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FOREWORD.

“OIld” is not necessarily outdated. “New” is not neces-
sarily better. These statements underscore the reasons for
reprinting Practical Blacksmithing. The techniques and
tools illustrated and their application to the handmade
object are as valuable to the modern blacksmich: as they
were forefathers of the iate 1800¢ Black withine

re to his forefathers ot the late 1800s. Black uthing,
as a craft, had a rapid demise when industrializat:: 1, mass
production, and modern technology set in, but i. didn’t
_die. Rather, it smoldered, as did the coals of the * -ge.
Today those coals are once again being fanne. into
brightly lit flames as craftsmen take up blacksmithi::z asa
hobby, as an art form, and as a creative endeavor for any
variety of reasons and satisfactions.

In the 1970s, the heated and hammered metal beg 1 to
assume an entire range of forms that differed greatly irom
those made in Richardson’s day. The horseshoe, the :ail,
the plowshare tine do not stimulate the imagination of the
modern smith. He is more apt to be interested in creating
some object that is not made by industry, one that may
be decorative and practical such as an unusual hinge or a
door knocker. He may forge the iron into an expressive
and unique form such as a sculpture, a carved head at the
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end of a banister, the base for an avant-garde table, or a
personalized weather vane.

No matter what the form, the approach and the tech-
niques have not changed appreciably from those of Rich-
ardson’s era; perhaps the bellows is now activated by
electricity rather than a foot pump or hand crank, and
the composition of available metals differ—Richardson
and his peers were able to secure wrought iron while
roday the blacksmith has a variety of different steels to
1seE.

The four original volumes that have been combined
unabridged into this single new volume are offered as a
basic resource for the modern blacksmith. It will lead him
to a discovery of old tools that may no longer be in exis-
tence, to learn how they were shaped and why. It will
help him recreate such tools, especially tongs, hammers
and chisels, for his own further forays into smithing.

The collector of old tools will welcome the informa-
tion and find it an invaluable aid for identifying items
found at flea markets, farm sales, and in antique shops.

Practical Blacksmithing—with its emphasis on tech-
nique and craftsmanship, its homey style, its glimpses into
the distant and recent past of this ancient craft—will ex-
cite the historian and nostalgia enthusiast. It will help
bring the new blacksmithing activity into a sharper focus
and a brighter future.

DonaZ. MEILACH
1978
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PREFACE.

Although there are numerous legendary accounts
of the important position occupted by the black-
smith, and the honors accorded him even at a period
as remote in the world’s history as the time of King
Solomon, strange to relate there is no single work in
the language devoted solely to the practice of the
blacksmith’s art. Occasional chapters on the subject
may be found, however, in mechanical books, as well
as brief essays in encyclopedias. While fragmentary
allusions to this important trade have from time to
time appeared in newspapers and magazines, no
one has ever attempted anything like an exhaustive
work on the subject ; perhaps none is possible. This
paucity of literature concerning a branch of the
mechanic arts, without which other trades would
cease to exist from lack of proper tools, cannot be
attributed to a want of intelligence on the part of
the disciples of Vulcan. It is perfectly safe to
assert, that in this respect blacksmiths can hold their
own with mechanics in any other branch of industry.
From their ranks have sprung many distinguished
men. Among the number may be mentioned Elihu
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Burritt, known far and wide as the ““learned black-
smith.” The Rev. Robt. Colyer, pastor of the
leading Unitarian Church in New York City, started
in life as a blacksmith, and while laboring at the
forge, began the studies which have since made him
famous.

Exactly why no attempt has ever been made to
write a book on blacksmithing, it would be diiicult
to explain. It is not contended that in the follow-
ing pages anything like a complete consideration of
the subject will be undertaken. For the most part
the matter has been taken from the columns of 7%e
Blacksmith and Wheelwright, to which it was con-
tributed by practical men from all parts of the
American continent. 7/e Blacksmith and Wheel-
wright, it may be observed, is at present the only
journal in the world which makes the art of black-
smithing an essential feature.

In the nature of things, the most that can be done
by the editor and compiler of these fragmentary
articles, is to group the different subjects together
and present them with as much system as possible.
The editor does not hold himself responsible for
the subject matter, or the treatment which each
topic receives at the hands of its author. There
may be, sometimes, a better way of doing a job
of work than the one described herein, but it is
believed that the average blacksmith may obtain
much information from these pages, even if oc-
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casionally some of the methods given are inferior
to those with which he is familiar. The editor has
endeavored, so far as possible, to preserve the exact
language of each contributor.

While a skillful blacksmith of extended experience,
with a turn for literature, might be able to write a
book arranged more systematically, and possibly
treating of more subjects, certain it is that no one up
to the present time has ever made the attempt, and
it is doubtful if such a work would contain the
same variety of practical information that will be
found in these pages, formed of contributions from
hundreds of able workmen scattered over a wide
area.

THE EDITOR.




INTRODUCTION.

Some time since, Mr. G. H. Birch read a paper
before the British Architectural Association entitled:
“The Art of the Blacksmith.” The essential por-
tions of this admirable essay are reproduced here
as a fitting introduction to this volume:

“It is not the intention of the present paper to
endeavor to trace the actual working of iron from
primeval times, from those remote ages when the
ever-busy and inventive mind of man first conceived
the idea of separating the metal from the ore, and
impressing upon the shapeless mass those forms of
offense or defense, or of domestic use, which oc-
casion required or fancy dictated. :

“ Legends, both sacred and profane, point retro-
spectively, the former to a Tubal Cain, and the
latter to four successive ages of gold and silver,
brass and iron. Inquiry stops on the very edge of
that vague and dim horizon of countless ages, nor
would it be profitable to unravel myths or legends,
or to indulge in speculation upon a subject so un-
fathomable. Abundant evidence is forthcoming not
only of its use in the weapons, utensils and tools of
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remote iimes, but also of its use in decorative art;
unfortunately, unlike bronze, which can resist the
destructive influence of climate and moisture, iron—
whether in the more tempered form of steel or in
its own original state—readily oxidizes, and leaves
little trace of its actual substance behind, so that
relics of very great antiquity are but few and far
between. It remains for our age to call in science,
and protect by a lately discovered process the works
of art in this metal, and to transmit them uninjured
to future ages. Inthe

RETROSPECTIVE HISTORY OF THE BLACKSMITH'S AR?T

no period was richer in inventive fancy than that
period of the so-called Middle Ages. England,
France, Italy, and more especially Germany, vied
with each other in producing wonders of art. The
anviland the hammer were ever at work, and the glow
of the forge with its stream of upward sparks seemed
to impart. Piometheus-like, life and energy to the
inert mass of metal submitted to its fierce heat.
Nowhere at any period were the technicalities of iron
so thoroughly understood, and under the stalwart
arm of the smith brought to such perfection, both of
form and workmanship, as in Europe during this
period of the Middle Ages.

The common articles of domestic use shared the
influence of art alike with the more costly work
destined for the service of religion; the homely
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gridiron and pot-hook could compare with the
elaborate hinge of the church door or the grille
which screened the tomb or chapel. The very nail
head was a thing of beauty.

Of articles for domestic use of a very early period
handed down to our times we have but few speci-
mens, and this can easily be accounted for. The
ordinary wear and tear and frequent change of
proprietorship and fashion, in addition to the in-
trinsic value of the metal, contributed to their dis-
appearance. “ New lamps for old ones,” is a cease-
less, unchanging cry from age to age. In ecclesi-
astical metal-worl;, of course, the specimens are more
numerous and n.ore perfectly preserved ; their con-
nection with the sacred edifices which they adorned
and strengthened proved their salvation.

IRON TO PROTECT TEE HUMAN FORM.

Without going very minutely into the subject of
arms and armor, it is absolutely necessary to refer
briefly to the use of iron in that most important
element, in the protection of the human form, before
the introduction of more deadly weaponsin theart of
slaying- rendered such protection useless. In the
Homeric age such coverings seem to have been of
the most elaborate and highly wrought character,
for, although Achilles may be purely a hypothet-
ical personage, Homer, in describing his armor,
nrobably only described such as was actually in use
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in his own day, and may have slightly enriched it
with his own poetic fancy. From the paintings on
vases we know that sometimes rings of metal were
used, sewn on to a tunic of leather., They may have
been bronze, but there is also every reason to
believe that they were sometimes made of iron.
Polybius asserts that the Roman soldiers wore chain-
mail, which is sometimes described as “weolls vica
catena,” and we find innumerable instances on
sculptured slabs of this use, and in London, among
some Roman remains discovered in Lastcheap and
Moor Lane, actual specimens sf this ringed armior
occurred, in which the rings did not interlace as in
later specimens, but were welded together at the
edge. From this time there is aunthentic evidence of
its constant use. The Anglo-Saxons wore it, as it is
frequently described in manuscripts of this period.
Later on, the Bayeux tapestry represents it beyond
the shadow of a doubt, both in the manner as before
described and also in scales overlapping one another;
while the helmet of a conical shape, with a straight
bar in front to protect the nose, is also very ac-
curately figured. What we call

CHAIN-MAIL

proper did not appear before Stephen’s reign, and
its introduction followed closely after the first
Crusade, and was doubtless derived from the East,
where the art of working in metals had long been
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known and practised. The very term *“mail”
means hammered, and from Stephen’s time until that
of Edward Il it was universally used; but Iong
before the last mentioned period many improve
ments, suggest=d by a practical experience, had
modified the complete coat of chain-mail. Little by
little small plates of iron fastened by straps and
buckles to the chain-mail, to give additional safety to
exposed portions of the person, gradually changed
the appearance, and develeped at last into complete
plate armor, such ss 1s familiar to us by the many
monumental brasses and effigies still extant; the
chain-mail being only used as a sort of fringe to the
helmet, covering the neck, and as an apron, until
even this disappeared, although it was near the
end of the sixteenth century—so far as Europe is
concerned—beéfore the chain-mail finally vanished.
After this date armor became more elaborately
decorated by other processes besides those of the
armorer’s or smith’s inventive genius. Damascen-
ing, gilding and painting were extensively employed,
and more especially engraving or chasing; and the
collections at the Tcwer—and more particularly the
rich collection formed by her Imperial Majesty, the
ex-Empress of the French, at Pierrefonds, now at
the Hotel des Invalides—show us to what a wonderful
extent this ornamentation of armor could be carried.

The seventeenth and eighteenth centuries still
gave employment to the smith, until the utter in-
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ability of such a protection against the deadly
bullet, rendered its further use ridiculous, and in
these days it only appears in England in the modi-
fied form of a cuirass in the showy but splendid
uniform of the Horse and Life Guards or occasion-
ally in the Lord Mayor's show, when the knights
of old are represented by circus supernumeraries, as
unlike these ancient prototypes as the tin armor in
which they are uncomfortably encased resembles the
ancient.

With the armor the weapons used by its wearers
have been handed down to our time, and magnificent
specimens they are of an art which, although it may
not be entirely dead among us in these days, is cer-
tainly dormant so far as this branch of it is con-
cerned. The massive sword of the early medizval
period, which depended on its own intrinsic weight
and admirably tempered edge rather than on its or-
namentation ; the maces, battle-axes, halberds and
partisans, show a gradual increase of beauty and
finish in their workmanship. The sword and dagger
hilts became more and more elaborate, especially in
Germany, where the blade of the sword is often of
most eccentric form and pattern, as if it was in-
tended more to-strike terror by its appearance than
by its actual application.

Many of the ancient sword-hilts preserved in
England, at the Musée d'Artillerie in Paris, and at
Madrid, Vienna, Dresden and Turin, are of the
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most marvelous beauty and workmanship that it is
possible to conceive, more particularly those of the
sixteenth century. Italy and France vied with each
other in prclucing these art tieasures of the. craft of
the smith; Milan, Turin and Toledo were the prin-
cipal seats of industry, and in Augsburg, in Ger-
many, there lived and died generations of men who
were perfect masters in this art of the smith,

The decadence with regard to the weapon was as
marked as that of the armor; the handle of the
sword became more and more enriched with the
productions of the goldsmith’s and lapidary’s art until
the swords became rather fitted to dangle as gilded
appendages against the embroidered cloaks or ‘he
silken stockings of the courtier, than to clang with
martial sound against the steel-encased limb. of the
warrior.

It would be beyond the limits of the present paper
to enumerate the many examples of anciert work in

WEAPONS AND ARMOR

centained in the public museums of Europe, and
also in private collections. Armor is only mentioned
here to give an idea of the extent to which the art
of working in iron was carried, of the perfection it
attained, and how thoroughly the capabilities of
metal were understood, noting well that the casting
of the metal into molds was scarcely ever nractised,
that it was entirely the work of the hammer and
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the anvil, that the different pieces were welded and
riveted by manual labor of the smith, and then sub-
sequently finished in the same manner by the various
processes of engraving, chasing and punching.

The next division of the subject is the use of

IRON IN ECCLESIASTICAL ART,

and this comprises hinges of doors, locks and fasten-
ings, screens, railingé and vases. We have already
seen to what perfection it could be brought in defend-
ing man against his fellow man ; its nobler employ-
ment in the service of his Maker remains to be con-
sidered. The church door first engages our atten-
tion, the framing of the door requiring additional
strength beyond the ordinary mortising, dovetailing
and tenoning of the wood, and this additional
strength was imparted by the use of iron, and so
completely was this attained that we have only to
turn to numerous examples, still existing, to prove
the manner in which it was done and the form it
took. The hinge was usually constructed in the
following manner: a strong hook was built into the
wall with forked ends well built into the masonry;
on this hook was hung the hinge, which, for the con-
venience of the illustration, we will consider as simply,
a plain strap or flat bar of wrought-iron, its orna-
mentation being a matter of after consideration;
this strap had at one end a hollow tube or ring of
metal which fitted on to the hook, allowing the
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hinge to turn; the strap on the outside of the door
was longer than the one on the inside, with sufficient
space between the two to allow for the framing of
the door and its outside planking, and the back and
front straps were united by bolts, nails or rivets,
which passed through the thickness of the wood,
and firmly secured all, the form of the opening in
the masonry preventing, when once the door was
firmly fastened by a lock or bolt, its being forced up
from the hooks on which it hung. Allusion has been
made to the planking, which invariably covered the
framing ; beside the security of the strap this plank-
ing was also fastened to the frame by nail heads and
scrolls of metal, sometimes covering the whole of
the outside of the door with very beaut:ful desighs; in
most cases the scrolls started from the plain strap,
but sometimes they were separate. This was the
usual construction, irrespective of century, which
prevailed in England. On the Continent, especially
in Italy, at Verona and Rome, and at other places,
the exteriors of doors were entirely covered with
plaques of bronze. A survival of the ancient classic
times, that of Saint Zeno, Verona, is one of the most
remarkable, and is probably of Eastern work.
Although of bronze, and beyond the limits of the
present paper, allusion is made to it in consequence
of the ornamentation and nail heads, reminding one
of some of the earliest specimens of Norman or
twelfth-century metal in England and France.
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It would be difficult to decide which is really the
earliest

SPECIMEN OF AN IRON HINGE

in this country. Barfreston Church, in Kent, has
some early iron work on the doors, and the Cathedrals
of Durham and Ripon and St. Albans. It would
be hazardous tosay that this last-mentioned specimen
is absolutely Norman ; although generally accounted
such, it is more probably twelfth-century. It occurs
on the door leading from the south transept into the
“ Slype,” the said door having two elaborate scroll
hinges, more quaint than beautiful, the scrolls being
closely set,and the foliage very stiff, the edge of
the leaves being cut into a continuous chevron with
a stiff curl at the termination ; the main part of the
band or strap, before it branches out into the scrolls
and foliage, being indented with a deep line in the
center. From this the section slopes on each side,
on which are engraved deeply a zigzag pattern
whose pointmeet forms a sort of lozenge, the sec-
tions of the scrolls and foliage being flat and
engraved with a single chevron. The whole of the
hinge is studded with small quartrefoil-headed nails
at regular distances. On the band from which the
foliage springs there is a peculiarly-formed raised
projection like an animal’s head, slightly resembling
a grille at Westminster Abbey, to which reference
will be made : the hinge is either a rude copy of a
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thirteenth-century one, or it may be a prototype of
the-later and richer work of the next era. On the
door of Durham Cathedral nave there is a very fine
specimen of a

KNOCKER,

called the ‘“sanctuary” knocker, of a lion or cat
looking with erect ears, and surrounded by a stiff con-
ventional mane, from which the head projects con-
siderably; and from the mouth, which is well gar-
nished with sharp teeth, depends a ring, the upper
part of which is flattened, and at the junction of the
circular and flat part on each side is the head of an
animal, from whose open mouth the flat part pro-
ceeds. It is a wonderfully spirited composition with
an immense deal of character about it, the deep
lines proceeding from the nose to the two corners of
“the mouth reminding one of some of the Assyrian
work. The eyes project and are pierced; it is
supposed that they were filled at the back with some
vitreous paste, but of this there is no proof, This
grim knocker played a very important part in early
times, for Durham Cathedral possessed the privilege
of “sanctuary” and many a poor hunted fugitive
must have frantically seized the knocker and woke
the echoes of Durham'’s holy shade, and brought by
its startling summons the two Benedictine monks
who kept watch and ward by day and night in the
chambers above the porch, and at once admitted him
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into the sacred precinct, and, taking down the hur-
ried tale in the presence of witnesses, passed him to
the chambers kept ready prepared in the western
towers, where for the space of thirty-nine days he was
safe from pursuit, and was bound to be helped beyond
seas, out of the reach of danger. The peculiarity
attached to this Durham knocker must be the
excuse for this digression.

Examples of this sort of knockers, although not
necessarily “sanctuary” ones, are by no means un-
common. Beautiful examples exist at the collegiate
church of St. Elizabeth, Marburg, at the cathedral
of Erfurt, in Germany, and at the church of St.
Julian, Brionde, in Auvergne, France. The Erfurt
~example is just as grim a monster as the Durham
one; the mane in each case is very similar, but it
has the additional attraction of the figure of a man
between its formidable teeth, the head and fore part
of the body, with uplifted arms, projecting from the
mouth ; but the ring is plain, and it has an additional
twisted cable rim encircling the mane.

Farringdon Church, Berks, possesses a very beauti-
ful specimen of early metal-work in the hinges on
one of its doors, very much richer in detail than the
St. Albans example, a photograph of which is shown.
Roughly speaking, there are two hinges of not quite
similar design, with floriated scrolls and a very rich
band or sirap b=tween them, floriated at each end,
and at the apex a curious perpendicular bar terminat-
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ing at the lower end in the head of an animal, and at
the upper with scrolls fitting to the shape of the arch ;
the whole of the hinges, bands and scrolls are thickly
studded with nails and grotesque heads and beaten
ornaments. The church has beenrestored ; the stone
carving, which is of thirteenth-century character, is
entirely modern, and therefore misleading, and must
not be taken as the date of the door with its metal
work.

At Staplehurst Church, Kent, there was formerly
on one of the doors a very characteristic Norman
hinge, of a very early type; but this church hasalso
undergone restoration, and a friend, to whom we are
indebted for the photograph of the Farringdon ex-
ample, states that this hinge was not there at his
last visit; but in general form it resembles one at
Edstaston Church, Shropshire, which retains its orig-
inal hinges on the north and south doors of the nave.
There are many other examples scattered about Eng-
land, but all these Norman or twelfth-century hinges
follow more or less the same idea—a broad strap ter-
minating in scrolls, and whose end next the stone-
work is intersected by another broad strap forming
nearly two-thirds of acircle, with scrolls at the ends ;
and between the two hinges by which the docer is
actually hung, there is one or more flat bands, also
floriated, the iron-work protecting the whole surface
of the woodwork, but not so completely as in the
next era.
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In France the work was, like the architecture, a
little more advanced. Foliage was more extensively
used, the scrolls generally finished with a well-
molded leaf or rosette ; but the form of the scrolls is
still stiff and lacks the graceful flow of the thirteenth
century. Some of the best specimens are preserved
at the cathedrals of Angers, Le Puy, Noyeau, Paris,
and many others, especially at the Abbey of St. Denis.

DOOR WORK,

In addition to the metal-work on the doors, in
many of the large churches in France of the twelfth
century, the large wheel windows are filled with
ornamental iron grilles. Noyeau has a noted ex-
ample. These grilles were more particularly used
when there was no tracery, the ramifications of the
iron-work almost supplying the want of it. Viollet
le Duc in his Dictionnaire Raissonne gives a very
beautiful example of this. The grilles referred to
are not the iron frames in which the twelfth and
thirteenth century stained glass is contained, as at
Canterbury, Bourges and Chartres, and in innumer-
able other instances, but were designed especially to
fill these large circular openings, and the effect is
very beautiful. |

The next era.during which the smith’s art seems to
have arrived at a culminating point is the thirteenth
century. We have animmense number of examples,
nor have we to go iar to find them ; they are as well
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represented in England us on the Continent. The
idea is much the same as in the preceding century,
only the scrolis are easier in their curves, the folia-
tions more general, and the wood-work almost en-
tirely covered. In the cloisters of St, George's
Chapel, Windsor, is a nearly perfect example; the
door occurs in Henry IIL’s work, some very beauti-
ful wall arcading still remaining in juxtaposition.
The door itself is of more recent date, probably Ed-
ward IV.’s time, but the iron-work has belonged to
an earlier door. It can scarcely be called a hinge;
it is more correctly a covering of metal-work, and al-
though mutilated in parts, the design is exceedingly
beautiful. Fach leaf of the door has three pointed
ovals, known technically as the “vesica” shape;
these are intersected in the center perpendicularly by
a bar of iron, and from this and the vesice spring very
beautiful curves, filing up the whole interstices.
The sides and arched top have an outer continuing
line of iron, from which spring little buds of foliage
at intervals; the lower vesice are now imperfect,
having one-third cut off, and the top continuing line
on theleft is wanting. Between the first and second
panels are two circular discs with rings for handles,
seemingly of later date; the intersecting bar is not
continuous, but terminates close to the point of each
oval, with an embossed rosette, thickly studded with
small nails to attach it to the wood-work, and with
heads, bosses and leaves at intervals.
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At York Minster there are splendid specimens of
metal work on two cope chests ; these chests are of
the shape of a quadrant of a circle, so as to obviate
foiding the cope, often stiff with gold embroidery.
The lids open in the center more than ornce, and the
hinges with thcir scrolls cover the whole surface ;
the design and execution of the work being similar
to the previous example.

At Chester Cathedral there is an upright vestment
press in the sacristy, opening in three divisions of
one subdivision ; but in this case, as at Windsor, the
iron-work is more as a protection than as a hinge, for
the hinges are separate, being only small straps of
metal and not connected with the scrolls. The de-
sign is irregular, the center division having a per-
pendicular line from which spring five scrolls on each
side, with floriated ends; the left-hand division has
one bold scroll in three curves, and the right-hand
divisior opens in two subdivisions, each having a
horizontal bar in the center, with scrolls springing
from each side, but reversed, the lower being the
boldest ; the center and right have continuing lines
on each side, but none at the top or bottom. This
example at Chester Cathedral isa very beautiful one,
and not so much known as it should be, or deserves,

At Ripon Cathedral there is also another vestment
press, but the hinges are plain strap hinges with a
stiff conventional series of curves on each side, more
curious, perhaps, than beautiful. The handle is a
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simple circular disc, with punched holes round the
outer circumference, and a drop ring handle. Ripon
Cathedral possesses also some very good hinges on
the south door of the choir, which may be twelfth
century, but if not, are certainly thirteenth century,
and they have no back straps.

Eaton Bray Church presents, on the south door, a
very fine specimen of early metal-work. Here the
door is again covered with the scrolls diverging from
three strap hinges reaching quite across the door,
the apex of the arched head being also filled with
scroll work; portions of the bands are also orna-
manted with engraved work; the leaves and rosettes
are punched. The ring and plate are perfect, This
specimen is in a very good state of preservation, only
some of the scrolls at the bottom being imperfect.
In the same church is another hinge of more simple
character, but of a very quaint design, and possessing
the peculiarity of being alike on both the inner and
outer sides of the door. In the Cathedral Close at
Norwich there are the remains of a beautiful specimen
of iron work covering one of the doors, butitis in a
sadly mutilated condition, the upper hinge being the
only one perfect; this has an outer iron band following
the outline of the door, though only one portion re-
mains, and between the two hinges is a horizontal bar
starting from a central raised boss from which hangs
the handle, the ends of the bar being floriated.

The examples enumerated here are only a few
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among many, a detailed description becoming monoto-
nous, for they all more or less follow one general ar-
rangement. The French examples differ slightly in
treatment, but there the strap is rather broader and
does not branch out into scrolls until it reaches
more than half across the door; the scrolls are shorter
and thefoliage richer than in the English examples,
and the scrolls do not bear the same proportion to
the strap. A very good hinge is still to be seen on
the north door of Rouen Cathedral, Portes de Cal-
endriers, and at Noyon Cathedral, on the toor of the
staircase leading to the treasury. But hinges were
not the only things upon which the smith of the Mid-
dle Ages exerted his skill and ingenuity. The grilles
which protected the tombs in the interior of churches
and the opening in screens demanded alike the exer-
cise of both, and at Westminster Abbey there is still
preserved and replaced 2z szf«, after having been for
many years thrown by on one side among useless
lumber, a specimen which any age or any clime might
justly be proud of. Around the shrine of Edward
the Confessor repose many of his successors, and this
chapel and shrine was exceedingly rich in costly gifts.
silver, gold and jewels being there in great abun
dance, Originally the ouly entrance to the chapel
was through the doors in the screen forming the
reredos of the high altar, and though considerably
elevated above the level of the pavement of the
surrounding aisle, it was not sufficiently secure to




INTRODUCTION. XXXl

protect its precious contents, and there must have
been some screen or railing. At the close of the
thirteenth century the only royal torub beside- that
of the royal founder, Henry IIl., was that of his
daughter-in-law, Eleanor of Castile. Henry’s tomb
was of a good height, but Eleanor’s was not so lofty,
and there was the dread of the robbers making free
with the offerings to the shrine, as they had done
only a short time previously with the treasure which
the king had amassed for his Scotch wars, and which
was stolen from the treasury in the cloisters hard by.

A grille of beautiful workmanship was accordingly
placed on the north side of the tomb toward the aisle,
the top of the grille being finished with a formidable
row of spikes, or “‘chevaux de frise,” as we now term
them, completely guarding the chapel on that side.
The framework of forged bars projects from the
tomb in a curve, and on the front of these bars is
riveted some exquisite scrollwork. Itis difficult to
describe in detail this art treasure--a photograph
only could do it justice; the wonderful energy and
beauty and minute variety thrown into the little
heads of animals, which hold the transverse bars in
their mouths,and the beauty of the leaves and rosettes,
scarcely two of which are alike, are things which
must be seen to be appreciated. On the score
of anything very beauti{ul attributed to foreigners,
this iron work, like the beautiful effigy of the queen
whose tomb it guards, has been attributed to French
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or Italian influence; and the English Torell, who
molded and cast the bronze effigy, has been Italian-
1zed into Torelli, a name which he never bore in his
lifetime. With regard to its being French, France
has now nothing existing resembling it in the slight-
est degree; while the work in the cloister at St.
George’s Chapel, Windsor, before referred to, does
resemble it slightly in some points. A very beauti-
ful grille exists at Canterbury Cathedral, screening
St. Anselm’s Chapel from the south aisle and the
tomb of Archbishop Meopham. This grille does re-
mind one of Italian or foreign work, but there is
every reason to believe it to be English; its great
characteristic is its extreme lightness, for it is formed
of a series of double scrolls, only 14 inch wide by 14
inch in thickness, 714 in. high and 3!% in. broad,
placed back to back and fastened together and to
the continuous scrolls by small fillets or ribands of
- iron wound round ; these being fixed into iron frames,
6 ft. 6 in. high by about 2 ft. 10 in. broad. This ex-
treme lightness makes it resemble :he foreign ex-
amples.

THE EFFECT OF THE GREAT LONDON FIRE ON THE ART.

There is one particular phase of the smith’s art in
England which deserves more than apassing notice.
The great impetus given to the industrial arts by the
universal re-building after the great fire of London
exercised a considerable influence on the art of the
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smith, and there is the peculiarity attaching to the
revival that the productions are essentially English
and are unlike the contemporary work on the Conti-
nent, preserving an individuality perfectly marked
and distinct. One might almost call it a “school”
and it lasted for nearly a hundred years.

St. Paul's Cathedral, which was commenced in
1675 and the choir so far completed that it was
opened for service in 1697, possesses some of the
finest specimens of this date in the grilles and gates
inclosing the choir, and although one is bound to
confess that it was to a foreign and not to a native
artist that these are due, yet in many particulars they
resemble genuine English work. One has but to
compare these gates with others of the same date in
France to directly see the immense difference be-
tween them, as in the inclosures of the choir of the
Abbey church of St. Ouen, at Rouen, and at the
cathedral at Amiens The artist’s name was Tijau
or Tijou, for the orthography is doubtful. In addi-
tion to these large gates, the original positions of
which have been altered since the rearrangement of
the cathedral, there are several smaller grilles in
some of the openings and escutcheons to some of
the internal gates with the arms of the Dean and
Chapter very beautifully worked into the design.
The whole of the ironwork at St. Paul's deserves a
close inspection, The outer railings, which are part-
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ly cast, are of Sussex iron and were made at Lam-
berhurst.

Most of the city churches have very good iron-
work, especially in the sword rests and communion
rails, some of the finest of the former being at All-
hallows Barking, St. Andrew Undershaft, and St.
Mary at Hill, and the latter at St. Mary, Woolmoth,
The altars of some of these city churches are
marble slabs supported on a frame of wrought iron-
work. In the church of St. Michael, Queenhythe,
now destroyed, there was a very curious iron bracket,
with pulley and chain for the font cover, and some
wrought-iron hat rails. Though the hinges and locks
of these churches are not remarkable, many of the
vanes are curious. St. Lawrence Jewry has a grid-
iron in allusion to the martyrdom of the saint. St
Mildred, Poultry, and St. Michael, Queenhythe, both
destroyed, bore ships in full sail; St. Peter’s, Corn-
hill, the cross keys; St. Mary-le-Bone has a flying
dragon; and St. Antholin, Budge Row, had a very
fine vane surmounted by a crown. The destruction
of this church and spire, one of the most beautiful in
the city, will ever be a lasting disgrace to those who
brought it about. In the church of St. Dionis Back-
church, at the west end, supporting the organ gallery,
strod square columns of open work of wrought iron,
and with very nicely wrought caps, but the church
has also been destroyed, and the pillars probably sold
for old iron. Some of the brass chandeliers, where
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they had not been made away with, to be replaced
by gas standards or brackets, are suspended by iron-
work more or less ornamented and oilded, a good
specimen having existed at the church of St. Cathe-
rine Cree, and there is still one remaining at St. Sa-
viour’s, Southwark. At St. Alban’s, Wood street, a
curious hour-glass is preserved in a wrought-iron
frame, a relic of Puritan times; and though hour-
olasses and their stands are not uncommon, it is a
comparative rarity when found in a church of the
date of St. Alban’s, Wood street.

The smith also found plenty of occupation in mak-
ing railings and gates for public bodies and for pri-
vate houses, and wrought-iron handrails to staircases.
One of the most beautiful specimens of the art of the
seventeenth century is to be seen in a pair of gates
at the end of a passage or hall in the building occu-
pied by the managers and trustees of the Bridewell
Hospital, Bridge street, Blackfriars; the wrought
leaves and scrolls are very rich, being designed for
internal work, and date from very soon after the fire
of London.

The honorable and learned societies of Gray’s Inn,
and the Inner Temple have fine scroll entrance-gates
to their respective gardens, and scattered about in
the suburbs at Clapham, Chelsea, Fulham, Stoke
Newington, Stratford-by-Bow and Hampstead are
fine entrance gates, whose designs are doubtless very
familiar, since there is scarcely an old brick mansion
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with red-tiled roof and dormer windows and walled
garden that does not possess them. There is con-
siderable beauty about these gates; notably in the
way in which the upright standards are a'ternated
with panels of scroll-work, and the upper part en-
riched with scrolls and leaves and’the initials of the
owner or his arms worked in, some of this work in-
deed being very delicate and refined, especially with
regard to the foliage. But the chief glory of the
English school of this date is the wonderful work upon
the gates, now preserved at Kensington Museum,
formerly adorning the gardens at Hampton Court
Palace, and the work of Huntingdon Shaw. These
are far superior to the gates in St. Paul's Cathedral,
for the latter are a little too architectural in their
treatment, Corinthian pilasters being freely intro-
duced, while these Hampton Court ones are free
from any approach to architectural forms in iron and
rely for effect solely upon the bold curves and sweeps
of the scrolls, the richness of the acanthus-like foli-
age and the delicacy of the center medallions. The
wreaths, which are suspended from the top, are won-
derfully modeled, some of the flowers introduced
being almost as delicate as the natural ones they
represent, or rather reproduce in iron; one
medallion in particular, being truly exquisite. At
the top of each of the gates are some fine masks, in
some cases surrounded by foliage, and each gate
is different in design, although they resemble one
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another in general form. South Kensington Mu-
seum possesses six of these gates—one with a rose,
another with the rose of England surrounded by
small buds and leaves, a thistle; this last one is su-
perbly modeied, the peculiarity and bend of the leaf
being accurately rendered. Another has the harp
of Ireland, but with strings rent and broken, emblem-
atic of the present state of that unhappy country;
and three have the initials of William of Orange and
Mary Stuart. If William’s name in these days may
not be quite so popular as it once was, and if he did
but little for the country over which he was called
to govern by a dominant party, at least he was the
means of calling into existence these exquisite works
of art, which hold their own against any foreign pro-
duction, and place the smith, Huntingdon Shaw,
foremost among those who, working with stalwart
arm, with anvil and hammer, were able to throw life
and energy into the dull mass of metal before them.

In the staircase of a house in Lincoln’s Inn Fields,
at No. 35, there is awonderful specimen of a wrought-
iron staircase. At present this wrought work termi-
nates at the first floor, but there is evidence of it hav-
ing been continued to the second floor, a panel hav-
ing been once sold at Christy’s for £40 which pur-
ported to have come from No. 35 Lincoln’s Inn
Fields, and had been removed in consequence of ex.
tensive alterations in the interior. The rail is com-
posed of separate standards, with scrolls and leaves,
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until it reaches the landing, which sweeps round a
circular well-hole: round this the standards cease,
and are replaced by an extraordinarily fine panel, in
which one can recognize the same hand as in Hamp-
ton Court gates. There is the same wonderfully
modeled mask with foliage proceeding from it, the
same sort of wreath depending in advance of the
other work, the rich acenthus foliage partly masking
the boldly designed scrolls beneath, betraying the
hand of Huntingdon Shaw < his school.  The date

would also fit, for this b :c snd the next are tradi-
tionally supposed to hav: ' 2 designed by Christo-
pher Wren for the Soli <« »ad Attorney-Generals

about 1695-¢6, the date v, ...e Hampton Court work.
The center oval medallion of this panel has unfortu-
nately gone, and is replaced by some initials in cast
iron ; but it probably contained some of those beauti-
fully inodeled bunches of flowers which appear on
the Hampton Court gates.




CHAPTER L
ANCIENT AND MODERN HAMMERS.

A trite proverb and one quite frequently quoted
in modern mechanical literature 1is, ‘ By the
hammer and hand all the arts do stand.” These
few words sum up a great deal of informa-

ELEYATION. SECTIiON.

FIG. )~—A TAPPING HAMMER OF STONE.

tion concerning elementary mechanics. If we
examine some of the more elaborate arts of modern
times, or give attention to pursuits in which com-
plicated mechanism is employed, we may at first be
impressed that however correct this expression may
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have been in the past, it is not applicable to the
present day. But if we pursue our investigations
far enough, and trace the progress of the industry
under: consideration, whatever may be its nature

END ELEVATION,

SECTION,

FI1G. 2—PERFORATED HAMMER HEAD OF STONE.

back to its origin, we find sooner or later that both
hammer and hand have had everything to do with
establishing and maintaining it. If we investigate
textile fabrics, for instance, we find they are the
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products of looms. In the construction of the
looms the hammer was used to a certain extent,
but back of them there were other machines of
varying degrees of excellence, in which the hammer
played a still more important part, until finally we
reach a point where the hammer and hand laid the
very foundation of the industry. It would be
necessary to go back to this point in order to start
anew in case by some unaccountable means our
present equipment of machinery should be blotted
out of existence. The wonderful mechanism of
modern shoe factories, for another example, has
superseded the cobbler’s hammer, but on the other
hand the hammer and hand by slow degrees through
various stages produced the machinery upon which
we at present depend for our footwear. And so
it is in whatever direction we turn. The hammer
in the hands of man is discovered to be at the
bottom of all the arts and trades, if we but go back
far enough in our investigation. From an inquiry of
this kind the dignity and importance of the smith's
art is at once apparent. While others besides him
use hammers, it is to the smith that they all must
go for their hammers. The smith, among all
mechanics, enjoys the distinction of producing his
own tools. A consideration 'of hammers, therefore,
both ancient and modern, becomes a matter of
special interest to blacksmiths of the present dav as
well as to artisans generally.
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The prototype of the hammer is found in the
clinched fist, a tool or weapon, as determined by
circumstances and conditions, that man early
learned to use, and which through all the genera-
tions he has found extremely useful. The fist, con-
sidered as a hammer, is one of the three tools for
external use with which man is provided by
nature, the other two being a compound vise, and a
scratching or scraping tool, both of which are also
in the hand. From using the hand as a hammer
our early inventors must have derived the idea of
artificial hammers, tools which should be serviceable
where the fist was insufficient. From noting the
action of the muscles of the hand the first idea of a
vise must have been obtained, while by similar
reasoning all our scraping and scratching tools, our
planes and files, our rasps, and, perhaps, also some of
our edged tools, were first suggested by the finger
nails. Upon a substance softer than itself the fist
can deal an appreciable blow, but upon a substance
harder than itself the reaction transfers the blow to
the flesh and the blood of nature’s hammer, much
to the discomfort of the one using it. After a few
experiments of this kind, it is reasonable to suppose
that the primitive man conceived the idea of rein-
forcing the hand by some hard substance. At the
outset he probably grasped a rounded stone, and
this made quite a serviceable tool for the limited
purposes of the time. His arm became the handle,
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while his fingers were the means of attaching the
hammer to the handle. Among the relics of the
past, coming from ages of which there is no written
history, and in time long preceding the known use
of metals, are certain rounded stones, shaped, it is
supposed, by the action of the water, and of such a
form as to fit the hand. These stones are known
to antiquarians by the name of *“ mauls,” and were,
undoubtedly, the hammers of our prehistoric ances-
tors. Certain variations in this form of hammer
are also found. For that tapping action which in
our minor wants is often more requisite than blows,
a stone specially prepared for this somewhat deli-
cate operation was employed, an illustration of
which is shown in Fig. 1. A stone of this kind
would, of course, be much lighter than the “ maul”
already described. The tapping hammer, a name
appropriate to the device, was held between the
finger and the thumb, the cavities at the sides being
for the convenience of holding it. The original
from which the engraving was made bears evidence
of use, and shows traces of having been employed
against a sharp surface.

The “maul ” could not have been a very satisfac-
tory tool even for the work it was specially calcu-
lated to perform, and the desire for something
better must have been early felt. To hold a stone
in the hollow of the hand and to strike an object
with it so that the reaction of the blow should be




6 BLACKSMITHING,

mainly met by the muscular reaction of the back of
the hand and the thinnest section of the wrist is
not only fatiguing, but is liable to injure the delicate
network of muscles found in these parts. It may have
been from considerations of this sort that the
double-ended mauls also found in the stone age
were devised. These were held by the hand grasp-
ing the middle of the tool, and were undoubtedly a
great improvement over the round mauls. Experi-
ence, however, soon suggested that in even this
form there was much wanting. It still lacked
energy to overcome reactions, the office which the
wooden handle so successfully performs. Experi-
ments were, therefore, early made in the direction of
a more suitable handle than the unassisted arm and
of a proper connection between the hammer and
the handle. The first attempis were doubtless in
the use of withes, by which handies were attached
to such of the double-ended mauls as may have
seemed suitable for the purpose. This means of
fastening the handle is seen to the present day
among half-civilized nations, and in some cases is
even practised by blacksmiths to whom are avail-
able other and more modern means. Evidences of
a still further advance are, however, found at almost
the same period, for in the geological records of
the stone age are met double mauls with holes
through their centers for the insertion of a handle
In some instances these holes are found coned, and
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are almost as well adapted for the reception of
hammer handles as the best tools of modern times.
An illustration of one of these primitive tools is
presented in Fig. 2.

From this it will be seen that the advance toward
a perfect hammer in the earliest periods was impor-
tant as well as rapid. All the preliminary experi-
menting to the development of a perfect tool was
done by men who lived and worked before history
commenced to be written. What remained to be
done by the fraternity was entirely in the direction
of more suitable material, and in the adaptation of
form to meet special requirements. While princi-
ples were thus clearly established at an early day,
very slow progress seems to have been made in
applying them and in perfecting the hammer of the
modern artisan. Between the “maul’ of the sav-
age of the stone age and a “ Maydole” hammer,
what a gulf! From the *tapping hammer” of
stone, illustrated in Fig. 1, to a jeweler's hammer of
the present day, what a change! Between the
double-faced perforated stone hammer, shown in
Fig. 2, and the power forging hammers of modern
practice, what a series of experiments, what a record
of progress, what a host of inventors! In whatever
directivn we turn and from whatever standpoint we
view the hammer there are clustered around it facts
and legends, historical notes and mechanical princi-
ples, to the consideration of some of which a portion
of our space may be well devoted.
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To trace the origin of the hammer, commencing
with its prototype, the human fist, and advancing
step by step through the stone age, where fragments
of rocks were made to do roughly the work that better
tools afterwards performed, and so down the ages until
the finished hammer of the present day is reached,
would read like a romance. Like a pleasing story
it would, perhaps, be of very little practical value,
however entertaining the narrative might be, and,
therefore, we shall not follow the development of
the hammer too minutely. We desire to interest
our readers, but we also hope to do more than
simply amuse them.

The hammer has been justly called the king
of tools. It has been sung by poets, and made
the central figure of graphic scenes by some
of the world’s most noted writers. Sir Walter Scott
has turned it to good account in some of his stories.
The poet of modern history, however, is yet to
come ; but when his day appears there will be much
of suggestive incident from which he can fashion his
song, Some of the most beautiful and delicate
works that has ever been produced by the hand of man
has been wrought by the hammer, and the skillful
hammerman is well worthy of admiration. The
fabled hammer of Thor is scarcely an exaggeration of
the giant tools in actual use to-day in scores of iron
works, and it would appear that the mythology makers
of ancient times really saw visions of the coming ages,
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when they wove the wonderful stories that were a
part of the religion of our ancestors.

We are very apt to look upon the hammer asa
rude instrument. We overlook the scientific princi-
ples involved in its construction and use, and pay too
little attention to the materials of which it is fash.
ioned and the forms in which it is made. We fre-
quently look npon it merely as an adjunct to other
tools, and forget that it is entitled to consideration
as a sole independent and final tool. In some
handicrafts, and these, too, involving a high class of
finished work—the hammer is the only tool em-
ployed. That great artistic skill in the use of the
hammer as a finishing tool can be acquired is mani-
fest from the many beautiful specimens of #éponssé
work to be seen in silversmiths’ shops. The details
of the ornamentation are not only minute, but they
so harmonize as to give elegance and expression to
the whole, exclusive of the form of the articles them-
selves. A glance into the art stores in any of the
cities will reveal specimens of hammered work of
this sort, or of duplications of them, made by electro-
plating or by stamping with dies. The excellence,
and, consequently, the value of these copies depends
upon the closeness of imitation to the original; and
as they are for the most part very clever specimens
in this particular, they serve as illustrations in point
almost as well as the originals. Those of our readers
who are interested in the capabilities and possibili-
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ties of the hammer will be interested in an examina-
nation of some of these pieces of work. They are
mostly of brass and copper, and in both originals
and copies the tool marks are faithfully preserved.
The esteem in which they are held may be judged
from the statement that a piece of work of this kin

about half the size of one of these pages sometimes
fetches as much as $25, while shields of a larger
size frequently sell for three and four times this
sum. Choice originals are cherished in museums
and are beyond the reach of money to buy. Other
examples of hammer work might be mentioned, for
example, the ancient wrought-iron gates, hinges and
panels, representations of which are frequently met
in art books. The suits of mail, and choice armor,
most of which the ancient warriors were wont to
clothe themselves in, are also examples in point.
As marvelous as these examples of ancient work
may seem, we think there are modern applications
of the hammer that are quite as wonderful.

THE HAMMER.*

* * %* The hammer is generally known as a
rude instrument, but as a matter of fact it is in some
of its uses a very refined one, requiring great care
and skill in its use, * % ¥

‘Time forbids that I should refer to more than a
few prominent forms of hammers. The carpenter’s

*[From alecture delivered before the Franklin Institute, by Joshua Rose, M. E., Phila-
delphia.]
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mallet has a large rectangular head, because, as his
tools are held in wooden handles, he must not use a
hard substance to drive them with, or he will split
the handles. Wood being light, he must have a
large head to the mallet in order to give it weight
enough.

THE STONE-MASON’S MALLET.

The stone-mason uses a wooden mallet, because

FIG. 3—AN ILLUSTRATION OF THE PROCESS OF STRETCHING WITH
THE HAMMER.

it delivers just the kind of dull blow that is required.
His mallet head is made circular, because his tools
are steel, and have no wooden handles, and he is
able to use the whole circumference, and thus pre-
vent the tools from wearing holes in the wooden
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mallet face. The handles of both these mallets are
short, because they will strike a sufficiently powerful
blow without being used at a great leverage. On
the other hand, the stone-breaker’s hammers have
long handles, to avoid the necessity of stooping.
The pattern-maker’s hammer is long and slender;
long, that it may reach down into recesses and cavi-
ties in the work, and slender, because, being long, it has
weight enough without being stout. Now, take the
blacksmith’s sledge, and we find the handle nearer to
the pene, or narrow end, than itis to the broad-faced
end, while the pavior’s sledge has the handle in the
middle of its length. If we seek the reason for
these differences, it will readily occur to us that the
blacksmith’s helper or striker delivers most of his
blows in a vertical direction, and uses mainly the
face and not the pene of the hammer, and by hav-
ing the eye, and therefore the handle, nearest to
the pene end, the face end nacurally hangs down-
ward, because, as held by the handle, the face end is
the heaviest, and, as a result, he necds to make but
little, if any effort, to keep the face downward. The
pavior's work, however, lies near the ground, and he
uses both faces, his hammer not requiring a pene.
Hence the handle is placed central, balancing both
faces equally.
THE MACHINIST'S HAMMER.

The machinist’s hammer is also made heavier on the
face than on the pene end, so that the face which he
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uses the most will hang downward without any
special effort to keep it so. His chipping hammer,
which he also uses for general purposes, weighs in
the heaviest kinds 134 pounds, and the handle should
be 15 inches long. He wields it for heavy chipping,
with all the force he can command, obeying the law
that it is velocity rather than weight that gives pene-
tration. 1hus, supposing a hammer weighing 100
pounds is traveling at a velocity of ten feet per
second, and the power stored up in it is 1,000 foot-
pounds. Another hammer, weighing one pound and
traveling 1,000 feet per second, would also have
stored up in it 1,000 foot-pounds. Hence the power
is equal in the two, but the effects of their blows
would be quite different. If they both struck a block
of iron we should find that the effects of the
quick moving hammer would sink deeper, but would
spread out less sidewise, giving it a penetrating
quality ; while the slow-moving one would affect the
iron over a wider area and sink less deeply. To cite
an important operation in which this principle must
be recognized : Suppose we have a wheel upon a
shaft, and that the key is firmly locked between the
two. In driving it out we know that, if we take a
heavy hammer and strike slow, moving blows we
shall spread the end of the key riveting it up and
making it more difficult to drive out; so we take
a hammer having less weight and move it quicker.
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USES OF THE HAMMER,

In whatever form we find the hammer, it is used
for three purposes only, namely, to crush, to drive
and to stretch. And the most interesting of these
operations are stretching and driving, The gold-
beater, the blacksmith, the sawmaker, the plate
straightener and the machinist, as well as many
others, employ the hammer to stretch; while the
carpenter, the machinist, and others too numerous
to mention, use the hammer to drive. Among the
stretching operations there are many quite interest-
ing ones. Here in Fig. 3, for example, is a piece of
iron, two inches wide, and an inch thick, bent to the
shape of the letter #. This piece of wire is, you
onserve, too short to fit between the jaws, and I will
now bend the piece and close the jaws by simply
hammearing the outside of the curved end with a
tack hammer. The proof that the blows have bent
the piece is evident, because the piece of wire now
fits tightly instead of being loose, as before the
hammering. The principle involved in this opera-
tion is that the blows have stretched the outer sur-
face, or outside curve, making it longer and forcing
the jaws together. If we perform a similar operation
upon a straight piece of metal, the side receiving
the blows will actually rise up, becoming convex
and making the other side concave, giving us the
seeming anomaly of the metal moving in the oppo-
. site direction to that in which the blows tend to
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force it. This process is termed pening, because,
usually, the pene of the hammer is used to perform
it. It is sometimes resorted to in order to straighten
the frame-work of machines, and even to refit work
that has worn loose.

STRAIGHTENING PLATES AND SAWS,

Straightening thin metal plates and saws form
very interesting examples of the stretching process,
and are considered very skillful operations. Some
few years ago I was called upon to explain the prin-
ciples involved in this kind of straightening, and
having no knowledge of the subject, I visited a large
saw factory to inquire about it. I was introduced
to one of the most skillful workmen, and the object
of my visit was rade known to him. He informed
me that it was purely a matter of skill, and that it
was impossible to explain it.

- “TI will show you how it is done,” said he, and
taking up a hand-saw blade, he began bending it
back and forth with his hands, placing them about
eight inches apart upon the blade.

“ What do you do that for?” I asked.

“To find out where it is bent,” he replied.

* * * * ¥*

I spent two hours watching this man and question-
ing him, but I left him about as much in the dark as
ever.

Then 1 visited a large safe-making factory, know-
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ing that the plates for safes required to be very nicely
straightened. The foreman seemed very willing to
help me, and took me to the best straightener in the
shop, who duly brought a plate for a safe door and
straightened it for me. Then he brought another,
and as soon as he stood it on edge and began to
sight it with his eye, 1 asked him why he did that.

“ Because the shadows on the plate disclose the
high and the low patches.”

“In what way ?” 1 asked.

“Well, the low patches throw shadows,” he re-
plied, and the conversation continued about as fol-
lows :

“ When you have thus found a low place, what do
you do ?”

1 hammer it out.”

I sighted the plate and made a chalk mark inclos-
ing the low spot, and he laid the plate upon the
anvil and struck it several blows.

“ Why did you strike the plate in that particular
spot?” I asked.

“ Because that is where I must hit it to straighten
it.”

“ Who told you that this particular spot was the
one to be hammered ?”

“QOh! I learned some years ago.”

“But there must be some reason in selecting that
spot, and that is what ] wanted to find out.”

“Yes, I suppose there is a reason for it, but if it
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had been a different kind of hollow place 1 wouldn’t
have hit it there at all.”

“ Why not ?”

‘“ Because I should have had to hit it somewhere
else.”

And so it went on, until finally I got some pieces of
twisted plate, one with a bulge on one edge, another
with a bulge in the middle, and he straightened
them while 1 kept up my questions. But still the
mystery remained, nor did I seem any nearer to a
solution ; so I abandoned the attempt.

About six months after this I met by chance, an
Eastern plate straightener, and on relating this
experience to him he offered to go into the shop
and explain the ma.cer.

We went, and taking up a plate one-elghth inch
thick, two feet wide and four long, he laid one end
on an anvil and held up the other with his left hand,
while with his right hand he bent or rather sprung
the plate up and down, remarking as he did so:

“ Now you just watch the middle of this plate, and
you will see as I swing it the middle moves most,
and the part that moves most is a Joose place. The
metal round about it is too short and is under too
much tension. Now, if I hammer this loose place,
I shall stretch it and make it wide, so I hammer the
places round about it that move the least, stretching
them so that they will pull the loose place out.
Now, with a very little practice you could take out
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a loose place as well as I can, but when it comes to
a thick plate the case is more difficult, because you
cannot bend the plate to find the tight and loose
places, so you stand it on edge, and between ycu and
the window, the light and shades show the high and

low patches just as a landscape shows hills and
valleys.”

I selected several examples of twisted and crooked

FIG. 4—THE LONG CROSS-FACE HAMMER.

plates and he straightened them for me, explaining
the reasons for each step in the process, and as this
forms one of the most interesting operations per-
formed by the hammer, I may as well speak some-
what in detail of hammers, the way they are used,
and the considerations governing their application to
the work.

Fig. 4 represents what is called the long cross-
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face hammer, used for the first part of the process,
which is called the smithing. The face that is
parallel to the handle is the long one, and the other
is the cross-face. These faces are at a right angle
one to the other, so that without changing his posi-
tion the operator may strike blows that will be
lengthways in one direction, as at 4, in Fig. 5, and
by turning the other face toward the work he may
strike a second series standing as at 5. Now, sup-
pose we had a straight plate and delivered these
two series of blows upon it, and it is bent to the
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FIG. 5—SHOWING HOW THE CROSS-FACE HAMMER OPERATES IN
TWO DIRECTIONS.

shape shown in Fig. 6, there being a straight wave
at A4, and a seam all across the plate at 2, but
rounded in its length, so that the plate will be high-
est in the middle, or at C. If we turn the plate
over and repeat the blows against the same places,
it will become flat again.

FORM OF HIIAMMER FOR STRAIGHTENING SAWS.

To go a little deeper into the requirements of the
shape of this hammer, for straightening saws, I may
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say that both faces are made alike, being rounded
across the width and slightly rounded in the length,
the amounrt of this rounding in either direction being
important, because if the hammer leaves indenta-
tions, or what are technically called “chops,” they will
appear after the saw has been ground up, even
though the marks themselves are ground out, be-
cause in the grinding the hard skin of the plate is
removed, and it goes back to a certain and minute
extent toward its original shape. This it will do
more in the spaces between the hammer blows than
it will where the blows actually fell, giving ike sur-
face a slightly waved appearance.

FIG. 6 ~ANOTHER ILLUSTRATION OF THE STRAIGHTENING
PROCESS.

The amount of roundness across the face regu-
lates the widths, and the amount of roundness in
the face length regulates the length of the hammer
marks under any given force of blow. As the
thicker the plate the more forcible the blow, there-
fore the larger dimensions of the hammer mark, *

* * This long cross-face is used again after the
saws have been ground up, but the faces are made
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more neatly flat, so that the marks will not sink
so deeply, it being borne in mind, however, that
in no case must they form distinct indentations or
“ chops.”

In Fig. 7 we have the twist hammer, used for pre-
cisely the same straightening purposes as the cr. ss-
face, but on long and heavy plates and for the fol-
lowing reasons :

When the operator is straightening a short saw

FIG. 7— THE TWIST HAMMER,

he can stand close to the spot he is hammering, and
the arm using the hammer may be well bent at the
elbow, which enables him to see the work plainly,
and does not interfere with the use of the hammer,
while the shape of the smithing hammer enables
him to bend his elbow and still deliver the blows
lengthways, in the required direction. But when a
long and heavy plate is to be straightened, the
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end not on the anvil must be supported with the
left hand, and it stands so far away from the anvil
that he could not bend his elbow and still reach the
anvil. With the twist hammer, however, he can
reach his arm out straight forward to the anvil,
to reach the work there, while still holding up the
other end, which he could not do if his elbow was
bent. By turning the twist hammer over he can

FIG., 8—THE DOG-HEAD HAMMER,

vary the direction of the blow, the same as with the
long cross-face. * * *

Both of these hammers are used only to straighten
the plates, and not to regulate their tension, for you
must understand that a plate may be flat and still
have in it unequal strains; that is to say, there may
exist in different locations internal strains that are not
strong enough to bend the plate out of truth, as it is,
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but which will tend to do so if the slightest influence
is exerted in their favor, as will be the case when
the saw is put to work. When a plate is in this
condition it is said to have unequal tension, and it
is essential to its proper use that this be remedied.

‘The existence of unequal tension is discovered by
bending the plate with the hands, as has been
already mentioned, and it is remedied by the use of
the dog-head hammer, shown in Fig. 8, whose face

Fi1G. 9—SHOWING THE DIFFERENCE IN T#FE EFFECTS OF TWIST

AND DOG-HEAD HAMMER BLOWS,
is rounded so that the effects of its blow will extend
equally all around the spot struck. It will readily be
understood that the effects of the blow delivered
by the smithing, or by the twist hammer, will be
distributed as in Fig. 7, at 4 A, while those of the
dog-head will be distributed as in Fig. g, at C, gradu-
ally diminishing as they pass outward from the
spot struck; hence the dog-head exerts the more
equalizing effect.

USE OF THE DOG-HEAD HAMMER.

Now, while the dog-head is used entirely for
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regulating the tension, it may also be used for the
same purposes as either the long cross-face, or the
twist hammer, because the smith operates to equalize
the tension at the same time that he is taking down
the lumps; hence he changes from one hammer to
the other in an instant, and if after regulating the
tension with the dog-head he should happen to re-
quire to do some smithing, before regulating the ten-
sion in another, he would go right on with the dog-
head and do the intermediate smithing without
changing to the smithing hammer. Or, in some
cases, he may use the long cross-face to produce a
similar effect to that of the dog-head, by letting the
blows cross each other, thus distributing the ham-
mer’s effects more equally than if the blows all lay in
one direction,




CHAPTER II
ANCIENT TOOLS.

A paper that was recently read before a scientific
association in England, gives interesting particulars
about tools used by the artisans who worked on the
ancient buildings of Egypt, and other moribund
civilizations. The subject proved specially valuable
in showing how skilled artisans performed their
work 4,000 years ago. The great structures whose
ruins are scattered all over North Africa and Asia
Minor, demonstrate that great artisan and engineer-
ing skill must have been exercised in their construc-
- tion, but when parties interested in mechanical
manipulations tried to find out something about the
ancient methods of doing work, they were always
answered by vague platitudes about lost arts and
stupendous mechanical powers which had passed into
oblivion. A veil of mystery has always been found a
convenient covering for a subject that was not under-
stood. The average literary traveler who helped
to make us the tons of books that have been written -
about Oriental ruins, had not the penetration or the
trained skill to reason from the character and marks
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on work what kind of a tool was employed in fashion-
Ing it.

A trained mechanic, Flanders Petrie, happened
round Egypt lately, and his common-sense observa-
tions and deductions have elucidated many of the
mysteries that hung round the tools and methods of
ancient workmen. From a careful collection of half
finished articles with the tool marks fresh upon them
—and in that dry climate there seems to be no decay
in a period of four thousand years—he proves very
conclusively that the hard diorite, basalt and granite,
were cut with jewel-pointed tools used in the form of
straight and circular saws, solid and tubular drills
and graving tools, while the softer stones were
picked and brought to true planes by face-plates.

That circular saws were used the proof is quite
conclusive, for the recurring cut circular marks are
as distinctly seen on these imperishable stones as
are the saw marks from a newly cut pine plank.
This proof of the existence of ancient circular saws is
curious, for that form of saw is popularly believed to
be of quite modern invention. That another device,
supposed to be of recent origin, was in common use
among Pharaoh’s workmen is proved by the same
authority. We have met several mechanics who
asserted that they made the first face-plate that was
ever used in a machine shop, and we have read of
several other persons who made the same claims, all
within this century. Now this practical antiquary
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has gone to Egypt and reported that he found the
ochre marks on stones made by face-plates that were
used by these old-time workmen to bring the sur-
faces true.

As steel was not in use in those days the cutting
points for tools must have been made of diamond or
other hard amorphous stone set in a metallic base.
The varied forms of specimens of work done, show
that the principal cutting tools used were long
straight saws, circular disc saws, solid drills, tubular
drills, hand grainers and lathe cutters, all of these
being made on the principle of jewel points, while
metallic picks, hammers and chisels were applied
where suitable. Many of the tools must have
possessed intense rigidity and durability, for frag-
ments of work were shown where the cutting was
done very rapidly, one tool sinking into hard granite
one-tenth inch at each revolution. A curiosity in the
manner of constructing tubular drills might be worthy
of the attention of modern makers of mining machin-
ery.

The Egyptlans not only set cutting jewels round
the edge of the drill tube, as in modern crown drills,
but they set them in the sides of the tube, both inside
and outside. By this means the hole was continually
reamed larger by the tool, and the cone turned down
smaller as the cutting proceeded, giving the means
of withdrawing the tool more readily.

As indications on the work prove that great pres-
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sure must have been required to keep the tools cut-
ting the deep grooves they made at every sweep, the
inference is that tools which could stand the hard
service they were subjected to, must have been mar-
velously well made.

AN AFRICAN FORGE,

In describing his African journey up the Cam-

FIG. 10—~AN AFRICAN FORGE,

eroons River from Bell Town to Budiman, Mr. H.
H. johnston refers to a small smithy, visited at the
latter town, in which he came across a curious-look-
ing forge. Many varieties of African forges had
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been noted by him, but this differed markedly from
any he had seen. Ordinarily, he says, the bellows
are made of leather—usually a goat’s skin, but in
this case they are ingeniously manufactured from
the broad, pliable leaves of the banana. A man sits
astride on the sloping, wooden block behind the bel-
lows, and works up and down their upright handles,
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FIG, 11—A PRIMITIVE LATHE.

thus driving a current of air through the hollow
cone of wood and the double barreled iron pipes
(fitted with a stone muzzle) into the furnace, which
is a glowing mass of charcoal, between two huge
slabs of stone. Fig. 10 is an illustration of this re-
markable specimen of the African smith’s ingenuity,
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ANCIENT AND MODERN WORK AND WORK-
MEN.

Forging 1s a subject of interest to ail smiths.
Excellent work was made in the olden days, when
stamps, dies and trip hammers were unknown,

FIG. 12—A LATHE NOW 1IN ACTUAL USE IN ASIA,

I saw some examples of ancient forging in the ex-
hibition of 1851, made in 1700, that were simply
beautiful, both in design and execution. They were
a pair of gates in the scroll and running vein class of
design. The leaves were beautifully marked and
not a weld was to be seen. Now I am not one of
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those who think we cannot produce such work now-
adays, for I feel sure we can if we could spare the
time and stand the cost, but undoubtedly black-
smithing as an art has not advanced in modern
times, and in this respect the blacksmiths are in
gocd company, as wasshown in the ancient Japanese
bronze vases (in the Centennial Exhibition at Phila-
delphia), which brought such marvelous prices.
Some of the turned works of the last century were
simply elegant, and in this connection I send you
two sketches of ancient lathes., Figure 11 is that
from which the lathe took its name. A simple wood
frame, .S and S, carried a tail stock, 5, and center
screw, C, carrying the work, /. The motion was
obtained from a lathe Z (from which the word
lathe comes), K is a cord attached to L, wound once
around the work and attached to the treadle, 7.
D epressing 7 caused the lathe L to descend to L
whil e the work rotated forward. On releasing the
pressure on 7 the lathe rotates the work backward
so that cutting occurs on the downward motion of
7" only.

A very ancient device you may think. But what
do you think of Fig. 12, alathe actually in use to-day
in Asia, and work from which was exhibited at the
Vienna exhibition. Of this lathe, London Zungz
neering said :

“ Among the exhibits were wood glasses, bottles,
vases, etc., made by the Hercules, the remnants of
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an old Asiatic nation which had settled at the time
of the general migration of nations in the remotest
parts of Galicia, in the dense forests of the Carpa-
thian Mountains. Their lathe (Fig. 12) has been
employed by them from time immemorial.”

We must certainly give them credit for producing
any work at all on such a lathe; but are they not a
little thick-headed to use such a lathe when they
can get, down East, lathes for almost nothing; and
if they know enough of the outside barbarian world
to exhibit at an exhibition, they surely must have
heard of the Yankee lathe.—24y F. I,




CHAPTER IIL

CHIMNEYS, FORGES, FIRES, SHOP PLANS,
WORK BENCHES, ETC.

A PLAN OF A BLACKSMITH SHOP.

The plan on page 34 shows the arrangement
of my shop. 1 keep all my tools and stock
around the sides of the shop so as to have more
room in the center. I do all my work, repairing, iron
or wood work on the one floor, shown in Fig. 13.
My forge is two feet four inches high,and four feet
square ; it is made of brick and stone. My chimney
has a 12-inch flue, which gives me plenty of draught.
My tuyere-iron is set four inches below the surface of
the forge ; this arrangement gives me a good bed o
coal to work on. My vise bench is two feet wide and
seven feetlong ; it has a drawer in it for taps and eyes.
My wood-work bench is two and a half feet wide and
eight feetlong. Theblower takes up a space of four
feet ten inches; I can work it with a lever or
crank. The drill occupies two by two feet. The
tool-rack is built around the forge, so that it does not
occupy much room and is handy to get at. The
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forge is hollow underneath, which allows me to
dump the fire and get the ashes out of a hole left for
the purpose. 1 use a blower in preference to the

FIG, 13--PLAN-OF A BLACKSMITH SHOP.
old-fashioned bellows, and consider it far superior
in every way. '

In the illustration, A4 denotes the anvil; 5, is a
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vise bench for iron work; AR, are tool racks for
taps, dies and other small tools; C, is a large front
door; 2), is an upright drill; Z, is a tire bender; G,
is a grindstone ; /7, is a back door, and my tire stone
is directly opposite. so I can step to it easily with a
light tire from the forge; 7 is my blower; V) is a
vise for iron work ; 7, is a tire upsetter ; 47, isan iron
rack; S, a pair of stairs; /¥, is my wood-working
bench ; &, is a rack for bits and chisels : .S is a wheel
horse for repairing wheels ; /) isthe forge ;and near it
is a rack for tongues and swedges. The round spot
at the corner of the forge is a tub. I have a small
back attached to my anvil block for heolding the tools
I use while at work on any particular job.—28y J. ]J. B.

AN IMPROVED FORGE,

My hood for smoky chimneys, shown in a previous
communication, is a good one, generally speaking,
but there are some kinds of work that will not go
between this hocd and the bottom of the hearth, and
to get over this difficulty I have devised the arrange-
ment shown in the accompanying illustration, Fig. 14.

I derived the leading idea from a forge in Dundee,
but in making mine I deviated from this pattern to
suit myself. The great secret in having a good fire
is to have a good draft, and to have a good draft it
must be built after scientific principles, First, a
vacuum must be made so large that when your fire is
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built, the blaze immediately burns the air, thereby
forming a draft which acts after the balloon principle,
having an upward tendency. The chimney should be
at least sixteen feet in height. Now, for the forge:
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FIG. 14—AN IMPROVED FORGE.

I tore the old one away clear down to the floor, and
built a new one with brick, making iton the side four
feet and two inches (that is, from the back part of the
chimney), three feet and six inches in width and two
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feet and eight inches in height. I placed my tuyere
four inches lower than the surface of the hearth,
leaving a fire-box nearly semi-circular in shape, about
fourteen inches across the longest way and ten inches
the other way. I then finished the hearth, making it
as level as 1 could conveniently. I then put a
straight-edge on the face of the chimney four inches
from each corner, marked it, and cut all of the front
away for the distance of four feet and six inches,
leaving the heavy sides undisturbed. I then com-
menced laying brick on the surface. beginning at the
edge of the chimney; the front part of the extension
chimney was allowed to come within three inches of
the hole in the tuyere. I laid three courses of brick
and left directly over the tuyerean opening four inches
by eight inches—this is large enough for a draft open-
ing. Ithen completed the chimney up as highas I had
the old chimney, drawing in at the top, and the job
was complete, and a better drawing forge cannot be
found. The noise it makes in drawing, reminds one
of the distant rumbling of a cyclone.

Now I would. like to say just a little in reference
to the tuyere I am using. It is manufactured
by J. W. Cogswell, and I think it is the finest
working tuyere 1 ever had the pleasure of using.
It is made on the rotary principle, the top turning
one quarter around. It suits almost any kind of
work. By opening the draft a large fire can be
obtained and by closing it you have a light one.
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You can have a long blast lengthwise, crosswise, or
at any angle, and for welding light or heavy work,
I can say the Cogswell tuyere is hard to beat,

In the illustration (Fig. 14), A4, shows the position
of the tuyere three inches from the face of the
chimney. £, is the face of the chimney. G, is the
upper section of the hearth. 2, is the draft rod. C

is the rod that lengthens or shoriens the blast. £,
£, D, constitute the new part of the chimney. 7, is

the old chimney. #, is the draft, which is four inches

FIG. 15—THE FORGE-STAND.

by eight inches in the clear, and is six inches above
the hearth. /, is the cinder box—Ay L. S. R,

A SIMPLE FORGE.

The illustration herewith shows a simple forge
at which may be performed some of the most diffi-
cult forgings.
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The forge-stand, as shown in the illustration, is
square in shape, but may be made round or any
other shape to suit. 4, Fig. 15, is the tuyere.
The size of the forge must be made to suit the work.
One that would answer for average purposes should
be about twenty-four inches square, and about
twenty or twenty-two inches high, and detached

FIG. I6—THE SMOKE-STACK AND BONNET.

from the walls so as to allow of getting all
around it. Fig. 16 shows the smoke-stack and bonnet.
A, is the bonnet; B, the smoke-stack; C, is a dotted
line showing the next joint of pipe as telescoped.
D D, are chains running over the pulleys, Z £, which
are secured to the wall or ceiling. /# /7, are counter-
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weights, which balance the bonnet when raised or
lowered to accommodate the work in hand.—Zv 1. D.

CURING A SMOKY CHIMNEY,.

I had a chimney in which the draught was bad, and
it may be of interest to many tolearn how I reme-
died the trouble. I did so by making a hood of
boiler iron.

I first cut the hood to the shape shown in Fig. 17
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FIG. 17—THE HOOD,

of the accompanying engraving. The distance from
A to C is two feet, and from A4 to B the distance is
four feet, eight inches. From C tc D it is two feet,
five inches. 1 then cut away all projecting parts of
the chimney, and next bent the hood to fit the chim-
ney as closely as possible. 1 then put the hood up
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where I wanted it to be, that was about fifteen
inches above the tuyere iron, and marked out the
outline of the chimney, I then removed all the bricks
inside the mark and riveted two straps, each eight
inches long, on the hood at the points 4 and 5. 1
also punched a hole at the top at C. I next drovea
twenty-penny spike through the hole C to the mid-
dle of the chimney, being careful to set the nail in
the mortar between the bricks. I then nailed the
straps to the chimney and taking a strong wire drew

alll #°

F1G., 18—THE CINDER CATCH.

the slack at 4 and A so that it fitted snugly. 1
next plastered it around the edge and gave it two
coats of whitewash. The job was then finished and
it is the best arrangement for a smoky chimney I
have ever seen. .

I have a very good cinder catch, also made of
boiler iron, in the form shown in Fig. 18 of the illus.
trations. It was made by taking a piece eight inches
wide and long enough to reach across on the inside
of the chimney, and bending the piece as shown in
the sketch. The catch should fit in tightly.
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Fig. 19 represents the chimney with the hood at-
tached—By L. S. R.
A BLACKSMITI'S CHIMNEY.

The illustration, Fig. 20, shows my method of
making a blacksmitu’s chimney so that it will draw
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FIG, 19—SHOWING THE HOOD ATTACHED TO THE CHIMNEY.

well. 1 know what it is to have a smoky chimney. '
I had my chimney torn down and built up again four
times in two years. The last time it was built 1 think
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I struck on the right plan. The forge is built of
stone. I use a bottom blast tuyere. The space 5,
in the illustration, is left open to receive the handle
of the valve, and to allow the escape of the ashes.
The front of the chimney, 7, is built straight or per-
pendicular from the hearth, /7. C denotes the open-

liIIII T i
| o III|||' pn !||| | I I,.,
||||i|!i|I|

g :: ||Il||
HRish i .lm‘ I|| |1|’

T

FIG. 20—A BLACKSMITH'S CHIMNEY THAT WILL NOT SMOKE,

ing for the smoke. The distance from A to C is
about four inches, or the thickness of two bricks.
Let me say here that the mouths of most all flues are
too high up from the fire, and this allows the smoke
to spread before it reaches the draught. The fire
should be built as close to the flue as possible, and
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the top of the chimney should be a little larger than
the throat.

I think this is the handiest flue that can be built
for general blacksmithing.—Z5y J. M. B.

ANCTHER CHIMNEY.

As there are a great many who do not know how

FI1G. 2I—A BLACKSMITH'S CHIMNEY THAT WILL DRAW,

to build a chimney that will draw well, I send you a
sketch, Fig. 21, of a chimney that I have been
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using for fifteen years and that has given me perfect

satisfaction.

It is made of brick or stone and is joined to the
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Fi1G. 22-——ANOTHER BLACKSMITH'S CHIMNEY THAT WILL DRAW, _

“hearth, the latter being six bricks below the jamb,
The round hole in the bottom side is the bellows

hole, and the square hole in the end of the jamb is
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very convenient for small tools, etc. The hearth

and jamb can be built in size and height to suit the
builder.—5y J. K.

5TILI. ANOTHER CHIMNEY,

The illustration on page 45, Fig. 22, represents
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FIG. 23—STILL ANOTHER CHIMNEY THAT WILL NOT SMOEE.,

1

my method of building a blacksmith’s chimney so
that it will draw well and will not smoke. The
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original chimney from which this sketch is taken has
been in use in my shop for four years, and is as free
from soot and cinders as it was the first day it was
used. Its peculiar construction is due to the fact
that the mason who built it made a mistake of eight
inches in locating the forge, and, therefore, he had
to give the chimney a jog of eight inches to get it
out at the place intended for it. In making one it
is best to run it out three feet, and if on the side run
two feet above the comb.——/Ay J. 5. H.

i

ANOTHER FORM OF CHIMNEY.

My way of building a blacksmith’s chimney, and
one that will take up the smoke and soot, is shown
in the accompanying engraving, Fig. 23.

It will be seen that there are five bricks across the
base up to a height of five bricks, then a gradual
taper to four bricks, and then two bricks and a half
by one and a half. The flue or smoke hole is ten
inches in diameter. This chimney will draw.—By

G.C. C.
AN ARKANSAS FORGE.

The accompanying sketch, Fig. 24, with brief
description, will give a good idea of the forge 1 use,
The shell of the forge is a section of iron smoke-
stack, four feet in diameter, filled in with sand and
brick. I use a water tuyere, and find it the best I
ever tried. [ usea blower in place of a bellows, and
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could notbe hired to return to the bellows. My forge
is atJeast six feet from any wall. The water keg rests
on a bracket fastened to the wall, and, as shown in the
illustration, the pipes extend downward and along the
ground to the forge, and then beyond it. The pipes
have caps on the ends. I use an angle valve, as shown,

FIG. 24-—AN ARKANSAS FORGE.

for shutting off water from the pipes. A rack for tongs
is fastened to the back of the forge. A stationary
pipe extends from a few feet above the forge
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through the roof. A smaller pipe with a hoodon
the lower end extends up into the large pipe, and
this is suspended by weights so as to be raised or
lowered at will-—Z5y E. C,

SETTING A TUYERE,

Dropping into a small smithy on the west side
of New York City, a short time ago, I found the

FIG. 25—5HOWING THE FORGE AND BACK WALL.

proprietor much perplexed. He was trying to raise
a welding heat on the center bar of a phaeton dash
which had dog-ears or projections on each side. A
dozen attempts were made while I looked on, and all
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were failures. “I'll have to send this job out to my
neighbor,” said the smith., Then I suggested that
there was no necessity of doing so. The trouble was
owing to the fact that the tuyere was about eight
inches out from the back wall of the forge and the
dog-ears on the dash projected about fourteen inches.
With the old-fashioned back blast, the smith could
have banked out a blow-hole with wet coal the whole
length of his forge, and thus have accomplished his
weld in short order, but there would have been more
or less waste of coai. Histuyere was a bottom-blast
one, and to him there was appa y i
the difficulty.

I asked the privilege of trying my hand at the job
and was given permission. My first trick was to
locate the objectionable brick and remove it. Then
one of the dog-ears of the dash could enter. I raised
the heat, made the weld, and suggested to my friend
that a handful of cementwould repair the breach.
Since then it has occurred to me that a short chapter
on setting tuyeres would not be amiss, and I now
present my ideas in type and illustrated.

In Fig. 25, A represents a section of the back
wall cf a brick forge; /7 is the working side; C
the face; D, the top; /F, the center of the
tuyere; O, the rod hole of the tuyere; and Z,
the ash pit. Measuring from 4 and /5, the center
of the tuyere is as shown by the line drawn, «
and /7 ; the distance should not be less than eighteen
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inches or more. The distance will be sufficient for
most of the work that is done by the ayerage wagon
or carriage smith. Set the tuyere top from four
inches to six inches below the level of the forge.
The heavier the irons to be manipulated the deeper
must the top of the tuyere be set.

In building a new forge it is a wise precaution to
build a recess in the back of the forge or forge wall
as deep as the construction of the chimney will allow.
If the wall be sixteen inches thick let the recess be

FIG. 26.~—SHOWING HOW THE RECESS IS MADE,

not less than eight inches deep and twenty-four
inches high and at least twenty-four inches or more
wide; then, with the tuyeres set eighteen or more
inches out, the most intricate forging can be handled
with care. The sparks and ashes which ascend part
of the way and then return, settle in the recess and
thus keep the fire clean and clear. Fig. 26 shows
the manner of constructing the recess, 4 A4 being
the back wall, and 5 the recess.—ZB8y 1. D,
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A MODERN VILLAGE CARRIAGE-SHOP.

Prize Essay written for The Carriage-Builders' Nafional Association by WM. W.
WEIHERHOLD, of Reading, Pr.

In building a carriage shop, room, light and ven-
tilation are the three great points to attain, and the
builder who does attain these points and at the same
time has everything convenient will have a perfect
shop. -In selecting a site I have taken a corner lot
and have arranged my plans to run back to the ten-
foot alley, using my full length of plot and getting
light from three sides. Size of lot, 110%65 ft.
(Height of stories: first, 12 ft.; second and third,
10 ft. For size and arrangement of room, see floor
plan.) The office is fronting the main street, ad-
joining the wareroom, and is fitted with desks for
clerks and a fire and burglar-proof safe, a tableat
side window at which to take the time of the hands
in going to and from work, a letter-press, a station-
ary wash stand, shelves, speaking tubes to the differ-
ent departments, and a private desk for the use of
the proprietor. There is a door leading to the ware-
room, one to the stock room, and is convenient to
the elevator and stairway leading upstairs. The
walls are plastered and kalsomined. The wareroom
adjoins the office, facing the main street. The ele-
vator opens into it, and there are sliding doors con-

-
P R s

necting it with the wood shop. The wallsand ceil-
ings are covered with cypress wainscoting, two
inches wide, plowed and grooved, and finished in
oil, and the windows have inside shutters,
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The stock rcom 15 next to the office, and is fitted
with shelves and racks for proper storing and ac-
counting of stock. Thereis a door to the elevator
and a stairway leading upstairs ; also a door to the
yard for the unloading of goods without interfering
with the workmen. The upper half of the partitions
are ash with glass to admit light. The elevator is
next to the stock room and is so arranged that the
work of the smith shop can be put on and hoisted
without going outside in unpleasant weather.

The wood shop is at the rear of the main building,

Loy 1e Gt+ad unfh YT T'\nnr\]ﬁ;
P AN 1S Iited wWilil 11ve pencn

es. It is next to the elevator and has a stairway
leading to the second floor. The second floor is
used entirely for the paint department. Going from
the wood shop we get into the paint room, which
has a paint bench with mill and stone to mix colors,
etc. Shelves are arranged for the preper keeping of
cups and brushes. There is also a vise bench in
this room, with tools, bolts, screws, oil, washers, etc.,
for the taking apart and putting together of work.
There are two spaces with cement floor, one for
gears and the other for bodies. The elevator and
stairway are in this room. The front of the second
floor is partitioned off for varnish rooms. I have
used the front so as to be removed from the smith
and wood departments as far as possible. The win-
dows are double and the ceilings and walls finished
with cypress the same as the wareroom. These
rooms have inside shutters also.
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The trimmer room is on the third floor back, and
is fitted with benches for three men. The floor
plans will show position of shelves, closets and sew-
ing machine. I have a small room connected with
the trimming room to be used entirely for the stuff-
ing of cushions, etc. It is of great help in keeping
the trimming room and all the work clean. The
third floor, front, is intended for the storage of
bodies in stock, ironed and in the rougch, and fora
wareroom for second-hand work after it is rebuilt,
Here, also, [ have shelves for all cushions, carpets,
curtains, etc., belonging to any job which is being
rebuilt and repainted.

In case of my painters being crowded with work,
I can have all new bodies brought upstairs and taken
ahead in paint, thus giving them more room on the
second floor. The smith shop I have placed in an
annex, s$o as to remove all dirt and dust as much as
possible from the main building. It is made to run
four fires. The windows on the side are placed high
to prevent looking into the next yard, but the large
front and back windows allow plenty of light. The
second floor of this annex will be used for storage
of lumber, wheels, wheel stock, shafts, etc., for the
wood-workers ; the door in the yard can be used to
unload Iumber, and I have also one of the rear win-
dows arranged with a roller by which to take in lum-
ber. The trap door in the floor can be used toslide
lumber down into the wood shop, asitis on a line
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with the sliding doors connecting the wood and
smith departments. '

I have arranged a heater in the cellar of the smith
shop, and will heat the whole shop with steam gen-
erated by it.

It will work automatically, and will require at-
tention only twice daily except in extremely cold
weather, when more attention will bc needed,

To stock a shop of this kind completely at once
would be a very difficult matter. I should proceed as
follows: I would order 5,000 feet of lumber, asserted
into 500 feet ; and{-inch poplar surfaced on both
sides ; 2,000 feet i-inch poplar, surfaced on both sides;
500 feet ash, #inch; 1,000 feet ash, 1} to ~ inch;
1,000 feet hickory, 11 to 2 inch. Iwould order wheel
stock for 25 sets of wheels, as follows: 5 sets for
3.inch tire, 10 sets for i-inch tire, 5sets for ¥-inch
tire, and 5 sets for 1-inch tire; 2 dozen pair shafts, 2
dozen pair drop perches, wood screws, nails, glue, etc,;
25 sets of axles to suit wheel stock; 25 sets of springs,
bolts and clips in assorted sizes, and paints and varn-
ishes. Bows and trimming goods I would notorder
at once, as I would now open up shop, and try to book
a few orders, and see what quality of work was
wanted to suit my new customers.

I believe that in ordering a little sparingly at first
I could do better in the end by watching the run of
my trade, as I could then change my stock, if neces-
sary, without any loss.
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The floor plans of the shops are shown in the
accompanying illustrations, in which Fig. 27 repre-
sents the first floor, Fig. 28 the second floor, and
Fig. 29 the third floor. The drawings are on the
scale of 24 feet to the inch.

BEST ROOF FOR A BLACKSMITH SHOP.

In answer to your correspondents, G. H. & Son,
who inquire about the best roof for a blacksmith
shop, let me say that I prefer acorrugated sheet-iron
roof, made of the best galvanized Number 20 iron,
fastened down with copper wires wrapped around the

rafters. Nails will work out with the changes in the
weather.—25y J. B. H..

HOLLOW FIRE VS, OPEN FIRE.

For welding steel to iron [ always use an open
fire, or I should say for the last ten years have done
so. Formerly I used a hollow fire, but as I became
more experienced in welding dies 1 bzcame con-
vinced that a hollow fire was not the best or cheapest
for that purpose. _

I have seen a great deal of work welded in a hollow
fire, and have seen much of it burnt and rendered
entirely worthless. In welding a steel plate to an
iron one, I want my iron much hottes than I can
get it in a hollow fire without burning the steel,
As a hollow fire heats almost as fast at the top as it
does at the bottom, it will be seen that in order to
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get a welding heat on the iron you are pretty sure
to get the steel too hot, and if you do not get a weld-
ing heat on the iron of course the steel will not weld.
It may seem to be welded a great many times when
it is only stuckin one or two places, and if it is not
thoroughly welded it is sure to start off when it is
being hardened or used.

I have not used a hollow fire for several years for
welding steel to iron, for many reasons, among which
I may mention the following: First, because it takes
more time, and, of course, 1s more expensive; and
second, because I cannot do the work as well. My
way of building a fire is this : I put on plenty of coal
to make a fire of sufficient size for the work I have
to do, and with respect to this part of the operation
each man must be his own judge. I 