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PREFACE.

Tre Mechanician is essentially a book of processes, including all operations by which the
principal portions of engines are forged, planed, lined, turned, and otherwise treated. The
author endeavours to perform two things—to explain to uninitiated students how engines are
really made, togcther with the fundamental principles involved in making them, and also to
produce a book which shall be useful to practical mechanics for reference in the difficult details
of their business.

Of the six chapters constituting the work, the first is devoted to forging; in which the
fundamental principles to be observed in making forged articles of every class are stated, giving
the proper relative positions for the constituent fibres of cach article, the modes of selecting
proper quantities of material, the steam-hammer operations, the shaping-moulds, and the manipu-
lations resorted to for shaping the component masses to the intended forms:

Engineers’ tools and their construction are next treated, because they must be used during
all subsequent operations described in the remaining chapters; the author thinking that the
student should first acquire a knowledge of the apparatus which he is supposed to be using in
the course of the processes given in Chapters 4, 5, and 6. In the fourth chapter, planing and
lining are treated, because these are the elements of machine-making in general. The processes
described in this chapter, are those on which all accuracy of fitting and finishing depend. The
next chapter, which treats of shaping and slotting, the author endeavours to render compre-
hensive by giving the hand-shaping processes in addition to the machine-shaping.

In many cases, hand-shaping is indispensable, such as, sudden breakage, operations abroad,
and on board ship, also for constructors having a limited number of machines. Turning and
screw-cutting occupy the last chapter. In this, the operations for lining, centring, turnin
screw-forming are detailed, and their principles elucidated.

The Mechanician is the result of the author’s experience in engine-making during twenty
years; and he has concluded that, however retentive the memory of a machinist might be, it
would be convenient for him to have a book of primary principles and processes to which he
could refer with confidence. It is hoped that the descriptions given of the author’s lining-tables,
pillar-tables, gap straight-edges, slottil, valin, monto, and other instruments, may cause them to
be more generally used by engineers, the author having proved them highly efficient during
many years.

The Tables of dimensions relating to sizes of iron for forging, cylindrical ganges, screw-taps,
and hobs, are also exactly in accordance with his practice ; also his method of shaping tap-screws,
hob-serews, dies, bolt-screws, and sclecting screwing-wheels.

g, and

Trith, London, 1869.
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INTRODUCTION.

AN attempt is now made to illustrate and explain the details of engine-making. The author
knows by experience that there is no work in any language which enumerates a sufficient number
of details concerning engine-construction. We have written instructions about everything con-
nected with the subject, except concerning the actual manipulation of the tools and appliances
employed for the purpose.

The subject, as considered in the MECHANICIAN, is rather extensive, and, in order to give
satisfaction both to mechanics and learners, it is necessary to treat each individual piece of ma-
chinery distinctly, to consider it as something that must be forged, previously to being shaped and
put into its place. The forging of the article is often of much more importance and expense than
any after-operation ; and although all acknowledge that some practical instructions on the sub-
Ject are needed, it is also acknowledged that none exist. The only one among us who has
written anything reliable on forging is Holtzapffel. And even this industrious writer makes no
mention of engine-work in its details. He commences his chapter on smith’s work with a five-
ton paddle-shaft ; a subject which is rather sublime and overpowering, if not very comprehensible
to a learner. The more rational and easy method of teaching forging, so that the instruction
may be useful, is by first explaining the construction of those portions of a steam-engine which
have simple forms only. When these are made tolerably familiar, is the time to introduce the
compound ones.

This mode of dealing with the subject is adopted throughout the whole of the MEcEANICIAN
to the end: consequently the plan of the work is quite original.

Probably it is impossible for any single writer to exhaust such a tedious and intricate matter;
for this reason, the author considered it prudent, in order to admit a large amount of information
on the subjects treated, to make the number of those subjects limited. And to make such a
literary work new, in the proper sense of the term, we should endeavour to write about those
branches of engine-making on which the least is written. These are forging, lining, planing,
slotting, turning, and screw-cutting; a sufficient number for any one individual to manage
properly.

The work comprehends three principal parts. The first part is devoted to forging, and a
detailed description of engineers’ tools and appliances. And, in addition to descriptions,
sketches and detailed instructions are given in the several methods of making the tools that are
mentioned.

The second part includes the application of the tools to the practice of engine-making.

B



2 INTRODUCTION.

The third part consists of details of mechanical processes which are not usually included in
engine-making.

This arrangement is convenient to learners; because the names of tools and appliances must
necessarily be frequently made use of in the second and third parts, and those who do not happen
to know the particular form and method of making a certain tool, will refer to the first part for
the desired information.

The details of the work commence with forging such simple articles as bolts and nuts, keys,
straps, screw-keys, and similar articles. Several methods of making each article are mentioned,
so that individual makers of small work may select the plan most suited to their requirements.
The next treated are joint-pins, slide-valve rods, weigh-shafts, excentric-rods, piston-rods, con-
necting-rods, links, cross-heads, reversing-gear, paddle-shafts, crank-shafts, screw-shafts, propeller-
shafts, and other shafts, small and large; the small being first introduced in order to make the
work progressive and instructive to learners and to those who may not have previously studied
engineering.

After the forging, the various modes of shaping and fitting are introduced. These include
drilling, slotting, planing, turning, and screw-cutting; also drill-making, cutter-making, boring-
tools, screwing-tools, lathe-tools, planing-tools, slotters, shapers, excavators, and other assistants
in the necessary process of adapting pieces of machinery to each other, such as dies, screw-plates,
die-nuts, and taps.

Skilful mechanies must kindly bear with details which may be particularly valuable to
those who require them, and may be highly interesting to students and others who are com-
meneing the business. And it will be acknowledged that details are absolutely necessary to make
he work more or less useful to inechanics generally.
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Tl A %
CHAPTER L
FORGING.

Tar importance of good forgings in engine-machinery cannot be properly estimated except by
those who have been intimately connected with engine-making. All the working portions of an
engine that are intended to sustain the greatest strain must be forged. A few gears since, engineers
used cast iron for such purposes, and, in order to obtain sufficient strength, made use of large masses
of metal ; thus ensuring a certain, or rather uncertain, amount of safety. However large a lever or
shaft may be, there is always attending it some disagreeable apprehension of danger, if it is made
of cast iron, and the suddenness of the break is almost certain ; but, with forged iron, an instan-
taneous break, without some previous sign of approaching rupture, is extremely rare. Such a
division may possibly occur if the shaft, lever, or rod is made too small; and there is also a
small liability to such an occurrence with shafts that are too large. A well-proportioned forged shaft
or lever may be so much injured by improper hammering as to render it liable to break with less
than the ordinary wear and strain allotted to it. Good soft iron, of well-defined fibrous character,
may, by hammering, be made crystalline, and will become as untrustworthy as the cast iron
from which it was originally made.

The outside dimensions of a forging often convey an incorrect idea of its internal strength;
and no engineer, however penetrating, can, by measuring a certain shaft or lever, ascertain
whether it i1s strong enough for the engine of which it is a part; neither can he point out its
weakest spot. The smith who made it should know much more about the strength of his forging
than any other inspector ; but smiths generally do not know. A good smith is a rare individual.
He knows that the fibres of the iron must be so arranged as to be in proper position for sustaining
the strain; and having succeeded in obtaining a proper arrangement of the fibres, he will not
change them into crystals by improper hammering.

A smith is a much more important individual than a member of any other branch of
engine-making. Planers, fitters, and turners are more dependent upon mechanical contrivances .
than smiths. An intelligent turner can very soon learn all that is needful for his business; but
a good smith is more original and prescient than a member of any other branch. Much more
time is required to make a good smith than to make a good planer or turner.

It is, however, proper to admit that the engine-smith of the present day is not generally so
original or ingenious as the smith of olden time. An inferior smith can now produce good work
in large quantities, in consequence of the great aid afforded him by various inventions for reducing
the amount of labour, these inventions being the productions of studious mechanical men who are

B2



4 THE MECHANICIAN AND CONSTRUCTOR.

not necessarily smiths in the usual meaning of the term ; but by placing a modern smith upon an
equality with one of old, without recent inventions, we discover the amount of ingenuity in each.

Probably in a few years the forging process will become quite as mechanical as planing,
slotting, or turning, at which time the present foresight, skill, and labour accompanying forging
will be almost dispensed with ; but, until forging machinery becomes general, the smith must
continue to exercise his present amount of care, discretion, and skill.

The number of forging-machines is at the present moment very considerable, and some of
them produce better work than can be made by any kind of mere hand-labour, unless an
intolerably large amount of time is consumed during the process. We now have a variety of
machines for producing forgings by compression, bolt-machines, nut-machines, a great number of
rolling-machines, a variety of steam hammers, including the new patent steam striker and what
is named the rotary hammer. All these are daily becoming more intimately associated with
smith’s work of all kinds, large and small. Even at the present time, all those forging machines
that act by compression and cutting dies, can be adapted to produce all the necessary forgings for
small engine-work, and we may reasonably expect to obtain machines each more and more varied
in application than the preceding ; and the works produced will be more and more the resvlt of
machinery, till the smith’s hand-labour and intellectual energy now required for his work be
reduced to a minimum. Probably, at the time the minimum of labour is reached, we shall reach
the maximum of good quality. By referring to other branches of engine-making, such as turning
or planing, we discover that every mechanical contrivance introduced to diminish labour, at the
same time increases the good quality of the work produced. We may thus infer that similar things
will occur in the noble art of forging.

The advantage of a tolerable knowledge of smith’s work to engineers is hereby made
apparent to readers generally ; some remarks may therefore be submitted to students who wish
to acquire some knowledge of the internal structure of the various pieces of machinery, and not
merely how to shape their outsides. ,

Although we know that mechanical contrivances will become more and more extensively
applied to forgings of all kinds, we do not anticipate any change in the circumstances that determine
or control the production of good, sound work.

With relation to a- good piece of smith’s work, three principal circumstances require
consideration. These are, the outside dimensions of the article when finished, the arrangement of
its component fibres, and the amount of wear and tear to which the article will be subjected when
in ordinary use.

The outside dimensions of a forging are ascertained by ordinary calculation, after it is
decided to what purpose the engine, machine, or lathe is to be applied.

The position of the constituent fibres of separate forgings, and the several duties to be
expected from them, shall now be considered. »

This work is designed to be useful to those who are now actually working at the business,
and also to those who intend to become practically acquainted with it. It is therefore proposed that
all our younger readers first devote some careful attention to the forms and names of the forgings
that are used in engine-making. A correct knowledge of names is very important to all beginners.
in engineering ; consequently a number of outlines of forms are introduced immediately connected
with their corresponding names. See Plates 1, 2, 3.

After examining a few of the figures of Plate 1, the student is directed to the technical phrases
here introduced.

SIGNIFICATIONS OF TECHNICAL PHRASES.,

To MARE UP A Stock.—The stock is that mass of coal or coke which is situated between the
fire and the cast-iron plate through the opening in which the wind or blast is forced. The size
and shape of the stock depend npon the dimensions and shape of the work to be produced. To
make up a stock is to place the coal in proper position around the taper-ended rod; which is
named a plug. The taper end of the plug is pushed into the opening from which comes the blast ;
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the other end of the plug is then laid across the hearth or fireplace, after which the wet small
coal is thoroughly battered over the plug while it remains in the opening, and the coal piled up
till the required height and width of the stock is reached ; after which the plug is taken out and
the fire made, the blast in the mean time freely traversing the opening made in the stock by
the plug.

1F 1rE-IRONS.—These consist of a poker with small hook at one end, a slice, and rake. The
poker with small hook is used for clearing away the clinker from the blast-hole, also for holding
small pieces of work in the fire. The slice is a small flat shovel or spade, and is used for battering
the coal while making up a stock. The slice is also used for adding coal to the fire when only a
small quantity is required at one time. The rake consists of a rod of iron or steel with a handle
at one end, and at the other a right-angle bend of flat iron, and is used to adjust the coal or
coke into proper position while the piece to be forged is in the fire.

A Rop.—This term is usually applied to a long slender piece of iron, whose section is circular.

A Bar.—Bar signifies a rod or length of iron whose section is square, or otherwise angnlar,
instead of circular.

Prare.—This term is applied to any piece of iron whose length and breadth very much
exceed its thickness. Thin plates of iron are termed sheéts.

To Take A HEar.—This signifies to allow the iron to remain in the fire until the required
lheat is obtained. To take a welding heat is to allow the iron to remain in the fire till hot enough
to melt or partially melt.

To FiN1SH AT ONE HEAT is to do all the required forging to the piece of work in hand by
heating once only. '

To praw powN.—Drawing down signifies reducing a thick bar or rod of iron to any
required diameter. There are several methods of drawing down: by a single hammer in the
hand of one man; by a pair of hammers in the hands of two men; five or six hammers may
be also used by five or six men. Drawing down is also effected by steam-hammers, air-hammers,
and rolling-mills.

To praw away.—This term signifies the same as to draw down.

To uvpser.—This operation is the reverse of drawing down, and consists in making a thin
bar or rod into a thick one; or it may consist in thickening a portion only, such as the middle or
end, or both ends. The operation is performed by heating the iron to a yellow heat, or what
is named a white heat, and placing one end upon the anvil, or upon the ground, and striking the
other end with three or four hammers, as required. Iron may be also upset while in the
horizontal position, by pendulum hammers and by the new patent steam-striker, which will
deliver blows at any angle from horizontal to vertical.

ScarrFiNG.—This operation includes two processes—upsetting and bevelling. Scarfing is
resorted to for the purpose of properly welding or joining two pieces of iron together. When
the two pieces are rods or bars, it is necessary to upset the two ends to be welded, so that the
hammering which unites the pieces shall not reduce the iron below the required dimensions.
After being upset, the two ends are bevelled by a fuller or by the hammer.

Burr-werp.—When a rod or bar is welded to another bar or plate, so that the joint shall be
at right angles to the bar, it is termed a butt-weld.

A Toxcur-yoint.—This joint is made by cutting open the end of a bar to be welded to
another, whose end is tapered to fit the opening, and then welding the two bars together.

To puncH is to make a hole, either square or round, into a piece of iron by means of square
or round taper tools, named punches, which are driven through the iron by hand-hammers or by
steam-hammers.

. To priFr out is to enlarge a hole by means of a taper round or square tool, named a
rift. '

Tuae HamMMERMAN is the assistant to the smith, and uses the heavy hammer, named the sledge,
when heavy blows are required.

Tue Tuyerg, or Tue Tweer.—This is a pipe through which the blast of air proceeds to the
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stock, and thence to the fire. The nozzle of the tweer is the extreme end or portion of the tweer,
which is inserted into the opening of the plate against which the stock is built.

SEPARATE FORGINGS.

By perusing the foregoing definitions, the learner will be enabled to understand the details
given concerning individual forgings.

Rousp Keys witnour Heaps.—Fig. 1, Plate 1, represents a simple kind of round key ; and
this, with other keys shown in a line with it, are proper objects for learners to attempt during
their first essays at forging.

A round key is so simple that no forging is necessary to make it, unless the key is required to be
about half or three-quarters of an inch in diameter. Small round keys are made immediately from
the wire, which can be bought of iron or steel, of a suitable diameter, to avoid unnecessary labour.
All small keys should be made of steel, whether they be round or square. If the steel is obtained
small enough to obviate the necessity of forging, it should be cut to a convenient length for holding
while being filed to fit its place, which is named the key-bed or key-way. Steel wireis easily divided
by an edge of a file. After being cut to convenient lengths, the pieces should be made not more
than red-hot, and allowed to cool gradually to soften them, remembering that such keys as we are
considering should not be hardened. The advantage in making them of steel consists in two
principal good qualities—their closeness of texture and their durability. A small pin or key of
steel will sustain much more hammering in and out of the key-bed than an iron key of the same
diameter and length. Small iron keys are liable to split while in use, through the number and
shape of the fissures that steel does not possess.

But if the steel requires forging, it must be considered whether the pin orkey is to be filed to
fit the key-bed, or whether it is to be turned. A round key to be turned should be forged with a
small portion drawn down from the largest end (Fig. 58), for the convenience of holding it while
being turned in the lathe. Round keys are sometimes an inch and a half in diameter, and con-
siderably taper ; hence the convenience of the smaller portion at the larger end, allowing the key
to be turned throughout its whole length without interruption.

If the key is to be filed to fit, instead of being turned, the smith must be careful to ascertain
the proper angle or amount of taper required in the key, and also the finished dimensions.
Attention- to these particulars avoids unnecessary waste of time while fitting the key. Taper
keys should be tried into their key-beds, before the forging of the key is finished. But when a
great number of large ones are to be forged, a double-gap gauge (Fig. 57) should be made, one
gap being for measuring the large end of the pin, and the other gap for measuring the small end,
and both openings of the proper width to allow only a small amount of filing to the pins while
being fitted.

The proportionate lengths and diameters of round keys depend upon whether they are
intended for wheels, for levers and weigh-shafts, or for cranks. Fig. 1 shows the proportion
suitable for the middle of a wheel, which is namned the wheel-boss. Fig. 3 indicates a round
key, of proportions suitable for a weigh-shaft or crank-lever, when the pin or key is inserted
through the middle of the lever and spindle by means of a hole bored through the two (Fig. 59),
instead of merely cutting a key-bed into the shaft, parallel to its length (Fig. 60). Fig. 3, being
comparatively small in diameter, admits of a small hole in the shaft or spindle, instead of a large
hole, which would needlessly weaken both lever and spindle.

The round pin or key is superior to the angular key for many kinds of work, such as wheels
and crank-levers. This circular pin might be used oftener than it now is, because it can be
quickly fitted by turning, and also because the curved key-bed is not so liable to break the wheel.

The manipulation of a round key upon the anvil consists in drawing down the end of a long
rod, care being taken that the stecl is never hammered too near the small end of the key. It is
proper to commence the drawing or reducing at the large part of the key nearest the hand, and
deliver each successive blow more and more towards the further end, and never contrariwise.
For forging a small round key, no tools are required exeept the ordinary fire-irons and the hand-
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hammer, tongs, and anvil-chisel, in the anvil; shown by Figs. 61, 62, and 63. The forging a
round pin is good and instructive practice for a beginner, to enable him to see the effect of his
blows upon the piece of work. Sometimes he will strike the anvil instead of the key, and there is
then a probability of the hammer bouncing up into his face. This will teach him to strike
the key gently until he has aequired the method of holding his work upon the anvil, and
also of striking upon the top of the key, instead of the side, which puts an ugly dent into
the key that he intended to be round, and drives it sideways along the top of the
anvil and down to the ground in a very unworkmanlike manner. But all such small difficulties
are soon overcome by patient practice. He will soon discover that, if he holds his left hand too
high, he will experience an indeseribable tingling and jarring in the hand; and if he holds his
left hand too low, he will feel a curious jerking of the left arm all the way to his shoulder. One
remark concerning holding his work may be useful, and is, that if he is careful to keep two
points of the key bearing upon the anvil at one time, and is eareful to strike always between
these two points, he will not undergo the tingling and jerking just referred to.

The pin should be forged to the proper diameter, and also the ragged pieee cut off the small
end, by means of the anvil-chisel, shown by Fig. 63, while the work is still attached to the rod of
steel from which it is made. After having eut and rounded the small end, it is proper to eut the
key from the rod of steel, allowing a short piece to be drawn down to make the holder, by which
to hold it in the lathe. This holder is drawn down by the fuller, and afterwards by the hammer.
The fuller is first applied to the spot that marks the required length of key; the fuller is then
driven in by the hammerman to the required diameter of the holder, the bottom fuller being in
the square hole of the anvil during the hammering process, and the work between the top and
bottom fullers. During the hammering, the forger rotates the key, in order to make the gap of
equal or uniform depth ; the lump which remains is then drawn down by the hammers, or by the
hand-hammer only, if a small pin is being made. If the pin is very small, it is more eonvenient to
draw down the small lump by means of the set-hammer and the hammerman. The set-hammer
is shown in Fig. 66; and the top and bottom fullers by Fig. 67.

The double or alternate hammering by forger and hammerman should at first be gently
done, to avoid danger to the arm through not holding the work level on the anvil. The hammer-
man should first begin, and strike at the rate of one blow per second; after a few blows the
smith, or intended smith, begins, and both hammer the work at times, and other times the anvil.
The first attempt continues about a minute, after which the work receives a severe dent on one
side, and is knocked off the anvil, and sometimes out of the tongs. After a short time oceupied in
eollecting the various instrumnents, the operators begin again with renewed vigour.

Fig. 64 shows the top and bottom rounding-tools, for rounding large keys. These tools are
necessary for large keys, but it is proper for the learner to make a small key without them. This
he can do by rounding the work with his hand-hammer, and cutting off the pin by the anvil-chisel
instead of the rod-chisel (Fig. 65). The rod-chisel is so named because the handle by which the
ehisel is held, is an ash-rod or stick (see Fig. 64). A rod-chisel is thin for cutting hot iron, and
thick for cutting cold iron. Fig. 63 represents the anvil-chisel in the square hole of the anvil.
By placing the steel while at a yellow heat upon the edge of the chisel, he ean easily cut off a small
key by a few blows of his hammer upon the top of the work.

Rouxp Keys witH HEaps.—Iig. 4 represents this kind of key; the thickest part of it is
termed the head, and the portion of the head at right angles to the small or thin part is named
the shoulder; the thin part from the shoulder is the stem. Such keys are used for wheels or
levers for spindles whose key-beds are parallel to the longitudinal axes of the shafts or spindles. In
all cases where no objection exists to a key-head projeeting beyond the wheel or lever, the head
1s admissible, because of its utility while driving out the key. When the stem of it is hidden by
the wheel, the shoulder of the head receives the blows while driving out. The tools for unfixing
keys are numerous, and will be treated in another place.

To forge a key with a head involves rather more labour than making a straight one. There
are three principal modes of proceeding, whiech inelude drawing down with the fuller and
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hammer ; also upsetting one end of the iron or steel; and doubling one end of a bar to form
the head.

For proceeding by drawing down, a rod or bar of steel is required, whose diameter is equal
to the thickness of the head required; consequently, large keys should not be made by drawing
down unless steam-hammers ean be used. Small keys should be drawn to size while attached to
the bar from which they are made; the drawing is commeneced by the fuller and set-hammer.
Instead of placing the work upon the bottom fuller in the anvil, as shown for forging a key
without a head, the steel is placed upon the face of the anvil, and the top fuller only is used, 1f
the key required is large enough to need much hammering ; but a very small key can be drawn
down by dispensing with the top fuller and placing the bottom fuller in the hole, and placing
the work upon the top, and then striking on one side only, instead of rotating the bar or rod by
the hand. By holding the bar or rod in one position, the head is formed upon the under side of
the bar; and by turning the work upside down, and drawing down the lump, the stem is
produced. A learner should make a small key in this manner by his own hand-hammer only ;
and, having drawn the stem, he should eut off any unsound part at the end, and then cut off
the key from the bar by the anvil-chisel ; after which take out the anvil-chisel, and put in the
bottom fuller, and draw down another key. When he has thus drawn and cut off a sufficient
number, he can heat them again, and shape the heads. The set-hammer is useful to square the
corner near the shoulders, and also to draw down the stems of very small keys, for which the
drawing by the hand-hammer is not convenient, through the shortness of the stems.

But large round keys with heads require the top and bottom rounding-tools for adjusting
the stems to their proper diameters. A double gap-gauge is also required, if a number of keys
are required to be of similar diameters. This gauge is shown in Fig. 57; but this is not
necessary for a few only. Instead of the gauge, two pairs of callipers are used, which may be
opened or closed to any required width. Callipers are made of all sizes to suit the ordinary
work. One pair of them is shown by Fig. 57. A pair of these callipers is adjusted to the
required diameter of the small end of the forging, and another pair is adjusted to the required
diameter of the large end, the callipers being riveted together sufficiently tight to prevent
shifting of the two legs with relation to each other, while in fair use, but not tight enough to
prevent them opening with the application of about twenty pounds of muscular force. The
method of adjusting callipers is by closing the two legs by the two hands of the operator until
the distance between the legs is about a sixteenth of an inch greater than the distance required ;
this sixteenth of space is then traversed by gently striking the edge of one leg against a soft piece
of iron until the opening is of the distance required. Adjusting eallipers by other inachinery will
be treated in another portion of this work.

If the work in progress is more than eight or ten inches in length, a straight-edge of iron
or steel is required, to aseertain if the work is too much bent.

Large keys need a little management and attention, if being made of steel, to prevent
overheating ; it is also necessary to consider the proper amount of bar to be drawn down, to
avoid waste by cutting off a large piece of the key after being drawn to the required diameter.
Two important considerations belong to this subjeet, which are, the unnecessary consnmption of
time in drawing down more of the bar than is required, and the shape of the piece that is eut
off, which is often in sueh a condition as to be only fit for the scrap-heap.

Previous to driving in the fuller at the eommencement of the drawing down of the stem, it
is necessary to determine the distance from the extremity of the bar or rod at which the shoulder
of the key is to be formed, and the stem of the key to begin. The author’s plan of determining
this distanee consists in comparing the amount of area of the key-stem required, with the amount
of area of the rod of steel from which the key is to be forged. And in the process he uses
this rule :—

As the mean sectional area of that portion of the bar to be reduced is to the mean scctional
area of the key-stem required, so is the length of the key-stem required to the length of that
portion of the bar which is to be reduced.
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To apply this rule to the forging of a round key with head, such as we are now considering,
it is only necessary to know distinctly the dimensions of the key-stem regulred,.and the dlrpensmns
of the rod or bar from which the key is to be made. Both these things being determined, we
will consider it stated that the key shall be made from a rod of steel whose diameter is three
inches, and that the key-stem shall be eleven inches in length, and the shape of it conical, the
largest diameter near the head to be two and one-eighth inches, ffmnd the diameter at the small
end one and seven-eighths inches. The mean sectional diameter is therefore to be two inches.
And the mean scectional area of the stem required is, consequently, three, and one hundred and
forty-one theusandths of square inches. The diameter of the rod being three inches, its sectional
area is seven, and sixty-eight thousandths of square inches. On paper the complete proposition
is, therefore, thus indicated :—
7068 : 3:141 :: 11 : 4-889

The first of these terms represents the mean sectional area, in inches, of that portion of the
rod which is to be forged into a key-stem. The second term denotes the mean sectional area of
the required stem. The third term indicates the length, in inches, of the key-stem to be forged.
And the fourth term points out the length of bar or rod required, to produce eleven inches of
stem without requiring any portion to be cut off the stem when finished.

The proportions indicated by the symbols are not true; they are merely arithmetically correct
to the extent of the fractions employed. But, practically, we find them valuable, because they
inform us that four and nine-tenths inches of steel is sufficient for eleven inches of key-stem. This
being known to the smith, he should put a small dent into the steel by means of the ehisel for
cold steel, at five and one-eighth inches from the end of the steel. This distance is more than
that which is indicated by the symbols, because a small portion will be taken from the steel by
heating, and the end of the stem will be unsound and may require welding or cutting off.

To ensure the necessary soundness at the end, it is curved, either by welding or by cutting
off any ragged or hollow portions; and this must be done previous to any attempt to draw down
by the fuller or steam-hammer ; because, if the steel is hollow at the end, at the time of com-
mencing to reduce it by the steam-hammer, and the steel too brittle to be welded, it will become
worse under the hammer, which will in a short time break it to pieces.

This curving just mentioned is also important for iron keys, either large or small, and is
always necessary in proportion to the amount of drawing the metal is to undergo, when it cannot
be welded again after being made unsound.

The end being curved, or what is termed rounded, and the dent put into the steel at the
proper place, by means of what is named the cold chisel, it is proper to commence drawing down
by driving in the fuller, to produce the shoulder. When the fuller is driven to about half the
depth that will be reached when finished, draw the lump which is to form the stem to a square;
after which, drive in the fuller again at the shoulder, and make the gap deeper to admit of the
stem being again drawn upon the anvil—remembering to make the key four-sided, and to com-
mence the drawing down at the shoulder of the key, and draw the work towards you a short
distance, after each blow from the hammer, until the extremity is reached; then commence the
drawing again at the shoulder. The key-stem will, by such treatment, become compact, and, if
the steel is good, rather improved, but not if hammered while it is much below the red heat. If
the key is being made of iron, the openness of the grain is partly closed by hammering at a
proper heat; and keys require a very close texture to prevent splitting when the strain of tae
lever or shaft is applied to the side. If the key should be made of layers of iron, welded together,
instead of steel, the layers should be placed parallel to the side of the key-stem; in this position
the strain upon the key-side will tend to close the key together; but if the layers of iron are
parallel to the shaft, and the iron bad, there is .a danger of the key being split into two, and
one piece being earried round by the lever, while the other piece remains in the key-bed.

The four-sided shape of the key is now to be altered to ecight-sided, by placing one corner
upwards to receive the hammering, and afterwards the others, until a tolerable a proach to
eight-sided is attained ; after which, round the key-stem by the { top and bottom tools (Fig. 64).

C
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and adjust the key to its proper diameters at each end, by the half-ronnd top and bottom tools, at
which time the double-gap gauge or the two pairs of callipers will be required to ascertain
the size ; and the straight-edge will be useful to aseertain if the stem requires straightening.

These remarks equally apply to small keys. The four-sided and octagonal forms are easily
attained by the hand-hammer, and the learner will be pleased at the mechanieal method just
indicated.

The partieular uses, and pieces of work, to whieh round keys should be applied shall be
treated in another place. It is now necessary to mention the methods of upsetting to form the
head ; and the doubling of the iron to form the head.

Instead of commencing by making the stem, as in the drawing down, the head is first
formed at the end of the bar by battering it, either in the horizontal position while lying on the
anvil, or in the vertical position while standing on the anvil, or on a heavy cast-iron block,
the top of whieh is level with the ground, if the work is too long to be stood upon the
anvil. Till the present time, all the laborious upsetting, both of small work and large, has
been done by manual labour of a tiresome charaeter. Although our wonderful and valuable
assistant, the steam-hammer, will upset a short pieee of iron or steel, if it be only one or
two feet in length, we eannot use our powerful friend to upset a long rod or bar without some
means of making the steam-hammer strike the iron while in a horizontal position. This objeet is
now conveniently accomplished by what is ealled Davies's patent steam-striker, which is an
appropriate term, beeause the machine will deliver blows at any angle from horizontal to vertieal,
thus avoiding mueh of the troublesome upsetting by the hammerman. But if without such a
eontrivanee, it is neeessary to use the pendulum-hammer, if the bar is very long, or to cut off the
piece to form the key, and upset it upon its end. The upsetting of iron generally should be done
at the welding heat; the upsetting of steel, at the yellow heat, exeept in some kinds of good steel,
that will allow the welding heat. And both iron and steel require cooling at the extremity, to
prevent the hammer spreading the end without upsetting the portion next to it. If the head of
the key is to be large, several heats and ecoolings must take place, which renders the process only
applicable to small work. A small bar can be easily upset by heating to a white heat or
welding heat, and eooling a quarter of an inch of the end; then linmediately put the bar to the
ground with the hot portion upwards, the bar leaning against the anvil, and held by the tongs
(sec Fig. 68). The end is then npset, and the extremity cooled again after being heated for
another upsetting, and thus till the required diameter is attained. When a number of bars are
to be upset in this manner, it is necessary to provide an iron box, into which to place the ends of the
bars, instead of upon the soft ground or wood flooring, injury to the floor being thereby prevented.

When the key-head is sufficiently upset, the fuller and set hammer are neeessary to make a
proper shoulder, the stem is then drawn four-sided and rounded by the { top and bottom tools.
If the bar from which the key is being made is not large enough to allow being made four-sided,
eight sides should be formed, which will tend to elose the grain and make a good key.

The third method of making keys with heads is the quickest of the three, particularly for
making keys by the steam-hammer. By its powerful aid, we are able to use a bar of iron
an inch larger than the required stem, because it is necessary to have sufficient metal in order to
allow hamnmering enough to make it close and hard, and also welding, if seamy. If the bar from
which it is to be made is too large to be easily handled without the erane, the pieee is eut from
the bar at the first heat ; and the length of the piece to be eut off is determined by aid of the rule
given in page 8. But if the bar is small, it can be held up at any required height by the prop,
shown in Fig. 69. While thus supported, the piece to be doubled to make the head is cut
three-quarters of the distanee through the iron, at a proper distance from the extremity. The
piece 1s then bent in the direction tending to break it off; the uncut portion being of suffieient
thickness to prevent it breaking, will allow the two to be placed together and welded in that
relation. A lhole may also be punched through the two, while at a welding heat, as shown
by Fig. 70. The hole admits a pin or rivet of iron, which is driven into the opening, and
the three welded together. This plan is resorted to for producing a strong head to the key



FORGING. 11

without much welding; but for ordinary purposes it is much safer to weld the iron when
doubled, without any rivet, if a sufficient number of heavy blows can be administercd.
At the time the head is welded, the shoulder shounld be tolerably squared by the set-hammer ;
and the part next to the shoulder is then fullered to about three-quarters of the distance
to the diameter of stem required. In large work the fuller used for this purpose should be
broad, as in Fig. 71. After the head is welged, and the portion next to it drawn down by the
fuller, the piece of work is cut from the bar or rod, and the head is fixed in a pair of tongs similar
to Fig. 72. Such tongs arc useful for very small work, and are made of large size for heavy
work. Tongs of this character are suited to both angular work and circular. They will grip
either the head or the stem, as shown in the Figure. While held by the tongs, the thick lump of
the stem that remains is welded, if necessary. Next draw the stem to its proper shape, and trim
the head to whatever shape is required.

Tue Learner’s Duries.—To give a large number of instructions to a learner before he
begins to work involves a waste of time; because he cannot appreciate or understand everything
that is told him until he has performed something. If he has tried to make an article and failed,
he will probably perceive the canse of failure when pointed out to him. But these causes of
failure are very little heeded by some individnals until- they have really experienced the things
mentioned to them. Hence arises the necessity of giving as many instructions to a learner as he
can comprehend or make use of at the moment he receives them, but no more than the proper
number, if that number can be ascertained.

When a learner has knocked abont a few pieces of iron or steel upon the anvil, possibly made
a few articles, and discovers that if he possessed a little more machinery he could make a few
more, he is in a condition to attend to a few remarks about his tools. It is scarcely possible for
him to begin forging by making his own tools, except to a very limited extent ; but, as he pro-
gresses, he will become gradually able to make all he requires. At his present stage of progress
he shonld consider his hainmer and tongs, to ascertain if his hammer-handle is tightly fixed in
the opening, or whether he has knocked out the wedge through striking the anvil too often
instead of the work ; also whether the rivets of his tongs are injured or broken by his own ill-
treatment of them. He should not attempt any work that requires the sledge-hammer until he is
provided with good tongs and rings to hold them tightly together ; these will prevent the sledge-
hammer driving out the work from the tongs into contact with some person’s limbs. There are
three kinds of tools that he can now make in a tolerable manner for his own use; these are
straight-edges, squares, and callipers. Before commencing to make these necessary articles, he
can make his handle tight, if it requires it, by making a wedge with ragged edges, either of ash or
iron, remembering that the wedge must be of very gradual taper, as it is termed, signifying that
the angle subtended by the two sides of the wedge should be five or six degrees. When the angle
of the wedge is too great, there is danger of it soon tumbling out, and the hammer flying off to
the injury of life or limb. As he advances in knowledge, he will learn how to make the opening
of his hammer, so that the handle shall properly fit, and also how to make the hammer itself;
but at present he must be content by making the wedge only. Having made his hammer safe,
he can make a rivet for his tongs by fitting a pin to the two holes and allowing sufficient length
of iron each side to form the two heads, at which time, while the tongs are apart, he can notice
their form, which will probably teach him how to make a new pair. I§ o tongs is required to hold

. the rivet or pin while he is making it, because he can provide a piece of iron or steel of sufficient
length to hold in his hand.

He shounld now make, firstly, his callipers, two or three pairs; secondly, straight-edges, one
or two ; and, thirdly, a square, one or two.

The form of the callipers shown by Fig. 57 is merely of a simple character, easily con-
structed, and snitable for smiths, becanse a tolerable approach to precision in measuring is quite
sufficient. The more scientifically made and valuable kinds of callipers suitable for fitters and
turners, will be mentioned in due order.

The smith can make his callipers in his own ordinary mode of punching small holes. It is

c2
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proper to punch the two holes for the joint-pin P, previous to filing or otherwise finishing the edges
of the callipers. When the holes are punched, he can fix in a pin in a temporary manner, in
order to hold them together a short time, while he grinds the edges to any required shape by the
grindstone. But by careful shaping upon the beak of the anvil, he can avoid grinding the edges ;
and it will be only necessary to grind the ragged portions from the two sides that are to be put
together while riveting in the joint-pin.

When the callipers are made, the operator can proceed to the straight-edge. This he can also
make without proceeding to the erectory or turnery to borrow a straight-edge by which to make
his own ; and he can make an edge sufficiently near to a straight one, without resorting to two
or three others, which is the custom if a near approach to precision is required. The mode,
among others, resorted to by the author for producing in a remarkably short time a useful instru-
ment, is thus indicated :—

If the tool required is to be twenty inches in length, procure a strip of thick white paper
twenty-two inches by four inches wide, and drive two round pins through the ends of the strip of
paper on the wall at about nineteen inches between the two pins, so that the line of distance
between the two is nearly vertical ; but a little to the left of the lower pin is the proper place of
the upper one. Smooth the pins with a piece of emery cloth, and fasten a thread of black silk or
black smooth cotton to the lower pin, and place the other portion of the thread over the upper
pin, and allow the thread to hang with a weight attached, which will be on the left side of the
apparatus, if the pin which is uppermost is to the left of the lower one. It is now necessary to
drive into the wall, or board, if such is being used, a third smooth pin; the place of this pin is
about half an inch above the lowest one, and half an inch to the right side of 1t. If all the pins
are tight in the wall and the thread stretched tightly on the right-hand sides of the two upper
pins, the affair is fit for use by applying an edge or side of any tool that requires some lumps to
be taken off. This simple apparatus is capable of being adapted to straight-edges of any length
less than twenty inches by driving in another pin at varions distances from the upper pin, being
careful to push the thread to the right hand while driving in the pin. By a little more con-
trivance, the thread could be made to subtend a near approach to an angle of ninety degrees to
the plane of the horizon: the longitudinal axis of the thread would then be something like a
geometer’s idea of a straight-edge.

When the smith has ground or filed one edge of the straight-edge to the thread, he can make
the opposite edge parallel by using his callipers. -

n order to make a square, it is necessary for the smith to procure a piece of shect iron, or
some kind of flat smooth surface, about twelve or eighteen inches across. Describe a circle whose
circumference shall reach nearly to the edges of the plate ; and then, without any proper knowledge
of how to form or construct a right angle, he can divide the circumference into four by his com-
passes; he can then mark lines across the middle of the circle to the four points, and the angles
thus shown will enable him to adjust his square, which will be much nearer to correctness than
his forging will at any time require. Fitters’ squares are very different instruments, and require
quite different treatment, which will be fully demonstrated at the proper time. Probably, the
adjusting of a square is of little importance to the smith who is but a learner, when compared to
the forging of a square, which is performed in several ways. The simplest method is that by
which he should commence, and consists in welding the ends of two thin bars together, so that
the one bar shall be at right angles to the other. The next method consists in cutting a slit into
the end of a bar to form the thick part of the square, and then welding a thinner bar into the
slit in order to form the blade or thin portion of the square.

The squares for fitters are forged of steel, and the blades are fullered down, processes that
are included in the portion of this work concerning tool-making.

After the learner has actually forged a few tools, he is also in a condition to understand
some reinarks concerning the various qualities of iron; and he will, by experience, be enabled to
select the particular kind of iron suitable to his particular piece of work in hand. Probably he
will have noticed that some pieces of iron are very tough, and require more cutting than other
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picees, in order to divide one piece into two, while cold. If this tough kind of‘ irqn i§ also tou‘gh
while red hot, it is termed the very best kind of iron that can be produced. This kind is that with
which the learner should make his tools that do not require to be made of steel. Another variety
of iron will bear much twisting and hammering while hot, but very little while cold without
breaking. This sort is not suitable for tools or machinery that require much moving or rough
usage; but if, after being forged, such iron is to remain fixed, it is a very hard and durable
metal. There is another class of iron which is the most troublesomne variety with which the forger
has to work. It is rather compact and tenacious while cold, but \v}?ile hot it will split while
being punched ; it will break under the hammer; it will crack while being bent ; and it is almost
useless for welding. But even this kind of iron is useful in the hands of an experienced man
who knows to what purposes it should be applied.

The varieties of iron may be thus noticed in a general manner; but the only true method ot
ascertaining whether an individual piece of iron is suitable for an individual piece of work is by
forging a piece of the iron, and applying it to use. Then it is necessary to remember that the
qualities of iron become altered during a course of time; the new or the foreign qualities and
properties which the iron thus receives are the results of the agencies which have affected it.
These agencies are conveniently termed mechanical, chemical, and improper. The mechanical
agencies include a large number, such as those to which all pieces of moving machinery are
subjected. The chemical agencies include the action of the atmosphere, water, and heat and
cold. The improper agencics include ill-usage, such as hammering by careless workmen, improper
hardening, and several others.

The quality of the coal influences the quality of the forging. The learner will be much dis-
couraged by the unclean appearance of his work, and the trouble of welding, if he happens to be
working with bad coals. He will be enabled to distinguish good from bad, by the ashes and coke
which are found. Good coal produces a large quantity of coke, and but little white ashes. Bad
coal produce but little coke or cinders, and a large amount of white ashes, which consist of lime
and alumina and a few other earthy matters. Bad coal often contains much sulphur, which makes
the iron brittle while hot, and preventsit from welding; and there is always a large quantity of
clinkers formed by the fusion of the earthy matters which good coal does not contain. The
manufacturer, whether large or small, may thus perceive that bad coal is much dearer than good,
although the price is greater of the superior article. The name of the coal proper for forging is
Tanfield Moor : this coal is remarkably friable, and may be broken by the hands.

It is also proper for the learner to keep his work well covered while in the fire. The work
will thus beeome heated much sooner than if he allowed the heat to be blown up the chimney
by the blast. Iron becomes oxidised by long exposure to the fire and air at the same time;
consequently, by covering the work properly, coal, time, and metal will be economised.

AxcuLAR Kevs.—Details of forging are now resumed. Angular keys are much morc
valuable, and more extensively used, than round ones, because, by proper forging, they may be
made to fit their respective key-beds, so that, by a small amount of filing, the key may be reduced
to enter the key-bed the whole distance required. The thinnest kind of angular keys is named
flat, because the width of it is greater than its thickness, and not because it is very flat or true
in any way, great numbers of them heing used as they are forged, without any filing. Flat keys
are made with heads, when the head will be required for unfixing the key. But when the head
is not required, the keys can be made from a bar at a much quicker rate. Flat keys may be
short and thick, or long and slender. They may have screws at the ends, or small pin-holes
instead, as shown by No. 5, Plate 1. A flat key of this kind can be easily forged by a learner
who has had a little practice ; but the handling and forging of the round key is more instructive,
because it compels the learner to strike carefully to prevent the disfigurement of his work. The
smallest kind of flat keys are used for small joint-pins or ends of small bolts. A key-way is cut
through, near the end of the joint-pin or bolt; and the small flat key is placed in’the key-wa
so that the thin part of the key-stem is at right angles to the stem of the joint-pin or bolt. ~ This
allows great strength to the flat key, without making a large key-way to weaken the bolt. The
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key is fitted tight against the washer, or against the outside of the nut, as represented by Figs. 73
and 74.

To forge a key suitable for a joint shown by Fig. 78 or 74 but little labour is necessary,
unless the steel or iron from which the key is made happens to be much larger at the commence-
ment of the forging. This will often be the case with makers of small work, and private indi-
viduals, who are bound to make use of remnants of various dimensions, in an economical manner.
In such circumstances, when a number of keys are required at one time of several sizes, it is
usual to first draw down the steel to the largest size required, and make that number of keys
required of the largest diameter, next draw down the steel to the sccond size, and afterwards
draw to other dimensions required.

Seuir Keys.—Split keys are either flat or round, and are used to promote a feeling of
confidence concerning the safety of a certain joint-pin or bolt and nut. After the split key is
put into its key-way, the split part that protrudes beyond the side of the joint-pin or bolt is
opened, and a safe fastening is effected; and ordinary wear or proper usage of the key will not
have the effect of unfastening, which must be accomplished by straightening the key in order
to draw it from its key-way. Round split pins are extensively uscd, and for several years the
wire for making such has been made by the manufacturers into a semicircular shape, so that
hy doubling the wire the split pin is formed. The split key is shown in Fig. 75; the split pin,
by Fig. 76.

¥ A split pin is also a split key, because both are used to lock or fasten pieces of machinery

together. But the term split pin is properly applied to the circular variety, in order to make
some approach to a distinction of technical terms and names. To make names definite, it is
necessary that one name should not be used for more than one form.

The method of making the half-round wire into a split pin, fit for use, belongs to the portion
of this work devoted to fitting; because no forging is required. But the split keys are sometimes
made of large sizes, and, being forged in large numbers, demand some attention.

Small split keys are easily made by doubling the iron, and welding the two together at one
end. After being welded, the solid part, which is to be formed into the head, may be held by
the tongs while the stem is reduced to its dimensions. ~Although the stem is split, at the time of
being drawn down, it will bear a large amount of hammering without breaking, if the heat of
the key while on the anvil is not allowed to fall much below dull red. If the key is to have a
head, ‘and the amount of iron used not very important, the piece may be cut from the
stem, in order to avoid drawing down.

Split keys, eight or ten inches in length, should be made from one bar, instead of welding
together two bars. A solid bar can be easily divided at one end to form the split, by means of
the rod-chisel or trimming-chisel. The chisel is driven half way through that part of the bar
which is to be the cdge, or small side of the key-stem; when it is cut half through, turn the key
upside down, and drive the chisel through the uncut portion. When the opening is first made,
it is ragged; and it is necessary to cut off all the ragged pieces previous to smoothing the two
insides; because if the loose or semi-detached pieces are flattened with the key, it will be far from
solid ; and if the key should be afterwards very much drawn down, some part of it would break.

The method of smoothing the two insides is by a thick wedge being placed in the opening,
and the key being drawn while the wedge is in. After being smoothed, the wedge is taken out
and the key drawn without the wedge. The operation is shown by Fig. 77. It is proper to make
the wedge of steel, because it will be useful for split keys of various sizes.

In addition to machinery for making halfround pin-wire, we have machinery for making
split keys and other kinds of keys, at a quick rate, both of steel and iron. Large firms, who may
require large numbers of the articles, can avail themselves of the opportunity, when the ma-
chinery shall have become adapted to produce the kind and size required by different individuals.
And even at the present time, if those who require them will be careful to order the keys, so
that, when received, they will be a little too large, instead of a little too small, the small amount
of fitting necessary will not be of great consideration.
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But these considerations have bat little relation to the private learner’s advancement in the art
of forging. He will discover the great value of practice in key-making, because of his experience
in the several diffcrent processes. And it is necessary for him to commence forging simple
articles, that he may become skilful when forging compound ones. .

When it is necessary to forge a number of flat keys with heads, and the keys are required
to be of similar length, breadth, and thickness, the method consists in making a long bar of the
required thickness of the keys, the width of the bar being a little greater than the required width
of the key-heads.

The bar must be thoroughly welded and drawn down by the steam-hammer, being careful
not to injure the bar by unnecessary hammering, or by making it too thin. Next to cutting off
the ragged part that may be produced at the end of the bar, the end of it must be carefully
squared, and then properly mark the size and shape of the keys upon the bar by means of a
pencil. The marking thus produced is shown by Iig. 78.

This method is only available with proper care to make the bar the proper width and
thickness, previously to commencing to cut. If each key is cut a little larger than it is required
to be when finished, the process will economise time and metal. The correct way of marking
consists in making a thin piece of sheet iron to the shape of the key-side. This piece of iron,
when properly filed to the dimensions, is termed a gauge: the size of it should always be a little
larger than the side of the key required.

The gauge is placed upon the bar, and a slate-pencil with a small end is used to mark the
shape ; after which drive the chisel for cold iron into the middles of the pencil-marks. Both
sides of the bar are to be marked, the operator being carcful to make the marks opposite to each
other, that he may avoid the danger of spoiling the keys. This disaster he can prevent by
marking and cutting out a few, and then marking and cutting out a few more. To mark a great
number before cutting out one is allowable, if the bar is marked upon one side only. The
- length and width of a gauge for keys ten inches long and four inches wide should not be more
than one-sixteenth greater than the required keys.

Square Krys.—These are very much used for engine-making, and require to be made
very compact by proper steam-hainmering. If the iron should be too small to admit of being
welded and hammered sufficient to destroy the appearances of any plates or layers that may be
in it, these plates should always be parallel to the two sides of the key that sustain the strain while
in use.

The term, square key, is applied to any four-sided key whose width is nearly the same
dimension as its thickness: the geometer’s idea of a square is not signified; but the idea of
something resembling a rectangle is that which is implied when speaking of a square key.

While drawing a rectangular key upon the anvil, it is necessary to watch the form that is
produced by presenting cach side to the hammer. If the key is improperly placed, the form of
a rhombus will be produced ; and if the width of the iron or key greatly exceeds its thickness, a
rhomboid will result. Doth these forms result from the blows being delivered at the wrong
angle to the side of the work, either by the hand-hammer or steam-hammer. To produce again the
proper form is always easy, by presenting the longest diameter of the rhomboid or rhombus to
the direction of the hammer’s blow, which may be either vertical or horizontal ; consequently,
under the vertical steam-haminer, the proper position in which to place the longest diameter of
the piece of work in hand is vertical, as shown by Fig. 81. By placing the work in this position,
the two prominent corners or projections are battered in by the hammer, after which the work is
drawn down by hamimnering the four sides that are required.

All kinds of rectangular keys are flattened by a flatter, shown by Fig. 79, or by a short thick
set-hammer (Fig. 80). By careful flattening, keys may be nicely reduced to the finished width
and thickness, when it may be nccessary to avoid the planing process. The amount of time saved
by a careful use of the flatter and several pairs of callipers is very great. Previous to adjusting
the callipers, the finished width and thickness of the keys required are ascertained by measuring
the key-beds or key-ways, and not by referring to any kind of sketch or drawing, which would be
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useless in such cases. The callipers are adjusted to allow only sufficient to fit the key to its
place by filing; and when convenient. the key is also put into its key-way a few times, previous
to being finished by the flatter. During the final reducing by the flatter, the square is used to
ascertain if the work is rectangular and straight.

Gies.—A gib is also a kind of angular key, because it is used to prevent the two arms of
the strap (Fig. 25) from opening while in use.

The simplest method of making gibs is by cutting out a piece from a bar which is the width
and thickness of the gib required. The bar is supported by a screw-prop, while the shape of the
piece to be cut out is marked upon both sides of the bar by means of a pencil and straight-edge,
and the chisel for cold iron is driven into the middles of the pencil-marks, after which the piece
is cut out, while at a yellow heat. It is necessary to cut the piece small enough to allow the gib
to be afterwards flattened by the flatter to the required dimensions.

This mode of making gibs is available is cases of emergency or break-down ; but the econo-
mical method is by the fuller, and the application of the rule given in page 8. When the
length of iron or steel required is ascertained by this means, two dents are put into the edge of
the bar while cold; the distance between these two marks is the length of bar required to
produce the required length of the opening or gap in the gib. After being marked, it is heated
and fullered at the two marks by driving in a fuller, as shown by Fig. 82. The top fuller only is
required ; after which, reduce the middle portion to the required width and thickness by ham-
mering, and the gap in the gib will then be of proper length.

StrAP KEYS.—A key for a strap is termed a cotter ; and if the name were not used for any
other kind of key, the term would be significant; but it is also used for piston-rod keys, crank-
pin keys, and keys in the ends of bolts; by such usage the name cotter is more confusing than
definite. The better plan would be to apply the term only to those keys which have rows of
small holes bored in the small ends for the admission of split-pins. The name cotter would be
suited to such keys, because they are neither split-keys nor gibs.

A key intended for a strap is thoroughly welded to allow the pin-holes to be bored into solid
metal ; and strap-keys that require frequent fixing and unfixing may be made of soft steel. Small
strap-keys, being without heads, are quickly and conveniently made by tapering the end of a lon
bar, and cutting off each key, when reduced to its dimensions, by means of the anvil-chisel and
stop, which is placed upon the anvil-measure, as in Fig. 85. When a large number of taper keys
are required, the author’s rule mentioned in page 8 is useful, in order to ascertain the precise
quantity of iron or steel necessary to produce the required length of key.

Screw Krys.—Some kinds of taper keys have screwed ends, for the convenience of having a
nut to prevent the key slipping back from its place while in use. The longitudinal axis of the
portion intended for the screw is sometimes in the same line with the longitudinal axis of the
taper part of the key; it is always necessary for the smith to know the required position, that he
may not leave a larger quantity of iron for turning than is sufficient when the part to be screwed
is in its proper position.

After the extremity is carefully welded and curved, the reducing to form the stem is com-
menced by top and bottom fullers. These are driven in at the spot intended to be the termina-
tion of the taper portion, and the commencement of the screw part. This screw part or stem is
first made eight-sided by reducing with the hammer, and then rounded by meaus of angular gap
tools, which thoroughly close together the fibres of the iron; if this is not done, a good screw
cannot be produced on the key-stem. If the extremity of this stem is hollow or concave,
instead of being properly curved, there is a liability of the stem becoming split in some part,
although the outside may appear solid. The split could be remedied by welding, but in some
cases the stem would then be too small. One kind of split-stem is shown by Fig. 83.

Borts.—Bolts are made in such immense numbers, that a variet%l3 of machinery exists for
producing small bolts by compression of the iron while hot into dies. But the machinery is not
yet adapted to forge good bolts of large size, such as are daily required for general engine-making.
Good bolts of large diameters can now be made by steam-hammers at a quick rate; and small
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bolts of good quality are made in an economical and expeditious manner by means of instruments
named bolt-headers. There is a variety of these tools in use, and some are valuable to small
manufacturers because of being easily made, and incurring but little expense. The use of a bolt-
header consists in upsetting a portion of a straight piece of iron to form the bolt-head, instcad of
drawing down or reducing a larger picce to form the bolt-stem, which is a much longer process ;
consequently, the bolt-header is valuable in proportion to its capability of upsetting bolt-heads of
various sizes for bolts of different diameters and lengths.

The simplest kind of heading-tool is held nupon the anvil by the left hand of the smith, while
the piece to be formed into a head is hammered into a recess in the tool, the shape of the intended
head. Three or four recesses may be drilled into the same tool, to admit three or four sizes of
bolt-heads. Such a tool is represented by Fig. 86; and is made either entirely of steel, or with a
steel face, in which are bored the recesses of different shapes and sizes.

The pieces of iron to be formed into bolts are named bolt-pieces. When these picces are of
small diameter or thickness, they are cut to a proper length while cold by means of a concave
anvil-chisel and stop, shown by Fig. 87, or by a large shearing-machine, if one be on the premises.
One end of cach piece is then slightly tapered while cold by the hand-hammer or a top-tool.
This short bevel or taper portion allows the bolt to be driven in and out of the heading-tool
several times without making sufficient ragged edge to stop the bolt in the hole while being
driven out. Those ends that are not bevelled are then heated to about welding heat, and upset
upon the anvil or upon a cast-iron block, on, or level with the ground. This upsetting is con-
tinued until the smaller parts or stems will remain at a proper distance through the tool; after
which, cach head is shaped by being hammered into the recess. During the shaping process, the
stem of the bolt protrudes through the square hole in the anvil, as indicated by the Figure (86).

This method is the cheapest that can be adopted by a maker of small numbers of bolts, be-
cause no expensive machinery is necessary. Bolts with conical heads, represented by Fig. 6, when
of small size, are easily made by means of the heading-tool just referred to. The recesses in the
tool arc carefully and smoothly bored to the depths and diameters of the bolt-heads. And if a
stop 1is to be forged solid with the bolt-head, such as Fig. 6 indicates, a straight groove is filed
into one side of the recess with a small round file, the shape of the groove being the shape of the
intended stop. This method of forging a stop in one piece with the bolt-head is very simple; the
stop being formed by the same hammering and at the same time as the head itself. For several
kinds of work such conical heads do not require to be fitted by being turned in a lathe ; in such
cases a large amount of time is economised that would be occupied in fitting scparate stops to
the heads.

But when a large number of small bolts are required in a short time, a larger kind of
heading-tool is made use of, which is named bolt-header. One of these, indicated by Ifig. 89, is
a jointed bolt-header. Another, of simpler character, is shown by Fig. 90. The actual height
of these headers depends upon the length of bolts to be made, because the pieces of which the bolts
are formed are cut of a suitable length to make the bolts the proper length after the heads are
upset; consequently, bolt-headers are made two or three feet in height, that they may be generally
useful.

The header represented by Fig. 89 contains a movable block B, upon which rests one end
of a bolt-piece to be upset; it is therefore necessary to raise or lower the block to suit various
lengths of bolts. In the header shown by Fig. 90 the movable block is not needed; the bolt-
pieces being supported by various lengths of iron, differing in length according to the different
lengths of the intended bolts. The pieces that are below the bolt are prop-pieces ; two or three of
them are sometimes necessary to maintain the bolt-pieces at the exact height. In the top of the
header is a circular steel die, D, through the opening in which the bolt-piece is put, in order to be
upset. The dies are of various sizes, and each die is tightly fixed into a die-block. The outside of
every block, being of the same size and shape, cach one fits the opening in the top of the header,
which may be six-sided or circular. All the die-blocks are taper, to admit of being easily placed
in or taken out of the header. The dies are smoothly bored, and the upper edges of the holes are

D
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carefully curved previous to hardening. This smooth eurve prevents the die cutting the iron
while being driven down to.form the bolt-head. In the figure the bolt is shown on the die after
the head is upset. Under the head are dots to indicate the bolt-stem and the prop-pieces
below, which maintain the bolt-pieces at the height desired ; consequently, if the pieces were pre-
viously cut to a suitable length, the bolts when forged are of correct length, and their heads of the
proper thickness.

After the head is upset, the bolt is driven out of the die. This is effected by the ham-
merman striking the short lever L, at the bottom of the apparatus. The outside end of this lever
being struck by the sledge-hammer, the inside end is raised, and the prop-pieces also, which drive
out the bolt, while the smith holds the bolt-head with the tongs. To prevent the die-block being
driven out at the same time, a key is fitted across the side of the block, pointed out in the figure
by K. But in the jointed bolt-header two half-dies are used, which are opened sideways by a
treadle, to allow the bolt to be taken out, instead of being driven out by a sledge-hammer.

Small bolts sometimes require square holders, by which the bolts are held while being turned
in a lathe, or while being ground after being hardened. The holder is similar to that shown in

Fig. 59. In small bolts the holder is drawn down from the head; for larger bolts the holder is
reduced from the stems, to avoid the longer process of reducing from the heads.

The ordinary vertical steam-hammer is very efficient for bolt-making. By its powerful aid,
bolts are quickly made by reducing the iron to form the stems, instead of upsetting iron of smaller
diameter to form the heads. Large bolts for engines of all kinds demand extra care, because of
their important uses; and also because much time is needlessly consumed in the lathe process
with bolts that are badly made or forged too large. The tough Low Moor iron is exceedingly
good, and should be used for all bolts of importance, such as connecting-rod bolts, main-shaft
bolts, and coupling bolts.

Large numbers of small bolts are forged to a gauge, that they may be screwed easily by
dies, the bolt being neither too large nor too small. A bolt to be screwed by dies need not
be forged larger than the finished diameter of the screw ; but frequently it is necessary to forge
it smaller. The precise amount smaller depends upon the kind of screwing-dies used at the time,
which will be demonstrated in its place. The safe method of proceeding is by carefully rounding
-one or two bolts and screwing them, previous to forging the total number necessary. These are
rounded to the diameter of the one that was found to be correct, a gauge being made thereto. If
all dies were so constructed as to cut equally and similar to each other, it would be convenient to
make standard gauges by which to round the bolt-ends, and the result would be good screws
without the bolts being too large.

All bolts, large and small, that are to be turned in a lathe require the two extremities to
be at right angles to the length of the bolt, to avoid waste of time in centring previous to the
turning process; and connecting-rod bolts, and main-shaft bolts require softening, which makes
them less liable to break in a sudden manner ; and it is important to remember that hammering

~a bolt while cold will make it brittle and unsafe, although the bolt may contain more iron than
would be sufficient if the bolt were soft. Great solidity in a bolt is only necessary in that portion
of it which is to be formed into a screw. The bolt is less liable to break if all the other parts are
fibrous, and the lengths of the fibres are parallel to the bolt’s length. But in the serew, more
solidity is necessary, to prevent breaking off while the bolt is being serewed, or while in use.
However good the iron may be, the bolt is useless if the screw is unsound; and it is well to apply
a pair of angular-gap tools (I'ig. 64) to the bolt-end while at welding heat.

When Bessemer iron or steel is selected for bolts, it is particularly necessa,r]}; to reject all the
‘brittle varieties, of which there is a large number. - It is much safer to reject Bessemer product
altogether for bolt-making, until the process shall have become more capable of producing a tough,
reliable metal, sufficiently tenacious to resist the vibration and straining to which all bolts are
subjected. ~Although Bessemer product will sustain a greater tensile strain than Low Moor iron,
it would be highly improper to use such product for bolts unless it would bear the same amount
of bending, twisting, or vibration as Low Moor iron. We know by experience that this iron,
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generally, is far superior to any kind of Bessemer product for bolts ; consequently, we must
continue to use Low Moor iron until the Bessemer process can supply our requirements at a
cheap rate.

Small connecting-bolts, not more than two or three inches in_ diameter, are made in an
economical manner by drawing down the stems by asteam-hammer. Those who have not a steam-
hammer will find it convenient to make a collar (Fig. 91) to be welded on a stem, in order to form
a head, as shown by Fig. 92. After being welded, the head may be made circular or hexagonal,
as required. The tools for shaping hexagonal heads arc indicated by Fig. 93, and also by
Fig. 94, which is the more convenient of the two. Such an apparatus may be adapted to a
number of different sizes by fixing the sliding part of the tool at any required place along the top
of the block, in order to shape heads of several different diameters. The movable or sliding
block is denoted in the figure by S.

Fig. 8 represents a bolt with circular head and stop. This kind of bolt is used principally
for piston-rods and connecting-rods, and requires proper fitting by being turned in lathes, and
the stops are not forged solid with the heads, but are tightly fitted in the holes or slots, which are
made for the purpose after the bolts are turned ; consequently, the smith forges the bolts as if no
stops were intended.

Small bolts with six-sided heads (Fig. 9) may be quickly made by means of a small heading-
tool similar to Fig. 86, if the reccss for shaping the heads is slightly tapered to allow the bolts to
be driven out easily from the tool. Large bolts with six-sided heads are made of two picces;
one to be formed into the head, and the other piece the stem. The piece for the head, previous
to being welded to the stem, is named a collar. By referring to Fig. 92, it may be observed
that the collar is short enough to form a gap or opcning between the two ends, after being
wrapped tightly round the bolt-stem. By this means the collar, when welded by a pair of angular-
gap tools, is both closed together and united to the bolt-stem at the same hammering ; and if the
collar is of a suitable thickness previous to welding, the bolt-hcad, when produced, will be of the
desired dimensions.

To make a bolt-head by such means, it is not necessary that the bolt should be at welding
heat to the centre; it is sufficient if the outside of the bolt-stem is at welding heat at the time the
collar is in similar condition. To promote an easy weld, the iron of which the collar is formed
should be of the same tendency to fusibility as the iron for the stcm, both pieces being of tough
Low Moor iron. The collar will thus arrive at welding heat about the same moment as the out-
side of the boltstem. Low Moor iron requires a very great heat for welding; and if attempt
should be made to weld a collar of impure fusible iron to a bolt of fibrous Low Moor iron, the
collaxl' would fuse and burn to clinker before a welding heat could be obtained in the superior
metal. J

But there exists no absolute necessity for welding a liead to the bolt; for many kinds of
-work it is sufficient if the two ends of the collar are welded to each other. The bolt-head is per-
manently fixed by upsetting about an eighth of an inch of the bolt-stem at the outside end of
the collar. Previous to welding, the bolt-stem is allowed to protrude only an eighth of an inch
beyond the collar; and during the welding, the eighth of an inch is upset or riveted, and the
shape of that part of the bolt within thc head becomes conical, and the larger diameter of the
cone is outwards, so that the strain upon the bolt-head while in use tends to tighten instead of
loosen it, the head being hindered from slipping off by the conical shape of the bolt-stem, al-
though the one may not be, and frequently is not, welded to the other.

Kzey-Hrap Borrs.—Fig. 10 represents a key-head bolt, with a slot for a key, which is driven
into the slot or key-way after the boltis put into its place; such bolts being used in circumstances
that do not allow room for an ordinary bolt-head. In many cases a careful smith can cut the
key-ways by punching, thus avoiding the drilling process. The punching is performed by thin
oblong punches instead of round oncs. If a key-way of considerable length is required, the bolt
is placed into a half-round bottom tool, and a small hole or slit is first punched at cach end of the
place of the intended key-way; the middle portion is next punched out in small pieces by the

" D2
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same punch. DBy driving the punch half way through the bolt from both sides of it, instead of
from one side only, the key-way is made tolerably central. If a short key-way only is desired,
the punching is performed with a punch whose end fits the intended key-way.

After being punched, a steel taper drift is driven into the opening, which becomes gradually
smoother and larger, till the required dimensions are attained. The angle subtended by any two
sides of these drifts should not exceed one degree; for this reason the lengths of the drifts
require to be three or four times the thickness of the bolt to be punched or drifted. The extre-
mities of the drifts are curved, to avoid trouble in driving them into and out of the key-ways.

During the use of the drifts and punches, a slot-bolster is between the work and the anvil,
to permit the small end of the punch or drift to project into the slot. The dimensions of the slot
are greater than of the required key-way in the bolt; and the height or width of the bolster from
the anvil is sufficient to prevent the point or extremity of the drift touching the anvil while being
driven into the key-way.

. The drift being of taper character, renders the key-way also taper. By driving the drift to
an cqual distance from both sides of the bolt, the key-way becomes larger at the two mouths than
at the centre of the bolt. Parallelism of the key-way is attained by means of a parallel filler.
This filler is made of steel, and to the exact dimensions of the intended key-way. While the
filler is in, the bolt is rounded by rounding-tools, which produces the required cylindrical form for
the bolt, and at the same time the desired parallelism in the key-way. If the bolt becomes nearly
cold while the filler remains in the key-way, it is necessary to re-heat the part, that the filler may
be easily driven out by a soft iron punch or drift.

Fraxee Borrs.—Fig. 11 representsa collar bolt or flange bolt. Such bolts are much used in
engine-making, large and small. The quickest method of forging small bolts of this character is
by drawing down or reducing the two stems from a rod or bar which is rather larger in diameter
than the collar required. In the Figure the two stems are indicated by A and B. The reducing
by fullers and ordinary hammers is a quicker process for small and short work than the method
of making separate collars and afterwards welding them to their places. Collar bolts of great
length are made by welding on separate collars, to avoid the lengthy process of reducing a piece of
iron of large diameter. In a collar bolt, the strain upon the bolt while in use affects the collar in
a small degree only; the principal strain is that of the nut below at the moment the bolt is
fixed to its place, after which the working strain upon the upper stem of the bolt removes the
strain exerted upon the collar by the nut below, Consequently, if the flange is not thoroughly
welded, no great-harm will result from that circumstance. But in all cases that require a clean,
solid appearance to the bolts after the lathe process, great care in welding is necessary to promote
the desired result.

If the smith who makes them receives proper instructions, he will observe that a screw is to
be formed at each end of the bolt, and he will be careful to weld each end to ensure the necessary
solidity in the screw. After the collar is welded, a square is needed to ascertain whether the
sides of the collar are at right angles to the two stems, or whether too thick or irregular in one
or more places ; if so, a set-hammer is used to rectify the irrcgularities; and if the collar is too
thick, a trimming or paring chisel is preferable to cut off the ragged projections while hot ;
much time is thereby saved from the lathe process. The larger the bolt, the greater is the
importance of the collar being at right angles and of suitable dimensions previous to the bolt
being turned and screwed by a lathe.

Instead of bolts with circular flanges, bolts with four-sided flanges are sometimes used. The
methods of making these consist either in drawing down the stems from a square bar, or in
welding a collar to a circular bolt in the ordinary manner, and squaring the collar while at a
welding heat by applying large angular gap-tools.

Nur-aEAD Borrs.—These are indicated by Fig. 12.  Small bolts of this character are termed
studs, when one end of the bolt is to be permanently fixed by being screwed tight into a hole,
instead of a separate nut being used. ‘When a nut is required for each end, the bolt is named a
nut-head bolt.  These are made use of when it is necessary to put the bolt into its place without
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disarrangement of machinery.  Such bolts are also frequently used as holdfast bolts for framing,
also for securing or holding down cylinders and condensers. Small studs or bolts of this kind
are sometimes forged to a diameter suitable for serewing by dies, instead of being turned and
screwed in a lathe by change-wheels. During the rounding and reducing of the bolts to the
precise diameter required, gap-gauges or callipers are necessary to measure the bolts in a
convenient and correct manner. :

Bolts of all kinds, large and small, are injured by the iron being overheated, which makes
it rotten and hard, and renders it necessary to cut off the burnt portion, if the bolt is large
enough; if not, a new one should be made in place of the burnt one.

Long bolts that require the lathe process are carefully straightened. This is conveniently
effected by means of a strong lathe, which is placed in the smithy for the purpose. Long bolts
are also straightened in the smithy by means of a long straight-edge, which is applied to the
bolt-stem to indicate the hollow or concave side of the stem. This concave side is that which is
placed next to the anvil-top, and the upper side of the bolt is then driven down by applying a
curved top-tool and striking with a sledge-hammer. This mode is only available with bolts not
exceeding two or three inches diameter and of length convenient for the anvil, because in some
cases bolts require straightening or rectifying in two or more places along the stems. If a bolt
six feet in length is bent one foot from one end, the bent portion is placed upon an anvil, while
the longer portion is supported by a crane, and a top-tool is applied to the convex part. The
raising of the bolt-end to any required height is effected by rotating a screw which raises a
pulley, upon which is an endless chain ; the work being supported by the chain, both chain and
work are raised at one time. It is necessary to adjust the work to the proper height while
being straightened ; if not, the hammering will produce but little good effect. The amount of
straightening necessary depends upon the diameters to which the bolts are forged, and also
upon their near approach to parallelism. A small bolt not exceeding one and a half inches in
diameter need not be forged more than a tenth of an inch larger than the finished diameter; abolt
about two inches diameter, only an eighth larger; and for bolts four or five inches in diameter
and four or five feet in length, a quarter of an inch for turning is sufficient, if the bolts are pro-
perly straightened and in tolerable shape. This straightening and shaping of an ordinary bolt is
easily accomplished while hot, by the method just mentioned ; other straightening processes, for
work of more complicated character, will be given as we proceed.

After the bolts are made sufficiently near to straightness by a top-tool, the softening is effected
by a treatment similar to that adopted for softening steel, which consists in heating the bolts to
redness and burying them in coke or cinders till cold. A little care is necessary while heating
the bolts to prevent them being bent by the blast. To avoid this result, the blast is gently
administered and the bolt frequently rotated and moved about in the fire. f

Nurs.—The simplest method of making small nuts is by punching with a small punch
that is held in the left hand; this punch is driven through a bar near one end of it, which
is placed upon a bolster on the anvil, while the other end of the bar is supported by a screw-
prop. This mode is adapted to a small maker whose means may be very limited. By
supporting the bar or nuts in this manner, it is possible for a smith to work without a ham-
merman. A bar of soft Low Moor iron is provided, and the quantity of iron that is required
for each nut is marked along the bar by means of a pencil, and a chisel is driven into the
bar at the pencil-marks while the bar is cold. A punch is then driven through while the
iron is at a white heat. Each nut is then cut from the bar by an anvil-chisel, and after-
wards finished separately while on a nut-mandril. The bar on the bolster is shown by Fig. 95,
and a nut-mandril for finishing is indicated by Fig. 96.

A more economical method, suitable for a smith who has a hammerman, is by punching
with a rod-punch, which is driven through by a sledge-hammer. By this means several nuts
are punched at one heating of the bar, and also cut from the bar at the same heat. A
good durable nut is that in which the hole is made at right angles to the layers or
plates of which the nut is composed. Some kinds of good nut iron are condemned because of
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these plates, which separate when a punch is driven between them instead of through them.
By punching through the plates at right angles to the faces of the intended nuts, the iron is
not opened or separated, and scarfing is avoided. Nuts that have a scarfiend in the hole
require boring, that the hole may be rendered fit for screwing ; but nuts that are properly
punched may be finished upon a nut-mandril to a suitable diameter for the screw required.
Nuts for bolts not exceeding two and a half or threc ineches diameter can be forged with
the openings or holes of proper diameter for screwing by a tap. The preecise diameter is
necessary in such eases, and is attained by the smith finishing each nut upon a nut-mandril of
steel, which is earefully turned to its shape and diameter by a lathe. The mandril is taper and
curved at the end, to allow the nut to fall easily from the mandril while being driven off.
Sueh nut-mandrils become smaller by use, and it is well to keep a standard gauge of some
kind by which to measurc the nuts after being forged. The best kind of nut-mandril is made:
gf one piece of steel, instead of welding a eollar of steel to a bar of irom, which is sometimes’

one.

One punch and one nut-mandril are sufficient for nuts of small dimensions, but large ones
require drifting after being punched and previous to being placed upon a nut-mandril. The
drifting is continucd until the hole is of the same diameter as the mandril upon which the nut
is to be finished. The nut is then placed on, and the hole is adjusted to the mandril without
driving the mandril into the nut, which would involve a small amount of wear and tear that
may be avoided. A good steel nut-mandril, with careful usage, will continue serviceable, without
repair, for several thousands of nuts.

The holes of all nuts require to be at right angles to the two sides named faces; one of these
faces is brought into eontact and bears upon the work while the nut is being fixed ; consequently,
it is neeessary to devote considerable attention to the forging, that the turning and shaping pro-
cesses may be as much as possible facilitated. If the two faees of the nut are tolerably near to a
right angle with the hole, and the other sides of the nut parallel to the hole, the nut may be forged
much nearer to the finished dimensions than if it were roughly made or malformed.

To rectify a nut whose faces are not perpendicular to the opening, the two prominent eorners
or angles are placed upon an anvil to reecive the hammer, as indieated in Fig. 97. By placing a
nut while at a yellow heat in this position, the two corners are ehanged to two flats, and the faces
beecome at the same time perpendicular to the opening ; the nut is then reduced to the dimensions
desired. If the nut is too long, and the sides of it are parallel to the opening, the better plan is to
-cut the prominenees from the two faces by means of a trimming-ehisel (Fig. 84), instead of recti-
fying the nut by hammering. Cutting off serap-pieecs while hot with a properly-shaped ehisel
of this kind, is a much quicker proeess than eutting off in a lathe.

HrxacoNaL Nurs.—The most useful kind of nut at the present time is of hexagonal form,
and is indieated by Fig. 13. Such nuts, if small, are made at a quick rate by being eompressed
and punched in steel dies, which are fitted to machinery speeially made for the purpose. But we
have no machinery for making large nuts so efficient as the steam-hammer. Large nuts are
easily punched and drifted by a steam-hammer while the nuts are attached to the bars from which
they are made. The drifts for steam-hammers are short and eomparatively thick, and the bolsters
underneath the nuts are of similar proportions. When a sufficient number of nuts are punehed,
drifted, and cut from the bars, the shaping of the six sides is effeeted by placing and hammering
cach nut in a three-sided tool, or anvil block. The nut is held in this shaping-tool by means of a
drift or mandril, having a long handle. This handle enables the smith to rotate the nut during
the hammering, in order to produce the hexagonal form desired. The nuts are placed in a large
forge fire or furnaee, and heated to welding heat; one nut is taken out when sufficiently heated,
and the slag that may be in the opening is quickly seraped out, and the mandril or drift is then
put in; the hammering upon the outside will then form the six sides without affeeting the
eylindrical form of the opening in the nut.

Fraxee Nurs.—Tig. 14 indicates a six-sided flange nut. These are useful to obtain a large
bearing for the nut’s face, without using a heavy nut. And if contact with angles or corners 1s
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to be avoided, the flange is curved as in Fig. 17, which denotes a handsome nut, well adapted to
bear upon brass or gun metal, or other soft metal, without wearing or tearing the surfaces in
contact. The forging of flange nuts is performed by forcing the iron while at a welding heat into
top and bottom tools, which are made to the required shape. Each nut is punched and cut from
the bar and afterwards heated to welding, and then compressed to shape by striking the top-tool
while the nut is on a mandril held by the workman. The mandrils for welding and shaping
the outsides of nuts need not to be turned by a lathe, because the opening in each nut is after-
wards shaped and finished by a finishing mandril specially made for the purpose (Fig. 96).

Stor-Rine Nurs.—Fig. 15 points ont an ordinary hexagonal nut for a stop-ring, which is
indicated by Fig. 16. This kind of nut is much used by engineers, who consider it a sort of
safety nut, by reason of the set-screw in the ring having some tendency to prevent the nut un-
serewing through straining or vibration of the machinery while at work.

Nuts of this character are made by cutting partly through a bar and doubling or trebling the
bar, and thoroughly welding the layers while in that relation. While the lump is still attached
to the bar, the opening is made by a punch driven through at right angles to the layers, and the
opening is then drifted to any required diameter; after which the nut is cut from the bar, and an-
other doubling and welding is effected to produce another nut. When the desired number is ob-
tained, the outside of each nut is shaped while at a welding heat. :

The short cylindrical portion named the stem is formed sometimes by cutting off the six
corners or apices by turning-tools, and at other times by cutting off the pieces while hot upon
the anvil, which is a much quicker process. The nuts are marked while cold by means of a
chisel, which is driven in at the spot which marks the required forged length of the stem; they
are then heated to a light yellow heat, and the pieces are cut from the stems with a trimming-chisel
and light hammer. Kach nut is placed upon a mandril, and while supported by an angular-gap
tool in the square opening of an old-fashioned anvil, the chisel is driven in at the marks to the
distance required ; after which the nut is taken from the mandril and placed with the face-side
upwards upon the anvil; while the nut is in this position and gripped by a tongs with large
jaws, the chisel is driven down to meet the extremities of the six incisions previously made, and
the scrap-pieces are thus cut from the stem in an easy manner.

Nur Rings.—These are indicated by Fig. 16, and are forged by two methods. One mode
consists in marking the lengths required for the rings along a bar of iron or steel, and piercing
the bar midway between every two marks that denote the amount of iron required for one ring.
The openings are made by circular punches, or by circular punches which are both cireular and
elliptical. Above the elliptical portion the punch gradually increases in diameter, and the shape
becomes circular; consequently, it is a circulo-elliptic punch. This kind of punch cuts out but a
small piece of metal, and at the same time makes a comparatively large hole, the precise diameter
of which depends upon the amount of the punch that is driven through the iron.

The cirenlar form for the outside circumference of the ring is partly developed by cutting off”
the corners while the ring is still attached to the bar; after being thus trimnmed with a chisel, the
ring is cut from the bar and shaped while on a mandril. Each ring is heated to welding, and
the rounding is performed with top and bottom tools. If it is necessary to enlarge the opening,
a taper mandril is used, and the ring is drawn or stretched by hammering the edge of it
while tight on the mandril. During this stretching, the mandril and ring are rotated by the
smith to produce an equal thickness throughout.

The economical mode of making large rings consists in forming them from a straight bar
which is of a suitable width and thickness. The bar is cut into pieces, each being of the
length required for one ring. The pieces are thickened at each end, scarfed on opposite sides, then
bent to a circular form, and the scarfs welded together.

Previous to cutting off the picces, the bar is reduced to that thickness which will allow
not more than sufficient iron for boring and turning the rings to their finished width and
thickness. If the opening of the ring is to be bored in a lathe to 5% inches diameter, and
the thickness of the ring’s faceside to be § of an inch when finished, the forged thickness of
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the ring should not exceed 3 of an inch; and this is the thickness to which the bar is to
be reduced previous to cutting off the piece or pieces.

If the bar is reduced to the required thickness, the length of cach piece should equal the
length of the middle circumference of the ring’s face. The face-side of a ring is the side which
is placed next to the plummer-block cap, or to the connecting-rod cap; and if the required
forged thickness of the ring is 2, and the required diameter of the opening or hole when forged
51 inches, the outer diameter is 71 inches. The length of the mid-circumference is therefore
20 inches, because its diameter is 6% inches. The length of bar required for one ring is conse-
quently 20 inches: nothing being allowed for scarfing, because, during the scarfing, nothing is

1)
cut off, the scarf being drawn by a fuller while the piece is straight. After 20 inches of the
bar Z thick is scarfed, formed to a circle, welded and flattened ; the diameter of the opening is
51 inches, and the outer diameter is 71 inches; which will allow rather more metal than an
ordinary turner requires, to produce a ring 4 thick, and whose opening is to be finished to 53
inches as desired.

The precise amount required for boring and turning depends upon the smoothness or
roughness of the work; and also upon its form being, or not being, nearly cirenlar. This is
-attained by rectifying cach ring after measuring it with callipers, both inside and ontside. After
discovering by the callipers which is the longest diameter of the ring’s opening, it is rectified
~bydplacing the ring upon the anvil with the longest diameter vertical, and striking it by hammer
-and top-tool.

Itp is always advantageous to make the bar or piece the proper thickness previous to making
the ring; although it is not absolutely necessary, becanse the ring may be stretched by ham-
mering, after being welded. Previouns to welding, the piece may be thicker than the finished
forged thickness, but not in any case thinner. Whatever may be the precise thickness of the
bar previous to making the rings, the author’s rule here given is always applicable :

As the thickness of the bar from which the ring is to be made is to the required forged
-thickness of the ring, so is the length of the middle circumference of the ring’s face-side to the
‘length of bar required for the ring.

The length of the middle circnmference is discovered by referring to ordinary tables, or by
multiplying the diameter by 3-1416. The diameter of the opening of the ring when forged
-being 51 inches, and the forged thickness to be Z; the outer diameter must be 7%, and the mean
between 51 and 7L must be 632, which is the diameter of the middle circumference required.
Multiplying 62 by 3-1416 produces 20 and a fraction, too small for us to notice in this case,
-consequently 20 inches of bar is sufficient to make one ring, if the bar is  thick.

But if it should be necessary to use iron which is an inch thick, a shorter length of bar
-would be sufficient. This is demonstrated by applying the rnle and making a ring of a picee
of bar which is the length indicated. For example:

1 - i 875 A toiiRO08- 5  AT7-52;
~the first term denoting the thickness in inches of bar used, the sccond indicating the required
forged thickness of the ring desired, the third term representing the length of its mid-circum-
ference, and the fourth term pointing to the length of inch bar required. This length is
21 inches shorter than the proper length of bar, which is % thick. If bar  thick is used, the
-complete proposition is thus represented :

875 : -B75 ::'2002 : 20025
twenty inches of 2 bar being nsed will obviate the necessity of drawing or stretching the ring,
either before or after being welded together. -

French symbols of dimensions also are given, because of their great utility and simplicity.
Seven-cighths of an inch equals 22'2 millimetres, and 20 inches equal 508 millimetres, con-
sequently the proposition appears thus:

222410222, 11 . 508 N
In forging a ring we do not require to measure the two-tenths of a millietre, and the
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result would meet the requirement if 22 were stated instead of 22-2. But in the case of bar
an inch thick being used it would be necessary to state 254 instead of 25 ; twenty-five millimetres
being about half a millimetre less than one inch. In millimetres, the proposition relating to bar
one inch thick is thus written :

254 : 222 :¢ 508 - 444,

To ascertain the number of millimetres contained in any mentioned number of inches or parts
of inches, it is only necessary to divide the mentioned nmmber by ‘03937, always indicating the
fractions by decimal symbols; and the quotient or result will indicate the number of millimetres
and parts.

lj&nd to ascertain the number of inches and parts of inches contained in any mentioned
number of millimetres, it is only necessary to multiply the mentioned number by ‘03937, and
the product or result will indicate the number required. For example, 500 millimetres equal
half a metre; and 500 x 03937 of an inch=19-685 inches. And twice this amount of inches is
a complete metre of 39-37 inches. A nearer approach to preeision is attained by using the
fraction indicated by 0393708, instead of -03937.

A few dimensions of rings are indicated by the Tables, as examples of lengths of iron
required for the different diameters.

Table 1 contains only the diameters and circumferences of the mean or middle circles of
the face-sides, the lengths of bar required being the same as the lengths of the circumferences.
These dimensions are only available when the thickness of the bar is the same as that of the
ring when forged, whatever the required thickness may be. If a ring is to be 115 centimetres
in diameter at the mean or mid-circle of the face, the necessary length of bar is 36-12 centimetres,
whieh is pointed to in the Table at line 14. The thickness of the bar may be 1, 2, or 3 centi-
metres, being the same as that of the ring itself.

But if it is necessary to use remnants of bar which are thicker than the rings intended,
the necessary length of bar for making a ring of the mentioned diameter may be secen in Table 2;
if not in this Table, the length may at any time be ascertained by applying the rule just given.

By reference to line 109 of Table 2 it will be perceived that 9% inches of bar % thick is
sufficient for a ring whose mid-circle diameter is to be 41 inches, and forged thickness to be £.
And if remnants of % bar are to be used, it may be known what lengths of remmants are
required for drawing down to 2 thick. Also by referring to line 135 in the same Table, it will
be perceived that 491 inches of bar one inch thick may be drawn down or reduced in order to
make a ring which is required to be 3 thick, and whose mid-circle diameter is to be 21 inches.

When cutting the lengths of bar, it is not necessary to add any for scarfing, because
whatever amount of iron may be upset will be afterwards drawn down in welding; but if the
iron is to be heated a number of times, an ecighth of an inch should be added for that which may
be burnt or taken from the iron by the fire.

The width of a ring is sometimes named its height. No mention is here made of the widths
or heights of rings, because their widths are the same as the widths of the bars of which the rings
arfg m::ide; consequently, the widths of rings are independent of the dimensions here given and
referred to.
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TABLE 2—continued.
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To prevent burning of the rings, and to promote an easy welding, sand, loam, or powdered
glass is applied to the iron at the time it commences to melt. The sand is placed upon the iron,
while it is in the fire, by means of a ladle or spoon having a long handle; the blast being gently
administered at the moment. Large rings require a fire which is open in front, but closely
built on the opposite side, and having a strong, thick arch, to cause the flame to whirl around the
joint instead of being blown upon one side only. While the rings are being curved upon the
beak of the anvil, or while being welded, stretched, flattened, or smoothed, a tongs, represented by
Fig. 98, is required, by which to grip the rings in a convenient and safe manner.

When it is necessary to weld together the two scarfs of a ring so that the joint may be almost
as solid and strong as any other part of the ring, great care must be exercised in selecting a
tough, fibrous iron, and in having a weld free from burnt iron, slag, or other foreign matter. To
prevent the slag adhering to the joint, a large supply of sand is given, and, by the sand becoming
liquid while upon the surface of the iron, whatever slag may be formed upon the joint is washed
off. This slag is produced by the fusion of the impurities in the coal or iron, and constitutes part
of the clinker which accumulates at the bottom of the fire.

CircuLAr Nuts.—When it is necessary to insert a nut into a circular recess, and to fill, or
partly fill it, a circular nut is used, having holes bored into the outside face of the nut for fixing
or unfixing it.

Circular nuts are also used for ornament, and to prevent contact with corners. Fig. 18
represents one of this class, having a flange, and holes bored aronnd in which to place the end
of a steel lever, named a tommy, by which the nut is fixed or unfixed.

The forging of circular nuts with flanges consists in drawing down or reducing a bar or rod
which is of the same diameter as the intended flange of the nut. After being partly reduced to
the finished diameter, the smaller part is made as solid as possible, by welding and hammering, to
give the necessary strength to the nut while being punched. After it is welded, the proper
quantity of iron to make the nut is cut from the bar and punched, and the hole then drifted to
the required diameter. The rounding of the outsides is accomplished by rounding-tools, while
the nut is upon a nut-mandril.

This method is economical if the proper length of iron is reduced, to avoid cutting off large
scrap-pieces; and is always available with good, soft, fibrous metal, that will bear punching
without splitting. The tongs for gripping the nuts while being punched is shown by Fig. 99.

SteeEL Nuts.—Several classes of nuts require to be frequently fixed and unfixed, involving
much wear and tear. All such are forged, either of steel, or of iron sufficiently solid and welded
to allow the nuts to be hardened after being screwed, turned, and shaped.

A soft steel nut is the most durable and efficient of all varieties with which we are acquainted.
Several obstacles, which have prevented the frec use of such nuts, are now removed by the
manufacture of Bessemer steel. Soft Bessemer steel, being only half the price of charcoal-steel,
is preferable for nuts, because Bessemer nuts are about as durable as those made of the costly
variety. The screwing or tapping and the turning and shaping processes are troublesome and
lengthy with the superior sorts of charcoal steel; consequently, the soft Bessemer steel is emi-
nently useful and applicable to nut-making. Such nuts are, in all cases, thoroughly softened,
and all slag or scale thoroughly cleaned off by chisels and old files previous to being screwed, to
avoid injury to the taps, and also to facilitate the whole of the shaping processes to which all nuts
are subjected.

Discoxxecting LEvERs.—Such levers are used to lift the excentric-rod from the gap-pin; by
this disconnexion, motion of the slide-valve and engine is immediately arrested. The forging of
one, which is shown by Fig. 19, is performed with a straight bar of soft steel that is drawn to
its width and thickness, and then partly curved by bending, and partly by a trimming chisel.
By careful trimming, the precise dimensions of the gothic arch, and the necessary distance between
the two intended joint-pin-holes, can be easily attained,—these holes being, in all cases, bored by
careful drilling.

Excentric-Rop Guarps,—When the excentric-rod is disconnected from the gap-pin, the
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guard, which is fixed by serews to the underside of the excentricrod, forms a parallel path, in
which is the gap-pin, instead of being in the excentric-rod gap. Very little abrasion attaches to
the guard, consequently, it is forged either of iron or of steel that is very fibrous. The guard,
with the two screws for fixing, are shown by Fig. 20.

The guards are made of thin bars of suitable width and thickness, which are then bent to
the shape desired. This bending is named cranking. There are several ingenious modes of
cranking adopted by smiths ; of these methods it is necessary, in this place, to mention only one,
which is suitable for a thin, flat bar, and consists in first forming the two outside bends which are
nearest to the two ends of the guard, and afterwards making the two inner bends or curves.

The two outer bends are effected by heating the iron or steel to a bright yellow, and cooling
to an equal distance on each side of the spot intended to be the centre or middle of the intended
curve, named the corner ; the cool end is then placed into a slot in a heavy block, and the work
bent while therein.

The length of iron placed into the slot is the length of the end required ; and while one end
is in the slot, the opposite end is in a tongs, shown by Fig. 100. The tongs, and the work to be
bent, togcther constitute the lever by which the smith bends the iron to a right angle; after which,
the corner is shaped by applying a flatter or a set-hammer. If a long curve is desired, instead of
a sharp angular corner, the end of the piece to be bent is put into a slot having curved edges,
instead of into a slot with angular edges, which is necessary to produce a sharp or square corner.
There is also a difference in the length of iron which remains heated after being cooled to the
proper distance. For a small corner, the length of the heated part is only sufficient to allow the
bar to be bent without the risk of cracking. For a longer curve, or curve of longer radius, the
length of the heated portion is about the same as the length of the curve required; if not, the
iron will require to be re-heated, and cooled to proper distances fromn the corner, in order to make
the curve to the correct length.

When one end of the work is thus bent to a right angle, the bent part is fixed in tongs
resembling Fig. 101, and the opposite end of the piece 1s bent in a similar manner, so that the two
bent portions, or arms, wili be on the same side of the work. The two inner bends are next
effected by placing the work, while heated, between two studs or pins loosely situated in two slots
or holes in the heavy cast-iron block. In some cases, the two studs constitute one solid tool,
having a square stem to fit the square hole in the anvil.

The two inner bends are produced by similar careful heating and cooling, to make the curves
of the correct length; and by bending in the opposite direction to that of the two previous
operations, the two cranks in the work are made.

Stups.—A stud is a permanently fixed bolt without a head, and is fixed either by a conical
portion in the middle or at one end. Studs intended for joint-pins or pivots are serewed at one
end; and screwed at both ends if intended for connexions for eylinder lids, slide-jackets, and
similar work.

Pivot-studs are made of tough, fibrous iron or steel, to resist the side strains continually
imposed during use. A pivot-stud is shown by Fig. 21. That part of a stud intended for a joint-
pin or pivot of any kind requires good welding and elosing by the angular-gap rounding-tools,
which facilitates the production of a smooth surface for friction. A close texture is necessary
for those parts of studs or pins intended for wear, whether soft, hard, or case-hardened. The
conical part of a stud may be more fibrous than the parallel portion, which will be subjected to
continual abrasion while in use. The screw part, also, must be welded to a depth which is rather
greater than the depth of the intended screw-thread. Studs, which are represented by Fig. 21,
frequently need drilling and screwing at the centre to admit a small bolt for fixing a washer.
The place of the washer is indicated in the Figure by W. Much trouble will arise in drilling and
screwing the hole if the metal is not welded in that part; consequently, the smith obtains the
requisite solidity by upsetting and rounding the work while at a welding heat.

The serew-pin or screw-pivot, shown by Fig. 22, is quickly forged by reduecing, with a fuller
and steam-hammer, a bar or rod which is the diameter of the intended pin-head. A portion of the
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stem of the pin is parallel, and a part is conical. This conieal part is that which holds the pin in
its place while in use, and should be soft and fibrous.

Iron and steel studs, of all classes, are in condition to wear properly, with but little friction,
if hardened. For this reason, attention to the forging and quality of the iron or stecl from which
they are made is necessary to ensure a good friction surface. The careful labour of the turners
and grinders will be of little service if the metal contains cracks, small openings, or other defects
arising from careless forging. Such blemishes seldom appear till the work is turned by the lathe
nearly to the desired diameters, so that much time is consumed in the turning of articles that are
discovered to be unfit for their uses. Such errors in forging arise from the smith considering
merely the simple appearance of the article he is about to make, and not, at the same time,
reflecting or inquiring concerning the particular uses to which his work will be applied. Many
forgings of importance are entrusted to unskilful men, because the outside appearance of the forging
is of simple character, and the result, in many cases, involves a consumption of twice the amount
of time that should be employed. A good smith is also a man of experience in general mechanical
affairs; without such experience he cannot produce good work, however skilful he may be, exeept
he happens to be working under a man who is able to tell him what to do, and also able to tell
him how to do it. The smith must know, at the time of commencing to forge the article, the
amount and character of the wear and strain to which his work will be subjected, and whether
the work will be exposed to destructive chemical action in addition to friction, side strains, and
abrasion.

It is only by such foreknowledge that a smith becomes a really valuable man—one who is
able to produce solid work, and to select the class of metal adapted to the requirements. Such
a man will not cut a piece from a straight bar of iron or steel and name it a forging, merely
because the outside shape of the piece cut off corresponds to the outside shape of the forging
desired. The internal structure may be different to the structure necessary; and is often dis-
covered after several hours of lining, centring, planing, turning, and screw-cutting. Every
operation may progress favourably till the screw is being made, which is often the last process;
and if the portion intended to be formed into a screw is not welded, it will tumble off while
being screwed, and the elegant piece of turning and screw-cutting -becomes fit for the
scrap-heap.

Rops.—When speaking of engine-making, the name rod signifies a transmitter of motion or
force from an active agent to a passive object. And in all cases where practicable, the sectional
area of the rod is greatest midway between the two ends; because, when the rod is parallel, the
-centre or mid-portion of it is weakest.

The variety of rod indicated by Fig. 23 is sometimes made by upsetting each end to form
the circular portions termed bosses. This mode is tedious, and requires much welding if the
iron should not be very soft and tenacious; consequently, upsetting is seldom adopted except for
small work, or for work which 1s short and thick.

A very cfficient mode for general work consists in preparing a bar to the suitable diameter
for producing the bosses by a small amount of upsetting, and a small amount of reducing to
form the intermediate portion. If the boss portions are upset, curved, and welded, a circular
arrangement of the fibres is obtained, which ensures the necessary solidity for the boss after the
holes are bored.

After the boss is upset, while at welding heat, and the extremity put into a circular form by
hammering, and by large curved rounding-tools, top and bottom fullers are driven in to form
the inner extremity of the boss, shown in the figure by A. By this means the whole of the
fibres in the boss are put into a circular arrangement, which is a desideratum. The interme-
diate portion of the rod is then reduced to its proper diameter and shape, and the length increased
to the length desired.

This method of making such rods is very economical, and produces a solid kind of work
without waste of metal, if the picce was originally cut to a suitable length, ascertained by appli-
cation of the rule in page 8.

J
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Another mode of proceeding is by making separately each boss with a short stem; these
stems are then scarfed, and welded to the intermediate portion, which may be of the diameter
required, to avoid reducing. When this plan is adopted for long heavy rods, a tongue-joint is
made, instead of a scarf-joint.

To produce a good tongue-joint, the two ends to be welded are upset, either by Davies’s
patent striker or by a pendulum-hammer. The length of the upset part is about equal to the
length of the rod’s diameter previous to upsetting ; after being upset, the diameter is one-third
longer than previous. After the two ends are upset, the taper part, named the tongue, is drawn
down from one of the pieces, by first driving in a broad fuller, at a short distance from the
extremity, and from two opposite sides of the rod or bar. The fuller is driven to a short distance
only, and the lump that remains is conveniently tapered by the patent striker, which is adjusted
to deliver its blows at an angle of 45° or. 60°, as desired. During the tapering, the work nay be
placed along the top of an anvil, or the anvil may be shifted to suit the position of the striker,
and the work laid across the anvil.

The opening, or orifice in which the taper end is fitted, is named the mouth ; and is produced
by entting open the end with a chisel, and afterwards enlarging by driving in a wedge. The use
of the wedge produces a large mouth without the necessity of cutting out a large piece of the
iron, which may be needed during the hecavy blows when welding and rounding is being per-
formed. The depth or length of the mouth from the extremity of the rod should not be more
than twice the length of the rod’s diameter, to prevent the joint-edges becoming too thin while
being reduced or rounded after being welded.

The next operation is shaping those portions of the mouthpiece which will receive the
hammering during the welding. These portions are curved, either by hammering or by a
trimming-chisel ; this curving prevents the hammer from spreading out the outside of the mouth-
piece and making a series of thin ragged edges. And if the hammers or rounding-tools are thus
made to strike a curved lump, instead of an angular projection, the iron is closed in towards the
centre of the rod, instead of being spread out at the circumference.

After the mouth and tongue are properly prepared, the stock near the tweer is mended, or
made anew if necessary, and the two pieces are laid together in their proper positions in the fire
or fireplace. And if the work is long and heavy, each piece is supported by a crane at each
side of the forge; the endless chains around the work allowing it to be rotated to expose the
entire circumference to the action of the blast, that one portion may not become heated previous
to another. In order further to promote a proper distribution of the heat, the fire is of the two-
stock character: one stock being opposite the other stock near the tweer. Both stocks as built
gradually taper upwards to four or five inches above the work. The stocks are well hammered
and battered together ; and a thick arch is built, which is supported by each stock, and prevents
the heat escaping. A good arch is made after the work is laid in the fire, by laying sticks of’
wood around the top of the work, and piling to five or six inches thick. Pieces of coke and
coal are then placed upon the wood, and among it; and wet small coal is then put into all the
cracks and piled up, and battered closely together. After the wood is consumed, the arch
remains, and the only escape for the flame is by the- two openings at the sides of the fire.
These two openings are also partially closed, when necessary, by placing pieces of coke that are
heavy enough to withstand the force of the blast.

When the welding heat is nearly attained, the blast is moderated, and while gently blowing,
a large supply of sand is administered through the two openings or outlets for the flame. The
ladle having a long handle is used for applying the sand, which causes much of the slag which
ii formed around the joint to slip off the work into the fire, instead of being welded into-
the joint.

J\Vhen the welding heat is reached, the joint is welded while in the fire, by striking the end
or ends of the work with a pendulum-hammer. These blows are very effectual for welding the
joint to the extreme depth of the mouth, if the iron is properly heated to the centre, which cannot
be done by hasty urging of the blast. The outside will in all cases become a few degrees hotter
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than the middle; but, with ordinary care, the difference is not sufficient to prevent a good weld
and a good joint. After being welded by a pendulum-hammer, or as it is sometimes termed, an
oscillating-hammer, the work is taken fromn the fire by swinging out the two cranes to place the
joint upon an anvil ; or the work is conveyed by a truck and railroad, if necessary. The welding
of the joint is then completed by hammering, or by large angular-gap tools, which are effectual
for closing the iron and welding a greater part of the circumference at onc blow than could be
welded by one blow of the hammer only. For steam-hammer work, the angular-gap tools are
very thick and strong, to avoid liability to break while in nuse. Large tools of this character are
not used for ordinary sledge-hammers, because the blow given by such a hammer would have no
visible ecffect upon the work beneath, the force of the blow being absorbed by the metal which
constitutes the tool.

Whether it is more economical to punch and drift the eyes or holes in the bosses, or to leave
them solid to be entirely bored by a boring or drilling machine, cannot be decided in any general
manner. If a man possesses a number of good boring machines, he may prefer to cut out the
lumps by boring-bars and cutters, because he may not have much forging machinery. In most
cases, it 1s both quicker and cheaper to drift the eyes to a proper diameter, leaving only sufficient
metal to bore out to the dimension required. If, by punching and drifting, a large hole is made,
a large boring-bar can be immediately inserted ; but if a little hole only is made, it is almost as
uscful as none, because an extra boring-tool must be used to admit a large boring-bar of suitable
diameter.

And in addition to an cconomy of time and metal by drifting, there is the advantage of
securing an approach to a concentric disposition of the fibres in the boss. This disposition is
attained by the metal being swelled out by the drift, and by being well hammered and stretched
while the drift is in the opening.

The making of large holes or eyes will be again treated in the portion devoted to crank-
lever forging.

Levers.—A lever which is represented by Fig. 24, if small, is easily made by drawing
down the two ends from a bar which is large enongh to be formed into the fulerum boss of the
lever, which is situated near the middle, or, in some cases, near one extremity. Short levers are
quickly made by this method, and the work produced is of close, solid character; but for long
levers the bosses are separately forged with short stems, and afterwards welded to the smaller
portions which are termed the arms. A considerable amount of drawing down is thus avoided,
which is often of great importance to a maker with only a small amount of machinery.

In levers of all classes, the fulerum boss is that which sustains the largest share of the
whole strain that is applied to the lever while in use; consequently, this boss is the strongest
part. And the lengths of the fibres of the iron or steel in the boss should constitute a series of
concentric rings, whose centre is the centre of the boss.

This form is produced by two or three methods; one of which is by selecting a soft fibrous
bar, and punching a small hole into that part intended to be the boss, and then drifting the hole
to any required diameter while the iron is at a bright yellow heat, or, if the iron is large enough,
at a welding heat. The fibres are thus curved, and will have some resemblance to the arrange-
ment desired. d

The next method of making a boss consists in using a large bar and placing it between a
pair of top and bottom fullers, to reduce the metal on each side of the intended boss. This mode
of drawing down produces the required circular arrangement of the fibres without punching
and drifting, if the metal at the commencement were large enough, but is a more lengthy mode
of proceeding because of the greater quantity of metal to reduce.

One other plan of making a lever boss consists in laying and welding three picces together,
the middle piece constituting the lever itself, and the other two the boss. The two pieces
for the boss are of sufficient length to be welded a considerable distance into the arm of the
~ lever.

Upsetting also will produce a lever boss, and is sometimes resorted to in small work. To
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produce a good boss by upsetting, an excellent tenacious iron or steel is necessary, to avoid risk
of splitting.

Those two parts of a boss which projeet from the two sides of a lever are named the boss-
ends. The produeing and forming of these ends is effected by driving in fullers and set-hammer ;
and afterwards by top and bottom die-tools of the required shape, and also by trimming with a
trimming-chisel. The shaping by these dic-tools or bossing-tools is the cheapest in cases of
large numbers of bosses being required. If large bosses are needed, these tools are made in pairs,
jointed together, and strong enough for a steam-hammer. For small work the bottom tool fits
the square hole of an old-fashioned anvil, the top tool being supported by an ordinary ash or
hazel handle in the hand of the smith. Suclh bossing-tools are mnot difficult or expensive to
make ; the simplest variety are not made with guides and jointed together, but are distinct, and
are easily bored by a lathe or boring-machine to any desired diameter and depth, according to the
length of the intended boss. While making these tools, it is important to smoothly bore the
holes, and to make each hole larger in diameter at the entrance than at the innermost end ; the
hole, being made of regular conie form, will allow the bosses to be driven in and out of the tools
with rapidity. The metal around the holes of these tools must be thick, to prevent the tendency
to split during a severe hammering,.

The use of bossing-tools greatly facilitates the processes of turning and shaping by the boring-
machine ; and in many classes of small levers the entire shaping can be done upon an anvil.

In those cases that require levers to be finished without turning or boring, the joint-pin holes
or connecting-pin holes are punched and drifted to the finished diameter ; and a square is used to
ascertain if the hole is at right angles to the length of the lever. A drift is driven tight into the
hole, and, while in, a square is applied to both sides of the two arms of the lever; or to both
sides of one arm, if the boss under treatment is at the extremity of the lever. Aud if the drift
is not parallel to the blade of the square, the hole is not at right angles to the lever, and must
therefore be altered, until a near approach to the desired position is attained.

The adjusting eonsists in bending one arm, or both arms; and sometimes a twist is needed.
Twisting is cffeeted in small work by tightening one arm of the lever in a vice, and twisting the
other arm by applying a twisting-lever (Fig. 102). If a vice is not near, two of these twisting-levers
are used, one upon each arm of the lever that is to be adjusted ; while the smith holds one twister,
the hammerman holds the other, and each man pulls in opposite directions, by which the adjust-
ment is easily effeeted if the work is sufficiently heated. To twist a large lever it is only necessary
to place the boss or one arm upon a steam-hammer anvil, and to gently let down the hammer to
the arm or boss, and there to fix it by the steam. While thus fixed, twisting-levers are applied
to one arm, or to both arms if neeessary.

Another kind of adjustment is needed when the two faces of the boss or bosses are not
parallel to each other, or not parallel to the lever-arms, or not at right angles to the sides of the
lever boss. In such eases the hiole is first adjusted to a right angle with the armns, the boss is then
pared by a chisel to produce the necessary parallelism with the hole; after whieh, the two pro-
minent projections are trimmed off the two faees.

The lengths of the fibres in the lever-arms require to be parallel to the length of the
lever itself, to avoid sudden breaks. For many varieties of small levers Bessemer steel is used,
and, if of soft fibrous character, is very advantageous for the production of smooth friction
surfaces for the joint-pin holes. Levers that are made of steel are drawn down from a piece
which is sufficiently large to produce the fulerum boss of the lever ; and by applying the author’s
rule, no steel need be wasted, through not knowing the length of metal necessary, previous to
drawing down.

Straps.—The variety of strap denoted by Fig. 25 is used for conneeting erank-pins with
conneeting-rods; also beam gudgeons with side-rods and connecting-rods.

The proper arrangement of the constituent fibres is obtained by bending the straps from
straight bars which were previously welded and reduced to a suitable width and thiekness.

F
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Those portions of the arms which are indicated in the Figure by A are thicker than the adjoin:
ing portions, because the key and gib-way detracts from the strength of the arms.

The thicker portions of the arms are made by doubling the picce at each end, and welding
by good steam-hammering ; after being welded, and while being reduced to the thickness, the part
intended for the semicircular portion is allowed to remain a little thicker, to compensate for waste
while being heated several times for bending, and also for stretching.

The bending or curving is effected by heating the intermediate portion to a length which is
equal to the entire length of the curve required in the strap. It is then bent by placing one end
into a slot in a heavy block, and pulling down the opposite end ; after which, the two arms of the
strap arc flattened and smoothed by placing a filler into the mouth or opening, and hammering the
outsides.

Straps of great weight and dimensions are bent by long and strong levers, which have gaps
or openings at the ends, one end of the strap being gripped by the lever while the bending is
effected. Several heatings are necessary, the precise number of which depends upon the thickness
of the work, the quality of the implements employed, and the promptness with which the power
ig applied.

p%‘he fillers for shaping the curved parts are made of cast iron, and of various dimensions to
suit various sizes of straps. Each filler has a wroughtiron handle, which is fixed by the iron
being poured around one end of the handle, at the time of casting the filler. Another class of
filler also is used for shaping, and consists of a piece of cylindrical iron or steel, which is sup-
ported at each end by two heavy cast-iron blocks. On the upper side of the blocks are two
angular gaps, into which the two ends of the cylindrical filler are placed. The distance between
the two blocks is only sufficient to allow the two arms of the strap to hang freely while the
curved part is supported by the piece of round iron, the ends of which are in the two angular
gaps (Fig. 142).

Round iron of any snitable diameter may be selected as a bearing for the strap ; and, while
thus supported, either of the two arms may be gripped by tongs, and any part of the bent portion
may be stretched, flattened, smoothed, or adjusted. .

Weien-SparTs.—Fig. 26 indicates a weigh-shaft with the three levers, that are usually con-
nected, by which motion is transmitted from one to the other. The levers are distinct from the
shaft, and are keyed to it, sometimes near each other, and at other times near the two extremities
of the shaft ; the whole arrangement depending upon the length of the shaft or spindle, and the
width and class of engines for which the levers are designed. '

That lever which is indicated by L B in the Figure, transmits all its moving power to the
shaft and the other two levers; consequently, the lever L B is one class of prime mover of the
weigh-shaft. When this lever is fixed midway between the other two levers, instead of being at
one end of the shaft, the arrangement is suitable for some classes of land ‘engines, and tends to an
equal distribution of the friction, and consequent equal wear of the bearing surfaces.

Soft steel is suitable for weigh-shafts, by reason of the closeness of its texture, which facili-
tates the production of good friction surfaces, and because of the superior strength of steel as
manifested in its resistance to torsion. :

WriGH-SHAFT LEVERS.—Weigh-shaft levers are usually forged of tenacious iron to facilitate
the fitting of them to their shafts. In some cases the levers are tightly fixed by making them
hot and shrinking them while in their precise situations on the shaft. In such cases, the con-
‘traction of the boss would have a greater tendency to tear it asunder, if made of steel, than if
made of iron. : :

The necessary strength of the boss is obtained either by adopting a long boss of short
diameter, or by a short boss of long diameter; these bosses are made by doubling or trebling a
bar at one end, and thoroughly welding the layers together, and then punching and drifting
the opening or orifice to the required diameter, which produees the desired circular disposition of
the fibres in the boss. After which a welding heat is again given to the boss, and’it is shaped by
a sledge-hammering equally administered around the boss, while it is upon a eylindrical filler,
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similar to that mentioned for strap-shaping. This hammering is needed to produce a tough
fibrous boss. After the boss is thus made at the end of the work, broad fullers are driven in to
reduce that portion next to the boss; the adjoining part is then reduced to the shape of the lever
arm, and a picce is allowed to remain, which is of sufficient dimensions to be formed into the
smaller boss at the other end of the lever. The next operation is cutting the work from the bar,
and making the smaller boss, either by doubling or trebling if necessary. When both the holes
are made and drifted, and the outsides of the bosses well hammered, they may still be too large ;
if so, a trimming-chisel is used to trim the bosses to their respective dimensions. The bosses
arc finally flattened, and also smoothed with curved rounding-tools, whose gaps are of suitable
width. :

Weigh-shaft levers are also made by reducing the ends of two bars, and welding the reduced
portions together. By this method, all doubling or trebling to make the bosses is avoided. But,
after being punched, they require the same welding, drifting, and hammering as other bosses, for
producing the circular arrangement of the fibres. This mode of drawing down to produce half
the lever arm from each boss is economical for all kinds of short levers, because only a small
amount of reducing is necessary to attain to the length desired; but for long levers, whether
large or small, the plan is not adopted without making two joints for each lever. By this means,
a piece which is of the finished forged width and thickness is welded into the two stems which
were reduced from the bosses.

Stipe-VaLve Rops.—Several varieties of slide-rods are used ; a few of which are represented
by the Figures in Plates 1 and 2. Steel is useful for slide-rods, because it is less liable to wear by
the friction of the packing in the packing-box. When slide-rods are of iron, they require the
fibres of the metal to be well closed by angular-gap rounding tools; when this is well done, the
durability of the rod is much greater than with iron of open texture, which collects grit and
other foreign matters. Iron of close texture is also necessary to ensure a smooth surface to the
rod after being hardened, which is sometimes done.

When steel is used for slide-rods, it must be of very fibrous character, and be thoroughly
softened by heating and gradual cooling in coke or charcoal. Such treatment will tend to pre-
vent sudden breaks down, which will occur with hard steel of all kinds.

When the old-fashioned D slide-valve is employed, a rod similar to that shown by Fig. 27
is made use of to connect the two D portions ; and two valves are thus formed, connected by one
rod. The intermediate portion of this rod is therefore in the steam space of the slide-box ; and, to
protect the iron from the ravages of the steam, the rod is coated with gun-metal throughout the
length of the intermediate part, including the two flanges or collars denoted by C.C.

The diameter of the iron hidden by the gun-metal should not exceed the diameter of the
screw at each end of the rod; and, being of this dimension, the cheapest method of forging the
rod is by welding a collar to each end, at a proper distance from the extremity. By this plan,
the two portions intended for the screws require upsetting or thickening to admit of a good weld,
and also hammering to obtain the requisite solidity for the screws. - , »

The lower D valve is fastened to the rod by one or two nuts; the upper D valve is secured
by a joint-nut, which is denoted by Figs. 28 and 29. Into the joint-gap of the nut is placed the
square boss of the upper or gland slide-rod shown by Fig. 30. - The connexion is effected by
a square pin or bolt being fastened in the joint-nut after the boss of the upper slide-rod is put
into the gap. :

The forging of the joint-nut consists in thoroughly welding and hammering a square bar of
iron, and cutting off a solid piece which is long enough to make the nut; the gap in which is
afterwards made by drilling and slotting.

The upper slide-tod may be made of soft fibrous stecl, for the advantage of having a good
sliding surface for contact with the packing in the packing-box. If the rod is made of steel that
cannot be welded, it is sometimes necessary to make the whole of the sliding part and serew por-
tion by reducing it from a bar whose width and thickness are about two-thirds the width and
thickness of the intended square boss. The sliding part may be produced at the end of the bar ;
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or may be reduced while a lump is allowed to remain at the extremity, for the convenience, if
necessary, of upsetting to form the boss. By upsetting, a part of the drawing may be avoided.
In either case, the length of bar required is ascertained by applying the rule in p. 8, and sub-
stituting slide-rod stem for key stem.

These upper slide-rods are also made of iron which is well hammered by a steam-hammer,
and also well closed by a pair of angular-gap tools. Very little reducing is sufficient when iron
is employed. The square boss is formed by doubling and welding a lump at the end of a bar or
rod, which is equal in diameter to the diameter of the required sliding part. The diameter of
the iron made use of is only sufficient to admit a good welding and closing, to reduce it to the
desired diameter of the slide-rod when forged.

Rixe Sruipe-Rops.—The class of slide-rods shown by Fig. 32 is forged of three pieces. One
of the three constitutes the intermediate part of the rod, indicated in the ¥igureby B B; the sccond
piece is formed into the circular portion, denoted by C C; and the third piece becomes the friction
portion and the screw part, represented by A.

The intermediate piece is first made, by punching a hole into and cutting open the end of
a bar whose diameter is about 14 timesthe diameter of the intended sliding part. The two ends
thus produced are carefully separated while at a bright yellow heat, and shaped into the form of
a T. The length of the three arms of the T-piece are sufficient to allow the other two pieces to be
conveniently welded to it. The proper length and thickness of the two smaller arms are attained
by driving in a fuller at the two curved parts, B B, and afterwards reducing the remaining lumps
to the dimensions desired ; a thick portion being allowed to remain at the ends of the two thin
arms, for being formed into a scarf. The larger arm is next reduced by a fuller to the forged
diameter required ; a lump remaining for a scarf, as for the two thin arms. By this mode, all up-
setting of the T-piece is avoided.

After the T-piece is made, the length of bar necessary for the circular portion may be ascer-
tained by subtracting the lengths of the two thin arms of the T-piece from the entire length of the
ring’s mid-circle circumfercnce, and that which remains indicates the length of the ring-piece
required, if the thickness of the bar previous to being welded is equal to the thickness of the
ring after being finished to the forged dimension. It is always convenient to use a rather shorter
length of bar than the symbols indicate ; and also to select bar which is rather thicker than the
finished forged thickness, because the ring can be stretched or lengthened after being welded,
but it cannot be upset or shortened without trouble. :

Previous to joining the ring-piece to the T-piece, the two thin arms are curved to their proper
form; and the bending or curving of the ring-picce is also partly effected previous to welding
it to the T-piece.

After being scarfed while straight, the ring is formed across the anvil beak until nearly
circular, to avoid contact with that arm of the T-piece which is not to become part of the joint
first made; and after the first joint is made, the ring is properly curved to its circular form, and to
fit the scarf of the other thin arm; and while in this relation, the second joint is made by
welding ; after which the ring is stretched, if necessary, while on a piece of large round iron which
is placed upon the blocks having angular gaps. Another mode of lengthening is performed by aid
of a long cast-iron conical filler, slightly tapered to suit rings of various diameters.

After the two ring-joints are effectually made by using a large supply of sand and a rapid
hammering, the lump at the end of the thick arm of the T-piece is scarfed, and a piece of iron is
prepared for the parallel portions of the sliderod. The diameter of this piece is only equal to the
torged diameter of the sliding or friction part of the rod; and the length of the piece is sufficient
for the sliding portions and the screw part.

A slide-rod which is indicated by Fig. 33 requires but little more forging than welding and
closing the fibres of a bar of good iron or fibrous steel, and then cutting the rod to a proper
length, and squaring or curving the extremities to facilitate the centring process, previous to
turning. In that part of the -od's parallel portion which is to be outside the packing-gland, two
flats are made for the convenience of rotating the rod while in its place. A spanner which fits the
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two flats is employed to rotate the rod, whereby the position of the slide-valve is altered at plea-
sure. Thesc flats being very shallow, no attention nced be given them by the smith, who makes
the rod sufficiently solid throughout its whole length.

Fig. 34 represents a slide-rod whose small end is fixed in the slide-valve by nuts on each
serew, the valve being between. An opening, which is four-sided instead of circular, contains the
block and pin by which motion is given to the valve-rod. In the figure this opening is indicated
by F; and when of small size, the whole of the rod ma 3? be forged of omne piece which is large
enough to produce the boss by being flattened and spread out by a stecam-hammer, the four-sided
opening being afterwards made by drilling and slotting.

A more conventent mode of making large rods of this character eonsists in using a shorter
piece of iron, which is only sufficient to make the boss and two short stems. These stems are
reduced from the lump by fullers and hammering, and produced to a convenient length for
welding to two other pieces, which are to be formed into the friction parts, indicated by
A and B. These two pieces are of a suitable diameter, to admit only a small amount of
reducing and hammering to attain to the forged diameter, and to ensure sufficient solidity for
the screws.’

Rods that are to lave large frames in the middles, to fit the outsides of slide-valves, require a
different method of forging. Instead of forging a solid boss and leaving it to be drilled and
slotted, the square frame itself is forged upon the anvil. In such cases, six pieces are necessary
to make onerod. Of these six, two are formed into T-pieces, whose thin arms constitute portions
of the intended square frame, and whose thiek arms are scarfed for welding to the two cylindrical
friction parts of the intended rod. After the T-pieces are made, two thin bars are bent to the
forms of crotchets or braekets, thus [, and the thin arms of the two T-pieces are welded to the
two crotchet-pieces. When the square or rectangular frame is thus complete, it is welded to the
two cylindrical ends of the rod, by which the forging is finished.

In many cases the friction portions of the slide-rod are keyed or screwed into the bosses of the
valve-frame ; such a frame may be made of four picces only, as indicated in Fig. 134.

ConyectiNG-Rops witi INsipe ScrEws.—Tig. 31 indicates a rod having an inside screw, which
is occasionally used to eonnect the upper end, or what is sometimes the outcr end, of a slide-rod.
Six or eight sides are formed upon the boss for the convenience of rotating the rod with a spanner.
It is not necessary to forge any opening or orifice whatever in the rod, because drilling or boring
such small holes is a preferable process. It is generally most convenient to forge such rods of
one picce, which is welded and made solid with hammering, to produce the larger boss in which
a screw is to be made. The intermediate portion is next reduced by fullers and hammering, and
a lump is allowed to remain for the smaller boss, in which is placed the joint-pin. Rods of this
character must be welded to a proper distance from the outside; if not, the screw will be unsolid
and liable to break. '

Rods with inside screws are also used, which are of great length. In such eases, the larger
boss is forged with a short stem only, which is afterwards welded to the intermediate portion of
the rod that is of a suitable diameter to avoid reducing. Another smaller boss, or sometimes a
joint-piece, is also made, and welded to the intermediate picce to complete the rod.

Lixks.—Links are of two principal varieties—slotted and solid. The forging of that which
is termed a solid link is about equal to the forging of a slotted one, because both are forged
without the slot.

The simplest class of links, and the easiest to forge, is that named solid, and having no bosses
whatever in any part of the link. Such a link is almost as casy to make as a straight bar, until
the curving eommences, which may be earefully managed to leave only a small amount of iron
or steel for finishing the link, or may be so carelessly done as to require a greater amount
of shaping than should be administered. Consequently, at the time of reducing the bar, the
smith leaves more or less metal for shaping, according to the amount of care he intends to bestow
upon the curving.

Soft fibrous steel is exceedingly good for links of all varieties, and especially for those of
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the solid class. Such links may be produced by flattening a bar of steel until the required
width and thickness is attained, after which the curving is effected by a series of heatings
and hammerings while across a cylindrical shaper, which is supported by the blocks having
angular gaps.

Two arcs are necessary for adjusting the link, and to aseertain if any needs cutting off with
a trimming-chisel. These two arcs are marked upon a flat surface-table of large dimensions,
which will allow the links to be laid conveniently to the ares to deteet any irrcgularity in the
forging. A light radius-rod is used to construct the arcs, which are marked upon the surface-
table through a layer of soft chalk or whiting that is spread evenly on the surface. The distance
between the two arcs is an eighth of an inch greater than that distance across the link which is
the width of it when forged ; and when the link is placed midway between the two ares, each
one will be a sixteenth of an inch distant from the link, which will enable the smith to see
clearly which part of it needs rectifying.

Heating the link for bending commences by heating a few inches at one end, and a small
amount only of hammering will effect the small curve desired in that part. After a few blows
are administered, the link is put between the two ares to ascertain if more hammering is needed.
As soon as the first few inches of the link-end is bent to a eorresponding number of inches of the
ares, the adjoining portions are successively heated and bent in a similar manner. A succession
of heatings are thus conducted until the eurving is completed.

Lixks witn Bosses.—Links are also forged with bosses—either one, two, or three—as
represented by Fig. 85. The slot of such a link is easily made while cold, and properly
shaped by a machine for the purpose; consequently, it is not necessary to forge any slot in
the link, except the maker is compelled to do so through want of slotting machinery.

When a link is to have one, two, or three bosses, the mode of procedure consists in
making a link which is equal in width to the total width of the link, the bosses included.
After such a link is reduced to the necessary width and thickness, and also curved, the bosses are
produced by cutting off the superfluous iron or steel that surrounds the intended bosses.

The link is marked upon both sides of it while cold, and a chisel for cold metal is driven into
the marks, and the superfluous metal is afterwards cut off while at a yellow heat, and thus the
bosses are produced.

- Another mode of making link-bosses consists in forging each boss separately, and after-
wards welding them to the link. The boss-pieces are made by driving in fullers at each end of
a thick piece, thus forming a boss between two stems that are welded to the link. A boss thus
formed possesses a concentric arrangement of the layers and fibres, and, consequently, is very
durable. ‘

But the strongest sort of link results from forging it of one piece, and producing the bosses
by driving in a fuller at the extremitics of each intended boss, and afterwards reducing the
intermediate portions of the link to its proper width. ’

This mode requires a little arithmetic, to ascertain the precise length of metal necessary
previous to drawing down or reducing by a fuller to form the bosses.

Previous to driving in a fuller, the link is reduced to its total forged width and thickness :
the length of metal required is then diseovered by applying the author’s rule in this form :

As the mean width of the link previous to forming the bosses is to the required mean width
afterwards, so is the required mean length of the link to the mean length previous to forming
the bosses.

The mean width of the link is ascertained by adding the width across the link at one of the
bosses to the width across the link at that part which is without a boss. The sum of both
dimensions is then divided by 2, and the quotient is the mean width required.

For forging purposes, it is sufficient to consider the link’s mean or mid-curve to be an are of
a cirele’s circumference, and the length of this are is the required mean length of the link when
forged, supposing that no bosses were necessary. In such cases, the length of straight iron
required would cqual the length of the mean or mid-curve. DBut, bosses being intended, it is
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necessary to add the lengths of the semicircular parts of the bosses, and subtract the lengths of
those parts of the link which will be occupied by the bases of the bosses.

The length of the link’s mid-arc is ascertained by multiplying the number of its degrees by
‘017453, and multiplying the product by the length of the arc’s radius. :

The rule applies especially to small work, of iron. Steel links require the same length of
metal as the mean length of the link after forging. Driving a fuller into the edge of a steel one
produces a burr instead of lengthening the work, and a trimming-chisel is needed to cut off the
burr to prevent it being hammered into the link.

Thick links are lengthened by fullers and ordinary hammering on an anvil, but thin ones
require to be placed edge upwards in a groove, for the convenience of holding or maintaining the
work in an upright position during the hammering upon the edges.

Lixk-Srors.—Cntting a link-slot while on the anvil is managed by first carefully marking
the two arcs which determine the width of the slot. To mark properly, the link is laid upon a
table, and a radiusrod having a stecl scriber is made use of. This steel scriber is that which
marks the two arcs upon the link, while the other end of the radius-rod is fixed in a centre-punch
cavity in the surface-table npon which the link rests. After the two arcs are delineated, and the
two ends of the slot also indicated, a chisel is driven in at the marks, and the link is then turned
upside-down, and a similar pair of ares are made upon the other side. ~Cutting out is then com-
menced while at a bright yellow heat by punching holes at each end of the intended slot. The
punch for making these holes is a circular one, the diameter of which is only one-third the
forged width of the slot. With this punch two holes are made at each end of the slot, leaving
between each two holes a piece of metal which is one-third the width of the slot. After the ends
are thus treated, a row of holes is made along the middle of the slot, and the portions which still
remain around the holes are then easily cut out with a trimming-chisel. :

Excextric-Rops. — In an excentric-rod, represented by Fig. 36, the mouth or orifice
indicated by O is usnally cut while cold by slotting, the rod being forged solid at both
ends, although a gap is shown in the Figure, which should be the case with any sketch or
drawing by which the smith may be working. He will then exercise sufficient carc to arrange
the fibres, that they may be in a suitable shape and position after the mouth or gap is cut.

The two ends of such a rod are first forged separately, each piece having a stem with a
good scarf for welding to the intermediate portion of the rod. To form the gap end or fork end,
a thick bar is doubled at one end and welded together. The length of the doubled part is
sufficient to extend a considerable distance into the stem that is to be scarfed, to prevent cracks
being formed at the inner curves of the boss.

Another method of making a good fork-end consists in welding and reducing a bar to the
outer dimensions of the fork or fork-piece, and then driving in a fuller at the inner extremity of
the solid or boss part of the intended fork. After the boss is thus produced by a fuller, the
adjoining stem is reduced to its width and thickness and increased to a convenient length for
welding to the intermediate piece, a lump being allowed to remain to avoid upsetting
for scarfing. ; :

In a fork-piece thus made, the orifice may, if necessary, be formed by first punching a round
hole at the inner extremity of the intended opening, and afterwards cutting out with a chisel.
The chisel is driven from both sides half way through the work, and every semi-detached piece is
cut out previously to smoothing the inside, which is performed by placing a filler into the opening
and hammering the outside. The filler is made of soft steel and to the shape of the opening
desired. While this kind of filler is in use, the outer end is in a gap-stop, to avoid being shaken
éut by the hammering. A gap-stop in the square hole of an anvil is shown by Fig. 77.

After the fork-piece is made, the T-piece is formed for the opposite end of the rod, which is
similar to that indicated by A in Fig. 37. A good arrangement of the fibres in the T-piece is
obtained by punching a large hole into a bar of good soft iron or steel, and afterwards splitting
open the endP by cutting a slit to meet the round hole, the hole being at a proper distance from the
extremity. When the two ends thus produced are separated and properly bent to a right angle
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with the bar, the lengths of the fibres will be at right angles to the bar, and, consequently,
at right angles to the stem, which is to be welded to the intermediate portion of the intended
rod ; and this disposition of the layers and fibres is that which is necessary for strength in the
T-piece.

J After the T-piece is tolerably shaped, it is cut from the bar with sufficient length to be
formed into a stem and scarf; and when cut off, the stem is produced and the scarf formed for
welding.

The intermediate part is then made of a suitable width and length to complete the forging of
the rod. The width and thickness of the intermediate piece is rather greater than the required
forged width and thickness, for the convenience of stretching or drawing the rod to its exact
length at the conclusion of the forging; consequently, the length of the piece is shorter than the
finished length. After the three pieces are welded together, the rod is hammered to the precise
length, which is measured from the centre of the fork-eye, or hole, to the centre of the T-piece,
or its extremity. .

While lengthening the rod to its exact length, a simple variety of gauge is made use of to
ascertain the precise amount of stretching which is necessary. Such a gauge is made of a thin
bar of 1-inch iron, the width of which is at least 1 or 1} inches. Ten or twelve inches at each
end of the bar are tapered, and afterwards bent edgeways to the bar and at right angles to it,
which produces the form of a bracket, thus: ————; the distance between the two extremities
being the length of the excentric rod. These two pointed ends are filed to a circular form, and to
half a millimetre in diameter, which is much too large for other work, but small enough for
forging an excentric-rod. The mode of adjusting the gauge to its exact length consists in opening
or closing the two legs of the gauge until the distance between the centres of the two circular
extremities is the distance desired.

Fig. 38 represents an excentric-rod for oscillating and other classes of paddle-engines. In
the Figure, the gap is indicated by G, which is intended for the gap-pin. In one particular,
the forging of such a rod is similar to the forging of other excentric.rods ; the rod being forged of
three pieces, which are welded together at the first forging, or afterwards, when the engines are
in the ship, as circumstances may require.

The forging of the T-piece is similar to that mentioned for Figs. 36 and 37. The forging of
the gap-piece is performed with a piece whose width and.thickness are sufficient to make
a solid lump for the gap-boss. A fuller is driven in at each extremity of the intended
boss, and the two straight stems are then reduced to a suitable width and thickness for
the intermediate portion; a larger piece remaining at the extremity of the boss-piece for
scarfing. If the stem of the gap-pieceis to be turned in a lathe, a lump is allowed to remain
at the taper end, instead of reducing the whole of it to the thickness when finished. Both
of the extremities of the gap-piece stems are made squarc and solid, to conveniently admit the
centring process previous to turning. No cutting or punching of the gap-piece is nccessary,
because it is afterwards bored while cold.

StEEL GAP-Liners.—These are indicated by Fig. 40, and are dovetailed in the gap.of
Fig. 38. After these liners are worn too thin, or the openings too wide, a new steel liner is put
into the rod, without interfering with its gap.

Forging a small liner of this class requires two principal tools—a bottom fuller, to place in
the anvil for shaping the inside, and a top-tool for shaping the outside of the lincr while it is
supported by the bottom fuller in the anvil.

The only part of such a liner which is subject to wear, is the curved or half-round portion,
consequently this should be the thickest. If the liner is not required to have sharp corners at
the entrance to the gap, the forging of it is performed with a bar of flat steel which is the thickness
of the thickest part of the intended liner.

After this bar is reduced on both sides of the thickest part of the intended liner, one of the
two outside arms is bent, by heating to a bright yellow heat, and placing the end into a slot in
the heavy block, or by placing the end a proper distance beyond the anvil edge, and driving down
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the projecting end with a hammer, while another much heavier hammer is held on the part that
remains on the anvil. When one arm is thus produced, the entire work is cut from the bar; the
piece cut off being of sufficient length for the entire liner. To ascertain the length necessary, the
lengths of the parallel sides of the gap are added to the length of the semicircumference which
constitutes the bottom, or, as it may be termed, the top, of the gap. These lengths, added to
the length of the other arm, denote the length of bar necessary

After the piece is cut off, the length of the gap boundary is properly marked upon the
work to indicate the commencement of the other arm. Marking the place for bending is performed
by a centre-punch, having a broad conical end instead of a narrow one. A punch with a broad
end will make a hole that can be scen, without making it too deep, which would injure the work.
The situation of the mark also is of consequence. When a large hole is made in a careless
manner with a sharp punch, into the side of a thin bar, and the bar is bent where that deep
cavity is situated, the cavity becomes a long rent, of dimensions too great to be obliterated without
spoiling the work; but if the cavity is made into an edge, or both edges of the bar, and with a
blunt punch instead of a sharp one, the work when bent will not be disfigured, and, if necessary,
the dot or cavity can be casily erased.

After two dots are thus made into the two edges of the work, the other arm is produced from
the same side of the bar as at the first bending. The two arms will then be extended from the
same side of the bar, and parallel to cach other.

The gap-curve is next formed by placing the work upon a bottom fuller, which is of a
suitable height to prevent the work touching the anvil, and of sufficient thickness to form the
gap desired. At the first heating for this curve, the liner is placed upon the fuller with the two
arms of the work upwards, and while the fuller is precisely midway between the two arms, a
broad half-round top-tool is employed to force down the gap sides; and when the top-tool will
not force the metal further without thinning the top of the work, a smaller top-tool is applied,
and the curving is completed by hammering, and also stretching, to lengthen the gap to the
proper dimensions.

Another method of making these liners consists in forging them from a bar of steel which
is three or four times the thickness of the intended work. A boss is formed upon one side
of the bar by driving in a fuller at two places, the boss being between. Two small or thin ends
are then made, which extend from both sides of the boss to a short distance. A hole is next
punched into the boss with a punch of elliptic section ; or, as a substitute, an ordinary circular
punch. The hole is made at a short distance from the cdge of the work; after which, the thin
piece is cut out by a chisel, and the gap is thus partly formed. The gap-sides are next lengthened
by hammering, while on a narrow bottom fuller, on the anvil, and also while on a fuller having a
long handle, which is held by the smith. Lengthening the gap is also performed by driving a
top fuller into the gap while it is in a half-round bottom-tool in the anvil.

By this method, all upsetting, to produce what are named squarc corners, is avoided. Assoon
as the hole is punched, and the thin piece adjoining cut out with a chisel, the angular corners or
entrances to the gaps are produced, and so continue till the forging is complete.

Stup Rivers.—These are occasionally used for beams or other work when it is necessary to
penetrate entirely through and effect a fastening at the other side. The shortest method of forg-
ing one, which is denoted by I'ig. 39, consists in making a collar or flange, and welding it to the
stud, at a proper distance from the extremity. Such studs must be made of soft iron, for the con-
venience of riveting ; and if it is necessary to frequently fix or unfix them, a screw and nut are
used instead of a rivet.

Pruncer Joints.—Such joints are applied to what are named hollow plungers, or trunk-
plungers, and consist of two principal parts—the connecting-rod and the joint-head bolt. At the
end of this bolt is a screw for a gun-metal nut, by which the bolt is secured to the plunger.

By referring to Fig. 42, it will be observed that the boss B of the connecting-rod is about
equal in dimensions to the rectangular portion or boss at the other end ; and the smith will thus
perceive that the shortest and most economical method of forging is by steam-hammering a bar
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to the dimensions of the two ends of the connecting-rod, and then by redneing the intermediate
part till the desired length is attained. And to do this in a scientific manner instead of by a
serics of random hammerings and cutting pieces off, he will learn precisely how much metal is
necessary to produce the rod to the proper length by applying the rule stated in page 8.

When the bar is reduced by sufficient welding and hammering to the dimensions of the two
larger portions of the rod, the sectional area may be stated, the rule applied, and the length of
bar neccssary will be ascertained. If the sectional area of the lump which is being forged is
121 inches, and the required sectional area of the intermediate to be 7 inches, and the required
length of the intermediate between the two bosses to be 20 inches, the proposition appears thus :

124 ¢ 7. :: 20 4 114, nearly:
11-2 is the true amount. And although this is but little more than half the length of 20 inches,
the smith may drive in a fuller at each extremity of the indicated distance, allowing only an
eighth or a quarter of an inch for heating and burning the iron, and also for the metal being closed
into a smaller space by hammering.

The forging of the joint-head bolt which is attached to the connecting-rod consists in making
a bolt with a large solid head, the fibres in which are circularly arranged. This arrangement is
obtained by heating a thick end to welding heat and placing it into a large half-round bottom-
tool, which is on the floor if the work is too long to be stood lengthways upon an anvil. The
cold end of the work is then struck by hammers until sufficiently upset, after which, the stem or
screw end of the bolt is produced, either while the bolt is attached to the bar, or after being cut
from the bar and held by the bolt-head. ,

The amount of iron necessary to produce the stem to its proper length is ascertained by the
same method as for the connecting-rod, and the length of bar may then be cut off; but it is
generally more convenient to reduce the bolt-stem to the diameter desired previous to cutting it
from the bar.

Smarr CrANK-SuArTs,—While speaking of crank-shafts, the three names, shaft, spindle, and
axle, are synonymous, of which three “axle” is correct. The arm of a crank is a lever, and if a
crank has two arms, it is a two-lever or double-lever crank. That part of the lever at which the
power is applied is a handle, and in a crank is named a crank-pin. The two arms, together with
the crank-pin, are termed the crank, and also the throw.

Fig. 43 represents a two-arm crank, and Fig. 44 indicates a onc-arm crank. In both these
Figures the letters L signify lever, and the letters P signify crank-pin. S denotes the portion
named the axle or spindle, and B shows the bearing surfaces.

Small crank-axles are sometimes forged with cranks of circular section, which are named
round-throw cranks. These are used for small machinery, such as foot-lathes, small pumping-
engines, steam-cranes, and similar work.

Small round crank-axles are made by two principal methods. The onc consists in bending
a straight rod of iron or steel on an anvil, or anvil-beak, until the cranks are produced ; and the
other method is by forcing the work into cast-iron shapers or dies, which are of suitable
dimensions to produce the throws to the necessary length, width, and shape.

To forge a small two-arm crank-shaft of round iron or steel, and without dies, it is nsnal to
proceed by selecting a soft, tenacions metal which may be upset without opening or splitting.
The diameter of the iron selected is that which is required when the crank is forged. If the
entire crank-axle is to be of great length, the crank part is forged separately, and afterwards
welded to the other part of the spindle; but if only a short axle is wanted, the entire length of
metal necessary is ascertained, when the length is cut from a bar or rod, and the crank-
axle made of one piece. The first requisite is to determine the position of the intended
crank-pin. This is done by adding the length of the intended arm to the length of one end
of the axle. These two lengths added together indicate the commencement of the crank-pin,
and from this spot to a short distance beyond the other end of the crank-pin is the part of the
work which is to be first upset. This portion is heated to a welding heat and upset till the rod’s
diameter is about a fourth greater than its previous diameter. The next step is to upset two
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other portions of the work, and the situations of these two portions are equidistant from the
portion that was upset for the crank-pin. A dot is put into the work at an equal distance from
either end of thé crank-pin to indicate the length of the lever, because both levers must be of
the same length. The work is then heated and upset at the place indicated by one of the dots,
and the diameter increased to about the same as that of the crank-pin.  Another upsetting is next
performed at the place marked by the dot showing the length of the other lever. (See Fig. 135.)

After the three portions are upset, the first bending is effected at one end of the intended
crank-pin. The next bend will be at the other end of the pin, but if the crank-pin is to be very
short, instead of two bendings, one is sufficient.

When this portion of the erank is made, the two ends of the intended shaft are parallel to
each other, and the distance between the two centres should be the same as the length of the
crank-pin, if measured from the centres of the lever ends. If the length of the heated part
previous to bending were too short or too near the centre of the crank-pin, the bent part
must be re-heated and adjusted, or stretched and lengthened by fullers of proper thickness;
and if the heated part were too long, the crank-pin is also too long; in such cases it is
shortened by re-heating and cooling to the right place and closing the two ends of the work
together. ;

1 During forging, the diameter of the crank-pin is not so important a consideration as the
length of it. If the pin is upset beyond the finished diameter, and the pin too long to admit of
being stretched, it is afterwards reduced to the right diameter by the lathe process.

When the crank-pin is formed, the throw is then produced by bending back the two ends of
the shaft while the pin is cool enough to prevent any alteration of it during the bending which
produces the levers. The cooling is effected by placing the bent portion already made into the
water until a proper amount of the intended two arms is cooled, while the remainder is still hot
enough for bending. It is then placed between two studs of a suitable length and width on a
heavy block, and bent by forcing the end back with levers or tongs which are fixed at the end
of the work. :

The length of the heated portion at the time of bending should be the length of the curve
desired ; consequently, the iron is cooled until the punch-mark is exactly midway between the
two extremities of the curve intended. If the curve is not made in the right place, the throw
will be either too long or too short; the work is then re-heated and cooled to lengthen or shorten
the throw to its proper length. During this lengthening or shortening, top and bottom tools and
fullers are also needed to produce the necessary curved outline of the work. :

Adjusting the crank and shaft is next performed by making the two levers parallel to cach
other, and in the same plane with the crank-pin and erank-axle. Another sort of adjustment also
1s performed by the aid of a long straight-edge. This is applied .to the axle of the work to
indicate whether the longitudinal axis of one end is nearly in line with the longitudinal axis of
the other end. If the work is not properly adjusted at the first forging, it must be adjusted at
some other time previous to being turned, and also at a needless expense.

Cutting the extremities to a suitable length is next performed. The precise length will
depend upon whether or not the axle-ends are.to be steeled. Steel ends may or may not be
necessary, according to the intended use of the axle. Such ends are often used for lathe crank-
axles when each end is to be supported by a screw whose end fits the end of the axle.

If steel ends are necded, their attachment is effected by driving in a small punch and making
a hole in line with the axis of the axle; and then welding 1n a picce of stecl, the length of which
is according to whether the end of the axle is to be tapered or whether the parallel portion is to
be continued to the extremity. If an inch or two of steel is necessary, the picces are scarfed, or
a tongue-joint made in the usual manner.

Crank-shafts of round iron are also made by first forming the two outer curves of the crank
instead of first making the two curves at the end of the crank-pin. A long crank-pin is easier
formed after the two outer curves are made, and a short crank-pin may be produced at one
bending, which is conveniently done at the commencement of the forging.

G2
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Those who make small crank-shafts in large numbers require the dies or moulds, into which
the iron is pressed and hammered to the shape desired.

These moulds consist of cast or wrought-iron blocks, which are sufficiently thick and heavy
to bear much hammering without breaking. They may be so shaped as to produce crank-axles
of either round iron or square, and effect a large economy of time and labour.

The lower die or block is that which receives the piece of straight iron that is to be cranked,
and the upper block is that by which the work is forced into the die; and both blocks, when
together without the work between, form a cavity which is the shape, or, in somc cases, nearly
the shape, of the crank required. Each pair of shapers is jointed together, or guided together
with guide-rods, that both dies may be in their exact relations to each other when brought
together by hammering.

But to make a small crank with square corners a different method is adopted. Cranks with
angular corners are used for small land-engines, or small pumping-engines, and are of different.
forms, according to their intended destinations and positions. They are made with but one arm,
having the crank-pin-outside, as in Kig. 44, or, as in Fig. 43, with two-arm cranks having the
axle-bearings at a distance, depending upon the amount of room desired between the main
framing.

The crank-pin represented in Fig. 44 is distinet from the crank-arm, being sccured to the
arm by a nut, to avoid weakening the pin by ecntting a key-way into it. The lever and
axle constitute. one piece, and the forging of this piece consists in either upsetting the axle and
bending it to a right angle, or in cutting a slit into the end of the shaft and welding in the end
of the lever.

The strongest work is produced by bending, and the upsetting previous to this bending must.
be well done; or a larger bar is sclected and reduced on ecach side of the intended apex or
corner until the dimensions of the intended lever and axle are attained. This reducing of a bar
which is too large is as effectual as upsetting a bar which is about the diameter of the shaft. But
whichever plan is adopted, it is necessary to form a thick lump at the place of the intended
corner. The inner side of this thick part is then reduced by a broad fuller and hammering,
which makes the bending comparatively easy, prevents the inner edges being squeezed up during
the bending, and renders thc bending process altogether less difficult, while the thick portion
outside remains to be formed into the sharp or square corner desired.

The bending or angling is commenced by driving a fuller, which is held on the axle while it
is lying across an opening in a large heavy hottom-tool, or some other convenient gap. After
being thus partly formed, the angling is continued on an anvil edge, while heavy hammers are
leld on the work; or the work is put upon a steam-hammer anvil, the hammer of which is fixed
upon the work by the steam. While thus fixed, the sledge-hammering is administered sideways
to the work.

The final squaring of the corner is accomplished by upsetting it while at a bright yellow heat.
During this upsetting, the blows are given both to the cold end of the lever, and to the cold end
of the axle. By such treatment, if neccssary, a well-defined corner will be produced, without
cutting a gap into the corner, and welding in a piece which is named, for some funny reason, a.
sticking-piece.

The mode now to be mentioned, of making a small one-arm crank-axle, obviates much
upsetting, or large amount of reducing; and is also a quicker method of proceceding than by
angling, but care is necessary to ensure good work.

The plan consists in welding the lever to the axle; and requires a large opening or gap to
be made in the end, into which 1s fitted a stem that is tapered down from the lever. The depth
to which this gap should extend from the extremity is 11 times the finished diameter of the axle.
Such a depth of gap admits a stem of great strength ; and to allow as much strength as possible
to the axle, the bottom of the gap isin the shape cither of a long curve or of an angular > form.

If the end of the lever is then spread out and tapered or fullered down to fit the gap, a
tolerable joint may be effected with about three welding heats; consequently, every provision
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must be made to secure sufficient iron for a large amount of welding and hammering. If such a
joint happens to be thoroughly welded in all its parts, the work is equal to a shaft made of one’
piece ; and for many classes of small work such a joint can be made.

The forging of a small two-arm crank-shaft, represented by Fig. 43, includes two or three
methods; the particular plan selected depending upon the dimensions of the work and upon the
resources of the maker. A simple mode consists in welding and preparing a bar whose width
equals the total width of the crank, measured from the outer extremity of the crank-axle to the
outer extremity of the crank-lever. When such a bar is made, the crank is formed by cutting
out threc large pieces: the cutting out of one piece produces the gap which adjoins the-erank-
pin, and the cutting out of the other two pieces forms the spaces at the outsides of the two levers.
After carefully marking upon both sides of the work while cold, the cutting out is commenced
at a yellow heat by punching a round hole at each spot which marks the forged width of the
lever, and also marks the forged thickness of the crank-axle. Two chisel-cuts are then made at
right angles to each other, and whose vertex is the inner extremity of one of the holes. By these
two cuts, one of the larger superfluous picces is cut out; and the other similar piece is then cut
out by similar means.

The gap-piece is next ent out by first punching a row of holes which is parallel to the
length of the crank-pin, and at the bottom of the intended gap. Two other rows of holes are
then made at right angles to the first row, and to meet it; the gap-piece is then separated by a
chisel which is driven half way through from both sides. A crank-piece of this character is shown:
by Fig. 136. 1

. Crank-axles made by this mode require the iron to be very close and welded in the lever-
portion ; if not, the crank will certainly break while in use, although it may be of twice the-
ordinary necessary dimensions of a good crank for the same engine. And the rupture will occur-
because the lengths of the fibres in the levers are at right angles to the proper position. This:
position is parallel to the length of the lever, and not at right angles to it.

One other method to be mentioned of making a small two-arm crank-shaft consists in making:
a solid crank, or solid throw, and leaving the superfluous gap-piece to be cut out by drilling and’
slotting.

T%e forging of such a crank commences by welding and reducing a bar until the width
of it equals the total length of the crank-lever, and then drawing down a portion of the bar-
each side of the intended crank.

" The length necessary for each end of the axle is discovered by applying the appropriate rule
in the ordinary manner; after which a fuller is driven in at the intended commencement of each
axle-piece, and the ends are lengthened by ordinary hammering. . If the axle-pieces are too short.
to be reduced while attached to the bar, it is necessary to cut off the work, and grip it with
angular-gap tongs of suitable dimensions. '

The making of large crank-axles will be mentioned in due order.

Hoopr Excextric-Rops.—These arc also named band excentric-rods, and are indicated by
Figs. 45 and 115. The forked or hoop portion is of one piece with the remainder of the rod; al-
though it is first forged distinet from the straight part, the two being afterwards welded together.

The hoop portion is formed by spreading out the end of a thick piece which is of sufficient
length to be conveniently handled by means of tongs, or by a bar named a porter, which is
welded to the work at the commencement of the forging. A round hole is made at the inner
extremity of the intended gap, or concave portion of the hoop, and a slit is cut from the hole to
the extremity of the work. After being thus divided, the two ends are rednced to a proper width
and thickness, and increased to a suitable length, care being exercised to leave a thick picce at
each end to be formed into bosses for the connecting-bolts.

After the semicircular portion is formed, a stem is made of the thick part of the work, which
is produced to a convenient length for welding to the straight part of the excentric-rod. This
straight part is then made of proper length, width, and thickness, and welded to the hoop-piece
for completing the rod. :
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Large hoop excentric-rods for marine engines are made of several pieces, which are tlien
welded together. One piece constitutes the boss part which is bolted to the link; another piece
1s made into the intermediate parts of the rod; the mext piece is formed into the fork jnuction,
being that whicli connects the intermediate piece with the fork-ends; and these two fork-ends are
the portions required for completing the rod.

After the whole number are welded together, such large rods need careful adjusting to place
the band portion at right angles to the straight part of the rod. To effect this adjustment, a
straight line is marked upon a large surface-table, the length of the line being a few inches
greater than the total length of the rod. At one extremity of the line another is made at right
angles to the first, and across it, the length of the second line being equal to the total breadth across
the gap and the bosses included. From the centre of this line two coneentric circles are described,
the distance between their two circumferences being an eighth of an inch greater than the distance
between the two curves of the hoop-forks. Next mark the shape of the intermediate part of the
rod, by drawing a line on each side of the first one made, and making the distance between the
two outer lines an eighth of an inch greater than the width across the rod.

By placing the rod between these lines on a surface-table, any irregularity in the band or
straight part of*the work will be easily observed,; and corrected accordingly. ’ :

SeEmMI-Hoops.—The forging of the separate scinicircular bands of cxcentric rods consists in
preparing and curving a straight bar which is of proper length, width, and thickness. (See Fig. 140.)
If the bar is first well hammered and reduced while straight, after the band is curved to its form,
the fibres will be in a suitable position for sustaining the strain while in ordinary use. After the
piece is reduced to its width and thickness, the length of bar necessary for the band is equal to the
lengths of the two bosses added to the length of the band’s mid-semicircumference; and the
length of the semicircumference is known by being half the length of the entire circumference
of the band’s mid-circle.

The bending or curving of the straight piece to a semicircle is accomplished by first heating
a few inches of one end, and bending it to a few inches of the curves that are marked on the
surface-table. The adjoining portions are afterwards successively heated and bent to the same
lines, until a near approach to circularity is obtained.

For large bands itis necessary to provide thick cast-iron rings, to hang on the cylindrical
pieces in the angular gaps. The bands are heated to a suitable heat, and then placed upon rings'
of suitable diameter, and bent by large top-tools, or by hammering.

A substitute for these rings consists of the conical filler that was mentioned for stretching
-slide-rod rings. While the filler is lying in a horizontal position, in a convenient place, the band or
bands are held on that portion which 1s nearest to the diameter desired. While on the filler, the
bands may be curved, and lengthened by hammering if necessary:

CoxNECTING-RoDs WITH SCREW-ENDS.—A rod of this class is shown by Fig. 46. When such
rods are to be short, the forging is accomplished with two pieces, which are welded together at the
conclusion of the forging, the joint being in the middle of the rod.

The fork-piece or boss-piece may be forged either solid or with a gap. If forged solid, the
gap or opening may be afterwards formed by drilling and slotting. To forge a solid fork-piece
for a small rod, the smith commences by selecting or making a bar whose width and thickness are
about twice that of the intended piece.- The work is welded and reduced by a steam-hammer to
the outer forged dimensions of the boss.  After which, top and bottom fullers are driven into the
work at the inner extremity of the boss, which is denoted in the Figure by C. The fullers reduce
the metal in order to produce the inner curves by which the boss-piece is terminated and the in-
termediate part of the rod commenced. After two hollows or concave recesses which are parallel
to cach other are thus formed by the fullers, the work is placed at right angles to its former
position, and two new hollows arc formed. By such reducing with fullers, the fibres are enrved
and arranged into a graceful position and relation to the boss, and to the intermediate part of the
rod; and the required shape of the boss-piece is obtained. The outer extremity of the work is
then curved by a half-round top-tool, or by holding the work with the hot end in a half-round
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bottom-tool, and upsetting by sledge-hammering the upper cold end. When the boss is tolerably
shaped by fullers, top-tools, or upsetting, the boss-stem is reduced to its proper diameter, and
increased to its desired length to become the intermediate part of the rod. |

For making the screw-end of the rod but little forging is needed, if the iron which is selected
were properly prepared by rolling ; if not, it is thoroughly welded and stcam-hammered, for two
reasons—to obtain a tenacious 1on in which the lengths of the fibres are parallel to the length
of the rod, and to obtain snfficient solidity in that part which is to be formed into the screw.

When rendered sufficiently hard and close by hammering, the two pieces are united by a
tongue-joint, or by a scarf-joint, if the rod is not more than 1} inches in diameter.

Small connecting-rods of this class are sometimes used for imparting motion to the slide-
valves of land-engines, and are attached to slide-rods similar to Fig. 47.

Pistox-Rops witn T-Exps.—The brittle character of steel generally, does not prevent piston-
rods, small and large, being made of it, for several reasons; among which are their comparative
lightness and favourable arrangement of the constituent particles, and their greater capability of
resisting the destructive abrasion resulting from the friction of the packing in the packing-box;
also because the amount of power absorbed and wasted by friction is small, the area of the rod’s
friction surface being comparatively small ; and because manufacturers are now commencing to
make a strong tenacious steel that meets the requirements, .

Small piston-rods may be forged with T-ends large enough to constitute guide-blocks, so that
the rod, crosshead, and guide-hlocks together constitute one forging only. 'To make a small rod
of this character, a bar of iron or stecl is selected, or drawn down until its width is about the
same dimension as the length of the intended crosshead or T-part. A pair of fullers is then
driven in at the junction of the crosshead and cylindrical part of the intended rod. The thick
lump that remains is then reduced by hammering until the forged diameter is attained; or two
picces may be cut off, leaving the rod between, if the economy of metal is not at that time being
considered. : '

Large piston-rods with T-ends need a more economical method. To avoid the lengthy
process of reducing, or the wasteful method of cutting off, the T-part is formed by splitting open
the end of a bar and npsetting it until the necessary right-angular form is obtained.

At the place intended to be the outer extremity of the T-picce a round hole is punched. A
slit is next made from the hole to the extremity of the bar by driving chisels half way through
from both sides, the length of the slit being equal to the distance of the hole from the extremity.
A thick wedge in a handle is next driven into the slit to partly open it, and the two ends thus.
produced are afterwards opened to the necessary distance by sledge-hammering sideways while
the work is across the anvil.

Upsetting is next performed to produce the flat bottom or bearing of the T-piece. For small
work this upsetting is done by two methods, one of which consists in putting the work into a heading-
tool and flattening the head by hammering ; and the other plan is to place the T-part upon the
anvil and shape the work by striking the upper cold end. When the rod is too long for the anvil,
the upsetting-block, whose top is level with the ground, is preferable to the anvil. ~Upsetting the
T-piece of a large rod is performed by striking or battering the end with a pendulum-hammer.

During these upsetting processes the iron is at welding heat; if steel is being used, the heat
1s as great as the character of the particular piece of metal will allow. ,

After the head or T-part is sufficiently upset, and its proper length, width, and thicknes
attained, the part of the rod next adjoining is reduced by fullers to the desired forged diameter ;
tongs are then fixed to the T-part, and the lump for the cylindrical portion is welded, reduced to
proper dimensions, and well closed by angular-gap tools, the smoothing of the work being effected
by half-round tools.

The final process is straightening the round part with halfround top-tool and sledge-
hammer, or steam-hammer, and adjusting the T-cnd to a right angle with the length of the rod.
For this purpose a long straight-edge and a square are needed. The straight-edge is applied to
several sides of the round part of the rod to discover the hollow places ; these places are put next
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the anvil-top while the upper sides of the rod are driven down by hammering. After the round
or cylindrical portion is sufficiently near to straightness, the T-part is adjusted to a right angle
by being struck with a pendulum-hammer, or by 2 sledge-hammer if the work is not too large.

CRrOSSHEADS FOR ONE PistoN-Rop.—In crossheads of this character the lengths of the
constituent fibres should be at right angles to the length of the corresponding piston-rod, and
therefore parallel to the length of the crosshead itself. To obtain this arrangement it is necessary
to draw down a bar of tenacious iron until its width and thickness equal the thickness and width
of the largest part of the intended crosshead, which is the boss or mid-portion.

A small crosshead is easily forged at the end of a long bar, and may be completed previous
to cutting off. A pair of fullers are driven in at two places in the mid-portion of the piece intended
for the crosshead; the boss is then produced in the middle as required. After the boss is thus
formed, the lumps adjoining are reduced by sledge-hammering to the suitable width and thickness.
A crosshead-piece is shown by Fig. 143.

By this treatment the fibres are properly arranged throughout the length of the crosshead,
the fibres of the boss being circularly disposed by driving in the fullers; and the fibres of the
adjoining portions are retained in a position which is parallel to the length of the work, being
the arrangement desired.

For a large crosshead a similar arrangement is necessary; but a difference of manipulation
is resorted to, by reason of the greater weight of iron requiring to be handled. For portability,
it is advantageous for the workman to know what length of metal is necessary to be drawn down
#0 any length of crosshead that may be desired, if the forging is to be of one piece only. The
-engine-smith can then select a bar from a shingler who is appointed to build up the bars from
pieces, or from any other forgeman whose duty it is to prepare the bars. If the smith has thus a

-suitable bar at command, he can commence forging by driving in the steam-hammer fullers to
produce the boss; but if the bar is too long, the necessary length may be ascertained by the
appropriate rule (page 8), and that which is not needed is cut from the bar at the first heat.
"The fullers are then applied, and the adjoining parts reduced by steam-hammering, the work
being supported by endless chain and a crane during the whole of the forging.

It is not usual to forge any hole whatever in a erosshead-boss, the entire boring being done
in suitable boring-machines.

Sipe-Robs.—These, like crossheads, are used of all lengths and diameters, and for engines
.of all classes. When used for small high-pressure land-engines, side-rods are at the same time
.connecting-rods, being connected at one end to the main crank-shaft, and the other end of the rod
‘being attached to one end of the piston-rod crosshead.

However small the side-rod may be, it is advantageous to punch a hole into the eye or boss-
part. The punching is not needed to avoid drilling, but to produce the necessary circular
disposition of the fibres in the boss. For this purpose the punching is very effectual, if performed
-at about welding heat; after which a six-sided or eight-sided drift may be driven into the eye
to shape it for the brasses when it is desirable to avoid shaping by other machinery.

After the boss and eye-part is forged, the adjoining portion of the rod is reduced by thorough
hammering while at about welding heat, to produce a tough intermediate portion for the rod.
The whole of a small side-rod may be forged at one end of a bar of convenient length to hold
without tongs, the work being cut off at the conclusion.

Large side-rods need a more careful management to ascertain the length of metal necessalgr
for the rod. By first distinctly stating the respective sectional areas of the iron to be used,
and the rod to be made, only a sufficient length of metal need be handled, which is advantageous
both for convenience of portability and economy of metal.

Side-rods are also made by another method, which consists in making two separate
pieces and afterwards welding them together, the joint being in the middle of the rod. The
length of iron required may be discovered in the appropriate manner, after which the eye is
punched and drifted, at nearly welding heat, to any desired diameter and shape; the proper shape
of the eyes in large side-rods being circular. When the two pieces are reduced to their proper
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diameter and increased to a correct length, the two are strongly united by a tongue-joint
Fig. 133).

9 ToE >LEARNER.—A learner who is commencing the business, and has attended to the foregoing
instructions, may now be able to make a few more tools, and to understand a few remarks on
welding.

The easiest joint for a learner to make is that of two small flat bars united by a scarf-joint,
shown by Fig. 132. To weld such a joint either of two methods may be adopted, according to
circumstances. The first-mentioned plan is suitable for a smith who may be without a hammer-
man. In such cases the workmnan places a serew-prop at that side of the anvil which is nsunally
occupied by the hammerman. The distanee of the prop from the anvil depends upon the length
of the work ; the prop, being portable, may be in any desired situation for supporting one of the
bars to be welded ; the fork is then screwed up or down to suit the thickness of the work, and
to make the scarf touch the anvil while the remainder of the bar is an eighth or a quarter of an
inch above the anvil.

After the prop is put into its proper situation and position, the two scarfs are placed into
the fire side by side, with the two extremities of the scarfs upwards, that they may not be burnt
off, and that the heat may be driven upon the entire surfaces that are to be welded together,
instead of upon the edges only. ~ :

When the welding heat is attained, a supply of sand is given to the two scarfs to cleanse
the slag or other impurities from the iron. When the scarfs are thoroughly cleansed, the
workman brings out both pieces at one time, one in each hand. The piece in his right hand he
puts upon the prop with the scarf end a quarter of an inch beyond that edge of the anvil which
is nearest to him. The piece in his left hand he then places upon the top of the other piece;
and with the scarf end of the upper piece a quarter of an inch nearer to the further end of the
work than the joint will be when welded. He then delivers a few blows with his hammer, which
drive the upper bar down to its proper position, which is in line with the other bar. These
few blows also stick the scarfs together ; and while the scarfs are still at welding heat the whole
work is turned upside down by the operator carefully twisting the part on the prop with his
right hand at the same moment that he twists the other part with his left hand. “After being
reversed, the scarf end that was underneath is still at welding heat, because it was a short
distance beyond the anvil-edge. The welding is then completed by hammering the sides and
edges of the work until sufficiently solid for the purpose intended.

The second mode of making a scarf-joint, is managed by instructing the hammerman to take
out one of the pieces from the fire, and causing him to supersede the screw-prop.

It may be also necessary to advise the learner not to draw down his work with a steam-
haminer until he has acquired the method of holding his work in a correct position on an old-
fashioned anvil. Serious effeets to the arms will result if the work is held too high or too low,
the danger being in proportion to the force that may be imparted to the hammer at the
moment. ‘

If the learner should be making any rings according to the instruetions that were given on
the subjeet, he may refer to Fig. 139, in which he will see the mid-eirele of the ring’s face marked
by M. And if he should meet any difficulty in finding any Figure that may be referred to,
he ean avoid trouble by remembering that if the greatest number at the bottom of any Plate he
may be looking at, is one or two less than the number of the Figure he desires, he will know
that the required Figure is in the next Plate following, although the number of the Plate may
not be mentioned. Also, if the smallest number at the top of any Plate he may be examining
is one or two greater than the number he desires, he will know that the required Figure is in
the next Plate previous. The terms “ Plate 10,” ¢ Plate 12,” and similar phrases, are often
omitted for brevity and to avoid repetition ; the simple sentence, “ Fig. 122,” being more isolated
and easily remembered.

ConnNecTING-RoDS wiTH T-ENXDS AND Fork-eNDs.—Connecting-rods are of three principal
varieties, the simplest form of these being the rod with two T-ends; the next class having hollow

H
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or curved ends for circular brasses; and the third variety having a T at one end, and at the
other a fork.

Plate 13 represents the several classes of rods in their respective shapes during forging.
In this Plate, Fig. 144 represents a small connecting-rod in process of forging from one straight
bar. Fig. 145 indicates a connecting-rod with two T-ends, also in one bar. Fig. 146 shows a
similar sort of rod, but made of two pieces. Fig. 147 points out a connecting-rod intended to
have hollow ends for circular brasses. Fig. 148 denotes a rod having a fork at one end, and at
the other a T-end, which is at right angles to the fork; or, in lengthy language, at right angles
to a line through the centres of the two fork-eyes that are intended to contain the connecting-pin,
gudgeon, or gudgeon-crosshead.

Small connecting-rods with fork-ends are sometimes made without a T-portion at the other
end. Instead of a T-end, a screw is used, or key inserted. For such a rod the bar of which
the work is to be made requires to be split open at one end only, to produce the fork. To make
a rod with both fork-end and T-end, the bar is split at both ends; then opened and shaped to the
desired form. By these considerations it may be inferred that a tough tenacious iron is nccessary,
if only the forging of the rod be considered. If brittle Bessemer iron be selected, it is troublesome
to make either a T or a fork, without great risk of cracking and spoiling the work during its
forging. The smith will therefore select the iron with due regard to its capability of being forged,
and to its durability afterwards.

The convenient mode of forging a small rod, shown by Fig. 144, consists in 1naking the T-end
first, because of the upsetting which is needed. If a very small rod, a slit is cut at one end of a
bar whose length is convenient for handling, and the two ends thus formed are opened until
the T-piece is produced. A welding heat and upsetting is then necessary to thoroughly flatten
the extremity, and to erase the appearance of the split. Larger rods may need a hole to be
punched, previous to cutting the slit; the hole allowing the ends to be easily spread out and flat-
tened to a right angle. After the T-end is thus shaped, the necessary length of iron is ascertained,
when the work is cut from the bar and the fork-end produced.

The manner of splitting the bar for the fork depends upon the thickness. A small bar is
divided by a chisel-cut only ; a larger bar needs a hole to be punched, and a slit cut from the
hole to the extremity; a still larger bar may require two chisel-slits from the hole, so that a piece
may be cut entirely out, to shorten the after process of thinning the fork-ends, after the slit or
opening is made.

After the opening is made, the curving and shaping of the intended fork is effected by first
hammering the work while on a round filler of suitable diameter, which is across a pair of blocks
as shown by Fig. 142. The fork being very small, a piece of round iron half an inch in diameter
may be large enough.

A pair of small fullers are next driven in to form the hollows that adjoin the circular por-
tions, in the middle of which are the holes or eyes for the gudgeon, or gudgeon crosshead.

The final flattening of the fork-gap is effected by hammering the fork-ends while on the edge
of a flat bar, which is in the gaps of the blocks that previously supported a round bar.

In those cases that require a large number of such small fork-ends to be finished on the
anvil, it is necessary to make a steel filler which is just the thickness of the intended gap; ome
side of the filler, or what is named one edge of it, being curved to shape the bottom of the gap.
This filler is held in the fork-gap by a gap-stop, while the outsides are hammered to make the
insides of correct dimensions. A gap-stop in the square hole of an anvil is shown by Fig. 77.

When the fork-end and T-end are made, the intermediate part of the rod is drawn down and
the length increased to the length desired.

Figure 145 indicates a connecting-rod bar which is split at each end, and also fullered at the
inner sides of the intended T-portions. To make a T-end rod in such a manner of one piece, the
bar at the commencement of the forging may be cqual in diameter to about two-thirds of the
entire length of the intended T-end. A shortslit, S, is first cut to allow the ends of the bar to be
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spread to the desired length of the T-part. Fullers are next driven in to produce the hollows or
recesses indicated by H. The thiek lump in the middle is then reduced by steam-hammering to
the desired diameter and length.

Rods with two T-ends are also made of two pieces, as shown by Figure 146; this mode being
adopted for portability, or for the purpose of using two short pieees of iron when one piece of
sufficient length is not comatable. !

Reference to the Figure (146) will show that each pieee has a slit at one end, eorresponding
to the two slits in Fig. 145. The utility of these openings is rendered apparent, by considering
the economy of iron resulting from opening the end, instead of reducing the rod from a bar which
is as thick as the length of the intended T .or head; also by considering the proper disposition or
arrangement of the fibres in the T-picces. At all times when eircumstances permit, the forging
should be so managed as to place the lengths of the fibres in the two heads at right angles to the
length of the rod itself.

To obtain this arrangement, it is only necessary to cut open the ends and upset the work as
indicated by the Figures—the ordinary method of upsetting heavy work being by the pendulum-
hammer; and, in a few cases, with a steam-hammer. Although it is not convenient to upset work
of great length by a steam-hammer, it may be conveniently used for a short piece which has a
base or bottom of sufficient dimension to maintain the work in an upright position during the
hammering. Pieces not exceeding two or three feet in height may be managed with an ordinary
steam-hammer by driving a fuller into the middle of a short piece, as shown by Fig. 149, after
which the two prominent portions are driven down by the hammer and at the same time spread
out to form the head, or what is named the T. For this purpose, 2 hammer should be used whose
face is concave, and not flat.

A short pieee of this character may also have a slit cut into one end, instead of a hollow made
with a fuller. If a slit is made, it is necessary to drive a thick wedge into the opening to make it
several inches in width, previous to upsetting; if the gap is not well opened with a wedge, or by
sledge-hammering while across an anvil, the blows of the hammer will shorten the work, without
producing the head or T-form that is desired.

Another method of making a large T-end consists in laying and welding two bars together
as in Fig. 150. The bars are thoroughly welded in the intermediate portion, but not at the two
ends; these are opened, and one pair formed into a T, and the other two ends are shaped for
becoming part of a tongue-joint, by which the T-portion is welded to the remainder of the rod.

Either of these methods for making T-ends may be adopted, according to the resources of the
maker ; whether he has small iron or large at command, and whether he has a number of small
remnants he may desire to forge.

When it is intended to forge the entirc rod of one bar or piece, the necessary length of iron
is discovered at the commencement of the forging, by applying, in a modified manner, the rule in
page 8. Whether the original piece be four-sided or circular is of no consequence, if it is of
good quality and of sufficient sectional area. When the intermediate part of the intended rod is to
be of cireular section, or what is commonly named round, a square bar is a very convenient one
to commence with. g

If we consider it stated that the intermediate part is to be circular, and its forged diameter
to be 150 millimetres, the first step is to select a bar whose sectional area is about double or treble
that of the intended mid-portion. The dimensions of the bar selected depends upon the intended
length of the work. If the length of the intermediate is to be 1524 millimetres, the original pieee
selected may be 230 millimetres square.

The next step is to ascertain the length of iron required for the circular intermediate part;
then discover the length required for the two T-portions, and add all together to indicate the total
length requisite.

The bar selected being 230 millimetres square, its seetional area, 52900 millimetres, consti-
tutes the first term of the proposition. And if the mean diameter of the intermediate part is to be

H2
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150 millimetres, its sectional area, 17671 millimetres, constitutes the second term of the proposi-
tion. The length of this part, 1524 millimetres, is the third term. The three terms, with the result,
appear thus:

52900 : 17671 :: 1524 : 510,

the fourth term denoting the length, in millimetres, of iron necessary; this result being
obtained by multiplying the second and third terms together, and dividing by the first term, in the
usual manner, avoiding minute fractions as of no use in this affair. The proper length of metal
for the intermediate is thus found to be 510 millimetres, if the bar is 230 millimetres square, and
therefore contains 52900 square millimetres in a sectional area.

The two T-parts next demand attention. These portions are sometimes short and thick; in
such cases the amount of upsetting required is but small; but, whether little or much is needed,
the requisite length of metal may be known by a little measurement. If it should be necessary to
make the length of the T-part three times the length of the rod’s diameter, the end may be either
opened, spread out, and upset to 450 millimetres, or it may be spread out in an easier manner
to the desived length, without upsetting ; in which case the fibres of the head will be parallel to the
rod’s length, instead of at right angles to it, which is the preferable position.

To ascertain the length of bar that will be nceded for the head or T-part, the rule is applied
in a similar manner to that for the intermediate. If it is decided that the length of one head shall
be 450 millimetres, and its sectional area 21000 millimetres, the necessary length of the original
bar appears in the fourth term of the complete proposition, thus:

52900 : -20000 :: 450 : 171

171 millimetres of the bar being sufficient for one head or T-piece, 342 millimetres are
sufficient for both ; this length is therefore added to 510 millimetres for the intermediate, which
result determines the total length of bar needed for one connecting-rod, to be 852 millimetres, if
its sectional area previous to forging contains 52900 square millimetres.

Through the necessity of heating the iron a number of times, a portion will be taken from
the lump by the fire, for which a few millimetres should be allowed, so that the length of bar
actually required and used is about 900 millimetres.

After a lump of these dimensions is selected, the first step is to either spread out or upset
both the T-parts; and when the desired shape of these ends is attained, the intermediate lump is
reduced to its intended diameter. ]

This reducing is facilitated by the two hollows at the inner extremity of each head. The
forged thickness of the head indicates the places for these hollows, shown in the Figure by H.
Steamn-hammer fullers are driven in to an equal distance from both sides, after which the work 1s
lengthened and drawn down to its proper diameter.

To forge a connecting-rod in the manner indicated by Fig. 146, the proper quantity of iron
necessary for cach of the two pieces may be ascertained, and each piece separately forged to the
required dimensions, and welded together at the conclusion.

Each of the pieces shown in the Figure is handled by a porter, marked P. These porters are
round at that part which is supported by the endless chains, for the convenience of being easily
rotated by the workmen. Fastened to a porter is seen a rotator, R, which is gripped by the men
for the purpose of reversing or rotating the work.

The two pieces represented by Fig. 147 are ncarly the shape of thosc in Fig. 146. The dif-
ference consists in the heads or T-parts being of greater relative dimensions because of more iron
being required to surround the brasses. These brasses being circular, their recesses in the rods’
ends may be formed by boring holes into the ends of the rods that are forged solid with the cap
C, without any hole whatever.

To make a small rod of this class, it is not necessary to produce a solid head; the semi-
circular recess for the brass may be easily formed in the ends of the rod by broad fullers; and
the rod-cap also, may be conveniently and separately forged with its recess for the other brass.

When it is needful to forge the rod in one picce solid with the two caps, a lump of iron is
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required for each head or end, and another piece for the intermediate, three pieces in all; two
welds are therefore made in the mid-portion.

By selecting a piece for the middle, and welding it to the two heads in this manner, the
drawing down of a large mass of metal is avoided; an important consideration with makers who
may have small steam-hammers instead of large ones.

But if the rod is to be short, two pieees, instead of three, are sufficient; the drawing down
for a short rod being comparatively small. The width and thickness of the lumps or bars selected
for a short rod being about the same as the thickness and width of the intended heads, upsetting
will be avoided ; and by this method only one joint is required, which will be near the middle of
the rod.

In Fig. 148 a eonnecting-rod is represented having a solid fork-piece, which is intended to be
bored to produce the fork-gap, instead of forging it upon the anvil.

To make the fork-end, one piece of iron is used that is equal in width and thickness to the
greatest thickness and width of the ferk-end when forged. A porter is welded to the end intended
for the intermediate part of the rod; and the forging commences by forming the two hollows or
recesses shown by R. These are made by broad top and bottomn steam-hammer fullers being
driven from two opposite sides. The next reduction consists in drawing down a portion of the
intermediate until its thickness is about the same as the thickness of the work at the bottom of
the two hollows first made.

After a part of the mid-portion is thus reduced, the work is placed at right angles to its former
position, and fullers are again driven in, to form two other hollows shown in the Figure by J J,
which indicate the junetion of the fork-end with the intermediate.

The fullers, being thus repeatedly driven into the work while in two positions at right angles
to each other, produce the desired shape of the fork-end, and also the two curves J J. The thick
lump remaining for the intermediate is then reduced to its intended thickness.

Another mode of making a solid fork-end consists in placing and welding two bars together
as in Fig. 152, a convenient method for using small bars. Each of these pieces is first attached
to a porter, then separately heated to welding, and welded by a steam-hammer or by angular-gap
tools. During the welding, care is necessary to thoroughly weld the work at the part intended
to be the junetion with the fork; to weld the whole of the fork-end is not needful, because of the
intention to cut out the piece from the middle.

After being thus welded, one of the two porters is cut off, one being sufficient. By this one
the work is handled during the shaping, which is effected by fullers being driven into the work
while in two positions, at right angles to each other, as previously described.

A very strong sort of fork-end is made also by bending a straight bar and welding the two
ends togethier ; the two ends, after being welded, constituting a part of the intermediate. Such a
fork-end is represented by Fig. 151.

To forge the T-piece of the rod shown by Fig. 148, two bars may be welded together, as for
the fork-end; or the T-end may be made of one piece, either by drawing down a part of a large
bar or by upsetting a portion of a smaller bar, as in Fig. 176. When both T-end and fork-end
are forged, the two are united by means of a tongue-joint. During the preparation of the joint
for welding, the tongue-piece is flattened or tapered on the two proper sides to cause the T-end
to be nearly at right angles to the fork-end, when the work is welded together.

The rod being thus completed by welding, it is adjusted on a surface-table. The adjusting
consists in twisting the mid-portion of the rod in order to make the T-end at right angles to the
fork. The rod may be heated to redness, then fastened at one end to the table with bolts and
plates, while the opposite end of the work receives a few sledge-hammer blows that drive down
the end to its proper position. The convenient method is by fastening the fork-end tight to the
table, and supporting the T-end by placing a few blocks under the intermediate part next the T.
This T-part is then struck a few blows to make it parallel to the table. A rod of this character
may be adjusted also by fixing with the steam on a steam-hammer anvil, and twisting the work
with levers or hammering until adjustment is effected. '
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Tarust-Snarrs.—All thrust-shafts are forged without the grooves in the thrust portion, so
that the smith makes it equal in diameter to the outer forged diameter of the intended thrust.

A small thrust crank-shaft mnay be forged of one piece solid with the crank-pin, as shown
in Fig. 106. When it is not intended to place the constituent fibres in their proper positions, the
crank-shaft may be made of a bar whose width equals the entire length of the intended crank-arm
or lever. At one end of the bar a piece is cut out adjoining the crank-pin. Another piece is cut
from the opposite side, leaving the lever between. Welding heats are next given to reduce the
intended shaft or axle and also the crank-pin to their circular form, and to obtain solid metal for
the thrust part. A lump is also allowed to remain at the end, to be made into the disc D, or,
in some cases the disc is produced by upsetting.

A preferable mode of making a small thrust crank-shaft consists in forging it of two or
three pieces; one piece being for the dise and part of the axle, and the other pieces for the thrust
and crank.

By this method, the iron for the disc-end at the beginning of the forging is about the diameter
of the intended dise; and the short axle-piece adjoining is produced by driving in fullers at a
place which is the same distance from the extremity as-the thickness of the intended disc. The
adjoining lump is next drawn down by hammering to the desired diameter of the axle.

To form the crank and thrust-piece so that it shall be without a joint, and also to place
the fibres in their proper positions, it is necessary to provide a piece of iron whose sectional area
is about twice that of the intended shaft.

When the iron is selected, it is first necessary to ascertain the plaece of the intended eorner
or junction of the erank-arm with the shaft. Fullers are driven in at each side of this corner, to
about the thickness of the crank-arm at one side and to the diameter of the axle at the other side,
leaving the thick lump between to be afterwards made into a sharp corner. The corner is next
produced by bending, upsetting, and welding ; after which, the mid-portion of the lever is drawn
down to its forged dimensions, leaving a lump at the end to be made into the crank-pin. The
crank-pin is then drawn from the lump at the side of the lever by driving in a fuller, or, if the
work is very small, a set-hammer.

Large crank-shafts of this class are made of several pieces. To make one of four pieces, the
disc-end and part of the axle constitute one piece; the remaining axle part and the thrust
portion are the second piece; the lever becomes the third piece; and the crank-pin the fourth

iece. .

Both the disc-end and the thrust-piece may be made of the same bar, or of two pieces of the
same sectional area, the area being about that of the disc when forged; or if upsetting of the
disc is to be entirely avoided, the area of the iron at the beginning is rather greater, to admit of
welding and rounding.

The short axle-piece attached to the disc is produced by fullers and drawing down to the
desired diameter; after which the thrust-pieece is prepared by eareful welding and reducing,
that there may not be any unsolid parts in the thrust after being turned. To one end of this
thrust-piece the lever is to be welded; a gap is therefore cut, in which to place one end of
the lever. At the other end of the lever, another gap or opening is made, in which to weld
the crank-pin.

Shafts of great length require one or two other pieces, in addition to those four that become
the principal components. ] . _

A very ordinary sort of thrust-shaft, without any crank, is shown by Fig. 107, and is made
of three pieces by reducing the axle-parts adjoining the two discs, from two pieces whose area
is equal to that of the dises, and welding a piece into the middle to the two ends. The
diameter of the middle piece is of the intended forged diameter, that no reducing may be needed
after the welding together. |

In all thrust-shafts, the strain while in use prineipally affects the bottoms or junctions of
the circular ridges with the shaft. The smith, therefore, thoroughly welds and closes the iron in
the thrust part with angular-gap tools. This thrust portion needs also a sufficient hammering and
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rounding to make it rather harder and more crystalline than the remainder of the shaft, the
wearing qualities being thereby improved ; and if the thrust is reduced from a larger straight bar
or rod, the fibres are in their proper position to resist the strains on the sides while in use.

InTERMEDIATE SHAFTS.—The length of these shafts is sometimes twenty-five times the length
of their diameters, so that it is convenient to make them of several pieces. Two or three pieces
may constitute the intermediate, and be of the finished forged diameter, thus avoiding drawing
down ; but the two disc-ends should be made of lumps that are large enough to become the discs
without upsetting.

Such shafts may be made, also, by welding the two discs to the shaft-ends. In these cases,
the discs are made of flat cakes, having holes punched in their middles and drifted to the diameter
of the shaft. From the hole to one edge a piece is cut out previous to placing the disc upon the
shaft, that the opening may be closed at the time of welding. The holes in the discs are conical,
and the larger part of the hole is outwards when on the shaft; and during the welding the shaft-
end is sufficiently upset to fill the hole, by which the disc is riveted to the shaft. The straight
piece of iron selected for the shaft itself is of the required forged diameter; all drawing down of
this portion is therefore avoided.

But it is frequently advisable to make such an intermediate shaft of only one piece; the
sectional area of the piece selected being equal to, or greater than, the sectional area of the
intended disc. If the lump is greater in diameter than the disc required, the proper amount of
reducing is given until the diameter of the disc is attained. After which, the necessary length of
iron selected to produce the required length of intermediate, is ascertained by applying the
appropriate rule in this form:

As the mean sectional area of the lump, is to the mean sectional area of the intermediate part
of the shaft; so is the length of the intermediate required, to the necessary length of the lump to
be reduced.

If the smith desires to make a shaft whose length of intermediate is 4500 millimetres, and
whose forged diameter is 180 millimetres, he may select a lump whose diameter is 450 milli-
metres. Omitting small fractions, the sectional area of the lump to be operated upon is therefore
159043 square millimetres, and the first term of the proposition. The second term is represented
by 25447, being the number of square millimetres in a sectional area of the intended interme-
diate. The length of this portion, 4500 millimetres, becomes the third term; and the fourth
term that indicates the requisite length of iron is seen in the complete proposition thus:

159043 : 25447 :: 4500 : 720.

To this length of 720 millimetres for the intermediate, the thickness of the two discs is to be
added. If the thickness of each intended disc is 90 millimetres, 180 millimetres are added to 720 ;
and their sum denotes the total length of bar or lump to make one complete shaft, to be 900 milli-
metres. To this length 100 millimetres should be added for that which will be burnt or wasted
during the several heatings. The precise amount requisite for the burnt portion principally
depends upon the number of times the work is heated ; and this again depends upon the length
of iron heated at one heat, and also upon the capability and power of the particular steam-
hammer employed at the time.

Intermediate shafts and other screw-shafts of great length need considerable care in straight-
ening. For this purpose, a large surface-table should be provided in the smithy, that the shaft
may be laid upon it and straightened with a half-round top tool. In addition to the table, a
thick, smooth eord should be used. The mode of applying the cord consists in making a straight-
edge of it by stretching it along the shaft-sides. A man nay stand at each end of the shaft and
stretch the cord while it is at an equal distance from the shaft at both ends; the cord being as
near to the work as the heat will allow, but always applied to the sides of the work, and never
above or beneath it. Another man may then observe any irregularities along the shaft by com-
paring them with the cord straight-edge, after which the work is rectified with hammer and top-
tool. Such straightening processes as these may be resorted to when it is,not convenient to put
the work into a lathe.
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ProrPELLER-SHAFTS.—An ordinary sort of propeller-shaft for a small screw steamer is shown
by Fig. 109. The number of pieces made use of in forging the shaft is about three ; but if the
shaft is small, two are sufficient. One of these two becomes the shaft proper, and the other piece
the disc, which is welded to one end in the manner deseribed for an intermediate serew-shaft.

The diameter of the piece selected may be only equal to the forged diameter, if the iron is
soft and fibrous; if not, the piece shoulg be larger, that it may admit a welding and steam-
hammering to produce a tenacious metal. The smith will observe whether a screw is to be
formed at the propeller end; if so, he will be careful to make that part sufficiently solid.

Propeller-shafts may be made also by the drawing down of a lump whose sectional area is
the same as that of the disc; the stein thus produced being intended for part of the shaft or axle.
To this short portion two or three other picces are welded to complete the work.

The two parts represented by G are linings of gun-metal, placed upon the shaft to receive
the friction. When these linings are made by the metal being poured around in a liquid state,
the shaft at those places needs no lathe-turning, being roughly forged to the finished diameter by
the smith. After the gun-metal is ponred, the shaft becomes bent, and is afterwards straightened
in a lathe, either in the smithy or elsewhere.

The smith effects the straightening by heating the shaft and afterwards rotating it in a lathe,
and marking the prominent sides at those places which rotated truly previous to the casting.
These projecting sides are then put downwards, a few blocks are put upon the lathe-bed and
beneath the bent portion of the shaft; wedges are then driven in between the blocks and the
shaft, by which it is forced up and straightened while a few blows are given to the upper side.
The amount of hammering needed is but small, if the shaft were heated to redness. During the
whole of such straightening the work should be well supported with chains; it is also necessary
that the centre recesses be large, and that the lathe poppet-screw be frequently screwed in, to fill
the gap made by the continual shortening of the work while in the lathe.

Pistox-Rops with ConicaL Exps.—These are of various lengths and diameters, according to
the lengths of ¢ylinders and class of engines for which the rods are made. A few are indicated
by the Figures, No. 111 representing one for an engine having two piston-rods attached to the
crosshead, No. 112.

Such rods may be made of fibrous steel, when metal of that quality is accessible. Previous
to forging the rod, a piece of the steel should be subjected to a severe steam-hammering and
reducing while at a bright red heat, and be drawn down to a four-sided bar about half or a quarter
of an inch square. This small piece may then be further thinned on the anvil-beak, and made
round instead of square. The stretching on the anvil-beak should be performed at about a foot
from one end. If this thin part can be drawn to about a sixteenth without cracking, the steel is
good enough for a piston-rod.

Another mode of discovering the quality is by subjecting a piece of the cold steel to a
gradual tensile strain. If the steel breaks suddenly without stretching, it is not fit for a piston-
rod, or any other engine-work of consequence, however great the strain may be that breaks it ;
but if, previous to breaking, it will stretch to a diameter which is about three-quarters of its
original diameter, the metal is about as tenacious as can be expected, and may be used with
confidence and advantage if it possesses the hardening properties. '

If such steel is to be used for a piston-rod having a conical end, the cone may be formed by
upsetting a rod whose sectional area is equal to that of the rod when forged. Steel rods should
be forged so that not more than three-sixteenths is allowed for lathe-turning; they should,
therefore, be carefully smoothed and straightened with rounding tools while on a surface-table, or
by means of a lathe, as previously described.

Fig. 113 denotes a piston-rod having a holder at the conical end, for the convenience of
holding the work while in a lathe. The holder may be made in the lathe by turning a short
portion of the rod to the desired diameter, or the holder may be forged on the anvil by fullers
and reducing, this being the shorter method.

o . !
Piston-rods of this character, also, may be made of fibrous stecl, for the benefit of its superior



FORGING. 57

wearing qualities or non-wearing qualities. The conieal end is commenced by first tapering down
a short portion of the end to about a fourth of its diameter. This part, being intended for the
holder, is cooled after the rod is again heated for the upsetting of the eone; and after repeated
coolings and upsettings, and when the cone is increased to its proper dimensions, a few pieces are
eut from around the intended holder, so that drawing or stretching it may be commenced. The
holder is next reduced, by fullers and hammering, till its desired form is produced. The work is
next cut to its length, and finally smoothed and straightened, the proper quantity of metal being
allowed for the lathe process.

CrANK-PINs.—A crank-pin, having a serew for a nut, is shown by Fig. 114, and another
class of pins, for use without nuts, is indicated in Plate 4.

The forging of a crank-pin principally consists in well closing the metal in those places
intended for the friction part and the serew, if a screw is to be used. All the other parts of a
crank-pin should be fibrous.

The angle subtended by the two sides of a crank-pin cone should be less than that of a
piston-rod cone; so that a erank-pin requires no upsetting, the iron or steel selected being large
enongh for the largest end of the cone.

For a pin whose largest end of the cone is to be outwards, a holder is sometimes made
resembling that in Fig. 113, for the convenience of holding while being turned.

CrossHEADS FOR TWO P1sToN-Rops.—The forging of a two-piston-rod erosshead is performed
by several methods, the plan selected depending upon the resources of the maker. A convenient
mode to avoid bending consists in making it of three pieces. The thickest or mid-portion of the
crosshead is made of one piece; and the other two constitute the two ends for the piston-rods.
These three portions are shown in Fig. 163.

To make the middle part, a Inmp is selected whose sectional area is rather greater than that of
the largest part of the intended piece. A porter is attached to one end, and the circular part is
shaped to its intended form. The length of this part is next marked by a chisel being driven in
at two places, and the work is reduced from the larger mid-portion to form the two square or
four-sided ends.

The two ends or stems thus produced, are next prepared for a tongue-joint, by making a
gap in each end, to which the other two pieces will be welded ; and, by allowing thick lumps to
remain at the ends during the drawing down of the stems, upsetting for the joint will be avoided.

The other two pieces are next prepared, or may have been in progress at another furnaee
during the forging of the middle part. Straight pieces are used for these two parts, with porters
attached, as for the middle part. After the bosses of these two pieces are formed, the projecting
stems are cut to a proper length and shaped to fit the openings in the stems ofthe middle piece,
and when the suitable length to adimit a stretching after welding is attained, the three arc welded
together.

After being welded together, the four-sided parts, or arms, of the work are drawn until the
proper distances between the eentre of the crosshead and the centres of the intended holes are
attained. The superfluous iron that then remains must be either eut off with chisels or allowed
to remain for planing and shaping. During the hammering for welding, and also during the
trimming with chisels, two protuberances should be allowed to remain for centring purposes. In
these projections the recesses are made, by means of which the eircular portion in the middle is
turned. These centre-pieces are shown in ¥ig. 112 by dots and the two letters C C.

Two piston-rod crossheads are made also of one piece; the troublesome joint-mmaking being
thereby avoided.

By this mode a lump of rather greater sectional area than the middle of the erosshead is
made use of ; and the length of the iron required for one of the four-sided ends is ascertained
with proper measurement, and by the rule. This length is marked upon one end of the piece, at
a proper distance from the extremity ; fullers are next driven in, and the work reduced on both
sides of the intended mid-portion ; or, for portability, the entire length necessary for the erosshead
may be cut from the lunp, if it is desirable to handle only the smallest quantity of metal that is

1
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sufficient. During the drawing down, a lump is allowed to remain at each end of the work,
which is amply sufficient for the circular boss that is to contain the end of the piston-rod. Two
small projections also, are allowed to remain for the centre-pieces, C C.

When the work is lengthened nearly to its intended length, the bending or curving is
accomplished.

A short length of the four-sided part on both sides of the circular portion is in line with its
centre, so that it is necessary to prevent these two parts being bent or put out of position during
the angling or bending of the adjoining ends. Consequently, whether the work is to be angled
or curved, as in the Figure (112), the iron, after being heated to nearly welding, is cooled to the
intended commencement of the bent part. .The bending is then effected either by a steam-
hammer or by affixing a lever and bending the work while on a surface-table.

A crosshead of only a few inches thick can be bent by a few men at one end of a strong lever
whose other end is attached to the work. The crosshead is fixed to the table by bolts, plates,
and studs being fixed to that end of the work not in course of bending. A strong lever is then
bolted to the outer end, and the work gradually bent by means of several heats and sledge-
hammerings at the time the power by the lever is applied.

When the crosshead is being forged with a porter attached, the diameter of this porter at
the end which is welded to the work should be nearly equal to the diameter of the crosshead
end. The porter will then be strong enough to be more conveniently used as a lever than a
separate one that needs to be attached.

The bending of a large crosshead is readily effected without a porter. To commence the
bend, the work is placed beneath a steam-hammer and across a bottom tool or hollow anvil-
block. The upper side of the crosshead is that intended to be the hollow side after the work is
bent. While in this position, a few blows are administered to the work, by which it is partly
curved or angled, according to the shape of the top and bottom tools, or hammer and anvil-
block.

After being thus slightly bent, the work is again heated and cooled to the proper distance,
and a tongs is attached to the middle of the crosshead, which is then placed end upwards under
a steamn-hammer of sufficient height, the lower end being tightly fixed in a recessed tool or anvil-
block. A few blows are then struck to complete the necessary angling; or if a great length of
metal were heated at the time of bending, it will be curved instead of angled.

One end of the work being thus managed, the other end is treated in a similar manner.

The bosses for the piston-rods are next shaped, the centre-pieces put into position, and the
arms lengthened and trimmed to the form desired, which is either curved or angular.

A substitute for these processes of shaping the arins consists in making a straight erosshead
whose thickness or sectional area is about a sixth greater than that of the circular mid-portion
when forged. The angular form is then produced by partly cutting and trimming on the anvil,
and afterwards by the planing proeess.

Lixk Connexions.—A simple and also an old mode of connecting a link to its lifting or
reversing rod consists in fastening the eye-part or boss of the rod to the link stud-plate, the
stud-plate itself being bolted with small bolts to the link-side.

he forging of such a stud-plate is effected by drawing down the stud at one end of & bar
or rod, and then cutting off the stud with a slice of metal attached to it, whieh is to be spread
out and welded to two other thin ends, in order to complete the stud-plate. The stud with the
two plate-pieces are shown in Fig. 153.

A stud-plate of this class may be also made of one piece. By cutting open one end of a bar
and spreading out the ends, as indicated in Fig. 137, sufficient iron can be obtained for spreading
out to the entire distance across the link-side, which is the length of the stud-plate.

A stud-plate shown in Fig. 116 requires rather more iron than the stud-plate last mentioned,
through the connexion being cffected with bolts in the edge of the link, instead of its side. The
forging is therefore managed with three pieces, as shown in Fig. 154; except the stud-plate is
very small, in which case it is easily made of one piece, in the manner described. The eye part
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or boss of the reversing rod, R, is fastened to the link-stud with a screw-bolt and washer, or with
a split pin and washer. 4

The connexion represented in link 117 has the disadvantage of not affording any stay to
the mid-portion of the link, which is its weakest part. In other respects the rod with fork-end
is very efficient. :

Link No. 120 is made of two separate pieces or sides, and connected together partly with the
two bolts at the ends, and partly with the bolts of the excentrie-rods. The circular and sliding
block, B, is made either of gun-metal, iron, or steel; and is sometimes in one piece and at other
times of several pieces, having wearing strips, that may be rejected when too much worn, and
new ones put into their places.

SuipiNg SecTors.—These sectors for oscillating engines need not be forged in one piece, as
indicated in the sketch No. 119; for the convenience of the turning and shaping processes, the
guide-rod may be keyed or screwed into the stud-boss of the sector, instead of being solid
with it.

When the rod is a distinet piece, it is often circular throughout its whole length, so that but
little forging is needed if the metal of which it is to be made is not too large in diameter.
Either steel or iron is suitable, by reason of the very small strain imparted to such rods.

The sector with its boss for containing the lower end of the guide-rod is shown in Fig. 155.
Such a piece is easily drawn down from a bar whose width equals the total width of the intended
scctor, boss included. The ends shown by B (Fig. 119) are then thinned to their dimensions for
receiving the bearing brasses, and the boss is shaped to a circular form,

When a sector is thus made of one piece, the slot is drilled and shaped by a suitable
machine, instead of making any slot while on the anvil. Such a sector without a rod may be
made also of two straight pieces, as shown in Fig. 156. These pieces are scarfed, or a tongue-
joint made at the place indicated in the Figure.

To forge a sector entirely of one piece solid with the guide-rod, it is necessary to weld the
rod to the boss part of the sector, which is made either of one piece or two.

The boss, or that projecting part which is to be welded to the rod, should be midway between
the two ends of the intended sector-slot; and any alteration of situation that may be needed
should be done previous to welding it to the rod. To discover the proper place for the boss, the
length and place of the slot is marked upon the work; a pair of compasses is then used to ascer-
tain the middle or centre of the slot. This centre is also the centre of the intended boss or lower
part of the rod ; so that if the boss-portion is not in its proper place, it can be put right. When
the boss is large enough, a piece or pieces may be cut from one side to make the boss central ; but
if not large enough to admit cutting, it is heated to nearly welding, and driven to its proper
situation by a few blows with a set-hammer

To avoid trouble with the boss, it is preferable to shape it before trimming the ends of the
sector to the finished length. For this purpose one foot of the compasses is placed at the centre
of the boss, or centre of intended slot, and the other foot is used to mark the half-length of the
work ; the two ends are then shaped, and finally cut to an equal length.

After all the joints are welded, the work needs adjustment, to produce the required curve
in the sector proper, and to place the rod at a right angle with the remainder of the work.

This adjustment is readily effected by inaking a few lines on a surface-table to indicate a full-
dimensioned outline of one side of the sector with its rod. The sector is then placed between
the lines, and any irregularity in the curve, or in the situation and position of the rod, is detected
and corrected accordingly.

Templates also, are much used in the adjustment of heavy work. These templates, being
made of thin sheet iron, are very portable ; also easily constructed, and applicable to either links,
band excentric-rods, or sectors.

A sheet-iron template is used also in those cases in which the sector is forged, slotted, and
ihaped while distinct from its rod ; therod also being turned previous to welding it to the sector-

0ss.
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To make a sector template, a sheet of thin iron is provided and flattened. A straight line is
marked with a steel scriber along the length of the sheet. This line represents the centre of the
guide-rod of the intended sector ; and if one sheet of iron is not of sufficient length, part of
another sheet or a whole sheet is riveted to the first one. While the sheet is lying on a table or
block, the two ares that denote the extreme forged width of the sector are marked upon the iron
with compasses, and to an equal distance from both sides of the centre line ; one foot or leg being
in some part of the centre line, while the other leg is sufficiently extended to mark the ares
desired. When the template is large, it may be necessary to put one point of the compasses in
some part of the table, instead of the sheet; in these cases, the iron is fixed to the table or
block with a few weights around the edges, while the centre line is continued to any desired
distance along the table. Any point in this line may then be selected as a centre from which to
mark the arcs. The width or diameter of the guide-rod is also denoted by two other straight
lines, one at each side of the centre line.

When the shape of the sector ends also are marked, cutting out the template is next effected
with a chisel and hand-hammer ; or if the work is too large for a hand chisel, with a rod-chisel and
small sledge-hammer. Any additional corner pieces that may be required are then riveted to the
{)(implate, and the shape completed by careful filing to the lines, and flattening on the table or

ock.

The use of such & template or gauge to the smith, results from the extreme lightness and
portability allowing it to be put upon the top of the work at any moment during the forging ;
also the convenience of referring to the gauge at any future time when a new sector is to be
made, or an old one mended.

CrANkED LevErs.—Fig. 118 represents a lever for an ordinary oscillating engine having
two slide-valves. The making of such a lever is conveniently managed, and good work produced,
by forging it of one piece. ‘

The thickness of the lump selected is rather greater than the length of the gudgeon-boss, G.
Fullers are first driven in at each side of the intended boss ; the adjoining lumps are next reduced
to a proper width and thickness, allowing a thick lump at each end, which is amply sufficient to
be formed into the two smaller bosses without upsetting.

During the thinning of the two arms or ends-the work remains straight; so that it is
needful to know the necessary length of straight iron to be formed into the required
cranked arm. t

The readiest mode of ascertaining the length of this arm is by making use of the full-
dimensioned outline of the bent or cranked side of the lever, this outline being that to which the
smith is working. A wheel measure is held in one hand, and driven along the middle of the arm
or arms on the table; and the distance thus indicated by the instrument is the length of the
required cranked arm, and also the length of straight iron necessary, if the straight arm at the
time 1s reduced to its finished forged width and thickness. But the proper mode is to beil the
arm while it is rather thieker and shorter than required to be when forged; so that, after being
bent, it can be thinned and stretched to its proper length.

Bending or cranking commences by first making that bend which is to be nearest to the
gudgeon-boss. During the first bending the lever is laid a few times to the sketch on the table,
to discover if sufficiently bent or angled, or if the work were heated in the proper place.

After being heated and bent a sufficient number of times to place the angle or curve into its
desired shape and situation, the work is eooled, or allowed to cool, and heated at the place for
the next curve, being careful to keep the whole of the lever cold exeept the part in course of
bending.

When all the cranking is completed, the three bosses are shaped by welding and trimming,
until the three lines passing through the centres of the bosses are parallel to each other. This
parallelism is known by the sides of the bosses being parallel to the boss.lines when the lever is
put to the sketch on the table.

Cranked levers of this class are made also by welding together three pieces. By this mode
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the middle boss is separately prepared with the short arms or ends for welding to two other picees
intended to complete the lever. By adopting this method, little or no bending is incurred after
the work is welded together. The necessary angling is easier accomplished previous to making
the joints. A cranked lever in three picces is shown by Fig. 157.

The bosses of all such cranked levers as we are now considering arc forged solid, so that no
punching by the smith is necessary.

Crank-SHAFT LEvers (L, Fig. 122).—The precise mode of forging one of these depends upon
the weight of the intended lever, also upon the relative proportions of any one lever ; whether
the mid-portion is to be long or short, and whether the bosses are to be comparatively large
or small.

All crank-shaft levers should be made of soft, tenaeious, new, puddled bar-iron, without any
mixture with old serap ; although new, puddled scraps may be admitted, if they be first made into
the form of bars.

Whether the lever is to be a very small one, or one of great weight, it is desirable to forge it
so that the lengths of the fibres in the arm shall be parallel to the length of it; and that the
lengths of the fibres in the boss shall constitute a nnmber of rings, whose eentre is the centre of
the hole in the boss, and named the eye.

This arrangement is easily produced in the forging of a lever whose weight is a few ponnds
by doubling two straight bars, and welding the four ends together, the weld being made in the
middle. of the lever or arm. The width of one of these two bars is equal to the length of one of the
bosses, and the width of the other bar is equal to the length of the other boss. The thickness of
both bars may be abont 1} times the thickness of the intended metal around the shaft or
crank-pin.

\\?hen two such bars are eurved to the forged diameter of the required bosses, the holes in
the bosses thus formed will be small enough to admit of boring to the finished diameters. In some
cases it is more conventent for boring to fill up this hole that remains, which is done by roughly
welding in a plug to make the boss appear as if solid. In other eases the small hole which 1s
formed by bending is useful for fixing, and is therefore allowed to remain.

The first welding, after the boss is roughly formed, is performed at the boss itself, and is
managed by placing the work between a pair of fullers and thoroughly closing the metal while at
welding heat. This welding being very near the extremity of the work in progress, the small
hole may become so flattened as not to be seen ; if so, the work is probably sound: at the weld,
and the hole may be again punched and drifted if necessary.

Another good weld is then given to the adjoming part intended for the arm; and the
straight ends may then be made into part of a tongue-joint or scarf-joint.

By thus making the two bosses with half the lever to each boss, both pieces may be easily
welded together while the thickness is rather greater than the required forged thickness; and,
after being united, the lever can be lengthened to its desired length. A lever made by this method
is shown by Fig. 158.

Another mode of making a small erank-lever is commenced by selecting a piece whose
sectional area is about 14 times the mean sectional area of the lever arm required. One end of
this piece is first tapered or curved on two opposite sides, and next upset, while at welding heat,
by striking the work while in an upright position. This produces the desired shape for the outer
extremity of the boss. The inner curved extremity or boundary of the boss, is next formed by
top and bottom fullers while the work is between.

When one boss is thus roughly shaped, the work is cut to a proper length, and theother boss
is produced in a similar manner: the lump in the middle for the arm is then reduced to'the
requisite width, thickness, and length. (See Fig. 159.)

Small crank-levers are also made of two pieces without resorting to-curving or upsetting, as
in Fig. 160. According to this mode, the upsetting of the bosses is avoided by using iron of the
requisite sectional area to make a solid boss, and from the boss half the lever is produced by
drawing with fullers and hammering while the boss is being formed at the end of the bar, The
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boss and part of the arm being thus formed, the work is cut from the bar, and another boss-piece
is formed of the same bar, if necessary.

This plan is the shortest that can be adopted for making a crank-lever of two pieces.
The only cxisting objection to the method is that the constituent fibres at the outer extremity
of the boss are parallel to the length of the lever, because they were parallel to the bar
previous to forging, and no alteration of relative position has since been effected.

A partial remedy for this consists in punching a hole into the boss, and giving a few
welding heats and hammerings to it while a drift or mandril of some sort is in the hole.
When it is intended to adopt the welding for this purpose, sufficient iron is allowed for the
boss being burnt by the several heatings. _

Small levers having bosses of great length are made also by bending and piling. For
this purpose three or four bars are selected whose thickness is about equal to the intended
thickness of the metal around the boss-eye or hole. The bars are bent to a circular form
which is smaller in diameter than the desired boss, and a sufficient number are employed and
piled together to produce a boss about 14 times the length of the finished boss. This pile is
then heated to welding, and upset, by which the boss is shortened in length and increased
in diameter to that which is necessary. Such piles are represented in Fig. 161.

The loose straight ends of the bars are next welded together for producing the armn of the
lever. To this another boss-piece is welded to complete the lever.

Fig. 162 represents a crank made by closing together a ring, and welding the middle to be-
come the arm. . .

For large crank-levers several pieces are needed, both for portability and to produce the
desired arrangement of fibres without a difficult bending of thick bars.

Lever-bosses for large crank-levers may be conveniently made of several thin bars, which
are separately curved and then welded together. The thinner the bars for this purpose, the
easier will be the bending, and the greater is the number that will be required. The width of
the bars is about the length of the intended boss, and their length should be only sufficient to
extend round the work and allow the ends of the bars to be welded together, or to a straight
bar that may be between.

The manner of bending consists in heating a bar to about welding heat in the mid-part, or
in that part which is to be bent. The bar is then put between a set of bending-rolls, or under
a steam-hammer, and across a bottom-tool or anvil-block having a deep curved gap. A eylindrical
filler or piece of round iron is next put upon the bar and driven down by a few blows with the
hammer, the hammer being of sufficient length to reach and strike the filler without coming
into contact with the two ends of the bar which are being forced up by the filler being driven
down. .

When partly curved, the next bar is treated in a similar manner; or if only one bar is in
progress, the filler is taken off and the bending continued at the next heat by striking the ends
of the bar until both are near enough together to fit the middle bar, and a small hole remains
representing the boss-eye. A welding heat is next given, and a pair of fullers are applied to |
thoroughly weld that part of the work immediately adjoining the hole, being careful not to |
close or flatten the curved part at the extremity. The straight ends are next soundly welded
to the middle bar, and the work becomes a sort of nucleus for the reception of other bars.
(Fig. 165. _

” One k>>a,r being thus bent and welded to the primary or middle bar, another is bent in a
similar manner, but with a larger filler, which is about equal in diameter to the diameter of the
boss in its present condition. This second bar is next welded to the work, and fullers again
employed to thoroughly weld that part near the hole. (Fig. 166.) .

If the second boss-piece is not sufficient to increase the boss to its desired diameter, a third
piece is bent and welded to the work in a similar manner.

When all the welding that may be required by the fullers is completed, but not till then,
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that end of the primary bar that protrudes into the boss-eye may be punched out; and the
welding of the boss may then be completed while on a filler or mandril in the boss-eye.

To conveniently weld the boss, a short porter is attached to the arm or lever portion of the
work, and the boss is heated to welding in a furnace which is large enough to heat the entire boss
at one heat. During the time of heating, the filler or mandril is put beneath the hammer and
supported at each end, allowing sufficient space for the lever-boss to be raised or lowered by the
chain which is attached to the porter, so that the boss may be partly rotated on the filler during
the hammering for welding.

The work is next put beneath the hammer while the mandril is being put into the hole, and
the welding of the boss is effected with two or three heats.

The next operation, after welding the boss, is to determine which is to be the centre line of
the lever, also what point in this line is to be the centre of the boss-face, or, as it may be
termed, the boss-end. A piece of wood is fixed for a short time in the hole at that end of the
boss which is to be the end projecting from the lever-side when finished. The centre of the boss-
face is then determined, and a circle marked with compasses; the diameter of this circle being
the diameter of the boss when forged. A chisel with thick cutting edge is then driven in at the
circle, and the work heated to produce the required boss-end that is to extend from one side of
the lever.

This projection is formed by driving a top-fuller into the lever at the circular chisel mark,
When a gap is thus made , the remaining thick lump of the arm is reduced by hammering to
the necessary width and thickness. .

Bosses thus made with half the lever are welded together by means of a tongue-joint about
the middle, so that if the ends attached to the bosses are too long, they are cut to length and
trimmed to shape while preparing the joint-ends for welding.

By reference to the Figure 168 it may be observed that the joint is of great length in order
to secure a sound weld and thereby a good lever. The welding of the joint 1s effected by placing
the two pieces together in one fire or furnace that is open at two opposite sides, and welding
while in the fire with a pendulum-hammer. If a convenient furnace of this character is not
_ accessible, the two pieces of work are separately heated in two fires, and put together, end
upwards, under a steam-hammer, and welded by upsetting. Another welding-heat or two is after-
wards given to complete the welding of the sides and edges, and to drive in the prominent
scarf-ends.

Shaping and trimming the lever is next performed; after which the two bosses are trimmed
with chisels and smoothed to their forged dimensions. The lever is finally made red-hot from
one end to the other, all scale and clinker scraped off, and the work allowed to gradually cool.

Crank-levers made by this mode have a hole in each hoss, so that a great amount of boring
is avoided, in addition to the advantage of securing a strong lever.

To avoid the bending processes, crank-levers having bosses of great length are made by
piling and welding several bars together until the desired length of boss is attained; the bosses
thus made being without any hole to the end of the forging. A pile of this character is repre-
sented by Fig. 169.

After a few short bars are thus soundly welded together with several heats, the extremity is
tapered on two sides ; this taper or eurved part being on those two sides of the work that are in-
tended to be the boss-sides, and not the boss-ends. The taper part is next heated to welding and
put beneath a hammer with the cool end of the work upwards, and the end at welding heat in a
bottom tool having a sharp curved gap. While in this tool, the work is upset with a few heavy
blows, to produce an approach to the desired circular arrangement for the boss-fibres. Two or
three such upsettings are administered, after which the fullers are driven in at the place intended
for the junction of the boss with the lever; and thus the circular form for the boss is obtained
The boss-piece then appears as in Fig. 170.

The bosses made by this process have stems or arms that may be of sufficient length to be



64 THE MECHANICIAN AND CONSTRUCTOR.

made into the lever, and also the boss at the other end of the work; or another solid boss may be
made, and the two stems or arms welded together to complete the lever. (Fig. 171.)

Pappre-Axtes.—To produce a good paddle-axle, the smith commences by referring to the
sketch by which he is to work, and discovers the places of the bearings in the shaft he is about to
make. f’f no information is given in the sketch about the bearings, he should apply, or take a
walk to the individual who ought to have put it in; and when the smith has learnt something
about the intended use of the work, he can commence.

A paddle-shaft has two bearings, one in the paddle-box and the other near the crank-lever by
which the shaft is driven. Both these bearings being near the ends of the work, the smith will
measure the iron he selects, or the iron he is compelled to use, and endeavour to manage so that
what joints may be necessary shall be in some part of the mid-portion.

The whole of the bars selected should be of new puddled iron ; and the first pile made use of,
a sufficient length to extend beyond one of the intended bearings of the shaft. Consequently
this first pile may be three feet in length and bound together with soft iron binders at both ends,
and having a porter or porter-tongs attached to oue end. A sufficient length of the pile is then
heated to welding so that about two-thirds of the length may be welded at one heat ; or if the
furnace is large enough, the whole pile may be welded.

If the shaft is to be twelve feet in length, three such piles will be sufficient for the work, and
the two necessary joints will be in the intermediate part, and not in any portion of a bearing.

The convenient sort of joint for such a shaft is a tongue-joint. All such joints require
upsetting at the commencement of the welding, that the pieces may be firmly united previous to
the second welding or hammering, which closes the iron at the outside of the shaft, but does
nothing towards welding the inner parts of the joint.

After the preliminary upsetting with a pendulum-hammer, this second welding is administered
to the shaft while in the ordinary horizontal position on an anvil.

The best sort of paddle-shafts are made of one thick lump, that is drawn down to the diameter
and increased to the length of the desired shaft; the work being handled or rotated with a porter
during the forging.

If the original piece is soundly made of good iron previous to the forging of the shaft, the
work will be as good as iron can make it; having no tongue-joint in any part; neither requiring
upsetting in any place, so that the mode is also economical, if the good piece to commence with
%an be obtained. A component piece of this character with a porter attached, is shown by

ig. 172. '
~ The particular shape of the piece is of no consequence. If it should be a two or three feet

cube, the smith proceeds by making it into a bar of four sides, and increasing the length to about

double. He next places one of the corners to the hammer and makes the work six-sided, and by

afterwards half rotating the bar it is made eight-sided.

The length of bar that can be drawn at one heat depends upon the capacity of the furnace

for heating, and upon the sort of crane in use. The better the crane, and the greater its capability

of moving the work forwards and backwards, the greater is the economy of time in working the
several heats. However large the furnace or the hammer, however great the length of iron that
is heated, the metal must become too cool to work, if a greater length of iron is heated than can
be managed at one heat with the cranc.

Drawing down is facilitated by first heating that portion which is nearest to the porter; this
part is reduced until the metal requires another heating, which is given to the adjoining lump to
reduce it to the dimension of the part already drawn. The largest part is again heated and drawn
down, to make the whole length of the bar about the same diameter; by such a series of heatings
and drawings, the unreduced lump is always at that end of the work furthest from the smith or
smiths, which is its proper place, both for convenience of reducing, and to prevent cracks or

unsolid parts being formed at the shaft-end, which often happens when the end is much drawn

previous to thinning the middle.

By thus drawing the shaft so that the unreduced lump is always at that end which is furthest
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from the porter, the work is made sound, and the fibres are put into the desired condition of
parallelism with the length of the axle. Towards the conclusion of the drawing or stretching,
angular gap-tools of suitable dimensions should be applied to the metal at welding heat, and with
especial care to well close the parts intended for bearings. The only portions of a shaft that
require a granular or crystalline form for the constituent particles are the bearings. For this
reason the smith may give an extra hammering with angular-gap tools, and also with curved gap
tools, to these parts, and while the iron is below redness, about 600° Fahrenheit.

When the shaft is reduced to its dimensions, smoothed, and also straightened by means of a
long straight-edge or cord, as previously described, the work is cut out from the two ragged humps
at the ends of the shaft, one being the porter-lump and the other the unreduced lump. This piece
is that which is first cut off; and the work is next heated at the porter-end, and a tongs fixed
to the finished end of the shaft. The ragged porter-piece is then cut off, and a sound shaft is the
result. A straight shaft of this sort is represented by Fig. 175; which is an ordinary shape at
the conclusion of forging.

Large paddle-shafts are sometimes taper, and are forged taper ; the shoulders of the bearings
also are formed during forging, by either reducing the adjoining parts, or welding collars to the
shaft at the ends of each bearing. Such collars for bearings are welded to the shaft, after the
cylindrical or taper character is produced ; the making of the original piece is therefore nearly
the same for shafts of all sizes, whether taper or cylindrical. A taper paddle-shaft is shown in
Fig. 177.

® To avoid the upsetting that was stated to be necessary for welding tongue-joints, another
kind of joint-making is adopted, by means of which welding is accomplished by ordinary draw-
ing with a hammer.

With this intention, all the necessary components of the shaft are united during the original

iling together of the constituent bars; and the shapes of the joint ends are those of long forks.
Such a fork is obtained by welding together two bars at the middle only; and when the loose
portions not welded are opened, a piece having two fork-prongs at each end is the result. Any
required number of these original constituents may be employed, according to their thickness
and the desired dimensions of the shaft to be produced. When only two or three such forked
pieces are to be used, and welded together end to end, they may be fixed in position by closing
the four ends with hammering, previous to placing them in a furnace for a welding heat. But
when five, six, eight, ten, or any greater number of such pieces require piling and welding upon
top of each other, or side by side, instead of being united at their ends only, the pieces are
bound together with binders, which are attached whenever fresh piles are added. Fork-joint
piles are shown by Figs. 179 and 180.

This method of interlaying and piling is applicable to paddle-axles, or any other axles of

similar shape, and also to the cylindrical portions of crank-axles, whether small or large. By
thus uniting the forked constituents, welding them together and forming a square bar, a cylin-
drical shaft of good quality can be afterwards produced, without any upsetting of tongue-
joints.
b MmpLe SuarTs (Fig. 178).—A middle shaft, or middle axle, is that which is between the
two paddle-shafts, and also in the middle of the ship. The simplest class have no crank forged
solid with the shaft, but are of cylindrical forms resembling paddle-shafts, Two crank-levers
are keyed to a middle shaft, one at each extremity ; instead of only one at one extremity, as on
a paddle-shaft.

At each end is a bearing, adjoining or a few inches from each crank-lever; the forging of
such a shaft is therefore similar to that for a paddle-shaft, the smith exercising the necessary
care to make the joints in their proper places, and to well close the bearing -parts, although it is
not necessary to hammer the work sufficient to harden the metal at the centre ; this portion may
be fibrous throughout the total length of the svork.

The mode of procedure resembles that for a paddle-shaft, and much depends upon the

K
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shape of the iron at the disposal of the workmen. The quality of the metal is the same as that
of all other engine-axles, where iron is employed, and should cousist of new puddled bars.

When convenient, these bars are made into a pile and welded by steam-hammering the
mass into a shape of a short thick bar, or into the form of a cubic lump. In these cases, the
porter which is used for reversing or rotating the work is welded to the middle bar of the pile;
and thus remains solid with the work until the shaft is forged. But when a cubic lump is
sellecte((il from a piler or shingler, the engine-smith welds one of his own porters to the piece
sclected.

A convenient and safe mode of attaching the porter consists in making a gap with a steam-
hammer fuller into one end of the piece, and placing into the gap a porter whose extremity is
rather thicker than the part next adjoining; the gap is next closed, and becomes what is termed
a dovetail joint. This class of porter attachments is shown in Fig. 172; when thus prepared,
a welding heat is given to the joint, and the work is fit for drawing down to the required
dimensions of any eylindrical shaft that is desired.

While finally reducing a middle shaft or any other shaft of similar character, gauge-blocks
may be conveniently used. These blocks are on the anvil, and packed up to a height from the
anvil which is equal to the required diameter of the work. The shaft is then slid along between
the blocks, and reduced until the hammer strikes the gauge-blocks at the same moment as the
work ; by which the proper diameter is attained without making any part of the shaft too small,
the rotator being used for reversing the work in the ordinary manner. By this mode of
finishing, the amount of smoothing required with half-round tools is very small, the circular
shape of the shaft resulting from its rotation by the workmen.

The larger the shaft, the greater is the necessity for clean orderly cuts at the conelusion of the
forging, to make the extremities of the work at right angles to its length. A few of the methods
for attaining this end shall be described. ’

One mode for producing a right-angular cut consists in using a straight chisel which fits a
steam-hammer, and also a broad arched anvil-chisel which fits an anvil-block, so fixed that,
whien the two chisels are put together, both cutting-edges are opposite each other. By then
placing the shaft into the horizontal position upon the anvil-chisel, and striking with the hammer-
chisel, two cuts are commenced around the work; and if both the cutters are properly fitted, the
incisions will be opposite each other, and, by slowly rotating the work during the entting, each
cut will be continued until both meet, forming a eavity or ineision around the shaft which is at
right angles to its length, as desired. After this, the cutting off is completed by the hammer-
chisel only, the bottom anvil-chisel being taken away.

A right-angular cut is produced also by fixing a pair of half-round bands or elips to the
shaft, so that the distance between the extremities or faces of the bands and the intended cut
shall be equal to the breadth of the half-round anvil-block on which the work is to rest while
cutting off is effected. While putting the shaft into the horizontal position for cutting, the chain
that suspends the work is wound out, or what is ealled payed out, towards the centre of the
hammer, so that the clips shall bear tight against the anvil-block while the shaft is being rotated
by the men, and also while the hammer-chisel is being driven through the work. The shaft
being thus prevented from moving forwards or backwards, and the chisel being fixed in the
hammer-head, causes a square cut to result, however thick the shaft may be, and however
quickly the chisel may be driven through, or the work rotated.

A third method of cutting off is managed with a chisel having a long handle held by a
workman, or two or three workmen ; so that one part is kept close to the side of the bottom
tool, while the other part of the chisel is driven through the work with the hammer, the shaft
being rotated by the men in the usual way.

WVhile measuring for the final cutting to length of any large shaft, it is proper that the work
be as nearly cold from one end to the other as cireumstances permit. The work may then be
cut much nearer to the finished length than by allowing a large quantity for lathe-turning, or
for shortening of the work while cooling.
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Beaym Gupceons.—The shorter the projecting end or ends of any gudgeon, the greater is its
capability of resisting the strains imposed during use; these are always at right angles to the
length of the gudgeon; wrought iron or tough fibrous steel is therefore the suitable material
for making the gudgeon. :

To make a gudgeon shown by Fig. 123, the smith provides, if possible, one thick lump
similar to that for a paddle or middle shaft; but if two pieces are to be used, the joint is made
in the middle.

To make a gudgeon shown by Fig. 124, a little more eare is requisite to make each extremity
of the work of solid close metal, by reason of the intention to bore and screw a hole at the
centre of each end. Much trouble of plugging up cracks is avoided by proper attention at the
first forging.

The thickest parts of the gudgeon are fixed tight in the sides of the condenser, and should
be fibrous ; but the bearings adjoining may be hardened with a final hammering, similar to that
given to other bearings. J

Beam Snaps.—These slabs are rolled to any required thickness, according to the desired
width across the middle of the intended beam ; the thinner the slab, the wider or higher is the
beam.

For small slabs, a bar may be rolled to a sufficient length to make several slabs, the bar
being afterwards cut with shears into the desired number of pieces.

gL.su'gc slabs arc conveniently made singly, the width of each one being the width of the
widest part of the slab when finished. After the component piece is rolled to a proper thickness,
the desired shape is next marked upon the side, and the superfluous pieces cut off with a broad
steam-hammer chisel. During the trimming of a beam slab, or other similar piece of work, a
thick plate of copper or soft iron is fixed to the anvil face, to prevent the chisel edge touching the
anvil. The mode of fixing or shaping the fender-plate to a smnall anvil or anvil-block consists in
heating the plate to redness and fixing it between the hammer and anvil ; and, while fixed, the
portions that extend from the anvil are driven down with sledge-hammers. For such fender-
plates, a thick iron plate is preferable to copper, although copper is much used.

Corumns.—The simplest class of columns are made cylindrical, and of three pieces. Of these,
one is the column itself, and the two other pieces arc the collars or bearings. Each of these two
is separately forged, and afterwards fixed to the straight piece which may be called the column
proper. Such a method obviates the necessity for the drawing down of a thick piece which is
the diameter of the required collars. .

Cylindrical columns of this simple form are much used for oscillating engines and some
classes of land engines; and when short columns are required, they may be forged also by
making the collars solid with the remainder of the work. With this object, two pieces, whose
diameters are equal to those of the collars, are drawn down to the desired diameter and length,
and so welded together that the joint may be about the middle of the column when finished.

The class of columns represented by Fig. 130 are used also as stays, and in the horizontal
position ; they are in such cases named stretchers, and should be forged as nearly as possible to
the intended form, by which a large amount of reducing during the lathe process will be
avoided. Small stays of this shape are casily forged to the required form, and the two collars
welded to the work at the conclusion. Large ones, also, are made of three pieces; the screw end
and the adjoining collar are one piece, and the opposite end and collar constitute another piece.
These two are the pieces first made, when a large column is required, and are produced by draw-
ing down the ends of thick pieces whose diameters are about equal to those of the collars
required. After the proper length and shape of these two portions are attained, the third com-
ponent piece is forged to its shape and dimensjons, and welded between the other two, to become
the middle or intermediate part of the stay or column.

Large columns may be made also by forging the collars separately, and afterwards fixing
them to the column by either welding, or shrinking the collars to the eolumn during the lathe
process.

K2
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CrANE-SHAFTS.—The bearings of axles of all classes demand much attention from the
smith during forging, and the greater the dimensions of the work in progress, the greater is the
responsibility of the workman who happens to be managing the particular forging being made.
No one but himself knows the quality of the metal employed, the relative position of the com-
ponents, or the treatment the work receives during the several processcs.

Crank-axles involve an additional consideration to that of the bearings. The levers are
equally important, many of them being improperly made, either of unsuitable metal or of good
metal whose component plates or fibres are at right angles to the proper position. It 1s an
almost unknown occurrence for a smith to receive any instructions concerning these matters ; he
therefore depends upon what ingenuity or practical knowledge he may possess, and proceeds
accordingly. A good smith will therefore be careful to ascertain the quality of the bars he is
to use; and, when circumstances permit, he will superintend the shingling, and thus become
intimately acquainted with the metal with which he is supplied. The material sclected for crank-
shafts should be of hard, close-grained, tenacious character ; and the suitable degree of hardness
for the axle portions is attained with hammering, as previously described for other shafts.

A class of simply formed crank-axles is that having one-arm cranks; such axles have their
crank-pins extended or produced from the outer sides of the arms or levers. Of this class of
cranks, those that are made of two pieces are first described. .

CrANK-sHAFTS IN Two Pieces.—To forge one of this variety intended to have a separate
crank-pin, only two components are necessary, onc for the lever and the other for the axle
proper. The forging of the axle-piece commences by either drawing down a piece whose
sectional area is greater than that of the axle desired, or upsetting a smaller piece at that end
which is to be welded to the lever, the object being to form a thick lump at the intended joint,
to admit two or three welding heats.

The preparation of the shaft end for welding to the lever consists in either punching a hole
into the upset part, or cutting a slit and forming a gap of the slit, for the purpose of fitting in
the end of the lever. When a hole is punched, it is drifted with an oval or oblong drift, thus
making the greatest width of the hole to be in line with the length of the shaft. The greatest
width of the hole should be about 11 times the diameter of the shaft, and the shortest width
about equal to the shaft’s diameter.

The shaft end being thus prepared, the lever is sclected or drawn down of a straight bar,
until the sectional area and shape is that of the lever required. One end is next shaped to fit
the hole or gap in the shaft; this shaping consists in drawing down and spreading out a stem at
the lever end, the shape and dimensions of the stem being the same as those of the hole. At
the junction of the stemn with the thick part of the lever, a concave shoulder is formed, instead
of a flat one. The hollow shoulder or bearing is made by driving in a fuller at each side of the
stem ; to do this conveniently, the thick end of the lever is put to the ground, and the fuller
driven in at the two corners while the stem is upwards.

By thus hollowing the shoulder, it is made to partly resemble the circular forin of the shaft ;
and when the two are welded together, a firm bearing and joint will be the result. When the
lever and axle are fitted sufficiently near to each other for welding, the two components appear as
in Fig. 181.

The method of welding consists in placing the two together. in the furnace with the lever
end upwards ; and when welding heat is obtained, the work is carefully swung out from the fire
to the haminer, and, while still in the same relative position, the work is placed with the lower heated
portion in an anvil-block having a half-round gap of suitable width. A few blows are then
given to the upper end of the lever, which firmly weld the shoulder to the shaft. The work is
next partly rotated by the rotator, and a few blows given to one side of the joint; after which it
is I;artly rotated back again to present the opposite side of the joint to the hammer, and the
welding is then continued. When thus partly united, another welding heat is given, and the
joint finished by upsetting the shaft end with a pendulum-hammer, and with another upsetting of
the lever and hammering of the joint sides, if necessary.
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After the joint is made sufficiently solid and the boss part reduced to a suitable thickness
and width, the superfluous metal is cut off, and the lever-boss is shaped with fullers and
hammering to the desired form.

CRrANK-SHAFTS OF THREE PIECES.—One-arm crank-shafts are sometimes made solid with the
crank-pin ; in these cases, three principal components are required, instead of only two.

TE; make a shaft of this sort, an opening may be made into the shaft end by punching; or,
instead of this, the lever end may be split open and the two ends bent together around the shaft ;
and the other end of the lever requires similar treatment for being welded to the crank-pin. By
this method the pin is first fitted to the lever. and the other end of the lever is next adapted to
the shaft. When both joints are prepared, the first joint welded is that of the pin with the small
end of the lever, after which the other end of the lever is welded to the shaft. The three
components together are represented by Fig. 182.

Of the three components, the first prepared is the crank-pin. This is reduced to its finished
forged diameter, and a thick part allowed to remain at one end for the joint, and is shaped for
either a tongue-joint, or for an oblong hole in the lever, or for a gap similar to that shown in the
Figure (182). The small end of the lever is next prepared, and the crank-pin joint then welded
and finished, after which the shaft end of the lever can be cut and prepared so that the lever shall
be about the proper length when welded to the shaft. The welding of the lever to the shaft is
next performed, and the lever adjusted to its required length.

¥rom the centre of the shaft to the centre of the crank-pin is the length of the lever’s throw ;
and, after deciding which shall be the centre of pin and which the centre of the shaft, the smith
lengthens or shortens the lever to that which is desired. Adjusting to length is effected by
heating the lever to a yellow heat in the mid-portion and upsetting it, if too long; or by laying
it upon one side and drawing it, if too short.

When the proper length is attained, the superfluous metal is cut from the lever and from
the bosses, and the work is shaped with fullers and rounding-tools until the nccessary curves for
the bosses are produced.

Two-arM CrANKS OF ONE BAR.—A class of simply formed two-arm crank-axles is represented
by the intermediate axle in Fig. 122. Short axles of this sort, having the bearings at a great
distance from the keyed crank-levers, are best when made of one piece; and an’intermediate axle
of great length, whose bearings are to be close to the keyed levers, is conveniently made of three
pieces, the axle-pieces being made of proper length to cause the two joints to be made between
the middle crank and the bearings at the axle ends.

To make a short axle in one piece, the lump is sclected, or a sufficient number of bars are
piled and welded together until a lump of the required dimensions is obtained, the amount of
metal in the piece being amply sufficient for the whole of the intended two-arm crank and the two
axle ends included. The shape of this component piece should be that of a bar having a thick
lump on one side and midway between each extremity, similar to that indicated in Fig. 183.
The thickness of the two axle parts is nearly double that of the finished thickness, and are,
therefore, much shorter than the finished length ; and the thickness and width of the thick lump
in the middle are about equal to the thickness and width of the crank required. This thick
portion nay be formed upon one side, as desired, by piling and welding short bars upon only one
side of the primary axle-piece; or by another process the lump can be made, which consists in
reducing a thick short bar at each end of the intended lump, allowing it to remain between.
When drawing down is adopted, the thick portion is made to project from one side of the bar by
means of drawing down, without turning the work upside down, the lump, by such treatment,
being produced from the upper side.

CraNKING.—After the work is suitably shaped, the thick part is formed into the crank, partly
with bending and partly with chisels.

The first heating for bending is given to the lump, and also to portions of the axle ends;
the work is then put beneath a hammer and across a gap which is a few inches wider than the
width of the intended crank measured from one axle end across the crank to the other axle end.
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The two upper ecorners or entrances to the gap are curved, to promote an easy bending; and,
while the work is lying across the opening, with the thick lump downwards, a fuller-hammer is
driven into the place of the intended crank-gap.

At the commencement of cranking, the length of the protruding fuller portion of the hammer
employed nced not exceed four or five inches ; consequently, when the fuller has been driven in to
the distance of four or five inches, the broad shoulder of the hammer will strike the two axle ends
at the same time that the thin fuller portion strikes the bottom of the newly made gap, at which
time the hammer will tend to straighten the work, which has become bent with driving in the
fuller. The fuller is next taken out, the axle ends further straightened, if necessary, and another
fuller put in, which is about eight inches in length. The fullering is resumed, the axle ends
straightened as before, and another longer fuller is driven in, if necessary.

During these gap-making processes, that part of the lump intended for the crank-pin shonld
be as nearly cold as the adjoining heated portions of the crank will allow, because it is ne-
cessary that the two arms and their junctions with the axle ends should be at nearly welding
heat. It is also necessary to remember that each successive heating should be further and further
fromn the crank-pin, and nearer and nearer to the ends of the axles, for the purpose of lengthening
the throw of the crank without injuriously stretching the two lever-arms,

By such a series of fullerings, a crank of short throw, suitable for an intermediate axle, is
formed in a few heats, if the thickness of axle does not exceed seven or eight inches; and for
throws of any length, or metal of any thickness, the same method may be adopted, if the
hammers and anvil-blocks are of sufficient dimensions.

When a crank is thus ronghly formed, the crank-pin portion may be lengthened by drawing,
or, if necessary, shortened by upsetting with a pendulum; any superfluous metal may be also
cut off, and the two crank-arms shaped to the proper form.

The crank being finished, the drawing down of the axle ends to their diameters is next
completed, the béaring parts well closed, the work cut to length, and allowed to cool slowly.

Of a crank forged in this manner two uses can be made. It may remain in its condition of
a two-arm crank, or it may be divided and become a one-arm crank, having the crank-pin outside
and solid with the lever. A crank made in this manner is shown in Fig. 185.

When it is intended to divide the work, the cut is made through that arm which is not
required to be part of the crank. The place of the cut is in line with the edge of the thick crank-
pin portion; and when the superfluous lever is cut off, the crank-pin remains already produced
from the lever as intended. The place of the cut is indicated in the Figure (185) by C.

The making of an intermediate erank-axle of three pieces consists in forming, by the method
described, a crank having two short axle ends, and welding them to two other pieces of any
required length and shape.

- Several other processes are resorted to for producing two-arm eranks; of these methods the
principal shall be described. |

Sorip CRANKS.—An easy mode of making a crank consists in piling and welding a number
of bars until the width and thickness of the mass is eqnal to or rather greater than the thickness
and width of the intended crank. When such a piece is closely welded and finished to spitable
dimensions, the two extremitics of the crank are marked upon the work to indicate the junctions
of the crank with the two intended axle portions. At these two marks the drawing down is
commenced by driving in fullers, and afterwards continued with hammering in the usual inanner.
All further forging of the work is performed upon the two thick portions remaining for the axle
ends, the solid crank part having been finished previous to driving in fullers at the two axle
junctions. The length of the component bar, and therefore the length of the two axle ends,
depends upon the length of the shaft required. .

To make a crank by this plan of piling, and without cranking, the work may be of any
required convenient length, because no bending is intended, for producing the crank part; conse- 1
quently, no inconvenience will result through the irregular form that is produced during
cranking. And if, for portability, a crank having two short axle ends be first made, any

]
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additional length of axle may be welded to the primary crank-piece, that the axle ends may be
produced to the length required. A bar fullered in two places to produce a solid crank is shown
by Fig. 188.

A CraNk-axzes wita Discs.—To make an axle represented in Fig. 121, having a disc at each
end, it is necessary to use abont three principal components, if the shaft is to be only three or
four inches in diameter; but for axles of larger dimensions five, six, or eight components are
required.

9 When only three pieces are to be used, one becomes the crank, which may be either solid
or having a short fullered gap, as indicated in Fig. 189. The two other components become the
dises, having a portion of the axle solid with -each disc. These two are first forged together of
one rod, as denoted by Fig. 190 ; after whieh the work is divided into two at the middle, and
the required dise ends produeed.

If the lump selected for the discs is eylindrieal, its diameter is equal to the forged diameter
of the required discs; but if the shape is four-sided, eight-sided, or any other shape except
cylindrieal, the shortest diameter of the lump must be equal to or greater than the dise’s diameter.
'I}Lis shortest diameter is the distanee between those two opposite sides of the lump that are
nearest to each other; and the only proper mode of measuring this distance is by means of
callipers of suitable dimensions. If the shortest diameter is thus found to be equal to the disc’s
diameter, no upsetting is needed ; but, on the contrary, a small amount of redueing and rounding
is admissible, by which the work is made cireular and to the diameter of either of the
intended discs.

When the pieee is thus reduced to proper shape and diameter, the thicknesses of each dise are
added together and marked upon the mid part of the work. If the forged thickness of each dise
is to be four inches, the marking is effected by putting two indentations into the work with a
fuller, the distance between the two dents being eight inches, the length required for both discs.

Being thus marked, the work is heated to nearly welding, and a pair of fullers fixed, one
into the hammer-head and the other into the anvil-block, the fuller ends or extremities being, as
nearly as possible, opposite each other; a pair of side guides also are fixed at the sides; and when
the work is sufficiently heated, it is put as nearly as eonvenient into the horizontal position, and
upon the bottom fuller. While thus lying, the chain- is adjusted until one of the two dents is
brought exaetly beneath the hammer fuller, which is then driven in three or four inches, and the
worked turned downside up; after which, the fuller is again driven in a few inches, and the work
is next adjusted to be fullered while at right angles to its former position. This is effected by
placing the two newly made gaps opposite the pair of side guides, and, when adjusted, the fuller
1s again driven in, and the work put upside down, as at the first fullering. After the four
recesses are thus made into the work from opposite sides, the four corners produced in the ga
are next driven down with the fullers, and a circular gap or recess around the work is the result;
and when the gap is once regularly made, it may be further deepened without trouble.

After one gap is thus made, the other gap is formed in a similar manner, and eight inches
distant, as required, being made at the other dent, which indieates the extremity of the other disc.
When both the circular recesses are formed, the work appears as in the Figure (190).

Well-formed gaps of this charaeter may be made also by means of semicirenlar concave
fullers, both top and bottom; side guides not being necessary in such cases.

Drawing down the two ends to the diameter of the axle is next performed ; after which, the
work is cut into two pieces, the division being made in the middle of the lump. This cutting is
effected with the concave bottom ehisel, as used for other similar work, when a clean right-
angular eut is necessary. During such cutting off of large work the chisels are prevented
becoming too hot, through cooling the hammer-chisel by means of a ladleful of water, and cooling
the anvil-chisel by applying a mopful of water. .

When the two components are thus made by cutting the work into two, each disc is
trimmed, flattened, and finished to its forged dimensions. The axle ends projecting from the
discs are next cut to a suitable length, and shaped for welding to the two short axle ends of the
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crank-piece. And after the three components are united, and either stretched or upset to the
precise length required, the forging is complete.

A two-disc crank-axle, of ten or twelve inches diameter, may, in some cases, be conveniently
made of six or seven pieces, as shown in Fig. 191.

The seven components include the middle piece for the solid crank, the two axle-pieces to be
welded to the crank-piece, also two other axle-pieces to lengthen the axle ends to the desired
lengths, and the two Iﬁortions for the discs.

The forging of all the components may be conducted at one time, at different furnaces and
hammers ; by which the work is completed in about a quarter of the time that would be required
for forging at one furnace only.

To make the crank part, a pile of bars are welded and cranked, or allowed to remain solid in
the ordinary manner. The straight axle-pieces, also, are produced by either piling or drawing
down a thick lump, and the two discs are made of flat cakes or cireular slices. The mode of
making and attaching discs is- described in the section on intermediate screw-shafts. When a
crank-shaft is being made in this manner of several pieces, the attachment of the discs should be
the joints last made.

CrRANK-BARS.—An easy and common mode of crank-making is that by which the entire
crank, with its two axle ends, is cut from a straight flat bar.” The length of this bar is equal to
the total length of the crank-axle when forged. The width of the bar is equal to the total length
of the crank-arm; and the thickness is equal to the distance through the crank-gap, or through
the solid metal at the place of the intended gap.

After the piece is piled, welded, drawn down, and flattened to these dimensions, the crank
is formed by one of four methods—by either cutting with steam-hammer chisels, punching rows
of holes, sawing with saws, or drilling rows of holes with a drilling-machine. The bar reduced to
its dimensions, and ready for cutting, is denoted by Fig. 192.

After the crank part is produced by either of these cutting processes, the axle portions are
reduced to the circular form, and the superfluous metal cut off to complete the forging. Crank-
axles made by this plan are objectionable, because the lengths of all the fibres are parallel to the
axis of the axle.

CRANK-SHAFTS OF Four Pieces.—To place the fibres into their proper positions, a method
may be adopted by which the two levers may be separately made, the axle and crank-pin also
separately made, and the four pieces welded together. ;

All the pieces may be separately forged at different fires, as for other large forgings, each
component being trimmed to shape and cut to length while adapting them to each other. The
two parts for the levers are made by reducing them of one straight bar of sufficient length for both
levers; or of two shorter bars, each of sufficient length for one lever. When both levers are
drawn down until their thickness and width are about equal to the required forged thickness and
width, the ends are cut open by first punching a hole, and next cutting a slit, as described
for other work. The gaps thus made are further enlarged and shaped to fit the two ends of the
crank-pin, and also to fit the axle-piece ; so that each lever has one of its forked parts shaped to
fit one end of the crank-pin, and the other forked part shaped to fit some part of the axle. The
length of this axle-piece may, therefore, be about three times the width of the crank between the
two axle junctions. For short axles, the length of the axle-piece may be equal to the entire
forged length, to avoid lengthening by welding pieces to it. The length of the crank-pin
piece is only a few inches longer than the finished length, to allow the crank-pin ends to be
riveted with upsetting, if considered necessary, during the welding of the pin to the levers. The
four components appear in Fig. 193.

The joints first made are those of the levers with the axle. By referring to the Figure, it

mag be observed that the ends of the levers are of sufficient length to project beyond the axle, =
an

allow them to be closed towards each other previous to welding, by which the components
are retained in position until welding is effected. ’
The hapmering for welding commences by first placing the work with the axle upwards;
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the axle is then driven down with a narrow hammer to thoroughly weld the bottoms of the lever-
gaps ; after which, the work is put down with one side next the anvil-face, and the lever ends
closed towards each other. After this the welding is completed at one or two other heatings,
with additional upsetting and welding of the lever sides, if necessary.

If it is intended to weld both levers to the axle at one welding, the thickness of the two
levers together should equal the total width of the crank, which is the distance between the two
axle junctions. The levers may then be put close together on the axle, having the lever ends
closed together sufficiently to maintain them in proper position until welded. By thus welding the
levers close together, the crank is made as if solid, although a slit remains which is the centre of
the gap intended ; and the same amount of boring and slotting will result as if the crank were a
single solid piece. But when it is necessary to avoid this boring, each of the levers may be
forged nearer to its desired dimensions, and welded to the axle, so that the distance between the
two levers shall be equal to the forged width of the required gap. This arrangement is denoted
in Fig. 196.

After the levers are united to the axle, the opposite forked ends are adapted to contain the
crank-pin; and the joint parts of the pin are trimmed or thinned at one side to fit the gaps in
the levers. The pin is next put in and tightened sufficiently to allow the work to be carried
about, and, after heating, the welding is performed in a manner similar to that for the axle.
The crank is afterwards completed by cutting off the superfluous metal at the projecting fork
ends, and joining other axle-pieces to the primary one, if not already of sufficient length.

Crank forging by means of forked levers is specially applicable to all crank-axles intended
to have levers of comparatively great length, or whose levers are long when compared with the
axles. For short levers the next mentioned methods are more suitable.

Cranxs oF Two Bars.—Cranks are made also of two bars welded together, so that the
width and thickness, when welded, shall be about equal to the thickness and width of the crank
required. By this mode, the primary axle-piece may be of any convenient length, and is fitted
to the intended crank in a manner similar to that gescribed for forked levers. The difference
consists in not making a separate crank-pin; this pin being part of the two bars of which the
crank is made.

It is necessary that the bars be soundly welded in the parts intended for the levers and
crank-pin; but the opposite ends may remain open, and will require cutting open, if the two
become united during the welding. After a thorough welding, the quantity required for the
crank is cut off, and the ends not welded are heated and placed upwards beneath a hammer. A
narrow fuller is next driven in between the two ends, and afterwards a broader fuller is driven
in, also a wedge or thick chisel, until a gap is produced similar to that in Fig. 194. The axle
is then fitted to its place, and there welded to complete the crank-shaft. The axle and erank are
represented by Fig. 198.

Instead of thus making a crank of two bars, one may be used, if circumstances permit.
When a picce of metal large cnough to be formed into the entire crank, and a steam-hammer
chisel big enough to make the opening, are accessible, it is advisable to use one solid piece for
the crank, becanse in such a piece the metal for the crank-pin will be compact, and not so likely
to show any joint. The shape of the axle gap in a single piece is similar to the gap in a crank
made of two pieces ; the crank and axle are therefore united together in a similar manner. A
solid crank-piece without a joint is shown by Fig. 195 Whether one bar or two be used for
such a crank, the lengths of the crank-pin fibres are at right angles to the proper position ; there-
fore this is an objection to the method, which should be partly remedied by making the crank-pin
part as solid as possible. ‘

By a method similar to the one last described, two cranks may be made of one bar, or of
two bars welded together in the middle. In such cases, a lump is selected or reduced to proper
width and thickness, and a sufficient length to make two cranks. The work is next cut into two
at about midway between the ends, and the axle gaps are made with chisels and fullers, as for
other cranks. When two bars are welded together for the purpose of obtaining one bar of suffi-

L
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cient thickness, the axle gaps may be formed by omitting to weld the work at the ends. The
bar for making two cranks then appears as in Fig. 197.

Gap-maxiNG.—To avoid drilling and a part of the slotting, crank-gaps should be formed
while on the anvil. For this purpose three lines may be marked upon the solid crank part to
indicate the place of the gap when forged ; and a chisel or small fuller is driven in at the marks
to a sufficient depth to allow the indents to be plainly seen when the work is heated. The crank
is next heated to about a yellow heat, and two cuts are made into the work at the two marks
that are parallel to the length of the levers. These cuts are conveniently made by driving
a chisel to an equal distance from both sides, but only a few inches into the place of the ga
from the entrance of it. After two short cuts are thus made, a gouge chisel, whose cutting en
is the width of the gap, is driven from both sides, and a portion of the superfluous gap-piece is
cut out. The straight chiscl is afterwards again driven in, to extend the side cuts, and the
gouge again employed to deepen the gap.

Two-crank AxLEs.—Two-throw crank-shafts are made by first forging two separate cranks,
either with gaps or without, and afterwards welding two of the axle ends together; the joint
being between the two cranks. Whether the cranks are to have curved extremities or angular,
the desired shape is produced previous to the final joint-making.

One of the two cranks is placed at right angles to the other by means of the joint; this is
made to fit and coincide while the two cranks are at right angles to each other, and welded in
that relation. The particular relative position of the joint ends with the cranks is of no conse-
quence, because the joint is thoroughly welded by upsetting while in the furnace; but the
situation of the joint may be at any convenient distance from either crank. To make a good
joint a large mass of metal is provided, to admit two or three welding heats; after which the
joint part is reduced to the forged diameter of the axle. By this treatment the extreme ends of
the original joint become extended to a great distance along the axle, and are so amalgamated
with each other that the men who made the joint cannot tell either its situation or position.

Two-throw crank-shafts are made also by piling up the cranks on the sides of a primary
axle-piece. This piling is of sufficient height and in the required places to form the cranks to
the length desired, and also at the required distance from each other. Each of the piles being
at right angles to the other, the cranks are produced in the required relative positions, and with-
out much twisting of the axle or making a joint between the two cranks. At the conclusion of
forging, a small amount only of twisting is necessary, to adjust the cranks to a right angle with
each other. Cranks thus forged are shown in Fig. 199.

Two-craNk AxrEs oF ONE BAr.—A two-throw crank-shaft may be made also of one flat
bar. The length of this bar is equal to the total length of the axle; the width equals the total
length of one lever or arm; and the thickness equals the distance through the crank-gap when
tormed. When reduced to thickness, the work is carefully trimmed and flattened throughout
one small side, usually termed one edge. The work is then ready for marking.

The bar being thus prepared, it is laid upon some convenient table, and the thickness of the
intended axle is marked along the bar and at a proper distance from the flattened side, this
distance being equal to the forged diameter of the axle. The middles of the two intended cranks
are next marked by making two lines across the bar at right angles to the length of the axle.
From these two centre lines the forged dimensions of the two cranks are marked, after which a
chisel is driven in at each line.

When thus marked, the bar is ready to be formed into a two-crank axle, which is effected
by either drilling or sawing. 'When sawing is adopted, two rows of holes must be drilled at the
bottoms of the crank-gaps, cach row being parallel to the length of the adjoining crank-pin part;
the formation of the cranks is completed when the five superfluous pieces are cut out, at which
time the two cranks are extended on the same side of the axle instead of at right angles to each
other, as required.

Axre-Twisting.—Twisting the axle is resorted to for placing the cranks into their proper
positions. For small axles, this operation is conveniently performed at a bright yellow heat
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while the work is in a furnace or other fire. The portion of the axle heated is that between the
two cranks. The first heat is given to that part which adjoins one of the cranks, and the length
of axle heated should be about two feet, if the fire will permit. DBy hecating a great length of
axle, the twist will be equally distributed along the work; but, if the fire is not large enough for
this purpose, a greater number of heatings and twistings should take place. The extent of twist
first given may be about thirty degrees ; the adjoining portion of the axle is next heated, and the
angular distance between the two cranks is increased with twisting to about sixty degrees; after
which another portion of the axle is heated, and the ‘distance increased to minety degrees as
required.

" The modes of applying the power for twisting are various; and the method selected is that
most suitable to the dimensions of the work. An axle of only four or five inches diameter can
be twisted while in the fire, by bolting one of the cranks to a table or to a pedestal fixed in the
ground. When one crank is thus tightly fixed, the other crank is conveniently made use of for
attachment. A lever is fastened to this crank, and the axle is twisted by a few men at the end
of the lever.

When a bearing or pedestal is specially made for such purposes, it is preferable to fix the
work by means of caps or clamp-plates across the axle, instead of attaching the plates to one of
the cranks. If the axle is thus gripped, instead of a crank, the fixing-bolts and plates may be
quickly unfastened and refastened during the process. To facilitate the twisting, a few sledge-
hammer blows are struck at the moment the power by the lever is applied. Screws also are used
to gradually bring the cranks into proper position, instead of applying the power by the lever
only; buta few men at the end of a lever which is fastened to a crank or some part of the axle
is the quickest mnode of twisting all kinds of small axles.

Large axles are twisted under a steam-hammer, instead of in a furnace, and, if convenient,
the twist is equally distributed along all that portion of the axle between the two cranks. The
axle requires supporting at two places, one bearing being placed to each of the axle ends. One
of the bearing-blocks is therefore near the anvil, or, if a large anvil, the bearing may be on the
anvil; the other bearing-block is at any convenient place along the axle end. For convenience
of handling the work during twisting, the axle ends are rounded previous to attaching the
fastenings to the bearing-blocks. , ‘

After two or three feet of the axle is heated to a bright yellow, the work is put upon the
bearings, and, with one crank beneath the hammer, the work is so adjusted that the crank-pin
portion shall receive the blows for twisting ; and during the twisting a space is allowed beneath
the crank ; all superfluous anvil-blocks are therefore removed from the anvil.

Fixing the opposite end of the axle during twisting is effected by attaching a lever to the
crank, or to some part of the axle, and fastening the power end of the lever to a pair of blocks
and tackle of sufficient strength. DBy this means the lever can be shifted during the successive
haminerings, that the work may be retained in position to receive the blows. A substitute for a
lever of great weight and dimensions consists of a pair of grips having angular gaps for attachment
to one end of the axle, the axle end being made four-sided to fit the gaps in the grips. Around
the rim of the grip are several holes large enough to contain the end of a strong fixing-pin; and,
during the hammering for twisting, the work is retained in position through the fixing-pin being

. - A . - . . . . - o 3
tight in one of the pin-holes in the grip, at the time the pin is also tight in a block or iron post

fixed for the purpose.
Another means of facilitating the holding of the work in position may be briefly mentioned,
which consists in hooking a number of weights to the lever and crank. The greater the weight
thus applied, the more effectual will be the blows of the hammer. Whatever particular method
may be adopted for fixing, it is advisable to make the cap or clamp-plates for gripping the work,
of thick wrought iron, and with great gripping or bearing surfaces, that the work may be easily
tightened in any desired position at any moment while on the anvil.
Gar-pLoCcks.—Two-crank-axles made of straight bars, or made by any other mode, may be
twisted also by a method which obviates the usc of levers and all their necessary attachments.
L3
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This plan is applicable to an axle of one inch diameter, or to another of twenty inches, and
is accomplished by supporting one erank in a gap-block or pedestal, while the other crank is
on an anvil and beneath a hammer of any size to suit the dimensions of the work. The gap-
block may consist of any desired number of tons of metal, and be of the needful dimensions for the
usual work. In the upper part of the block, and in the vertical position, is the gap or opening for
containing the cranks; an(f) across the gap, at the top of the block, is a cap-plate to prevent the
work being much shaken with hammering. The precise width of the gap is of no eonsequence,
but it is necessary to make the opening a few inches wider than the thickness of the thickest
crank to be put within, in order to allow the crank to be inclined about ten or fifteen degrees
while adjusting it for twisting. When a small crank is in the gap, any required number of
packing-plates can be inserted to fill the openings that remain.

After a great length of the axle is heated, the work is put upon the anvil and into the gap,
and, while suspended with the crane, the shaft is adjusted until the crank-pin part is beneath
the hammer, at which time the fixing-cap is tightened and the hammering for twisting
commenced.

When a sufficient length of axle is heated at the first heat, the entire twisting can be
performed at one heat; but if only a short length is heated, the process of reheating should be
adopted. A two-crank axle supported by a gap-block is shown in Fig. 201.

After the cranks are thus put nearly at right angles to each other by some of the methods
deseribed, and the outsides of the cranks tapered, or sometimes smoothed, by being hammered
into moulds, the work is eut to length and adjusted.

Crank ApjusTMENTS.—The final adjustment of all sorts of crank-shafts includes straight-
ening the axles, and placing the centres of the two crank-pins at right angles to each other.
The entire adjustment can be effected while the shaft is either entirely supported by the anvil,
or partly supported by the anvil at one end, while the other end is in the gap that was used
for twisting. To ascertain the amount of adjustment neeessary, an iron template is made,
having two arms at right angles to each other, representing the two cranks. This template
or gauge fits the intermediate portion of the axle, and, being portable, is easily applied.

To rectify a shaft without such a gauge, it is necessary to put the shaft upon a table
of sufficient length; and in many cases such a table is not accessible; hence the convenience
of a portable gauge. '

To straighten the axle, the anvil having the largest face that the framing will admit should
be put into position ; and the face of the anvil should be concave to the extent of about half an
inch or an inch at the middle. To indicate the part of the work which needs a blow, a wooden
iron gap-straight-edge, or straight-edge of wood only, is supported at different sides of the axle
by three or four men while the smith walks along and observes the distances between the straight-
edge and shaft at several places throughout its length. He then measures the distances with
inside callipers having a long handle, if the work is hot enough to require it. And when the
differences of the distances between the straight-edge and shaft are thus discovered, the concave
parts or hollow parts of the axle are also discovered; these parts are then put next the anvil-face
and a few blows given ; after which the straight-edge is again supported and applied to the work
by the men, to ascertain if the axle has been improved with the hammering, and which part is
next to receive a few blows. |

By means of a long gap-straight-edge thus handled, or by means of a large surface-table,
the crank-shaft ean be adjusted while it is still hot at the conclusion of forging, and previous to -
putting it into a lathe. The ga(i)s in the straight-edge are to admit the fulerum ends of the cranks
that extend beyond the axle sides; the gaps should therefore be five or six inches deep ; by this
means the straight-edge can be put close to, or near te, the axle thronghout its total length.

When it is considered inconvenient to make a long gap-straight-edge, the axle must be put
into a lathe to ascertain the places of the bent portions, because short straight-edges are of little
use for work of great length. During the application of the straight-edge to a shaft of great
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length, the work requires supporting at scveral places to prevent it bending through its own
weight.
©StEEL CrANK-suarTs.—All crank-shafts are best when made of a hard metal that will admit
beautifully polished surfaces for the crank-pins and axle-bearings. For this reason, a hard,
highly tenacious stecl, which will resist strains of vibration without being very liable to break, is
re-eminently the very best material of which crank-shafts can be made. And the reason why
arge crank-axles are not made of it is because it is an exceedingly rare product ; and, when it
is comatable, great difficulty is encountered in forging it into a large crank-shaft without spoiling
it, or placing the lengths of the fibres into the wrong positions. But the great advance lately
made in stecl-making by the Bessemer process enables us to hope that a steel which will be
tough, hard, and also easily forged, may be produced at a not very distant time.

SumMarRY.—From the foregoing remarks and dctails of processes given in the previous
sections of this chapter, an attentive student will learn that, however good the iron or steel may
be which is used for forging, it is always desirable to devote some attention to the relative posi-
tions in which the several forging components are to be welded to each other, and the positions
of the fibres in the work after being forged. From the details of processes already given, these
six general rules may be deduced :

1. That all piston-rods should be so made, as to place the longitudinal axes of the constituent

fibres parallel to the lengths of the piston-rods.

2. That the straight portions of all levers should be so forged, as to arrange the longitu-

dinal axes of the fibres into a position of parallelism with the lengths of the levers.

3. That the lengths of the fibres in any curved junction of a fork-end or T-head with its

respective rod should be parallel to or concentric with the eurve itself.

4. Also that the lengths of the fibres in all lever besses and fork-end bosses should cou-

stitute portions of rings whose centres are the centres of the holes in the bosses.

5. Also that the fibres in the arms of all crossheads should be disposed into a position of

parallelism with the lengths of the crossheads.

6. And that all axles should be so made, as to put the lengths of the fibres into a position

of parallelism with the lengths of the axles.

These general deductions relate to the principal portions of engine work, and may be
reduced to this comprehensive general statement:

That the lengths of the fibres in all piston-rods, connecting-rods, and other rods genecrally,
should be parallel to the line or direction of the motive force applied while in use; and that the
lengths of the fibres in all levers, crank-pins, and axles generally should be at right angles
to the direction of the force applied while in use. )

To enable a beginner to appreciate these deductions and statements, it will be necessary for
him to refer to the opening sections of this chapter, and to devote some attention to the sketches
in Plates 1, 2, 3, and 4, that he may obtain a gencral idca of the shapes of the forgings he is
considering.

The character, formation, and uniting together of forging components having been thus
for the first time generally described, a description of the appliances and implements for facili-
tating the various processes is now added.

SAPING IMPLEMENTS.

During the making or using of these implements, the fundamental principles of forging
stated in the first sections of this chapter should be remembered in all cases that require good
work ; by no other means can good forgings be produced when ordinary bars or rods are used,
whether they be Lowmoor, Bessemer, or any other produet ; therefore every tool, shaper, mould,
or other implement that can be used or made to facilitate the forging by the first principles should
be eagerly employed ; but all those implements or machines that put the metal into the outside
shape without properly arranging the fibres should be avoided when circumstances permit.
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Shaping moulds for forging purposes are more applicable to Bessemer ingots than to
laminous bars, and especially when a Bessemer product nearly free from phosphorus and sulphur
is accessible.

The principle involved in forging with moulds consists in shaping the metal to the required
form by adopting the shortest method, entirely disregarding the internal arrangement of fibres;
for this reason, tenacious Bessemer metal is very suitable for forging in moulds of all classes,
small and large. Such metal can be upset without splitting; and, when newly cast, Bessemer
product is devoid of an orderly side-by-side arrangement of fibres. While in this condition, it
may be shaped, pressed, bent, or upset in any direction, if the metal itself is good.

It may be stated generally, that bending and pressing are the two principal operations in
these shaping processes, and that the tools and shapers cmployed are of cast iron or of Bes-
semer metal; also that the great economy of time resulting from the use of shaping moulds
requires that they should be employed by every manufacturer who has regularly to perform or
conduct any kind of smiths’ work, whether it be very small or, on the contrary, very large.
Such shaping tools are equally applicable to work of all dimensions, whenever many articles are
required to be of the same or similar shape.

The bending and shaping tools, and appliances for small work, shall be first deseribed.

Tor Toors.—Plate 20 contains a number of sketches of shapers for small work; in this
Plate, Fig. 202 denotes a top rounding tool that may be used in the nsual manner with another
bottom rounding tool, for rounding small work to a cylindrical form; or the top tool may be
separately used for producing work of semicircular section, usually named half-round. When
such a form is required, the work is put upon an anvil or some other convenient flat surface,
instead of into an ordinary bottom rounding tool ; the top tool is then applied with hammering,
to produce the required half-round shape.

Top tools are used also for curving those two sides of a flat key which are named the edges,
when keys of this form are required.

Such top tools are very durable when made of Bessemer steel, and can be easily formed by
splitting open one end of a piece, with punching a small hole at a short distance from the
extremity, in the usual manner, and afterwards shaping the two ends thus produced, until the
desired concave form is obtained. - The required curve is effected with hammering the work
while it is on a piece of round iron or steel, whose diameter is suitable for producing the desired
curve in the tools being made. During the shaping of the curve, the round iron or steel is
supported in any convenient gap, or in a pair of angular gaps similar to those in the two blocks
shown in Fig. 142.

Another mode of making top rounding tools consists in forming the curved or fork portion
of steel, and welding a piece of iron of any desired length to the stecl fork part. The straight
soft iron portion is therefore that which receives the hammer; and when any of the thin pieces
become detached from the top of the tool during the usual hammering, the mischief resulting
through the pieces being driven about is not so likely to be as extensive as when the entire tool is
made of one picce of brittle steel. But now that a soft Bessemer steel is attainable, the complete
tool can be made without any joint.

The upper extremities of all top rounding tools should be curved ; and, in all other tools,
rods, or bolts that are intended to sustain a severe hammering, the cxtremities that receive the |
hammer should be also curved, by which the desired shape is retained a greater length of time.
The curved outlines of such extremities are clearly shown in the larger sketches of this class of
tools in Plate 7. :

The smoothing of the gaps of rounding tools is done with half-round or round files ; the tool
is next hardened and tempered to that degrce which the particular picce of steel requires, to
prevent it breaking with the ordinary hammering. The upper ends of such tools do not require
any hardening process. ' |

Furiers.—Fullers are used in all cases that require recesses with curved bottoms to be made
into any piece of work during its forging; and according to the width of the recess required, so
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is the width of the particular fuller employed. TFullers are used also for scarfing, in which case
the end to be scarfed is put upon an anvil, or a bottom rounding tool, and the fuller is driven
into that side of the work which is intended to be bevelled. FKullers are useful also for the
drawing down or otherwise thinning of work that is'too small for the ordinary set-hammer.

The forging of a fuller is properly done when the entire tool is made of one piece of steel,
which is easily tapered, or upset at one end, until the required curve and thickness of fuller is
obtained.

The mode of holding a fuller, or other similar top tool, during its use, is by means of either
a straight ash handle or a tough rod, which is twisted around the outside of the tool, and tightly
fixed with two iron clips. The straight handle allows the tool to be kept firmly upright, and
should be used when good hammermen are comatable, who are not so liable to hit the handle
instead of the tool-head ; but the twisted handle is preferable when it is likely to receive a severe
blow, which would break the handle without injuring the arm of the man who holds it.

Those tools that are intended to have straight handles should have the handle-holes punched
and drifted, instead of being drilled, because the drifting spreads out the metal around the hole
and strengthens the tool, the eye part being the weakest portion.

The final shaping of a fuller end is effected by hammering the tool while its lower end is
heated and in a gap of a bottom rounding tool, the curve of the gap being that which is required
for the fuller. Such shaping drives out a few ragged edges, named burrs, which are produced at
the angular extremities of the fuller; these burrs are not hammered in, but filed off, and the
curve of the fuller itself is also smoothed with filing; after which the fuller part of the tool is
hardened, and is then ready for its handle. s

CarRrIERs.—These are of various shapes and dimensions, to suit both small work and large ;
and are used to grip the various pieces of work while being carried about from a fire to a
hammer or to a shaping implement. Carriers are represented by Figs. 204, 205, and 206.

" The cranked carrier shown by Fig. 204 is a very safe instrument to prevent the hot piece of
metal slipping away from the middle of the carrier while being carried about. A carrier of this
class is made of a straight piece of round iron or steel; and the cranking is effected on an anvil-
beak, or on a block in which are studs or pins to hold the work while being cranked. Such studs
for bending purposes may be placed also in some of the slots in a table shown at the bottom of
the Plate (20).

The hook carrier, denoted by Fig. 205, is useful to a hammerman for carrying about small
rods or bars of great length. While the smith carries one end of the work, the other hot end is
suspended with the hook, and carried by the hammerman. Such carriers are useful also for
twisting and bending small work.

Fig. 206 indicates a class of carriers for carrying long bars or plates, the work being gripped
by one of the gaps in the cranked part. Either one, two, or three such carriers are employed by
one or more hammermen, according to the dimensions of the work to be moved about.

To make such a carrier, two components are necessary; one of these is a straight bar for
the cranked portion, and the other piece is a rod of iron of sufficient length to make any length
of handle that is required. The bending of the bar to the shape of the crank is effected in a
manner similar to that for making other cranks, which is by means of studs on some con-
venient block or table. After the gaps are made to the width desired, the crank part is welded
to its handle, and the carrier is complete.

Borsters.—DBolsters are used to support a piece of work at a proper distance above an
anvil, while being punched or drifted ; consequently the greater the length of drift that protrudes
beyond the work being drifted, the greater is the height or thickness of the bolster. Some sorts
of bolsters consist of thick circular rings having holes of various diameters; other bolsters are
slotted, or may have a long narrow gap, as in Fig. 207. The forging of one of this class consists
in bending one end of a long bar and closing the work together until the gap is of the proper
\%idth. After the bolster is finished, it is cut from the bar which was used as a handle during
the forging.
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AxGULAR SuaPERS.—To shape angular extremities, it is often convenient to hammer the
work while at yellow heat, or sometimes at welding heat, while the heated portion is in an angular
gap. The angle of the gap-sides is that of the work reguired to be shaped. An angular
shaper is shown by Fig. 208; and when the gap-sides subtend an angle of sixty degrees, the tool
is sometimes used for shaping the outsides of six-sided nuts of several sizes.

The material used for making such blocks should be Bessemer steel, cast into sand moulds
that were shaped by wood patterns whose shapes resemble the shapes of the required blocks.

When it may be necessary to forge such a block, instead of casting it, the square stem is
first produced at one end of a bar, fullers being used to commence the drawing down, in the
usual way; and when the stem 1s reduced to nearly its finished dimensions, it is placed in some
convenient hole or slot, with the thick part of the work upwards; while thus fixed, chisels and
wedges are driven in at the place of the intended gap, until its required dimensions are
attained.

CorLrLArR SHaPERs.—Several classes of small bolts and studs have collars or flanges near one
end, or near the middle. For such studs, a shaping-block denoted by Fig. 209 is employed,
together with another top tool having a recess similar to that in the bottom block.

The use of such blocks obviates the necessity of welding separate collars to the bolts, because
the stud or bolt may be made of one single piece, which, in diameter, is equal to the diameter of
the collar desired. When such a piece is used, it is first fullered in two places to produce the
required collar between the two fullered recesses. After being thus roughly formed, it is again
heated to about welding, and put between the top and bottom collar shapers ; and, while between,
a rapid hammering produces the shape required.

- These collar shapers are used also for welding and shaping flange bolts when made of two
pieces instead of only one, the collar being bent around the bolt as previously shown (Plate 8).
In such cases, the collar is welded to the bolt by means of the usual hainmering, while the
work is between the shaping tools. :

Cast iron or steel being used for these shapers, it is easy to shape the gaps to any form of
flange that is required. %f needful, the gaps may be made to produce four-sided flanges,
and also four-sided bolts, instead of circular ones; but, whatever form of bolt is required, it is
desirable to make the bottoms of the recesses smaller than the mouths or entrances, to prevent the
bolt sticking in the block after being hammered into it. If the bottom of any such gap should be
larger than the entrance, instead of smaller, or if any irregular hollows or holes in the block
should exist, when newly cast, at the sides of the gap, the work after being hammered into it will
remain in, securely dovetailed, until drilled out piece by piece.

Drirrs.—It 1s often necessary to punch small keyways, or other slots of sinilar shape, into
small pins and bolts, to avoid drilling; and, after punching, thin drifts of various lengths and
thicknesses are driven into the slots to enlarge them to the required dimensions. A thin drift,
having curved extremities to resist the hammering, is shown by Fig. 210.

Drifts are made also of circular, oval, rectangular, hexagonal, and octagonal transverse
sections; and are used for drifting nuts, joint-pin holes, small connecting-rod eyes, lever-bosses,
fork-joints, spanners, machine-hangles, and several other articles, when the object is to economise
the time that would be occupied in shaping with more expensive machinery. 4

Whatever may be the particular shape of the drift, it should be of excellent steel, very smooth,
and as near to straightness as can be made. For general work, it may be stated that the angle
subtended by any two opposite sides of a finishing drift should not exceed one or two degrees,
which is termed very slightly taper.

Drifts for enlarging the holes in large work during forging should be very taper, the angle
subtended by the sides being about fifteen degrees.

SrorTED BorToM Toors.—A slotted bottom tool having a half-round gap is very convenient
for supporting a bolt or pin, or other cylindrical piece, while being punched or drifted. The tool
may be of sufficient length to extend beyond the anvil-edge, to allow the end of the drift to clear
the anvil while in the slot or key-way. In other cases a shorter bottom tool may be unsed, having
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the slot directly above the anvil-face; in cither case the slot in the tool is formed entirely through
it, to allow the punched pieces to be casily cleared away. .

When such tools are made of cast iron or cast steel, the slots can be formed at the time of
casting, and are afterwards finished with filing. If the tool should be made of wrought iron or
wrought steel, the slot may be punched, or, if too small for punching, it may be drilled and
afterwards finished with filing. A slotted bottom tool is indicated by Fig. 211.

Puncues.—The usual shapes of all punches are conical, and the angle subtended by two
opposite sides should be about six or seven degrees. The outlines of the transverse sections of
punches do not differ so much from each other as the sections of drifts, the only two general
forms for punches being -circular and rectangular, termed round and square. Round ones are
used for piercing holes into nuts, joint-bosses, rings that are to be forged without a joint, spanners,
and many other classes of ordinary work; also for making flat-bottomed recesses into iron or
steel previous to punching smaller holes at the centres of the flat-bottomed recesses, the shapes
of the smaller holes being either round or square. Square punches are required for square bolt-
holes, key-ways, also rectangular gaps in the ends of rods or bars. In this case, the square hole
is first punched at a proper distanee from the extremity, and the superfluous piece afterwards cut
out with chiselling. Square punches are useful also for making many other rectangular openings
in thin bars and plates.

Four-sided punches for making small holes are made ten or tweclve inches long, for the con-
venience of holding the puneh with one hand while the other hand is employed to drive the
punch through or partly through the work. Large punches that require a sledge or steam-
hammer arec made of the shortest possible length that is sufficient, that the hammering may not
bend the punch to any considerable extent. A short square punch is rcpresented in Fig. 212.
Whether the punch is round or square, a short one requires an iron-wire handle, twisted around
the puneh, instead of a wood handle; an iron handle, being thin, will allow a great length of the
punch to be driven into the hole during the hammering for punching.

Punches small or large, long or short, require to be made of the best tough, hard, cast steel.
When such metal is accessible, the only hardening that the tool requires is given when it has been
driven into the work and become nearly or quite red-hot; at such times, the punch is put into
water in a bucket provided for the purpose.

Key-suapers.—To facilitate the forging of keys of various shapes and dimensions, a number
of blocks are cast having reecesses and grooves of different shapes corresponding to the shapes of
the keys required. For round keys, half-round taper recesses are formed; for square and other
kinds of rectangular keys, the recesses are about the same depth as the thickness or width of the
intended keys, some of the gaps being used for shaping the keys while their small sides are
upwards, and other recesses being used for shaping the keys while their broad sides are
upwards. The bottoms of the gaps may be cither flat or curved, according to the required shapes
of the key-sides.

Keys having heads are shaped by hammering thein into gaps that are shaped to receive the
heads in addition to the stems of the keys. The gaps for the heads may be open at the front end
of the shaping-block near the workman, or the recess for the head may be made nearer to the
middle of the block-face; the recess will then be surrounded with metal, except at the place for
containing the key-stem. This situation for the heading recess is necessary for shaping great
numbers of headed keys, that they may be firmly retained in their respective recesses instead of
being pushed out with the hammering.

The tools that are required while hammering the metal into the shapers are half-round
top tools and flatters, or, in some cases, the hammer only. The half-round top tools are used
for round keys and the small sides of taper flat keys, also one of the small sides of a gib.
Flatters are necessary for all sorts of rectangular keys; and when considerable numbers are
wanted of similar width and thickness, the required dimensions are obtained by hammering
each key into two gaps, one gap being just the width of the required keys, and the other
gap being just the thickness. When two such gaps are provided, they are termed gauge-gaps;
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and while the key is in either of these openings, it is flattened with a flatter until the flatter
strikes the face of the block at the same time that it strikes the key, at which time the work
is of the required dimensions, measuring with callipers not being necessary in such cases.

Many classes of keys can be shaped and reduced to the finished dimensions at only one
heating and hammering ; for such keys only one gauge-gap is requisite for each size of keys.

The 1naterial used for such shapers should be cast Bessemer stecl, the proper care bein
exercised to slightly taper the gaps that the work may be easily separated from the shapers. 1%
key-shaper is shown by Fig. 213.

Rounping Brocks.—Instead of a separate bottom rounding tool being used for each different
diameter of bolts or pins, a block having three or four gaps is often used, all the gaps being of
different sizes, to suit various diameters of bolts and rods.

The making of such a block consists in either casting it of Bessemer steel or forging it of
wrought iron ; sometimes adding a steel face for the gap part, in other cases making the block
entircly of iron.

The forging is commenced by producing the square stem by drawing down one end of a bar
or other component piece, and, when the stem is squared, a sufficient quantity of metal is allowed
for the block, and the entire work cut from the bar or lump. The intended face side is next
flattened or welded, if not solid, and the half-round gaps are formed with fullers. For this pur-
pose, the places of the gaps are marked with a chisel, and the work is heated to nearly welding and
put across a convenient opening to permit the square stem to hang between; or, if the steel is
sufficiently redueed, it can be put into the square hole of an anvil. While thus situated, fullers
of proper width are driven in at the marks, and with two or three heatings the gaps are roughly
formed. The shaping of the gaps is next continued by hammering eold pieces of round iron or
steel into the gaps, first at near welding heat, and afterwards at a dull red heat; each of the
pieces used for shaping béing of a proper diameter to form the opening desired. After all
the shaping with fullers and pieces of round iron is completed, the burrs spread out at the
angu(liar extremities are filed off; and the smoothing of the gaps is effected with half-round or
round files.

When the blocks are cast instead of being forged, the needful shaping and smoothing 1is
effected with files only, because the gaps are cast nearly to the finished dimensions. A rounding-
block is represented by Fig. 214.

Bovr-HEAD SHAPERS.—When great packing numbers of bolts having eylindrical heads are
wanted, it is advisable to use an implement which will reduce the bolt-head to its proper diameter,
also reduce the bolt-stem to its diameter, and make the bolt-head coneentrie with the bolt-stem,
the three objects being effected at only one hammering. The lower block of such an apparatus is
shown by Fig. 215. The upper shaper consists of a top tool having a recess, which is of the same
shape as that in the bottom tool. After a bolt is drawn down and roughly shaped, it is put
between the two tools and adjusted to the desired shape and dimensions at one or two heats. |

Shapers of this sort will not adjust a bolt-head to any particular length ; it is therefore
necessary to make the recesses for the heads longer than the length of the longest bolt-head to be
put within. The easiest method of making such shapers is by casting, the recesses being formed
at that time. :

Another plan consists in casting or forging the top and bottom blocks separately and without
any recess. The next step is to carefully flatten the two faces that are to come together ; after
this the two tools are firmly bolted together in their intended relative positions during use.
‘While thus fixed, the bolt-holes and head-recesses are bored with suitable apparatus.

Tones SuarERs.—The principal parts of a pair of tongs are the joint portions; and all the
joints of tongs for small work are made about the same shape, consequently it is convenient to
make recesses for forming such pieces without trouble. Any additional portions for the grips
may be afterwards welded to the joint pieces, if the work in progress is large enough ; but for
small tongs, the joint portion may be shaped at a proper distance from one cxtremity of a bar,
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and a thick lump be allowed to remain at the end, beyond the joint part. This thick portion
may then be shaped or cut to any desired form, to become the grip, instead of welding an addi-
tional piece to the joint part, as for larger tongs.

The only top tools that are required for use with tongs shapers are ordinary hammers,
flatters, and set-hammers.

The shaping recesses in the block may be formed of a sufficient depth to contain the whole
of the piece being shaped, or may be shallow, so that a portion of the metal may project above
the face of the block when thick joint pieces are being made.

Through the irregular forms of the recesses in tongs shapers, it is necessary to carefully form
and polish the wood patterns to the proper shape, that no further shaping may be necessary, after
the blocks are cast. A tongs shaper is indicated by Fig. 216.

TaBLEs.—A great number of small tools and shaping implements are used on some sort of block
or surface-table. Every smithy should contain one or more of these tables; and the greater the
dimensions of the usual work of the shop, the greater should be the table or tables. The
length of large blocks or tables of this class should be about five or six times the width,
that the men may make use of nearly the whole surface, instead of working at the edges only.

(=]
For the convenience of fixing various pieces of work to the table, it should be cast with a

large recess for the under sideo; and also contain a number of slots in various parts of the upper
side or surface, and also around the other sides next the workmen. These slots are useful to
contain the ends of studs, pins, hooks, poppets, bolt-heads, and other instruments employed for
fixing and shaping various classes of forgings. In addition to slots, the table may have several
straight lines marked along the surface, and a few other shorter lines marked across at right angles
to the long ones. While the table is in use, it is in any convenient part of the shop, and sup-
ported with a few wood blocks to raise it to any particular height that may be desired. When the
table is required at some other unusual place, a few wood or iron rollers are put beneath, and it
is rolled to its intended destination.

If an instrument of this character is accessible, the straightening, flattening, and adjusting
of rods and shafts of all sorts will be greatly facilitated. The lines, being of great length, will
admit several men to work at one time in several places along the table; the lines being also at
right angles to each other, will allow work of all sizes, and in all stages of forging, to be put
to the lines for adjustinent; and when a curve of any particular radius, or diagram of other
variety is desired, it may be delineated on the surface with chalk or compass point, and becomes
for a time the workman’s gauge or standard. Any of the places of intersections of the lines
with each other may be selected for centres from which to excribe the necessary ares or other
curves that may be needed, for the adjustment of links, sectors, conneeting-rods, eccentric-rods,
slide-rods, rings, cranked levers, straight levers, and other varieties of work that are in pro-

ress.
3 One or two of the lines near the edges of the table should be divided into métres,
decimétres, centimétres, and millimeétres; such an arrangement would tend to abolish the old
mode of measuring by inches and parts.

A thick heavy table of this class may also be adapted to a steam-hammer, instead of using
it as a portable table in various places. The steam-hammer thus supplied may then be specially
reserved for straightening, flattening, adjusting, and cutting to length a variety of rods, axles,
and other forgings.

The material of which such tables should be made, is Bessemer metal, or a hard cast iron
which is not too hard to admit the planing process; such metal will be durable, and if the
intended top or face of the table is downwards at the time of casting, a good surface will be the
result. The preparation of the table for use commences with reducing the upper side to a plane by
means of a planing machine ; after planing, the same machine is the means of marking the long lines
on the table, and also the short lines, if the machine is suitable; if not, a steel seriber and
straight-edge are employed to mark the short lines, when the planing-machine is not capable of
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being adapted to the purpose. The method of correctly marking the cross lines consists in
bisecting the long lines, or portions of them, in all those places intended for the inter-
sections of the short lines with the long ones. By this means, the marking tool may be
afterwards used to enlarge the marks, and the desired right angular positions of the lines are
obt]?ined. This class of tables, having a few lines marked on the surfaces, is represented
in Fig. 217.

Axcring Brocks.—The slots and square holes in- a portable table may often be conveniently
used for holding the square stems of rounding tools, bending tools, and other shaping imple-
ments represented in Plates 20 and 21; instead of placing the stems into the square holes of
ordinary anvils. In Plate 21, two bending tools for bending ends of bars, as shown by Figs.
218 and 219. The number of slits or narrow gaps in each tool may be three or four, if the
tools are large enough ; and the angles of the gaps with the faces of the tools differ according
to the desired angle of the work when angled. For the ‘convenience of shaping curved work,
the entrances of the gaps may be curved, as in Fig. 219. ‘

When such a tool is in use, it is fixed by its stem in some convenient hole, and the bar to be
angled is heated to a proper softness and upset, if necessary, to obtain a thick portion at the
intended corner; after this, the iron or steel is again heated and angled by placing the end of
the bar into the gap, to such a distance that the middle of the heated portion shall be in contact
with the bearing or projecting edge at the mouth of the gap. When the work is thus fixed, it
is ready for angling, which is effected by one or two men pulling down the end of the bar until
it is brought to the desired position. After being thus roughly bent, the work is properly shaped
by hammering and flattening that part of the iron which is on the angling block.

The angling block shown by Mig. 219 is useful for shaping work which is to be very strong
at the corner, having a curve inside and an angle outside. To make such a corner, the iron is
heated .to welding and.driven into the gap with flatters or set hammers.

Gap-blocks for angling and corner-making are made by first preparing a solid block having
a square stem, but no gap. The matcrial used may be either Bessemer metal or inferior
homogeneous iron ; and the cutting of the gap is performed while cold. For this purpose, the
place of the required gap or gaps 1s marked upon the face and two sides of the block, by means
of a scriber and straight-edge; after which the opening is made with drilling about half
way through from two opposite sides of the block, and not with drilling from the face of the
block. After being drilled with drills of proper sizes, the gap is completed with chiselling and
filing.

oLarge gaps, two or three inches wide, and six or cight inches in length or depth, are formed
at the time of casting; the wood patterns being shaped to draw easily from the sand in a
direction which is parallel to the length of the gap, and not in. a direction which is at right
angles to the block face; consequently the block is cast with one side at the bottom of the
mould, instead of the block-face being in that situation.

Gap blocks. or other implements of similar character, having wide gaps, are made to suit
thin bars, by putting packing plates of various thicknesses into the-gaps by the side of the work
to be angled. )

ScREW-CLAMPS (Fig. 220).—Screw-clamps are used to fix two or more bars or plates
together, or to a block or table-; the object being to tightly fasten the pieces in any required
relative position during a short time while marking with a scriber or other instrument. Clamps
are used also for lifting heavy plates, and for-attaching various pieees of work to each other.
Screw-clamps are made of all sizes from half a pound weight to.fifty pounds; and the form is
nearly the same for all dimensions, being similar to that shown in Fig. 220.

%,Vhen clamps are used for fixing a long straight-edge upon a piece of work, two or three
clamps are necessary, and. are placed in two or three places along the sides of the straight-edge
and the work while in their required positions ; pieces of soft iron arethen put upon the straight-
edge to receive the points of the clamp-screws, and all the screws are tightened with a tommy, by
which the straight-edge is securely fixed. During the final fixing, the work is adjusted to its
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exact intended relative position by giving a few knocks to either the straight-edge or the work
to which the straight-edge is fastened, using a tin hammer for this purpose, or, for some work, a
copper drift.

For lifting purposes one clamp is often dangerously used, the clamp being suspended with
the chain-hook, and the bar or plate which is being lifted being wholly dependent on the bite of
the screw-point to prevent the work falling and doing mischief; consequently, for safety, the
clamp-screw point should be screwed into the metal sufficient to make an indentation about a
sixteenth deep.

A good clamp is that which presents a large bearing surface to the work after being fixed,
thus preventing the clamp and work from altering their relative positions. With this object a
clamp should be made so that its two arms are nearcr to each other at the extremities than at a
few inches towards the bottom of the gap, or mouth, as it is termed. Such a clamp, when in
ordinary use with the work between, should be screwed tight until both arms are parallel to each
other ; any further screwing after this will further separate the arms and tend to make the work
less sccure. During a long usage, the arms of clamps become too wide apart by the frequent

screwing ; a clamp “in this condition should be rectified by heating the thick curved part, and

b4
closing the arms to a proper distance.

The metal for clamps should be Bessemer iron or steel; the screw-points also must be of
steel, that they may be forced into the work or packing which is being fixed, when such a bite is
necessary. 'These packing-pieces should be hollow at those sides that are to be next the work to
be fixed ; and the bearing of the clamp also, shown in the Figure by B, should be hollowed by
filing a shallow narrow groove along the middle.

The forging of a clamp, when small, consists in making it of one straight piece, which is
reduced to a suitable thinness at each end, and the boss for the screw also made at one end, both
operations being completed previous to bending the clamp at the middle. Large clamps are
conveniently made of two pieces when bending tools are not accessible ; in this case, the joint is
made at the thick curved part.

Cup TooLs.—A cup tool consists of a top tool which is held on the work by means of a
handle in a hole punched into the tool for the purpose, or held by an iron wire or wood handle
twisted around the outside. The outline of the lower extremity of a cup tool is.circular, . and in
the midst is a plano-convex reeess whose plane coincides with the flat bottom of the tool, also
named the tool-face. The straight part of the tool is. often much smaller in diameter than the
cup-portion, for the purpose of making the tool as light as possible; one of this character is
shown in Fig. 221.

The tools may be of several sizes, some having recesses of half an inch diameter, and others
having recesses three inches diameter ; the tools are thus adapted for chamfering nuts, shaping
plano-convex bolt-heads, convexing extremities of pins and bolt stems, and. also for general
riveting purposes. If the object is to chamfer nuts, the cup tool is applied to the nut and struck
with a sledge hammer, after the work is reduced to proper dimensions and shaped to.the desired
form, whether square or hexagonal. For bolt-heading, the cup tool is applied after the bolt is
put into the header and roughly upset with hammering. If a cup tool:is required for convexing
extreinities of long bolts or pins, the tool is held to the work and struck with a sledge hammer
while the bolt is in the horizontal position on an anvil. A short bolt is stood upright upon the
anvil, or upon an upsetting block, and the cup tool applied in a vertical position. For riveting
purposes, cup tools are very small, having recesses only three-quarters of an inch, and for some
work only three-eighths in diameter. Such tools are parallel, having their straight parts about
as large in diameter as their cup-portions.

up tools are often forged of two pieces, one piece of iron for the stem, and the other picce
being of steel for the cup part; the two being welded together. A preferable mode consists in
forging the tool entirely of Bessemer steel, and the implement used for shaping the recess is a
punch shown by Fig. 222. This punch is partly shaped with hammering, and afterwards filed
and smoothed with.emery cloth until the convex part is of the desired shape ; it is next hardened
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and fixed to a handle, and becomes fit for use. The mode of applying the punch consists in
driving it into the solid metal at the place of the intended recess, the intended cup part being
heated to about the softness of cold lead. The blows first given are with a sledge hammer,
which is used till the recess is about the depth desired; and after one or two heatings, the
finishing of the hollow is effected with a few blows of a licht hammer, the work being a little
cooler than red heat. In addition to this smoothing of the hollow with the punch, the cup may
be further hollowed by lathe-turning; but in most cases such a troublesome process should be
avoided, and the entire smoothing done with a properly shaped puneh.

A cup tool may be also made in the form of a steam-hammer shaping block, in which case
the recess may be formed by either casting or by punching with punches of proper sizes.

Tuse-MEasurEs.—Such mecasures are made of pieces of plate iron that arc bent to a tubular
form, to fit loosely on the bolt, pin, or rod to be measured. They are made also of thin iron pipe
which is sawn into pieces of the required lengths. If necessary, two or three tube-measures
may be used at one time on one bolt or pin, the measures being placed end to end, and extending
along the bolt to the length desired.

Measures of this sort are used to indicate the commencements of keyways in the ends of bolts
that require punching instead of drilling. ~After a measure of proper length is selected or made,
it is put upon a bolt or pin while at a proper heat for punching ; the portion of the bolt projecting
beyond the measure is next put into the gap of a bottom tool, and the punch is held on the bolt-
end and tight against the measure; while the punch is thus situated, it is driven half way
through the work from both sides, the tube is next taken off, and the keyway finished with
further punching and drifting. ~

These measures are useful also for indicating the intended junctions of bolt-screws with the
adjoining portions of the bolts, when it is neccessary to reduce the end for the screw to a
diameter which is shorter than the diameter of the adjoining part. A tube-measure may be also
used for a pin, bolt, or rod when screwing is not intended. For such purposes the tube is put
upon the work, and the rounding tool, set hammer, fuller, or other tool to be used is put close to
the measure, and the drawing down commenced while the set hammer is tight against the
measure, so described for key-way punching.

Another use for such measures consists in applying one to a great number of bolts that
require to be forged to one length ; in these cases the cutting-off chisel is put close to the end of
a measure while 1t is on a bolt, and a correct length is thus ensured. A measure for this purpose
on a bolt is represented by Fig. 223.

A usual mode of measuring lengths in bolts or other work without a tube, consists in marking
the length with chalk upon a straight-edge of convenient length, to be held to the work by the
hammerman ; and while he holds one end of the straight-edge tight against the shoulder of the
bolt-head, the smith puts the reducing tool or chisel to the bolt and also opposite the chalk mark
on the measure ; while the smith thus holds the tool, the hammerman takes away the measure
and drives in the tool with his hammer. :

The mode of making tube-measures, and also other work of similar shape, consists in bending
the pieces of plate while at a suitable heat. If several are to be made at one performance, all
the pieces may be first cut and prepared previous to bending, and all may be cut small enough
to form spaces between the extremities after being bent to a tubular form. Such a space is shown
in the tube on the bolt shown by the Figurc (223), and the advantage of such an opening
consists in its allowing the plate to be bent in an casy manner. The length of the tube is the
distance along the bolt to which the tube will extend when finished, and the piece of plate is cut
a trifle longer to admit a little filing or adjusting to a proper length.  After a sufficient number
of picces are prepared, they are curved while heated by driving a piece of round iron or steel on to
the plates while lying across some convenient gap. For such bending, the gaps of half-round
bottom tools are suitable, and after the round iron shaper is driven in to a proper distance, the
curving of the tube is completed with a couple of top and bottom tools of a suitable size, while
the round iron is in the hole and held by the workman as an ordinary nut mandril.  After the
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tubes are made, the two bearing extremities of each one are adjusted to a precise length, and
made parallel to each other; this is effected by placing the tube with one end upwards on an
anvil and flattening with a flatter, and afterwards with filing, if necessary.

ArcHED Furrers.—Fullers whose shaping parts are arched or concave, resembling Fig. 224,
may be used in pairs or singly ; when used in pairs, they become both fullers and gaunges, because
the work which is being reduced between the two fullers cannot be reduced after the two tools are
brought together by hammering, without applying other tools having smaller gaps.

Such fullers are made by first preparing the shaping parts with thin ends that are about the
same thickness as when finished, but having straight bottoms instead of curved ones. The forming
of the arches is commenced by cutting out the superfluous pieces with a punch, or with a gouge-
chisel, indicated by Fig. 226 ; after being thus hollowed, the shaping is completed by driving each
fuller while heated into a grooved shaper, the groove being the shape of the required fuller-end.
For this purpose a groove is made around a piece of round steel by means of a lathe, until the
groove is of proper depth and width. If necessary, several grooves may be made into one shaper,
and each groove formed for one particular work. A grooved shaper of this class is shown by
Fig. 225.

° After the intended fullers are cut with punching or gouging, the grooved shaper may be held
with tongs between a pair of the fullers at a suitable heat, and the two tools shaped by sledge-
hammering the top tool; or, the fullers may be shaped separately, by putting them into the
groove, and hammering the square stems which are upwards. During such hammering, the
grooved shaper is held in some convenient gap or gaps to keep it in position. The finishing of
the arches consists in filing off the burrs that were produced by the shaping processes, and after-
wards filing the extremities to the required dimensions.

HaxprLe Suarers.—Shapers for machine handles are in pairs when intended for handles of
circular transverse section, so that when both top and bottom shapers are put together in their
proper positions, a hole is formed which is the shape of the handle required. Handles of rect-
angular section require but the bottom tool, which is used as other bottom tools—the handle being
pressed into the shaping implement by means of an ordinary hammering, or by means of a flatter.

Fig. 227 represents the bottom tool of a couple of shapers for circular handles ; the top tool
may be attached to the bottom one by means of guides to guide the top tool to its required rela-
tive position ; or the top tool may consist of a light shaper, not too heavy to be held by means of
a wood handle, similar to that for other top tools.

The convenient mode of making handle shapers is by casting, at which time the gaps must be
formed so that little or no smoothing after casting shall be necessary. The small amount of
finishing which is required is performed with small chisels, gouges, punches, and scrapers; the
cutting parts of the scrapers being semicircular, rectangular, and triangular.

Bossing Toors.—DBossing tools are adapted to shape bosses of levers or rods that are either
round or flat. A bottom bossing tool for round rods is shown by Fig. 228 ; a tool of this class is
useful for shaping several varieties of joint bosses. Fig. 229 denotes a bottom shaper for eccentric-
rod bosses that are forged without gaps; also for shaping a large class of lever bosses, including
weigh-shaft-levers, lifting-levers, reversing-levers, crank-levers, and others of similar shape. A
flat rod or lever having one or more bosses extending from only one side of the lever, instead of
from two opposite sides, may be shaped by being hammered into the bottom tool, a top bossing
tool not being required. Such a bottom tool will shape also lever bosses that extend from two
opposite sides of the lever, if both bosses are to be of one diameter, and are to extend to an equal
distance on both sides. But to shape a boss which is larger in diameter at one end than at the
other, or is not of the same length at one side of the lever as at the other, two tools are required,
top and bottom ; and when a number of bosses are wanted at one time, the tools should be guided
or jointed together.

The diameter of the metal selected for making a lever boss may be sufficient to allow the
boss to be formed without any previous upsetting. Such a piece will need therefore a reducing,
to produce the arm or lever which is to extend from the boss. This reducing is effected at the
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beginning of the forging ; after which the boss part is roughly formed with fullers and chisels, and
the work finished with the bossing tools.

Such shaping implements will also form bosses that are made by piling ; being piled up on
one side or on two sides of a lever; this lever portion being of the forged dimensions previous to
attaching the bosses, that the bossing tools may not be required to shape anything more than
the bosses.

To make a boss at one end of the lever, the iren may be cut partly through in several places
and doubled and welded together until a lump of sufficient thickness is obtained. When enough
metal is accumulated by this method, the boss lump is heated to welding and shaped by the tools
at one or two heatings.

When these methods of piling and doubling are adopted for making bosses in large numbers,
it may be necessary to cut the component pieces to a proper length, previous to commencing the
formation of the bosses. For this purpose, the smith can ascertain the sectional area of the boss
required, and also its length ; and having also discovered the sectional area of the bar or rod
which he is to make into the boss, he may know the length of bar necessary to be piled or doubled
for one boss, by applying the appropriate rule (page 8). This rule is equally applicable whether the
original piece is larger than the intended work, or whether iron of smaller diameter is to be used,
and upset or doubled to the ncedful dimensions. After thus discovering the exact amount
required for one boss, the proper amount may be added for welding and burning during the
several heatings.

CrankiNG TooLs.—Gap-liners of steel or iron, or any other forgings of similar shape, are
easily cranked by means of a couple of appropriate tools. Both the shaping tools inay be used -
together as top and bottom tools, or the bottom tool may be the only one employed; in this case -
the bar to be cranked is driven into the shaping gap with ordinary fullers. A cranking implement
of this class is shown by Fig. 230 ; such a tool may be used for small work that is to be eranked
with hand fullers; or for large work, the tool may be fitted to a steam-hammer, and a steam-
hammer fuller employed, instead of & hand fuller.

In this class of shaping implements, a broad gap is made across the shaper, for the conve-
nience of using pieces of round iron for the purpose of cranking, when fullers of proper shape are
not accessible. This gap for containing such picces of round iron is shown in the Figure by L.

The piece of bar which is to be cranked with such an implement requires the intended cranked
part to be equally heated, and that part of the work intended for the centre of the crank should
be placed exactly opposite the centre of the gap in the cranking tool, that the straight ends of the
work may be of proper length after being cranked; but when the bar to be ecranked is several
inches longer than necessary, the precise situation of the bar on the cranking tool is not important,
the straight ends being cut to length after cranking,

These implements may be made having cranking gaps or grooves of various shapes, to suit
many classes of work; and to avoid casting a number of blocks, several cranking gaps may be
made in one tool.

T-Heap Suarers.—After a short slit is cut at one end of a small bar or rod, for the purpose
of forming a T-piece, the workman puts one of the two branches thus produced into a hole in a
block, or into some convenient slot, .and while the branch is thus fixed, he pulls down thé other
end of the work until the branch in the hole is at about right angles to the bar; after one branch
is thus bent, the work is again heated and the other branch is put into the hole, and bent by the
same sort of pulling by the workman. T -pieces of small bars or rods are easily commenced by such
means, and the further shaping required is cffected with welding heats and upsetting while the
T-piece is still attached to the bar, if the work is very small ; but if two or three inches thick, it
is Detter to cut the T-piece from the bar after being slit and the branches roughly separated. The
T-piece thus partly made is next attached to a porter of some kind and heated to welding, and
put into a T-head or T-piece shaper, shown by Fig. 231. This implement has a hole in the middle
for containing the rod part of the T-piece, and the upper edges at the entrance of the hole are
curved, to shape the required curved junction of the head with its rod part. This short rod por-
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tion of the T-piece may be of any convenient length for handling while forming the work, and
also of suflicient length for welding to the other component piece which is to be the intermediate
portion of the eonnecting-rod, eccentric-rod, or whatever rod is being made.

The T-end shaping tool may be fixed aeross any eonvenient opening when in use, the opening
being deep enough to allow the rod part of the T-end to project below, while the T-head is being
hammered into the shaping gap with sledge hammers. : :

When a T-end shaper is fitted across a gap in a steam-hammer anvil, the lump which is
intended for the T-end requires no slit to be made with eutting, but merely a sufficient reducing
to allow the rod part to pass easily through the hole in the shaping tool, and a tapering of the
head. After the rod part is thus prepared, and the intended head spread out with hammering,
it is heated to nearly welding and put into the shaper. The thin part, which was previously spread
out with hammering, will then stand up eonsiderably above the shaper, and this part is imme-
diately battered into the shaper, by which the head and also the curved junction is formed, almost
at one heating and hammering. To complete the T-piece, it is only necessary to cut off all the
superfluous metal, whieh will be in only two places; these are at the two ends of the head that
was lying in the shaping gap. Short T-ends may thus be conveniently made with such an imple-
ment, and afterwards welded to rods of any length, by which the handling of long pieces is
avoided.

T-pieces may be made also without shaping-moulds, by drawing down. This mode is indi-
eated by Fig. 200. By this method, a lump is employed whieh is thick enough to spread out to
the length of the head required, or the piece may be thick enough to form the head without
spreading out; consequently, the rod part of the T-piece is produced by drawing down the thick
mass of metal, which is large enough for the T-head. *Although this mode involves a large quan-
tity of redueing to make the rod portion, the plan is applicable to the forging of T-ends of various
dimensions, when only one T-piece is to be of one size; therefore gap-gauges or eallipers must be
earcfully used, as indicated in the Figure, to adjust each T-end to the length, width, and thickness.

Joint WELDERS.—The scarf joints of bolts, rods, and bars of two or three inches thickness
can be easily welded together with steam-hammering; the only manual labour involved in the
process being that of placing the two scarfs into a 1;Proper situation beneath the steam hammer, and
into a bottom tool resembling either Fig. 232 or Fig. 233. One of these tools is fixed to the anvil
either by means of a key at the side of the bottom tool, or by means of a square stem which con-
stitutes part of the tool; bottom tools having square stems being employed, if the anvil contains
a suitable hole to receive them. }

A bottom tool for welding round iron is shown by Fig. 232, and another for welding bars is
denoted by Fig. 233. In the one for round iron, the gap is wider and deeper at the middle than
at either end, this form being that which is suitable for produeing rods that are to be thieker at
the joint; and also highly advantageous for welding, reducing, and smoothing a joint at only one
hammering. The corresponding top tool has a gap of similar shape, and should be so guided
to the bottom tool that when both are together the widest part of one gap shall be opposite the
widest part of the other gap. For this purpose, the guide-rods may be two or four in number ;
the tool shown by the Figure having four. Around each guide-rod is a eoiled spring to raise the
top tool. :

« While preparing the scarfs for welding by this method, it is advisable to so shape the ends as
to obtain an oblong section, making the greatest length of the oblong to be in a vertical position
while the scarfs are under the hammer ready to be welded. After the scarfs are shaped and heated
to welding, the two pieces are eonveyed to the hammer, and put into the shaping or welding
tools from opposite sides, each piece being held or guided by one or two men at opposite sides of
the welding tools ; -consequently, the two scarfs are pushed towards each other in opposite
directions, until one is on the other in the required position, at which time the man who works
the hammer drives down the top tool and the welding is commeneed, the springs between the two
tools pushing up the top tool at each blow, to permit the work to be rotated or partly rotated
when neeessary, '
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To weld a bar joint in a tool shown by Fig. 233, the two pieces are put together in a similar

manner, but no top tool is required except an ordinary flat-faced hammer, the desired shape of
the joint part being obtained by making the gap in the tool of a suitable width and depth.
- Seringy SHAPERS.—Fig. 234 indicates a couple of tools in their relative positions during use,
having guide studs with springs around and between the two faces of the tools. The recesses or
gaps in such shapers may be, in some cases, specially made for merely finishing a great number of
bolts, rods, or bars to one diameter or thickness; and each pair of shapers may contain several
gaps of different sizes. In other cases, the blocks are strong and thick enough to press a rude
lunp at welding heat into the form of a smoothly finished headed bolt, handle, boss, or lever.

The guides of such shapers may be studs, whose lower ends are screwed tight into the bot-
tom block ; or, instead of studs, bolts having heads at the under side of the shaper may be employed
if it contains sufficient metal.

In order that the gaps or recesses in any pair of shapers may properly correspond and be
opposite each other, it is necessary, during the making of the wood patterns, to carefully mark the
face sides of the blocks to indicate the places of the intended gaps, and also recesses, when required.
To obtain a correct delineation of the outlines of each recess, the two faee sides of the blocks that
are to be close to cach other should be made rectangular, and of exactly the same length and
width. When the edges of the two faces are thus squared and the surfaces smoothly planed, the
plaee of one recess is determined, and the centre of it also ascertained in one of the block-faces.
The distance of this centre or point from any one edge of the block-face is next ascertained by
means of compasses, callipers, or seribing-gauge ; and while the gauge is adjusted to the distance of
the centre from the selected edge of the face, the gauge is held close to the corresponding edge of the
other block-face which is not yet marked ; while thus held, the marking-point of the gauge is
drawn along the surface, and a short scratch made. The next step is to select one of the two
edges or boundaries that are at right angles to the edge first used for marking; and the gauge
point is then adjusted to the distance of the centre from the edge, and the gauge again drawn
along the corresponding edge of the block that needs marking, and another short scratch is made
across the first one, and the two will be at right angles to cach other. The point of intersection of
these two short lines is the centre of the desired gap or recess which is being marked, and from this
centre the outline can be exscribed to indieate the form of the intended recess; consequently, if
the outline is to be curved, compasses are used, and if rectangular, a square and straight-edge are
needed.

A pair of outlines delineated by such means will coincide with each other when both faces
are put together ; and any other pairs of outlines may be marked, by similar means, upon an
other part of the bloek-faces ; after which, the carving, to form the recesses or gaps, is eﬂ'ecteﬁ
with proper tools, a chisel being first driven in at each line to prevent the wood being split in
wrong directions.

After the patterns are made and the shapers cast, each reeess will require a little trimming
with files, and, in some cases, with chisels and scrapers, to make each pair of recesses fit a pattern
rod, lever, or boss, which is being used for placing into the recess several times, until the pattern
or gauge will slip easily to the bottom.

The coiled springs for raising the top tool are made of round steel wire or of small bat steel,
and the coiling is effected by making a loop at one end of the wire, fixing the loop to an upright
post, and coiling the steel around the post.

The post for the purpose, and also for making other coiled springs for larger work, may consist
of a piece of round iron of any suitable diameter, which is fixed with a small pedestal of some kind
into the ground. In the post, and at about four feet from the ground, is fixed a pin or hook for
holding the loop or hook which is at the end of the wire to be coiled. After the wire is looped
and ten or twelve inches of the steel heated, the loop is attached to the pin in the post, and the
other end in the man’s hand, or, in a tongs, is stretched out as tiuhtlgr as possible, and at the same
time coiled around the post by the man walking around until the heated portion of the steel is
coiled ; after which, the adjoining part is heated and the coiling continued until a sufficient length

e —




FORGING. 91

is coiled. When the coiling is completed, the spring is made red hot throughout its total length,
and pulled out until a sufficient travel of the spring is obtained. The work is next cut to length,
ﬁtte£ and hardened in oil, or, in some cases, in water, and afterwards tempered to a proper soft-
ness. When hardened in oil, no tempering is necessary for some sorts of steel ; but whether or
not oil or water should be selected for the hardening, must be decided by considering the quality
of the particular piece of steel to be hardened.

Small springs can be made also while cold, and the coiling effected in a lathe. For this
purpose, a proper spindle with apparatus is put into the lathe, and after attaching one end of the
steel, the lathe is put to work and coiling performed.

Another class of springy shapers is represented by Fig. 235, for use on steam-hammer
anvils. The spring of these shapers is bolted at one end to the top shaper, and the other end of
the spring is loosely fitted in a recess in the bottom tool. Two or four guide studs may be used,
the number depending on the dimensions and shape of the blocks. A pair of shapers having
such a spring are more troublesome to use than the shapers shown by Fig. 234, although the
long spring being bolted to the top tool allows the same spring to be attached to different tools,
if necessary.

FORK-}I;ND Suarers.—Solid fork-ends, small and large, are easily shaped by means of a
mould, like Fig. 236. An implement of this shape may be used as a bottom tool without a
corresponding top tool ; or a pair of tools may be made having recesses of the same shape in each
tool; and both tools may be adapted to a steam hammer and anvil, the top shaper being keyed
in the dovetail gap of the hammer, and the bottom shaper being keyed in the dovetail gap in the
anvil. When the bottom tool only is employed, the lump to be shaped is driven into the recess
with ordinary fullers and rounding tools; and when one half is thus shaped, the work is put up-
side down, and the rounding tools again employed to drive the fork-end into the shaper. Fullers
and rounding tools are thus employed as substitutes for a top shaper ; but when the shaper is in
two pieces, the fork-end may be entirely formed at one or two heatings, while between the
shapers, no other tools being required.

If a great number of fork-ends are to be formed in such implements, it is necessary to
ascertain the exact quantity of mctal required for each fork-end, to avoid the necessity of taking
the work from the shapers during forging and cutting off the superfluous pieces with chisels.
The proper quantity of metal for each one, and also for burning and welding, is known by
entirely finishing one or two, previous to preparing or drawing down the metal for the total
number of fork-ends required.

The making of fork-ends, and all other forgings that are pressed into moulds, is greatl
facilitated by forcing into the shapers only that quantity of metal which is sufficient, by whic{;
the danger of injuring the moulds is also avoided.

StrIkERS.—Striker is a name given to a hammerman ; also to substitutes and superseders of
hammermen, such as air-hammers and steam-hammers, whether ‘vertical or horizontal. A class
of patent strikers invented by Mr. Davies, of Crumlin, is represented by Fig. 237. These strikers
are of different arrangements to suit individual requirements, but the principle involved in them
all is the same, and consists in the strikers being capable of delivering blows at any angle
between vertical and horizontal, and also in being easily swung around their main pivots, in
the .slame manner as cranes are swung, so that one striker may be made to work on three or four
anvils.

Such strikers are made to work by either steam power or water power ; and may be actuated
with one foot of the smith, who treads upon a pedal near the anvil at which he is working.
This pedal is attached to a rod that is connected with the valves, by which the motive power is
controlled and the hammer made to strike.

Strikers of this class are well adapted to the making of all sorts of small forgings that are
shaped in moulds and springy shapers denoted by Fig. 234 ; and when the striker is made to
strike in or near the horizontal position, it is useful for angling ends of bars, rods, and plates, and
for upsetting forgings that cannot be upset in the vertical position.
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Bar Gauces.—Bar gauges are used while adjusting several elasses of smiths’ work to a
stated length or width ; for this purpose, two dots are put into two plaees of a rod or bar, and
the work is afterwards lengthened or shortened until the distanee between the eentres of the two
dots is the length required. This desired length is the distance between the two ecentres of the
two-pointed extremities of the gauge represented by Fig. 238. Such a gauge is quickly made, in
cases of emergency, by bending any piece of wire or small rod which is near; but the suitable
material is a broad thin bar, that the gauge may be easily earried about, and not liable to bend
in the mid portion, which renders it an uncertain measure.

A bar gauge which is made by bending the iron or steel edgeways is good enough for many
purposes ; and 1if the ends are thinned to a taper form, the gauge is much lightened without
impairing its efficiency. A gauge of this shape is tapered, and the ends bent, also the small
points made and smoothly filed, previous to adjusting the gauge points to that distance from each
other which is required. This adjustment is effected by means of a hammer, and one of the
divided lines on the surface of a table similar to that deseribed in the section on Tables. After
applying the two gauge points to the stated length on the measure, the gauge points are separated
from each other, if too near; and put nearer to each other, if too far apart. When discovered to
be too far apart, the curved junctions of the arms with the remainder of the gauge are heated,
and the arms are driven towards each other with a few blows; but if only a small amount of
alteration is nceded, it is given while eold, by placing the gauge on some hollow place, with the
inner edge of the gange upwards, and giving a few light blows with a hammer. When the
gauge points are found to be too near each other, they are separated by hammering the outside
edge of the gauge, instead of the inner edge; but if much lengthening is required, the gauge is
heated in the mid part and stretched with hammering.

Gar GaucEs.—Gap gauges are used for measuring diameters or thicknesses; and are made

of thin plate iron or steel. One gauge may eontain several gaps, if all the gaps are to greatly

differ from each other in width, that no mistake may oceur through measuring with the
wrong gap; but when the gaps are very nearly alike, only two or three should be made in one
auge.

q DFig.. 239 indicates a gauge whose handle is smaller than the remainder, to admit an easy
handling ; and whatever may be- the widths of the gaps required, the handles of all such gauges
should be made large enough to be comfortably used ; therefore, in many ganges the handles are
larger than the end whieh eontains the gaps; and in other gauges the gap-ends are of the same
widths as the handle-ends. When a number of gaps are neeessary, some of them should be at
each end of the gauge, as denoted by Fig. 240, instead of all the gaps being at one end.

If gauges of this elass are to be used for heavy work which is being redueed or flattened to
a precise dimension with a steam hammer, it is necessary to make the gauges of sufficient length
to prevent the workman who holds them being seorched with the heat from the work ; and each
gauge may have a hole, that it may be hung in a place secure from injury ; also around each gap
should be written the name of the particular work for which the gap was made.

During a long usage, the gaps in such gauges become worn too wide; the remedy for this is
to heat the gap-sides and hammer them to make the openings.of less width ; after which, the gaps
are enlarged to the exact width required, with a little filing. 3

Raprvs Gauvees.—A light radius gauge, denoted by Fig. 242, is used for measuring distances
between any two places on a measure, and also for adjusting a forging to the desired length or
width ; a radius gauge is therefore a substitute for the bar gauge shown by Fig. 238 ; a radius
gauge is also a superseder of a simple bar gauge, because the points or scribers are capable of
adjustment at any distance between each other within the limits of the instrument. Another
important use for such a gauge is that of exseribing ares or eircumferences of various radii; the
required length of radius being obtained by shifting -the scriber-holders to the proper places on
the bar, and fixing the scriber-holders with the fixing screws, F, and F.

To produee a good gauge of this class, the radius bar itself should be of steel, and earefully
smoothed throughout its length ; and the scriber-holders also, denoted by H, and H, should be of
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steel or of close-grained iron. The slots in the holders are carefully fitted to the bar, after the
bar is smoothed to the proper width and thickness. Whether the holders fit tightly or loosely
on the bar is of little consequence ; but it is necessary that the whole of the slot surfaces be
smoothed and polished, that the holders may be easily moved along the bar without being liable
to stick. The scribers are of hardened steel wire, and fixed to the holders by making a screw
* upon one end of each scriber and screwing it into a screwed hole in the bottom of each scriber-
holder. Another mode of attaching the seriber consists in making a taper hole into the bottom
of the holder, instead of making a screwed hole ; and into the taper hole the scriber end is
smoothly fitted, so that it will admit of being gently driven in, to properly fix it, and also easily
pulled out when it requires hardening and grinding.

Cavuipers.—Callipers for large forgings possess handles, and are denoted by Figs. 243,
244, and 245. The tool shown byz‘Fig. 243 has a hole at one end to allow the tool to be hung
in a safe place, after being adjusted, and when not required for immediate use. The handle may
consist of iron, and be distinct from the callipers, that are of steel; or the handle may be an
extension or continuation of one of the calliper legs, in which case the entire tool is of steel.

Fig. 244 indicates a couple of outside callipers attached to one connecting-rod. This rod is
long enough to allow the workman to measure the work without being scorched ; and one of the
callipers should be smaller than the other, because when both callipers are adjusted to two
different dimensions, the smaller callipers should be for the smaller dimension ; consequently, the
workman will not be so liable to put the small callipers to the work when he ought to put the
large one; such a mistake causes him to reduce the work more than necessary, and obliges him
to afterwards upset it to the proper size.

By thus adjusting two pairs of callipers, or, properly speaking, two callipers, two dimensions
of a forging are easily reserved by keeping the callipers adjusted until the forging is reduced to
the two dimensions. Such callipers arc useful for measuring the large and small ends of cones,
the large and small parts of bolts and rods, also the lengths and widths of T-ends. A counnecting-
rod callipers in use for T-ends is represented by Fig. 200.

Fig. 245 denotes two callipers of another class, named inside callipers, which are for
measuring two holes of different diameters, or for measuring one hole of two different diameters.
Inside callipers measure also the large end and the small end of a conieal hole; also all such
openings as slots, gaps, grooves, and keyways.

The joint-pins of all such callipers should be tightly riveted until the legs cannot be shifted
without a considerable strain being applied ; this tightness being necessary to prevent the legs
shifting when not desired. During the adjustment of such callipers, it is proper to separate or
close the legs until the points are about an eighth of an inch further from each other than
required to be when adjusted. After this, the feet or points. are closed to the proper distance
with a few blows of a hammer. To do. this conveniently, the eallipers are put upon some
convenient piece of soft iron or other metal, with the edges of the legs upwards, and one edge
resting on the iron ; while in this position, the point or toe of the upper foot is gently hammered
with a smooth-faced hammer, or a copper hammer, until the feet or points are at a proper distance
from each other. After one callipers are thus adjusted, the other callipers at the opposite end
of the rod are adjusted by similar means. This mode of adjusting, by hammering the callipers,
instead of using the callipers as a hammer, prevents the adjusted callipers being shifted while the
other callipers are -being adjusted.

Cuisers.—In a rod chisel for cutting hot metal, the angle of: the long taper portion should
be ten or twelve degrees, and the angle of the short bevelled part for cutting about forty or fifty
degrees. Chiscls for cold iron require the angle of the long taper part to be about thirty
degrees, and the short bevel for cutting about eig%ty degrees:

All rod chisels are best when made entirely of a tough. hard steel, without any iron being
added to make the head. Such a-chisel will sustain a severe hammering without much injury to
the head and cutting part, if only about half an inch is hardened, and the head made as soft as
possible, After the cutting end 1s become too thick with hammering during ordinary use, or is
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become otherways damaged, the lower part of the taper portion is thinned to a proper shape, and
only a short length of the chisel hardened as at the first making. Every time a chisel is repaired
by such thinning, it is advisable to cut off about a quarter of an inch of the thin raggeg end,
because this portion becomes burnt during heating, and also contains several cracks that are not
visible to an unassisted eye.

An ordinary method of preventing a rod chisel being driven through its handle during the
hammering consists in making a few ragged notches into that part of the chisel which is to be
encircled by the handle; the sharp projections thus made stick into the wood handle at the
time it is twisted around the tool, and it is thus firmly gripped until the wood is broken with
repeated hammering. Another mode of fastening the tool consists in making around the chisel
a groove having a half-round bottom, the width of the groove being about equal to the diameter
of the chisel-rod, or wire handle, which is to be twisted around. Such grooves are made with a
couple of top and bottom fullers, that may be narrow to suit a wire handle, or broad to fit a
wood handle.

In chisels for steam hammers, the angles of the taper parts are about the same as those of
small chisels; but the cutting parts are thicker, and of greater length. A very useful class
of chisels is that named trimmers; these are represented by Fig. 246. A trimmer is used for
cutting all sorts of thin bars, rods, and plates; also for cutting off all superfluous metal that may
be attached to any forging which is being shaped to the finished dimensions. To permit the free
use of a trimming chisel, its cutting edge is convex, because this form enables the smith to slide
the chisel easily along a cut which may be of great length, although not very deep. A trimmer
may have an iron handle as shown in the Figure (246), or a wood handle similar to that in
Fig. 247. A wood handle is preferable for a heavy chisel, to obtain a proper amount of holding
power, that the workman may keep the chisel as nearly upright as possible.

In addition to trimming chisels, another sort of hand chisels is employed, named arched
or concave chisels. In such chisels, the cutting edges are concave, instead of straight or convex.
Coneave chisels are useful for making a square cut through an axle or shaft, while it is being
rotated on a gap bearing-block, which maintains the shaft in a proper situation for cutting.

The concave chisel shown by Fig: 248 is a tool for two handles, that are welded to the two
short ends extending from the chisel, and indicated in the Figure. These two ends are named
tangs, and may in some cases be made for two wood handles that are fixed in the manner shown in
Fig. 247 ; or, in other cases, the tangs may be bent to about forty-five degrees with the remainder
of the chisel, and the wood handles fixed so that they also shall be at an angle of forty-five
degrees with the broad side of the chisel. A concave chiscl having two handles thus fixed is
supported on a shaft beneath a hammer by means of two men, one at each handle ; consequently
one man is at each side of the shaft, and the shaft is between the two men. While the chisel is
thus held, it is driven through, or partly through, the shaft to the depth required, while being
rotated in the usual way.

To avoid the necessity of holding a chisel on the work, the chisel may be keyed to the
hammer; and if the bottom chisel also is to be used, it may be keyed to the anvil-block. A
couple of keyed chisels are shown by Fig! 249 ; the upper one being keyed to a hammer-
block, and the lower arched chisel being keyed to an anvil-block. ~ 'When the hammer chisel is
to be used without the bottom one, the shaft to be eutis supported on a proper number of bearing
blocks, and also prevented from moving forwards or backwards by means of half-round elips
or bands of some kind. By thus holding the shaft, it can only move in a direction of rotation
around its own axis; and this is the only movement required for rotating the shaft with the
rotators to make a cut entirely around the work, which shall be at right angles to its length.

When both hammer-chisel and anvil-chisel are used at one time, no bands or clips are
required to keep the shaft in its place; it is only necessary that the concave part of the bottom
chisel be of greater curve than the eurve of the shaft, and that the depth of the concave be nearly
equal to half the shaft’s diameter. Such a form will allow the work to be rotated without
sticking on the chisel-edge, until a cut is made to a short depth entirely around ‘the work. After
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the cut is thus commenced, the anvil-chisel and its block is taken away, and, if necessary, the
work is again heated and the eutting off completed with the hammer-chisel only, the work being
supported with the bearing blocks, but without the eoncave chisel. :

While cutting any large shaft or axle, the suspension of the work with the eranes must be
properly managed; and the supporting blocks also demand attention. The greater the length
of the work to be cut, the greater should be the number of suspending chains. If the anvil is
too small, whieh is often the fact, three or four chains are required for suspension, so that the
piece to be eut off may not get out of position and break a chisel, or do other damage by falling;
and that the work itself may be kept as nearly as eonvenient in the horizontal position. But if
the anvil is long enough, four or five gap bearing-bloeks, or supporters, as they are termed, may
be used, because they are preferable to a number of suspending chains. Two of these supporters
should be put as near as possible to the chisel, so that the eut may be between each supporter.
Another supporter may be put near one end of the superfluous piece to be cut off, and a fourth
supporter is required for supporting the opposite end of the shaft or axle. This outer supporter,
being at a great distance from the chisel, may in many cases be on a gap pedestal similar to that
in Fig. 201. In this Figure, it may be observed that supporters are used also for axle-twisting.
For this purpose, two supporters are required, so that one may be at cach side of the erank whieh
is being hammered for twisting the axle.

The forging of chisels for keying to hammer-blocks and anvil-blocks consists in making
them entirely of steel; and several of them should be made, and also fitted to each bloek, so
that if a chisel breaks during the eutting of a shaft, another ehisel ean be immediately put in,
and several hours of reheating the work will thus be avoided.

SuAPER-FASTENINGS.—In many eases, the shaping blocks and other bottom tools for large
work arc kept in their plaees by the square stems of the blocks being in a square hole in the anvil;
so that one shaper may be taken out, and another put in, without any key-driving. =~ When keys
are used, they are so fitted that their lengths shall be in a eonvenient position for &iving the keys
into and out of the keyways. If square stems are attached, they should be as large as conve-
nient, to prevent them being broken off, and the junctions of the stems with the blocks should be
eurved ; eonsequently, the entranees to the square holes are eurved to fit the stems.

For the convenicnee of lifting shaping blocks and other tools while being taken to, or away
from, their places, several holes arc made around the sides of the bloeks to eontain the ends of
levers that are held by the men while carrying the blocks; or the holes may be required for the
ends of the hooks, when the shapers are lifted by means of a crane..

After the shaping implements are lifted to their places, they are usually fastened with keys,
represented in Fig. 250, if the bloeks are without square stems; and the keys are driven in either
at the sides of the dovetail gaps or at the bottoms.  'When the key is fixed at the side, the block
is made to bear tight against the opposite side of the gap; and when the key is driven in at the
bottom of the gap, the block is made to bear against both sides of the dovetail ; and during the
hammering, the key sustains the force of the blows. A shaper fixed with a key at the bottom is
denoted by Fig. 251. A key in this situation requires to be almost parallel, and is therefore
troublesome to drive in and out; but akey at one side, through not sustaining any of the force of
the hammer, may be considerably taper, which renders it preferable to-a key at the bottom.
Bottom keys are only suitable for blocks that do not require frequent fixing and unfixing.

All keys for shapers require to be of steel, and very smooth ; also possessing curved extre-
mities or boundaries, to resist injury through hammering into and out of their places. The two
keys in Fig. 250 are fitted with a taper of about one or two degrees, if not intended to be often
unfixed ; but to allow an easy driving, the taper may be five or six degrees, and the key prevented
from slipping baek by means of a split key in the small end of the shaper key. The split key has
a handle, to permit its being easily pulled out and put in when necessary.

Hexacox Siarers.—The top and bottom shapers, indicated in Fig. 250, are in their positions
during use, which is that of shaping hexagonal nuts and bolt-hcads. The gaps in sueh imple-
ments are of various sizes to produce hexagons of the required dimensions, so that each pair of
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shapers produce a hexagon of one size; and either pair may be selected and keyed to the hammer
and anvil at any time when required.

The method of using such implements consists in placing a nut, while on a mandril, between
the shapers, and hammering the work until the two faces, marked with F, strike each other, at
which time the nut is of correct diameter; after which it is cutto a proper length with chiselling,
if necessary. :

To sh};pe a bolt-head or other hexagonal boss in the mid-part of a piece of work, the com-
ponent pieces may be piled together, or a collar wrapped around the bolt, to produce a lump of
sufficient thickness; after which, a welding heat is given to the lump, and the hexagonal form
produced with two or three blows while in the shaping gaps. The head or boss being thus partly
formed, it is next completed by trimming the shoulders with a set hammer and with a chisel, that
the head may be of proper length.

When two such hexagon shapers are employed for bolt-making, two or three blows are first
given to the collar for the head, or pile, if a pile is-used instead of a collar, and it is thus thoroughly
welded to the bolt-stem ; this stem is next put into a heading tool to square the shonlder, and also
the upper extremity of the head ; and the bolt-head is afterwards finally reduced with a few blows
in the shaping gaps. To make a number of bolts by such means, all the component pieees are cut
to the exact dimensions, to avoid cutting off superfluous pieces during forging. The precise
quantity of metal required is known by ordinary measurement, and by finishing one or two pre-
vious to the entire number.

CrankiNGg Brocgs.—The shaping implement indicated by Fig. 252, may be used as a top
tool or as a bottom tool, and the corresponding tool possesses a groove which is of the same out-
line as the groove in the block shown by the Figure (252). These grooves are half round, and
their width equals the diameter of the iron or steel to be cranked. The height of the hump in
the mid-part of the tool is sufficient to make the throw of the crank to the desired length. Such
blocks are, therefore, especially adapted to bend straight pieces of round iron or steel, so that the
crank-arms and crank-pins shall be of a well-defined outline throughout. .

Crank Mourps.—Crank moulds are used principally for what are termed solid eranks, which
arc forged without gaps. If necessary, crank moulds may be made to shape the largest cranks
that are made, and are nseful to thoroughly condense the metal in any solid crank, whether it is
made by piling np the cranks of small pieces, whether the levers are forged and welded to the
axles, or whether the erank is a solid piece, which is made by drawing down the two axle-ends,
and thus forming the crank between.

Crank moulds for large work must be very strong, because, to shape a solid erank properly,
a superabundance of metal must be provided, which is cut off during the forging. All such
moulds may be used as bottom tools without any top shaper, except ordinary hammers and top-
rounding tools ; but to make a number of eranks of one size, it is proper to make a top shaper to
shape the half of the axle and the short part of the crank that projects above the mould.

One great advantage in using these moulds, and others of similar character, consistsin the
facility and speed with which the desired contour of any forging is indicated by the shapers.
Although the entire shape may not be obtained at one or two hammerings, through too much
metal being in the mass to be shaped, the desired form is attained at all parts except between'the
faces of the two shapers. This space is named the fin-way ; and into this place all the superabundant
metal is squeezed. This portion is the fin, and in large work it may be a projecting ridge of fifty
or sixty pounds, and another fin may be formed at the opposite side of the axle; if so, the work
is well and equally eondensed, but if only one fin is formed, it signifies that the mass was not
properly piled np previous to being driven down. This piling consists in laying the erank, or
whatever is being forged, npon its side, and hammering it to make it taper, and of a sufficient
‘length to stand up above the remainder of the crank when it is put into the mould. By thus
making a taper pile or projection which is exactly in the middle of the upper side of the crank
or other lump to be shaped, the projecting portion will be battered into the middle of the mould,
instead of being sprcad out into one side of the fin-way and not into the other.
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During the forging of cranks that are being made of square iron or of round iron, shaping-
moulds, whether with top shapers or without them, will greatly facilitate the work ; consequently,
crank moulds are much used. A few crank moulds are represented by Figs. 253, 254, and 255.

Fig. 253 represents a mould for shaping a crank intended to have the circular axle-ends,
the arms, and the crank-pin all of one thickness. Fig. 254 indicates a mould for producing
cranks with square axle-ends. The mould denoted by Fig. 255 is shaped to forge a large and
ordinary class of eranks whose levers or arms are to extend from the axles in four directions.
While looking at a crank which is in its mould being shaped, these four directions are upwards,
downwards, to the right, and to the left.

Lever Mourps.—The simplest sort of lever mould is that which will form only one of the
lever’s bosses, so that two moulds are required to shape one lever, each mould having a recess of
proper size to form the particular boss which is to be put into the mould. A mould of this class,
having one boss cavity, 1s denoted in Fig. 256. At the further side of the mould is a sort of groove,
indicated by H, which is to receive the superfluous metal that will be squeezed from the boss
during hammering. This portion beecomes a handle or holder, and is useful to the smith, and
sometimes also for fixing purposes during turning or other shaping; the holder is therefore allowed
to remain after the forging is complete, if necessary.

A very useful class of levers is that in which the boss is formed in the mid-part of the lever,
so that the boss is between two arms of equal dimensions. To shape a lever boss of this sort, the
mould shown by Fig. 257 is suitable. Levers having arms on both sides of the boss are forged
by reducing a thick bar to form two arms with a thiek part between; this part is next heated to
welding and put into the mould, and the boss with both the short arms are shaped at one or two
heats.

An ordinary crank-lever having both its bosses projecting from one side of the lever is easily
forged of a straight bar and two piles; the bar being intended for the lever, and the two piles for the
two bosses. Each boss-pile may consist of only one picee of metal, if a small boss is required ; or
for a large boss, the pile may consist of three or four pieces. After the bosses are roughly welded
to the lever, and in their proper places, both bosses may be heated to welding at one heating, at
which time the entire lever may be put into a mould resembling Fig. 258, and partly shaped.
Another heat is next given to the work, and the superfluous metal squeezed into the two openings
for the handles, shown by H and H; and, if necessary, the superabundant matcrial is cut off
during the making. :

Moulds of this character (Fig. 258) will also shape levers made by any other mode, whether
of onc piece drawn down in the middle,.or of one bar which is doubled or trebled at each end,
or whether the lever is made of two pieces and joined at the middle of the arm.

BraxcHERS.—Branchers consist of moulds having recesses that resemble the branches to be
produced. By means of a brancher, the curves that may be required in the junctions of the
branehes are easily formed without a tedious cutting, or welding bars together to produce the
necessary arms or branches. :

Branchers are useful also for shaping the branches of connecting-rods, which are termed
fork-ends; also for link connexions, eccentric-rod forks, and other forks; also for shaping the
T-ends of rods that are too long to be shaped in the vertical position.

A brancher for forming four arms that are at right angles to each other is indieated by Fig.
259. [Either one or two principal components may be used for producing a piece having four
such arms; and the component may be either one thick lump or two flat bars. If one thick piece
is selected, a porter is attached to one end, and into the lump four slits are cut ; these slits
are short, and made first with a punch and afterwards with a chisel, so that the slits shall be at
right angles to each other, or, rather, in the form of a cross. These short slits cause the lump to
be formed into a sort of irregular cross, having four short, thick arms. One of these arms is
attached to the porter ; consequently, the slits must be at an angle of forty-five degrees with the
porter. Into the four slits wedges are next driven, and the four arms, or branches, are thus
roughly separated, and made to enter the cross-shaped recess in the branching-block. Bcing thus
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roughly prepared, the entire piece is heated to welding, and shaped with hammering while in the
brancher. By this means the four thick arms are lengthened to the length desired.

To make a cross of two bars it is necessary to heat both bars to welding, and put one bar
into the shaper, so that the portion at welding heat shall be in the centre of the cross; while
thus situated, the other bar is put upon top of the first one, and across it, so that the two
parts at welding heat shall be in contact. When properly placed, the top bar is immediately
hammered down to weld it to the lower bar; and with one or two heatings the cross is shaped,
without any trouble, to form the curved junctions of the four arms with their centre-piece, which
is named the nave and also the boss.

To form a T-piece by means of a brancher, denoted by Fig. 260, one thick cubic lump may
be attached to a porter, as described for a cross; but the easiest mode of forming a T-end is by
welding two bars together in a manner which is somewhat similar to the method of making a
cross with two bars, and described in the adjoining paragraph, but with the difference of heating
one of the bars at one end instead of in the middle. By means of a brancher for T-pieces, rods of
great length having T-ends are easily forged without upsetting, and also without drawing down a
large quantity of metal to produce the rod part. To make a T-end with a branching tool, a hole
may be punched through the intended head, and the rod welded in the hole; or the rod may be
slit at one end, and two fork-prongs, or branches, made, and the intended head welded between
the two branches.

Branchers of this form (Fig. 260) are useful also for shaping T-pieces that are made by
cutting open ends of bars, and bending the two branches to a right angle with the bars, as
described in previous sections of this chapter. When a T-end is being forged by such means, the
two ends produced by cutting are bent back, and the head upset, until the T-end will enter, or
nearly enter, the T-brancher. The work is then heated, and finally shaped at one or two ham-
merings ; and the curved junctions are thus formed without trouble, because the gaps in the
brancher are suitably shaped. g

Small connecting-rods, having branch ends, are easily shaped in branching tools, whether
the branches are circular or rectangular. A brancher for connecting-rod fork-ends of circular
section is indicated by Fig. 261 ; and a brancher for rectangular branehes is shown by Fig. 262.

PorTER-TONGS.—Porter-tongs are used when an ordinary straight porter cannot be welded to
a forging which is in progress ; also after a porter is cut off for the purpose of finishing the end
to which the porter was welded. Porter-tongs usually consist of a few bars and plates that are
bolted at one end to the forging, by means of screw-bolts and nuts; and at the other end is
bolted a straight picce of round iron, which may be a porter that has been welded to other
forgings. This straight piece is used for piloting the work, in the same manner as if the porter,
or handle, were welded to the work, instead of being merely bolted to it.

Fig. 263 represents a porter-tongs that may be made to fit the ends of several shafts, or bars,
of different thicknesses. This is effected by the tongs being capable of opening or closing while
attached to the porter. The porter consists of a straight rod of round iron, or steel, having
a T-head at one end, which is forged solid with the porter, or, properly speaking, the handle.
The two arms of this T-head may be of square section or of circular; and each arm fits a hole in
one of the tong-pieces, named jaws. This hole, being through the jaw, allows the jaw to be moved
along one arm of the T-head, and fixed at various places, according to the thickness of the pieces
to be gripped with the jaws. The other arm of the T-head also holds the other jaw, and this jaw
slides along the arm with the same facility as the opposite one. Through this freedom in
bringing the tongs together, or pulling them apart, forgings of several sizes and shapes may be
put between the jaws; and the porter may at all times be in line with the axis of any shaft, rod,
or axle that is being forged while attached to the porter-tongs.

AtracumENTS.—The mode of fastening the tongs to a forging consists in lifting them to the
work by means of any crane that may be near ; and while suspended with two or three chains,
the two jaws are brought close to the part of the forging to be gripped ; while the tongs are thus
posited to the work, screw-bolts of proper length are put through the two holes in cach jaw that
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bites the work, and a bolt is put also through the holes in the other end of the tongs, and through
the porter between ; the two jaw-bolts are then tightened, and the tongs are firmly attached.
After the tongs are fixed, the porter is raised or lowered, or otherways shifted, until it is in line
with the axis of the work ; packing-blocks are next put in, to fill the spaces between the porter
and tongs, and the porter-bolt is tightened to firmly fix the porter to the tongs, after which the
apparatus is in working order. The spaces for the packing-blocks, or, in some cases, washers, are
shown in the Figure (263) by W and W.

The fastening bolts for porter-tongs may be made having screws of several inches in length,
to avoid using several bolts of different lengths, to suit forgings of various thicknesses; or, instead
of long screws for the bolts, short screws and washers may be used, and injury to the screws will
thus be avoided. To economise time, porter-tongs are often fixed to one end of a forging, while
the opposite end is in a furnace, being heated; it is therefore convenient to lift the tongs to the
work, when it is in a furnace; but if tongs are being fixed while the forging is on the table, or
supported by supporters, the porter-tongs also may be thus supported, and the bolts put in, while
in the horizontal position. The tongs represented by the Figure are suitable for holding T-ends,
fork-ends, short rods and bars, and short axles. Tongs for shafts of twelve or thirteen feet in
length require to be made with jaws of great gripping surface, and having holes for four gripping
bolts instead of only two. _

During the use of a porter-tongs or of an ordinary straight porter, the endless chain, by
means of which the work 1s rotated or turned upside down, is sometimes in immediate contact
with the circular part of the porter, and at other times in contact with some part of the rod or
shaft which is being forged ; and if the shaft is of great length, the endless chain will be several feet
from the porter; and it is necessary for the chain to be thus situated, to avoid using a porter of an
inconvenient great length, for the purpose of obtaining the leverage which is necessary for an
easy manipulation of the work. ; .

RoraTors.—The rotator shown by R in Fig. 146 may be fixed at any required place on any
porter, and be handled by three or four men; and another rotator may be fixed to some other
part of the same porter, when the work is heavy ; consequently, two sets of men can handle two
rotators, instead of crowding too many men together at one rotator. The men at the extreme
end of the porter do not handle either of the rotators, but steer the work to its required situation
for undergoing the various processes.

When it is inconvenient to use rotators having arms of great length, windlass rotators are
employed. These consist of pairs of semicirenlar grips that are bolted to various parts of the
porter, and sometimes to the shaft or axle which is being made. Around the rims of the grips
are holes for containing ends of levers, named handspikes. These levers are made of ash, and
when the work needs moving around its axis, a few men place the thick ends of their handspikes
into some of the holes in the rotators, and adjust the work to the position desired.

SuprorTERS.—One of the supporters which are several times mentioned in this chapter is
represented on the anvil and beneath the axle in Fig. 201. For long shafts several supporters
are required during the forging, and two are required during the twisting of an axle, that the
axle may be supported at both sides of the crank. Many supporters are flat-bottomed, and some
have square stems; these are used when it is necessary to maintain a shaft in one precise
situation, and the square stem is therefore put into some convenient hole. Some supporters
have angular gaps instead of half-round ones, that the gaps may fit a number of shafts of various
sizes. .

For the advantage of having a hard, smooth surface for the gaps of supporters, to allow a
rough shaft to be easily moved while in contact with the gap-sides, it is advisable to make
supporting blocks of either Bessemer steel or hard cast iron.

UpserTiNG-BLOCKS.—Blocks for upsetting or thickening small work are placed on the ground
in some convenient place, and are capable of being easily moved about. Blocks for upsetting
large work that is short are adapted to steam-hammer anvils.

Upsetting-blocks are useful for shaping ends of keys, gibs, bolts, bosses of connecting-rods,
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lever-bosses, joint-bosses, T-ends, and cones. The simplest class of such blocks consist of thick
heavy cubic lumps of iron or steel, having flat tops, resembling Fig. 264. These are moved
about to various places, or fixed in the earth, so that the upper sides shall be level with the floor,
or a foot above it; and, for some purposes, a foot below the floor, the particular height depending
on the length of the work to be upset.

To upset a short rod, or bar, by means of a flat-face block, shown by Fig. 264, the work
may be placed with one end upwards and the other end on the block ; and while thus held with
tongs, or porter, a few sledge-hammers are used by two or three men, who hammer the upper
end ; but when the piece is too long to be thus hammered, the hammers are superseded by the
piece of work which is to be upset, becausc it is made to hammer itself. This is effected by
standing the work upright upon the block, lifting the work up and letting it fall. To do this
conveniently, the work is heated to nearly welding, and stood upon the block ; three or four men
then stand around, with the work in the midst, and each man grips a part of the work, and all lift
at the same time, until the lower extremity of the piece is a foot or two above the block, at which
time all the men let the work fall, and as nearly as convenient in the vertical direction. After
one blow given in this manner, the work is again lifted up, and let down as before; and the
process is continued until the metal is too cold for further thickening, or until the piece is thick
enough, which may be at the first upsetting.

Upsetting by this means is named jumping, and the plan is more suited to thick rods or bars
than to thin ones; rods five inches thick arc easily thickened by such means, when a band
having one or two handles is bolted to the work. Such handles admit a number of men to lift,
without hindering each other through being too close together. By jumping, a joint boss can be
formed in the mid part of a rod or lever, or near one end ; and the boss may be solid or with a
hole. If a round hole is wanted, a narrow slit, or slot, may be punched at the place of the
intended round hole, and the opening is afterwards made circular by jumping.

When it happens that a great number of pieces are to be upset in this manner, a guide is
fixed near the middle of the block face, to maintain the work in the vertical position while being
lifted and let fall.

Several sorts of work require to be upset after the extremities are smoothly finished. For
work of this character the upseting blocks are made of lead, or, if of iron, a recess is formed into
the top of the block that it may hold a thick block of lead, upon which the work is stood instead
of iron. After this lead block is become too much damaged by use, it is taken out and melted,
with more lead added to the old block; it is next poured into the recess, and is again used for
upsetting as before.

Recessep Brocks.—Upsetting-blocks that are required to form the extremities of rods or
levers to particular shapes are made with recesses and gaps in the upper sides. Fig. 265 repre-
sents a block of this class, having a few recesses for shaping convex extremities of rods and bolts;
also for forming joint bosses at the ends of levers and solid fork-ends. A rcctangular recess also
is shown for shaping T-heads by upsetting. Such blocks may also have recesses for angling bars
and plates, and recesses of any forms that are suitable to produce the particular forgings desired.

When an upsetting-block or any other shaping-implement is intended to shape a great num-
ber of forgings, it is advisable to make the implement of Bessemer steel or of hard cast iron.
Besscmer steel is more suitable than soft wrought iron which is case-hardened, because the hard
Bessemer product does not need any additional hardening process; also because, when soft iron
is case-hardened, the soft portion which is beneath the hard part allows the hard thin crust to -
be hammered out of its proper shape.

Tee LeEARNER.—It is now necessary to conclude this treatise on forging with a few remarks
to beginners who may not have had patience to read the brief details given concerning the
various processes. A knowledge of forging is more useful to any beginner in engineering than
a knowledge of moulding and casting without forging ; because a number of the parts of small
engines may be forged instead of cast, when casting is inconvenient; also because, when casting
is convenient, a large number- of engine components cannot be, or ought not to. be, made by
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casting. Guides, slides, plummer-blocks, supporters, pedestals, cams, and wheels may be either
cast or wrought; but ro&)s, axles, and levers must be in all cases made of wrought iron or stecl,
that the homogeneous character imparted by the original casting may be destroyed, and tough
fibrous rods and axles thereby proguced. A beginner may thus perceive that forging is the
first thing to practise or commence with, whether or not it may be absolutely necessary to him.
And whatever branch of engineering he intends to enter, whether as designer, draughtsman,
or constructor, he will be liable to commit many mistakes without a knowledge of forging and
casting.

Every beginner in engineering should first learn the names, forms, and definitions relating
to that particular branch which he intends to study. To attempt to study the whole of engineer-
ing would result in acquiring merely a variety of confused ideas of drawings, mathematics, and
the vast crowd of inventions in actual use at the present moment. Therefore, because the branch
of engineering treated in the ““ Mechanician” is engine-making, a learner is directed to learn the
definitions concerning those things of which and with which engincs are made. And even with
this, his alphabet, properly so named, he must not be overburdened at any one particular stage
of his progress, but should refer, at one time and at another time, to any definition or description
that he may rcquire as he gradually advances in his work, and develops to practice the verbal
knowledge he has acquired. By thus frequently adding to his knowledge of a subject at one
time and at another time, instead of learning too much at once, he will be enabled to retain that
which he has found to be true, and to neglect and endeavour to unlearn any false notions he
may have imbibed. And this remark applies not only to progress in engineering, but also to the
gradual acquisition of every other art and method now in existence or which will be developed
at a future day.
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CHAPTER II.

TOOLS.

WHILE speaking of engine.making or other machine-making, the name “tools” includes
every implement and machine, small and large, simple and complicated, which is used to produce
or operate upon the pieces of machinery in course of progress. Through the name being used in
such a general manner, a hammer in the hand of a smith is a tool, and a twenty-ton steam-
hammer also is a tool. A centre-punch in a turner’s pocket is a tool, and the lathe before him
is a tool.

The tools now to be treated are indispensable to all engine and machine makers, whether
producers of small work or large. Although a maker of small machinery may work for several years
without resorting to moulding, casting, and forging, he will find it impossible to do withont the
machinery described in this chapter, if he is to profit in any monetary way whatever by engine
or machine making. Very few of the tools now introduced are used for bending and pressing
as in the forging processes, because mearly the whole of the implements to be mentioned are
adapted to operate upon and alter the external forms of cold metals, without altering their
internal shapes. When the intcrnal arrangement of fibres is changed, the operation belongs to
forging, strictly speaking, although the metal may be cold while the inside is being bent or
otherwise modified.

To produce an orderly description of these instruments is difficult; therefore to effect an
approach to a progressive and intelligible array of details that shall not be monotonous, but shall
manifest as much variety of expression as the subject will admit, the tools are arranged into
classes, and the tools of each class are separately described. The first division contains descrip-
tions and processes belonging to marking, lining, and measuring tools; and the second division
is devoted chiefly to implements and machinery for purposes of cutting. The intricacy "and
variety connected with the processes belonging to tools and tool-making requires a preliminary
understanding of terms and names; because no reader can comprehend an anthor’s description
of a method or precess, unless the author first tells what meanings he intends by the terms
he uses. The terms employed in engineers’ factories resemble the terms in all other fac-
tories in containing numerous words that do not convey a" eorrect idea of the tools and pro-
cesses to which the terms belong. Many tools of quite different appearances and uses have
but one name given to them by workmen who know nothing more than their own routine of
work. Numbers of technical names now in use were thus invented or applied by ignorant
men, and are now freely used by scientific writers, to describe various things and processes,
because shop and factory terms arc familiar to those who use them. DBut these phrases are of
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little use and often ‘perplexing to a careful student of names and definitions, because he has
nothing definite to use as a key to the descriptions and details of processes which he reads.
And because the “ Mechanician” abounds with processes that are known only to engineers and other
mechanicians, and also to enable the author to make himself understood, it is necessary that a few
definitions be now introduced. ‘

SIGNIFICATIONS OF TECHNICAIL. PHRASES.

It will be noticed that the primary significations of each phrase are placed first, because
they are the meanings which belonged to the terms before they were applied to engineering
purposcs ; and, by comparing the primary meanings with those that follow, a student will be
enabled to distinguish the appropriate phrases from those that are not so expressive as they
should be.

To AxnEAaL—To soften materials by means of slow baking. To soften iron and steel by
making them red hot, and afterwards gradually cooling in cinders or charcoal. Also to soften
copper and brass by heating and immediately cooling in water.

AN ARrBorR.—A piece of timber that was used as an axle in a machine. A piece of
iron used for the same purpose is therefore termed an arbor, or arbre; and, in a rather inappro-
priate manner, arbor is the name given by watch-makers and lathe-makers to small spindles nsed
in their work, although such spindles may be only a millimeétre in diameter.

AN ArparATUS.—A collection of implements or furniture that are in a condition of being
ready for use. A finished tool. A finished machine. Also a number of machines that are
complete and in order.

AN ArPLIANCE.—A means. An act of applying an implement or apparatus to use, but
not the apparatus itself. A method of performing an operation, but not the tools that are
employed.

AX Arc.—Any portion of a circle’s circumference.

AN ArM.—In a piece of machinery, the arm is the thinner part which- extends from the
thicker. The arm of a crank-lever is the portion between the two bosses. Arms of machinery
are both straight and crooked.

Ax Axis.—A distance across an object. A diameter. Any line in any rod, lever, or
shaft may be considered as an axis; and the principal axes are the mean major and the mean
minor. The mean major axis of a shaft is a straight line through the centre of the shaft, and
equal to its length; and the mean minor axis is the mean diameter-of that across section of the
shaft which is at right angles to the major axis, and also divides it into two equal lengths: Conse-
quently, if the shaft is cylindrical, all its minor axes are of equal length ; but, in a rectangular
or rhomboidal shaft or bar, the minor axes are of different lengths, and the longest one is the
length of the longest diagonal of the across section. In a crosshead, the major axis is the total
length of the crosshead through the centre; and one of the minor axes is the length of the
hole in the middle of the crosshead. The major axis of a wheel is usually termed the wheel's
diameter; and the minor axis is the length of the wheel-boss; therefore, a wheel on a shaft
rotates around the wheel's minor axis, while the shaft rotates around its major axis. The
terms major and minor are preferred to longitudinal and transverse, because the transverse axis
of a rod or shaft is merely the thickness of it, but the transverse axis of an ellipse is the greatest
length of it.

Ax Axis oF Roration.—That line which remains at rest in an axle while the axle rotates;
whether the axle rotates around one of its longitudinal axes or around one of its minor axes.
An excentric cam on ashaft rotates around one of the cam’s minor axes, and this axis is the
straight line through the hole in the cam. A crank-lever on a shaft rotates around that minor -
axis of the lever which is a line through the centre of the hole in the boss.

AN AxLE.—A picce of machinery which is intended to be itself rotated, or intended for
something to be revolved on the axle.
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* Back-Lasa.—In machinery, back-lash is an amount of space which allows one piece of a
machine to be moved forward and backwards a short distance, without moving the picce with
which it works. In two cog-whecls in gear with each other, the back-space is the distance that
one wheel may be rotated without moving the other. The back-space or back-lash of a screw
and its nut is the distance which the nut may be moved forwards or backwards without rotating
either the screw or the nut.

A BearNg.—The bearing of an axle or joint-pin is that portion which is in immediate or
direct contact with the bearing-brass or other bearer. The prineipal bearing of . a piston-rod is
the portion that is in contact with the packing in the packing-box; and a thrust bearing in-
cludes all its ridges and all the necks between.

A Bearer.—Bearers in machinery include brasses for axle-bearings, bushes, blocks, slides,
guides, and many others ; and are used in a variety of positions.

+ A Bep.—The bed of a lathe is part of it, being that which sustains the entire movable por-
tion of the apparatus, including the mandril-frame, wheels, poppet-head, carriage, slide-rest,
screwing gear, and traverse gear ; but the foundation on which the lathe rests is a bed of timber,
stone, or some other material distinct from the lathe. The bed of a steam-hammer’s framing
is its foundation.

¢« A Berr.—In machinery, a belt is an endless band of leather or other material in contact with
the rims of two wheels for the purpose of communicating motion from one wheel to the other.

« A BeveL.—The bevel of a chisel is its cutting part. The bevel of a valve is the part which
bears on the valve-seat. To bevel is to make a bevel on a piece of machinery by means of
filing, forging, or some other method.

A Brow.—A knock. An amount of knocking or percussive force imparted from one body
to another.

« A Bort.—A stick, red, or bar, intended to move in the direction of its length. In machinery
bolts are used for fixing pieces of work to each other ; and may be either key-bolts or screw-bolts.
To bolt is to fasten by means of a bolt, whether it has a serew or not.

To Bore.—To make a hole by means of a rotatory motion, which is applied cither to the
object to be bored or to the boring tool. A bore, is a general term applied to any tubular opening.
To bore a wheel is to make a hole, or enlarge a hole, into the wheel by means of boring; and
while the hole is being made, the wheel is bored, but not the hole. :

A Boss.—A boss of a rod, lever, or shaft, is a thick portion adjoining a thinner, or between
two thinner portions. The fulerum boss of a lever is always the strongest when compared with
any other bosses of the lever. A boss may be globular, cylindrical, hexagonal, and of many other
shapes, and may be with or without a hole. .

A Brass.—A bearer or covering made of brass or gun-metal, placed to some part of an axle
or rod to sustain its friction. A couple of brasses are named a pair, when the two brasses are so
shaped that both are required for one axle-bearing; consequently, each of the two brasses pos-
sesses a semi-cylindrical gap, if intended for a cylindrical bearing ; and if for a bearing of any
other form, the gaps arc shaped to correspond.

BrITTLENESS.—A hardness belonging to a metal or other material, which allows or adnits of
its being easily broken by strains of percussion or vibration. '

A Bur.—The bur of a picce of work is a jagged projection or number of projections; these
are formed along the edges and sides of the work while being turned, planed, or otherwise cut.
gurs are produced also by hammering a piece of work ; and by two pieces knoeking together

uring use.

E Busi.—A bush is a piece of furniture made to fit a hole, whether the hole is cylindrical
or of any other form. 'When bushes are required for sustaining friction, they arc of gun-metal,
steel, or wood. These furnishers or garnishers are used also for levers of various sorts, when it
is necessary to make one lever fit spindles of different sizes; in such ecases, the garnishers may
be square or hexagonal. To bush a joint-hole is to adapt a bush to the hole; and to bush a
joint-pin or bolt is to adapt a bush to the bolt instead of the hole.
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A Cam.—A class of bosses that extend from one side of levers and axles, instead of both
sides. An excentric cam is a wheel having a hole which is not in the middle. A lever-cam is a
projection on one side of a lever-boss. A solid cam is one which is solid with the axle or lever,
instead of being keyed or bolted to it.

» A CALLIPER.—An instrument for measuring the bore of a gun. Callipers are used to mea-
sure lengths, widths, and thicknesses, and each calliper consists of two legs jointed together by
means of a pin, which is fixed in the thick ends of both legs. Legs of callipers are both straight
and arched. To calliper is a useful verb, signifying, to measure with a calliper. One calliper
is often named a pair, because its two legs are of the same shape.

To Cast.—To pour melted metal or other material into sand moulds or other moulds. Cast
steel is that which is poured after being made into steel.

To Cark.—To calk a boiler consists in thickening the overlying portions of the plates, after
they are riveted together ; this calking is performed with hammers and punches. The calking of
joints in engine-work is effected by driving cements of various sorts into narrow openings pro-
vided for the purpose.

A CenTrE.—A middle point. A centre is also any important place in an object, whether in
the middle or elsewhere. The centre of magnitude or extension in or belonging to any object is
a point which is at a mean distance from the object’s pourtonr, or entire external surface. The
centre of mean diameters, or axial centre, in or belonging to any body, is the point of intersection
of the mean major axis with the mean minor axis; consequently, in a crank-shaft lever, which is
forty inches in extreme length, the axial centre is twenty inches from either extreme end,
although one of the lever-bosses is much larger than the other. To centre, is to find and indicate
the middle points in various sides of pieces that need such processes. Lathe centres are cones, or
conical pivots, on which an axle rotates while being turned.

To Cuase.— To make a screw with a hand-tool upon a piece of work while it rotates in
a lathe.

» To Crip.—To cut with a chisel in two hands. Also to cut with a chisel in one hand while
the chisel is driven with a hammer in the other hand.

To Cruck.—To chuck a piece of work is to fix it tight upon a chuck ; these chucks are
tables, plates, or boxes to which the work is bolted, or fastened by cement. Chucks are of many
sizes and shapes, and belong to lathes, planing-machines, drilling-machines, slotting-machines,
and others.

A Cramp.—A plate or other instrument which grips and tightly holds one piece of work to
another, or to a table or platten. To clamp is to fix something with a clamp.

A CLEARANCE.—An amount of space allowed between the extremity of a piston’s travel and
the ecylinder-lid. Also the space between a bolt and the boundary of the hole in which the
bolt is placed.

To Coc.—To cog a wheel is to put teeth into it, which are named cogs. A cog-wheel may
be one having tecth solid with the wheecl, or one having distinct teeth that are made of wood
and fixed to their places,

A Corrar.—The collar of a bolt, bar, or axle is a ring of metal that may either be slidden
loosely along the axle or forged solid with it. Collars are usually circular ; but some are square,
hexagonal, octagonal, and oval.

To Coxe.—To cone a pin, or rod, is to make a frustum in some part of the rod; to cone a
hole is to make the boundary of a hole to the form of a frustum, or cone, by means of boring
tools or punching tools.

A CorrEr.—A key having pin-holes at the small end for holding a split key.

A CourrLiNng.—A joining together of two articles so that they may be easily separated. A
coupling for joining two shafts end to end consists of a thick tube, or socket, that fits a few inches
of both the shaft-ends that are to adjoin ; and when the two shaft-ends are put into the coupling,
both shafts are in one straight line. A preferable mode of coupling consists in using flange-
couplings. A flange-coupling is a thick socket, having a broad flange at right angles to the
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length of the hole for the shaft; around the flange are a few holes for connecting bolts, which
are put in and out when coupling and uncoupling is necessary. Two of these couplings are keyed
to the two shaft-ends, so that both the flanges are outwards; and when the two faces of the
flanges are put together, the bolts are put in and fastened, and the coupling is effected.

A Cover.—A cylinder-lid is a cover for one end of a cylinder. A lid of a slide-jacket is a
cover for the face to which the lid is bolted.

A CraxE, or CRANKLE.—A crankle is the bent or zig-zag part of a rod or bar. An engine
crank consists of only one lever when it is situated at one end of an axle, and includes two levers
and the crank-pin when the crank is near the middle of an axle.

A Diacram.—A figure or writing on a surface. Diagrams for workmen consist of figures
on paper, and also of figures of chalk on boards, sheet iron, and tables. An inscription made
with a steel point into a table is also named a diagram.

A DiameTER.—A distance across or through an object, whether it be the length of the
object, or the width of it, or its thickness. The three terms, diameter, axis, and thickness, are
synonymous, if not specially defined.

Dies.—Dies are moulds of various forms for shuping forgings and other work, and are made
of chilled cast iron or of steel. Dies for making screws on bolts consist of hard steel grips
having inside screws on the gripping sufaces that are to bite the portion of the bolt to be
screwed.

A DravcrT.—The draught of a piston-rod key-way is a space which allows the end of the
rod to be drawn to its place while the key is being driven into the key-way. The draught of a
crank-pin cone is the distance which the extremity of the cone projects beyond the place it will
occupy after being heated and fixed.

A DrumM.—An instrument resembling a cylinder, or, in some cases, a disc. A wheel having
a broad rim, which is used for transmitting motion with bands. Drums are fastened to long
shafts, and also to short axles, of lathes and other machines; and one drum is sometimes made
with a rim broad enough for several bands.

~ AN Epce.—The outer extremity of a ridge, whether the edge is thick or thin. That
projecting part of a surface which is formed at the junction of two planes that are inclined to
each other ; or of two curved surfaces inclined to each other. An edge is also a relative term to
denote a small side of an object. The edge of a disk is its rim, or one of its boundaries.

A~ Exp.—The end of a rod is a portion near its extremity. Frequently, for convenienee
of reference, a rod is said to consist of three parts, or lengths, one length being the mid portion
and the two others are the ends. Short rods and levers consist of two equal lengths, termed ends,
each end being half the total length of the lever.

Ax EYE.—The eye of a hammer is the hole for the handle. The eye of a boss is the hole for
containing the end or some other part of the pin belonging to the boss. An eée-bolt is one
having a loop at one end, or having the end punched to make a hole for a pin. Consequently,

all such eyes are holes in sockets and rings of various shapes. The shaft-cye of a crank-lever is
the shaft-hole.

A FacE.—A term to denote that side of a piece of work which is to be in close contact with
another picce during use. To face, signifies to make a plane surface on a piece of work. To
face a slide-valve is to flatten the bearing surfaces with filing and scraping.

A FeatnER.—A feather is a ledge, and consists of a key of steel which is sometimes fitted
into a shaft or axle previous to putting the axle into the hole in the wheel; and at other times
the ledge is fitted to the wheel instead of the axle. Feathers are fitted into shallow recesses,
instead of key-ways, that are cut through a shaft or axle; two or three feathers are sometimes
required for one wheel, or one boss, and may, in a few cases, be solid with the shaft. A short
feather is named a stop.
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- A Fieure.—The form of the upper, front, and side surfaces or sides of an object which
appear to an observer at one view. A figure is also a mark or number of marks on a surface for
explaining an idea, or representing an object. A figure for a workman, is a figure on paper or on
sheet iron, which rcpresents to him a side, or two or three sides, of the object he is to work upon.

To Frr.—To properly adapt two pieces of work to each other.

A FirTER.—A man who can properly adapt pieces of work to each other; whether he is a
filer, turner, planer, driller, slotter, or any other sort of shaper.

A FriLer.—A picce of metal which is put beneath a brass, or fastened to a brass, in order
to raise it after being worn. A filler is also a piece of iron driven into a hole to fill it, when it
is required for drilling, shaping, hardening, and other purposes.

A Frange—A ridge, or a lcdge. The difference between a flange and a collar consists in
the collar being either loose or fixed, and the flange being always solid with the metal adjoining.
Pipe-flanges are the projecting ridges which contain the holes for the joint bolts; cylinder-flanges
contain holes for connecting the lids, slide-jackets and valve-boxes. The flanges of engine-work
and cast-iron pipes are cast solid with the remainder of the work ; the flanges of wrought iron
or steel work are welded and rolled ; the flanges of copper steam-pipes are soldered to the pipes,

and fixed at various angles to the lengths of the pipes.

A Frure.—A flute in a piece of machinery is a long narrow groove having a boundary at
one end, and being open at the opposite end. Some flutes have a boundary at both ends; when
of this form, the flute is a long shallow recess.

A Fork.—A bar or rod having two or more branches at one end, or at both ends. A fork
end of a connecting-rod may have two or four branches. Branches, arms, and prongs belonging
to any bar or rod may be bent and separated in any direction until they are at right angles to the
length of the rod ; and if further bent to bring the extremities nearer to the rod, the branches
become hooks.

A Gap.—Any space or opening having a wide mouth, if bounded at the bottom and two
opposite sides only. The opening between the two branches or prongs of a fork-end rod is a
gap; also the space between two teeth of a wheel.

A GaveE.—An instrument for discovering qualities, shapes, and dimensions of varions
materials. In engine-work, gauges are principally used for dimensions; and, if to be much used,
are of hard steel. A couple of cylindrical gauges consist of a steel ring and plug; the plug is a
small piece of round steel having a convenient handle at one end, and at the other end a part
which fits the hole in the ring or collar. To gauge, signifies to measure with a measuring tool of
any shape or dimensions.

7 GEAR—A collective name for several pieces of machinery when considered as a collection.
Two pieces of a machine are said to be in gear, or engaged, when the two pieces are in position
for moving or acting in some way upon each other; and are out of gear, or disengaged, when
one piece is shifted so that neither can move the other. When one cog-wheel is driving another
cog-wheel, both are in gear; and when one wheel is shifted a short distance, to prevent it
driving the other wheel, both are out of gear. Two wheels may be put into and out of gear also
by means of bolts and keys, so that the relative situation of the wheels need not be altered.

A Granp.—Glands of piston-rods, air-pump rods, slide-rods, propeller-shafts, and other
shafts, are made of gun-metal, and consist of rings which are pressed tight against the india-
rubber packing to squeeze it close to the rod or shaft. Forcing the gland on the packing, is

effected with screws that are applied in various ways.

To Grixp.—To rub little pieces from an object through applying hard powder or stone of
some sort.  Also to separate pieces of two surfaces by rubbing the surfaces together. The sub-
stances used for grinding engine-work, are emery and sand, which are applied with oil and
water. :

P2
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A GroovE.—A long narrow gap. A long, narrow, curved or angular indentation intended
to guide or fix some piece of machinery. An endless groove is that which is formed through the
surface of some object, and entirely encircles the object, whether it is a lathe-wheel, pulley, lever,
rod, or bar. A groove may be either zig-zag or serpentine in its length, and have curved or flat
bottoms. A short groove is termed a gap, and the difference between the two consists in a gap
being included in three sides of an object, and a groove being sometimes extended across or into
five or six sides, or entirely around the object,

A Gume.—Any piece of machinery which tends to force or maintain another piece in a
desired path or motion. In an engine, all the moving parts are guided by those that are in
direct contact and do not move. The principal guides of an ordinary steam engine are those for
the piston-rod, to keep it in a straight line with the cylinder.

A Hore.—An equal-sided or circular opening which extends entirely through an object
from one of its surfaces to some other surface. If the opening is not circular, square, octagonal,
or of similar form, but oblong, it is a slot. When a hole or slot is covered or closed at one of
the entrances, it becomes a recess; and when closed at both entrances, it is a ecavity.

\ A HoLper or HaNDLE.—A projecting piece of metal which is cast solid with the work to
afford a means of fixing it during planing, turning, and other operations. A holder may be also
forged solid with a rod, bar, or key that requires planing, the holder being cut off after the key
is fitted.

Ax INDEX.—A steel instrument which is finely pointed and polished to indicate a point, and
denote minutes and seconds of angles and ares.

To Jam.—To fasten two nuts together on one bolt. Of two nuts thus fixed, the one put on
last is termed a lock nut; and the greater the thickness of this nut, the greater is the friction
surface of the screw; consequently the thicker the lock nut, the less is its liability to rotate on the
bolt, and separate from the other nut.

A Lip.—The lid of a slide-jacket is bolted to the flange of the jacket. The lid of a valve-
box is bolted to the box after the valve or valves are put within.

A Live.—A line in a piece of work, is any stated distance into it, through the work, or
across one side of the work. A line on one side of a lever or rod is denoted by a scratch or
indentation.

To Lixe.—To mark a line or several lines into various sides of a piece of work, to discover
centres, and to enable men to work to the lines.

A MAcHINE.—An instrument consisting of several moving parts. Any instrument which
contains a lever and axle; or which contains several levers without an axle.

To Mark A Line.—To mark a line upon a lever, is to draw a steel point along some part of
the lever and plough up a portion of the lever, or plough a furrow into the layer of whiting

that may be on the surface.

A Neck.—The neck of a bar is an intermediate part between two thick portions. The neck
of a bearing, 13 the portion between two shoulders of the bearing; therefore if a bearing has two
shoulders, 1t has one neck; and a thrust bearing having ten shoulders, has five necks.

To OsciLLaTe.—To move gently to and fro, and traverse arcs while moving. To swing
backwards and forwards a rod or rope which is sustained at one end. To swing a eylinder on
its trunnions.

A Pmvion.—In machinery, a pinion is a relative term to denote the smaller of two cog-
wheels that work together, whether the pinion drives the wheel, or the wheel drives the pinion.
A Puriey.—A relative name to distinguish between two wheels or drums that are con-

nected with a driving band; the driving wheel being that which gives motion to the band, and
the pulley being that vwhich is pulled and rotated by the band.
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{ To Scrise.—To write with a steel instrument, named a scriber. To mark a line \yith
chalk or with slate-pencil upon a piece of work, or upon a table. To scribe a line, signifies
merely to write the line, without regarding its position to any other line.

~ A ScriBErR.—A scriber for marking diagrams on tables or plattens, is a piece of stecl wire
which is hardened and pointed at one end, to give it a capability of cutting the surfaces of
iron, steel, and other metals. Scribers are of various lengths, according to whether they are
required to be held in one hand while scribing, or fixed in legs of compasses and other scribing
instruments.

A Suourper.—The shoulders of bolt-heads, are the surfaces that press against the work to
be bolted together. The shoulders of an axle-bearing, are the surfaces that sustain any strains
which are imparted to the axle in the direction of its length.

A Suit.—A cut. A split. An opening or space extending through a piece of work, if the
opening is made by means of a hand-chisel, chopper, steam-hammer chisel, or similar tool.

A Stor.—A regularly formed oblong opening, which extends entirely through a plate, rod,
or bar; consequently, a slot resembles another hole in being closed except at two places, which
are the entrances or mouths of the slot. Slots may be oval, rectangular, serpentine, or arched;
and may be made by punching and drifting; also by drilling-machines and slotting-machines.

A Socker.—A short tube intended to contain one end of a smaller tube, or to contain one
end of a shaft, axle, rod, or bar.

A Stroke.—The stroke of a slide-valve is the length of the path along which the valve
moves. The stroke of a piston is the length of its travel or path.

To TempEr.—To moderate. To mix cements. To soften a tool to the proper degree of
hardness, after the tool is hardened by cooling it in water, or is hardened by some other means.

A ViBrATORY STRAIN.—When a rod or bar of steel is quivered by hammering. or other
means, the fibres are cither bent or broken; if the fibres of the bar are short in the direction
of the bar’s length, the quivering drags some of the particles across those in contact, and this
cross motion from one side of the bar to the opposite breaks some of the fibres; and if the
quivering is continued, the bar will be divided at the place where the breakage of the fibres
commenced ; but if the fibres are of considerable length, and parallel to the length of the bar,
the quivering merely bends it, and must be continued a long time before it is broken.

The general significations given with the foregoing phrases are sufficient for many of the
processes 1n the “Mechanician;” but, through the custom of making one word signify several
different things, it will be necessary, as we proceed, to specially define ambiguous terms.

L) Mg B E Y g

MARKING-TOOLS.

Marking-tools include all implements for indicating lines and centres in various pieces of
work, and consist of scribers, straight-edges, squares, gauges, dividers, and a few others; and it
will be observed that several marking-tools are sometimes used for measuring.

ScripeErs.—The simplest sort of scriber is a piece of straight steel wire pointed at one end,
and six or seven inches in length ; this is held in one hand, in the same manner as a pen is held ;
and, while thus held, the scriber is put to one side of a straight-edge which is on the work to be
marked, and a straight line is made, by drawing along the scriber while in contact with the
straight-edge, and with sufficient pressure to make the mark desired, whether thick or thin.
Scribers are both straight and angled, resembling Figs. 266, 267, and 268 ; the angled ones being
necessary for marking the places of holes and slots where there is not sufficient room to admit a
straight scriber. Bent scribers are used in a horizontal position, consequently it is convenient to
cither fix the scriber in a wood handle, similar to that in Fig. 268, or to provide a bow handle,
like the one shown in Fig. 267. The short marking end of a bent scriber is as short as convenient,
that it may not tremble while in use.
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CexTrE Puncres.—Centre punches consist of two principal classes, named dotting punches
and coning punches. Dotting punches are made of small steel wire, not exceeding a quarter of
an inch in thickness, and are used for making dots to indicate the places of centres in sides and
ends of varions pieces of work ; they are nsed also for making dotted lines to indicate the place
of a line or other mark which is liable to be rubbed out or filed out. All dotting punches or
dotters require to be sharply pointed and applied with a small hammer, becanse the dot which is
formed should be only large enough to be seen whenever it is necesszngr to refer to it. A dotter
is shown by Fig. 269, the angle of the dotting part being about forty degrees.

Coning punches are of various sizes from half an inch to one inch in thickness, some being
held in one hand while in use, and others being attached to handles, if the punches are driven
into the work by means of heavy blows. Coning punches are represented by Figs. 270 and 271,
and are required to make or enlarge conical recesses in work which is to be lathe-turned. For
this purpose, the piece of work to be turned is properly lined, and small holes are drilled at the
centres of the intended conical recesses ; after this, the recess is formed by widening the mouth of
the small hole with a larger drill, or sometimes with a chisel; and when rounghly shaped, the
coning punch is hammered into the recess, to make it smooth, and give it the proper conical
form.

Foprine DrirLs.—Fiddling drills are represented by Figs. 272 and 273, and are rotated by
means of a bow, shown by Fig. 274. A fiddling drill is fixed tight in a wood pulley, and is used
with a plate termed a breast-plate, which is fastened to the workman’s waist. In this plate is a
small recess to contain one end of the drill while it is in use. Fiddling drills are used in a hori-
zontal position ; consequently, the work to be drilled is supported in various ways, sometimes on
a lathe, at other times on a few packing-blocks, and frequently in a vice; while the work remains
fixed by some means, the bow-string is wound around the pulley of the drill, and the cutting part
is put to the work, while the opposite end of the drill is put into a rccess in the breast-plate which
is fastened to the workman's waist ; he then raises, lowers, or otherwise shifts the drill until it is
in a right line with the work, at which time the drilling is commenced ; this is effected by moving
the bow to and fro, and gently pushing the drill, if it is only about a sixteenth in diameter at
the cutting part; but if it should be a quarter of an inch, the pressure necessary for drilling is
about as much as the operator can administer by such means. Sometimes two operators are
required, one to move the bow, while another one pushes the drill into the work. Fiddling drills
are useful for all sorts of work that require short holes to be drilled, also for drilling small holes
into large work that cannot be quickly moved about. Such drills are useful also for drilling the
centre recesses in rods and axles that require lathe-turning.

Centre Gouces.—Centre gouges consist of small chisels having curved entting edges, and are
of different sizes, according to their intended uses. Gonges of this character, to be held in one
hand, are represented by ﬁig. 275 ; a tool of this sort is used for cutting away the metal at the
mouth of a recess that has been drilled with a small drill and requires coning; after sufficient
metal is cut away by the gouge, a coning punch is hammered into the recess until the desired
form is obtained. (ouge chisels are used also for centring and channelling; when employed for
centring, a gouge is the tool for enlarging a conical recess at only one side, by which means the
centre or middle of the recess is put into another place; gouges for channelling are made from a
sixteenth to a quarter of an inch wide at the cutting part, and are required to cut or form
grooves into the sides of centre recesses to admit oil for Iubrication.

Coners.—The class of coners with which we now have to do, is represented by the cutting
tool attached to the breast-brace or hand-brace, shown in Fig. 276 ; such a coner consists of a
semi-conical centter, which is rotated by the brace, and cuts away the metal at the mouth of a
recess until it is formed to the depth and width required. Coners of this class are used to shape
the centre recesses in the ends of rods and axles when a coning punch is not adapted to form the
recess to the necessary dimensions; throngh the taper form of such a cutter, it will shape recesses
of various sizes, according to the dimensions of the work to be coned, and a coning punch may
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be afterwards hammered into the recess to smooth the sides, if necessary. Coning with such a
cutter is easily effected in iron or gun-metal ; but to form a conical recess into steel, it is advisable
to first cut away the metal with a gouge (Fig. 275), and next hammer a coning punch into the
recess to smoothly form it to the required shape.

ScriBER-Brocxs.—A scriber-block is an instrument consisting of two principal parts; these
are the movable scriber, and the block to which the scriber is attached; the other smaller pieces
are the fastenings by which the scriber is fixed to its block after the scriber-point is raised or
lowered to any particular height which is necessary. That portion of the tool termed the block,
is a small pedestal, which may be of wood, steel, or any other metal, the principal requirement
being lightness combined with stability. Scriber-blocks are principally used to mark straight
lines upon engine-work of all classes, large and small, and all scriber-blocks are used on plane
surfaces, named surface-plates. The process of scribing consists in laying the piece of work upon
the surface-plate, or upon a few packing-blocks that may be on the plate, and moving along the
scriber-block with one hand or two hands while the scriber-point 1s in close contact with the
piece of work to be marked, and the base of the block touches the surface-plate; consequently,
all lines made with a scriber-block thus used, are straight, and also parallel to the plane on which
the block is moved. If a scribing instrument of this character is properly made, and the surface
on which the block is moved, is clean, all lines made with the scriber-point as much resemble
straight lines as that portion of the surface on which the block moves resembles a plane.  Scriber-
blocks will mark any number of straight lines upon a piece of work, or upon several pieces of
work, so that the lines may be of the same or of different lengths, also at various angles to each
other, and at the same time parallel with the plane; also, several lines may be marked upon one
piece of work so that all the lines shall be parallel to each other ; and this is effected by raising,
or lowering, and fixing the scriber-point to the various heights that the lines are required to be
above the surface-plate. This property of marking parallel lines is the most important quality of
the instrument, and renders it applicable to the scribing of work of all sizes and conditions;
scriber-blocks are therefore made of various heights, from one inch to several feet, and the
height of the particular block selected for use depends on the distance to which the piece of work
extends above the table or surface-plate.

Scriber-blocks are represented by Figs. 277, 278, and 279. By referring to these Figures, it
may be observed that each scriber is bent at one end; this bent part being used for making lines
upon the top of a piece of work, and the straight end being for the lines that are required on
those surfaces of the work which are at right angles to the plane on which the block moves.
The block shown by Fig. 277 is of wood, and the two other blocks are of iron or other metal.
Fig. 279 denotes a tall block which becomes an el-square by taking off the scriber.

VEee-Brocks.—Vee-blocks consist of cast-iron pieces having gaps which are angular, similar
to those in Fig. 280. When two such blocks are of the same shape and dimensions, they are
named a pair, and are used to support a piece of work at a proper height above a surface-plate
or table. A couple of vee-blocks arc often used to support a rod or lever while being seribed ; for
this purpose, the two blocks are put upon the table, and the piece of work is put into the gaps of
both blocks, a scriber-block is then put to the work, and the scriber-point is adjusted to the
desired height for the object of marking the lines required. The gap sides in vee-blocks are at an
angle of about ninety degrees with cach other, and are made wide enough to allow one pair of
blocks to be used for a variety of work of different sizes ; consequently, a thick lever or rod will
fit the mouths of the blocks, and a smaller rod or other piece of work will fit some other portions
of the gaps at a distance from the mouths or entrances. In Fig. 281, a pair of vee-blocks are
shown on a surface-plate or table, this being the manner in which the blocks are generally used.
The uses of scriber-blocks, vee-blocks, and tables, are closely connected, the three tools being
necessary to scribe one piece of work.

Compasses.—The compasses represented by Fig. 282 possesses jointed legs, to admit two
pointed pieces which are of the same length and shape, and also one leg having a thick conical
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foot; when this foot is fixed for use, the instrument appears as in the Figure. Such a foot is
used when it is necessary to scribe arcs or circumferences by placing one foot of the compasses
into a mouth of a hole or recess, in which case a thin compass-leg cannot be used without fixing
something in the mouth of the hole; a conical foot is therefore useful to fit a number of holes
of different sizes, if the legs are fixed at a proper distance in their sockets in order to seribe the
arcs in an casy manner. Compasses, fitted with such a conical foot, will mark circumferences if
the cone is in a hole which is either round, square, hexagonal, or of any other section. When it
is necessary to use the instrument without the cone, it is taken out, and the thin pointed leg put
into the socket ; and, while thus fitted, the compasses are in order for seribing curves or circum-
ferences upon gun-metal, iron, or steel, the points being properly hardened to cut into the metal
whenever it may be necessary to do so.

Divipers.—The divider to be now considered consists of a pair of legs connected with a
spring, and is therefore named a springy divider: such an instrument is denoted by Fig. 283,
Whenever it is needful to perform a great quantity of scribing ares, or mcasuring, without any
great care or precision being necessary, an ordinary compass is the proper instrument for the
work, because compass-legs can be separated or closed together in less time than is required for the
shifting of divider-legs; but to easily and precisely measure a length, or mark a length, and to
properly seribe arcs and circumferences, springy dividers, having fine points, are indispensable. A
spring divider is a very useful instrument for scribing and mecasuring, if properly hardened and
pointed, to maintain the necessary sharpness while the tool is in use on hard surfaces. The mode
of adjusting a divider to a length on a rule, or other mecasure, consists in rotating the thumb-nut
until the two divider-points are nearly the required distance from each other ; and this is effected
by putting the points near to the rule, but not touching it; after this, the final adjustment is
performed by softly placing one point upon or into one of the marks on the rule, and while one
point is held in the mark with one hand, the other leg is screwed in or out by gently working
the nut until both points are felt to be in the marks, or seen to be on the marks, according to the
particular rule in use while the adjustment is effected. To avoid wearing the divider-screw and
nut to a needless extent when the legs require shifting a great distance, the two legs should be
squeezed towards each other in one hand, while the other hand is used to rotate the thumb-nut
during the time it is not in contact with the divider-leg.

MEASURING TOOLS,

In this place measuring tools are considered to include such implements as divided measures,
rulers, and callipers, and also tools for ascertaining qualities and conditions of various pieces of
work : to this class of tools belong straight-edges, squares, gauges of several sorts, and surface-
plates.

STRAIGHT-EDGES.—A straight-edge is generally a steel or wood right-angled parallelopiped,
whose length is twenty or thirty times its width, and two or three hundred times the thickness.
The two broadest surfaces which extend along the length of the instrument are termed its sides,
and the two smaller surfaces that extend along the length are named the edges, and these consist
of two planes that are parallel to each other. These two edges are the only portions of the
implement that can be referred to when applying the tool to use; consequently it is named a
straight-edge, and sometimes a ruler. Such tools are made of all lengths, from three inches, to
fit a waistcoat-pocket, to several feet or yards. Straight-edges are much used to mark straight
lines upon work, and also to ascertain if some portion of a surface is a plane, or how near it
resembles a plane. The primary use of the tool is to indicate straight lines and lengths, and
these are the elements of precision in measurements ; therefore a straight-edge is the first tool to
be made by a beginner, when he has so far advanced in his work that precision is his object.
The simplest sort of straight-edge is that indicated by Fig. 284, being without a divided measure,
but having curved ends to admit a free handling, and to render it fit for carrying in a pocket, if
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necessary. Fig. 285 denotes a ruler whose length is sixteen centimétres, each centimétre being
marked on one of the broad surfaces of the ruler. Fig. 286 represents a ruler whose length is
shown to be sixteen centimetres, and which is also shown to be one hundred and sixty millimétres
in length, this length being the same as sixteen centimétres, because one centimeétre equals ten
millimetres. From the left-hand extremity of the ruler to number 10 is the length of one deci-
métre, or, which is the same length, ten centimeétres, as indicated on the straight-edge ; and if the
instrument were ten times the length of ten centimétres, it would be -one métre in length, and
therefore would contain one thousand millimétres, because one hundred millimétres equal one
decimetre. During the application of any straight-edge to a piece of work, it is necessary to so
place the tool that its two broad sides shall be at right angles to the surface to which the straight-
edge is put; if not, one of the corners of the tool will touch the work, at which time the tool will
bend through its own weight, and its utility is, for the moment, destroyed.

Squares.—The tool named a square is a right angle, and consists of a steel tool whose broad
side or surface is bounded by two right angles which are parallel to each other. We may say
also that the simplest sort of right angle or square is that which is formed by bending a straight-
edge at one place only until the two arms extending from the bend are at right angles to
each other ; consequently, the straight-edge or parallelopiped is more like a square previous to
being bent than it is afterwards ; and at the present time a square may be termed a ninety, and
other angular gauges may be named sixties, forty-fives, or some other number, to denote the
quantity of degrees in their angles, until a cirele’s circumnference shall be considered to have one
hundred degrees, or some other number than three hundred and sixty. A square having its two
arms of equal width and thickness is denoted by Fig. 287; such a square issaid to have no back,
or, properly speaking, no pedestal, and the tool is used for scribing right angles ; for this purpose
it is laid with its broad side in contact with the work to be scribed, and held or fixed in position,
and, while securely held, a scriber is moved along the edges of the square, and at the same time
in contact with the work which is being seribed. A square having legs or arms of equal thick-
ness is also sometimes used for adjusting pieces of work; when thus used, the square is preferred
merely for its lightness and portability. The two squaresshown by Figs. 287 and 288 are termed
el-squares, through resembling a letter Li; and the one denoted by Fig. 288 is also a pedestal
square, becausc one of its arms is thicker than the other; and the thinner arm extending from
the pedestal is the blade. The pedestal of a square is also its handle, being that which is held in
the hand while applying the tool to a piece of work. A good pedestal-square is distinguished by
means of a plane surface, which is placed in a horizontal position in some convenient situation for
reference. On to this plane is put the square so that its pedestal shall rest on the surface and
the blade extend upwards ; and while thus resting the blade should be at right angles to the
plane, whether viewed on the broad side, edge, or corners of the blade ; if not, the blade is bent,
or some other defect exists in the tool and requires adjustment. Pedestal-squares are used for
adjusting surfaces of a piece of work to a right angle with each other, also for fixing one piece of
work at right angles to another piece, or to a table of a machine.

Tee-Squares.— The implement denoted by Fig. 289 is a tee-square, and consists of a
pedestal having a blade at right angles to the pedestal, but situated midway. from each end
mstead of at one extremity, as in an el-square. Such a tool is sometimes employed for work
that requires a square to be applied to the outer surfaces, but a tee-square cannot be applied
to an inner corner; the tool is therefore specially adapted to measure and discover conditions
of ‘holes in levers, wheels, bosses, and other work having openings through or partly
through. Tee-squares are useful while forming rectangular holes, and for marking the places
of intended key-ways in circular holes; also for marking slots and key-ways in ends of
bolts, rods, and axles. The tee-square shown by Fig. 290 is a bisector or centre-finder. The
instrument consists of a tee-square whose pedestal is furnished with two projecting pins so
adjusted that a straight line connecting their centres is at right angles to the length of the blade ;
both pins are also equally distant from the blade, so that the centre length of the blade is exactly
midway between the centres of the two pins. A square of this sort is applied to use by placing
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its blade across an end of a rod, bar, or shaft that requires its centre to be found; and at the
time the blade is put across the two pins are put in contact with one side of the work ; while in
this position two lines are marked with a scriber across the end of the work, one line being at each
edge of the blade; after two lines are thus seribed upon the shaft-end, the centre line required is
marked midway between the two by means of a divider and straight-edge. When one centre
line is found by such means, the square may be again applied to the work so that the blade shall
be at right angles to its former position; and while it is thus held two other lines are scribed
across the two first made, and the centre discovered as before. Bi-secting by means of such an
instrument may be further simplified by so placing the two pins that one edge of the blade shall
be midway between the two pin-centres, instead of the centre length of the blade being in this
situation ; by this arrangement only one line is marked instead of three, this one line being the
centre line required. .

Cross-Squares,—Cross-squares are represented by Fig. 291.  Such a tool is made of two
principal pieces, one of which is the thin blade that slides through a slot which is formed in the
middle of the pedestal or shoulder-piece. This slot is of great length, because it is neccessary to
prevent the blade wearing and getting out of its position at right angles to the shoulder-piece.
A small serew having a milled head is also shown in the Figure, for fixing the blade at any
required length from the shoulder, indicated by S. On the blade are marked inches and parts,
or millimétres, according to the intended use of the tool. A cross-square is used for the same
purposes as tee-squares, and also for measuring depth of holes, recesses, slots, key-ways, and similar
openings. Cross-squares are never used to accurately adjust surfaces to right angles with each
other, because the blades cannot be adjusted to right angles with their shoulder-pieces so as to
remain in such condition for any great length of time.

AxcrE GAUGEs.—An angle gauge is a tool consisting of two arms which are at any desired
angle to each other; consequen%y, the name of any particular gauge is the number of degrees of
arc in the angle of the gauge. The gauge denoted by Fig. 292 is a hundred and twenty, because
this is the quantity of degrecs in the angle between the two arms, The tool denoted by the
Figure is made of one piece, but, by making the two arms of distinet pieces, an instrument may
be formed which-is capable of adjustment to any angle.. This is effected by connecting the two
arms with a bolt, nut, and washer ; if thus fitted, the arms of the gauge may be made to subtend
any angle by adjusting the arms to the angle-measurer shown by Fig. 293. During this
adjustment the nut and bolt should be screwed tight, so that the arms cannot be shifted by any
amount of proper handling; and while in this condition, the gauge is opened or closed by means
of a wood hammer, or some other soft hammer. An angle gauge having adjustable arms should
have one thick arm, corresponding to the pedestal of a square ; and into one end of the thick arm
a gap is formed for containing one end of the other thin arm of the gauge, termed the blade ; and
the two pieces are therefore united together by means of the joint bolt through both arms at the
place of the joint-gap. A gauge thus made requires the thick arm to be put to the straight-edge
of the angle measurer (Fig. 293) whenever it is necessary to adjust the arins to subtend the angle
desired.

CyriNDRICAL GAUGES.— Gauges for measuring solid cylinders and eylindrical holes are
denoted by Fig. 294. Such tools are made of all sizes, and consist of plugs and rings of steel,
the plugs being used as standards for measuring cylinders or while making them, and the rings
being employed as standards for cylindrical holes. Any plug and ring which fit each other so
that the plug requires a little pushing with the hand through the hole in the ring, are termed a
pair. hen such a pair are selected for use, the plug represents the rod or spindle which is
being lathe-turned, and the ring represents the wheel, lever, boss, or other article which is
intended to fit the spindle. One mode of making the spindle fit the wheel or lever consists in
carcfully measuring the gauge-plug with an outside calliper, and making the spindle fit the
calliper ; and also measuring the gauge-ring with an inside calliper, and enlarging the hole in the
wheel until it fits the inside calliper. Another method consists in giving the plug to the workman
who is making the hole, and giving the ring to the one who is turning the spindle; by this plan,
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each man requires to measure with two callipers—an inside calliper and an outside one. A third
mode of using rings and plugs consists in avoiding the use of callipers, both inside and outside;
in this case, the operator who makes the hole requires the plug, and he who turns the spindle
uses the ring; and to avoid taking the spindle from the lathe to receive the ring, the ring is
suspended on the poppet cylinder, and is therefore pushed on to the spindle whenever necessary,
and without removing the work from the lathe.

SURFACE-PLATES.—Surface-tables or plattens consist of cast iron or Bessemer steel blocks
resembling Fig. 295, and a few others adjoining. Such tools are made of various sizes, from an
inch across to several feet, and each platten has at least one plane surface. One principal use of
a surface-plate consists in applying a piece of work to the plane for the purpose of ascertaining
how near the surface of the work resembles the plane of the table; consequently, plattens are
standards of reference during the formation of plane surfaces, and are used whenever a plane is
being produced upon any piece of work that may be in progress. Surface-plates are also planes
from which to exscribe straight lines upon pieces of work by the aid of scriber-blocks. The
smallest sort of platten is held in one hand, and applied to the work, instead of the work being
moved to the platten; and small surface-plates of this class may be only a few ounces in weight.
A good platten is that which is made of hard iron or steel smoothly finished to a plane, and
which will maintain its plane character while being used ; therefore any surface-plate, small or
large, must contain a proper amount of metal which is so distributed as to prevent the platten
bending through its own weight. For some purposes a surface-table is fixed in one place, instead
of being portable ; when thus placed, with its plane boundary upwards, and in a horizontal
position, the metal should be as thick as the space allotted to the table will permit, and the base
of the table should rest on as unyielding a body or cement as can be obtained. The number of
bearing points or touching points of contact of the base with its support should include all the
points in the base, so that no portion of the surface-table’s base shall be without a prop which is
directly underneath ; and after the table is permanently fixed the plane surface is finally smoothed
while in its position for use, if the fixing process has rendered such final finishing necessary.
Some plattens are suspended above a plece of work which is being filed or scraped, so that
the platten can be let down to try the work when it is necessary to do so, and also easily
raised up to allow the surface to be further smoothed or scraped after being tried with the
platten.  Tables for such purposes are provided with lifting studs; these are screwed into
holes that are formed into various sides of the surface-plates; implements of this character
are represented by Figs. 296 and 298. TFig. 297 indicates a wood cover which is put over
a plate’s surface when not in use, or, in some cases, the plate is put into the cover; if so, its
bottom is covered with soft clean cloth. Such covers may be made also of sheet iron.

The surface-table shown in Fig. 299 is supporting four additional surface-tables or blocks;
the two blocks on the right-hand end of the table are similar to each other in shape and
dimensions, and are termed a pair; and the other two blocks on the left end of the table are
named a couple of odd blocks, through being of different sizes. The corners of all these movable
blocks require to be curved, that they may be put to or moved about the surface-table without
injuring it. All the four blocks are useful for trying pieces of work while being adjusted to right
angles, or being made parallel; such blocks are useful also for trying el-squares, tee-squares,
rulers, and other gauges. A table thus employed with blocks thereon requires to be fixed in a
quiet place which has a good supply of equally diffused reflected light, and but little dust; and
the surface of the table ought to be high enough to enable an observer to look across and see the
light between the blocks without an inconvenient stooping; and to facilitate the observation,
white paper may be placed, either near the blocks, or at a distance behind the table.

Rapivs Gavees.—The radius gauge shown by Fig. 300 consists of a steel bar on which
slides two scriber-holders ; the small wires, which are the scribers, being fastened in their places
with little screws having teeth around the rims of the heads. One of the scriber-holders may be
moved along to any desired place on the bar, but the other holder can be moved only about an
inch. This one is shown at the right-hand end of the Figure, and is connected with a short
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screw, denoted by A, having a head with teeth on its rim, for the purpose of casily rotating it
with a finger and thumb, or, if nccessary, with the palm of the hand. The use of the gauge
consists in scribing arcs and circumferences of long radii which are too long for compasses; and
when the instrument is required for use, the scriber-holder at the left end of the bar is slid along
until the distance between the two seriber-points is about a sixteenth greater or less than the
distance when adjusted ; after this, the adjusting screw A is rotated slowly, and moves the holder
which is nearest to it until the two scriber-points are at the exact distance from cach other which
is required.

CavrLipers.—The simplest sort of calliper is made of a piece of straight wire, which is first

bent to produce a short arm at each end, and afterwards bent in the middle, to make the tool
resemble an arch, similar to Fig. 301; in this form the tool is an outside calliper for measuring
rods, axles, and other work; and in the form shown by Fig. 302 1t is an inside calliper for
measuring holes. Fig. 303 denotes an’ outside calliper of two legs, which are connected with
two friction plates and one rivet, the two plates being termned washers. Fig. 304 indicates a
springy calliper, whose action is similar to that of a springy divider. Springy callipers are very
useful for small work that does not require the calliper’s legs to be separated nore than seven or
eight inches ; but for large work callipers resembling Fig 303 are more frequently used, and are
made large enough to measure three or four feet. Next to the springy calliper is shown an
inside calliper, whose feet may be, if necessary, only an eighth of an inch in length, by which
means the tool is capable of measuring a hole which is only a quarter of an inch in diameter.
Fig. 306 represents an inside calliper which is shaped to resemble legs, merely for ornament. It
may here be mentioned that all inside callipers may be, if necessary, used as outside callipers,
and this is effected in cases of emergency by sliding one calliper leg across the other, so that the
toes of the feet are put nearest to each other, instead of the two heels being nearest each other,
which is the usual position. By adopting similar means, outside callipers also are made to serve
as inside ones. Fig. 307 represents an awkward, inconvenient class of callipers, which are never
used by engineers ; the tool has four legs, two for measuring holes, and two for rods and other
work that needs outside measurement. When such a tool is newly adjusted, the distance between
the points of the inside legs is the same as the distance between the points of the outside legs, but
after a short time the wear of the points makes the distance between the outside legs too long,
and the distance between the inside legs too short; it is therefore necessary to hammer the ends
and re-file them, so that the tool is only fit for those who do not understand the use of proper
gauges.
° “Hops.—A hob is a fluted screw, having several narrow flutes, which are generally parallel
to the length of the hob, the number of flutes in a hob two inches in diamneter being usually
thirteen or fiftcen. A hob may be termed a steel plug, having at one end a screw in which
several cutting edges are formed by means of fluted grooves, and having at the other end a
square head. This head is that which is held while the hob is in use, whether by means of a
spanner, or by the hob being rotated in a lathe. Hobs are, at the present timne, a class of
standards from which several other instruments for screwing are made, such as comb screw tools,
one-point screw tools, dies, screwed plates, and taps. Sometimes a lot of hobs, consisting of about
twenty, are kept as standards for reference and measurement, but no other use is permitted them,
for fear of injuring or reducing them below their respective dimensions. A hob which is intended
for die-making is sometimes held in a vice, the square head being gripped and the screw part
extending upwards; while thus fixed, the die-making is effected by revolving the dies around the
hob. The two most uscful shapes for hobs are indicated by Figs. 308 and 313.

Tars.—A tap is a fluted steel screw for forming serews into nuts and other work which needs
inside screws. The proper number of flutes in a tap is only three, and, in a few special cases,
five, the length of each flute being parallel to the length of the tap. Tags are denoted by a few
of the figures.in Plate 27, and that smaller part of a tap which extends from the screw is the
stem, and of this portion the square part is the head. If the taps are only about an eighth or a
quarter of an inch in diameter, they are forined with square heads, which are as thick as the
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screw parts, and resemble Figs. 309, 310, 311, and 312. The three taps that are shown to be
each of the same length constitute a set, because the three tools are used to form one screw into
the boundary of one hole or recess, and this operation is termed tapping the hole. The tap
shown by Fig. 309 is named number one, and is the one first used when tapping is being
performed ; this tap is screwed into the recess to be tapped until the point of the tap touches the
bottom, and this screwing is effected with a two-handled tap spanner, having a square hole which
fits the head of the tap. After the first tap has partly formed the screw, the tap named number
two, shown by Fig. 310, is screwed into the hole, or recess, the point of the second tap being
larger than the point of tap number one. Number three tap is next employed for completing the
hole ; this tap is shown by Fig. 811, and its screw is not taper like the two previously used, but
parallel, and is termed a plug tap, or parallel tap. When a nut is to be screwed, or other piece
of work having the hole entirely through, three taps are not necessary, only one is sufficient, and
this one is shown by Fig. 312. This tap is longer than the others, and the thickest part is of the
same thickness as the parallel tap shown by Fig. 311, so that by screwing the entire serew of the
long taper tap through the nut whieh is tapped, a parallel screw is formed into the nut, and the
screw is of the same size as if three taps had been used.

Taps which are from half an inch in thickness to three inches, are made with heads that are
only as thick as the other portions of the stem adjoining; such taps are denoted by Figs. 314,
315, 316, and 317. The fluted screw portions of these tools are shaped to the same forms as the
corresponding parts of smaller taps, and are made in sets or lots of three each, so that they may
be used in the same manner. There is, however, one advantage connected with taps having
small heads, which allows them to be put entirely through a nut during a tapping process,
instead of merely screwing to the end of the screw and then screwing backwards or unserewing,
to release the tap from the nut, which process is unavoidable with large-headed taps. Fig. 317
indicates a long taper tap which does the same quantity of work as the three hand taps adjoining,
the long taper tap being always used in preference to the three shorter ones, whenever there is
sufficient room for the taper end to project beyond the work which is being tapped. This long
tap is also employed to screw nuts in a screwing machine ; and it may be noticed that the long
taps contain three flutes of a shape somewhat resembling the three flutes in the shorter taps.

PLANING TOOLS.

Hamyers.—Engineers’ hammers are of two principal varieties, one class being named ball
haminers, and the other class being termed pane hammers. A ball hammer is one which has a
ball at one end, and at the other end a flat extremity named a face. A pane hammer isa wedge-
ended hammer, the wedge-shaped part being the pane. Ball hammers are represented by Figs.
318 and 320, and are used for riveting and ordinary hammering ; if employed to rivet, the ball
of the hammer is first hammered into the centre of the rivet’s end, in order to thicken the rivet
in addition to merely spreadiug the extremity, and this thickening is effected by making the
convex surface of the ball form a hollow in the rivet end, after which the riveting is completed
with the flat face of the hammer instead of the ball. Wedge-ended hammers are denoted by
Fig. 319, and these are useful for hammering in a gap or other opening which is not large enough
to admit a broad face, also for bending and straightening, and for thinning extremities of bars
and plates, also for riveting small rivets. That which 1s termed the flat face of a hammer is
always convex to the extent of about an eighth of an inch at the centre, such a form being
necessary for ordinary hammering, to prevent the edges of the hammer face damaging the work
which is hammered.

Cmsers.—The chisels indicated by Figs. 321, 322, and 323, are chipping chisels, and are
used with the hammer denoted by Fig. 320, which is termed a chipping hammer. Chisels of
this class are employed to cut iron, steel, and gun-metal, and whilea chisel is in use it is held in
one hand so that the chisel is at an angle of about forty degrees with the surface which is to be
chipped, and while thus held, the chisel is struck with repeated blows of a hammer until the
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surface is chipped. The chisel shown by Fig. 321 is a planing or smoothing chisel, and is used
alone for chipping small surfaces which are to be planes; but for a large surface, the channeler
or groover shown by Fig. 322 is first driven across the surface to make a number of grooves at
a short distance from each other, and also at right angles to each other; after this, a planing
chisel is driven across the surface to cut off the prominences which were left by the channeler.
Channeling chisels are used also for cutting key-ways into wheel bosses, also for key-ways in bolts,
rods, and axles. Fig. 323 indicates a pointed chisel which is used for making angular grooves,
and for driving out hard pieces from a picce of work which is to be planed or lathe-turned, also
for clearing inner corners of angular holes.

Frres.—TFiles are planing implements for making plane surfaces upon pieces of work which
have been roughly planed with a planing machine. The rough square file denoted by Fig. 324
is a quicker cutter when compared with the flat file shown by Fig. 325, because a smaller amount
of cutting surface is applied with a square file than with a flat one, but a flat file is conveniently
used after a square one, if the surface being filed is large enough, because the surface is easier
%laned with a large amount of cutting surface acting at one time than with a small amount.

or some work, files are used upon a surface after it has been chipped with chisels; for such
work, a square file is always the preferable one to commence with, after which, a flat one is
effectual for taking off the ridges formed by the square file. The weight of any particular rough
file selected for use should be according to the power of the operator, whether a boy or a man,
whether a strong man or a weak one; and to make all files as light as possible, a side of a thick
square file is made to possess about half the cutting surface of a thin flat file whose weight equals
that of a square one. Any file which has one of its sides without teeth, is termed a safe-side file;
such a file is used when 1t is necessary to put it into contact with a surface that must not be
filed, or which has been filed and must not be further reduced. The safe-side of a file is that
which is rubbed along in contact with a surface which requires protection, while another surface
at right angles to the protected one is being reduced by the filing. In cases of emergency it is
often necessary to make a safe-side to a file that does not possess one, and this is done by grinding
off all the teeth from the intended safe-side by means of a grindstone.

To file slide-valve faces, cylinder faces, surface-tables, and other faces whose distance across
is much greater than the length of a file, an appropriate method must be adopted for holding the
files ; for such work, holders and cranked files are used. Holders are of two principal shapes,
that are indicated by Figs. 326 and 327 ; in Fig. 326 a dovetail groove is shown, into which the
small end of the file named the tang is tightly fitted; this holder may be attached to the tang
while straight, and the holder used with a wood handle of the ordinary shape. The holder shown
in Fig. 327 is much simpler and more effectual, but requires the tang to be bent, to raise it a
convenient distance from the surface which is to be filed. Another mode of raising the handle
is shown by Fig. 328, and consists in cranking the tang, by which means no other handle is re-
quired than the ordinary wood handle.

Fig. 329 represents a file which is bent to a curve; this bending may be performed on any
flat file whether rough or smooth, and is effected by heating the file to redness throughout the
entire length of the part which is to be curved; while thus heated, it is laid across a wood block
having a hollow of proper width and depth, and a wood hammer is applied with a number of
gentle blows which are given to the entire length of the portion to be bent. If a number of files
are to be curved, a broad wood fuller should be made, and a corresponding bottom block, the
fuller and block being curved to suit the files. Bent files are necessary for filing concave sur-
faces, and the curve to which the file is bent is always mueh less than that of the surface to be
filed, to permit a comfortable handling of the tool. Bent files are consequently useful for the
inr}gr boundaries of steam-cylinders, air-pumps, packing-rings, lids having dishes, brasses, and
guides.

SCRAPERs.—A scraper is the next tool to be used on a surface after it is smoothly filed with
the object of forming a plane; after it is thus filed, a scraper will make it still smoother, and
after a smoothly polished scraper has been employed, the jagged projections made with the
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scraper must be smoothed by grinding and polishing. A scraper for making plane surfaces is
denoted by Fig. 330 ; a tool of this class has only one cutting edge if the extremity is at about
forty degrees with the length of the scraper, and has two cutting edges when the extremity is
at right angles to the scraper’s length. Fig. 331 indicates a scraper which is made of a three-
sided file that has been used for sharpening saw-teeth and become too much worn for this
purpose. When made into a scraper, the scraping part may be made to any precise shape the
work may require, or the scraping part may be sharpened while still maintaining its three-
cornered character. A three-cornered scraper is used for finishing curved holes, round holes,
inner corners of a number of openings of various shapes, mouths of holes, and small plane
surfaces. The scraper shown by Fig. 832 is adapted for large curved surfaces; the cutting part
of the tool is somewhat similar to a semi-cone, and is provided with a blunt curved point or end,
and two cutting edges which are useful for scraping the curved surfaces of brasses, also bearers
of other metals, whether of steel or of Babbitt's metal ; scrapers of this form will scrape also the
inner surfaces of lever bosses, wheel bosses, joint bosses, steam-cocks, and water-cocks. For the
advantage of a free handling, scrapers are made of small files, or of other small steel which is
only large enough for the purpose.

Drirrs.—The particular class of drifts represented by Fig. 333 and others adjoining, are
cutting drifts, and consists of angular tools having cutting teeth extending from the sides or
faces ; such tools are employed for enlarging holes, such as key-ways, and joint-pin holes, this
being effected by driving the drift through the work with hammering. Cutting drifts for making
parallel holes are thickest at a short distance from the extremity which is first put into the work,
and by hammering a drift until its thickest part has cut its way entirely through the length of
a hole, the hole is made parallel without a tedious filing. When it is requisite to enlarge a hole
by cutting on all its four sides, a drift is used having teeth on all the four faces, resembling
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Fig. 333 or 334; but if it is necessary to enlarge a hole at only one side, or end, a drift having

teeth on only one side is employed for the purpgse; a tool of this kind is indicated by Fig. 335.
Cutter drifts that are taper, similar to I'ig. 336, are useful for making taper square holes. One
important use for cutter drifts, whether for parallel holes or taper ones, is that of making a large
number of holes to one shape and thickness, this being effected for parallel holes by merely
driving the drift through the hole or holes which were previously roughly formed by drilling
and chiselling. To make a number of taper holes to one size, the drift is hammered to a certain
distance which is indicated by a mark on the drift.

« Puxcaes.—The punch shown by Fig. 337 is a sort of drift having a short bearing with a
small number of cutting edges, or with only one cutting part, which is the outer extremity of the
thickest part of the tool. The thinner portion of the tool is its handle, and a part of this extends
into the hole which is being drifted, but does not touch anything, consequently the friction
while driving the tool is confined to the cutting edges and a short portion of the thick part,
and this allows the tool to be driven through a piece of work quicker and easier than a drift
having a longer bearing and a greater number of teeth, resembling Fig. 333 or 334 ; but a drift
having only a short bearing is not so advantageous for making long straight holes ; consequently,
a drift having one cutting edge and a short bearing is suitable for finishing short holes, and a
drift with a long bearing is proper for finishing long holes. With this object, a drift with a short
bearing may be first hammered through the work in progress, which is afterwards finished with
a drift having a longer bearing.

7 The punch shown by Fig. 338 is a cutting tool whose extremity is bounded by a circle, and
is‘fmade to form round holes into plates of various metals by being held in one hand while the
other hand hammers the punch through the plate. To make holes in this manner, the punch is
used with a die or bolster, and this a thick steel ring or block having a round hole which is
rather larger than the cutting end of the punch, this hole being intended to receive the cuttin
end of the punch after it is hammered through the plate. When punching is to be performed,
the plate is first marked with a dotting punch, compasses, or some other means, to indicate the
places of the intended holes, and the punching is begun without the bolster, by putting the plate
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across a larger hole, and hammering the punch a short distance into the plate ; by this means a
bump is formed upon the under side of the plate, and this projection is next slid along, or the
bolster is moved along, until the bump slips into the bolster-hole; after which, the punch end
is hammered through the plate, and the piece which is cut from the work falls into the bolster-
hole. Circular punches are useful also for smoothing bottoms of recesses in various pieces of
work. Fig. 339 represents a punch having a half round ecatting end instead of a round one;
Fig. 840 indicates a punch with a rectangular end, and both these tools are used with bolsters in

a manner resembling that described for round punches.

SPANNERS, BROACHES, AND BRACES.

SPANNERS.—A spanner is a tool for gripping or spanning nuts and bolt-heads for the pur-
pose of screwing and unserewing them. Spanners are used also for rotating plugs of water-cocks,
steam-cocks, and valve-spindles, also for twisting metals, and holding tools while boring with a
lathe. The simplest sort of spanner has but one gap, which is formed in cases of efnergency by
heating one end of a straight bar of iron and bending it to make a gap of the width required.

A simple class of spanners in general use is represented by Fig. 341, having but one gap end
attached to a straight lever named the handle. 'With the objeet of making one spanner suitable
for nuts or bolt-heads of two sizes, the tool is provided with two gaps, one at each end; such a
spanner is indicated by Fig. 342. The most convenient spanners for use are those which are
thick at the gap parts, but not broad ; most of the gap spanners in use being too thin and too
broad, which prevents them being used in corners where there is not much room. The gap-sides
of spanners are smoothly polisheg and made to fit the nuts with only suflicient room to allow a
spanner to be quickly put to a nut and taken away from it during use. When it is needful to
use a spanner for nuts that are too small for the spanner’s gap, the mode of making them fit each
other consists in placing a packing plate or filler between the side of the nut and the gap-side ;
and, if necessary, two or three snch pieces may be used for one nut, by which means a spanner
whose gap is half an inch too large may be used with a filler which is half an inch thick. A
number of these pieces should be made, each about two and a half inches long, and of various
thicknesses, so that they may be kept ready for use. To prevent injury to polished iron nuts, and
to gun-metal nuts, it i3 necessary to make the fillers of sheet brass, and to polish them.

When it is requisite to use a spanner for a nut or head which is below a floor, or a foot plate,
or beyond a wall, a socket spanner is used. Such a spanner may have a short bent handle for
. small nuts or heads that are only a short distance from the operator, and the tool is indicated by
Tig. 343. Tig. 344 denotes a socket spanner having a straight handle with a hole in its end to
hold a lever which is put into the hole when the spanner is on the head ready to be rotated ; such
a tool is therefore convenient when the object to be fastened or unfastened is in a corner or near
a wall. Fig. 347 denotes a tee-handle spanner, the entire tool being in one piece, and used in

laces where there is sufficient room for the handle to rotate. The claw spanner shown by
Fig. 348 is employed for nuts or heads that are situated in corners, gaps, slots, and similar places.
The spanners represented by Figs. 345 and 346 are a class of strong spanners with only a small
thickness of metal, but these can only be used where therc is sufficient room for the spanner to
entirely encircle the nut.

A very useful class of spanners is that named screw spanners, which may be made to fit nuts
and heads of several different diameters; these tools are represented by Figs. 349 and 350. The
gap of the variable spanner shown by Fig. 349 is made to open or close to the desired width
by rotating the screw shown by S with a thumb and finger; consequently, this tool is not so
easily handled as the one shown by Fig. 850, which is adapted to nuts of various sizes by rota-
ting the handle, and this may be done while the spanner is around a nut, so that both hands of
the operator may be used for rotating the spanner-handle.

Broacmes.—DBroaches are cutting tools for enlarging holes by rotating either the broach or

the piece of work to be broached. A broach is a straight piece of steel that cuts by edges which
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are formed along its sides, but does not cut at the end in the manner of a drill. A broach is
used to enlarge a hole, or smooth it, after it has been formed by drilling; and it is rotated by
either a wood handle, a spanner, or a brace. Both parallel holes and taper ones may be made
by broaches, and for small holes, not exceeding an eighth of an inch in diameter, a broach may
be fixed in an ordinary file handle shown in Fig. 351. When it is desired to make a hole smooth
and parallel, a broach is used which is thickest at about a quarter of its length from the point,
and 1t is rotated until the thickest portion has passed entirely throughout the length of the hole,
by which means the hole is made parallel, and also straight, if the broach did not bend while in
use. To avoid as much as possible the tendency to bend, it is necessary to make the broach only
that length which is sufficient for the work ; and when a long one is requisite, it is rotated with
only a gentle pressure while finishing a hole. Broaches for taper holes are denoted by Figs. 351,
352, 353, and 354. The three-cornered broach shown by Fig. 351 is a quick cutter for small holes ;
and the five-cornered one shown by Fig. 352 is used for larger holes, and rotated with a spanner
or brace. A superior cutter for taper holes is a half round taper tool shown by Fig. 353 ; and
for smooth and straight taper holes, a broach having one flute is employed ; this is denoted by
Fig. 354. A good tool for parallel holes is shown by Fig. 355 ; this has three fluted grooves and
also a short taper part at the point, to allow the tool to be easily entered into the work to be
broached. Another excellent tool for making parallel straight holes is indicated by Fig. 356 ;
this one possesses five grooves, and also a short taper portion for introducing the thick part of the
tool to the work.

Fig. 357 represents a broach which may be used for both parallel holes and taper ones.
The tool consists of a eylindrical picce of steel into which two grooves are planed, each groove
being opposite the other; in one groove is tightly fitted a steel cutter, which is shown by C ; this
cutter is forced out to any desired distance by means of the four small screws shown by S, and
the cutter is made to produce either parallel holes or taper ones, according to the amount of in-
clination of the cutter to the cylindrical part of the tool. To ensurc a good hole, it is necessary
that the cutting edge of the cutter should not extend more than an eighth of an inch from the
groove, and that the edges of the opposite groove in which are the adjusting screws should be
smoothly curved.

The heads of broaches may be either square or round, and adapted to be used with a spanner
having two handles, while the work to be broached is in a vice, or the heads of the broaches
may be fitted to lathes and drilling-machines, and thereby rotated instead of being used by hand.
When it is necessary to broach a hole so that it shall be larger in diameter than the broach, a
smooth piece of sheet brass or copper is put to one side of the tool, and both the copper and
broach are together rotated and passed through the hole.

WrENcHES.—A wrench is a spanner having two or more handles, and usually consists of a
straight tool having a thicker portion in the middle, in which is a square hole, or in some spanners,
two or threc holes of different sizes ; these holes are made to fit the heads of taps and broaches, and
are uscd when the work to be operated upon is held by a vice. Wrenches are represented by
Figs. 358, 361, 362, and 364. If a wrench is only about two feet in length, it is used by only
one man, but long wrenches, for tapping large nuts when they cannot be conveniently tapped in
a machine, are used with three or four men, each wrench having three or four handles. A tap
spanner for small work is denoted by Fig. 358, having but one hole; and another one, having
three holes of differcnt sizes, is shown by Fig. 362. In some cases, taps and broaches are em-
ployed in holes which arc in corners, or near walls, while in such places the taps are rotated by
a spanner having only one handle; a tool of this form is indicated by Fig. 361. A large capstan
spanner for tapping large nuts is shown by Fig.'364 ; this is employed for large nuts that are
fixed in a vice or other grip of suitable dimensions which is conveniently situated to allow the
long handles of the spanner torevolve. A spanner of this class may be used also for rotating the
boring bar of a portable boring machine.

Any hole in any tap spanner may be adapted to the head of a tap or broach, although the
head may be too small for the hole, and the adaptation consists in cither putting a garnisher into
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the hole, or placing one on to the tap-head. The garnisher’consists of a piece of iron or steel
which fits the space between the sides of the tap-head and the sides of the hole in the wrench,
and is shown by Fig. 359. This garnisher, or filler, is made by bending a piece of metal which
is only as thick as the space around the tap-head.when it is in the wrench-hole ; consequently, if
the hole in the wrench 1s seven-eighths square, and the tap-head only three-quarters of an inch
square, the piece for the intended filler is a sixteenth thick. After such a piece is cut to length
and heated, it is angled by laying it across a hollow, and hammering a piece of square iron into -
the work, the piece of iron which is used being equal in thickness to that of the tap-head. After
the filler is formed, it is put into its hole, and riveted a little at each end, to prevent its falling
out; and while in its place it is filed until the head of the tap will slip easily into and out of the
hole, at which time the tool is ready for use.

Braces.—The two principal classes of braces are named crank braces and swing braces. A
crank brace is used to rotate broaches and to drill small holes with drills; a brace of this sort is
shown by Fig. 360. When a hole is to be drilled in a corner, there is not sufficient room for a
cranked brace to revolve, therefore a swing brace is used ; one of these is indicated by Fig. 363,
which swings to and fro only a third, or sometimes only a quarter, of a revolution of the handle.
Swing braces are named also ratchet braces, because they are worked my means of toothed
wheels, named ratchets. While a ratchet brace is in use, the lever, or handle, is pulled forwards
and backwards, instead of being entirely revolved in the manner of a cranked brace. To make
this alternate motion capable of rotating that portion of the brace which holds the drill, a pawl is
fixed to the lever so that one end of the pawl shall be held in a gap between two ratchet-teeth
while the drill is rotated forwards for cutting, and shall slip over the tops of the ratchet-tceth
while the handle is moved backwards during the time the drill is not cutting. By this means
the lever is pushed backwards without moving the drill; this remains stationary until the pawl is
again engaged with the ratchet to advance the drill another portion of a revolution. This ggradual
process of making holes is well adapted to large holes that cannot be made with a cranked brace,
which has but little power when compared with the long handle of a swing brace; but little
power can be exerted with a cranked brace, through the shortness of its levers, but a swing brace
may have a handle of any length which is not too long for the strength of the instrument; such
tools being made of all sizes, and capable of making holes from an eighth of an inch in diameter
to three inches.

TOOLS FOR SCREWING,

ScrREWED PLATES.—A screw is a rod of metal, either short or long, having a helical ridge
around the outside, the ridge being solid with the remainder of the screw. The ridge of a screw
is named the thread, and the helical space which adjoins the thread is the thread-groove. The
distance across the thread-groove, measured from the centres of two contiguous summits of the
thread, is the pitch or step of the thread ; and the distance from any summit to the cylindrical
part of the screw is the depth of the thread. That portion of the thread which is the termination
of it, and also the commencement of the cylindrical part of the screw, is the bottom of the thread,
named also the thread-junction. To make a screw is to form a piece of metal into a screw by
cutting or otherwise making a thread-groove into the piece to be screwed. The simplest mode
of screw-making which is generally adopted for small work consists in screwing a hard steel
screwed plate on to the piece to be made into a screw; a plate of this sort is shown by Fig. 366.
Screwed plates are therefore screw formers for rods, wire, small bolts, or any other work not
exceeding half an inch in thickness ; but for larger work screwed plates are not suitable, except
for rough, unimportant work. Small pieces, not exceeding a quarter of an inch in thickness, can
be screwed by only one screwing on of the plate, but larger work requires two or three screwings,
and in such cases three holes in the plate are used, each of a different size, the smallest one being
that which is the diameter of the intended screw. By reference to the Figure 366 it may be
noticed that each screwed hole is provided with three gaps, to admit the shavings which are
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formed during the process of screwing. One screwed plate has frequently sixteen or eighteen
holes of different sizes to suit various screws. The taps which are used in connexion with small
plates are rotated with an ordinary file handle ; for this purpose each tap is provided with a taper
tang, resembling a file tang, instead of a square head for an ordinary tap spanner. A small tap
in a handle is denoted by Fig. 365.

Dies.—Dies arc employed for screwing rods and bolts, and are made in couples, termed
pairs. Kach pair of dies are required to make one class of screws, and a pair eonsists of two steel
grips, having teeth on the gripping surfaces. The shapes and dimensions of these teeth are the
same as of the required thread on the work, consequently the grips are formed with teeth of
various thicknesses, to make small screws and large ones. Each pair of dies are held while in
use by means of a die-holder, or die-frame. A light class of die-frames are shown by Fig. 367,
which indicates a pair of dies in their frame ready for use. One of the handles of this frame has
a short screw, and also a hole; this hole admits one end of a short lever to work the screw in or
out, by which the dies are closed together or separated to make the piece which is being screwed
to a proper diameter. To allow the egress of shavings, dies are formed with gaps somewhat
resembling the gaps in screwed plates; but the action of dies while in use is different to that of a
screwed plate, because one hole in a plate will form screws of only one diameter, but one pair of
dies will make screws of several different diameters, the precise diameter depending on the
distance between the two dies while in use. This distance is shortened or lengthencd to a minute
degree by the dies being in their frame and adjusted by the adjusting serew which constitutes
part of the handle. The point of this screw is in contact either with a packing block, or with
the die which is nearest the screw point, and this die is the one which is pushed by the screw
towards the other die that remains fixed at the bottom of the slot in the die-frame.

The die-frame denoted by Fig. 368 has a distinct screw for adjusting the dies; this arrange-
ment being preferable for all large frames, in order that the adjusting screw may not be large,
which is unavoidable with large handles having adjusting screws at their ends. Fig. 369
indicates another class of frames for large dies, having two adjusting screws ; in this frame the
dies are held by two thin plates that are attached with six small screws; these screws are partly
unscrewed whenever it is necessary to take out one pair of dies and put another pair into the
die-frame. The slots in the frames shown by Figs. 367 and 368 are shaped to fit the angular
gaps in the dies shown by Figs. 370 and 371 ; and the dies shown by Fig. 372 are shaped to one
of the forms that are used for the frame 369. The six holes in the two plates of frame 369 are
shaped to the outline of the figure 8, the smaller end of the hole being for the steins of the fixing
screws, and the larger part being large enough to allow the heads of the screws to pass through ;
by such means the two plates are slid along until the holes are opposite the screw-heads, and
lifted off with merely loosening the screws about half a rotation.

The die-frame shown by Fig. 375 has but one plate for holding the dies; this plate is a little
tapered, and also dovetailed in shape, which permits the plate to be gently driven into and out of
its place whenever it is necessary to put in other dies. The plate or lid is shown by L, and is
between the two guides, which are attached by six screws; these guide-plates are made distinet
from the remainder of the frame, and fastened with screws, after which they remain fixtures.
Fig. 376 denotes a frame which is fitted with a lid similar to that of Fig. 375, but has but one
handle ; such a die-frame is especially adapted to hold dies for screwing by means of a lathe, and
for holding die-nuts, that are denoted by Figs. 373 and 374. Fig. 377 shows a frame whose
plate swings on a joint-pin when it is needful to take out a pair of dies and put another pair into
their place. The two pairs of dies shown by Figs. 378 and 379 are in the shapes that are suitable
for either of the frames indicated in Figs. 369, 375, 376, and 377.

The teeth on the gripping surfaces of dies are formed by hobs and master-taps, and afterwards
by making the gaps for the shavings. A master-tap is a class of hob which is larger in diameter
than the screws that will be made by the dies when screwed ; and by using both a hob and master-
tap for screwing one pair of dies, one die is made with a larger curve in the gap than is given to
the curve in the gap of the other die, by which means the die having the larger curve is made to
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act as a bearing while the other diec is cutting. When it is convenient, the hob or master-tap is
screwed into the dies to form the thread, instead of the dies and frame being revolved around
the hob, which sometimes injures the thread. Dies are often screwed with a hob having straight
grooves ; one of this class is denoted by Fig. 380 ; and a die-screwer, which is rather taper instead
of being parallel, is indicated by Fig. 381. In some hobs for die-making the grooves are not
straight, but in the shape of screws; a tool of this class is denoted by Fig. 382.

Die-Nuts.—A. die-nut is a screwed block with or without a handle; die-nuts without
handles are represented by Figs. 373 and 374, and are used for finishing a number of screws to
one diameter without the need of measurement during the process. For this purpose all the
screws are first screwed with either a screwed plate or with a pair of dies until the screws are but
little, larger than the screw in the die-nut, after which the screws are finished by screwing the
nut upon each one by means of a spanner. By such nsage die-nuts are not much injured through
the small amount of metal taken off during use; and such nuts 1nay be made to finish screws of
two or three inches in diameter. For convenience while finishing a large number of screws, each
nut may have a handle, or the nut may be held in a frame rescinbling Fig. 376, such a frame
being especially useful if the nnt is to be used for a secrew which is being made in a lathe. Die-
nuts are always useful when the object is to make a number of screws similar to each other, but
gauge-nuts are especially useful for long screws, because the greater the length of the screw the
greater is the trouble of making it parallel and forming the entire thread to the proper shape, if
a pair of dies are employed for the purpose. If the screw to be finished with a nut is in
a vertical position, a spanner may be used to rotate the nut upon the screw, but if the screw in
progress is in a horizontal position, a nut in a frame, or solid with a handle, may be used, because
the weight of the frame is not so likely to injure one side of a thread while the screw is in a hori-
zontal position as when the screw is in a vertical position.

Bencuges.— Benches for drilling, screwing, tapping, lining, and filing are represented in
Plate 31. In this Plate, Fig. 383 indicates a man who is lining a cylindrical piece of work in
order to mark the centre at eachend. For this purpose the work is put upon a pair of vee-blocks
that rest on the lining table at which the operator is at work, and while the work is supported in
the two vee-gaps, a scriber-block is placed upon the flat smooth surface of the lining table, and
the point of the scriber is raised or lowered to about the centre of the work, and the workman then
moves the block a short distance to mark a line upon the end ; after this he rotates the work with
his left hand about a quarter of a complete rotation ; he then again moves the scriber and makes
another short line; he next rotates the work another quarter of a rotation and makes another
line; when he has thus made three short marks, he again moves the work to complete its
rotation, and then marks a fourth line; these four lines enclose a small space, in the midst
of which is the centre required. This centre is easily marked with a small dotting-punch,
and is near enough to the exact centre for a great number of different sorts of work. After
the operator has thus marked one end of the work, he puts the scriber-block to the other
end and marks four other lines in a similar manner to indicate the other centre. If the piece
of work thus marked is straight, the four lines made will indicate the centre of that extremity
of the work which is near the scriber; but if not straight, the centre indicated merely denotes
the axis of that portion of the work which touches the vee-gap during the process of scribing.

The lining table on which the scribing is being performed is of hard cast iron, or of
Bessemer steel ; it may be cast with a large recess at the under side, and in only one casting,
or it may be made in two parts, consisting of the flat slab which is smoothly planed, and the
lower framework which supports the slab. On the surface of the slab are marked several
lines at right angles to each other, and two or threc of them are divided into centimétres
and millimetres, and also inches and parts, that the measures may be ready for the use of
the workinen while lining or adjusting their work. Such a table seldom requires to be moved
from its place, but if it is necessary to make it portable for use in various places, the making
of the top slab distinct from the lower frame is advisable for heavy tables.

A bench for screwing, filing, and drilling is shown near the lining table. This beneh
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may be made of cither wood or plate iron riveted, and may be fixed or portable, so that
it can be placed in the midst of an open space to allow several wen to work at all its
four sides. At one of the vices, Fig. 385 represents a man filing a broad side of a straight-
edge, which is supported on a long block of wood about the length of the straight-edge.
The wood is gripped in the vice at one end, and supported with a serew-prop at the other end ;
and the straight-edge is fastened to the wood hlock with two screw-clamps; these clamps are
moved to various places according to the part of the work being filed, so that the filing may be
always performed on that portion of the work between the two clamps. Fig. 386 indicates a man
working at a parallel vice ; this is a vice which is without the usual straight leg reaching to the
ground, the vice being entirely supported by the bench. A parallel vice forms a space between
the two jaws, which is always parallel, whether a small space or a large one; this 1s effected by
making one of the jaws solid with the nut which contains the serew of the vice. By the jaw
being thus solid with the nut, both move the same distance in the same time, and the desired
parallel space is the result. Fig. 387 denotes a man scraping a piece of work which is
edge upwards in the slit of a wood block supported on the lining table. Thin bars and straight-
edges may be thus held during a final scraping for the convenience of having the work near a
plane surface, to which the work is applied to denote which part needs adjustment.

A convenient mode of drilling by hand is indicated by Fig. 391. The drilling apparatus
consists of a strong pillar which is bolted to the bench, and on the pillar is an arm to sustain the
pressure of the drill while in use; this arm may be swung around the pillar to any required
place, and when a heavy piece of work is to be drilled, the arm may be placed over the work
while it is on the floor, to avoid lifting it to the bench. In the arm of the drilling apparatus is a
slot for attaching a hard steel plate having a few small conical recesses to hold the point of the
serew in the drill-brace. This plate slides along the slot in the arm to the exact place required
to suit the work to be drilled. An ordinary cranked brace is shown at work, but for large holes
a ratchet-brace may be used having a long lever for exerting the necessary power.

TOOLS FOR SMALL LATIIES,

Heer Toors.—A heel tool is used for roughly turning iron and steel, and is a tool having
a curved cutting edge. The tool is held in a wood handle, and moved to the right and to the
left by the workman while in use. This movement is a sort of swinging motion on the tool
bottom, which is termed the heel ; this heel is smaller than the cutting part, and is a pivot which
sticks tight in some part of the tool supporter, which is of soft stecl, to allow the heel, which is
hard, to eut a hollow into the supporter named a tce-piece. Heel tools are represented by
Fig. 392, and are the tools first used when a large amount of reducing by hand-turning is
necessary.

GRAVERS.—A graver is a tool with a rhomboidal extremity, and is shown by Fig. 393 ;
such a tool is used for smoothing iron and steel, and also for roughly reducing them, if only a
small quantity is to be cut off. The cutting capabilities of gravers are very inferior to heel tools,
but for smoothing cylindrical work and also flat surfaces, gravers are necessary, and are sometimes
required for squaring inner corners.

Exp Toors.—An end tool for hand use is made of a three-cornered file, and the cutting part
also is of a three-cornered form, being ground to such a shape when intended for lathe-turning.
A 'tool of this class is employed for bevelling work, and also for turning the ends of pieces of
work, and for making short cones. Such tools are never required for the cylindrical sides of
any rod or holt, but are always employed for squaring, bevelling, or other shaping of ends.
Tools of this class are denoted by Fig. 394.

CorNER Toors.—One of these is employed for squaring inner corners, and for such purposes is
superior to a graver, because the acute angle of the graver’s end renders it more liable to break,
while in a corner, than a proper corner tool. The angle of a corner tool is nearly aright angle
with the length of the tool ; such a form belongs to the tool shown by Fig. 395. Corner tools are
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not adapted to cut quickly or in large quantities, but are specially suited to finish the corners of
work which has been properly reduced with other tools.

Groovers —Groovers possess curved ends of various widths according to'the widths of the
groovers required in the work, and every groover is narrower than the groove to be made by the
tool, in order that the tool may not cut both sides of the groove at one time, and the larger the
tool the greater is the necessity of preventing it cutting in this manner. The groover shown
by Fig. 396 is a tool for finishing broad grooves after they are roughly formed with another tool,
or with a narrower groover shown by Fig. 397. This narrow tool is also useful to reduce general
brass and gun-metal work when a considerable guantity is to be turned off.

PArTERS.—A parter is a thin groover, and 1s employed to separate a piece of work into two
lengths by means of a narrow groove which is formed around the work with the parter.
Fig. 398 represents a tool of this class having a thin cutting end that will cut a piece into two
lengths without much waste, the waste being unavoidable if the cutting end is too thick.
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Parters are useful also for making small grooves around various sorts of work during progress.

Praxisuers.—Planishers are tools for flattening ends of brass work, and also for smoothing
the sides, which are the cylindrical portions. This class of smoothing tools is denoted by
Fig. 399, and they are occasionally employed to smooth iron and steel, in addition to general
brass work.

Drirrs.—A drill is a tool for making holes, or enlarging holes. Drills do not cut at any
place along their sides, but at their ends. A drill for making holes where none exist, and which
1s easily mnade, and suitable for both iron and brass, is shown by Fig. 400. This drill is made of
square steel, and the end, which is square and tapered, is suitable for a lathe, crank-brace, or
ratchet-brace. The drill shown by Fig. 401 is made of round steel, and is fastened to its place
by means of a small flat-bottomed gap in the conical portion. The square ends and conical ends
of drills are their heads; thesc heads are the portions by which the drills are held in the drill-
chucks. A drill-chuck is a drill-holder that is attached to the lathe when drilling is to be per-
formed, and drills with cutting parts of various shapes and sizes have heads which are all alike,
so that all may fit the holder.

Fig. 402 denotes a screw-drill. This tool is advantageous for drilling long holes, and is so
formed that the diameter of the screw part is nearly equal to the diameter of the short straight
portion at the end. A drill thus shaped is well guided by the screw without much friction, and
the shavings are allowed free egress along the length of the thread-groove. The short straight
end and the screw part adjoining are of a flat bar shape, the screw being made by twisting.
Another screw-drill is denoted by Fig. 403, which has a longer screw and longer bearing; this
drill is suitable for long holes, and may have either a square taper end, or a taper round end,
for holding the drill in its holder. A good drill for making straight smooth holes is a eylin-
drical drill denoted by Fig. 404 ; this tool has a short flat portion at the cutting end, which is
convenient to allow the tool to be several times ground without reducing the adjoining eylin-
drical part. Another good cylindrical drill is indicated by Fig. 405; this one has a few teeth
for cutting, instead of a flat portion. The number of teeth in such a tool should be three, for
drills not exceeding an inch in diameter, and for larger sizes the numbers of teeth may be five,
seven, and nine. Both the screw-drills shown by Figs. 402 and 403 are adapted to make holes
where none existed, but the cylindrical drills shown by Figs. 404 and 405 arc only available
for enlarging or finishing holes that were made with other drills. A half eylindrical drill is
indicated by Fig. 406, and is very different in shape to the cylindrical ones, but the uses of both
classes are the same, either tool being very efficient for making straight parallel holes, if the
holes were commenced with another tool. In the Figures of the cylindrical drills, the letters G
denote fluted grooves extending along the sides; such grooves are not for cutting, but merely to
admit oil and water, and to allow room for shavings.

When it is intended to make a hole so that its boundaries shall be straight, smooth, and
parallel, and no hole exists at the place of the intended hole, the drilling commences with a
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simple pointed drill shown by Fig. 400, or 401 or 402 ; such a drill is first passed through the
work to be drilled, and if only a small hole is to be made, the first drill may be large enough to
leave only a sixteenth of an Inch to be bored out for making the hole to the finished diameter ;
this sixteenth is next taken out with the finishing drill, which may be either a half cylindrical,
or a cylindrical one. When a hole two or three inches in diameter is to be made by means of a
small lathe, and no hole exists in the work, it is necessary to employ three or four drills previous
to the finishing tool, in order that only a small amount shall be taken out during the final
smoothing.

Screw Toors.—The class of screw-forming tools to be here mentioned are hand tools, and
named combs, through having a resemblance to hair combers. An outside comber for making
a screw upon the outside of a bolt-end, rod, spindle, or any other cylindrical piece while in the
lathe, consists of a tool in a wood handle, and is denoted by Fig. 407 or 408. Fig. 407 shows
the form for a tool that is to be repaired after being worn, by merely flattening the end and
making fresh teeth, without any forging. The tool shown by Fig. 408 is shaped for lightness,
and when the screwing part is worn away, the tool must be upset or rejected for another one.
While an outside screw tool is in use, it 1s held by the workman so that the length of the tool
shall be at right angles to the length of the lathe, and therefore at right angles to the
length of the spindle or bolt to be screwed. The preparation of a bolt for screwing con-
sists in smoothly turning it to a cylindrical shape, by means of slide-rest tools, heel tools,
or gravers; and when ready for the screw, the screwing is commenced with a graver’s point.
For this purpose, a graver is held to the part to be screwed so that the graver point
shall be in contact with the work and make a small groove into it during its rotation in
the lathe. While the workman thus holds the graver, he gives a twisting movement to
the tool handle, and makes the tool point travel quickly across the work, if he desires a large
thread for the screw; but, for a small thread he moves the graver slowly, the precise speed of
movement depending on the pitch of the intended thread. The direction in which the graver’s
point travels, depends on the character of the intended screw; for a right-hand screw, the
graver point moves to the left hand, and for a left-hand screw, the graver point moves to the
right hand. After the screw is commenced with a graver, a comb is applied, and if a small
screw is being made, no other tool is needed for beginning and completing the work.

The making of large screws is greatly facilitated by the use of vee-groovers. An outside
groover is shown by Fig. 410, which is a quick and easy cntter for purposes of screwing. Such
a tool is applied to screws having threads an eighth or a quarter of an inch thick, for the pur-
pose of deepening the thread-groove in an easy manner, the comb being a slow cutter when com-
pared with a vee-groover. A tool of this sort should not be used at the beginning of a screw-
making process, but after a comb tool has begun the screw, a groover is applied until the thread-
groove is exactly the depth which it is required to be when the screw is finished ; after this, a
comb tool is again used to finish the work. The angle of a groover for screw forming should be
less than the angle of the thread to be made; consequently, a groover cuts at its point until the
thread-groove is of a proper depth, and leaves the thread thicker than the finished thickness;
while in this condition the comb finishes the thread by travelling along its entire length and
cutting the whole of it to a proper thickness. This finishing process does not in any way deepen
the thread-groove, becanse the proper depth of this groove is attained by the vee-groover. If a
comb tool is thus properly used, its tecth do not wear at their points, and a great quantity of
grinding for sharpening the tool is avoided. The groover indicated by Fig. 411 is a tool for
insidé screws, which is employed to deepen thread-grooves of inside threads instead of outside
%x}es.‘nghis groover is supported while in use ‘by the short end of the hook tool shown by

ig. 412.

For making screws into the boundaries of holes an inside comber is employed, which is
denoted by Fig. 409. Such a tool is held in the hole so that the length of the tool is parallel to
the length of the lathe, and screws are made with inside tools much easier than with tools for
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outside serewing, through the inside tool sustaining but little friction while sliding along the tool
supporter, and also through the tool being wedged into its place by the forward motion of the
work which is being screwed.

Horpers.—A holder is a tool for gripping a rod, axle, or other piece of work while it is
being turned, the holder being fastened at one end of the work, and constituting the means
whereby the rotatory motion of the lathe-spindle is imparted to the piece to be cut or otherwise
modified. Holders are also named carriers, and are represented by Figs. 413, 414, 415. A
general form of such tools is indicated by Fig. 413, which has a hole in the mid portion to receive
work of various thicknesses, and one fixing screw, which is of sufficient length to allow the point
to be screwed in to fix pieces of work whose thicknesses may be only about half the diameter of
the hole in the holder. The holder shown by Fig. 414 consists of four pieces; of these, two are
the grips that bite the work, and the other two portions are the fixing screws. Each of the grips
has an angular gap, and these two gaps are important features of the instrument ; being thus pro-
vided, the holder is capable of gripping a large number of pieces that are of different thicknesses,
the two fixing screws being made of any desired length to make the holder suitable for its parti-
cular work. [Fig. 415 denotes a strong class of holders having two levers by which the instru-
ment is rotated; in the Figure these levers are shown by L. Through the tool being thus pro-
vided, its use is greatly extended, and may be used for other purposes in addition to the purposes
of ordinary holders. The gripping power of the two holders shown by Figs. 414 and 415 is
greatly superior to that of Fig. 413; but all such grips that are fixed by means of two screws
require care while tightening the fixing bolts; during such fixing, while the work is between,
both grips should be parallel to each other, if not, a severe tightening will not tend to secure the
work, but to injure and in a short time to break the bolts. .

TommiEs.—A tommy is a short lever having conical ends to enter holes in heads of bolts for
screwing and unscrewing. The one shown by Kig. 416 is a simply formed tool having a loop at one
end, which is a handle and a means for hanging the tool in its place. An arched tommy which
is used for small lathes is denoted by Fig. 417 ; a tool of this shape can be used in many places
and positions in which a straight tommy is useless. Tommies are indispensable for a large num-
ber of operations, such as fixing slide-rest screws, serew making with dies, drilling holes with
erank-braces and ratchet-braces, and fixing carriers.

ScrEw-Dr1vers.—The screw-driver denoted by Fig. 418 is a tool for fixing and unfixing
small bolts having square heads or hexagonal ones. The tool is fixed in an ordinary handle, and
has a boss at one end in which is a recess that fits the heads of the bolts to be fixed. A screw-
driver of this form may be made of a sufficient length to enter a deep recess or other opening
which is not accessible to arms and other tools. A powerful screw-driver for bolts having grooved
heads is shown by Fig. 419; this is a convenient tool for entering narrow openings in which a
tee-screw-driver cannot be used, and is specially adapted to large serew-heads that are provided
with deep grooves to receive the ends of the screw-driver. Kach one of the thin ends that
* enters the screw-heads is at right angles to the other end, for the convenience of rotating screws
in places where there is but little space for the handle of the serew-driver to revolve. The
tee-serew-driver denoted by Fig. 420 is a powerful tool which is much used, but must be em-
ployed directly over the screw, and in a position which is in a straight line with the screw to be
rotated.

ParALLEL CALLIPERS.—A parallel ealliper is also named a jaws, and consists of a sort of el-
square, on the blade of which slides one of the jaws of the instrument. On the blade are two
or three rows of centimétres and millimétres, and also inches and parts; and by means of the
measures the jaws are put near each other, or separated to any distance that can be indicated by
the tool. The sliding jaw is provided with a small fixing serew to tighten it at any desired
place along the blade. A jaws is indicated by Fig. 421, and the tool is useful to directly measure
the thickness of any object which is between the jaws, such thickness being known by inspecting
the measure, and without reference to any other standard. Measuring by such an instrnment is
sufficiently near to correetness for a great variety of work, both for lathes and vices ; consequently
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the tool is preferable to callipers having curved legs when such measuring is desirable, because
the thickness of any piece of work is indicated by one tool instead of two. The tool shown by
Fig. 422 resembles a parallel calliper which is deficient of the sliding jaw. This instrument is a
butt measure, or a stop measure, and consists of a straight-edge which is accurately marked with
centimétres and millimetres, and having at one end a stop which is at right angles to the length
of the straight-edge. While the tool is in use, the work to be measured is put to the instrument,
so that one extremity shall touch the inner side of the stop, and while thus held the measure-
ment can be accurately performed, without any need of looking to see if the extremity of the
work coincides with the cxtremity of the measure.

Horrow Drirrs.—A hollow drift is a cylindrical tool of soft iron, or of copper, in one end
of which is a recess of a cylindrical shape and about an inch deep. The tool is employed for
protecting the centre recesses while driving out studs, pins, bolts, and other pieces of work that
may be tightly fitted. An implement of this class is denoted by Fig. 423, and while in use it is
held in one hand, with the recessed end of the tool in contact with one end of the pin
to be driven out; the other end of the drift is then hammered with a small hammer or with a
large one, according to the dimensions of the work in progress. A hollow drift may be of any
convenient length for holding in one hand, when intended for small work; but for large work
the drift may be short and attached to an iron wire or wood handle, to allow a sledge-hammering.
When a bolt or pin is so situated in a hole that one extremity of the pin is at a distance from the
mouth of the hole, it is necessary to use a drift which is of proper length to extend into the
hole a sufficient distance to strike the end of the pin which needs driving out.

Tix HammeRrs.—A tin hammer is used to hammer all classes of gun-metal, iron, and steel
work which is smoothly finished and must not be bruised or disfigured with hammering, which
would be the result if ordinary hammers were used. A tin hammer supersedes the use of a
hollow drift, if the end of the pin to be hammered protrudes a sufficient distance to receive the
blows ; if not, a drift is necessary to reach the pin, which is then dislodged with hammering the
drift. Tin hammers are of various sizes to suit all classes of work, and are provided with
ordinary ash handles similar to those for other hammers. Fig. 424 indicates an ordinary shape
for tin hammers, the whole class being useful while fitting and dislodging pins, bolts, keys,
slides, guides, rods, levers, and a large quantity of other engine and machine work of all
descriptions. Another class of hammers for similar purposes are those made of copper ; these are
only available for hammering iron and steel, copper being too hard for gun-metal. Brass, which
is much softer than gun-metal, must be hammered with wood hammers or with ash-wood drifts.
For a great variety of small work, an iron drift having a thick leather face attached to one end is
very useful.

Un~1vERsAL Drinrs.—A universal drill is one which is suitable for making holes into iron,
steel, brass, gun-metal, a number of other metals, and a large number of woods. The tool
consists of a cylindrical piece of steel in which are cut two thread-grooves, these grooves being
channels along which the shavings travel after being detached from the work with the cutting
end of the drill. Kig. 425 denotes a tool of this character, which is adapted to originate holes in
places where none exist, and also to enlarge holes that are made with other tools. Such a drill
may be used in crank-braces, swing-braces, lathes, and vertical drilling-machines; but the tool is
specially adapted for lathes, because the cuttings from the work casily travel along the thread-
grooves while the drill is in a horizontal position. Drills of this form never need any forging
to repair them, all the mending which is necessary through the proper wear of the tool being
effected by ordinary grinding; and because the drill is parallel, all the holes made with it are of
the same diameter, although the cutting part may have been shortened an inch or two inches with
repeated breaking and grinding.

SLor DriLLs.—A slot drill is one with a concave extremity, instead of a conical point. Slot
drills are represented by Fig. 426, and are used in slot-drilling machines, the concave form of the
cutting part being necessary to permit the traversing motion which produces the desired slot
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in the work. The straight part of the tool being of a cylindrical shape, it is very strong and
adapted to its special uses.

SLIDE-REST TOOLS.

A slide-rest tool is bolted or fastened by some other means to the lathe, and is thus used
instead of being held to the work by the hands of the workman. There are several classes of
such tools, which are named respectively roughing tools, end tools, borers, corner tools, screwing
tools, and springy tools. Roughing tools or side tools are instruments for commencing plane
surfaces, and also the cylindrical sides of rods and bolts of all descriptions; roughing tools
are therefore broadside tools. End tools are required for both roughing and smoothing, and
include all those that operate upon the ends of various work while being lathe-turned, but
are not used for the broadsides. Borers are for making holes into wheel-bosses, levers, and
similar work. Corner tools are either left handed or right handed, and are required to shape
grooves, shoulders, ends, and ridges. The class termed screwing tools include several different
shapes, and springy tools are made to serve as roughing tools, smoothing tools, corner tools,
and screwing tools, also to make grooves, corners, curves, and ridges.

Roveming Toors.—A slide-rest roughing tool for brass and gun-metal is nearly straight
and slightly tapered, and the cutting end may be either in a straight line with the remainder
of the tool or the end may be cranked, for the convenience of making it cut in corners. A
straight tool of this class is shown by Fig. 427, and a cranked one is denoted by Fig. 428. A
roughing tool for iron and stecl has a thinner cutting part than that of one for brass, and
instead of being mnearly straight it is either curved or angled to form a hollow in its upper side.
A straight roughing tool and a cranked one, for the broadsides of iron and steel, are denoted
by Figs. 429 and 430.

CorsER Toors.—Corner tools for brass and gun-metal have flat tops; the cutting ends of
some are bent to the right hand, and of others to the left hand, that the tools may cut in
the corners for which they are adapted. A corner tool is termed a left-hand tool if its cutting
end is bent towards the left of the operator while he stands at the front of the lathe with his
face to the work, but if bent to the right hand it is termed a right-hand tool; consequently a
right-hand one will cut or operate upon all shoulders of the work which are on the right of
the turner, and a left-hand one will operate upon shoulders that are on the left of the workman.
Fig. 431 denotes a left-hand corner tool for brass and gun-metal, and Fig. 432 shows a right-
hand one. Left and right hand corner tools for iron are denoted by Figs. 433 and 434.

Borers.—Corner tools, both for brass and iron, are often used for boring holes of large
diameter; but for making and enlarging small holes a proper boring tool is necessary. A tool of
this sort is so shaped that its cutting end extends only about a quarter of an inch from the side
of the tool, when it may be necessary to make a hole only about half an inch in diameter. Such a
boring tool for brass is shown by Fig. 435, and its straight taper end is only of that length which
is sufficient for the usual work allotted to the tool; the shorter the taper part, the greater is its
steadiness while in use. Another borer, for iron, is shown by Fig. 436.

GrooVERS.—A groover for a slide-rest has a flat upper side, whether the tool is intended
for iron or brass. The extremity of the cutting part may be either curved or angular, the
particular form being suitable to produce grooves which have either curved bottoms, flat bottoms,
or those of a vee-shape. A thin groover having its cutting edge at an angle with the length of
the tool is employed as a parter to separate a piece of work into two lengths; a tool for this
purpose is shown by Fig. 437, and a groover with a curved extremity is shown by Fig. 438,
One having a cutting edge which is at right angles to the length of the tool is denoted
by Fig. 439 ; such a form is suitable for flat-bottomed grooves, square corners, and shoulders.

ScrEwWING TooLs.—Slide-rest screwing tools include those for outside threads, and those that
arc necessary for inside threads. The implements for outside screwing are these: one-tooth vee-
tools, one-tooth tools having straight cutting edges instead of vees; also vee-tools having two or
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three teeth, and springy tools having two or three teeth. For inside threads a tool is used which
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nas a single tooth that is solid with the remainder of the tool; a small tool having one tooth
which is distinct from the holder is also used for inside threads, this tool being keyed to its
holder when necessary. Another class of small instruments for inside threads are those which
have two or three tecth, and are keyed to their holders in the same manner as the one-tooth
tools. A straight tool having a vee-tooth for outside threads is denoted by Fig. 440, and one
with a similar tooth, but cranked, is shown by Fig. 441, the crank being necessary for corners
which will not admit a straight tool. Secrew tools having two teeth arc denoted by Fig. 442;
one of this shape is employed after a one-tooth tool has cut out about five-sixths of the thread-
groove; and after a straight tool with two or three teeth has smoothed and nearly finished the
thread, a springy tool is used for a final polishing ; one of this class is indicated by Fig. 443.

Inside threads are made with tools shown by Figs. 444, 445, 446, 447, and 448. The tool
shown by Fig. 444 has a tooth extending from one side and solid with the remainder of the
implement; this is only used for small holes that will not admit a stronger tool. The small
tools named dents, are indicated by Figs. 445, 446, and 447 ; these are effectual for screwing all
holes that are large enough to admit the dent while fastened in its holder; one of these lLolders is
shown by Fig. 448, having a slot in which the dent is keyed rcady for use. A dent whose cutting

art is made to extend beyond the extremity of the holder is a cranked one, and denoted
by Fig. 446 ; a tool of this shape is required when it is necessary to screw a hole having a bottom.
A cranked dent-holder, which is so shaped to make it suitable for some sorts of slide-rests, is
represented by Fig. 449.

Seriney Toors.—Springy tools are provided with arched ends named springs, and each
spring has a cutting end which is in a particular shape to suit its intended work. These
instruments are represented by Figs. 450, 451, 452, 453, and 454. The spring of a tool for
roughing is much thicker than that of one for smoothing, a greater resistance being necessary for
making a thick shaving than for a thin one. A narrow tool for roughing is shown by Fig. 450,
and a broader one for smoothing is indicated by Fig. 451 ; this tool has a nearly straight cutting
edge, that a broad surface may be presented to the work at the time of cutting. - A right-hand
springy tool for shaping curved inner corners is shown by Fig. 452, and a left-hand tool for
similar corners is seen in Fig. 453. A tool for convex or outer corners contains a gap, and the
curve of the gap is rather greater than the curve of the corner required to be made with the tool.
A tool which will shape both inner corners and outer ones is indicated by Fig. 454.

O1LsroNEs.—A small piece of stone for sharpening slide-rest tools may be occasionally held
in one hand and applied to the tool without unfixing it from its tool-holder. Several classes of
small tools can be thus sharpened, although the stone may not be fixed in a frame or holder of
any sort; but for large tools, it is convenient to fix the stone at one end of a wood holder, instead
of near the middle. An oilstone thus fixed is shown by Fig. 455, and the outer end of the stone
is made to extend about an inch or half an inch beyond the extremity of the holder, which
allows the workman to use the stone while vertical, horizontal, or in any other position suitable
for the tool to be sharpened, and the holder can be gripped with both hands of the operator
instead of only one.

CHUCKS.

CurTER-BARs.—T'wo classes of cutter-bars are represented by Figs. 456 and 457, one class
being cylindrical boring-bars or rods; these are used in lathes by being rotated while on the
conical pivots termed lathe centres. The other class of cutter-bars consists of square bars that
are similar to other slide-rest tools, and are bolted to slide-rests in a similar manner. A cylin-
drical boring-rod has two or three slots, termed cutter-holes, for tightly holding the cutters while
in use. In the Figure a cutter is shown to be keyed in its place ready for use, the cutter being
denoted by C. A boring-tool of this class is used to bore wheel-bosses, lever-bosses, tubes,
garnishers, and many other pieces of work that are too long to be bored on a chuck.

The slide-rest tool shown by Fig. 457 also has a cutter, denoted by C, but this tool is employed
for making grooves, key-ways, and similar openings into wheel-bosses and lever-bosses after they
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are bored to their finished diameters, the key-ways being made with the cutter-bar while the piece
of work is still bolted to the lathe chuck. The method of using this bar consists in tightly
bolting it to the slide-rest and moving the rest to and fro; by such means the cutter is made to
traverse the entire length of the hole in the wheel or lever that requires the key-way, and cuts out
a portion of the metal every time the cutter enters the boss. In small lathes, the rest to which
the cutter bar is fastened is moved to and fro with the ordinary handle; but rests and carriages
that are too heavy to be thus handled are moved with the aid of the lathe-screw and a few
wheels.

CoxeEDp PraTes.—A coned plate is a circular plate having several conical holes of various
sizes ; this plate is fastened to a pedestal or standard by means of a fixing bolt which is put
through the middle of the plate, and the standard is fastened to the lathe-bed when the apparatus
is required for use. A coned plate is required for boring ends of rods, bars, axles, and other
work, and the piece to be bored is supported in a lathe at one end by means of the conical pivot
near the chuck, and at the other end by means of the coned plate. That hole in the plate, which
is of suitable diameter for the end of the piece, is selected to support it, and the standard belong-
ing to the plate is bolted to any place along the lathe-bed according to the length of the piece to
be bored. While the work is thus held, it is rotated by means of a gripper, and the centre of
the rod or axle is centred, bored, or, if necessary, screwed to the desired shape. A coned plate
is represented in Fig. 458, which denotes a pedestal or standard, having the circular plate attached
in the manner described. Fig. 459 denotes a standard with a joint, shown by J, for the conveni-
ence of shifting the coned plate when it is necessary to take out one piece of work from the lathe
and put another piece into its place. A standard of this sort is useful when a large number of
rods or axles are to be bored, to avoid unfixing and fixing the apparatus to the lathe-bed every
time a fresh piece of work is put into the lathe.

PoppETS.—A poppet consists of two principal pieces, one of which is a stud fastened to the
table of the machine, or to a chuck of a lathe, and the other piece is a screw-bolt that fits one or
two holes in the poppet, the bead of the bolt being generally square or six sided. A general
shape for poppets, whether small or large, is denoted by Fig. 460, and such tools are used to
tightly fix pieces of work to engineers’ machines of all kinds. When required for a lathe, three
or four poppets are employed to fix one piece of work, and each poppet is fastened in one of the
holes or slots in a disc chuck belonging to the lathe. While in their places, poppets are at right
angles to the chuck ; and after the poppets are tightly fixed, the work is put to the chuck and
fastened by screwing the poppet-screws tight against the work.

PorpeT-CHUCKS.—Chucks that consist of cup-shaped holders having screws for holding the
work are named poppet-chucks, or cup-chucks. Two or three such chucks of different sizes are
made to fit one lathe, and are useful for drilling, boring, and screwing rings, nuts, lever-bosses,
wheel-bosses, bushes, and other work that requires internal screwing and turning. A chuck of
this kind is shown by Fig. 461, which has four fixing screws, and another cup-chuck with six
screws is denoted by Fig. 462, this one being necessary for work that is too long to be held in a
short chuck with four screws. 4

For several sorts of work that require boring, it is necessary to use chucks that are fixed to
the carriage, instead of to the disc chuck. Poppet-chucks or boring-chucks to be thus fastened
are shown by Figs. 463 and 464, both chucks being required to hold one tube or other piece of
work which is to be bored. While in use, both chucks are at a proper distance from each other,
and bolted to the carriage, the work to be bored being fixed in the chucks by means of the six
screw-bolts. Each chuck consists of two half-round portions that are connected together with a
joint and the bolt shown by B; and when a piece of work has been bored and is to be taken from
the lathe, the bolts shown by B and B are taken out, and the upper halves of the chucks are
raised to allow the work to be lifted out.

Woop Crucks.—Wood chucks for engineers’ lathes consist of strong elm, teak, or beech
discs and rings, which are of various sizes to suit various work. A wood chuck while in use is
bolted to one of the disc chucks belonging to the lathe; consequently, three or four holes are
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made through the wood chuck to admit three or four fixing bolts. A wood chuck, in the form
of a disc, is denoted by Fig. 465, which is applicable to hold very small articles, because the
chuck is without a hole in the middle, and will therefore admit a small hole if necessary. Wood
chucks are made to hold pieces of work in two ways, either by gripping the outside of the piece
to be fixed, or by gripping its inside. If the chuck is in the form of a disc, it may be either
turned until a portion of it is small enough to fit the inner surface of a ring, or a hole may be
made into the middle of the chuck to fit the outer circumference of the ring. A wood chuck in
the shape of a disc is indicated by Fig. 465, and another in the form of a ring is denoted by
Fig. 466; Fig. 467 shows one having a stem extending from the middle, and a chuck having a
conical stem suitable for holding ends of tubes of various diameters is shown by Fig. 468.

LATHES AND SHAPING-MACHINES,

SmaLL LatnEs.—An engineer’s lathe is a machine which is principally used to produce
circular boundaries on various pieces of work, and the machine consists of a long, heavy portion,
named the bed, and three other principal portions, which are supported by the bed ; these three
are named, respectively, the spindle-frame or mandril-frame, the carriage, and the poppet-head.
The mandril-frame is that in which the lathe spindle rotates to communicate its rotary motion to
the work which is being turned. The various sizes of lathes are distinguished by the heights of
their lathe spindles above the upper surfaces of the lathe beds; if the centre of the spindle is six
inches above the bed, it is termed a six-inch lathe. In Plates 35 and 36 a few small lathes are
shown, the sizes of which are about nine to eleven inches. In Plate 35 two lathes are represented,
and a shaping-machine, which is situated between the two lathes. All the three machines are
worked by means of the driving shaft above, which is fixed near the wall. This shaft is driven
by either wind, water, steam, or any other agent that may be selected for the purpose. The
wheels on this shaft are driving wheels, and communicate their rotary motion to the wheels of
the lathes by means of the leather or india-rubber bands that are seen in the Figures, the
direction of motion being indicated by the arrows which are seen in several places. In order
to allow the lathe to be put to work and stopped without interfering with the motion of the
driving shaft, an auxiliary shaft and its wheels are introduced between the driving shaft and the
lathe, these wheels being properly arranged for the purpose. In the lathe at the right hand, the
principal portions are named, and these names are the same in all other lathes, small and large. -
This lathe is one for ordinary turning, but not for screw-cutting. In this lathe the driving
apparatus consists of one keyed wheel on the driving shaft and three wheels on the auxiliary
shaft below; one of these three is termed a step drum, and is keyed tight at one end of the shaft;
the other two wheels are termed pulleys; these are close together, and one of them is keyed tight
on the shaft, but the other pulley is loose, and rotates without moving the shaft; this loose
pulley is that which is rotated by the driving-shaft band when the lathe is not required to work ;
and to cause the band to rotate the auxiliary shaft, it is only necessary to move the band from
the loose pulley to the tight one; when this is done, the step drum is also rotated, and because
this is keyed tight to the shaft, the drum moves the lathe band, and the lathe spindle is made
to work.

The starting and stopping machinery for moving the driving-shaft band consists of a fork
having two prongs, which are in contact with the band’s edges, also a straight rod in a vertical
position at the farther side of the lathe, near the wall, and a starting handle at the lathe front,
which is handled by the turner; these articles also are denoted in the Figure by two names and
the letter F for fork.

When the lathe is at work both the carriage and the poppet-head are sometimes in use, this
head being fastened at any desired place to suit the length of the work to be turned, and the
carriage being moved along to carry the slide-rest denoted by S R, in which is fixed the cutting
tool. In order to make the lathe itself move the carriage, a long rod or bar is employed, which
is as long as the lathe; this is the traverse bar, and is situated at the side of the lathe farthest
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from the workman, termed the back of the lathe. This traverse rod is made to rotate by
means of a teeth pinion, which is keyed to the small end of the lathe spindle ; this pinion drives
another teeth-wheel, to the spindle of which is attached a small step drum, and a leather band
from this drum drives another drum below, which is connected with the wheels that drive the
traverse rod. On the traverse bar slides a worm pinion that drives a teeth-wheel, and this wheel
is attached to a spindle in the carriage ; consequently the carriage is moved slowly along the lathe
bed by rotating the worm.

Latnes vorR SCREW-MAKING.—A lathe for serew-making, which is represented in the left of
Plate 35, has, in addition to the ordinary traversing apparatus, a few other attachments, named,
respectively, the principal lathe-screw, the screwing-wheels, apron, and backward band. In the
Figure the screw is fixed at the front near the workman, and is made to move the ecarriage and
tool-rest along the bed when a screw is to be made, instead of moving the tool by means of the
ordinary traverse bar and worm. Teeth-wheels are required to rotate the lathe-screw, which are
termed screwing wheels, and the apron is that which is attached to the carriage, and contains the
serew-nut, which fits the thread of the lathe-screw. By this arrangement the teeth-wheels rotate
the screw, and the screw-thread pulls the apron and carriage along, because the screw-nut is fixed
to the apron.

In the Figure the backward band is shown, which is actuated by the same drum-wheel that
drives the forwarding band, and the backward band is crossed, to produce a backward movement
of the lathe spindle, which is necessary during the process of making a screw. In order to make
this backward motion quicker than the forward one, the wheels on the auxiliary shaft, which are
rotated by the backward band, are smaller than the wheels which are rotated by the forward
band ; and by referring to the Figure it may be observed that three wheels are required for each
band, and that each three are situated close to each other. By means of these six wheels, or
pulleys, as they are termed, the two bands are allowed to either travel around the driving shaft
without moving the auxiliary shaft, or to work the auxiliary shaft and lathe forwards, or to
work the lathe backwards when screwing is being effected. Of the six wheels two are keyed
tight on the shaft, and four are loose, one tight wheel belonging to the forward band, and the
other tight wheel belonging to the backward band. In the arrangement shown in the Figure,
the two tight wheels are close together, and the four loose ones are outside. A two-prong fork is
shown for each band, and both bands are moved at one time by the workman moving both forks
at one time. The principal situations of the bands on the pulleys are three in number, one for
the forward movement, the second for the entire stoppage of the lathe, and the third for the
backward movement. The particular situation selected for the Figure is the first mentioned, by
which the forward band is shown to be on its tight wheel, and the backward band is seen to be
on one of its loose wheels; while in this condition the lathe spindle rotates forwards until the
turner desires to alter the direction of motion or to stop the lathe, at which time he shifts the two
bands at one time, and causes them to travel around the two loose wheels immediately adjoining
the two tight ones; each of these two loose wheels is the middle one of each three, and while the
two bands are on these two middle wheels, the entire motion of the lathe is stopped ; consequently,
when the workman wishes to stop all motion, he moves the two bands only sufficient to place
them upon the two middle wheels, and fixes the starting handle in a suitable notch,. to prevent
movement; but if he desires to make the lathe spindle rotate backwards, he continues shifting the
bands until the backward band is put upon its tight wheel, and the forward band is put upon its
outside loose wheel ; while thus arranged, the backward motion continues until the operator
desires to stop the process or alter the direction of movement, which he effects by shifting the two
bands to their former situations.

SuapiNg-Macnines.—A simple class of shapers to be here described are those which work
with a to-and-fro movement which causes the cutting tool of the machine to move in the same
manner, while the work which is fixed to the machine may be said to remain stationary. In the
middle of Plate 35 such a machine is shown, and the principal portions are named agreeably to
the plan for naming the lathes. Such a shaper will produce both flat surfaces and circular ones,



TOOLS. 135

but the instrument is specially adapted to small flat surfaces whose areas do not exeeed one or
two feet. The various sizes of shaping-machines are distinguished by the extreme lengths or
distanees that ean be traversed during one effort or stroke of the cutting tool. If the extreme
distanee is ten inches, the machine is said to have a ten-inch stroke ; and to make the tool travel
ten inehes, the crank-pin, which is situated at one end of the connecting-rod shown by C R, is
fastened at five inches from the centre of the slot-wheel. This crank-pin or adjustable stud is
denoted by P, and may be fastened at any desired place along the slot or recess in which one end
of the stud is fixed; the stud being fastened with a spanner either near the eentre of the slot-
wheel, or near its rim, the precise place depending on the length or width of the surface to be
shaped. For the purpose of moving the table and thereby the work which is fixed thereon, a
traverse screw is provided which is as long as the machine, and in the Figure the screw is shown
by T S; on the outer end of this screw is keyed a teeth-wheel which rotates the screw and
moves the table. Engaged with this wheel's teeth is a pawl which is moved to and fro by means
of the small levers and rods attached to the traverse plate, denoted by T P. Another serew
shown is the head-screw, and is required to move the earriage and head along the maehine. In
order to raise and lower the table to which the pieee of work is fixed for shaping, a screw and
wheel are provided at the front of the machine near the workman. At the front of the machine
is & worm pinion or serew pinion which works between the teeth of the segment rack, the
spindle of the worm being indieated by W, and rotated either by a handle or by the machine
itself by means of light rods attached to the moving head of the machine. Both hollow surfaces
and convex ones are formed with the aid of this worm and rack ; and when ordinary plane surfaces
are being made, the worm is not rotated, but is only the means of adjusting the tool-holder to
any particular angle that may be nceessary for the work. A backward band is not required for
a shaping-machine of this sort; only the usual forward band, with its tight pulley, and a loose
one, are necessary, which are represented in the Figure. The particular method shown in the
Figure for starting and stopping eonsists in the use of a vertical rod fastened near the wall, similar
to the mode for the lathes; to this rod, a bar, levers, and a handle are connected, the starting
handle being in front of the machine and indicated by the name.

In Plate 36 the back of a lathe is represented in order to show the traverse bar and worm.
The traverse bar may be either round or square; if square, no key is necessary for the worm
pinion, the hole in which is also square and just large enough to let the worm slide easily along
the entire length of the bar; if the bar is eircular, it is neeessary to make a key-way along the
entire length, and to provide the hole of the worm with a ledge to fit the key-way. The entire
traversing apparatus is worked by means of the traverse band named in the Figure, and the band
may be erossed when it is necessary to reverse the direetion of the traverse. To avoid this
erossing, additional cog-wheels are provided in some lathes, and situated near the driving pinion.
Those lathes that are merely capable of moving the carriage along the bed are single traverse
lathes, and those that are eapable of moving the earriage along the length of the bed, and also
capable of moving the slide-rest across the bed, are double traverse lathes. The movement along
the length of the bed is termed the long traverse, and the movement across the bed is termed the
across traverse. Some lathes have only the longitudinal traverse, and, for these, only one teeth-
wheel is required to engage with the worm; but a double traverse requires two wheels and a
pinion, because two spindles are provided in the earriage. Both these spindles are at right angles
to the length of the bed, and one of them has a screw formed in the mid-portion ; this spindle
is the one for the across traverse, and works in a screw-nut which is fastened to the pedestal of
the slide-rest, and by the rotation of this screw the tool is made to travel across the lathe, so
that the length of this across traverse depends on the length of the screw employed for the
purpose. The other spindle is for the long traverse, and has no serew, but has a cog-wheel keyed
at one end to work in a long row of teeth which extends along the entire length of the lathe
bed ; this row of teeth is termed a rack, and may be either on the front of the lathe bed, on the
back, or situated in the long narrow space in the lathe bed. In order to arrange both spindles
so that either one may be eonveniently worked without the other, both the spindle wheels must
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either have room to slide into and out of gear with the worm, or one wheel must be capable of
being loosened while on its spindle, so that it may rotate freely without effecting any traverse.

Those lathes that are not provided with a proper traverse bar are worked by means of the
lathe-screw and some of its wheels, and the carriage is made to move at a proper slow rate by
using four or five wheels between the lathe-mandril and the lathe-screw. This method may be
also adopted if the lathe has a traverse bar, but only in special cases; for ordinary traversing,
the traverse by screw wheels is awkward, and involves needless labour, and also an unnecessary
wearing of the lathe-screw.

When a lathe is fixed near a wall, as shown in Plates 35 and 36, the wall may be con-
veniently used for hanging up grippers, gauges, callipers, spanners, and plates; also for fixing
shelves to hold cutting tools of all sorts, rings, blocks, poppets, scriber-blocks, dotting punches,
straight-edges, and measures. A series of shelves may also be fixed for the screwing wheels, so that
each wheel is kept apart from the others, and can be immediately lifted and put into the lathe
without interfering with any other wheel that may be near it. Another easy mode of arranging
the wheels is to hang each one separately on a round iron pin tightly driven into the wall, the
pins being arranged in one or two rows, and each pin kept for its own wheel. If any wall should
be injured by thus using it, the fact would merely prove that the wall was not strong enough for
its use. When iron walls are adopted, a proper fixing of shelves, stays, hooks, and pins strengthen
the structure. It may be here mentioned that only such tools as are in daily use by the work-
man may be thus publicly exposed : all others are to be taken to the tool-keepers, whose duty it
is to collect, distribute, and keep in their places the various portable implements that are used
by nearly all the men in a factory. If every workman could be made to properly use and
manage his tools, and also those which he borrows from his companions, every small tool in the
factory might be kept in sight, because this is the only proper means of finding a tool at the
moment it is required; but in the present circumstanees it is necessary to appoint men to take
care of all small implements, and frequently to lock them up, so that much time is lost while
obtaining a tool when it is wanted. '

In Plate 36 is also shown a drilling arm which is attached to a wall by means of a davit or
post belonging to the arm ; at cach end of the post is a circular pivot which is gripped by a pair
of grips having half-round gaps; of these grips, those two that are fastened to the wall are long
enough to effect a firm fastening, and may extend one or two feet along the wall, but the front
grips are only long enough to admit the fixing bolts which hold the post in its pivot bearings.
The pivots being circular, allows the arm to be swung around to any desired place, and to be
there fixed by tightening the fixing bolts with a spanner. Another kind of adjustment is
cffected by means of a slot in the outer end of the arm ; in this slot slides a block which consti-
tutes a screw-nut in which a serew-pin is represented ; this slot is of sufficient length to allow the
block to be placed at the extremity of the arm, or at several inches nearer to the post. To
tighten the block at any desired place to suit the work being drilled, a nut is provided, which is
tightened with a spanner. The secrewed hole in the block is of sufficient diameter to admit a screw
a foot in length, when it may be necessary ; when a long screw is not required, a short one is
used, and the lower end of each screw contains a recessed portion which is hardened, the shape-of
the recess being conical. Into the recess is put the point of the drill brace when in use, and
swing-braces and crank-braces may be thus used although they may not have any screw, because
the long screw in the arm can be screwed down by means of its handle to advance the drill into
the work during the drilling.

Vices.—The two general classes of vices are taper ones and those named parallel. A taper
vice opens by one jaw or leg being swung on a pivot-bolt at the lower part of the instrument;
consequently, the space between the two jaws is taper, and thercfore not so efficient for gripping
a parallel piece of work as if the space were parallel. The space is always parallel between the
jaws of a parallel vice, because one jaw is connected with a slide which slides along a parallel
groove in the bed of the instrument, this bed being that which is bolted to the vice-bench.
Fig. 471 denotes a parallel vice having a leg or pedestal somewhat like the leg of a taper vice;
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this leg is attached to the front jaw of the vice and also to its bed, and while the vice is in use,
the leg, front jaw, and bed remain stationary, while the back jaw is moved backwards or for-
wards to grip pieces of work of various thicknesses ; this movement is therefore contrary to that
of a taper vice, of which the back jaw remains stationary. To the back jaw is attached the slide
which slides in the bed, and to the slide is attached the cylindrical box which contains the
screw-nut belonging to the vice-screw. The box is large enough to contain a strong nut, about
three inches in length, which is tightly fixed in the box. In the back jaw is a hole to admit the
vice-screw, and this hole is of sufficient diameter to also admit a thin tube that covers the front
end of the screw, by which it is protected from injury through filings, chips, and other substances
falling upon it ; the screw is therefore not seen, being hidden by the tube, and this tube is kept
in its place by a small ledge which acts as a key. When it is necessary to oil the screw, the tube is
pulled forwards a short distance to release the key, and then half rotated to place upwards that side
which was underneath ; when this is done, an oil-channel is seen ; the oil is next put in, and the
screw rotated, after which the oil-channel is again put underneath to prevent anything falling
into it. If it is desirable to keep the oil-hole upwards, a plug or lid may be attached. A
parallel vice of this sort is efficient for chipping, throngh having a leg which reaches the floor,
and through being heavy enough to resist the hammering.

The taper vice, denoted by Fig. 470, is also of a strong character, to render it suitable for
chipping small work. The two arms are as long as convenient, to cause the space between to be
nearly parallel; and the back arm or leg is tightly fitted in a gap which is formed in the edge of
the bench, whether the bench is of iron or of wood.

Both parallel vices and taper ones are often used with vice-clamps; these are protectors
which are placed between the gripping surfaces of the jaws and the work which is gripped. Vice-
clamps are made in pairs, and a pair consists of two plates of metal that are made to fit the upper
surfaces of the vice-jaws. For gripping rough iron and steel, the clamps should be made of soft
sheet or plate iron, or of copper; for gripping brass, gun-metal, and polished iron and steel, the
clamps are made of lead, tin, and also of plate iron to which are riveted a couple of thick strips
of leather, to be in immediate contact with the work to be gripped.
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CHAPTER IIIL
TOOL-MAKING.

TraE entire excellence of the engines and other machines made at the present time is the
result of the superior tools which are used to accomplish the work; and because good tools are
available for makers of steam-engines and all other classes of machinery, it is necessary that the
tool-making processes be introduced to the student, by which all those who wish or may be
obliged to make their tools themselves will be enabled to produce such instruments as are
necessary for their own peculiar work.

In the second chapter a number of names, forms, and definitions of tools are given, which are
sufficient for the purpose, and require perusal in order to avoid the introduction of explanaticns
into the processes to be now considered.

CONSTRUCTION OF MARKING TOOLS AND TOOLS FOR CENTRING.

ScrIBERS.—A straight scriber is made by sharpening and hardening one end of a piece of
steel wirc, and bending the other end to a form of a loop, that the tool may be hung up. To
produce a twisted mid-portion in a scriber, for the convenience of preventing it slipping from the
fingers while in use, a piece of square steel is selected, and the mid-part twisted while red hot.
This is effected by holding one end in a vice, and gripping the other end with a tongs and twisting
to the shape desired. A small scriber may be made by heating in a gas-flame near a vice, re-
ducing the point nearly to its size previous to hardening; after which, it is tempered to a light-
brown colour.

Dorting Purcues.—Steel about a quarter of an inch thick is suitable for a dotting punch,
and a piece of convenient length to hold is selected, and one end is ground to nearly the finished
size of the intended point ; it is next hardened and tempered to a light-brown colour, after which
it is sharpened to the proper angle, and a proper length for the punch is cut off with a file; the
filed extremity is then curved with a grindstone, and the tool becomes fit for use with a hammer
about a quarter of a pound in weight.

CoxERs.—A coner is intended to resist a severe hammering, and should be made of the best
steel. A coner to be held in one hand is about half an inch thick at the mid-part, and for large
work it is often necessary to make the coner an inch thick. To produce a six-sided shape in the
middle, for holding the tool, it is forged of a round or square piece of convenient length, and
cut off at the conclusion of forging. If the punch is to be lathe-turned, a holder may be provided ;
and if the punch is to be only filed, a holder will facilitate the operation. In such cases the
handle is forged square, to be firmly gripped in the vice. For a small punch only half an inch
thick, the conical portion is easily formed by filing, grinding, or turning; but a large punch
may require the cone to be reduced while forging ; in this case it is necessary to commence the
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drawing down with fullers to avoid too much hammering at the extremity of the cone, which
often spoils the end by forming cracks and hollows.

Coners for use in wire or wood handles are short and thick, to sustain a sledge-hammering ;
and all coners, small and large, should be hardened only at the conical end, which prevents the
punch breaking while in use, and thereby doing mischief to those around; and after being
hardened, the tempering is continued until a dark brown appears. The hardening and tempering
of coners, dotters, and scribers is effected by cooling only that length of the end which is to be
hard, and allowing the heat which still remains in the adjoining part to temper the hard part to
its proper colour. Every coner is improved by curving the extremity that receives the blows,
and this should be done several times after the tool has been in use, in order to prevent the end
burring over and causing pieces to break off and be scattered around during hammering.

CextrE Gouges.—A small gouge chisel for cutting small channels and small centre recesses
requires a cutting end only about an eighth of an inch thick ; asmall gouge of this sort is easily
made by grinding and hardening one end of a piece of round wire about a quarter of an inch
thick. Centre gouges for gun-metal and iron are tempered to a dark brown, and gouges for
steel require the angle of the cutting part to be rather greater than that for iron, but the tool is
hardened and tempered to about the same colour.

Fropring Drirrs.—A fiddling drill that is to be made of square steel and rotated by means
of a drill-bow is about a foot in length, the spindle which fits the hole in the drill-pulley and the
drill itself being of only one piece of steel. Such a piece is thinned at one end by a partial
reducing on an anvil-beak, and afterwards reduced and smoothed with filing. When the end
for drilling is shaped to the form of Fig. 472, and also hardened, it is tempered to a dark brown,
the tempering being done with the heat in that portion of the drill which adjoins the part made
hard at the first cooling. The other end of the tool is next ground to form the pivot-cone, and
this is also hardened, but not tempered. Being thus shaped and hardened, the final operations
are sharpening the cutting end and polishing the pivot end to prevent it wearing the breast-plate
or other recessed plate that may be used to push the drill into the work.

Another mode of producing fiddling drills consists in making the drill distinct from the
remainder of the tool named the holder. By this plan the drill is only about three inches long,
and made of round steel wire, the end that fits the holder being made into a half-cylindrical form.
A drill end of this shape is denoted by Fig. 473, and one in its holder is shown by Fig. 474. To
make such a spindle a piece of stecl is selected which is as thick as the boss, this being the
thickest part of the tool. The smaller portion adjoining the boss is formed by reducing on an
anvil until near the finished dimensions, allowing a sufficient quantity for lathe-turning. The
boss needs no forging, unless it were too large in diameter, because its shaping is effected while
cold. After forging, the work is centred and smoothly turned to its finished dimensions; after
this it is supported in a small coned plate, and the hole for the drill's end is made and slightly
tapered with broaching; when thus far advanced, the gap in the boss is made with an edge of a
file, being careful to make the depth of the gap about equal to half the diameter of the boss.
The end of the drill is next fitted to its place, and the pivot end of the spindle shaped and
hardened. Drill-holders of this character are economical, because several drills may be made to
fit one holder. No screw is required in the boss, and when adrill is to be taken out it is pushed
from its place by gently driving a small wedge between the extremity of the drill and the side of
the gap nearest to it. In the Kig. 474, the place for the wedge is shown by W.

BREAST-PLATES.—A breast-plate for drilling is made of thin sheet iron or steel, and is bent
to a curved form that it may fit the operator’s hand or chest. If a large amount of drilling is to
be performed by such means, two holes may be made into the plate to contain ends of strings bf;
which the tool may be tied to the workman’s waist. The bearing portion of the plate, whic
sustains all the friction of the conical drill-pivot, consists of a plate of steel about a quarter of an
inch thick; this is smoothly recessed in five or six places, and a couple of holes are bored-by
which to rivet or screw it to the thin plate. After being properly smoothed, the bearing-plate
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is hardened, but not tempered ; it is next attached to its breast-plate, and the tool is then ready
for use. A breast-plate made by such means is shown by Fig. 475.

Drirr-ows.—The cheapest sort of drill-bow is that which is inade of an ash or hazel stick,
which has a thin ferrule tightly fitted to each end, and a couple of holes bored through to contain
the ends of the thong or string by which the drill's pulley is rotated. A sudperior sort of drill-
bow is made of a thin piece of sheet steel, in which a hole is bored at each end to hold two hooks
for attaching the thong; or the thong may be fastened to the steel withont any hook. The
thong or band of the drill-bow is an engineer’s ordinary band-lace, and should not be twisted,
but applied flat to the pulley and occasionally chalked.

BreAsT-BRACES.—A light crank-brace for drilling small centre holes and enlarging conical
holes in work to be lathe-turned is made of three principal picees: one piece consists of the
circular plate which is to be in contact with the operator’s hand, breast, or thigh ; another piece
is the crank part; and the other portion is the boss that will contain the end of the drill to be
rotated with the brace. The boss portion is forged of a piece from the side of which an end is
fullered and reduced until small enongh to be welded to the erank piece. This crank is forged of

(=]
straight iron, and the plate is riveted to a couple of small arms, or to a thin flange that belongs

to the pivot-bearing, this bearing being that which sustains the pressure while the tool is in use.
The cone-driller shown in the brace denoted by Fig. 276 1s provided with either a square
taper end or with a conical end to fit the boss. The forging of such a coner is effected with a
piece of round steel about as thick as the thickest part of the intended tool, and after being
tapered for the hole in the brace, and reduced in the mid-part, the tool is lathe-turned and coned,
and also lined to indicate the place for the cutting edge; at this stage the implement appears as
in Fig. 476, and to produce the semi-conical form it is reduced until a entting edge is formed at
the centre of the tool’s rotation; this edge i1s shown in the Figure by the dotted lines. The
hardening and tempering of a cone-driller is somewhat similar to that for a dotting punch or a
drill, and consists in heating the cone, and also nearly the whole of the other portion of the tool,
to redness, and moving about in the water until cold that portion which is to be hard; when
hard, the cutting end is cleaned to show the colours. For a cone-driller the tempering is effected
with the heat in the tool until a dark brown is seen, at which moment the entire tool is cooled in
the water to prevent the end becoming too hot, and thereby too soft.
SCRIBER-BLOCKS.—Scriber-blocks, whether of wood or of iron, are made in a great variety of
forms, the precise shape adopted depending on the taste and skill of the designer. To make one
that consists of a circular or rectangular base plate, and a vertical standard to be fixed to the
plate, it is usual to screw a hole in the plate, and to screw one end of the standard to fit the hole.
A block of this class is shown by Fig. 477, the pillar or standard being shown distinct from its
plate. In the upper part is seen a slot to hold the fixing bolt that tightens the scriber while
being adjusted ; this slot is made by drilling and filing, and the arrangement for cansing the bolt
to grip the scriber is shown in Fig. 478. A tall block, which is in the form of an el-square, is
very firm on its base if the long blade is of wood and the pedestal of iron or other metal; a wood
blade several feet in height may be thus used without causing the block to be unsteady. To
avoid inconvenience through the wood blade getting loose in its joint gap, it is necessary to bore
a hole throngh the pedestal and blade, and tighten them together with a small screw-bolt.
VEE-BLOCKS.—The most durable vee-blocks are those of steel, the second guality being those
of iron. A couple of vee-blocks that are not required to be very firm on their bases, and may
need mnch handling, may be made light by making them of cast iron or steel, and forming a
hollow at each end at the time of casting. Blocks of this form are denoted by Fig. 479. The
simplest mode of making vee-blocks consists in forging them to very near their finished
dimensions. To do this, the vee-gaps arc made while the work is hot on the anvil, and the
cutting commences by first punching a hole at the intended bottom of the gap; after this the
superflnons piece is cut out with chiselling. When roughly prepared, a paring chisel is required
to shape the gap sides and other sides of the work, and the tool is completed by smoothing in a
small planing-machine or shaper. Vee-blocks that are smoothly forged or cast need no planing
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for many sorts of work, the small amount of finishing which is necessary being effected with
chipping and filing. When a couple of vee-blocks are required to be very smooth and similar to
each other, both arc planed together on the table of the machine.

STRAIGHT-EDGES.—The cheapest straight-edge is that made of a piece of hoop iron which is
flattened with a tin hammer, and next straightened along its edges with filing ; or, if the tool is
several feet in length, it is straightened with planing. Those who may be obliged to make a long
straight-edge without another for reference, and also without a planing-machine, can use the
thread straight-edge shown by Fig. 480. The thin thread of such an instrument is a simple and
efficacious standard of reference, and the apparatus may be made of any length to suit the
particular straight-edge which is being formed. An iron or steel straight-edge is not liable to
rust, if the thin scaly coating on its broadsides is allowed to remain, which presents a better
appearance than a rough grinding and filing. In order not to disfigure the scaly sides, it is
gripped with leather or wood clamps during the filing of the edges.

Straight-edges that are made with a planing-machine may be produced by forming two at
one time by using a strip or plate of steel which is more than twice the width of one of the
intended tools. Such a piece is bolted to a few blocks which rest on the table, or on to a couple
of long packing-strips that are as long as the steel, the broad side of the steel being upwards.
The packing-strips are put near the edges, and thus a clear space is allowed between the table
and the straight-cdges and along their entire length. When the steel is bolted in this situation,
a roughing tool having a vee-point is used to make a cut along the length and in the midst of the
steel, and two or three cuts will divide the work into two if it is only about a tenth of an inch
thick ; but if thicker, a narrow parter is employed to effect the division. When thus cut into
_ two, both pieces are still held with the holding-plates, and in this condition the two contiguous
edges are straightened with a sharp springy tool or with a pointed cormer tool. During
the last cuts, water or soapsuds are applied to the work to produce smooth surfaces. After
the two edges are thus prepared, the two tools are released from their plates, and both
tools are put close to each other with their broadsides in contact, while the two planed
edges are made to rest on the planing-table. The tools are also fixed so that their broadsides
shall be at right angles to the table, and this is effected by fastening them to a holder or chuck
which has a surface at right angles to the table; to this surface the straight-edges are fixed, and
the mode of fixing is by applying poppet screws along the broadsides, and by fastening each end
with-a holding-plate. While properly fixed, a few light cuts are given to the upper rough edges,
which are then made straight, and both tools are made to one width. The next step is to cut
the tools into shorter lengths, if short ones are required, and to again divide them along
their mid-lengths, if small straight-edges are to be made. After all the planing is done, they
are next smoothly filed, and also scraped to make each edge coincide with a surface table of
suitable length. During the trial of an edge on a table, a thin layer of oil and soot or
lampblack is put on the places which are to serve as standards for the edges being adjusted, and
this oily mixture is strained and kept free from filings, dust, scrapings, and other substances
moving about. The final adjustment of straight-cdges should consist of grinding, and this may be
effected by placing two tools together, with their edges in contact with each other and with their
broadsides in contact with a table; while thus situated, they are gently pushed together and a few
rubs given by moving the tools while in contact. During this rubbing a mixture of the finest
emery and o1l is applicd to the surfaces.

Twist-FinpERs.—Two straight-cdges which are of similar dimensions are named a pair, and
if they are also right-angled parallelopipeds, and are thick enough to stand on their small long
sides as bases, the two tools are twist-finders. Two such tools are used to ascertain if one surface is
inclined towards another, or inclined to some other part of the same surface to which the twist-
finders are put. This angular inclination is termed the twist, and to discover it the two finders are
stood with their edges in contact with the surfaces that are supposed to have a twisted relation to
each other; and while the finders remain in position, an observer stands a few feet from the work and
looks across the upper edges of the two tools. If the surfaces that are being tried are either parallel
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to each otheror in the same plane, the upper edges of both tools will appear to be parallel to cach
other; but if one surface is inclined to the other it is detected by one end of one straight-edge
being scen to be too high, and by the opposite end of the same straight-edge appearing too low.
This observation is facilitated by whitening the two inner broadsides of the straight-edges, these
sides being those that are nearest to each other during the observation. The material for such
whitening may be either white paper stuck to the tools, paint, soft whiting, or other white sub-
stanee which is near.

Twist-finders differ from other straight-edges in being much thicker, and therefore too heavy
for general use; but the planing and finishing are managed in a manner similar to that for other
straight-edges. When it may be necessary to use two thin ones as twist-finders, they are made to
stand with packing-blocks that are narrower than the straight-edges, in order that the observation
may not be obstructed by the blocks being too high. The blocks are put close to the broadsides
of the tools, to make them stand without other fastenings.

Straight-edges that are to be made into measures by marking lines upon their broadsides,
are smoothly polished, and the marking is effected either with a straight-line dividing-machine,
a machine having a fine micrometer serew, or by means of some other ordinary screw. Machinists
who may be obliged to make a few measures instead of buying them, effect the marking with the
serew of an ordinary lathe for screw cutting. With this object, the broadsides are first marked
with three or four lines along the entire lengths of the tools, the lines being at different distances
from each other to distinguish the shorter divisions from the longer ones. These long lines are
made with a planing-machine and a sharp pointed springy tool; after which the straight-edge is
fastened to a table of sufficient length attached to the side of the lathe farthest from the operator.
The table being connected to the carriage allows the lathe-screw to move the straight-edge along
the lathe. After the tool to be marked is properly adjusted to place the edge parallel to the
length of the lathe, a sharp vee-tool, or other seriber is attached to a small tool-holder that may
be connected for working by the lathe, or the tool-holder may be merely the usual upper slide
of the rest that may be moved to and fro by the operator’s hand. The screwing wheels for
moving the tool may be only two—one having eighty teeth to be put on the lathe screw, and a
small one having twenty teeth for a stud in the slot; these wheels being suitable for a screw
having a half-inch step. It is not necessary to conneet the wheels with the lathe spindle, the
small wheel being rotated by an assistant during the proeess. If sixteenths are required on the
tool, the small wheel is moved half a complete rotation at each mark, which advances the straight-
edge a sixteenth of an ineh; and if thirty second parts are desired, the pinion is moved only a
quarter of a revolution each time. In order to cause the pinion to advance the proper number
of teeth, a stop is put to the space between the two proper teeth, which are plainly marked at the
commeneement. If nicety is required in the marking, it is neeessary to select a lathe whose
screw is aceurate, and with a serew-nut of great length, also having screwing wheels with teeth
properly made. After all the marking is performed, the measure is adjusted by filing the extre-
mities to the marks, if it is desirable to thus place the marks at the edges; if not, any required
length is allowed to remain beyond the marks which constitute the measure.

CONSTRUCTION OF SQUARES AND PLATTENS.

Er-squares.—An el-square having arms of equal thickness and width, is made of a piece of
shect steel ; this is marked to show the place of the intended square, and afterwards heated to
redness a few times to be eut out with chiselling. A pedestal square requires to be made with
fullers, if both arms of the tool are to be of one piece, but if of two pieees, the only forging which
is necessary is the redueing and cutting to length of the blade and pedestal as two straight pieces,
these being afterwards made into a right angle by means of drilling, filing, and riveting ; and if
forged too large, planing also is necessary. To forge a square of only one piece, a piece of steel
is selected which is amply large enough for both blade and pedestal, and in most casés it is con-
venient to forge the square at one end of a square bar, and when partly made, to cut off the tool
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to be scparately finished. After this the smith reduces and shapes another square of the same
bar, if more than one are wanted. The fullering commences at a short distance from one end, a
pair of top and bottom fullers being applied to make two hollows opposite each other, as in
Fig. 481 ; the work is next bent at the hollows, and with bending, portions are squeezed up
opposite the hollows, this place being the intended inner corner of the square. During the
angling, the squeezed-up parts are chiselled off to promote an.casy bending, and the work is made
to resemble Fig. 482 ; when sufficiently angled to produce the right angular form, the short end
is upset to make the outer sharp corner ; fullers are next driven from both sides of the blade, and
the work appears as in Fig. 483; after this the lump for the blade is thinned and cut to its
intended length.

Another mode of making a pedestal square of one piece, consists in first bending the bar
without fullering, to make it resemble Fig. 484 ; it is then upset by hammering the short end, in
order to square the outer corner; this operation makes it resemble Fig. 485, and at this stage
fullers are driven in to commence the reduction of the lump for the intended blade ; this fullering
is shown by Fig. 486 ; after which, the tool is completed by lengthening the blade to its proper
length and trimming off the superfluous metal.

To avoid a lengthy reducing of metal when a large square is to be made, soft steel which
will partly weld may be used; of such metal a thin piece for the blade is selected, and a thicker
piece for the pedestal, both pieces being of the intended finished dimensions of the square. At
one end of the pedestal a gap is made with chiselling, and punching, if necessary, and into the
gap the blade is put; a square rivet-hole is next made through both pieces, and a rivet put in.
When thus prepared, the joint is heated in a clear fire to welding, and the welding is effected with
a few light blows. A joint thus made will not be solid, but if the mouths of the hole are coned,
and a rivet made to fit, the blade will be securely fixed, which is the principal consideration.

An el-square which is to be made of two pieces without forging, is united by means of a
joint-gap that is drilled and filed. The blade is securely fixed to its pedestal either by means of
a square rivet-hole and rivet, or by means of three small wire rivets. The holes in the pedestal
are deeply coned at the mouths, and the rivets are of soft stecl; these are properly riveted by
hammering the centres of the ends first with a ball face, and finishing with a flat face, and when
all the conical recesses are filled, a good joint is the result. To shape the square after forging,
it is planed and filed, or filed only, if but little metal is to be taken off. A square thus made is
denoted by Fig. 487.

TEeE-sQUARES.—A. tee-square which is made of two pieces, consists of the blade and its

pedestal, and in this pedestal a gap is made in the mid-part to contain one end of the blade;
such a gap is shown in Fig 488, and the blade is denoted by Fig. 489. The two pieces are first
seeurely riveted together, previous to adjusting the tool, as in the making of other squares; and
if the blade of a tee-square is straight and parallel, and the gap exactly at right angles to the
length of the pedestal, both blade and pedestal may be reduced to very near their finished -
dimensions previous to riveting together.
. To forge a solid tee-square of one piece, a piece of stecl is provided which is twice as thick
as the intended pedestal ; the steel is first fullered and reduced at both ends to form a lump in
the mid-portion, at which time the piece resembles Fig. 490; the lump in the middle is next
fullered either at both sides or one side, to commence the reduction to form the blade; if fullered
at both sides to cause the blade to extend from the middle of the pedestal, instead of from one
side, the work appears as in Fig. 491, but if the blade is to be in the same plane with one side
of the pedestal, the lump is fullered at only one side. After this operation, the fuller is also
driven in at right angles to its former position, in order to make two other hollows at right
angles to the two or one first made; and when thus hollowed, the piece for the blade appears
to be united to the pedestal with a square neck, as seen in Fig. 492 ; while in this condition the
thinning and lengthening of the lump is commenced, and when partly reduced to the required
size, the fullers are again driven in a short distance, after which the thinning of the blade is again
resumed, and by such reducing the blade is made of a sufficier.t length.
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A tee-square may be forged also by using a thick bar and forming a stem at one end, as
seen in Fig. 493. After this stem for the blade is produced, the entire <piece for the square is
cut from the bar, and the thicker part is spread and lengthened at each side of the stem first
made to form the two arms of the pedestal, this lengthening being effected with hammering on
the anvil, and also by hammering the pedestal while the blade extends through the hole in a
heading-tool having a square hole. By these means the pedestal is first formed ; after which the
stem for the blade is fullered and then lengthened to its dimensions.

A centre finder, which consists of a tee-square having two pins extending from one side of
the pedestal, is made of either one or two pieces; and when roughly made into a square, the
two pins are fixed by screwing them tight into two screwed holes made entirely through the
pedestal. The screw-parts of these pins are larger in diameter than the straight-ends which are
to project outside, and the holes are also tapered to allow the screws to be riveted after being
screwed into their places. In order to place the pins at right angles to the length of the blade,
and in their proper places, an arc is marked upon one side of the pedestal. When the centres
of the pins are to be equi-distant from the centre length of the blade, an arc is exscribed from
the centre shown by C, in Fig. 494; and when the centres of the pins are to be ecqui-distant
from one side of the blade an arc is exscribed from the point denoted by P, in Fig. 495. In both
these Figures the two places in the mid-line of the pedestal that are intersected by the arcs are the
places for the holes, and indicated by H and H. These places are marked with a dotting punch,
and from the dot a small circle is marked which is about a sixteenth larger in diameter than the
hole to be drilled. This small circular line is a guide or sort of indicator during the entrance
of the drill’s point, and if the workman observes that the drill is nearer to one extremity of the
circle than to the opposite extremity, he takes out the drill when it has entered only a short
distance, and endeavours to put the drill point into its proper place. This is effected with a
gouge chisel, which the operator drives in at that side of the recess towards which the drill’s
point should be brought ; by this means the chisel cuts out sufficient metal to make the drilled
recess concentric with the small circular line, at which time the drilling is resumed and watched,
and, if necessary, the gouge is again applied as before. By this method the holes are made very
near to their required places, and when drilled, screwed, and the pins are tightly riveted in, the
entire tool is smoothed and adjusted to make the length of the blade exactly at right angles to a
line which connects the centres of the two pins. This final adjustment is effected with filing
and scraping both the pins, and also the blade and pedestal; for this rcason the two pins are
thicker when put into their places than they will be when finished, in order to avoid taking
a large quantity from the blade or pedestal.

CROSS-SQUARES.—A cross-square is made by forging two separate pieces, one being the blade
and the other being the thick shoulder-piece, or pedestal ; this portion is forged solid, and with
a flat-sided lump in the middle, in which the small slot is to be made for the blade. A piece of this
form is shown by Fig. 496, and through the lump having a flat side instead of a curved one, the
piece can be firmly placed while drilling the slot. The drilling is effected by advancing the drill
to about half way through from both entrances; and after the drilling and filing is performed,
the lump is curved to a semicircular form, and the blade is tightly fitted to its plate. ~While the
blade is thus fixed, both pedestal and blade are adjusted to place them at right angles with each
other, and also to make the length of the pedestal at right angles to the slot; consequently, the
slot and blade are finished previous to finishing the shoulder of the pedestal.

ApsustMENT OF SQUARES.—The adjustment of squares of various classes is effected with
scraping and by reference to right-angular blocks, to lines, and to other squares which are used
as standards. To try an el-square by means of a surface-table and blocks, the tool is stood on its
pedestal, with the blade in contact with a side of a right-angular block that rests on the table; a
square in this situation is seen in Fig. 497; and if no light can be seen between the blade and
the block, the outer boundary of the square is right angular. To try the inner boundary, the
tool is suspended by its pedestal on a block, as shown in Fig. 498 ; and by placing two blocks
near each other, with the blade betwcen and in contact, it is known whether the inner and outer
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edges of the blade are parallel to each other, and also which of the two edges may need

adjustment to make both edges at right angles to the pedestal; this arrangement is shown in

Fig. 499. To diseover if the two broad sides of the blade are parallel to each other, straight, and

also at right angles to the pedestal, the pedestal is tightly held on one block while the blade

%epends between two other blocks that almost toueh; a square in this position is denoted by
ig. 500.

Tee-squares are adjusted with a pair of blocks that are of similar shape and dimensions;
these are stood near together, and the tee-square is put with its pedestal on both blocks and its
blade hanging between ; while thus situated, either one of the edges of the blade may be tried,
and it may be known whether both edges are parallel to each other, and also at right angles to
the pedestal. A tee-square being tried in this manner is indicated by Fig. 501. It is also
neeessary to ascertain if the broad side of the blade is square with the pedestal ; for this purpose
the tool is put with the entire length of its pedestal bearing on one bloek, with the blade
extending downwards, and the broad side at a short distance from the bloek ; while in this
eondition it appears as in Fig. 502. In order to discover whether the outer side of the pedestal
is at right angles with the length of the blade, the tool is stood on the table with the blade
extending upwards, and one arm of the pedestal extending into a gap in a bloek which is put into
close eontact with the blade’s edge ; this block is shown in Fig. 503 with the square’s blade in
eontact.

The adjustment of squares by means of lines is effected on surface tables. A table is
selected having a surface about two or three feet across, on which are marked several gauge lines
at right angles to each other and to the edges of the table’s surface; these marks are very narrow,
but deep, and are made with a seriber having a hard thin point. If all the four small sides,
termed edges, of the table are at right angles, any one edge may be selected from whieh to
exscribe lines that shall extend across the surface and be at right angles to the seleeted edge; but
if all are not at right angles, the surface is not rectangular, and one edge, or small side, is seleeted
for the marking. This edge is speeially smoothed, planed with scraping, and also made at right
angles to the table’s surface, whieh is the face. This edge is that to which the pedestals of squares
and other tools will be put when they are to be tried. When the lines are to be marked, the planed
edge, which is the true edge, is used as a sort of standard, or base, from whieh to exscribe the
gauge lines, and the principal gauge line is one which is at right angles to the true edge, and
extends across the table’s face somewhere about the middle. This one line is represented in
Fig. 504 ; this Figure denotes a platten, or table, whose gauge line is marked by merely placing
a large square to the true edge, and seribing a line along the edge of the blade on the table’s
face. Several other lines may be marked parallel to each other, and by means of the same square,
if necessary. This mode of making gauge lines is effectual with a good square, but to place the
line at right angles to the true edge, when a large square is not comatable, a scriber-bloek and
straight-edge are necessary.

To mark the line or lines at right angles to each other and to the true edge, by means of a
scriber-block only, it is necessary that the true edge of the platten be at right angles to one of the
edges that adjoin ; if the platten were thus right-angled when it was made, the marking is quickly
effected by placing the platten to be marked upon another platten, or table, and scribing with a
seriber-bloek. This is performed by placing the work edgeways upon the table, and seribing a
line along at about the middle; after this, the table being marked is stood upon its end which is
square to the side that was first lying on the table, and while standing the across line is marked
with the same scriber-block, or with another taller one, if required. While the platten to be
marked is in these two positions, several lines parallel to each other may be scribed by raising or
lowering the seriber’s point to various heights above the table used for scribing. The seriber-
block for such purposes requires a firm, heavy bottom, in whieh is cut a shallow recess about a
sixteenth deep, to prevent the bloek eanting and roeking while being moved along.

If only one small side or edge of the platten is true, the seriber-block is only useful to mark
a iine or lines parallel to the true edge; all other lines at right angles are marked with compasses

U
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and straight-edges. This marking is commenced by placing the true edge in contact with a
table’s face, and using a scriber-block to mark a line along the face to be marked, and near the
middle ; this line is the primary from which others are exscribed, and is denoted by No.1 in
Fig. 505. To mark a line at right angles to the primary one, and across the middle of the face,
it is only necessary to make with a dotting-punch a dot at each end of the primary near the
edges of the surface, and scribe a perpendicular to the primary by means of the dots as centres;
this is done by using a sharp compasses, or large divider, and placing one point into one dot, and
scribing an arc near the middle of the face; one compass point is next put into the other dot,
and another arc is scribed to intersect the first one in two places; these two places are points in
a straight line which is at right angles to the primary, and to mark the line a straight-edge is put
to both intersections, and a scriber is moved along in contact. When this line is shown, it
becomes a sort of standard to which the blades of squares are put while their pedestals are in
contact with the true edge of the table. The dots, arcs, and straight lines should be allowed to
remain in the table’s face, in order to indicate at any future time whether each arc and line is
correctly scribed ; and the numerical order in which the dots and lines are scribed is denoted by
their numbers, the first one being the primary, and the sixth one being the primary’s
perpendicular. If several other lines are required to be made across the primary, they are
marked by exscribing arcs from any other dots that may be made in any other places along the
first line.  Fig. 505 denotes the appearance of the table, but Fig. 506 indicates merely the table’s
face and the actual relative positions of the lines.

A square may be tried also without any standard right-angular lines whatever, and also
without marking any line on a table’s surface. With this object a strip of thick white paper may
be stuck to a table’s face with thin white lead, boiled oil, or paint, and on to the paper the blade
of a square is put while its pedestal is in contact with the true edge of the table; while thus held
a line is marked on the paper with irk, or with a fine pencil point, along one edge of the blade ;
the square is then put upside-down, and with the same edge of the blade touching the line just
made ; while in this situation the observer looks to the blade’s edge and to the ink line, and if
both coincide while the square’s pedestal is held tight to the table’s edge, the edge of the blade is
square to the pedestal. In order to try the other edge of the blade, a line is marked along it as
for the other edge, and the square is put upside-down, with the same edge near the line, similar
to the first marking. If the tool is far from correctness, it is necessary to mark a second ink line
upon the paper, and this is done by placing the square’s pedestal to the table and the blade to the
line on the paper, so that one point in the blade’s edge just coincides with one point in the line,
and when fixed a second line is marked along the edge of the blade, and the second line will
coincide with the first only in one point, while the greatest distance between the two lines
indicates twice the amount of adjustment necessary for the tool.

A bisector which consists of a tee-square having pins projecting from its pedestal is tried
by placing the pins into contact with the true edge of a table and marking lines along the blade’s
edges, similar to the mode for trying other squares. It is also necessary to try the bisector by
placing its blade across rings, and the ends of cylinders, or pieces of round iron of several sizes,
and to adjust the pins with filing, so that they may be both of one shape and circular. To try
the edges of the blade and pedestal, the bisector is put upon right-angular blocks, and the
light is observed between, as in the method for trying other squares.

During the scraping for adjusting squares and other angular gauges, it is necessary to
properly prepare the inner corners; these are the junctions of the blades with their pedestals,
and require to be hollowed, which facilitates the final adjustment. Such a hollow is very small,
and is made by gently driving a sharp chisel edge into the corner, and then scraping off the burs
which are raised up by the light hammering. The chisel for this purpose has a small cutting end
only about as wide as the small side of the blade termed the edge. When a square needs much
scraping near this inner corner, the small indentation becomes lost, and in such cases the chisel is
again required to make another small hollow.

AxGLE-GAUGES.—The two classes of angle-gauges now mentioned are those which are made
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of only one piece of steel, and those which are jointed and consist of two or three pieces for each
gauge. To make one of a single piece of steel, the tool may be formed either by bending or by
cutting the gauge from a piece of sheet steel. If it is to be made by bending, the piece selected
is a small bar which is thicker thdn the intended arms of the gaunge, and bent while thick ; it is
next reduced in order to thin and lengthen the arms to the proper length. When the gauge is
to be made of a piece of sheet steel, the metal is marked while cold, and next heated to redness a
few times to be cut out with chiselling on an iron block. s

The angle-gauges termed hexagon gauges subtend an angle of one hundred and twenty
degrees, and to adjust the arms of a gauge to this angle a circumference should be scribed and
intersected in three places. A circle’s circumference for this purpose is indicated by Fig. 507.
In order to indicate the required angle, a circumference is scribed upon a plane surface, and with
the same radius the circular line is cut in three places, which may be those shown in the Figure ;
a straight-edge is next putnear to the point P and to the next place of intersection and a straight
line marked, after which the adjoining straight line is marked by placing the straight-edge to the
next point of intersection ; these two lines are made of any length to suit the work and subtend
the required angle of one hundred and twenty degrees.

Those gauges that are jointed are represented by Fig. 508, and are made with a thick
shoulder-piece or pedestal, in one cnd of which is a joint-gap containing one end of a thin piece,
which is the blade. The joint-gap is made with drilling and filing, the drilling being commenced
at that place which is to be the bottom of the gap. The joint-pin for attaching the blade to its
place may be either a rivet which is riveted tight enough to prevent unintentional shifting of the
blade, or a small bolt, nut, and washer, the nut being a thumb-nut, that it may be casily worked
with a finger and thumb. Of these two fastenings the rivet is most effective and simple, although
not ornamental. The rivet-holes in such a gauge should both be coned, and the rivet while in its
place should extend an eighth of an inch from each side of the pedestal ; such a length will allow
the blade to be tightened at a future time after becoming loose, and allow the burs made with
riveting to be ﬁle§ off. The only adjustment which jointed gauges require consists in making the
blades and pedestals straight and rectangular, and filing the gap-sides parallel to the pedestal ; if
this 1s done, the broad sides of the blade will be parallel to the broad sides of the pedestal when
both are riveted together.

ANGLE - MEASURERS. — An angle - measurer which consists of a semicircular tool having
degrees of arc marked on it, is made of either sheet brass or sheet steel. If to be of brass,
Muntz metal is suitable, which is cut while cold, a piece about a sixteenth thick being selected
for an instrument about three or four inches in length. The marking to indicate the shape of
the tool is commenced by scribing a straight line along one side of the piece, and at about an
eighth of an inch from the edge; this line is made to serve as a base for a semicircle, which is
seribed by means of a centre dot situated about the middle of the line, the dot being marked by
C in Fig. 509. The radius with which the first semicircle is scribed is about a sixteenth longer
than the radius when the tool is finished ; consequently, if cut at this line, ample metal is allowed
for filing. Previous to cutting, another semicircular arc is scribed to denote the smaller or inner
boundary which will surround the space in the middle of the tool ; the length of this arc israther
less than that of the finished length, and the base or chord of the arc is a line parallel to the line
first made, the distance between these two straight lines being the width of the straight part of the
tool. This portion is termed the straight-edge, and the outer straight side is termed the true edge
or base of the implement. After the shape is marked, the sheet is put upon a soft iron block and
fastened with one or two screw-clamps to hold it while being cut, the cutting being effected with a
sharp chisel and hammer ; the piece in the middle is first cut out, and afterwards the superfluous
pieces which surround the intended tool, except the superfluous eighth of an inch which adjoins
the intended true edge. In addition to this piece, another small piece may be allowed to remain
at the opposite side, such picces being useful as holders or handles while marking and
finishing the broad sides of the instrument.

To make large tools of this class it is necessary to cast them in sand moulds, which are

U2
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shaped by wood patterns that are very nearly of the finished dimensions and shapes of the
required implements. Two or three holders are provided, as for smaller work; but large ones
are planed on a machine, after which the straight lines are marked to indicate the portion
termed the straight-edge, and the semicircular lines are scribed to the desired length. While
in this condition the edges are shaped and the angle-measurer is made ready for the marking of
the degrees.

Agsteel measurer of this shape is made of a piece of sheet steel, which is marked, while
cold, in the same manner as for making one of sheet brass; and, when marked, the steel is
heated and chiseled to its proper form, being careful to drive the chisel about halfway through
at all the marks previous to cutting any part entirely through. When it is entirely forged and
trimmed it is softened by slow baking, and next ground on a grindstone, which prepares the tool
for filing and smoothing.

A large angle-measurer, intended to be about three or four feet long, may be made of two
pieces of a hard tough iron. The metal selected consists of a bar or bars about as wide as
the straight-edge portion of the intended tool. Two pieces are required, and are welded
together, one of which is long enough to be curved to form the half-round portion, and the other
piece being sufficient for the straight portion. This straight piece is upset for scarfing at each
end, and also upset along its length; by this means it is made shorter than its finished length ;
the curved piece also is upset, and both are welded together by two joints which are situated at
the two corners of the implement. When the joints are finished, it is stretched to its shape and
dimensions by hammering and with a flatter. During this shaping, the work is put to a diagram
on a table; this diagram is a full-dimensioned outline of the tool's broad side, being about an
eighth of an inch longer and wider than the work when finished.

In order to tightly hold thin tools of this class and other work of similar shape while filing
their broad sides, they are held by means of screw-clamps on a wood or iron table, pieces of plate
iron and leather being put under the screw-points to prevent injury to the work.  Marking the
degrees of arc is not done till the broad sides are smoothed, if not polished. To mark an angle-
measurer without a machine, only a divider, straight-edge, and scriber are necessary, and the
marking commences by making a small centre dot, termed the primary centre, in the middle of
the outer straight line. From this dot two or three semicircular arcs are exscribed to distinguish
the longer from the shorter divisions to be marked. At each place where one of the semicircular
arcs intersects the outer straight line, another dot is made, and into one of these a divider-point is
put and the legs adjusted to a radius which will scribe a short arc at a short distance beyond the
ninetieth degree ; another short arc is next marked with the same radius by putting one point
into the dot at the other place of intersection and scribing across the are first made ; at the point
where the two short arcs intersect is the ninetieth degree, and to this point and the primary
centre the straight-edge is put to scribe a straight line across the instrument. The divider is next
closed to the same radius which scribed the semicircle, and while thus adjusted the entire semi-
circular line is divided into six equal lengths, which represent thirty degrees each. These portions
are next divided into three parts of ten degrees each, and afterwards each of these is bisected to
make each division represent five degrees. One more bisecting process will produce marks for
each two and a half degrees, which is about as small a quantity as can be marked by
these operations. Such dividing processes are in daily use among engine-makers, but the
accurate marking of degrees is always effected in proper arc-dividing machines.

Ring aND Prue Gauces.—Cylindrical gauges of this character are made of good iron which
is hardened, or of steel which is not hardened. To make them of steel without hardening is the
cheapest plan; such a course avoids the tedious grinding and filing after the gauges are swelled
or injured in some other manner during the usual hardening processes. When it is intended to
make them of iron, the metal selected should be a hard crystalline iron, which has been
thoroughly welded and hammered to erase all appearances of cracks, sandy streaks, limy and
other earthy accumulations, these rendering the metal unsolid and unsuitable for such gauges,
although it might be of excellent quality. The proper metal being selected, the forging of the
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plugs commences by heatingin a clean fire and steam-hammering a rod or bar and welding it with
rounding tools having angular gaps, in order to close the particles. After the iron is thus prepared
the plugs are roughly shaped while attached to the bar, each one being made singly and cut off
to be afterwards separately trimmed to the proper form. A plug thus shaped and ready to be
cut, off is shown at one end of a piece denoted by Fig. 510. Previous to forging, it is often necessary
to consider the sizes and conveniences of the lathes that are to be used for the turning ; in small four
orsix inch lathes one plug is easily turned without any additional handle, but if a large lathe is to
be used for small plugs they are forged with handles which are solid with the work, and so remain
until of no further use, when they are cut off in the lathe. For some lathes two plugs may be
forged with their handles solid together, as shown by Fig. 511 ; these are turned while together,
the cutting apart being the final process. The convenient method to suit most lathes is to forge
the holder at the cylindrical end of the plug, as indicated in Fig. 512; by this arrangement the
necessity for gripping the cylindrical end of the gauge is avoided. Steel plugs are forged with
similar holders, if required, a cheap close-grained cast steel being selected for the purpose.

The forging of the rings is effected by two principal processes, whether the metal used is
iron or steel. One process is suited to all small rings not exceeding two inches at their outer
diameters; these are forged by cutting slices from a rod of solid close-grained metal, and after-
wards cutting off the rugged portions near the centres of the intended rings. The other process
should be resorted to for making the larger sizes; these are produced from slices or properly
welded cakes, that have holes made in their middles, and are finished separately on a mandril which
is of the same diameter as that of the intended hole when forged. Insuch a ring the hole is first
made with a punch, and afterwards enlarged with taper drifts. If the ring being made is of iron,
a welding heat is given to the work after a hole is made, and the ring is welded with a hammer-
ing given to its entire surface, by which it is rendered solid, and any injury that may have
resulted from punching is remedied. To punch steel, a round punch having an oval cutting-end
is used, that the punch may gradually enlarge the hole from its original form of a slit, indicated
in Fig. 513, to the desired circular shape. After punching, the hole is drifted until of sufficient
diameter to admit the mandril’s end which is to hold the ring while being hammered for stretch-
ing or welding. The final forging of the ring cousists in cutting off superfluous pieces, and
curving the outer circumference termed the edge, and this is done with half-round top and
bottom tools; after which the ring is softened for turning, by allowing it to cool slowly in
cinders.

Prue-trurNiNg.—The lathe-turning of the rings and plugs is effected by several methods,
the mode selected depending on the quantity in progress and their dimensions. Plugs that are
about a quarter or half an inch in thickness are turned of steel wire, without any forging being
necessary. For such plugs the wire is cut into lengths, and their extremities are flattened to
admit the centring process; this is effected by the aid of a couple of vee-blocks and a scriber-
block, which are used on a table, as shown by Fig. 383. When the intended plugs are centred
and drilled, they are separately turned with a small lathe and slide-rest in which is a vee-point
tool. All the plugs are thus roughly turned to nearly their finished diameters, and are next
smoothed to their proper dimensions with a springy tool and soapsuds. These diameters are not
the finished diameters, but are larger, each plug being turned to fit a special gauge-hole, which is
of a suitablé diameter to allow a proper quantity of filing and grinding the plug to finish it.

Plugs about an inch or two inches in thickness, that are to be finally hardened, are also
hardened at the commencement of the turning, after about a sixteenth of an inch has been
turned off the entire surfaces of the plugs. After this hardening, they are again softened by
gradual cooling, and next turned to their proper diameters for gringling. To turn a large number
of plugs expeditiously, they are roughed in one lathe, smoothed with a springy tool in another
lathe, and ground to the finished thickness in a third lathe. Cutter-rings also are useful to
roughly adjust a number of plugs to ‘one diameter. A cutter-ring or cutter-socket is a piece of
steel which resembles an ordinary six-sided nut, having a number of cutting edges formed in ‘the
boundary of the hole. This hole is rather taper, and the cutting teeth are made by rifling, which
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consists in making coarse-thread grooves into the boundary of the hole while the ring is fixed to
a chuck of a screw-cutting lathe. After the teeth are sharpened and hardened, the tool is used
by slowly forcing it on to a plug or other piece of work which has been turned to allow only
a small quantity for the ring to cut off. The cutting is effected by rotating the work in a lathe,
and slowly advancing the ring along without allowing it to rotate; consequently it is held with a
spanner, or some other kind of frame which may be fixed to, and made to traverse along with,
the lathe-carriage. A cutter-ring of this class resembling a nut, is denoted by Fig. 516.

Plugs and other short pieces of work of similar character may be conveniently turned with
a double lathe, similar to that represented by Fig. 528. Such a machine resembles two lathes
having short beds which are together in one casting. On the bed are two mandril frames and

“two poppet-heads, ecach lathe-spindle being actuated by a driving band and starting apparatus
which 1s distinct from that belonging to the other spindle. Each half of the machine has also
its slide-rest and traverse gear, so that one can be worked quicker or slower than or without the
other. When a piece of work of great length is to be turned, the two middle heads are taken
from the bed, and the two traverse gears made to serve as one; by this means the entire length
of the bed is always in use, and the affair is therefore economical for a great quantity of small
work when only a few lathes are accessible.

Plugs whose diameters are three or four inches require holes to lighten the tools without
impairing their efficiency. These holes are bored to about the lengths of the cylindrical parts,
and the boring is partly done at the commencement, after the outer surface is roughly turned.
The boring or drilling is effected either with a coned plate on a lathe or with a drilling-machine.
All the large plugs are easily bored roughly in a vertical driller, and, after being bored by some
means, the hardening is the next process to the first boring. When hardened, the plug is next
softened, and again bored smoothly, and this time to the finished dimensions. The diameter of
this hole is about half the plug’s diameter, and is useful for turning the outside of the plug,
which is done either by driving a spindle tight into the hole and fixing a gripper to the plug,
or by allowing the edge of the hole to rotate on a large conical pivot.

Ring-rurNING.—Making small gauge-rings about an inch or two inches in diameter is per-
formed by boring holes into well-forged cakes of steel while attached to a lathe-chuck. The
chuck is a dog-chuck or grip-chuck, consisting of a disc-chuck having a pair of angular grips
connected with one screw. This screw is a spindle on one half of which is a right-hand screw
for working one of the grips, and having on the other half a left-hand screw for moving the other
grip; such a screw is fitted to the disc-chuck, and rotated for fixing and unfixing the work by
means of a spanner which fits both ends of the screw. Such a screw by being rotated will move
both the dogs in.opposite directions at the same time, so that when a piece of work is between
the dogs, it is fixed or unfixed by merely placing the spanner to only one end of the screw and
rotating it. Chucks worked with right and left screws, are of several sizes, and have dogs of
various shapes. One class of these are denoted in Fig. 540, in which a right and left-screw chuck
is shown, that is suitable for boring gauge-rings and a large number of rings for other purposes.
When used for gauge-rings, each ring is first bored while in the chuck to a diameter which is
smaller than the finished diameter ; they are next turned on an arbor in some other lathe to
reduce them to the proper thickness and onter diameter ; after this they are again fixed to the
same lathe-chuck, or to some other lathe, and the holes are finally bored with a dlide-rest tool
and water.

The turning of gauge-rings about four or six inches in diameter is performed in a manner
somewhat resembling that for smaller ones; and if to be hardened, it is done next to the first
boring and turning of the entire surfaces. After being softened for the second turning, the outer
sides are finished while on an arbor; consequently, while fixing each ring to the chuck to be
finally bored, the outside of the ring is made to rotate exactly concentric with the lathe-spindle or
with the outer edge of the chuck. This concentricity is termed truth ; and when a certain edge,
rim, side, or other portion of a piece of work rotates concentric with the lathe-spindle, the particular
edge or rim runs truly. If a right and left-screw chuck is used for boring large rings, a couple
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of fastening-plates and bolts are required to hold the work, in addition to the two dogs. While
thus held, the hole s finally bored with a slide-rest tool, and also, in some cases, finally ground to
the finished diameter while still in the dogs.

In order to avoid much of the lathe-boring with slide-rest tools, it is proper to enlarge the
holes in the rings by means of a drilling-machine when a large quantity of metal is to be taken
out. The drill used for this purpose is usually a cylindrical one having a few cutting teeth at
the end; such a drill is termed a rosebit, and is represented by Fig. 517. This tool is specially
adapted to vertical drilling-machines, but is also sometimes used in a lathe, to avoid taking out
several cuts from a ring or boss, and also to roughly adjust a number of holes to one diameter
without the need of measuring. A rosebit in use in a lathe is shown in Fig. 540, being ‘sup-
ported at one end with the poppet-pivot. A rosebit is not used until the hole is truly bored by
some other means; and when a proper quantity has been taken out, the rosebit is used to avoid
boring with a slide-rest tool, or to finish the hole to the diameter desired. If a rosebit is employed
to bore a steel gauge-ring, a plentiful supply of oil is given to the tool while the work rotates;
the oil at such times is poured into one of the oil-channels of the rosebit, by which means the
oil travels to the cutting teeth of the tool. During the rotation of the work, the rosebit is held
by a spanner which fits the square head of the tool next to the poppet-pivot. In the Figure the
long end of the spanner is shown in contact with the carriage, and to advance the tool into the
work the operator rotates the poppet-wheel, which advances the poppet-cylinder, and, consequently,
the rosebit in contact.

GrixpiNG RiNgs.—The final adjustment of the hole in a ring, whether soft or hard, must be
effected by grinding. When a ring is to be ground with the same lathe in which it was bored,
the ring 1s allowed to remain in the same condition fixed to the chuck, and the grinding-tool is
fixed to the slide-rest in the same manner as a boring-tool. The grinder for rings is a long slide-
rest tool having a lead or wood boss attached to one end, this end being put into contact with the
surface to be ground while the other end is tightly fastened in the slide-rest tool-holders. The
grinder is quickly moved to and fro in the hole by means of the lathe-traverse, and is made to
bear either tight against the work or gently, by working the slide-rest screw. While moving to
and fro, a mixture of emery and oil is applied to the grinder, and only the smaller sizes of emery
are used. For each size of emery a separate grinder 1s required, which is one means of preventing
irregular scratches in the work. The smallest emery, termed flour emery, is not necessary for
adjusting to the required dimensions, but merely for a final polishing; the larger sizes of emery
are therefore nseful to quickly adjust the work, and the flour emery to smoothe it.

While adjusting a ring to its finished dimensions a standard gauge is necessary, and this is
not the plug which is to be used with the ring, but another of the same diameter, and to this
plug all the rings of one size are ground. By such means a number of rings may be made of one
diameter, and all will be of the required diameter if the standard is right; but when each ring is
made to fit merely its own plug, all are of different diameters, and all may be either too large or
too small. The standard plugs used for such measuring should be hard, to avoid much of the
tendency to wear, although steel ones that are not hardened may be employed and used for
several years, if in the hands of proper workinen.

. GrinpING Prues.—By means of springy tools and soapy water, also a smooth filing, a plug,
whether a small one or a large one, may be nicely smoothed to fit the proper hole which allows
the necessary quantity for grinding the plug to its final diameter. Only by care in the turning
can the grinding be effected with some degree of comfort, and without a great consumption of
time. To facilitate the making of a large number of plugs, it is usual to perform the grinding
with a lathe specially adapted to the purpose. Such a lathe requires no gear for slow movements,
nor any delicately finished machinery that would be injured by the emery falling about. The
tools that belong to such a lathe consist of cans or boxes having lids to contain emery of two or
three sizes—a reservoir of oil and emery, which is suspended so that the mixture may run easily
to the work—and a few grinders. A grinder for plugs and other cylindrical work consists of a pair
of grips made of lead or wood; these are of various sizes to suit work of various diameters, and
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each pair of grips are jointed together at the end for grinding, and are held together at the other
end with a bolt through a hole in each arm or handle of the tool, Wood grinders of this shape
may have two or three grinding gaps, similar to those shown in Fig. 529, and a gap which is too
large for the particular work in hand is made to suit the work by placing pieces of sheet lead
between the wood and the surface to be ground. The grinding surfaces of all the gaps should be
hollowed, to form recesses in which the emery and oil will collect, instead of being quickly rubbed
off with the edges of the grips. The process of grinding by such means consists in
rotating the plug in the lathe while a pair of grips is fixed tight to the surface to be ground, and
while in contact a traversing motion which is parallel to the length of the lathe is imparted to
the grinder, by which a smooth circular form is given to the work being ground, and without this
movement, together with the rotary motion, a cylindrical form cannot be produced ; if the
traverse of the grinder ceases only a few seconds, the work is disfigured with circular grooves
around the surface, and is in danger of being spoiled. In order, therefore, to continually move
the grinder, it is moved to and fro with the hands of the operator, or by means of the lathe-
traverse. This traverse is termed coarse, because the wheels are of proper sizes to produce a
much quicker movement along the lathe than would be required for turning. The length of the
hole in a grinder is about equal to the thickuess of the work to be ground, if it is about three or
four inches in thickness ; but for work about one or two inches thick the length of the hole is about
twice the diameter of the work. During the grinding, emery and oil is applied either by a pipe
from the reservoir, or applied with a brush by the operator, and the traversing motion is continued
to and fro along the entire length of the work, if it is parallel and needs an equal reducing; but
if one portion is too thick, while other parts are of the required thickness, the grinder is moved
only along the thick portion until sufficiently reduced.

The grinder-frame shown by Fig. 530 is bolted to the saddle or carriage of the lathe, and is
provided with a jointed cap in one end of which is a screw-bolt for applying the pressure necessary
for grinding. The grinding grips which belong to the frame are of lead, and of various sizes and
thicknesses to suit various work, and the emery and oil or diamond-dust are applied to the work
through a hole in the middle of the cap. This hole is large enough to hold the end of a pipe
belonging to a feed-cup which is put on to the cap when grinding is to be effected. A frame of
this class is suitable when a large quantity of reducing is'to be effected, which occurs when a plug
has been distorted with hardening and requires three or four days’ grinding. In order to
accommodate the frame to the work when it does not rotate truly, the frame is loosely bolted to
the saddle to permit a small movement which effects the accommodation required. A grinder
frame which is provided with a joint in the middle may be tightly bolted to the saddle, instead of
loosely, which is necessary for a frame without an accommodating joint.

STANDARDS.—A standard measure is any measure that may be adopted as a standard by any
individual, whether he makes it himself or purchases it from those whose business it is to make
standards. The particular standard rings and plugs selected by any one maker are those which
suit his particular work. The standards that he selects to be used for measuring general work,
are those of his own make, and several plugs and rings of one size are required in order that they
all may be in use at one time when a great number of pieces of work of the same dimensions are
in progress. Such gauges are made to resemble the standard which he adopts as his authority,
and in England the Whitworth gauges are the standards in use at the present time. These are
hard, and therefore not liable to wear with proper usage. Each one has a name that indicates
the number of inches and parts in the diameter of its cylindrical portion, and the difference of
diameter is the sixteenth, eighth, tenth, and other portions of an inch, as they are usually named.
The most useful and universal dimensions for plugs and rings are those differing by millimétres,
and of these two Tables are now given. Table 3 denotes the dimensions of the plugs, and in the
first column are secen all the names of the plugs, each name denoting the diameter
of the gauge; in the second column are seen the total length for each different diameter; the
lengths of the cylindrical portions are given in the third column, and the lengths of the handles
in the fourth column. In Table 4 are given the dimensions for each ring, the first column
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indicating the diameters of the holes, the second column showing their heighths or widths, and

third column denoting the extreme diameter of each ring.

TABLE 3.

TABLE 4.

DIMENSIONS OF PLUGS.

DIMENSIONS OF RINGS.

Diameters of Lengths of " 8 o
cylim:ir(i’zl por- Total lengths. cylimixig'g;asl por- L;:E:nh:;f D mz::i:;fs of H;;%T;;:'or Ex:;zzi;‘ha'
Millimetres. Millimetres. Millimetres. Millimetres Millimatres. Millimetres. Millimetres.

1 20 7 13 1 4 15
2 25 10 15 2 W) 18
3 30 13 17 3 6 20
4 35 16 19 4 7 22
5 38 17 21 5 8 24
6 40 17 23 6 9 26
7 45 20 25 7 10 28
8 50 21 29 8 11 29
9 58 25 33 9 12 30
10 64 27 37 10 13 31
11 70 28 42 11 14 32
12 75 30 45 12 15 34
13 80 32 48 13 16 37
14 83 34 49 14 17 41
15 86 36 50 15 18 43
16 90 38 52 16 19 45
17 94 40 54 17 20 48
18 96 42 54 18 21 51
19 99 44 55 19 22 52
20 102 46 56 20 23 56
25 110 50 60 25 28 68
30 120 54 66 30 33 78
35 130 57 73 35 38 88
40 139 60 79 40 43 98
45 148 65 83 45 48 110
50 155 69 86 50 53 122
55 162 75 87 55 58 132
60 170 82 88 60 63 140
65 178 89 89 65 65 148
70 184 94 90 70 67 156
75 186 95 91 75 69 164
80 188 96 92 80 70 170
85 190 96 94 85 71 176
90 194 98 96 90 72 182
95 196 98 98 95 73 192
100 198 98 100 100 74 200

The smaller sizes of plugs have broad thin handles, which are larger than the cylindrical
portions, for convenience of holding with a finger and thumb; their rings also are comparatively
large; such are represented by Fig. 518. Plugs about thirty or forty millimétres thick have
- handles about as thick as the cylindrical portions; these are denoted by Fig. 519. The heavy
gauges require holes through their handles to hold a lever for moving the plugs and for lifting
them ; the handles of large plugs are smaller than the parallel portions, and are denoted by

Fig. 520.

In order to allow the rings to be easily and qﬁickly tried upon the work which is in
progress, the entrances to the holes are curved and smoothly polished; both ends of the hole are
thus treated to permit the ring to be placed either way first on the work being tried. Each plug

X
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is also curved at the end, for effecting an easy entrance into the gauge ring, and for entering any
other hole for which the plug may be used as a standard. To properly use ring and plug gauges
it is necessary to make the surface of the work to be measured as smooth as possible previous to
trying in the plug or trying on the ring; if the work is not smooth, it cannot be measured with
any gauge whatever. Those who are particular in the management of cylindrical gauges keep
them oiled with good oil, and in a box free from dust; and every time a plug or ring is to be
put to a piece of work, both the work and gauge are first cleaned with a clean cloth, and then
oiled with clean oil.

SURFACE-PLATES.—A small surface-plate about three or four inches across is easily made of
steel, and forged instead of cast. After the steel is cut to its length, it is trimmed with a chisel,
to prevent the rugged pieces being hammered into the work ; and after a smoothing with a flatter
and a softening with slow cooling, the plate is ready for planing. .

Where a steam-hammer large enough is on the premises, it is advisable to forge the larger
plates also, and the material used should be a cheap cast steel, which is now attainable. By
forging a large surface-plate all risk of making a spongy casting is avoided. 'When a plate is to
be made by forging, the steel should be cast in a mould about the same shape as the intended
forging when finished, but it should be larger, to admit a steam-hammering; this hammering is
given as soon after the pouring as convenient, to avoid the reheating in a furnace. Surface-plates
require a granular or crystalline form for the particles; so that only a small amount of
hammering is given to the work, the amount being sufficient to condense the mass without
producing fibres.

Surface-plates and tables of several feet in length and width are cast to their intended shapes,
some having a number of slots and holes in various sides, to render the tables suitable for their
special work. A surface-plate termed a bench-plate is one used near vices, and is kept on or
near a vice-bench. Such a plate is frequently moved from place to place, and two handles are
provided to screw into holes in the plate’s edges when it is necessary to carry it about. To avoid
the plate’s tendency to bend with its own weight, a hollow is formed at the time of casting in the
back of the plate; this recess is at the middle, which is the portion furthest from the plate’s
edges, and therefore needs to be made as light as possible, because while in use it is without any
prop or support, except the adjoining metal. Large tables, which are made by casting without
any forging, are made strong and light by means of recesses and ribs that are formed at the time
of pouring; and if only one side of the table is to be specially planed, this one side is at the
bottom of the mould, the bottom of the work being the most solid portion.

A cheap class of plates are those formed of the superfluous cakes or slices which are cut off
a shaft while in a lathe. A surface-plate made by such means is lathe-turned on both sides while
still attached to the shaft, but partly cut off with a parter; after being smoothed with turning to
as near the centre of the shaft as possible, the piece is broken off, and the rugged portions which
remain at the middle are planed off with a shaping-machine or planing-machine. By this means
a small quantity is taken off both sides of the plate, in addition to cutting off the rough picces at
the middle.

Pillar-tables are those which consist of pillars that have one end specially smoothed and
planed. One of these implements is stood in some convenient place, with its plane extremity
upwards, and at a proper height for its special use. These tables are of different heights and
diameters, and the simplest sort consists of either a short bar or rod of iron which is lathe-turned
at one end and smoothed with scraping to produce the required surface. Pillar-tables are not
liable to distortion in their plane surfaces while being moved about, or through their own weight;
so that such a tool is specially useful when a particularly good surface is required. Such a table,
if cast, may easily be made ornamental by carefully designing the shapes of the wood patterns.
A simple class of such implements are denoted by lgig. 514, and are made of cither wrought iron
or cast steel. Another class which may be made of cast steel or cast iron are indicated by
Fig. 515. Pillar-tables may be tightly fixed in the ground if not intended to be portable, and
loosely stood on any floor when they are to be capable of being moved about.
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The methods for planing surface-plates after being cast or forged, include grinding on a
grindstone, chipping with hand chisels, turning, planing on a planing-machine, filing, and
scraping. A small steel or cast-iron plate, that is only a few pounds in weight, is first ground by
gripping it in tongs and holding it to a grindstone well supplied with water. ~After all the outer
hard skin is thus taken off, the work is next turned with a lathe, or flattened with a planing-
machine, until the plane surface or surfaces are produced. Small plates should be forged or cast
of a proper size, to avoid all reducing, except by means of a grindstone and filing ; such a course
is especially necessary for a maker who is not furnished with planing-machines. When it is
necessary to reduce a surface with chipping-chisels, the edges are first bevelled, and a number of
grooves, or channels, are next made across the surface with a grooving chisel, having a cutting
part about a quarter of an inch wide; after which the ridges thus formed are cut off with a
planing or smoothing chisel. A plate grooved by this mode is denoted by Fig. 521. Lathe-
turning is a convenient process for reducing a surface-plate which is circular. To-and-fro
shaping-machines are used for planing small plates which are rectangular, and all large surface-
plates or tables of several feet in length are reduced to their proper dimensions with large
planing-machines.

When any one of these processes is in operation, the roughing of the entire work should be
finished before the smoothing of any part is commenced. During the chipping, turning, or
planing of any surface-plate, it is necessary to take off the outer hard skin of every side of the
work which is to be reduced, and also to reduce the entire picce of work to very near its finished
dimensions, previous to completing the planing or turning of any one side. By this method the
work is put upside down and otherwise shifted several times during progress, because each side
which is to be reduced is fixed twice to the lathe-chuck, or other machine-table employed for the
purpose. By such modes of reducing, the work is not bent nor any of its smooth sides bulged
after being smoothed, which will happen if a rough side is reduced after a smooth one is finished.
This bulging is caused by the metal being harder and more elastic on one side than at some other
side or place in the work, and also by the friction of the tool heating the work and expanding it,
and through one side of a casting being cooled too soon; also through hammering one side of the
plate more than the opposite side while finishing the forging, and other causes. Previous to
each fixing, the work may be tumbled about, stood on its corners, and hammered in several
places, which further tends to promote a sort of permanent relation of the particles, which will not
be liable to disarrangement by the future usage of the table. After the work is properly reduced
on all sides, the final cuts given are very thin; and during the finishing cut of any side the work
is but lightly held with only a gentle pressure of the fixing bolts, every bolt or other fastening
being loosened after all the rough cuts.

In the course of planing or other reducing of a surface-plate, the work may be condemned
through the appearance of spongy portions. If these are not numerous, the defects are re-
medied by plugging. To fill up a spongy place, the proper materials are gun-metal, iron, and
steel. If a hole about half an inch in diameter is situated near the middle of a surface, the hole
is put into a proper shape with chiselling and filing, the bottom of the hole being made a little
larger than the mouth, and the edges around the mouth being thickened and smoothed. When
the hole is ready, a plug of red-hot iron or steel of proper length is hammered into the hole until
the outer extrcmity of the plug is about an eighth of an inch above the surface; about a six-
teenth of this eighth is next chiselled off, and the plug allowed to cool. When cold, a final
hammering is given to make the plug fill the entire recess; after this final riveting, the plug
must not be chiselled or hammered in any way, but is reduced with planing and filing until level
with the surface. To fill a hole situated near one edge of a surface, a small portion may be
chiselled out to enlarge the opening until shaped to a dovetail form; after which, a piece of
metal is tightly fitted into the opening, and also riveted a little to fill up all interstices. When
several sponge-holes are discovered near together and near an edge, all of them are enlarged to
form one large opening, which is next dovetailed and a piece fitted to the opening in the mode
described.

x2
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FmvisainGg oF SURFACE-PLATES.—Filing is performed upon all surface-plates, whether they
have been prepared with a planing-machine, chipping, or turning. Small plates are filed
while in a vice, and those that are too large for a vice are put flat upon a vice-
bench or other bench, and the broad sides filed while the work is fixed with its own
weight. To file the narrow sides termed edges, the plate is gripped in a vice, or stood
on the floor edgeways and held with packing-blocks if the work is not heavy enough to
stand alone. The first step after the planing or turning of a surface-plate is the filing with
rough and smooth files having cranked holders, until the machine-tool marks are only just
erased ; the plate’s surface is then put upon the surface of another table, which is a secondary
standard of reference; while on this surface, the plate in progress is moved to and fro a few times
to be marked with a black oily mixture which is thinly spread over the cntire face of the
standard. The marks thus made indicate the prominent portions which are to be filed off with
short smooth files, in order that the hollow places may not be touched. At this first trial of a
plate, only the marks in the middle of the surface should be filed off; and although marks may
be seen around the edges, no attention need be given them at the first few trials, because any
plate which is convex will exhibit marks of contact on its entire surface merely through the
rocking motion given to the work while rubbing it on the standard. In order, therefore, to
destroy all convexity on the surface in hand, it must be filed only in the middle after each trial, if
any marks are seen in the middle, whether or not they appear near the edges; but as soon as the
middle is sufficiently reduced to prevent the marking matter or tange adhering to it, the
surrounding parts are reduced, and the reduction of these portions may be safely continued until
the middle again exhibits the marks of contact, at which time it must be reduced to produce a
hollow form rather than a convex one. While a slight concavity exists at the middle, the surface
is favourably progressing ; but if only a small degree of convexity exists, the evil will probably
increase after each trial, if the entire surface is reduced merely because the marks seem to indicate
such a course. By thus duly recognising the possible existence of a convexity, the surface is
gradually and surely filed ; and, after filing, the scraping is conducted by observing the same
order of reducing, first the middle, next the surrounding portions, and lastly the edges.

The secondary standard surface on which the trials are made is that which sustains the
greater portion of the rubbing, and therefore also the small amount of wear that results from the
attendant friction ; all secondary or tertiary standards are therefore more or less liable to defect,
and near the conclusion of a scraping process the work is put upon a sort of primary standard,
on which only about three rubs is allowed for fear of injuring its surface.

The processes just mentioned are effectual for producing good surfaces whenever the necessary
standards are accessible; if not, straight-edges must be used as standards, and the work itself is
also made a standard ; this is effected by making three or four plates, and finishing them at one
operation, so that all the surfaces are scraped at one time, rubbed together and finished about
the same time. When two or three plates are being tried by thus referring them to each other
instead of to a finished standard, it is necessary to frequently apply the straight-edge, because one
surface which is convex will fit another which is concave, and cause both to appear flat. The
management of such surfaces therefore consists in making them as much like planes as possible
by means of the straight-edge and referring them to each other. After the surfaces are thus
adjusted with smooth filing, the next step is to grind three or four of them together successively
with emery and oil until all coincide with each other when put together and appear to be flat.
Grinding any two of the surfaces together generally makes the upper one convex and the lower
one concave, through the lower one sustaining the weight of the upper one ; consequently, if four
surfaces are in progress, all of similar metal, and all equally flattencd to the straight-edge at the
commencement of the grinding, two pairs of convex and concave surfaces will be produced, the
two hollow ones differing from a plane just as much as the two convex ones. At this stage the
two hollow ones are selected and rubbed together with the marking matter on one of them
instead of emery, and thc marks thus made indicate the surrounding portions which are to be
filed off with smooth files, or rough ones'if necessary. Another grinding with emery and oil is
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next given, with emery which is smaller than that first used, in order to indicate distinctly the
hollow places, and distinguish them from the prominent edges that are being taken off with
inding.

» Bybmeans of such grinding and filing, very tolerable surfaces are produced without the aid
of a standard plate, but not without a standard straight-edge; therefore, if it ha¥pens that the
straight-edge in use is defective, an opportunity occurs for improving the tool. This is effected
by referring it to both the surfaces which were made bg grinding the two hollow ones together ;
and, to do this effectually, the straight-edge is rubbed on the plate in various directions. To
avoid being deceived with any slight rocking that may arise through a small convexity that may
exist on the surface, the straight-edge should be held by holding it at the middle with one hand,
and with the other hand at one end, instead of with one hand at each end. By being thus held,
it is put into contact and made to touch at least two places in both the straight-edge and the
surface-plate ; these two places are easily discovered by the light being obstructed at the points
of contact. If the work is high enough for convenient observation, the operator will discover
which of the two surfaces is convex, and whether the straight-edge is convex. If the tool is held
in the mode directed, and no light is scen along the entire length of the straight-edge, the two
surfaces in contact are either both straight, or one happens to be as much concave as the other is
convex. To ascertain if both are straight, put the straight-edge upon the other surface which
was ground with its companion, and if no light is seen at this trial, all the three implements are
straight, including the straight-edge and both the plates. When the implements do not thus
coincide, the faulty ones are distinguished by the situation of the points of contact. If the
straight-edge is held in the proper manner, and each end of it touches each end of the plate, but
not at the middle, one of the two tools is hollow; and to discover which one, the straight-edge is
put upon the other companion plate, and if the light appears at the middle as before, th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>