
36 36
2 2
7)72 9)72
10°2 lb. per inch. 8 Ib. per inch.

Examples in fractions : 74 ins. by 31 ins. sq. bar.
74ins. x 3}ins. x 2 + 7
15132195 _¢ :
. X . ><7 8 696 1b. per inch.
It musi be borne in mind that these methods give ap-

©  proximate results only, but from experience they
have been found to give satisfaction.

The usefulness of arriving at these weights may not at
first be apparent to the young smith, but it will be
seen in examples to follow that where the weight
per ft. of a bar to be forged is known and where the
weight per ft. of the bar from which it is to be made
down is known, a simple deduction will quickly
guide the smith as to the correct length of material

he requires.
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BLACKSMITH'S MANUAL ILLUSTRATED

ESTIMATION OF LENGTHS OF MATERIAL.
PLATE 33

FORGING

PLATE 33 gives a few examples of material to be drawn
down. Find the weight of each section by following
the instructions given, then from these weights the
length to be drawn down can easily be found.

From the method of calculating lengths of forgings
given in preceding chapters, an allowance in weight
is given in practically all cases to allow for a certain
amount of depreciation in the material when it is
heated. The correct amount to allow will only be
found with practice. To know the weight required
is the chief help, but the allowance must not be
ignored, otherwise the smith may find himself short
of material on completion.

F1G. 1 shows 18 ins. of t in. diameter drawn down from
2 ins. diameter.

F1G. 2 shows the 2-inch diameter bar fullered 4% ins.
from the end required to be drawn down.

F1G. 3 shows 18 ins. of 1 in. square drawn down from
2 ins. square.

F1G. 4 shows the 2-inch square bar fullered 44 ins. from the
end required to be drawn down.

F1G. 5 shows 15 ins. of 1} in. square drawn down from
3} ins. diameter.

F1G. 6 shows the 3}-inch diameter bar fullered 3} ins.
from the end required 1o be drawn down.

Fi16. 7 shows 20 ins of 1} in. diameter tapered to § in.
diameter drawn down from 3-inch diameter bar.

F16. 8 shows the 3-inch diameter bar fullered 3 ins. from
the end required to be drawn down.
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BLACKSMITH'S MANUAL ILLUSTRATED

ESTIMATION OF LENGTHS OF MATERIAL.
PLATE 34

FORGINGS

PLATE 34 gives a few examples of jumping small sections
into larger sections.

Fi6. 1 illustrates a blank flange 6 ins. by 1 in. made from
a 3-inch diameter bar. To obtain the length of
3-inch diameter bar required, calculate as follows :—

Method —To find the weight of 6-incl. diameter bar 1 in.
thick. Square the diameter, multiply by 2 and
divide by g9, viz.: 6 x 6 x 2 - g =8 lb. per inch.

Similarly find the weight of the 3-inch diameter bar:
3 X 3 %X 2+ 9 =2 lb. per inch,
8 + 2 ==4ins,
F16. 2 shows 4 ins. of 3-inch diameter bar which is required
to make the blank flange 6 ins. diameter 1 in. thick.

Fic. 3 illustrates a forging g ins. diameter by 1} in. thick
made from 4-inch diameter bar.

FiG. 4 shows 7% ins. of 4-inch diameter bar, the quantity
required to make the forging ¢ ins. diameter and
1} in. thick.

FiG. 5 illustrates a forging 7% ins. square by 1% in. made
from a 44-inch square bar.

F1G6. 6 shows 4% ins. of 44-inch square bar, the quantity
required to make the 7} ins. by 13 in. forging.

FiG. 7 illustrates a wedge-shaped forging 10 ins. long by
4 ins. square at one end, made from a 4-inch square
bar.

Fi1G. 8 shows 5 ins. of 4-inch square bar, the amount
required to make the wedge-shaped forging to ins.
long by 4 ins. square at one end.
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BLACKSMITH'S MANUAL 1LLUSTRATED

ESTIMATION OF LENGTHS OF MATERIAL.
PLATE 35

FORGING

PrLATE 35: F16. 1 shows 18 ins. of 4 jns. tapered to 2 ins.
by 1 in. thick from a 4-inch square bar.

FiG. 2 shows the 4-inch square bar fullered 3 ins. from
the end which is required to be drawn down.

To get the best results when drawing a forging down, take
a little at a time. The method to adopt is given in

Fic. 3.

Fic. 4 illustrates the finishing of the taper by using
tapered sets under the steam hammer.

Nofe—An easy method in calculating the weight of a
tapered bar is by adding the largest and smallest
widths of the tapered section together and dividing
by 2, thus obtaining the mean width.
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BLACKSMITH'S MANUAL ILLUSTRATED

ESTIMATION OF LENGTHS OF MATERIAL.

PLATE 36
LINK. SHACKLE. CLAMS.

PLATE 36 gives a few simple methods of obtaining lengths.

Fic.

FiG.

Fic.

FicG.

1 shows a link with an overall length of 6 ins. and an
inside width of 2 ins. The length of material re-
quired to make this link is 14 ins. (F16. 2). Method
of finding length: Add twice the overall length to
the inside width.

3 shows a shackle. Length from the centre of the
holes to the inside of the shackle, 6 ins. Width
between, 2 ins. The length of the shackle from
centre to centre of the holes before bending is 14 ins.
(F16. 4). This length is found by adding twice the
given length to the inside width.

5 shows another shackle of a different shape, its
length before bending being 16 ins. from centre to
centre of the holes (F16. 6). This length is found by
adding twice the distance between the centre of the
holes and the centre of the opposite side, as shown,
to the inside diameter of the shackle.

7 shows a pair of 1z-inch clams. An easy method
of obtaining the approximate length of material
required to make the bend of a half clam, is by
adding the given diameter to the radius, e.g. let the
diameter be 12 ins. The radius is therefore 6 ins.,
giving the required length 18 ins. (F1G. 8).

Note.—These lengths are approximate, and are very

suitable for shop practice.
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BLACKSMITH'S MANUAL ILLUSTRATED

ESTIMATION OF LENGTHS OF MATERIAL.
PLATE 37

HOOP

PLATE 37: Fi16. 1 illustrates a hoop which has an inside
diameter of 12 ins. and made from 3-inch by 1-inch
bar. The required length of material for making
such hoops often presents itself as a difficulty to the
smith.

A very useful rule to follow, and one often applied in
shop practice is here given. To three times the
inside diameter add three times the thickness and
allow } in. to every foot of the inside circumference.
This rule, applied to the given hoop which is 12 ins.,
would be 40% ins. Applying the supposedly correct
method (diameter by 3-1416 plus three times thickness
and # in. allowance for welding) to the above example,
the length required would be 41} ins., the difference
being § in. The smith would do well to follow the
former method, as it is easier to draw a hoop which
is too small to the correct size, than to jump one
which, on completion, is too large.

Fi16. 2 shows a special tool for placing hoops on for welding.
F1G. 3 shows a method of bending a bar to form a hoop.

One method for rounding a hoop is by heating it all
over, placing it on a cone, and hammering it to the
required shape, as shown in FicG. 4.
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BLACKSMITH'S MANUAL ILLUSTRATED

ESTIMATION OF LENGTHS OF MATERIAL.

PLATE 38
CONED HOOPS

PLATE 38: Fi16. 1 shows a cone-shaped hoop, made from

The

FiG.
FiG.

The

FiG.

FiG.

a 2-inch by }-inch bar having a top inside diameter
of 16 ins. and a bottom inside diameter of 18 ins.

required length of the material (circumference) can
be found by adding the two inside diameters together
and dividing by z (mean diameter). The result (17)
is then multiplied by 3-1416 which gives 53-4072 ins.
To this figure should be added three times the thick-
ness of the hoop (14 in.) plus } in. for welding, making
the answer 55-4072.

2 shows the bar cut to the required length.
3 shows the same scarfed.

smith should remember that when making cone-
shaped hoops, the material must always be bent
edgeways to a given radius.

4 shows the method of obtaining the necessary
radius before bending. Lay two parallel lines the
width of the bar apart with a centre line running at
right angles. On the parallel lines mark off from
the centre line half the diameters of the hoop, i.e.
8 ins. and g ins. is shown. Draw two diagonal lines
through these points to touch the centre line, This
gives the centre point for the compasses to draw in
the inner and outer circumferences as shown. Next
bend the bar to the given radius.

5 shows the bar cambered right for making the hoop.
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BLACKSMITH'S MANUAL ILLUSTRATED

ESTIMATION OF LENGTHS OF MATERIAL.
PLATE 39

BEVEL CLAM

PLATE 39: Fi1G. 1 illustrates a bevel clam with top inside
measurement & ins., and bottom inside measure-
ment 8 ins. The following illustrations show the
method of making it. The procedure is similar to
that in making a coned hoop, i.e. the bar must be
bent edgeways.

F16. 2 shows the straight bar marked 6 ins. and 8 ins.
also showing the correct angle A to which the bar
should be bent edgeways.

F1G. 3 shows the bar bent edgeways.
F1G. 4 shows the bar bent along the line B-C.
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BLACKSMITH'S MANUAL ILLUSTRATED

ESTIMATION OF LENGTHS OF MATERIAL,

PLATE 40
ANGLE BAR RINGS

PLATE 40: F1G. 1 illustrates an angle bar ring with the

FiG.

FiG.

FiG.

FiG.

flange bent on the inside.

2 gives the size of the ring which is 20 ins. When
the flange is bent on the inside the ring is usually
measured to the extreme diameter, as shown. The
method of ascertaining the length is as follows:
from the diameter 20 ins., subtract twice the diagonal
thickness 1 in. at A, and multiply the answer by
3'1416:

20ins. — 2ins. = 18ins. 18ins. X 31416 = 56-5ins.

3 illustrates the flange on the outside. The method
to adopt in this case is to take the interior diameter,
add twice the diagonal thickness and multiply their
sum by 3-1416.

4 gives the interior size, 20 ins. Method of ascertain-
ing the length is as follows : 20ins. 4 2 ins, = 22ins.
22 ins. X 31416 = 69 ins.

5 illustrates method of bending small angle bars.
Supposing the angle bar to be bent is 2 ins. by 2 ins.,
take a bar of 2 ins. square and bend it to the same
radius that is required on the angle bar, then bend
one end to fit the hole in the anvil as shown. When
the angle bar is hot, grip the end as shown and pull
around against the 2-inch square bar.
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BLACKSMITH'S MANUAL ILLUSTRATED

MISCELLANEOUS EXAMPLES OF FORGED
WORK IN DIFFERENT STAGES. PLATE 41

SIDE SETS

PLATE 41 illustrates side sets being used for making
various forgings.

FiG. 1 illustrates the side set in use.

F1G. 2 illustrates the result before being drawn down.

F1G. 3 illustrates the result after being drawn down.

F1G. 4 illustrates two side sets in use.

F1c. 5 illustrates the results before being drawn down.

F16. 6 illustrates the results after being drawn down.

F16. 7 illustrates how to get a smaller section into the
centre of the bar, by using two side sets one above
the other.

Fic. 8 illustrates the results before being drawn down.
FiG. g illustrates the results after being drawn down.
F1c. 10 illustrates the bar being side set on the four sides.
FiG. 11 illustrates the result before being drawn down,
F16. 12 illustrates the result after being drawn down.

To side set a round bar it is advisable to recess it when
hot by placing a small diameter bar on top, and keep
turning the large bar until it is practically fullered
to the depth of the small diameter bar, as shown in
Fic. 13.

F1G. 14 illustrates the placing of the side sets in the
recess and continually turning the bar.

Fi16. 15 illustrates the results,

Fi1G. 16 illustrates the method that is adopted when
fullering a flat bar, by means of a round bar being
hammered in.

F1G. 17 illustrates the result before being drawn down.
Fi1c. 18 illustrates the result after being drawn down.

Fi16. 19 illustrates a round bar doubled to the required
width and hammered in,

Fic. 20 illustrates the result similar to Fi1G. 6,
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BLACKSMITH'S MANUAL ILLUSTRATED

MISCELLANEQUS EXAMPLES OF FORGED
WORK IN DIFFERENT STAGES. PLATE 42

WELDING METHODS

Welding is the combining together of two pieces of iron

Fia.
FiG.

FiG.

FiG.
FiG.

Fic.
Fic.

F1G.
F1c.
FiG.
Fic.

Fig,

or mild steel. This is done by heating both pieces
to a plastic state, then hammering one into the other
so as to form one solid bar. During the heating
process it is necessary that the heated iron should be
kept from coming in contact with the air-blast, the
reason for this being that heated iron absorbs oxygen,
thus forming a scale and preventing a good weld.
Sand is a very good flux when welding mild steel.
It melts and covers the heated surface, thus pro-
tecting it from oxidation and therefore is of great
assistance in making a good weld.

1 illustrates a scarf weld commonly used.

2 illustrates a fork and wedge weld used for welding
steel into iron.

3 illustrates a butt weld which is used when one end
1s close up to a shoulder.

4 illustrates a V-weld suitable for heavy rings.

5 tllustrates a stud weld, i.e. a round bar welded into
a square bar forming a T-piece.

6 illustrates another stud weld.

7 illustrates a rivet weld suitable when making large
hoops.

8 illustrates a scarf weld suitable for small rings.
9 is showing F16. 1 welding under the hammer.
10 is showing F16. 2 welding under the hammer,
11 is showing FiG. 4 welding under the hammer.

12 illustrates a method of scarfing under the steam
hammer.
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BLACKSMITH'S MANUAL ILLUSTRATED

MISCELLANEOUS EXAMPLES OF FORGED
WORK IN DIFFERENT STAGES. PLATE 43

JUMPING

PLATE 43 gives a few examples of jumping. This process

FiG.

Fig.

Fic.

Fic.

Fic.

is used to increase the diameter, width, or thickness,
at the same time reducing the length.

1 shows a heavy flat bar turned up at each end used
as an apparatus for jumping. The method of using
this bar is shown. By heating the bar to be jumped,
and then bending it, it can be placed between the
two uprights and hammered where it is hot, thus
jumping it to the required length. If the uprights
are too far apart to enable the bar to be jumped
between them, this can be remedied as shown.

2 shows a method of jumping, by gripping the bar
while hot under the steam hammer, and striking it
with a ram, which is suspended by a chain from any
convenient beam overhead.

3 shows a pin bolt. Its head is 6 ins. diameter and
T in. thick; its length, excluding the head, is 6 ins.
having a diameter 4 ins. To make this pin bolt out
of a 4-inch diameter bar, 2% ins. must be allowed for
the head alone, making the total length of a 4-inch
diameter bar required, 83 ins.

4 shows the end of the 4-inch diameter bar being
jumped under the stcam hammer. The jumping
is improved and better start given to the head by
holding a flat bar on the 4-inch diameter bar, where
the hammer strikes.

5 shows another method of making a pin bolt by
placing the 4-inch diameter bar in a bolster which
has a recess for the head, and hammering down to
form the head in the recess.
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BLACKSMITH'S MANUAL ILLUSTRATED

MISCELLANEOUS EXAMPLES OF FORGED
WORK IN DIFFERENT STAGES. PLATE 44

SUPPORTS

PrLATE 44 illustrates wvarious supports or adjusting
stands necessary for supporting bars which are too
long for the smith to handle.

F16. 1 shows a stand which can be adjusted by placing
a rod through the holes.

F16s. 2 to 6 show the parts by which the structure of the
stand shown in Fi1G. 1 is composed.

F16. 7 shows another type of stand which can be easily
adjusted by screwing up or down.

The stand in F1G. 8 is similar to the one shown in FiG. 7,
except that when adjusted it is held by a set screw,






BLACKSMITH'S MANUAL ILLUSTRATED

MISCELLANEOUS EXAMPLES OF FORGED
WORK IN DIFFERENT STAGES. PLATE 45

EASY METHODS

PLATE 45 illustrates a few easy methods for cobtaining

Fic.

FiG.
Fic.

FiaG.

Fia.

FiG.

Fic.

quick results with small material.

I shows a four-cornered clam made by heating the
bar and laying it across a recessed tool. Then, by
placing a bar across, as shown in Fic. z, one blow
under the steam hammer gives the result seen in
Fic. 3.

4 shows a clam.

5 shows an arrangement for making clams, using
two bars edgeways, which are regulated by four
adjusting bolts to suit the size of clams to be made.
To make the clam, lay the hot bar across the two
bars and hammer the top tool down as shown.

6 shows another method of making clams by using
a recessed tool, but in this case one size of clam only
can be made.

7 shows a joggled bar, the method of joggling being
shown in Fics. 8 and g.

10 shows a pipe hanger, which can be made by first
making a template around which the pipe hangers
can be shaped. These operations are shown in
Fi1Gs. 10 to 12.

13 shows a flat bar with two bends close together.
F1G. 14 shows a bar fixed in the anvil with the flat
bar laid across, gripped with the tongs, and the ends
hammered over, as shown in Fi1G. 15.

Note.—These methods are adopted when numerous jobs

of the same type have to be made.
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BLACKSMITH'S MANUAL JLLUSTRATED

MISCELLANEOUS EXAMPLES OF FORGED
WORK IN DIFFERENT STAGES. PLATE 46

SPLIT COTTERS
PLATE 46 illustrates several ways of making split cotters.
Fic. 1 shows a split cotter.

F16. 2 shows a square bar cut through, and flattened
down as in FiG. 3; next form the head as shown in
F1G. 4, then finish to size, and cut off.

Another method is by pointing the end of the bar and
flattening it, as shown in Fics. 5 and 6, then doubling
it as in F1G. 7, and shaping it as in Fi1Gc. 8. Next
cut it off the round bar.

A third method is by using a flat bar which has been
reduced, as shown in F16. g. Cut it along the dotted
line and place the pieces ready to weld, as shown in
FiG. r0.
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BLACKSMITH'S MANUAL ILLUSTRATED

MISCELLANEOUS EXAMPLES OF FORGED
WORK IN DIFFERENT STAGES. PLATE 47

BOLTS

PLaTE 47: Fi16. 1 illustrates a bolt, the other Fias.
showing how it is made.

F1G. 2 shows the fullering of a hexagon bar with necking
fullers. The bar is then drawn down to size, again
use necking fullers, this time to round off the corners.
Cut it off the bar, as in Fi1G. 3.

F1G. 4 shows a method of squaring the head of the bolt
by placing it in a hand bolster. FIG. 5 shows the
head of the bolt being corrected in an anvil swage.

F1G. 6 shows a small pin bolt, which can be made in F16. 7,
bolster if a round body is required, and in FiG. 8.
bolster if a square body is required.

FiG. ¢ shows a round bar in a bolster, having enough
material to form the head by hammering it to fit
the recess in the bolster.
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BLACKSMITH'S MANUAL ILLUSTRATED

MISCELLANEOUS EXAMPLES OF FORGED
WORK IN DIFFERENT STAGES. PLATE 48

WRENCH
PLATE 48: F16. 1 illustrates a wrench to fit a 4-inch square
nut, and made from a 2-inch by }-inch bar.

First operation, F1G. z: Point the ends of a 2-inch by
}-inch bar, 32 ins. long as shown.

Second operation, F1G. 3: Double over the ends as shown,
making the bend 4 ins. from each end.

Third operation, F1G. 4: Bend the double ends over as
shown.

Fourth operation, F1G. 5: Weld the double ends as shown,
leaving the length A-B 16 ins.

Fifth operation, F16. 6: Fuller as shown, making each
division 4 ins.
Sixth operation, F16. 7: Bend the bar as shown.

Seventh operation: Weld the two ends together, then
complete by welding a 1-inch diameter bar to it.
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BLACKSMITH'S MANUAL ILLUSTRATED

MISCELLANEOUS EXAMPLES OF FORGED
WORK IN DIFFERENT STAGES. PLATE 49

BRAKE GUIDE

PLATE 49: F16. 1 illustrates a brake guide, made from a
2-inch by #-inch bar.

First operation, FiGc. 2: Bend, then weld as shown at A,
leaving enough material to complete the other
necessary operations,

Second operation, Fig. 3: Bend the bar at B, after
finishing off A.

Third operation, F1c. 4: Bend the other end of the bar
at C.

Fourth operation, Fi1c. 5: Bend at D.

Fifth operation, Fic. 6: Fuller at E as shown, then bend
at E, making D-C at right angles to the bottom line.
Weld together, as shown in F16. 1.

F1G. 7 illustrates a method of bending a bar by fullering,
as first operation.
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BLACKSMITH'S MANUAL ILLUSTRATED

MISCELLANEOUS EXAMPLES OF FORGED
WORK IN DIFFERENT STAGES. PLATE 50

HOOKS

PrLATE 50: Fig. 1 illustrates a hook.

First operation, Fic. 2: In a flat bar make a hollow
space. This is done by using a round-faced fuller,

often called a bob-punch.

Second operation, Fi1G. 3: Take a round bar, jump the
end, and weld it into the space previously prepared.
Immediately turn it over, place in a bolster (Fi1G. 4)

and hammer to complete the welding.

Fics. 5 to 8 illustrate another method by which this
hook can be made. Punch a hole through the bar,
as shown in Fi1c. 5. Fic. 6 shows a pin placed
through the hole and riveted to the bar. Fic. 7
shows the shape of the pin which is used. Raise
the bar and pin to a welding heat, then place in
a bolster to complete the welding, as shown in FiG. 8.

F16. g shows the bar fullered ready to draw down to the

required size.

Another method of making hooks is to make them from
asolid bar. Draw down, as shown in Fic. 10, leaving

enough material to form the pin.
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BLACKSMITH § MANUAL ILLUSTRATED

MISCELLANEOUS EXAMPLES OF FORGED
WORK IN DIFFERENT STAGES. PLATE 51

DOUBLE EYE

PLATE 51: Fi16. 1 illustrates a double eye. The most
satisfactory way to make this forging is as follows : —

First operation, F1c. 2: Make a recess in the centre of
the bar as shown.

Second operation, F1c. 3: Place a bar to fit the recess
to prevent it from altering when the bar is being
fullered or side setted as shown.

Third operation, F16. 4 : Draw down the ends as shown,
and cut through the dotted lines to round off the
inside corners, then bend the ends as in FiG. 1.
Finish off by placing on a mandril, as shown in Fie. 5.
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BLACKSMITH'S MANUAL ILLUSTRATED

MISCELLANEOUS EXAMPLES OF FORGED
WORK IN DIFFERENT STAGES. PLATE 52

LIMBER DOUBLE EYE

PLATE 52: FIG. 1 illustrates a limber double eye and
V-piece, made from a 34-inch by 1}-inch bar,

First operation, F1G. 2: Draw down 4 ins. of the 3}-inch
by 1}-inch bar to 14 in. square as shown.

Second operation, FIG. 3: Swage the 1}-inch square to
14 in. diameter as shown, leaving enough 1} in.
square to form the double eye.

Third operation, Fic. 4: Flatten the 1} in. diameter
as shown, and roughly shape the double eye.

Fourth operation, F16. 5: Stamp the double eye as shown,
Fifth operation, Fi16. 6 : Punch a hole as shown.

Sixth operation, Fig. 7: Cut open from the end to the
hole on a shallow swage ; this prevents the eye from
going out of shape as shown.

Seventh operation, F16. 8 : Finish off the double eye by
placing a mandril in between, and hammer down
under the steam hammer to the required size.

Eighth operation, FiG. g: Start the opposite end, punch
a hole in as shown, then open it out.

Ninth operation, FiGs, 10 to 11: Draw down each end
to size, under the steam hammer.
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BLACKSMITH'S MANUAL ILLUSTRATED

MISCELLANEOUS EXAMPLES OF FORGED
WORK IN DIFFERENT STAGES. PLATE 53

LEVER DOUBLE EYE

PLATE 53: F1G. 1 illustrates a lever double eye, made
from a s-inch by 2-inch bar. An easy method of
making this is given in the following illustrations :—

First operation, Fi1G. 2: Side set the bar as shown,
leaving. enough material in the centre to make the
shank and boss, as shown in Fi6. 1.

Second operation, Fi1G. 3: Draw down each side to the
thickness of the bosses, then fuller or side set as
shown.

Third operation, Fic. 4: Draw down in between the
bosses, and fuller the inside corners (A) as shown.
This prevents the chisel marking the drawn-out parts
when shaping the bosses by cutting along the dotted
lines.

Fourth operation, Fi16. 5: Bend to shape, then fuller
as shown, leaving enough material to form the end
boss.

Fifth operation, F16. 6 : Draw down, using two narrow
blocks as shown, then shape the boss as in Fic. 4.
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BLACKSMITH'S MANUAL ILLUSTRATED

MISCELLANEOUS EXAMPLES OF FORGED
WORK IN DIFFERENT STAGES. PLATE 54

LEVER ARM

PLATE 54: FiG. 1 illustrates a lever arm, made from
3 ins. square,

First operation, F1G. 2: side set the bar as shown.

Second operation, F16. 3: Draw down to the size of the
double eye, then fuller as shown.

Third operation, F1G. 4: Draw down as shown, then cut
from the bar.

Fourth operation, F16. 5 : Bend it, thus making it easier
to draw out the pin. (Which is the fifth operation,
F1G. 6.)

Sixth operation, F1G. 7: Straighten it, then place the
pin into a bolster and hammer it level, as shown.
Next shape the end, as seen in Fi16. 1.

Seventh operation, F1G. 8: Punch a hole and split open,
as shown.

Eighth operation, F1G. 9: Place a mandril in between,
and hammer down to shape as shown. Finish off
by rounding the end.
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BLACKSMITH'S MANUAL ILLUSTRATED

MISCELLANEOUS EXAMPLES OF FORGED
WORK IN DIFFERENT STAGES. PLATE 55

LEVER

PLATE 55: Fi1G. 1 illustrates a lever, made from a 2-inch
diameter bar.

First operation, F1G6. 2z : Punch a hole 4 ins. from the end,
and cut it open as shown.

Second operation, Fi1c. 3: Set back the ends, then cut
off the bar at the dotted line as shown.

Third operation, Fig. 4 : Square each end as shown.

Fourth operation, FiG. 5: Fuller close into the neck as
shown.

Fifth operation, Fic. 6 : Draw down to I in. diameter,
then draw down the opposite end, and complete by
bending one end, as seen in FiG. 1.

The same lever can be made out of a square bar. In-
stead of punching a hole, and splitting as in FiG. 2,
side set the bar, as shown in F1g. 7, and draw the ends
down, then adopt the same operations as previously
shown.

Another method of making a similar lever is to form it
out of a square bar as follows : first form the boss
with the radius fullers, as shown in Fic. ¢, and then
adopt the same methods that have been shown.
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BLACKSMITH'S MANUAL ILLUSTRATED

MISCELLANEOUS EXAMPLES OF FORGED
WORK IN DIFFERENT STAGES. PLATE 58

BELL CRANK LEVER

PLATE 56: Fic. 1 illustrates a bell crank lever, made
from a 2-inch square bar.

First operation, F1G. 2: Bend the 2-inch square bar at
right angles as shown, then cut off the bar, making
both ends alike.

Second operation, Fi16. 3: Fuller it as shown, leaving
enough for the top and bottom boss.

Third operation, Fic. 4: Draw down each end to size,
then cut the bosses to shape as shown, and finish
off as required.

Another method by which the same lever can be made
is as follows : Take a 5-inch by 2-inch bar and draw
down, as shown in Fi1c. 5. FI1G. 6 shows it drawn
down to size. Cut off at the dotted line, and then
adopt methods as previously shown.

A third method to form the bosses is illustrated in F16G. 7,
by placing a pair of rings, as shown, and hammering
them down. This gives the result shown in FiG. 8.
Draw down, as in Fi6. 9, and finish off by rounding
the ends.

Note—When using rings to shape bosses, as in Fic. 7,
the material should be } in. thicker than that
when the chisel is used.
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BLACKSMITH'S MANUAL ILLUSTRATED

MISCELLANEOUS EXAMPLES OF FORGED
WORK IN DIFFERENT STAGES. PLATE 57

BELL CRANK LEVER

PLATE 57: Fi1G. 1 illustrates a bell crank lever, with the
arms at right angles and the boss between them,
made from a 2-inch diameter bar.

First operation, F16. 2: Draw down 3 ins. of the 2-inch
diameter bar as shown.

Second operation, Fic. 3: Joggle it by placing the
2-inch diameter bar partly over a swage, using the
fuller as shown.

Third operation, Fi6. 4: Draw down to size as shown.

Fourth operation, Fic. 5: Draw down the opposite end,
leaving 3 ins. of the 2-inch diameter bar as shown.
Next, joggle it as seen in Fi16. 6, and draw down to
size, bending at right angles as in Fic. 7.

Another method of making the same lever is as follows :
Take a 5-inch by 2-inch bar and side set, as shown in
Fig. 8. Draw down each end as in FiG. g, fuller
the inside corners, and cut around the dotted lines
to form the boss as shown. When this is done,
heat the boss between the two arms and twist to
right angles.
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BLACKSMITH'S MANUAL ILLUSTRATED

MISCELLANEOUS EXAMPLES OF FORGED
WORK IN DIFFERENT STAGES. PLATE 58

LEVER

PLATE 58 : FiG. 1 illustrates a lever, made from a 3-inch
square bar.

First operation, F1c. 2: Form A, using a V-shaped tool
as shown.

Second operation, F16. 3: Draw down from A to the
size required to make the end boss, and side set as
shown.

Third operation, FiG. 4: Draw down between the two
bosses as shown.

Fourth operation, F1G. 5: Draw down the bar at the
other side of A before side setting as shown.

Fifth operation, F16. 6: Place A in a V-shaped block,
side set as shown, and draw down between the side
sets. The result of this operation is shown in Fi1G. 7
at B.

Sixth operation, F16. 7 : Fuller along the dotted line and
draw down, as shown in FIG. 8.

Seventh operation, F16. g: Taper the forging to the re-
quired length, and complete by rounding the ends.
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BLACKSMITH'S MANUAL ILLUSTRATED

MISCELLANEOUS EXAMPLES OF FORGED
WORK IN DIFFERENT STAGES. PLATE 59

STAY

PLATE 59: FIG. 1 illustrates a stay 3 ft. 2 ins. long, made
from a 6-inch by 3-inch bar.

First operation, Fi1G. 2: Side set as shown, making the
distance between the two side sets 6 ins.

Second operation, Fic. 3: Draw down to 3 ft. and cut
the ends to the required length as shown.

The same stay can be made from a 3 inch square bar
18 ins. long.

First operation, F16. 4: Side set as shown, making the
distance between the side sets 12 ins.

Second operation, FiG. 5: Draw down as shown.

Third operation, F16. 6 : Punch a hole in each end, then
cut and open out as, shown.

Another method of making the same stay from a 3-inch
by 1-inch bar is seen in FiG. 7.

This shows a piece of 3-inch by 1-inch bar which is jumped
in the centre, and fullered, as shown in Fic. 10.

F1G. 8 shows a piece of 3-inch by 1-inch bar which is
jumped on the end, as shown in Fi1G. g, and then
welded together. Repeat the same process at the
opposite end.
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BLACKSMITH'S MANUAL ILLUSTRATED

MISCELLANEOUS EXAMPLES OF FORGED
WORK IN DIFFERENT STAGES. PLATE 60

STAY

PLATE 60 : FiG. 1 illustrates a stay, 2z ins. long and 1 in.
square throughout, having two arms 6 ins. apart,
made from a 24-inch by z-inch bar.

First operation, F1G. 2 . Fuller 3 ins. from the end of the
bar, cut along the dotted line, taking this portion
out, and draw down, as shown in Fi1G. 3.

Second operation, F1G. 3: Side set as shown, and draw
down, as in Fi1G. 4.

Third operation, Fi1G. 4: Repeat the same process as
in F1G. 2 at the opposite end.

Fourth operation, F1G. 5: Drill holes as shown, cut along
the dotted lines, and then open the arms out, com-
mencing with one of the middle arms, as shown in
F16. 6. Open out the end as in F1G. 7.

F16. 8 illustrates how, by bending the forging, the smith
is enabled to dress the ends to shape.
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BLACKSMITH'S MANUAL ILLUSTRATED

MISCELLANEOUS EXAMPLES OF FORGED
WORK IN DIFFERENT STAGES. PLATE 61

FRAME

PLATE 61: FiG, 1 illustrates a frame, which is 5 ft. by
4 ft., made from a 2-inch by }-inch bar.

First operation, F1G. 2 : Cut off two bars of the 2-inch by
$-inch bar, 5 ft. long; cut each end to an angle of
45 degrees as shown, and scarf them ready for welding.

Second operation, F16. 3: Cut off two bars of the 2-inch
by }-inch bar, 4 ft. long, and follow the same pro-
cedure as Fic. 1.

Third operation, Fic. 4: Weld the 5 ft. bar to a 4 ft.
bar as shown, and repeat the same process to the
other two bars as seen in F16. 5; next weld A and B
together.

Fourth operation, FiG. 6 : Complete the frame by holding
the two scarfs together with a pair of straps as shown.
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BLACKSMITH'S MANUAL ILLUSTRATED

MISCELLANEOUS EXAMPLES OF FORGED
WORK IN DIFFERENT STAGES. PLATE 62

BOX SPANNER

PLATE 62: Fi6. 1 illustrates a box spanner, made from
a 2¢-inch diameter bar, g ins. long.

First operation, F16. 2: Punch a square hole in the end
of the bar the required depth down.

Second operation, F16. 3: Hammer a square mandril
into the hole. This keeps the hole in shape while
swaging, as shown in Fic. 4.

Note.—Mandrils used in making box spanners should
have notches inserted, to enable them to be drawn
out by a chisel.

Third operation, F16. 5: Fuller as shown, and draw
down as in Fie. 6.

Fourth operation, Fi1c. 7: Flatten the end to form the
T-piece, punch a hole, and split open as shown.

Fifth operation, F16. 8: Bend as shown. This enables
the smith to draw down the ends as shown.

Another method of making a box spanner is as follows :—

F1G. 9: Make a collar out of z-inch by #-inch bar as
shown, and place on the end of a 1-inch diameter
bar, as in F16. 10. Weld the two together, and when
this is done, drill a hole into the collar and square
it by hammering the mandril in, as shown in Fic. 3.

F16. 11 shows a method of making a T-piece, by welding
two round bars together.
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BLACKSMITH'S MANUAL ILLUSTRATED

MISCELLANEOUS EXAMPLES OF FORGED
WORK IN DIFFERENT STAGES. PLATE 63

HINGES

PLATE 63 : F1G. 1 illustrates a pair of hinges, made from a
4-inch by 2z-inch bar.

First operation, F1G. 2: Fuller the bar 2 ins. from the
end as shown, and draw down as in Fic. 3. Cut
off from the bar along dotted line, cut the corners
off, and finish off the boss.

Second operation, F1G. 4: Punch or drill a hole as shown,
and cut the centre portion out along the dotted
lines. With a little dressing up this will complete
the double hinge.

Third operation, F16. 5: Make a forging similar to above,
and cut the outside portions off along the dotted lines
as shown.

In Fi1c. 6 another method of forming the boss of a hinge,
by stamping into a swage, is shown. FiG. 7 shows
the result. This only needs one corner cut off.

Another method of making hinges is from a flat bar as
follows :—

First operation, F16. 8: Point the end, and 2 ins. from it
cut through the bar as shown.

Second operation, F1c. g: Bend it to shape on a mandril
as shown,

Note.—F1G. 9 shows the hinge welded on the top. It
can be welded undemeath, the latter method being
preferable.

Third operation, FiG. 10: Flatten the two outside eyes
down as shown, and cut them off, leaving the
single hinge. To make the double hinge, flatten
the centre portion (F1G. 11) and cut it off,
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BLACKSMITH'S MANUAL ILLUSTRATED

MISCELLANEOUS EXAMPLES OF FORGED
WORK IN DIFFERENT STAGES. PLATE 84

CLAMS

PLATE 64: F1G. 1 illustrates a pair of clams, made from
3-inch by 2-inch bar, showing the comers thicker
than the rest of the clams.

First operation, F1G. 2 : Fuller the bar as shown.

Second operation, F16. 3: Draw down the ends and centre
of the bar, leaving two points. These form the inside
commers of the clams.

Third operation, F1G. 4 : Bend, in a V-block, the points,
as shown in FIG. 5.

Fourth operation, F16. 6: Shape the bar as shown.
This simplifies the bending of the other end.

Another method of forming the corners is by nicking
a flat bar, as shown in FiG. 7, and bending it at right
angles (F1G6. 8). A round bar is then welded across
the corner, as in F16. 9. Finish off as previously
stated,
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BLACKSMITH'S MANUAL ILLUSTRATED

MISCELLANEOUS EXAMPLES OF FORGED
WORK IN DIFFERENT STAGES. PLATE 65

AXE

PLATE 65: F1G. 1 illustrates an axe, made from 2-inch
by %-inch iron or mild steel bar.

First operation, F1G. 2: Weld a piece of blister steel,
1in. by }in., 4 ins. from the end of the bar, as shown,

Second operation, F1G. 3: Spread out with a fuller on
each side of the blister steel, as shown.

Third operation, F16. 4: Double over as shown, and weld
the two ends together.

Fourth operation, Fi16. 5: Prepare a piece of blister
steel, wedge shape as shown. Split the end of the
forging, and place the blister steel in between, as
shown in Fi16. 6. Raise to a welding heat and
flatten out to form the blade.

When hardening axes, made as described above, heat
to a dark red, and after plunging into water, cover
with oil. Heat over the fire until the oil ignites,
and finish by cooling off.
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BLACKSMITH'S MANUAL ILLUSTRATED

MISCELLANEOUS EXAMPLES OF FORGED
WORK IN DIFFERENT STAGES. PLATE &6

AXE

PLATE 66: FIG. 1 illustrates another type of axe, generally
used in and about coal mines, made from 1}-inch
square iron or mild steel bar.

First operation, F1G. 2: Prepare a piece of blister steel
14 in. square by } in. thick as shown, and a wedge-
shaped piece, as seen in FiG. 3.

Second operation, F1c. 4: Fix the blister steel (Fic. 1)
on the end of the 1}-inch square bar as shown, and
weld them together.

Third operation, Fi16. 5: Fuller the cormers of the bar,
I in. from the end, as shown.

Fourth operation, F1G. 6 : Punch a hole as shown, hammer
a mandril in, and draw out each side of the eve
while the mandril is still in, using a fuller, as shown in
F16.7. When this is done, replace the former mandril
with a larger or finishing one, and cut the required
length from the bar.

Fifth operation, F1G, 8: Split the end as shown, and
place the blister steel (F1G. 3) in between. Raise to
a welding heat, and flatten out to form the blade.

This axe is hardened by the same method as the axe on
PLATE 65.
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BLACKSMITH'S MANUAL ILLUSTRATED

MISCELLANEOUS EXAMPLES OF FORGED
WORK IN DIFFERENT STAGES. PLATE 67

THUMB SCREWS

PLATE 67: F16. 1 illustrates a thumb screw, made from
1}-inch square bar.

First operation, Fic. 2: Place the 1}-inch square bar
into a pair of 1-inch swages corner-wise as shown,
using the swages in this case as stamps; result is
shown in Fi16. 3. Next cut along the dotted line,
leaving the result as shown in Fic. 4.

Second operation, F16. 5: Draw down to size as shown.

Third operation, Fic. 6: Hammer two narrow blocks
down as shown, then cut from the bar, leaving the
result as seen in FiG. 7.

Fourth operation, F1c. 8: Cut out along the dotted
lines, leaving the result as shown in Fic. g. Complete
by cutting the corners off.

FI1G. 10 shows another thumb screw, made from a round
bar, as follows :—

First operation, Fi6. 11: Draw down to the required
diameter, fuller as shown, then cut to length from
the bar, and complete by flattening to size.

Special spring swages can be made to form the ball and
collar at the same time.

F1G. 12 shows the result after using these swages.
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BLACKSMITH'S MANUAL ILLUSTRATED

MISCELLANEOUS EXAMPLES OF FORGED
WORK IN DIFFERENT STAGES. PLATE 68

TUB CROQOK
PLATE 68: FiG. 1 illustrates a tub crook, made from
2}-inch square bar.

First operation, F16. 2 : Side set the bar and draw down,
as shown,

Second operation, F16. 3: Fuller, using two small bars
as shown, then flatten down, as seen in Figs. 4 and 5.

Third operation, Fic. 6 : Side set as shown, and draw
down, as in Fic. 7.

Fourth operation, Fic. 8 : Bend down as shown, and cut
to shape at the dotted lines.

Fifth operation, FiG. g: Hammer into shape, then cut
and swage the corners on the outside and inside of
the crook along the dotted lines, as shown.
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BLACKSMITH'S MANUAL ILLUSTRATED

MISCELLANEOUS EXAMPLES OF FORGED
WORK IN DIFFERENT STAGES. PLATE 69

HOOKS

PLATE 69: F16. 1 illustrates a hook, made from 1}-inch
diameter bar. A very useful rule to follow, when
the diameter of the hook is given, is as follows ;:—

Total length of hook from the neck to the end to form
bend should be diameter multiplied by 8, eg. a
2-inch diameter hook would require 16 ins. of
material from neck to point.

First operation, Fig. 2: Form a ball on the end of the
1-inch diameter bar. This is done by using ball
swages, as shown in Fic. 8.

Second operation, F16. 3: Flatten the ball as shown,
and punch a hole.

Third operation, FIG. 4 : Set the neck of the hook through,
using a radius fuller, as shown.

Fourth operation, F16. 5: Taper the end to a point, and
bend it over the beak of the anvil, as shown.

Fifth operation, F16. 6: Bend to shape, by placing the
fuller on the end, which is kept cool. Finish by
hammering on top while some one is holding on with.
a hammer, as shown,

F16. 7 shows how, by caieful handling, a hook can be
bent to shape under the hammer.
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BLACKSMITH'S MANUAL ILLUSTRATED

MISCELLANEOUS EXAMPLES OF FORGED
WORK IN DIFFERENT STAGES. PLATE 70

DOUBLE “§” LINK

PLATE 70: F16. 1 illustrates a double “ S link which
can be used, in an emergency, to connect a broken
chain. This can be made from any small size
diameter bar.

First operation, F16. 2: Punch a hole in the centre of
the bar, and draw each end down, as shown.

Second operation, Fi1c. 3: Bend the bar edgeways
around a template, as shown. By using this tem-
plate, all the ends can be made alike.

Fi16. 4 shows the shape of half the double “S" link
before the parts are riveted together, as shown
in FiG. 1.

Fic. 5 shows the link in use, connecting a broken chain.
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BLACKSMITH'S MANUAL ILLUSTRATED

MISCELLANEOUS EXAMPLES OF FORGED
WORK IN DIFFERENT STAGES. PLATE 71

SOCKET

PLATE 71 illustrates a socket, used for haulage ropes.
These are made in different sizes to suit the various
sizes of ropes. FIG. 1, as an example, is made from
14-inch diameter bar, 6 ins. long.

First operation, F16. 2 : Fuller z ins. from the end of the
bar, and draw down, as shown in FIG. 3.

Second operation, Fi16. 4: Punch or drill two holes as
shown, then cut out between the two holes, as shown
in Fi6G. s.

Third operation, Fi6. 6: Taper the 1} in. diameter
down to 1} in. diameter as shown, then drill a
hole through, as shown in Fig. 7.

Fourth operation, Fi1c. 8 : Bend over as shown, to enable
a tapered hand mandril to be hammered in, as shown
in Fi16. 9, then straighten to shape again.

FI1G. 10 shows the method of socketing, by putting the
rope through. A wire is then lapped around 3 ins.
from the end, and a y%-inch split ring fixed on, as
shown in F1G. r1. Complete by opening the end
of the rope out, turning over the ends, and bending
together by overlapping with wire, as shown in F1G. 12.
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BLACKSMITH'S MANUAL ILLUSTRATED

MISCELLANEOQOUS EXAMPLES OF FORGED
WORK IN DIFFERENT STAGES. PLATE 72

KNOCK OFF

PraTte 72: FiG. 1 illustrates a knock off, generally used
in coal mines. These are fixed to the coal tubs, as
shown in F16. 7, and automatically release the tubs
from the haulage rope. At the point where the
tubs have to be released, a bar is fixed above (Fic. 8)
which knocks back the lever and releases the pin
at the same time. The method of making a knock
off is as follows :—

First operation, F1G, 2: Side set a 2}-inch square bar
as shown, then draw down, as in FIG. 3.

Second operation, F1G. 4 : Punch or drill a hole as shown,
and cut out at the dotted lines.

Third operation, F16. 5: Punch a hole and split open,
insert a flat mandril, as shown in FIG. 6, and flatten
down. To complete, as illustrated in Fic. 1, bend
a 2-inch by §-inch flat bar at right angles, making
one end 10 ins. and the other 8 ins., then rivet
together, as shown.
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BLACKSMITH'S MANUAL ILLUSTRATED

MISCELLANEOUS EXAMPLES OF FORGED
WORK IN DIFFERENT STAGES. PLATE 73

DRILL STAND

PLATE 73: F1G. 1 illustrates a drill stand, showing the
lever arm. This arm can be altered to any con-
venient height or direction.

First operation, F1G. 2: Side set a 3-inch by 1}-inch
bar as shown, then draw down, as shown in Fic. 3.
Second operation, FiG. 4 : Bend the ends around as shown,

and complete the forked end by placing a mandril
in, and hammering down, as shown in Fi¢. 5.

Third operation, Fi1c. 6: Jump a 1} in. diameter as
shown, and weld together, as in Fic. 7.

Another method of making the forked end is shown
in F16. 8. Bend two flat bars and weld them
together.

F1G. 9 shows another method by drawing down two
1}-inch square bars and welding them together. '

F1G. 10 shows a piece of 3-inch by 14-inch bar drawn down,
the radius cutters having been used to form the end.

F1G. 11 shows the hole drilled, and a kev-way cut through.

F1G. 12 shows a method of making the key by drawing
down the end of the bar and turning the end up.
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BLACKSMITH'S MANUAL ILLUSTRATED

MISCELLANEOUS EXAMPLES OF FORGED
WORK IN DIFFERENT STAGES. PLATE 74

FORGING

Prate 74: F1c. 1 illustrates a forging, made from a
6-inch square bar. The dimensions of this forging
are given herewith :—

A is 10 ins. by 6 ins. and 14 in. thick.
B is 2§ ins. diameter and 4 ins. high.
Cis 4 ins. by 2§ ins. and 4 ins. deep.

First operation, F16. 2 : Side set the bar as shown, then
draw down to 2% ins. diameter, as in F16. 3. Cut
off from the bar at the dotted lines, 6 ins. long.

Second operation, F16. 4: Place in a bolster, and side
set as shown, then hammer down, as in FiG. 5, to
1} in. thick.

Third operation, F16. 6: Use two j-inch bars and fuller
as shown, then draw down as in Fi1c. 7, and complete
by cutting to length.
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BLACKSMITH'S MANUAL ILLUSTRATED

MISCELLANEOUS EXAMPLES OF FORGED
WORK IN DIFFERENT STAGES. PLATE 75

FORGING

PLATE 75 illustrates a rather complicated forging made
from a 6-inch square bar. The dimensions of this
forging are here given :—

A 3} ins. square.

B 2 ins. diameter, 4 ins. long.

C 3% ins. by § in. by 7 ins. long, and the height from
the bottom of C to the top of A is 6 ins.

First operation, F16. 2: Side set two sides of the 6-inch
square bar as shown, and draw down to 3} ins. square,
as in FiG. 3.

Second operation, FiG. 4: Side set the 3} ins. square
on each side as shown, then draw down to 2 ins.
diameter, as in F16. 5. Next cut it off the bar at
the dotted line, 3} ins. long.

Third operation, Fic. 6 : Side set as shown, and draw
down, as in FicG. 7, then cut along the dotted line,
leaving the result, as shown in Frc. 8.

Fourth operation, F1G. 9 : Fuller as shown, and cut the
two portions off along the dotted line, or flalten
them down and cut to shape, as shown in FiG. 10.
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BLACKSMITH'S MANUAL ILLUSTRATED

MISCELLANEOUS EXAMPLES OF FORGED
WORK IN DIFFERENT STAGES. PLATE 76

LEVELLING BLOCK

Levelling blocks are very useful in the smithy, their
dimensions depending on the size of work chiefly
done. For general use, a block, as illustrated in
Fi1G. 1, measures 6 ft. by 4 ft. by 4 ins. thick, numerous
holes being left in the casting.

F1G. 1 illustrates a method of bending large bars, by
placing tapered pins in holes where necessary. By
making use of these together with a lever, the bar
is bent, as shown.

F1¢. 2 illustrates a method of bending large links. The
required size of the link can be obtained by selecting
a bolster, placing it over a pin and pulling the bar
around it, as shown. A method of clamping plates
or bars to be levelled is also shown.

F16. 3 illustrates a cramp or rail bender, used for bending
rails. It can also be used for bending heavy angle
bars.
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BLACKSMITH'S MANUAL ILLUSTRATED

MISCELLANEOUS EXAMPLES OF FORGED
WORK IN DIFFERENT STAGES. PLATE 77

STAMPS

PLaTE 77: FiG. 1 illustrates a half stamp, A method
of making such a stamp is given in the following
illustrations :—

First operation, F16. 2: Fuller a 6-inch square block
2 ins. thick, as shown. Next, hammer a small dia-
meter bar into the block (FiG. 3), and gradually
increase the diameter until the required size is ob-
tained (F16. 4).

Second operation, Fic. 5: Place a flat bar on the stamp
as shown, and hammer it in, giving the result shown
in FIG. 6.

Third operation, Fi. 7: Place a smaller but thicker bar
on the stamp as shown, and hammer it in, giving
the result shown in FiG. 1.

Repeat these operations on a similar block, thus making
a pair of stamps.

By placing a finished forging (Fic. 8) in the stamps
(F1G. 9} a correct finish can be obtained.

Pins (F1G. 10) are screwed into the bottom stamp, as shown
in F1G. 11, to enable the stamps to be exactly above
one another during operations.

Note. —Stamps are generally used when large quantities
of the same job are required.
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BLACKSMITH'S MANUAL ILLUSTRATED

MISCELLANEOUS EXAMPLES OF FORGED
WORK IN DIFFERENT STAGES. PLATE 78

STAMPS

PLATE 78 : FiG. 1 illustrates a finished forging made under
the steam hammer, with stamps.

F16. 2 illustrates a pair of stamps complete with handles.
The method of making these stamps was shown on

PLATE 77.
F16. 3 shows the forging after being stamped.

F1G. 4 shows a ragging tool, used under the steam hammer,
for taking away the ragged edges from the forging
after it has been stamped.

Fic. 5 shows the ragging tool in use.

Method.—Place the unfinished forging on the ragging
tool, and place a shaped bar on top, asshown. Strike
with the steam hammer, pressing the finished forg-
ing through, and leaving the ragged edges behind.

FiGs. 6 to 8 show the preparing of the forging before it
is placed in the stamps.
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BLACKSMITH'S MANUAL ILLUSTRATED

MISCELLANEOQOUS EXAMPLES OF FORGED
WORK IN DIFFERENT STAGES. PLATE 79

SPANNER STAMPS

PLATE 79: FI1G. 1 illustrates a double-ended spanner,
which can be made in the stamps shown in the
following illustrations :—

F16. 2 shows a pair of stamps used for shaping the material
after it has been prepared, as in FIG. 5.

I16. 3 shows a punch used for punching the jaw in the
spanners, while they are in Fi6. 4 stamps.

F1G. 4 shows a pair of stamps used for finishing the
spanners after they have been shaped in FIG. =z

F1G. 5 shows a round bar, balled at each end ready to
be shaped by placing it in FiG. 2 stamps.

F16. 6 shows another pair of stamps used for shaping
large spanners.

F1G. 7 shows Fi1G. 6 stamps in use.

F1c. 8 shows the material roughly shaped before placing
in the stamps.
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BLACKSMITH'S MANUAL ILLUSTRATED

MISCELLANEOUS EXAMPLES OF FORGED
WORK IN DIFFERENT STAGES. PLATE 80

LOCOMOTIVE FLY CRANK

PLATE Bo: FicG. 1 illustrates a fly crank, made from a
g-inch square bar.

First operation, Fi16. 2: Draw down the 5-inch square
bar, as shown.

Second operation, Fi1G. 3: Side set, as shown.

Third operation, F1G. 4: Draw down, and fuller at B,
then draw down as shown at A, and cut off at the
dotted line.

Note.—These illustrations give a method of forging two
fly cranks at once.

Fourth operation, F1G. 5: After cutting along the dotted
line, bend the forging as shown, in order to swage
the pin.

Fifth operation, Fi1G. 6: Straighten the forging, then
place it in a bolster and flatten to size. Finish off
by shaping, as shown in Fi6G. 1.
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BLACKSMITH'S MANUAL ILLUSTRATED

MISCELLANEQOUS EXAMPLES OF FORGED
WORK IN DIFFERENT STAGES. PLATE 81

LOCOMOTIVE ECCENTRIC ROD

PLATE 81: Fi16. 1 illustrates an eccentric rod, made from
a 6-inch square bar. The dimensions are :(—
A 8ins. by 3 ins. by 14 in.
B 3 ft. 5 ins. long and 1 in. thick, tapering from
3{ ins. to 2{ ins.
C 2} ins. diameter, 5 ins. deep.

The length of material required to make this is 13 ins.

First operation, F1c. 2: Side set 114 ins. from the end
of the bar.

Second operation, Fic. 3: Draw down from 6 ins. square
to 5 ins. by 3 ins.

Third operation, FiG. 4 : Side set 15 ins. from the 6-inch
square bar, and side set again, as shown.

Fourth operation, FiG. 5 : Draw down to length as shown,
and shape the double eye end, using radius cutters.

Fifth operation, F16. 6: Finish the double eye end by
stamping in swages, as shown. Complete by cutting
the opposite end off the bar and hammering down
to 8 ins. by 3 ins. by 14 in.
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BLACKSMITH'S MANUAL ILLUSTRATED

MISCELLANEOUS EXAMPLES OF FORGED
WORK IN DIFFERENT STAGES. PLATE 82

LOCOMOTIVE CROSS BEAM

PLATE 82: Fic. 1 illustrates a cross beam, made from a
4-inch square bar.

First operation, Fi1G. 2: Fuller the 4-inch square bar, as
shown,

Second operation, F16. 3: Draw each end down and
shape, as shown.

Third operation, FiG. 4 : Draw the bar down and flatten
out to the required width, as shown in Fi6s. 4 and 5.

Fourth operation, Fic. 6: Taper the forging from the
centre as shown, side set the ends, adopting the
method shown in F1G. 7, and draw down the ends
to the required diameter (Fic. 8).
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BLACKSMITH'S MANUAL ILLUSTRATED

MISCELLANEOUS EXAMPLES OF FORGED
WORK IN DIFFERENT STAGES. PLATE 83

LOCOMOTIVE REVERSING LEVER

PLATE 83: F16. 1 illustrates a reversing lever, made from
a 3-inch square bar.

First operation, F1G. 2: Side set the 3-inch square bar
as shown, adopting the method given in F1G. 8.

Second operation, FIG. 3: Set the bar through, then
side set, as shown.

Third operation, FiG. 4 : Again set the bar through, and
side set, as shown.

Fourth operation, F16. 5: Partly draw down, and side
set, as shown.

Fifth operation, F1G. 6 : Draw the bar down, and form
the boss, as shown. Next, side set the opposite end
as shown,

Sixth operation, Fic. 7: Draw down as shown, then
finish off the end, as in FIG. 1.

F1c. 8 shows the method of side setting used in the first
and second operations. First, side set at one side,
then turn over the bar, and complete by using two
side set tools, as shown.
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BLACKSMITH’S MANUAL ILLUSTRATED

MISCELLANEOUS EXAMPLES OF FORGED
WORK IN DIFFERENT STAGES. PLATE &4

LOCOMOTIVE BRAKE HANGER

PLATE 84: Fi1G. 1 illustrates a brake hanger, made from
a 4-inch square bar.

First operation, F1G. 2: Side set the 4-inch square bar,
as shown.

Second operation, F1s. 3: Draw down and flatten out
to the width required, as shown.

Third operation, FiG. 4 : Side set, as shown.

Fourth operation, F16. 5: Draw down to the thickness of
the centre boss, and fuller as shown.

Fifth operation, F1c. 6: Draw down to thickness in
between the bosses as shown, and then complete
the forging by cutting to shape on the dotted lines,
as shown.
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BLACKSMITH'S MANUAL ILLUSTRATED

MISCELLANEOUS EXAMPLES OF FORGED
WORK IN DIFFERENT STAGES. PLATE 85

LOCOMOTIVE BRAKE HANGER

PLATE 85: Fi6. 1 illustrates a brake hanger, made from
34-inch square bar.

First operation, Fi6. 2: Side set the bar, as shown.

Second operation, Fi16. 3: Draw down to the required
thickness. Repeat the above operations, at the
other end except that the end to be side set is

opposite.

Third operation, FiG. 4 : After drawing down as shown,
complete by cutting the bosses to shape.

F16. 5 shows how, by fullering the inside corners, the
work is simplified. It is easier to cut the corners
off, and this method also prevents the chisel from
cutting the bar.

Fic. 6 shows the boss being shaped, after the inside
corners have been fullered.

F1G. 7 shows another method of forming the bosses by
stamping a pair of loose rings into the bar, as shown.

F1G. 8 shows a split swage on which bosses can be rounded,
as shown.
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BLACKSMITH'S MANUAL ILLUSTRATED

MISCELLANEOUS EXAMPLES OF FORGED
WORK IN DIFFERENT STAGES. PLATE 86

LOCOMOTIVE BRAKE HANGERS

PLATE 86: Fi1G. 1 illustrates a brake hanger, made from
a 2}-inch square bar. The total length required
is 10} ins. The dimensions are :(—

A 2} ins. diameter by 2% ins. thick.
B The greatest width is 3 ins. tapered down to 1} in.
at each end, and 1 in. thick.

First operation, F1G. 2: Use radius cutters to shape the
end of the boss as shown, leaving enough material
to make a tong end, as shown in Fic. 4. Next,
draw down 5} ins. of the square bar after fullering,
as shown in Fi1Gs. 2 and 4.

FiG. 5 shows the method of tapering B, by using tapered
sets illustrated in F16. 7.

F1G. 6 illustrates a pair of stamping swages used to form
the bosses A.
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MISCELLANEOUS EXAMPLES OF FORGED
WORK IN DIFFERENT STAGES. PLATE 87

LOCOMOTIVE CONNECTING ROD STRAP

PLATE 87: Fi1G. 1 illustrates a connecting rod strap, made
from 44-inch square bar.

First operation, F1G. 2: Side set the 44-inch square bar,
as shown.

Second operation, FiG. 3: Partly draw down each side
of the studs, as shown.

Third operation, F1G. 4: Draw down to the smallest
size, as shown.

The reason for forming two studs when forging, is to help
when bending, by placing a bridge piece, which is
made to the required size, on the forging, as shown
in F16. 5; hammer down, as shown in FiG. 6, then
cut off the stud which is not required.
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MISCELLANEOUS EXAMPLES OF FORGED
WORK IN DIFFERENT STAGES. PLATE 88

LOCOMOTIVE HORN STAY

PLAaTE 88: Fic. 1 illustrates a horn stay, made from
6-inch by 4-inch bar.

First operation, F1G. 2 : Side set the 6-inch by 4-inch bar,
as shown.

Second operation, Fic. 3: Draw down to size, side set
the ends, and draw down, as shown. When drawing
down in between the studs use a narrow block.

Third operation, F16. 4 : Use a pair of stamps and hammer
down, as shown.

Fourth operation, F1G. 5: Shows the result after using
the stamps.
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MISCELLANEOUS EXAMPLES OF FORGED
WORK IN DIFFERENT STAGES. PLATE 8%

LOCOMOTIVE BRAKE SHAFT (A)

PLATE 89: FiG. 1 illustrates a brake shaft, 4 ft. 6 ins.
long, made from g-inch square bar,

First operation, F16. 2: Side set the g-inch square bar
as shown, then draw down to g ins. by 4 ins., as shown
in Fi16s. 3 and 4.

Third operation, F16. 5: Side set as shown, draw down
to 3} ins. diameter, and cut half of the short arms
off where marked. The result of these operations are
shown in Fic. 6.

Fourth operation, Fig., 6: Drill holes as shown. The
forging is then taken to a band saw to be cut along
the dotted lines, leaving the result as shown in F16. 7.

Fifth operation, FiG. 8: Open the arms out, and taper
them to the required size. Swage the rest of the
shaft to 34 ins. diameter, as shown.
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MISCELLANEOUS EXAMPLES OF FORGED
WORK IN DIFFERENT STAGES. PLATE %0

LOCOMOTIVE BRAKE SHAFT (B)

PLATE go illustrates the method of making a brake shaft
having an arm with a double eye at one end, and
a straight arm at the other end.

F1c. 1 shows the brake shaft. The dimensions are :—

A 3}ins. diameter, 2 ft. 4 ins. long.

B 4 ins. tapered to 3} ins., 12 ins. long and 1} in,
thick.

C the largest diameter is 4 ins., 4 ins. thick. The arm
is 1} in. thick, total length 12 ins. and the
distance between the two arms is 1 ft. 4 ins.
The size of bar required to make the brake
shaft is 8 ins. by 4 ins.

First operation, F1G. 2 : Draw down 15 ins. of the 8-inch
by 4-inch bar to 6 ins. by 4 ins., then side set, allow-
ing 4} ins. to be drawn down as shown to 3} ins.
diameter, 1 ft. 4 ins. long.

Second operation, F16. 3. Draw down to 3} ins. di-
ameter, then cut from the bar, making each end
12 ins. long, one end being 8 ins. by 4 ins. for 6 ins.
of its length.

Third operation, F16. 4: Mark off for drilling as shown,
then cut along the dotted lines.

Fourth operation, F1G. 5: Open out the arms, and shape
them as required. Next, finish off the ends of the
shaft and cut to length. To complete the forging,
twist the bar in the centre (at the double line).
This gives the required result, as shown in Fic. 1.
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MISCELLANEOUS EXAMPLES OF FORGED
WORK IN DIFFERENT STAGES. PLATE 91

LOCOMOTIVE BRAKE SHAFT (C)

PLATE g7 illustrates the method of making a brake shaft,
having a long arm in the centre, with a double eye
at the end. Two short arms project from each end
of the shaft, as shown,

Fi1G. 1 shows the brake shaft, made from an 8-inch square
bar.

First operation, Fi1G. 2: Side set the 8-inch square bar,
as shown.

Second operation, F1G. 3: Draw down to 8 ins. by 4 ins,,
as shown.

Third operation, FiG. 4 : Mark off the forging for drilling
and cutting, as shown.

Fic. 5 shows the result after the forging has been cut
with a band saw along the dotted lines.

Open out the centre arm, and then cut the piece off at
the dotted line. Complete, by swaging the bar to
the required diameter, and shape the double eye,
as shown in FiG. 1.
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MISCELLANEOUS EXAMPLES OF FORGED
WORK IN DIFFERENT STAGES. PLATE 92

LOCOMOTIVE SHAFT

PLATE gz illustrates the method of making a shaft having
a short arm at each end.

FiG. 1 shows the shaft, made from a 12-inch by 6-inch bar.

First operation, F16. 2: Side set the 1z-inch by 6-inch
bar, as shown.

Second operation, Fi16. 3: Draw down one end and
swage it to the required diameter, as shown.

Third operation, F16. 4: Repeat the above operations
at the other end.

Fourth operation, F16. 5: Draw down and swage the
centre, as shown. Next, shape the arms by cutting
along the dotted lines, as shown.

F16. 6 shows the method of side setting, by using a pair
of side sets.
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MISCELLANEOUS EXAMPLES OF FORGED
WORK IN DIFFERENT STAGES. PLATE 93

LOCOMOTIVE REVERSING SHAFT (A)

PLATE g3 illustrates the method of making part of a
reversing shaft which is 17 ins. long and the dia-
meter of which is 3} ins. The arm with the double
eve forged on the end is ¢ ins. long, and the T-
piece at the opposite end is 8 ins. by 4 ins. tapered
to 2 ins. at the ends.

F1G. 1 illustrates the reversing shaft made from a 7-inch
square bar.

First operation, Fi6. 2: Draw down 7 ins. of the 7-inch
square bar to 4§ in. square. Reduce enough of the
4%-inch square to form the arm, as shown in the
following illustrations.

Second operation, FI16. 3: Joggle as shown.

Third operation, F16. 4: Swage to the required dia-
meter and cut off the bar at the dotted line. Prepare
the double eye for stamping, as shown in Fic. 5.

F1G. 6 shows the result after stamping complete by
setling the arm and tapering the opposite end, as
shown in F16. 1.
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MISCELLANEQOUS EXAMPLES OF FORGED
WORK IN DIFFERENT STAGES. PLATE %4

LOCOMOTIVE REVERSING SHAFT (B)

PLATE 94 illustrates the making of another part of a
reversing shaft, having an extra arm in the centre.

F1G. 1 illustrates the reversing shaft, made from a 7-inch
square bar.

First operation, Fi16. 2: Draw down the 7-inch square
bar to 7 ins. by 4 ins., as shown.

Second operation, F1G. 3: Side set the # ins. by 4 ins,,
as shown.

Third operation, Fic. 4: Draw down and swage, then
fuller, as shown,

Fourth operation, Fic. 5: Reduce as shown, to shape
partly the centre arm, then drill two holes and cut
the bar as shown.

Fifth operation, F16. 6: Open out and set the centre
arm.

Sixth operation, Fic. 7: Turn over the bar and draw
down, as shown. Next, joggle as shown in Fic. 8.

Seventh operation, F16. 9: Draw down and swage the
rest of the shaft, fuller as shown, then draw down
as shown in FiG. 10. Complete the double eyes by
stamping, as shown on PLATE g3, and set the end
arm, as shown in FiG. 1.
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MISCELLANEOUS EXAMPLES OF FORGED
WORK IN DIFFERENT STAGES. PLATE 95

LOCOMOTIVE REVERSING SHAFT (C)

PLATE 95: F16. 1 illustrates a reversing shaft, made
from g-inch by 4-inch bar,

First operation, F1G. 2 : Side set the g-inch by 4-inch bar,
as shown.

Second operation, F16. 3: Draw down to 6} ins. by 4 ins.
and side set, as shown.

Third operation, FiG. 4: Swage to the required dia-
meter, then side set the opposite end, and draw down,
as shown in FiIG. 5.

Fourth operation, Fic. 6 : Mark off the forging for drilling
and cutting, as shown.

Fifth operation, F16. 7: Shows the result after the
forging has been cut with a band saw along the
dotted lines.

Sixth operation, Fi1G. 8 : Open out the arms, and draw
down, as shown.

Seventh operation, F1G. g : Joggle as shown.

Eighth opera'tion: Swage the remainder of the shaft to
the required diameter, before setting the end arm,
as shown in FI1G. 1. :
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MISCELLANEOUS EXAMPLES OF FORGED
WORK IN DIFFERENT STAGES. PLATE %8

LOCOMOTIVE LOCKING BAR (A}

PLATE 96 illustrates the method of making a locking bar,
which is 5 ft. 10 ins. long.

F16. 1 illustrates the locking bar, made from a 5-inch
square bar.

First operation, F1G. 2: Punch a hole in the centre of
the bar, as shown,

Second operation, Fig. 3: Fuller each side of the hole,
with fullers made, as shown.

Third operation, F16. 4: Hammer in a mandril, and
stamp the eye with a pair of tools, as shown.

Fourth operation, F1G. 5: Draw down and taper the
ends.

F1G. 6 shows the mandril for doing the preliminary work.
This is called the starting mandril.

F1G. 7 shows the mandril for finishing the shape of the
hole, known as the finishing mandril.
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MISCELLANEOUS EXAMPLES OF FORGED
WORK IN DIFFERENT STAGES. PLATE 97

LOCOMOTIVE LOCKING BAR (B)
PLATE g7 illustrates the beginning of the method of
making a locking bar.

F1G. 1 illustrates a locking bar, of which the dimensions
are given, made from a 12-inch by 6-inch bar, The
length of material required is 15 ins.

First operation, F1G. 2: Side set 5 ins. from the end
and 10 ins. from the end, as shown.

Second operation, F1G. 3: Draw down and taper one
end as shown, then cut off the bar at the dotted

line.

Third operation, Fi1G, 4: Draw down the opposite end,
as shown.

This method is continued on the following PLATE (g8).
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MISCELLANEOUS EXAMPLES OF FORGED
WORK IN DIFFERENT STAGES. PLATE 98

LOCOMOTIVE LOCKING BAR (B) (continued)

PLATE 98 illustrates the concluding operations in the
method of making a locking bar.

Fi16. 5 illustrates an apparatus used for setting the arms
at the required angle. This apparatus is composed
of two blocks of wood placed at each side of the
anvil (steam hammer), and held together, as shown.

Fi1G. 6 shows the result after the arms have been set
with the steam hammer.

F16. 7, fuller as shown, then draw down and taper to
the length, as shown in Fic. 1 (PLATE ¢7).
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HARDENING AND TEMPERING. PLATE 99

Small Coil Spring
FIG. 1 illustrates a method of hardening a small coil
spring. This is done by placing a small rod through
the spring as shown, and heating it over the fire.
When the spring is red hot plunge it, with the rod,
into oil. To temper the spring, hold it with the
rod over the fire, until the oil ignites and burns off.

Repeat this operation three times, then cool off in oil.
This method of tempering can be applied to larger
springs if necessary.

Another method of hardening spring steel is by heating
to 820° C., then cooling off in oil. To temper,
reheat to 380° C., and cool off in air.

Fi1G. 2: To harden and temper a Die.

Heat to a cherry-red, then plunge into water or oil.
When cold, polish the die and lay on a hot bar, as
shown. When the die turns dark brown, cool off
in water or oil.

FiGs. 3, 4: To harden a square or round bar.
Dip vertically as shown, but not quickly, into the liquid.
FiG. 5: To harden a wedge-shaped bar.

Holding the narrow side uppermost, dip into the liquid,
keeping the bar slightly sloped, as shown.

F1Gs. 6, 7 : To harden and temper a small drill, as shown
in F16. 6. After heating the drill to a cherry-red,
plunge it into oil till cool, then polish it. Fill a
metal pot with lead and heat the contents until
red hot, then, to temper the drill, hold the cutting
end with the tongs, and dip into the lead up to the
neck, as shown in F16. 7. Quickly withdraw the
drill, and plunge it into oil to cool.
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HARDENING AND TEMPERING. PLATE 100

F16. 1 illustrates a method of hardening small drills,
e.g. Yy in. diameter. Place the drills on a shallow
tin tray, heat the tray and its contents to a dark
red, and then plunge into oil to cool.

F1c. 2 illustrates the method of polishing the drills after
hardening by gripping in the vice and polishing with
emery paper, as shown. To temper, place on a black
hot surface, keeping the drills in motion until they
turn dark brown, then plunge into oil.

Fic. 3, twist drills. Heat to cherry-red, then dip
vertically into the water till cool. Polish, as shown
in F16. 2. Temper by laying on a hot surface until
dark brown, then plunge in oil to cool.

F1G. 4, shear blades. Heat the blade to a full red and
plunge in water or oil, as shown. Polish and lay on
a hot bar until the colour changes to a violet hue.
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HARDENING AND TEMPERING

The process of hardening, as commonly understood
by smiths, is by heating steel to a definite temperature
and suddenly cooling in water or oil. This treatment
causes the steel to become dead hard or glass hard, and
steel in this condition is too brittle for use, therefore it
has to be tempered. This can be done by heating to
a certain temperature, and then cooling, or the temper
can be gauged by watching the colours which appear
on the surface as the heat increases. Before tempering
the surface should be polished, to enable the smith to
see the colours clearly. The steel is then laid on a hot
surface, and as the temper increases, various colours
appear on the polished surface. Immediately the desired
colour is obtained, fix by plunging in water or oil. (The
temperature corresponding to the different colours and
shades are given in the table on temperatures and temper
colours.)

Cast steel, as understood by the smith, denotes carbon
steel. As regards the classification of cast steel, its car-
bon usually varies between -5 and 15 per cent.

Steel containing -6 to -7 per cent. carbon is most suit-
able for blacksmiths’ tools, such as cold chisels, hot chisels,
punches, and hammers.

PoiNTs To REMEMBER IN THE TREATMENT OF STEEL

Cut all tool-steel bars hot; when cut cold they are
liable to crack at the end.

Always heat slowly, thoroughly, and uniformly.

When quenching tools to be hardened, keep the tool
moving after immersion, thus avoiding any chance of
a sharp line between the hard and soft parts of the tool.

To harden and temper a cold chisel, heat the cutting
edge to a cherry-red, and immerse the chisel vertically
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in water. When cool, it should be slowly taken out of
the water. Its internal heat will then produce the tem-
pering colour, and this can be seen by polishing the
hardened part with emery or sandstone. =~ When the
cutting edge shows the correct tempering colour (in this
case purple), the chisel should be plunged at once into
the water to cool. Other examples of hardening and
tempering are shown on PLATES g9 and 100.

HiIGH-SPEED STEEL

When forging high-speed steel, heat gradually to
a bright red colour or between ggo° C. and 1040° C., and
then forge in the ordinary way. Do not continue the
forging after the temperature has dropped to between
#60° C. and 820° C. and the colour is below cherry-red.

ANNEALING HIGH-SPEED STEEL TOOLS

Place the tools in an iron box of sufficient size to
allow at least one-half inch of packing between the tools
to be annealed and the sides of the box. (Packing can
consist of powdered charcoal or fine dry lime.) Cover
the contents with an air-tight lid. Place the box in a
furnace and heat gradually to between 760° C. and 820° C.
Maintain this temperature for four hours or more, ac-
cording to the quantity of steel charged, and then allow
the box and its contents to remain in the furnace until
cold.

HARDENING HIGH-SPEED STEEL

To harden turning and planing tools. Heat the cutting
end of the tool, slowly and uniformly, to a temperature
of about 760° C. or a cherry-red colour, and then bring
the heat quickly to between 1250° C. and 1280° C. or a
white heat, after which the tool should be cooled in a
strong air-blast,

CASE HARDENING

Case hardening is a process of introducing carbon into
the surface of low carbon steel, to harden the exterior
like “ cast steel’” and allow the interior to retain its
original properties.
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The method to adopt in case hardening is as follows :
Pack the articles, with a reliable casing compound, in
an iron box, putting a layer of the casing compound
14 in. deep in the bottom of the box, and laying the
articles on top, leaving a 14 in. space between each article.
Place another layer of casing compound on top, and
repeat as above until the box is filled to within 1} in.
from the top. Place 2 lining of fireclay round the inner
edge of the box, and seal the box by placing a lid in the
inside. This can be made air-tight by placing another
layer of fireclay around the edges of the lid. The
box and its contents are placed into the furnace and
heated to goo® C. to g50° C., and kept at this temperature
until a sufficient depth of casing is obtained. If a casing
¥o in. is required, heat for about four hours. After the
desired penetration has been obtained, the box should
be withdrawn from the furnace and put aside to cool.
When cold the articles are taken out of the box and
heated to 780° C., and then quenched in cold water to
obtain a refined and glass-hard casing.

TEMPERATURE

Colour Centigrade Fahrenheit
Dark red . ; . 600° 1112°
Dullred . . . 650° 1202°
Cherry-red . ; . 700° 1292°
Bright red . : . 8o00° 1472°
Dark orange . . 850° 1562°
Orange-lemon . . I100° 2012°
Lemon . i . I1200° 2162°
Straw . . . . 1300° 2372°
White . ‘ . 1350° 2462°

TEMPERING COLOURS

Colour Centigrade Fahrenheit
Pale yellow . 5 . 210° 410°
Dull yellow . 5 . 221° 430°
Crimson . . . 256° 493°
Violet-purple and dull blue 261° 502°
Bright blue : . 2g0° 554°
Dark blue . . . 320° 608°
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Example : To convert 520° Centigrade to Fahrenheit.

104
(52e x 9) + 32

= 036 + 32 = ¢68° Fahrenheit.
Example : To convert 1148° Fahrenheit to Centigrade.

118—2><§
(1148 — 32} >

12
3£ x 5 = 620° Centigrade.
9

i

TeEMPERATURE CONVERSION TABLE

Centigrade—Fahrenheit

C. F.|C. F.|C. F. |C F |C F C. F C. F.
38 100)63 145| 88 190|165 329|400 752|720 1330| 970 1778
39 102|64 147| 89 192|170 338|420 788|730 1348| 980 1798
40 104 |65 149| 90 104|175 347|440 B24|740 13066| 990 1814
41 10666 151| o1 196|180 356|460 860|750 1384|1000 1832
42 108 |67 153 | 92 198|190 374|480 896|760 1402 | 1010 1850
43 109168 154 | 93 199|200 392|500 g32|770 I420| 1020 1869

69 156| 04 201|210 410|520 968|780 14381030 1886

44 111
45 I113|70 158| 95 203|220 428|540 1004 | 790 I454 | 1040 XGO4
46 115|71 160| g6 205|230 446 | 550 1021 | BOO 1472 | 1050 1922
47 11772 162| 97 207|240 464 | 560 1040|810 1490 | 1060 1940
48 118 |73 163 98 208|250 482} 570 1058 | Bz0 1508 | 1070 1958
49 120 |74 165]| 99 210} 260 500|580 1076 | 830 1526 | 08B0 1978
50 122 |75 167 ] 100 212|270 518|590 1094 | 840 1544 | 1090 1996
5I 124 |76 169|105 221|280 536600 1112|850 1562|1100 2014
52 12677 171|110 230|290 554 | 610 1130 | B6O 1579 1110 2030
53 127 |78 172|115 239| 300 572 | 620 1148 | 870 1600 | 1120 2052
54 129 |79 174|120 248 | 310 500! 630 1166 | 880 1618 | 1130 2068
55 131 | B0 176|125 257 | 320 608 | 640 1184|890 1636 | 1140 2086
56 133 |81 178{ 130 266|330 626 650 1202|900 1652 1150 2102
57 135] 82 180|135 275 340 644 | 660 1218 | 910 1670 | 1160 2122
58 136 |83 181|140 284350 662 | 670 1240|920 1687 | 1170 2138
50 138 |84 183|145 293 360 680 [ 680 1254|930 2706 | 11Bo 2158
60 14085 185150 302|370 698 | 6g0 1272 | 940 1724|1190 2172
61 142 |86 187|155 311|380 716|700 1292 | 050 I742 | 1200 2192
62 144 |87 189|160 320|390 734|710 I312 | gbo 1758
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BAR STEEL. WEIGHT PER LINEAL Foot

Square. Round. Octagon.
Size. Pounds. Size. Pounds. Size. Pounds.
$ 05 k 04 } 04
$ -21 ] 17 P -18
i 48 -38 ‘40
{ ‘Bs 67 i 70
§ 1133 104 & 110
3 1-92 1'50 i 158
i 2-60 3 204 I 216
1 340 e 267 I 2-82
13 430 1} 338 1} 356
1} 531 1 417 1} 440
1§ 643 1 505 45 532
1} 7:65 I 6-0r 1} 6-34
18 898 1 7°05 § 7'32
1} 10°40 13 818 b4 3 8-64
1§ 1r-go 14 938 1% 992
2 13-60 2 1071 2 11-28
2} 15'40 2} 12:05 2} 12-71
2} 17+20 24 13-60 2} 1424
2§ 1920 23 15-10 23 15-88
24 2120 24 16-68 23 1765
23 2350 2f 18:39 2f 19:45
2 2570 23 20°18 23 21-28
2% 28-20 2 22:006 23 2328
3 30:00 3 2410 3 2536
3t 3313 3% 26-12 3% 27-50
3t 35'90 31 28-30 3¢ 29-28
3% 38:64 3% 30745 K} 32:10
34 4160 3 3270 3t 3456
3% 44'57 33 3520 3% 37:05
3% 47-80 3t 37°54 3 3968
4 3440 4 42:72 4 45'12
41 61-40 4} 48:30 4t 50-84
4} 68-g0 44 54'60 44 5696
41 76:70 41 60-30 41 63-52
5 8500 5 66-80 5 70-60
5t 93-70 5% 7360 5% 77-80
5% 102-Bo 54 80-80 53 8515
s§ 11240 51 88-30 53 93-12
6 122-40 6 gb-10 6 I0I'45
6} 143-60 63 11320 63 I117-12
7 166-40 7 130-80 7 138-24
8 217 60 8 170-88 8 180-48
9 27560 9 218-40 9 227-84
10 340-00 10 267-20 10 282-40
II 41120 11 323°00 11 340-60
12 489-60 12 384-40 1z 405-8¢0
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Shackles z 74
Examples of forgings ]umped 70
»  reduced 68
Eye bolt, const. . . 42
w 3y Swages 54
F LAT face 26
Fly crank, const. 162
Forging, const. . 150, 152
i high- speed steel ¢ . 20§
Fork tool . 28
» 1) in use 32
Formule and calculations . 66
» ” "o * 67
Frame, const. . 24
Fullering methods 84
GATE hooks, const. 102
Gouge F 34
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HAND hammers . . . 18
% a spring tools . 18

" weightof . 26

Hand mandril . . . . 144
Handles for forging . . . 62
Hardening cold sets . i . 204
i dies . E . 200

" high-speed sleel . 20§

" round bars P . 200

5 shear blades . . 202

" small coil springs . 200

» y  drills 200, 202

“ square bars . . 202

W and tempering . 200, 204

W twist drills 3 . 202

i wedge-shaped bars . 200
Hearths . : . : 6
Hexagon swage . : @ . 30
Hinges, const. . . . .28
Hooks, ,, . . . . 140
Hom stay, const. . 5 . 178
Hot cutters 3 " e . 50
» 8IS < . . . 26
JOGGLED bars . ; . 92
Joggling . 3 0 . 188
Jumping melhods 2 i . 83
KNOCK off, const. . . 146
LEVELLING blocks . . 154
Lever arm, const. " ¥ . 11O
i const 112, 118

» double eye, const . . 108
Limber ,, , .- . Iob
Links . N . . . 74
Link tool . 3 ; . 30
Locking bar, const. t94, 196, 198
Long bottom swage . . 38
MANDRIL, notched . . 128
Methods for forging . . .72
NARROW blocks . . 108
PlN bolt, const. . ¥ 88, ob
Pipe hanger . . . . 92
Polishing drills . F : . 202
Portabar . 3 . ‘ . 62
Pot fire, plan . i 3
» 1 used for carbomsmg . 14
n g uses ; . 10, 12

Punch and die, const, p . 58

Punch and die in section
” " " use .

n  iDuse

RADIUS cutters

5 fullers

" impression
Rail bender .
Reversing lever, const.

5 shaft, 188, 1
Round-faced fuller

SADDLE ‘ .
@ in ure
Set hammers
Shaft
Short bottom swagc
Side sets, const.
” " in use
w1 tadius .
round edges
w n Sharp angle .
Sledge hammer, weight of .
Small anvil, const.
Socket, const.
Socketing .
Spanner 2
»  stamps
Split cotters, const.
Spring swages
n  const, .
Starnp, const,
. forging .
Stamping swages
Stamps

" ”

Stays, const. . . . 120,

Steel carbon percentage

Supports . "

Swages, middle boss .
" side boss

90,

FAPERED mandnl, hexagon .

oval
round
square

" 10
" ”
” ”
sets .
» CODSL

» iDuse

o » Single

56,

» gingle in use .

Temperaturc colour table
A conversion table
Tempering colours
Thumb screw, const, .
Tongs, T-angle .
" aqvil
» chisel
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Tongs, duck-neb . ¥ . 20 |T-swagein use . . . 32
. fat | . . 20]|Tuberook . . 2 . 138
,» hollow b:ts . . 20
» hoop . . . . 20
. Mmk ... o 2 |VgwacE,” . . . 30
» making . g . 24 in use 5
.w pick . g : .2zt * . - 3
, pincer i 2 . 20
v .» hollow bits . 20 W
. pipes. . . . 22 EIGHTS—octagon bar . 208
,» pliers . . 22 o —round bar . 208
o Tivet. . . . 22 —square bar . 208
.  shingling y . 22 | Weld, butt . “ . 86
square clip . 8 20| ., forkand wedge . . 86
Top and bottom fullersinuse . 34| ., rivet . . . . 86
,, fuller, circular . . 26} , scarf . F 3 . 86
i ,» necking . . . 26 » stud . F . . 86
. Swages . u, . 26, 42 V- . 3 . . 86
T-piece . i g . 42 Weldmg 5 : . . 86
T-square . § z . 36 - link . . . 22
T-swage i s s . 30| Wrench, const. . . . o8



CONVERSIONS
—page 207—
Alternative formula

°Cx1.8+32=°F
°F-32+18=°C

—page 208—

1" =25.4 mm
11b=0.4536 kg
Im=3.28 ft
Pounds to kilograms multiply by 0.4536
1/8”=3.175S mm
1/4” = 6.35 mm
3/8” =9.25 mm

1/2” =127 mm
5/8” = 15.875 mm
3/4” = 19.05 mm
7/8” =22.225 mm
1” =254 mm

2”7 =50.8 mm

3" =76.2 mm

5” =127 mm

12" =304.8 mm
3’=915 mm



SAFETY AT WORK

FIRE
Fire can be the main hazard in the forge. It must be the
responsibility of each member of staff to familiarise them-
selves with the fire drill procedure.

Ensure that you know the location and type of the near-
est fire extinguishers and how to use them correctly. Be sure
that you are aware of the location of the nearest fire alarm to
your workspace.

In the event of a fire, shout a clear warning. Operate the
nearest fire alarm. Close all windows and doors. Ensure
that you only attempt to fight small fires and with the correct
fire extinguisher. Keep calm and do not endanger yourself.

If in doubt, get out. Be alert. Know what you are doing
and why.

EYE PROTECTION
There is always a high risk of damage to the eye or eye-
sight, especially when working with hot metal (forging).
Always ensure that safety spectacles are worn.

MACHINERY
Safety precautions are essential when operating machinery.
Remember that any injury is generally severe. Death and
amputation are often the result of machinery accidents.
Dangerous parts of machinery must be guarded. Guards
must always be in place and correctly adjusted. Abrasive
wheels must only be mounted by authorised personnel.

GENERAL SAFETY

Never try to do someone else’s job. Don’t tamper with
equipment that you do not understand. Never throw things
or play practical jokes on your workmates. Remember to
walk — don’t run. Wash your hands often throughout the
day. Do not wear clothing that is loose and flaps about.
Wear suitable footwear which is in good repair. Always
report unsafe conditions. Do not carry or move any object
which obstructs your field of vision. Do not lift any heavy
workpieces or equipment manually.



