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PREFACE TO THE SECOND EDITION.

THE first edition of THE CUPOLA FURNACE having become
entirely exhausted, and the demand continuing unabated, and
many and urgent requests having come from foundrymen for
additional information in this important department of industry,
are the inducements which have led to the preparation of this
new, revised and enlarged issue of the book.

The scope and usefulness of the work have been much ex-
tended by leaving out that which was considered either obso-
lete or of minor importance, and replacing it by entirely new
and up-to-date matter, by which means it is believed that full
justice has been done to the subject in all its branches and de-
tails. Of this new -matter it may be stated that there are no
less than 200 pages, including chapters on Improvements in
Cupolas, Cupola Fuels, Foundry Irons, and the Chemistry of
Foundry Irons.

It is thought that a careful study of these pages can hardly
fail to arouse in the founder a realization of the far-reaching
importance of an intelligent system of cupola practice, and that
only by and through such a system can he obtain, at a mini-
mum cost, an iron always possessing the qualities demanded
for the work in hand, for casting.

In conclusion; it only needs to be added, that as is the custom
of the publishers, in all cases, they have provided the work with
a copious table of contents as well as a very full index, which
will render reference to any subject in it, at once prompt, easy

and satisfactory. EDpWARD KIRK.

PHILADELPHIA, Fanuary 15, 1903.
(v)
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CHAPTER 1

THE CUPOLA FURNACE.

THE cupola furnace has many advantages over any other
kind of furnace for foundry work. '

It melts iron with less fuel and more cheaply than any other
furnace, and can be run intermittently without any great damage
from expansion and contraction in heating and cooling. Large
or small quantities of iron may be melted in the same furnace
with very little difference in the per cent. of fuel consumed,
and the furnace can readily be put in and out of blast. Con-
sequently in all cases where the strength of the metal is not
of primary importance, the cupola is to be preferred for foun-
dry work.

In the reverberatory furnace from ten to twenty cwt. of fuel
is required to melt one ton of iron.

In the pot furnace one ton of coke is consumed in melting
a ton of cast iron, and two and a half tons in melting a ton
of steel.

In the blast furnace twenty to twenty-five cwt. of coke is.
consumed in the production of a ton of pig iron.

In the cupola furnace a ton of iron is melted with from 172
to 224 1bs. of coke.

It will thus be seen that in the cupola furnace we have the
minimum consumption of fuel in melting a ton of iron, although
the amount consumed is still three or four times that theoret-
ically required to do the work.

Many attempts have been made to decrease even this small
amount of fuel consumed in the cupola, by utilizing the waste
heat passing off from the top for heating the blast. But the

(1)




2 . THE CUPOLA FURNACE.

cupola being only intermittently at worls has rendered all such
attempts futile.

The cupola furnace is a vertical furnace consisting of a hollow
casing or shell, lined with fire-brick or other refractory material,
resting vertically upon a cast iron bottom plate, having an
opening in the centre equal to the inside diameter of the lining
and corresponding in shape to the shape of the furnace. This
opening is closed with iron doors covered with sand when the
furnace is in blast. Two or more openings are provided near
the bottom of the furnace for the admission of air by draught
or forced blast. A small opening, on a level with the bottom
plate, is arranged for drawing off the molten metal from the
furnace. An opening, known as the charging door, is made in
the side of the casing at the top of the furnace for feeding it
with fuel and iron, and a stack or chimney is constructed
above the charging door for carrying off the escaping smoke,
heat and gases.

Cupolas have been constructed cylindrical, elliptical, square
and oblong in shape, and they have been encased in stone,
brick, cast iron and wrought iron casings. From one to a
hundred or more tuyeres have been placed in a cupola, and the
stationary and drop bottoms have been used. At the present
time cupolas are constructed almost entirely in a cylindrical or
elliptical form, and the casing is made of wrought iron or steel
boiler plate. The stack casing is tnade of the same material
and is extended up to a sufficient height to give draught for
lighting up, and to carry off the escaping heat and gases. The
drop bottom has been almost universally adopted, at least in
this country.

Cupolas are constructed of various sizes, to suit the require-
ments of the foundry they are to supply with molten metal.
Those of large size are, when charged with iron and fuel, of
immense weight, and require very solid foundations to support
them. The foundation is generally made of solid stone work
up to the level of the foundry floor; upon this is placed brick
work laid in cement, or cast iron columns or posts, for the sup-
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port of the iron bottom and cupola. In all cases where the
‘cupola is set at sufficient height from the floor to admit of the
use of the iron supports they are to be preferred to brick work,
as they admit of more freedom in removing the dump and re-
pairing the lining. The columns or posts are placed at a suffi-
cient distance apart to permit the drop doors to swing free
between them. This arrangement removes the liability to
breaking the doors by striking the cupola supports in falling,
and admits of their being put back out of the way when remov-
ing the dump. ‘

The height of the bottom of the cupola above the mould-
ing floor depends upon the size of the ladles to be filled, and
varies from fourteen inches to five feet. If placed too high
for the sized ladle used, considerable iron is lost by sparks and
drops separating from the stream in falling a long distance, and
the stream is more difficult to catch in the ladles. For hand
ladle work it is better to place the cupola a little higher than
fourteen inches, and rest the ladle upon a hollow oblong ped-
estal eight or ten inches high, and open at both ends, than to
set it upon the floor. The ladle can then be moved back or
forward to catch the stream, and iron spilled in changing ladles
falls inside the pedestal, and is prevented from flying when it
strikes the hard floor, and is collected in one mass inside the
pedestal. This arrangement reduces the liability of burning
the men about the feet and renders it easier to lift the full ladle.

If a cupola is set very low, it is then necessary to make an
excavation or pit beneath it to permit of the removal of the
dump, and repairing of the lining. This pit is made as wide
as it conveniently can be, and of a length equal to two or three
times the diameter of the cupola. The distance from the
bottom plate to the bottom of the pit should not be less than
three feet. The bottom of the pit is lined with a hard quality
of fire-brick set on edge, and the floor sloped from the edges to
the centre, and from the end under the cupola outward, so that
any molten iron falling with the dump will flow from under
the cupola, and thus facilitate its removal. In the centre of the
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pit under the cupola a block of stone or a heavy block of iron
is securely placed, upon which to rest the prop for the support
of the iron bottom doors.

The bottom plate is made of cast iron, and must be of
sufficient thickness and properly flanged or ribbed to prevent
breaking. If broken when in place, it can not be removed, and
it is then almost impossible to securely bolt it so as to hold
it in place. The plate must be firmly placed upon the iron
supports or brick work, so that no uneven strain will be put
upon it by the weight of the cupola and stack.

The bottom doors are made in one piece or in two or more
sections. For large cupolas they are generally made in two
or four sections to facilitate raising them into place. Bottom
doors are made of cast or wrought iron. Those made of cast
iron are, when in place, the stiffest and firmest. Those made
of wrought iron are the lightest and easiest to handle, but are
also more liable to be warped by heat in the dump, and to
spring when in place. The door, or doors, whether made of
cast or wrought iron, have wide flanges to overlap the bottom
plate and each other when in place, to prevent the sand, when
dry, running out through cracks and making holes in the sand
bottom. The doors are supported in place by a stout iron or
wooden prop; and when the doors are light, or sprung, one or
more additional props are put in for safety. Numerous bolts
and latches have been devised for holding the doors in place,
but they have all been abandoned in favor of the prop, which
is the safest. Sliding doors, or plates, have been arranged
upon rollers to slide into place under the cupola from the sides,
and be withdrawn by a ratchet or windlass to dump the cupola.
They admit of easy manipulation; but in case of leakage of
molten iron through the sand bottom, they are sometimes burnt
fast to the bottom plate and cannot be withdrawn, and for this
reason the sliding door is seldom used.

The casings are made of cast or wrought iron plate. When
made of cast iron they are cast in staves, which are put in place
on the iron bottom and bound together by wrought iron bands;
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these bands being shrunk on. Or they are cast in cylindrical
sections, which are placed one on top of another, and bolted
together by the flanges. This kind of casing generally cracks
from expansion and shrinkage in a short time, and is the poor-
est kind of casing. With the cast iron casing a brick stack,
constructed upon a cast iron plate supported by four iron col-
umns, is generally used. The wrought iron casing is-more
generally employed at the present time than that of cast iron.
It is made of boiler plate, securely riveted together with one
or two rows of rivets; but one row of rivets, and those three
inches apart, is generally found to be sufficient, as the strain
upon the casing, when properly lined, is not very great.

The stack casing is generally made of the same material as
that of the cupola, and is a continuation of the cupola casing;
the two generally being made in one piece.

The stack is made the same size as the cupola, or is con-
tracted or enlarged according to the requirements or fancy of
the foundryman. A contracted stack gives a good draught,
but throws out a great many sparks at the top. An enlarged
stack gives a poor draught, unless it is very high, but throws
out very few sparks at the top. As sparks are very objection-
able in some localities, and not in others, different sized stacks
are used. When surrounded by high buildings or hills, the
stack must be made of sufficient height to give the necessary
draught for lighting up in all kinds of weather, and they vary
in height from a few feet above the foundry roof to twenty or
thirty feet. Bands of angle iron are sometimes riveted to the
inside of the cupola and stack casing to support the lining, and
admit of sections being taken out and replaced without remov-
ing the entire lining.

The casing and lining are perforated with two or more tuyere
holes near the bottom, for the admission of air by draught or
forced blast. These tuyeres, when supplied with a forced
blast, are connected with the blower by branch pipes to each
tuyere, or are supplied from an air chamber riveted to the
cupola casing either on the outside or inside. The air chamber
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is made three or four times the area of the blast pipe, and is sup-
plied from the blast pipe connecting it with the blower. An
opening is made through the casing and lining, just above the
bottom plate, for drawing the molten iron from the cupola, and
a short spout is provided for running it into the ladles. An-
other small opening is sometimes made, just under the lower
level of the tuyeres, for tapping or drawing off the slag from
the cupola. This opening is never used except when a large
amount of iron-is melted, and the cupola is kept in blast for a
number of hours,

- An opening for feeding the furnace, known as the charging
door, is placed- in the cupola at a height varying from six to
twenty feet above the bottom plate, according to the diameter
of the cupola. This opening is sometimes provided with a
cast iron frame or casing on the inside to protect the lining
around the door when putting in the fuel and iron. A door
frame is placed upon the outside, upon which are cast lugs for a
swinging door, ‘or -grooves for a sliding door. The door for
closing the charging aperture may consist of a cast or wrought
iron frame filled with fire-brick, or be made of boiler plate with
a deep flange all around for holding fire-brick or other refrac-
tory material. The sliding door consists of an iron frame
filled in with fire-brick, and is hung by the top, and moved up
and down with a lever or balance weights. This door is moved
up and down in grooves cast upon the door frames, which
grooves frequently get warped by the heat, and hold the door
fast. The hinge or swing door, with plenty of room for expan-
sion and shrinkage, is the door generally used.

The casing is lined from the bottom plate to the top of the
stack with a refractory material. A soft refractory fire-brick,
laid up with a grout composed of flire-clay and sand, is used for
lining in localities where such material can be obtained. In
localities where fire-brick can not be procured, soapstone from
quarries or the bottoms of small creeks, is laid up with a re-
fractory clay. Some grades of sandstone or other refractory
substances are also employed for lining. Native refractory
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materials are seldom homogeneous, and those which have been
ground and moulded, or pressed into blocks, make the best lin-
ings. The thickness of the lining varies in large and small
cupolas. Those in the large cupolas are from six to nine
inches, and in small cupolas from four to six inches.

The cupola charging aperture being placed at too great a
height from the floor to admit of the cupola being charged or
loaded from the floor, a scaffold or platform is erected from
which to charge it. The scaffold is generally placed in the rear
of the cupola, so as to be out of the way when removing the
molten iron in crane ladles. But for hand ladle work it is placed
at any point most convenient for getting up the stock, and the
charging aperture placed in the cupola at any point most con-
venient for charging. For very large cupolas the scaffold is
frequently constructed to extend all around the cupola, and a
charging aperture is placed in the cupola on each side, so that
it may be more rapidly charged. The scaffold is constructed
of wood or iron frame work, or is supported by a brick wall.
The floor is placed level with the bottom of the charging
aperture, or is placed from one or two feet below it. The scaf-
fold should be made large enough to place a weighing scale
in front of the charging door, to hold iron and fuel for several
heats, and have plenty of room for handling the stock when
stocking the scaffold and charging the cupola. Nine-tenths of
the scaffolds are too small for the work to be done on them,
and the cupola men work to a great disadvantage when hand-
ling the stock. Much of the bad melting done in foundries
can be traced directly to the lack of room on the scaffold for
properly charging the cupola. V



CHAPTER II1.

IMPROVEMENTS IN CUPOLAS.

FROM the best information obtainable, it appears that the
first cupola furnaces used in foundries in this country were of
the type of the stationary bottom draw front cupola. These
were constructed upon a solid stone or brick foundation from
three to four feet high or upon a hollow foundation with a cast
iron plate on top, upon which a cupola bottom of fire-brick or
other refractory material was placed.

The cupola casings were generally made of cast iron, with
the front opening of a sufficient size to admit of the refuse from
melting being drawn from the cupola through the front with an
iron hook or rake.

The lining was arched over the front and the opening closed
with an iron plate or apron, which was put in place when the
lining and bottom had been repaired and made ready for a heat
and securely fastened with hooks or other devices. To protect
the apron, a temporary lining was put in of loam or other
material that could be readily removed while hot after the heat
was melted.

When the cupola was large the apron was put in place and
the temporary lining was put in before the fire was lighted, and
in small ones a wall of coke was built up in the opening, and the
loam or other material rammed into the front after the fire was
burned up, and the apron placed over it. A small opening or
front was placed in the apron for the tap hole.

This style of cupola was the only one used in this country
for many years, but it has now generally been replaced by
more modern cupolas, and probably the only cnes in existence
at the present time are those in the foundry of Chas. Reeder &

(8)
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Sons, Baltimore, Md. These works were established in 1813
for the manufacture of marine and stationary engines, and
some of the largest and most powerful marine and stationary
engines constructed in early days were cast at this foundry.

To melt iron for these castings, three draw-front cupolas
were constructed upon the latest improved pattern of the
times; the exact date at which they were built is not known,
but it must have been many years ago, for the old foreman in
1874 informed me they were used in melting the iron for cast-
ings of marine engines placed in well-known vessels, that had
long been out of existence at that time. The cupolas at the
time of my last visit to the works, four or five years ago, were
the only ones in the foundry, and they are probably still in use,
having held their own against all the changes in fashion, until
they became the leaders of fashion, for the draw front has again
come in use to a considerable extent during the past few years
for very small cupolas. These cupolas, three in number, were
placed in a row close together upon a cast iron plate supported
by a brick foundation three feet high.

Upon this plate eight cast-iron columns ten feet high were
placed, for the support of the stack plate upon which rested
the cupola stack. The casings of the cupolas and stack were
made of boiler plate, the stack was placed directly over the
center cupola with side wings extending over the others on
either side, so that one stack served for the three cupolas, which
were of different sizes. The smallest one was straight and 20
inches in diameter inside the lining. The other two were taper-
ing from bottom to top, one with a diameter inside lining of 42
inches at tuyeres, 36 inches at top, and the other 48 inches at
tuyeres and 40 inches at top.

The tuyeres were square and placed 16 inches above bottom.
The larger cupolas had four tuyeres and the small one two.
The cupola casings were all of the same height, measuring ten
feet between bottom and top plate, but the charging door 24
inches high was placed in each cupola below the top plate,
which reduced their height to 714 or 8 feet.
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The cupola scaffold was very small, having scarcely sufficient
room for stock for the small cupola. This appears to have
been the general way of constructing scaffolds in early days,
the practice being to only place stock upon the scaffold as it
was required for charging, one man placing it in the cupolas as
fast as one or more men threw it upon the scaffold from the
stage or platform upon which fuel and iron were thrown in
passing it up from the yard to the scaffold. There do not
appear to have been any cupola runways or elevators in ‘ our
grandfathers’ days.” One of these cupolas, I was informed, was
changed to a drop bottom about the time the drop bottom first
came into use, but after the loss of a number of heats, from the
support of the bottom giving way or leakage through the sand
bottom, it was changed back to a stationary bottom, which was
considered safer than the drop.

These cupolas did good work in a number of heats I saw
melted in them; in fact, they melted equally as well as any of
the more modern cupolas of the same diameter and height, of
which there were a great many in use at the time referred to.

But the refuse from melting was not so easily removed as
from the more modern cupolas. When the apron was removed
and the front broken away, the refuse under the tuyeres was
readily drawn out, but after this was removed cold air was-ad-
mitted, which chilled the slag and cinder over the tuyeres, ren-
dering it tough and difficult of removal, and when the cupola
was slightly bridged and the refuse did not drop freely, it was
almost impossible to remove it. This difficulty occurred so
frequently that a long bar was kept on the scaffold for poking
the refuse down and getting a hole through, that it might cool
off by the next morning.

This is the great objection to the draw-front cupola, which is
overcome to a considerable extent by the drop-bottom, which
gives way the instant the support is removed and permits every-
thing to drop out when the cupola is not bridged, before it has
time to become chilled and tough.

Melters who have never melted in a large stationary bottom
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cupola have little idea of what a great boon this was to melters,
in the early days, when the tapping of slag from cupolas was
not thought of, and it was a common thing to work one or more
hours to get a hole through after each heat.

The drop bottom is said to be an American invention and to
have been first used in the New England States, but there
appears to have been no record of the date at which it was first
used, and the oldest foundrymen I have met have not been
able to give the date at which it was first introduced.

But so far as I have been able to learn, it has been in use at
least fifty years, and perhaps longer, but it was not adopted by
all founders when it was first introduced, and many of the
stationary bottom cupolas of the old pattern were in use at a
much later date, and may still be in use in some of the old
foundries like the one before referred to.

With the introduction of the drop bottom cupola there does
not appear to have been any other change made in the con-
struction of cupolas. They were generally built upon a brick
or stone foundation, with square cast-iron bottom plates, upon
the corners of which were placed four columns for the support
of another plate upon which was constructed a square stack of
common red brick.

The stacks were generally made of a much larger area than
the cupolas, that the red brick of which they were constructed
might not be burned out and also to prevent sparks or hot
cinders being thrown out at the top of the stack. The charging
door was generally placed in the stack just above the plate.

Cupola casings were generally made of cast iron and were
cast in staves the length or height of the cupola and from four
to six inches wide. These staves rested upon the bottom plate
and projected up through an opening in the stack plate several
inches, or came even with the top of it, and were held together
by wrought-iron bands placed a foot or more apart. When
boiler plate was obtainable and it was desired to have some-
thing fine, casings were made of this material, but the cast-iron
stave casings were more common. Small cupolas were gener-
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ally made straight and large ones tapering, with the larger end
down to facilitate dumping, and their height was from six to
eight feet, eight feet being considered a very high cupola.

Blast was supplied through two tuyeres, one placed on either
side of the cupolas, and opposite each other, so the blast from
each met in the center. When only light work was to be cast
they were placed twelve to eighteen inches above the bottom;
for heavy work, three sets of tuyeres, one above the other, were
put in. They were generally placed twelve, eighteen and
twenty-four inches above the bottom. These tuyeres were
designed for melting iron for a heavy casting, and when such
a piece was to be cast, blast was first put in through the lower
ones until the cupola was filled with molten iron to this point.
They were then closed with clay and the next set opened, and
blast put in until molten iron appeared, when they were closed
and the next set opened. To admit of blast being adjusted to
the tuyeres of different heights, a tuyere pipe or nozzle of tin or
copper was provided and attached to the blast pipe by a leather
tube, one end of which was slipped over the blast pipe and the
other over the end of the nozzle and securely tied with a leather
thong or lace.

A hole was placed in the bend of the nozzle or elbow and
closed with a woeden plug for watching the filling up of the
cupola with molten iron, and also for poking the tuyeres when
they became black.

To admit of the blast being adjusted to the different height
of tuyeres when the cupola was in blast, the iron and fuel were
not placed in charges, but were mixed by putting in a shovel
or two of fuel and a hundredweight or two of iron. This was
the common practice of filling the cupola.

This plan of melting for heavy castings did not prove very
satisfactory, and later on, in cupolas designed for heavy work,
but one set of tuyeres was put in, and these located 24 inches
above the bottom: these gave better results than the adjustable
tuyeres.

Tuyeres were mostly made very small for the purpose of
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putting in the blast with great force, and driving it to the center
of the cupola, and were generally made from 3 to § inches in
diameter, according to the diameter of the cupola. Two of
these small tuyeres were considered ample for a small cupola
and four for a large one.

These old-fashioned cupolas, in many of which I have melted
iron, generally melted very slow. This was due to the tuyere
area being entirely too small to supply a sufficient volume of
blast and to the cupolas being too low to utilize all the heat of
the fuel for heating the iron and preparing it for melting, before
settling into the melting zone.

With a cupola only seven feet high, tuyeres 24 inches above
the bottom, and top of bed 18 to 20 inches above tuyeres, only
3 to 314 feet was left for fuel and iron above the bed. It is
obvious to almost any founder nowadays, that this was not
sufficient space in which to utilize all the heat of the fuel; but
this was not the case some years ago, and when I published my
first work on foundry practice in 1877, in which I placed a table
for heights of cupolas, ranging from 6 to 1§ feet, according to
diameter of cupolas. This table was ridiculed by the majority
of foundrymen, and a 15-foot cupola was declared by many to
be impracticable; but the heights given in this table have all
been reached and in many cases passed, and the tendency at
the present time is to go to the other extreme and overreach
the height at which the heat that can be utilized is sufficient to
pay for the extra expense of cupola, lining, elevating stock, etc.

There are a few of these old-fashioned brick stack cupolas
still in use. There is at least one in Philadelphia, Pa., and two
or three could probably be located in Brooklyn, N. Y., and a
few in other places, but they have generally given place to the
more modern cupolas.

There does not appear to have been any improvement made
in cupolas for many years after the adoption of the drop bot-
tom, and they were all constructed with stave casings, brick
stacks, etc. The next advancement was the use of boiler-plate
casings for both cupola and stack, and construction of cupola
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and stack in one piece, doing away with the cast-iron staves,
columns, stack plates and brick stacks.

Following this came the abandonment of the adjustable
tuyere, nozzle, leather tube, etc., the enlargement of tuyeres,
use of various shaped tuyeres, attachment of blast pipes to
cupolas, introduction of tuyere boxes, air chambers, etc.; any
and all of which were a great improvement over the tuyere
nozzle and leather tube, which frequently permitted as great an
amount of blast to escape as passed into the cupola. About
this time the taper was also abandoned and cupolas of all sizes
made of the same diameter from bottom to top.

With the increase in size of tuyeres, and more perfect con-
nection of blast pipes with cupolas, it became apparent from
the amount of heat at the charging door that cupolas were too
low, and their height was increased from time to time, until
heat no longer appeared at the charging door sufficient to burn
the hand when the cupola was filled with stock and in full blast.

The next improvement was the lowering of the tuyeres from
12, 18 and 24 inches above the bottom to from 4 to 10 inches
above the bottom, and in many of the large cupolas they were
placed so low that the sand bottom came up to the bottom of
the tuyeres at back of cupola.

These changes were all effected in the common straight
cupola, and brought it to such perfection as a melter of iron
many years ago that it is very doubtful if any improvement has
been effected in cupolas since that time.

Before these improvements were made cupolas melted very
slow, and it was the practice to put on the blast just after the
noon hour and melt all afternoon. From four to five hours
were commonly required to melt any ordinary heat.

Molders generally stopped molding when the blast was put
on, and a great deal of valuable time was lost waiting for iron.
To prevent this loss of time, Mr. Mackenzie, a practical molder
and founder of Newark, N. J., conceived the idea of melting a
heat in two hours, and designed the Mackenzie cupola, which,
when first introduced, was known as the two-hour cupola. ’
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This cupola, I believe, was the first cupola patented in this
country, and it presented a number of new features in cupola
construction.

" The old theory of driving blasts to the center of the cupola
by force of the blower and the small tuyeres was entirely
abandoned, and the theory of supplying a sufficient volume of
blast to fill the cupola adopted. Cast iron tuyere boxes were
bolted to the castings for the attachment of blast pipes, and
blast was delivered to the cupola from an inside belt air
chamber and continuous tuyere. The air chamber which was
formed by an apron riveted at the top to the cupola shell was
entirely open at the bottom, giving unlimited space for escape
of blast into the cupola.

This was a complete change from the old theory of putting
blast into a cupola with great force, and revolutionized the
theory of melting. This cupola gave excellent results, and was
adopted by all the leading foundrymen of the time, and many
of them are still in use, and continue to give good results in
melting when properly managed.

But the cupola has its objectionable features, the greatest of
which is its tendency to bridge and bung up when not properly
managed. This tendency to bridge is due to a large extent to
the cupola being boshed by the inside air chamber, and the
blast being supplied to it just at the point of the lower angle of
the bosh. The blast passes up over the bosh before it becomes
heated, causing a chilling of cinder and slag at this point, and
the building out of the lining with a very hard substance
that is difficult to remove, and careless or incompetent melters
frequently permit the lining to grow at this point until the
melting capacity of the cupola is reduced one-half, and the
smaller ones frequently bridge before they are in blast more
than an hour when the lining is permitted to get out of shape.

Much better results might have been obtained from this
«cupola had the inventor furnished, to be hung up near the
cupola for the guidance of the melter, a framed diagram or blue-
print, showing the proper shape for lining of the bosh and



16 THE CUPOLA FURNACE.

melting zone when the lining was new and as it burned away ;
but such a diagram was never furnished, and I have frequently
seen melters running these cupolas who did not have the least
idea of the shape the lining should be put in when repairing it
“for a heat, having never seen one when newly lined or in shape.

The next patent cupola to come into prominence was the
Truesdale cupola, designed by Mr. Truesdale, foreman of the
Resor Stove Works, Cincinnati, Ohio. This cupola was sup-
plied with blast from an inside belt air chamber through the
Truesdale reducing tuyere, which consisted of a series of open-
ings through the lining placed one above the other only an inch
or two apart, the diameter of each reduced half an inch from
the one directly under it.

The lower tuyere was from 3 to 4 inches in diameter, accord-
ing to diameter of cupola, and the top one, one inch in diam-
eter. A sufficient . number of these tuyeres were placed in a
cupola to admit a proper volume of blast for melting ; the object
of these tuyeres being to distribute the blast to different parts of
the bed in a sufficient volume to produce a rapid and thorough
combustion of the fuel. This arrangement gave excellent re-
sults in cupolas of large diameter, but was not so satisfactory
in small cupolas, as the tendency to bridge was increased by
the inside air chamber and arrangement of tuyeres.

The cupola was designed for melting with coke only, and its
use was restricted to the West, the greater number of them
being used in Cincinnati and vicinity, where some are probably
still in use, but most of them have been replaced by more
modern cupolas.

The next patent cupola to come into prominence was the
Lawrence cupola, designed and patented by Mr. Frank Law-
rence, foreman of the American Stove and Hollow Ware Co.,
Philadelphia, Pa.

This cupola was designed for melting with coal or coke, and
was quite extensively used both in this country and Canada.
Its principal feature was a reducing tuyere, consisting of an
opening 3 or 4 inches square, directly over which was an up-
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right slot opening 10 to 12 inches long and 1 to 14 inches
wide at the bottom, and tapering to a point at the top. These
tuyeres, like the Truesdale, were supplied with air from an
inside air chamber, and were designed to distribute the blast to
produce a more rapid and thorough combustion than when all
the blast was admitted at the same level. The cupola was
generally boshed and the casing of the larger one was enlarged
in the center, giving them an egg-shape between the top of the
tuyeres and bottom of the stack, the charging door being
placed in the stack. The cupola, when of good size, was the
most rapid melter with coal ever designed, and was quite
extensively used w:th this fuel.

Another cupola that attracted some attention was the Pevie
cupola, designed by Mr. Pevie, a practical foundryman of a
small town in Maine. This cupola was an oblong or flat one
from 20 to 30 inches wide and from 4 to 6 feet long. Blast
was admitted to it through a horizontal slot tuyere placed on
each side and extending the full length of the cupola. The
object of this construction was to force blast to the center of
the cupola and produce even melting, which it no doubt did.
But the tendency of the cupola to bridge was so great that it
never came into general use, only a few of them being placed
in foundries. Of these I have seen only four, one of which was
in Mr. Pevie’s own foundry, and judging from the number of
cupola salamanders lying around, the inventor had not himself
been able to overcome the tendency of the cupola to bridge.

Another cupola, or rather tuyere, which came into promi-
nence in Philadelphia and vicinity was *“ The Dougherty,”
designed by Mr. Dougherty, of the firm of Bement and Dough-
erty. This improvement consisted of placing tuyeres in a
cupola in such a manner as to give to the blast a circling or
swirling motion around the cupola through the stock, in place
of passing straight in and up through the stock. This arrange-
ment for some time was considered to improve the melting, and
many of these tuyeres were placed in cupolas; but after a thor-
ough test there proved to be nothing in this motion given to

2
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the blast, and, like many other improvements, the tuyere was
abandoned.

All of these cupolas that met with any success depended
for this upon the shape of the lining or arrangement of the
tuyeres, and when these were maintained as originally designed
good results in melting were obtained. But when placed in
the hands of the average melter these conditions were ignored.
Linings were permitted to get out of shape, tuyeres closed
up or collapsed, directions for melting were not followed, and
the cupola sooner or later in a vast majority of cases proved a
complete failure and was changed to a plain cupola or replaced
with the old-fashioned straight, round cupola, which demon-
strates that fancy shapes in linings or the distribution of blast
to the bed through numerous small or fancy shaped tuyeres,
is not practical in cupola practice, and sooner or later proves a
complete failure.

Following these fancy-shaped and numerous-tuyered cupolas
came the “Colliau” plain round cupola, designed by Mr,
Colliau, and first introduced about 1874 or 75. This cupola
was designed to be a fast and economical melter as well as a
continuous melter. But when first introduced it proved such a
complete failure that Mr. Colliau’s financial partner committed
suicide and Mr. Colliau himself was on the verge of bankruptcy ;
but he persevered, and after numerous changes finally suc-
ceeded in making it the leading cupola of his time and of the
present time.

The cupola, when first introduced, presented a number of
new features in cupola construction and management, among
which were a hot blast, a double row of tuyeres, the tapping of
slag, etc. ‘

The hot blast was to be produced by extending the air
chamber from the bottom of the cupola up to near the charg-
ing door, on the outside, and heating the blast with heat escap-
ing through the cupola shell. The heat escaping through the
shell was found to be insufficient to heat the blast, and this
feature was a complete failure, and after constructing a few
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cupolas on this plan it was abandoned as impracticable. Had
Mr. Colliau applied this theory to some of the old-fashioned
stave cupolas, in place of a tight boiler plate casing, he might
have met with more success, and he probably got his idea from
these cupolas, for I have seen sufficient heat escape from them
to at least warm a blast, if not heat it, by surrounding the en-
tire cupola with a belt air chamber and passing the blast
through it before entering the eupola through the small tuyeres
then in use. The double rows of tuyeres were also a failure
when first introduced, and it was found to be almost impossible
to make hot iron with double the amount of fuel required for a
bed to make hot iron with a single row of tuyeres, and the use
of the cupola was restricted to foundries making heavy work
and not requiring very hot iron.

This objectionable feature was finally overcome by reducing
the size of the upper row and placing them nearer to the lower
row or lower in the cupola. The tapping of slag and the con-
tinuous melting was a success from the beginning and this was
all that saved the cupola from a complete failure. ‘

The tapping of slag from blast furnaces had long been in
vogue in this country, but Mr. Colliau was the first to apply
this system of melting to cupolas, and it proved a decided ad-
vantage in long heats, for prior to its introduction it was almost
impossible to run a small cupola for a greater length of time
than two hours, or a large one for more than four, and do good
melting.

Mr. Colliau also changed the form of cupola supports, bot-
tom doors, air chambers, adopted a scale of heights for cupolas
of different diameters, and probably did more to advance
cupola construction in this country than any other cupola
designer. .

His designs both before and after his death were adopted by
other cupola manufacturers, and the general construction of
cupolas at the present time is upon the Colliau plan.

The double row of tuyeres was not original with Mr. Colliau.
They had been used in France, prior to his introduction of
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them in this country, and the Truesdale and Lawrence tuyeres
were practically on the same principle, applied in a little differ-
ent form, but the Colliau arrangement was not so apt to close
up and get out of order, and was more practical and has come
into general use.

The utility of these tuyeres depends to a large extent upon
the conditions under which they are used. They require a
higher bed and are more destructive to lining material than the
single row of tuyeres, and in foundries employing a small num-
ber of molders and running short heats they are an expensive
luxury.

The manufacturers of cupolas have realized this fact and
arranged a device for closing the top row when large heats for
the size of cupola are not to be melted, and in fully nine-tenths
of these cupolas in use, I find the second row either perma-
nently or temporarily closed, which places the cupola in the
same condition as the improved cupola of ‘“ 40 years ago.”

The double row melts iron more rapidly than the single row
in cupolas of the same diameter, and a third and fourth row
have been added to advantage in this respect when properly
arranged. But the destruction of lining material from the use
of these numerous tuyeres is very heavy and the amount of
fuel required is greatly increased.

In foundries employing a large number of molders and melt-
ing heavy heats, rapid melting increases the output of the
foundry to a considerable extent by allowing more time for
molding work, and these numerous tuyere cupolas are being
used with good results in foundries of this class; the heavy de-
struction of lining material and increased expenses of melting
being more than overcome by the increased output of the foun-
dry.

It is therefore a matter for every founder to decide whether
it is more economical to melt fast or slow, the actual cost of
cupola lining, etc., being a secondary consideration when off-
set by other conditions.

I might describe numerous other cupolas I have seen in
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operation, but those just described embrace all the principles
embodied in other new designs of cupolas and arrangement of
tuyeres, nearly all of which have gone out of use or are being
used only to save expense of replacing them with other cupolas.

After all the supposed improvements we have- practically
come back to the plain round cupola of 40 years ago, with
practically no improvements, save the enlargement of tuyeres
and increase in height of cupola. These improvements have
made the common round cupola superior to any other for gen-
eral foundry use and with the improvement made in blast
machinery enormous quantities of iron may be melted in it in a
very short time, with the single row tuyere cupola, and with the
double and triple tuyere arrangement more iron may be melted
per hour than the output of our most improved blast furnaces
for the same length of time.

The common round cupolas with the single or double row
of tuyeres as desired are now manufactured by numerous
cupola manufacturers located in different parts of the country,
and founders who contemplate putting in new cupolas will
probably find it cheaper to order a cupola with such changes
~ in its construction as they may desire than to go to the expense
of making patterns and constructing their own cupola.




CHAPTER III.

CONSTRUCTING A CUPOLA.

WHEN about to construct a cupola to melt iron for foundry
work, the first thing to be decided on is the proper location. In
deciding this a number of points are to be taken into consider-
ation, the two most important of which are the getting of the
stock to the cupola and the taking away of the molten iron. It
should be borne in mind that there is more material to be
taken to a cupola than is to be taken away from it. For this
reason the cupola should be located as convenient to the stock
as possible. It must also be borne in mind that the object in
constructing a cupola is to obtain fluid molten iron for the work
to be cast, and if the cupola is located at so great a distance
from the moulding floors that the molten metal loses its fluidity
before it can be poured into the mould, the cupola fails in the
purpose for which it was constructed. :

If the work to be cast is heavy and the greater part of the
molten metal is handled by traveling or swinging cranes, the
small work may be placed near the cupola and the cupola
located at one side or end of the foundry near the yard. But
if the work is all light hand-ladle or small bull-ladle work, the
cupola should be located near the centre of the moulding-room
so that the molten iron may be rapidly conveyed to the moulds
in all parts of the room.

SCAFFOLD.

It is often found difficult, owing to the shape of the mould-
ing-room and location of the yard, to place the cupola conven-
iently for getting the stock to it and the molten iron away from
it. When this is the case, means must be provided for getting
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the stock to the cupola and the cupola located at a point from
which the molten metal can be rapidly conveyed to the moulds.
At the present low price of wrought iron and steel, a fire proof
cupola scaffold can be constructed at a very moderate cost, and
the difficulty of locating the cupola convenient to the yard may
be overcome by constructing a scaffold of a sufficient size to
take the place of a yard for iron and fuel. The scaffold may
be constructed under the foundry roof and made of proper
size to hold one or two cars of coal or coke, a hundred tons of
pig and scrap iron and all the necessary material for a cupola.
The space under the scaffold can be utilized as moulding floors
for light work or for core benches, core oven, ladle oven, sand-
bins, etc. The cupola and its supplies are then under roof,
and there is no trouble from cupola men staying at home in
bad weather, as is often the case when the cupola and stock
are out of doors.

When this arrangement is adopted, an endless chain or
bucket elevator should be constructed to convey the coal
or coke to the scaffold as fast as it is shoveled from the truck
or car. Another elevator should be provided for pig and scrap
iron, and as the iron is thrown from the car it is broken and at
once placed upon the scaffold convenient for melting. This
arrangement saves considerable expense for labor in the rehand-
ling of iron and fuel, and also prevents the loss of a large amount
of iron and fuel annually tramped into the mud in the yard and
lost. The saving in labor and stock in a short time will pay the
extra expense incurred in constructing this kind of scaffold.

CUPOLA FOUNDATION.

Too much care cannot be taken in putting in a cupola foun-
dation, for the weight of a cupola and stack, when lined with
fire-brick to the top, amounts to many tons, and when loaded
with fuel and iron for a heat to many tons more. If the foun-
dation gives way and the cast iron cupola bottom is broken by
uneven settling, the cupola is rendered practically worthless,
for it is impossible to replace the bottom with a new one with-
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out taking out the entire lining, which entails much expense,
and it is almost impossible to bolt or brace the plate so as to
keep it in place.

. The foundation should. be built of solid stone work, and if a
good foundation cannot be had, piles must be driven. Separate
stone piers should never be built for each column or post, for
they frequently settle unevenly and crack the bottom plate.
. > Uneven settling and breaking of the bottom are, to a large ex-

tent, prevented by placing a heavy cast iron ring upon the

- stone work upon which to set the cupola supports. This ring

should be. placed several inches below the floor to prevent it
being warped and broken by the heat in the dump.
When brick walls are constructed for the support of a cupola,
the bottom plate is made square, from two to three inches
.thick and strongly ribbed or supported by railroad iron be-
- tween the walls, to prevent breaking. The walls do not admit
of sufficient freedom in removing the dump and for this reason
are, at the present time, seldom: used in the construction of
cupolas. Even when the cupola is set so low that a pit is re-
quired for the removal of the dump, the iron supports are-used
and the pit walls built outside of them. When the round cast
. iron columns are employed, the plate must be made square or
with a projection for each column, to admit of the columns be-
- ing placed at a sufficient distance apart to let the bottom doors
swing between them. The best supports for a cupola are the
- T-shaped posts. They take up less room under the cupola and
are less in the way when removing the dump than the round
columns, and when slightly curved at the top, can be placed at
a sufficient distance apart to permit of the drop doors swinging
between them. When these posts are used, the bottom plate
is made round and of only a slightly larger diameter than the
cupola shell or air chamber, and when made of good iron and
the foundation plate is used, the bottom plate does not require
to be more than 114 or 2 inches thick for the largest sized
cupola. The supports when curved at the top must be bolted
to the plate to hold them in place.
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HEIGHT OF CUPOLA BOTTOM.

The height the bottom of a cupola or spout should be placed
above the moulding floor or gangway, depends upon the class
of work to be cast. For small hand-ladle work the proper
height is 18 to 20 inches; for small bull-, and hand-ladle work
24 to 30 inches; and for large crane-ladle work three to five
feet.

It is very difficult and dangerous to change ladles and catch
a large stream from a high cupola in hand-ladles; and when
pieces are only cast occasionally, requiring the use of a large
crane-ladle, it is better to place the cupola low and dig a pit in
front of it, in which to set the ladle when a large one is re-
quired for the work.

When the cupola is set low, room must be made for the re-
moval of the dump. This may be done by constructing a wall
in front of the cupola to keep up the floor under the spout, and
lowering the floor under and around the back part of the
cupola. When the cupola is so situated that this can not be
done, a pit should be constructed for the removal of the dump.

BOTTOM DOORS.

For cupolas of small diameter, but one bottom drop door is
used. But when the cupola is of large diameter the door, if
made in one piece, would be so large that there would not be
room for it to swing clear of the foundation without setting the
cupola too high, and the door would be very heavy and difficult
to raise into place. For large cupolas the door is cut in the
middle and one-half hung to the bottom on each side. Four
and six doors are sometimes used, but they are always in the
way when taking out the dump, and require more care in
putting in place and supporting.

The doors are generally made of cast iron, and vary in
thickness from a half-inch to an inch and a half, and are fre-
quently very heavy and difficult to raise into place. If the
doors are large they are much lighter and easier to handle
when made of wrought iron, and if properly braced answer the
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purpose equally as well as the stiffer cast iron ones. If the
lugs on the bottom plate are set well back from the opening,
and the lugs on the doors made long, the doors drop further
away from the heat of the dump, and may be swung back and
propped up out of the way when removing the dump.

DEVICES FOR RAISING THE BOTTOM DOORS.

A number of devices have been used for raising the bottom
doors of cupolas into place, and thus avoiding the trouble and
labor of raising them by hand. One of the oldest of these de-
vices is a long bar, one end of which is bolted to the under side
of the door, on the other end is cast a weight or ball almost
sufficient to balance the door upon its hinges when raised.
When the door is down the bar stands up alongside of the
cupola, and when it is desired to raise the door the bar and
weight are swung downward. As the weight descends the
door is balanced upon its hinges and swings up into place,
where it is supported by a prop or other support. This device,
when properly arranged and in good order, raises the door
very easily and quickly into place, but it is continually getting
out of order. The sudden dropping of the door in dumping
and the consequent sudden upward jerk given to the heavy
weight on the end of the bar fequently breaks the bar near the
end attached to the door or breaks the bolts by which the bar
is attached to the door, and the door is sometimes broken by
the bar. For these reasons this device is very little used.

Another device, and probably the best one for raising heavy
doors, is to cast large lugs with a large hole in them, on the
bottom and the door, and put in an inch and a half shaft
of a sufficient length to have one end extend out a few inches
beyond the edge of the bottom plate. The door is keyed
fast upon the shaft, and the shaft turns in the lugs upon the
bottom when the door is raised or dropped. An arm or crank
is placed upon the end of the shaft, pointing in the same
direction from the shaft as the door. When the door is down
the arm hangs down alongside of the iron post or column
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supporting the cupola and is out of the way in removing the
dump, and when the door is up the arm is up alongside of the
bottom plate, out of the way of putting in the bottom props.
The door is raised by a pair of endless chain pulley blocks at-
tached to the under side of the scaffold floor at the top and the
end of the arm at the bottom, and it is only necessary to draw
up the arm with the chain to raise the door into place. This
is one of the best devices we have seen for raising heavy doors.

Another one, equally good for small doors and less expensive,
is to make the end of the shaft square and raise the door by
hand with a bar or wrench five or six feet long, placed upon
the end of the shaft. The bar is placed upon the shaft in an
upright position, and by drawing down the end of the bar the
door is swung up into place by the rotation of the shaft on to
which it is keyed. When the door is in place the bar is re-
moved from the end of the shaft, and is not at all in the way of
handling the iron or managing the cupola.

CASING.

The casing or shell of the modern cupola and stack is made
of iron or steel boiler plate, riveted together with one or two
rows of rivets at each seam. The thickness of the plate required
depends upon the diameter and height of the cupola and stack.
The lining in the stack is seldom renewed, while the lining in
the cupola is often removed every few months and replaced
with a new one, and the casing must be of a sufficient thickness
to support the stack and lining when the cupola lining is re-
moved. The strain upon the casing due to expansion and
shrinkage is not very great when properly lined ; but when im-
properly lined with a poor quality of fire-brick, the expansion
may be so great as to tear apart the strongest kind of casing.
The only way to prevent this is to take care in selecting the
fire-brick, and in laying up the lining. The greatest wear and
tendency to rust are in the bottom sheet, and it is also weakened
by cutting in the front, tuvere and slag holes, and should be
made of heavier iron than any other part of the casing. Plate
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. of ¥ inch or 3§ inch thickness is heavy enough for almost any
sized cupola. The cupola and stack casing are generally made
in one piece, the cupola ending at the charging door and the
~ stack beginning at the same point. The stack may be con-

" tracted above or below the charging door, and made of smaller
diameter than the cupola. This gives a better draught and
requires less material for casing and lining; but it also in-
creases the number of sparks thrown from the cupola when in
blast. Where sparks are very objectionable, as in closely built
up neighborhoods, it is better to make the cupola and stack of
the same diameter, or to enlarge the stack from the bottom of
the charging door. This may be done by placing a cast iron
ring upon the top of the cupola shell, and supporting it by
brackets riveted to the shell, and placing the stack shell upon
the ring. The sparks then fall back into the cupola if the stack
is of a good height, and very few are thrown out at the top.

The height of a cupola is the distance from the top of the
bottom plate to the bottom of the charging aperture. Many
plans have been devised for utilizing the waste heat from a
cupola, but the only practical means so far discovered is to
construct a high cupola. The heat lost in a low cupola is then
utilized in heating the stock in the cupola before it escapes
from it. But all the heat is not utilized in this way, for a great
deal of gas escapes unconsumed. This is shown by the in-
crease in flame as the stock settles in the cupola to a point at
which the oxygen from the charging aperture combines with
the escaping gas in sufficient quantity to ignite it, when it
burns with a fierce flame above the stock. Still a great deal
more heat is utilized in a high cupola than in a low one.

It is well known among iron founders that a high cupola will
melt more iron in a given time and with less fuel than a low one
of the same diameter. Therefore the charging aperture should
be placed at the highest practicable point. There is a limit to
the height at which tlLe,apé-ture in a small cupola can be
placed, for where the diameter is small the iron in settling fre-
quently lodges against the lining and hangs up the stock.
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When this occurs the stock has to be dislodged by a long bar
worked down through from the charging aperture. If the
aperture is placed at too great a height and the lodgment takes
place near the bottom, the trouble cannot be remedied with a
bar, and melting stops. Cupolas of large diameter may be
made of almost any height desired, but there seems to be a
limit to the height at which heat is produced in a cupola by the
escaping gases, and we have arranged the following table from
practical observation, giving the approximate height and size
of door for cupolas of different diameters:

Diameter Height of Size of Charging  Melting Capacity Mekting Capacity

Inside Lining, Cupola Door, per Hour, per Heat,

Inches. Feet. Inches. Tons. Tons.
18 6—7 15x 18 b et 1—2
20 7—8 18 x 20 K—1 2—3
24 8—9 20 x 24 1—2 k]
30 9—12 24 x24 2—s5 4—10
40 12—1§ 30x 36 4+—8 8—20
50 15—18 30x 40 6—14 15—40
60 16—20 30x 45 8—16 25—60

The melting capacity of a cupola varies with the kind of fuel
used. One-fourth more iron can be melted per hour with coke
than with coal, and the melting capacity per heat is greatly in-
creased by the tapping of slag and the number of tuyeres.

CHARGING DOOR.

The charging door may be made in one or two sections and
lined with fire-brick or daubed with fire-clay; or it may be
made of wire gauze placed in an iron frame. The charging
door is of but little importance in melting, as it is seldom
closed during the greater part of the heat, and is only of service
to give draught to the cupola when lighting up, and to prevent
sparks being thrown upon the scaffold during the latter part of
the heat. :

AIR CHAMBER,

The air chamber for supplying the tuyeres with blast may be
constructed either outside or inside the cupola shell. When
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placed inside, the cupola must be boshed and the lining con-
tracted at the bottom to make room for the chamber without
enlarging the diameter of the cupola casing. When the cupola
is large this can readily be done, and the boshing of the cupola
increases its melting capacity; but small cupolas cannot be
contracted at the bottom to a sufficient extent to admit of an
air chamber being placed inside without interfering with the
dumping of the cupola. When placed inside, the chamber may
be formed with cast iron staves made to rest upon the bottom
plate at one end and against the casing at the other. The
staves are flanged to overlap each other with a putty joint, and
when new make a very nice air chamber. But when the lining
becomes thin they become heated and frequently warp or
break, and permit the blast to escape through the lining to so
great an extent that the lining has to be removed and the
staves replaced with new ones.

The air chamber, when constructed inside the casing, should
be made of boiler plate, and securely riveted to the casing to
hold it in place and prevent leakage of blast through the lining.
It must be constructed of a form to correspond with the bosh-
ing of the cupola, and of a size to supply a sufficient quantity
of blast to all the tuyeres. If these conditions cannot be met
without reducing the cupola below 40 inches diameter at the
tuyeres, then the air chamber should be placed on the outside,
and any desired boshing of the cupola made by placing com-
mon red brick behind the fire-brick lining.

When the air chamber is placed upon the outside of the
shell, it may be formed by a round cast iron or sheet metal
pipe extending around the cupola, with branches extending
down to each tuyere; or it may be made of boiler plate and
riveted to the shell. The great objection to the round or over-
head air chamber is the numerous joints required in connecting
it with each tuyere. These joints require continual looking
after to prevent leakage of blast, and in many cases they are
not examined from one year’s end to another, and a large per
cent. of the blast is frequently lost through leaky joints. The
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best air chambers are those made of boiler plate and riveted to
the cupola shell and securely corked. These air chambers are
made of any shape that may suit the fancy of the constructor,
and in many cases are very much in the way of the melter in
making up the cupola and of the moulders in removing the
molten iron. They should not be made to extend out from the
shell more than six inches, and any air capacity desired given
by extending the chamber up or down the shell. The air
capacity should not be less than three or four times the area of
the outlet of the blower, and may be much larger. The blast
should be admitted to the chamber from the top on each side
of the cupola. This arrangement places the pipes out of the
way where they are least likely to be knocked and injured.
When the tuyeres are placed low, the chamber may be made
to extend down to the bottom plate. In this case, the bottom
plate must be inade larger and the chamber cut away front and
back for the tap and slag holes.

When the tuyeres are placed high, the chamber should be
placed up out of the way of the tap and slag holes, and riveted
to the shell at both top and bottom. An opening should be
made in the air chamber under each tuyere and covered with a
piece of sheet lead, so that any molten iron or slag running into
the chamber from the tuyeres will flow out and not injure or
fill up the chamber. An opening should be placed in front of
each tuyere for giving draught to the cupola when lighting up,
and for the removal of any iron or slag that may run into the
tuyere during a heat. These openings should not be made over
three or four inches in diameter, and should each be provided
with a tight-fitting door to prevent the escape of the blast.

TAP HOLE.

One or more orifices are placed in the casing at the bottom
plate for the removal of the molten iron from the cupola.
These openings are known as tap holes, and in the casing are
from six to eight inches wide and seven to nine inches high,
curved or rounded at the top. The opening through the
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cupola lining is generally formed by the brick and presents a
very ragged appearance after the lining has been in use a short
time. This opening should be lined with a cast iron casting
bolted to the cupola casing, and made to extend almost
through the lining. The casing should be made slightly taper-
ing with the large end inside, or ribbed, to prevent the front
being pushed out by the pressure of molten iron retained in the
cupola. For small cupolas, or a large cupola from which the
iron is removed in large ladles, but one tap hole is required.
But large cupolas melting over eight tons of iron per hour,
from which the iron is taken in hand ladles, require two tap
holes. Two tap holes are sometimes placed in a cupola on
opposite sides to shorten the distance of carrying the iron to
the moulds. And two tap holes are also sometimes placed
side by side so that each may be kept in better order through-
_out the heat. This is bad practice, for if the front is properly
put in, one tap hole will run off all the iron a cupola is capable of
melting. When two tap holes are put in they should be placed
one in front and the other in the back or side of the cupola, so
that the moulders will not be in each other’s way when catch-
ing-in.

THE SPOUT.

A short spout must be provided for conveying the molten
iron from the tap hole to the ladles. This spout is generally
made of cast iron, and is from six to eight inches wide with
sides from three to six inches high, and for small ladle work is
from one to two feet long. For large ladle work it is made
much longer. In some foundries where a long spout is only
occasionally required, the spout is made in two sections and
put together with cleats, so that an additional section may be
put up to fill a large ladle and taken down when it is filled. The
spout should be long enough to throw the stream near the
center of the ladle when filling. In a great many foundries
the spout is laid upon the bottom plate, and only held in place
~ by the making up of the front, and is removed after each heat.
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This entails the loss of a great deal of spout material each heat,
and sometimes the spout is struck in the careless handling of
ladles and knocked out of place, when much damage may be
done. When not in the way of removing the dump, the spout
should be securely bolted to the bottom plate.

When it is desired to run a very small cupola for a greater
length of time than an hour and a half, or a large cupola for a
longer time than two hours and a half, slag must be tapped to
remove the ash of the fuel and dross of the iron from the
cupola, to prevent bridging over and bunging up. The slag
hole from which the slag is tapped is placed between the
tuyeres, and below the lower level of the lower row of tuyeres.
A hole is cut through the casing and lining from three to four
inches in diameter, and a short spout or apron is provided to
carry the slag out, so that it will fall clear of the bottom plate.
The slag hole should be placed at the back of the cupola, or at
the greatest possible distance from the tap hole, so that the
slag will not be in the way of the moulders when catching the
iron. The height at which a slag hole should be placed above
the sand bottom depends upon how the iron is tapped. The
slag in a cupola drops to the bottom and floats upon the sur-
face of the molten metal, and rises and falls with it in the
cupola. If the molten iron is held in the cupola until a large
body accumulates, the slag hole must be placed high and the
slag tapped when it has risen upon the surface of the molten
iron to the slag hole. When the iron is withdrawn, the slag
remaining in the cupola falls below the slag hole, and the hole
must be closed with a bod to prevent the escape of blast. If
the iron is drawn from the cupola as fast as melted, the slag
hole is placed two or three inches above the sand bottom at
the back of the cupola. The slag then lies upon the molten
iron, or upon the sand bottom, and the slag hole may be
opened as soon as slag has formed, and allowed to remain
open throughout the heat.

3
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TUYERES.

A number of openings are made through the casing and lin-
ing near the bottom of the cupola for admitting the blast into
the cupola from the air chamber or blast pipe. . These open-
ings are known as tuyeres. Tuyeres have been designed of all
shapes and sizes, and have been placed in cupolas in almost
-every conceivable position, so there is little to be learned by
.experimenting with them, and the only things to be considered
-are the number, shape, size and position of tuyeres for different
sized cupolas. For a small cupola, two tuyeres are sufficient.
A greater number. promotes bridging. They should be.
.placed in the cupola on opposite sides, so that the blast will
meet in the center of the cupola, and not be thrown against the
lining at any one point with great force. The best shape for a
.small cupola is a triangular or upright-slot tuyere. These
.cause less bridging than the flat-slot or oval tuyere, and in
small cupolas make but little difference in the amount of fuel
required for the bed. When only two tuyeres are provided a
belt air chamber around the cupola is not required, and the
blast pipes are generally connected direct with each tuyere.
In large cupolas the shape of the tuyeres selected makes but
little difference in the melting, so long as they are of sufficient
size and number to admit the proper amount of blast to the
cupola, and so arranged as to distribute it evenly to the stock.
The flat-slot: or oval tuyeres are generally selected for the
reason that they require less bed than the upright-slot tuyere.

The number of tuyeres required varies from four to eight,
according to the size of the cupola and tuyeres. They should
be of the same size and placed at uniform distances apart. A
‘tuyere should never be placed directly over the tap or slag hole.
The combined tuyere area should be from two to three times
greater than the area of the blower outlet. The tuyere boxes
or casings are made of cast-iron, and should be bolted to the
cupola shell to prevent any escape of blast through the lining
when it becomes old and shaky, or when lined with poor mate-
rial and the grouting works out, as is sometimes the case.
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The height at which tuyeres are placed in cupolas above the
sand bottom varies from one or two inches to five feet, and
there is a wide difference of opinion among founders as to the
height at which they should be placed. When the tuyeres are
placed low the iron must be drawn from the cupola as fast as
melted, to prevent it running into the tuyeres. In foundries
where the iron is all handled in hand-landles this can readily be
"done, and the tuyeres are placed low to reduce the quantity of
‘fuel in the bed and make hot iron. In foundries in which
heavy work is cast, and the iron handled in large ladles, the
tuyeres are placed high, so that a large amount of iron may be
-accumulated in the cupola to fill a large ladle for a heavy piece
of work:. ' ‘

We do not believe in high tuyeres, and claim they should ~
never be placed more than 10 or 12 inches above the sand
bottom for any kind of work; and if slag is not to be tapped
from the cupola, they should not be placed more than two or
three inches -above the sand bottom. In stove foundries, in
‘which cupolas of large diameter are employed and hot iron re-
quired throughout the heat, the tuyeres are placed so low that
the sand bottom is made up to within one inch of the bottom
of the tuyeres on the back and two or three inches at the front.
This gives plenty of room below the tuyeres for holding iron
without danger of it running into the tuyeres. In cupolas of
small diameter two inches is allowed at the back and three or
four inches at the front. This insures a hot, even iron through-
out the heat, if the cupola is properly charged, and a much less
quanty of fuel is required for the bed than if the tuyeres were
placed high. Molten iron is never retained in the cupola for
this class of work, and the tap hole is made of- a size to let the
iron out as fast as melted and the stream kept running through-
out the heat.

Cupolas with high tuyeres are not employed for this class of
work, for they do not produce a hot fluid iron throughout a
heat without the use of an extraordinarily large per cent. of
fuel, and when the tuyeres arc extremely high they do not
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make a hot iron with any amount of fuel. Nothing is gained
by holding molten iron in a cupola, for iron can be kept hotter
in a ladle than in a cupola, and melted hotter with low than
high tuyeres, and a cupola is kept in better melting condition
throughout a heat by tapping the iron as fast as melted.

TWO OR MORE ROWS OF TUYERES.

It is the common practice to place all the tuyeres in a cupola
at the same level, or in one row extending around the cupola.
But two or more rows are frequently placed one above the
other. When a large number of rows are employed they
decrease in area gradually from the lower to the top tuyere,
and the rows are generally placed very close together. When
two rows are put in, the second row is made from one-half to
one-tenth the area of the first row, and the two rows are placed
from 8 to 18 inches apart. If the area of the second row is
one-half that of the first, it is generally placed from 8 to 10
inches above the first row, and only when the tuyeres are very

small are they placed at a greater height above the first row.

When three rows are put in, the second row is made of)e-half
the area of the first row, and the third row one-fourth the area
of the second, and the rows are placed from 6 to 10 inches
apart. When tuyeres are placed in a cupola all the way up
to the charging door, those above the first or second row are
made one inch diameter, and are placed from 12 to 14 inches
above each other.

The tuyere in the upper row may be placed directly over the
tuyere in the row beneath it, or may be placed between two
lower ones. Some cupola men claim that much better results
are obtained by this latter plan, but we have never observed
that it made any difference whether they were placed over or
between those of the lower rows.

Faster melting is secured with two or three rows of tuyeres
than with one row in cupola of the same diameter, and the
melting capacity per hour is increased about one-fourth in
. melting large heats. When melting a small heat for the size
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of the cupola, nothing is gained by the additional rows of
tuyeres, since a much larger quantity of fuel is required in the
bed, for which there is no recompense by saving of fuel in the
charges through the heat, and fast melting is seldom any great
object in small heats.

LINING.

The casing may be lined with fire-brick, soapstone or other
refractory substances. In localities where fire-brick cannot be
obtained, native refractory materials are used; but fire-brick
are to be preferred to native mineral substances. Cupola brick
are now made of almost any shape or size required in cupola
lining, and can be purchased at as reasonable a price as the
common straight fire-brick. The curved brick, laid flat, make
a more compact and durable lining than the wedge-shaped
brick set on end, and are most generally used. When laying
up a lining, the grouting or mortar used should be of the same
refractory material as the brick, so that it will not burn out and
leave crevices between the brick, into which the flame pene-
trates and burns away the edges of the brick. This material is
made into a thin grout, and a thin layer is spread upon the
bottom plate. The brick is then taken in the hand, one end
dipped in the grout, and laid in the grout upon the plate.
When a course or circle has been laid up, the top is slushed
with grout to fill up all the cracks and joints, and the next
course is laid up and grouted in the same way. The joints are
broken at each course, and the brick are laid close together to
make the crevice between them as small as possible, and pre-
vent the flame burning away the corners in case the grouting
material is not good and burns out.

Brick that do not expand when heated are laid close to the
casing. Those that do expand are laid from a fourth of an
inch to an inch from the casing, to give room for expansion,
and the space is filled in with sand or grout. Brick of un-
known properties should always be laid a short distance from
the casing, to prevent the latter being burst by expansion of
the lining.



38 THE CUPOLA FURNACE.

The lining is made of one thickness of brick, and a brick is
selected of a size to give the desired thickness of lining. In
small cupolas, a four or five-inch lining is used, and in large
cupolas a six or nine-inch lining. A heavier lining than nine

FiG. 1.

_—

SECTIONAL VIEW OF CUPOLA.

inches is seldom put in, except to reduce the diameter of the
cupola or prevent the heating of the shell. In these cases, a
filling or false lining of common red brick is put in between the
fire-brick and shell. The stack lining is seldom made heavier
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than four inches for any sized cupola, as the wear upon it
is not very great, and a four-inch lining lasts for a number of

years. The stack lining is laid up and grouted in the same
way as the cupola lining.

ARRANGEMENT OF BRACKETS, ETC.

In Fig. 1 is shown the manner in which brackets or angle
iron are put into a cupola for the support of the lining in sec-
tions upon the casing. The brackets are made of heavy boiler
plate from five to six inches wide, circled fo fit the casing and
bent at a square angle. The part riveted to the casing is made’
four inches long and secured to the casing with two or three
rivets. The bracket or shelf for the support of the lining is
made from one and a half to two inches long. The brackets
are placed about two feet apart around the casing and in rows
from two to three feet above each other. These brackets are
but little in the way when laying up a lining, and support thé
latter so that a section may be taken out and repl:(ced wnthout
dnsturbmg the remainder of the lining. Ct

Angle iron is by many preferred to brackets for the suppoft
of the lining. It is put in bands extending all ‘the way around
the casing and riveted to it. These bands not only support-the
lining but act as a brace to the casing.’and in some respects aré’
a better support for the lining than brackets. They catch and’
hold in place all the grouting or sand that may work out of the
lining between the casing, and give a more even support 'to the"
lining, but with their use it is sometimes more difficult to fit the
brick around when laying up a lining. Still, angle iron has'
generally taken the place of brackets and is put in all the mod-
ern cupolas.’ The brackets or angle iron should not be made
to extend out from the casing more than one and a half or'two
inches, for if they do they are liablé to be burned off when the'
lining becomes thin and let the iron or heat through to the
casing. One and a half inches are sufficient to support the
lining if the brick form a circle to fit the casing. No supports
should be put in at the melting zone, for the lining frequently
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burns very thin at this point. even in a single heat. It is not
necessary to put in any below the melting zone, and the first
one should be placed at the upper edge of the zone, and from
this up they should be put in at every two or three feet.

The weight of brick placed upon the lower courses in a
cupola lining is sufficient to crush most of the soft cupola brick,
and were it not for the support given to three sides of them in
the lining they would, by the great weight placed upon them,
be reduced to a powder. As a lining burns out it becomes
thin more rapidly at the bottom, and it often happens that the
lining at the melting zone is reduced to one-half its thickness,
or even less, in a few heats, and this reduced lining often has to
support a lining of almost full thickness for the entire cupola,
and in some cases also the stack lining. The cohesive force of
these bricks is reduced by the intense heat in the cupola, and
when subjected to so great a pressure and heated they are
crushed and the lining gradually settles and becomes shaky.
This settling is so great with some qualities of brick that in
cupolas having no frame riveted to the casing around the
charging aperture, the arch over the door frequently settles so
low that it becomes necessary to rebuild it to maintain the full
size of the opening.

Brick do not give the best results when subjected to so great
a pressure and heated to a high temperature. Therefore, in all
cupolas, brackets or angle iron should be put in every two or
three feet for the support of the lining on the casing, and the
casing should be made heavy enough to support the entire
lining when a section has been burned out or removed.

In the illustration (Fig. 1) is also shown a way for reducing the
size and weight of the bottom doors and preventing the casing
from rusting off at the bottom. In many of the large cupolas re-
quiring heavy sand bottoms, the bottom plate can be made to
extend into the cupola from three to six inches all round with-
out in the least interfering with dumping, and the first few
courses of brick sloped back from the edge of the plate to the
regular thickness of lining to prevent sand lodging on the edges
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of the plate around the lining. By this arrangement in large
cupolas, the diameter of the doors may be reduced from six to
ten inches, and very much lightened, and less sand will be re-
quired, for the sand bottom and the dump falls as freely as
when the doors are the full size of the cupola.

Cupolas that are not in constant use absorb a great deal of
moisture into the lining and are constantly wet around the
bottom plate, and light casings are eaten away by rust in a
short time. To prevent this the first one or two courses of
brick can be laid a few inches from the casing and a small air
chamber formed around the cupola at this- point. If this
chamber is supplied with air from a few small holes through
the iron bottom or casing, the latter is kept dry and rusting is
prevented.

In the illustration (Fig. 1) is shown the triangular-shaped
tuyere in position in the lining. This tuyere prevents bridging
to a greater extent than any other, and is, for a small cupola,
one of the very best shapes. It is formed with a cast iron
frame set in the lining, and each tuyere may be connected with
a separate pipe, as shown, or they may be connected with an
air belt extending around the cupola.

Bottom plates may be cast with a light flange around the
edge, as shown in the illustration (Fig. 1), or made perfectly
flat on top; but it is better to cast them with a small flange or
bead for holding the shell in place upon the plate, and thus
make the cupola to have a more finished look around the
bottom.

FIRE PROOF SCAFFOLDS.

The charging door or opening through which fuel and iron
are charged into a cupola is placed at so great a height from
the floor that it is necessary to construct a platform or scaffold,

upon which to place the stock, and from which to charge it
~ into the cupola. For heavy work, this scaffold is generally
placed on three sides of the cupola, leaving the front clear for
the swinging of crane ladles to and from the spout; but for
light work the scaffold frequently extends all the way around
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the cupola to give more room for placing stock upon it. The
distance the floor of a scaffold is generally placed below the
charging door is about two feet, but that distance varies, and
floors are frequently placed on a level with the door or thrse
or four feet below it to suit the kind of iron to be melted or the
facilities for ‘placing stock upon the scaffold from the yard.
The scaffold and its supports are more exposed to fire than
almost any other part of a foundry, for live sparks are thrown
from the charging door upon the scaffold floor, and molten
iron, slag, etc., are frequently thrown against its supports and
the under side of the floor with considerable force when dump-
ing the cupola. Numerous plans have been devised to make
scaffolds fire-proof and prevent the foundry from being set on
fire. In many of the wooden foundry buildings the scaffold ‘is
constructed entirely of wood, and to render it fire-proof, the
supports and under side of the floor are covered with light
sheet iron to protect them from molten iron, slag, etc., when
dumping. The covering of the wood-work of a scaffold in this
way is very bad practice, for while it protects the wood from
direct contact with the fire, it also prevents ‘it from being
wetted, and in a short time the wood becomes very dry and
very combustible. The thin covering of sheet iron is ‘soon
eaten away with rust, leaving holes through which sparks may
pass and come in contact with the dry wood and ignite it under
the sheet iron where it cannot be seen, and the cupcla men,
after wetting down the dump very carefully, may go home
leaving a smouldering fire concealed by the sheet iron cover-
ing which may break forth during the night and destroy the
foundry. It is better to leave all the wood-work entirely un-
covered and exposed to the fire and heat, and wet it in exposed
places before and after each heat; the wood is then kept
dampened and is not so readily combustible as when covered
with sheet iron, and if ignited the fire may be seen and ex-
tinguished before the men leave for home after their day’s work
is done. In many of the wooden foundry buildings the cupola
is placed outside the foundry building and a small brick house
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or room constructed for it and the molten iron run into the
foundry by a cupola spout extending through the wall. In
this way a scaffold may be made entirely fire-proof by putting
in iron joist and an iron or brick floor, and putting on an iron
roof. We saw a scaffold and cupola house at a small foundry
in Detroit, Mich., about twenty years ago, that was constructed
upon a novel plan and was perfectly fire-proof. The house was
twelve feet square and constructed of brick, the scaffold floor
was of iron and supported by iron joist, the walls were perpen-
dicular to five feet above the scaffold floor, and from this point
they were contracted and extended up to a sufficient height to-
form a stack three feet square at the top. The cupola was
placed at one side of this room and the cupola-house, and the
spout extended through the wall into the foundry: the open
top of the cupola extended about two feet above the scaffold
floor, and its stack was ‘formed by the contracted walls of the
cupola-house. There were no windows in the house, and only
one opening above for placing stock upon the scaffold and one
below for removing the dump and making up the cupola, both
of which openings were fitted with iron door frames and doors,

and could be tightly closed. When lighting up, the scaffold
door was closed to give draught to the cupola, and when burned
up the door was opened and the cupola charged from the scaf-
fold. Sparks from the cupola when in blast fell upon the
scaffold floor and were never thrown from the top of the stack
or cupola-house upon the foundry roof or the roofs of adjoining
buildings, and when the doors were closed the scaffold was as
fire-proof as a brick stack. The great objection to this scaffold
was the gas from the cupola upon the scaffold when the blast
was on, and the intense heat upon the scaffold in warm weather
or when the stock got low in the cupola.

The best and safest scaffolds are those constructed entirely
of iron, or with brick floors and supported by iron columns, or
brick walls and made of a sufficient size to admit of wood or
other readily combustible tupola material being placed at a safe
distance from the cupola. The cupola scaffold in the foundry
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of Gould & Eberhardt, Newark, N. ], is constructed of iron
supported by iron columns and brick walls, and is of sufficient
size and strength to carry two car-loads of coke, one hundred
tons of pig and scrap iron, and all the wood shavings and other
materials required for the cupola. In the new iron foundry
building recently erected by The Straight Line Engine Com-
pany, Syracuse, N. Y., the scaffold is constructed entirely of iron
and supported by the iron columns which support the foundry
roof. It extends the entire length of the foundry, affording
ample room for storing iron, coke, wood, and all cupola sup-
plies, thus doing away with a yard for storing such material, and
placing them under the foundry roof and convenient for use.
Scaffolds of this kind greatly reduce the expense of handling
cupola stock, and also reduce the rate of insurance on foundry
buildings. '




CHAPTER 1V.

CUPOLA TUYERES.

THE cupola furnace may be supplied with the air required
for the combustion of the fuel by natural draft induced by a
high stack, a vacuum created by a jet of steam, or by a forced
blast from a fan or blower. In either case the air is generally
admitted to the cupola through openings in the sides near the
bottom. These openings are known as tuyeres or tuyere holes.
. The location, size, number and shape of these tuyeres are a
matter of prime importance in constructing a cupola, and are a
subject to which a great deal of attention has been given by
eminent and practical foundrymen for years, and to these men
is due the credit for the advancement made in the construction
of cupolas.

It is only a few years since 10 to 15 tons was considered a
large heat for a cupola, and when a large casting was to be
poured two of.more cupolas were run at the same time and
the greater part of a day consumed in melting. Now 60 tons
are melted in one cupola in four hours for light foundry work,
and hundreds of tons are melted in one cupola in steel works
without dropping the bottom. This improvement in melting is
largely due to the improvement in the size, shape and arrange-
ment of tuyeres.

There have been epidemics of tuyere inventing several times
in this country in the past twenty-five years, and during these
periods it has been almost i