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UNITED STATES

PatenT OFFICE.

- HENRY BESSEMER, OF LONDON, GREAT BRITAILN.

IMPROVEMENT IN MACHINERY FOR THE MANUFACTURE OF IRON AND STEEL.

Specification _fﬁrming part of Letters Patent No. 49,055, dated July 25, 1865.

To all whom it may concern : '
‘Be it known that I, HENRY BESbE‘fIER ot

-Queen Street Place, New Cannon Street, in the
- eity of London, in the Kingdom of (:rea,t, Brit-
aiw, have invented certain new and useful Im-

prm'ements in Machinery or Apparatus Em-
ployed in the Manufacture of Iron and Steel;
~and I do hereby declare.the following to be a

- full and exactdescription of the same, reference |

being had to the accompanying drawings.
My improvements relate to the manufaciure

B of iron and steel by blowing currents of airor
- steam into fluid crude i iron, as patented by me

in the United States November 11, 1856, and
consist in the means of moving a. convertmg
“vessel on its axis; also, in attachmg to the
- vessel a tayere- box and arranging other parts,
by means of which air or steam is introduced

. 1wto the converting-vessel in order to facilitate

the use and repairs of the apparatus; also, in
thearrangement, counterbalancin g,and Inove-
ment of the ladle and crane employed in trans-

ferring the fluid iron or steel from the convert-

ing-vessel to the molds; also,in employing two
or more valves in the ladle to provide n‘redter
gecurity against the setting of the metal in the
vessel ; albo, in using an intermediate vessel or
basin having severallips or holes, so that one
largestream directed from the ladleintothe ba-

'sin may be conveyed by said lips or holes wich |

less force and in smaller quantities intoseveral
-~ Ingot-molds beneath, for the purpose of mak-
- ing sounder ingots,and at thesametime empty-
ing the ladle mpldlv, also, 11 formmg fuyeres
for the above-mentioned converting- -vessels by

 pressure from dry or nearly dry materials.

To enable others skilled in the art to more
fully anderstand and construct and use my

invention, I will proceed to describe the con-

‘straection and operation more fully. |

- Toenable the specification to be better an-

derstood, I have included therein and in the
-aceom panymrrdramn os various matters which
pertain to the inventions heretofore made by
me, upon which theqe impr ovement% are ‘bﬂlll-
| ttons | -

Of the accompanying drawi ings, I‘mure 1,

Sheet A, is alongitudinal section ot the tuyere-
box J and converting-vessel G partially turned
down, and an elevation of the ladle A andladle-
cratie B for receiving the flnid metal from the
~converting-vessel and conveying
- molds.

box J is removed.

of the axis being formed into a cluteh.

it to the
Fig. 2, S8heet A, is a longitudinal sec-

tion of the hy drauhc qhnder C and plston D |

and an elevation of the rack E and pinion F F

forrotating the converting-vessel on its axis H.
Iig.1,Sheet B.isa plan of theapparatus showil
onSheet A. The converting-vessel G- is turned

bottom upward and the cover of the tuyere- -
Tig. 2, Sheet B, is a see-
tion, on a larger scale, of A patt of t-llﬁ side K.
of the converting-vessel, and of the hollow

trannions H, and of a part of the air- -pipe L

which conduuts air from the blowing-engineto
the converting-vessel. Iig. 1, Sheet C, is an
elevation, I'ig. 2 is & section, and Fig. 3is a :

- plan, of another form of ladle and craue. Fig. -

4 is a section of the hydraalic lift for raising

and lowering: the ladle and crane, and Figs. 3
to 6 are sections and plans of ingot-molds and
intermediatebasinsto be used between theladle

and the ingot-molds.

The converting-v essel I at present, prefex is
made of stout 1}1ate-110n lined with a silicious
stone called ¢ ganister,” or with any suitable
refractory material.  The form of the vessel is

evlindrical, with roanded ends and an inclined -

mouth- plew - The converting-vessel is mmount-
ed on trunnions, through one of which the air
for decarbonizing the fluid crude 1ron is comn-

veyed to tuyeres situated in the lower part of

the vessel, and thence into the vessel.

When converting-vessels are of a size suﬂl
cient to convert several tons of molten iron at
a single operation, theé power required to move
them on theiraxes suﬁclently quick rendersthe.
direct- application of manual labor unsuitable
for this purpose. I therefore prefer to effect
such movement of the vessel by hydraulic pow- -
er, because the varying speed of the vessel's

‘| motion and the stopping or starting of it at 1 ir-

regularintervalsare most con yemen tly eﬁ'ected

' by sach means,

Theapparatus by wlhich Ic carry mto effect thlS

part of myimprovementsconsistsof abed-plate

or frame, on which a hydraunlic eylinder is fixed
in a horizontal position. The piston-rod moving
in this eylinder is formed into a rack at ore

end, which gears 1nto a spur-wheel keyed onto

a, short intermediate shaft sapported on two

‘strong standards affixed to the said bed-plate.

A third standadrd on the same bed-plate sup-
ports one axis of the converting-vessel, the end
A simi-
lar clutcli-piece is also formed on one end of
tne l)efmc named intermeJdiate ahait and is *:0



arranged as to transmit the semi- rotar,y motmu
of the spur- -wheel to the vessel whenever the
piston is acted upon with sufficient hydrostatic

pressure on one side, while the other side of it

1S relieved of its prebsure by a suitable valve
- or cock. This bydraulic apparabus is shown

~ with the cylinder broken off on Sheet B of the
drawings hereunto annexed, and in connection
with the converting-vessel, and is also shown
separabely in vertical section at Fig. 2, Sheet
A, where M is the frame or bed-plate 011 which
the ¢ylinder C is bolted, and which also serves
to support the %tandauh N, in which the shaft
H works. ‘Within the P}lmder Cis a piston,
D, having double- -cupped leathers to render it
'wa,ter-twht .There is also a pipe attached to
each erld of the cylinder, which pipes lead un-
der ground toacon vementdlstance, where they

areunited toa smtably-arra nged four-way cock,

and by means of which the workman caun caube
water nuder pressure to Le delivered by the
pipes to either end of the cylinder, while the
pipe at the opposite end of the cylmder will al-
lowthe water to be discharged. Thus the work-
man may from a distance control the motion
of the piston, the rod of which is formed into

a rack at B, which is in gear with the spur-
wheel it Le;y ed on the axis of the vessel,and
:through the agency of whieh nmchamsm the
workman who operates upon the four-way cock
before referred to may cause the vessel to move
partly round in either direction at a speed de-
pendent on the extent to which he opéns the

cock, or by entirely closing the said cock he:

may retain the vessel in any desired position.

I will now show the manner in ‘which I pre-

fer to convey the airinto the converting-vessel.
The pipe L, Sheet B, conducts air from the

blast-engine to the . hollow trunnion H of the.

-converh_ng-veshel which 1s shown on an en-
larged scale at Fig. 2, Sheet B." The joint of
" the pipe L, with the trunnion, is made tight by

‘means of the stuffin g-box P. I‘rom the hollow

trunnions the air is condunected through the pipe
‘Qinto.a tuyere-box attached to the conv ertmg
vessel. Thistuyere-box forms an air-reservoir,

from which all the tnyeres K lead into the in-

It will thuas be-
seen that a constant stream of air may be kept
‘blowing into the converting-vessel, whatever

terior of the converting-vessel.

the position of said vessel may be, and also
while said vessel is turning on its axis.

material, and are cylindrical in form for the

greater p'u*t of their length, the lower part |

swelling out into a cone for the purpose of fit-
‘ting it more securely into the top of the tuyere-
box. In a vesselfor converting fifty hundred-
weight of crude-iron, each tuyere mayhave five
circular passages pass’in g through its entire

length, thus dividing the air into as many sep-

arate Jets Theremay be seven such tuyeres fit-
ted irito each box, one in the center and the
-other six surroundmg it at equal distances,
-thus dividing the air into thirty-five separate

~ jets, which pass vertlcally upward through the |
| finid metal.

‘molten metal and slags.

means,

which will enfirely empty the vessel.

The
tuyeres are made of fire-clay or other suitable

suitable casting-ladle.
beturned a little farther round until the mouth
of s a8 low as possible, A qudden turmng on

49,055

The i‘u) ere - box is. e'iitlfely constructed of

' iron or steel, and is held onto the large angle-

flange S of the convertin g-vessel by means of
slotted studs and cotters, so as to enable it to

| be readily removed for the purpose of facilitat-

ing the repairs of the apparatus. The open-
ings in the upper part of the tuyere-box are
conical in form, having deep grooves formed in

them. Through these.openings the fuyeres are
inserted, a little wet clay being first smeared -

round the conical part to ¢ause a close joint to
bemade. The spaces Tbetween the tuyeres are
filled up with any suitable material. I prefer a

-ground stoneknown as “ganister” mixed into

the consistency of batter with water. After the
tuyere-box is secured to the bottom of the con-
verting-vessel this semi-finid matter is poared
in until it reaches the top of the tuyeres, and"
thusfillsup the vacantspaces between them and
the lining of the vessel, which lining may also -
consist entirely of ganister rammedin a moist’
state, as inmaking a sand mold for casting; or
the vessel may first have a lining of fire-brick,

| and be.then lined with gaul_ster or road-drift

to protect the bricks from the action of the
The bottom I of the
tuyere- box J is fastened on by any suaitable
I prefer slotted studs and cotters, so.
as to be easily removed, when necessary, to as-
certain if the tuyeres are open and 1n working-
order, or to stop up Or repair or renew any of
the tuyeres. - -
The kiud of furnace which 1 prefer for melt- |
ing crude metal is the ordinary air or rever-
berator y furnace; but as such farnaces form no
part of my invention I have not shown them;
in the drawings. | | |
- Before using the appamms for thu conver-
sion of crude molten iron into malleable iron

| .or steel a fire shoula be made in the vessel, and

by means of the blast the lining of the vessel
should be well heated, after which the temaiu-
ing fuel may be emptied out by turning the
vessel on its own axis one-half of a revolation,
The ves-
sel should then be turned into such a position
by means of the hydraulic apparatus before
described that the lignid metal, when poured
into it, will lie in the mtermedmte part of the
vessel withoat runnin g info the tnyeres or.ctt
of the mouth of the vessel. By means of &
suitable trough or gutter the liquid iron in-the

melting-furnace may thenberun into themouth

of the vessel. As soon as this is done the

blast may be turned on and the ham%le of the =~

hydraulic apparatus is moved so0 as to cause
the vessel to assume the vertical position. The

process-is thus brought into full aectivity, the

sparks and flame being received into a suit-
able chimney. - So soon as the metal has been
converted the hydraalic handle is reversed and

the mouth of the vessel steadily and slowly -
lowered, whereby the whole of the converted

metal wul be poured out and be received in.a
The vessel may then
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of the blast for a few seconds will blow out
the scoria, and the vessel may then be turned
into a position suitable for receiving another
- charge of metal, - S
Forthe purpose of raising the fluid converted
metal and conveying it to the molds, I use a
hydraulic lift or crane having a cross-head or
- -arms made of malleable iron or steel, which
may be sirengthened by tension-rods at one
end of it. I mount the casting-ladle on an
axis, to which I affix 4 worm-wheel or other
~ gearing, so as to cause the ladle to move round
when required, and thus pour ount its contents
- over a'spout or lip formed in the upper part
thereof. Ialsoform in the bottom of the said
ladle two or more openings provided with suit-
able plags or stoppers, which are gunided ex-
ternally, and are provided with handles, so as
to let into the molds a regulated supply of
~ metal when desired. Ob the opposite end of

- the cross-head I place a counter-weight, R, | ened onto an iron rod, £, which is coated with .

which I prefer to be equal to the weight of the
casting-ladle, and also equal to one-half of the
metal to be lifted in such ladle; or, in lien of |
~or'in addition to such counter-weight, I some-
times employ.a second ladle at this end of the
cross-head, for the purpose of receiving con-
verted or partially converted metal from any
oneof the converting-vessels, or from any other
source, and of elevating or transferring it to
any one or other of the converting-vessels,
when found necessary or desirable. The ob-
- Ject of the counter-weight is to partially neu- |

a space is formed to receive the two halves of a
stout iron-hoop, n and #»’, the part »’ being
readily detached, while the other half has a
projecting part, #°, which forms the axis on
which the ladle is turned round. A piece of
iron, p, is riveted in between the bars £, and
serves to support one end of the axis-of the
ladle, which has keyed ounto it a worm-wheel,
¢, into which a worm is geared, the worm-shaft
passing through the bars ./, and having a la-
dle at one end, by which the movement of the
casting -ladle on its axis is effected when nec-
essary, the casting in general being effected
by ranning out tlie metal from the lower part
of tlie ladle, for which purpose there ara two
projecting pieces beneath the ladle, into which
a tubalar piece, », of burned fire-clay, is fitted,
the upper part being formed into a hollow cone, - -
into which a conical plug or valve-piece, 8, also
of burned fire-clay, is fitted. This plugis fast-

loam to defend it from the metal. L
On the outside of the ladle a sliding bar, «,
works up and down in gnides v by means of
the handle w, and to the upper end of the bar
% the rod ¢ is fixed, so that the lifting up of

the handle w will cause a- corresponding mo--
-tion of the valve-plug s and allow the fluid .
metal to run out in a clear stream, free from

the melted scoria which floats on its surface.
~Two or more valves may be made in each ladle;
but when two are employed I prefer to place |
them diagonally, as represented at Fig. 3, as

tralize the weight of the ladle and its con- |it affords a better opportunity of working the

tents, thus relieving the strain on the hydraulic
apparatus which earries the crane. .
- The mode in which the hydraulic crane is
constructed will be understood by reference to |
- Sheet C of the annexed drawings, where Fig.
1 is a side elevation, showing part of the ram
and cylinder broken off, Fig. 2 is a vertical
- section of the same, and IFig. 3 a plan, and Fig.
4 a vertical section, of the ram and cylinder,
- taken at right angles to Figs. 1 and 2. *
- @ 1s the outer cylinder, the upper part of
whiceh is bored out and fitted traly to the Lol-
low ram b, which is kept water-tight by the
stuffing-box ¢. Into thes upper part of the ram
- ig fitted an axis, d, which forms the crane-post.
- The lower part of it rests in a foot-step, b*,
-~ and 1s further supported at l/, where a collar is
formed, in which it is free to revolve. On the |
‘axis 4 18 keyed an iron casting, e, to which the
- Hat wrought-iron or steel burs 7 fare bolted. At

each end of and between these bars pieces of |

iron, g, are secarely fastened, serving not only | .

to hold the bars fin - nosition, bitt, having a
hole bored through them, serve also to sup-
- port the axes n® of the casting-ladles. To the
upper part of the. pieces g are also fastened
one end of the tension-rods ¢, while the other
ends of them are supported by the clongated.
axis d*, and thus enables the apparatus to
- supporta great weight of metal in the easting-
ladles m, which are constructed of sheet plate-
iron strengthened by hoops-m/, between which

bandles. After filling a mold from each valve
the ladle may be moved round on the axis d
until the valves are brought over other molds,
when the lifting of the handles will again al-
low the metal to flow. The molds should be
placed in a scemicircular pit-previous to the

casting operation, A portion of this pit-is
shown at y, having an iron curb, 2, around it.
The ladle and portion of the crane are lowered
down into the cavity y formed in the floor of
the converting-house. The lines 2 show the
position which the molds should oceupy in or-
der to come under the valves when the erane
iy turned round. The ladles shounld be lined
with loam and well dried and heated before
runeing the metal from the converting-vessel
into them..  The dryiug is easily effected by in-
‘verting the ladles by means of the worm and

handle, and then lowering them over 'a small =

fire made in a basket for that purpose, and
placed within the sweep of the erane, -
In order to receive the metal from the con-
verting-vessel it will be necessary first to ele-
vate the ladle so as to catch the first portions
of the metal thatransount. The further lower-
-ing of' the mouth of the converting-vessel will
render necessary the lowering down of, the
casting-ladle, so as to catch the whole of the

metal. When this is done the ladle, with its

charge of metal, is to be raised so as to bring
tha bottom. of the ladle above the level of the
molds. This rise and fall of the ladle-are of
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fected wiili case and steadiness by means of |

hydrostatic pressure acting on the ram b.

Water for this purpose may-be had from a ves-
sel containing water under a pressure of two
hundred to three hundred pounds per square
incl, for the purpose of working the hydraulic
o_‘ylmders that move the converfing-vessels.

The water from this vessel is to Le admitted

by a stop-cock placed in any convenient posi-
tion, and communicating with the plpe a* at

the foot of the ram. When the ram is lowered
down by the dlbcharge of the water from the

cylinder the conical projecting piece 0® enters |

the orifice through whick the water eseapes
and par tially (,losaes the passage, whereby any
concussion that might otherwise be caused by
- stich 2 heavy m
cylinder is prevented by i:he last part of its
descent being very slow in comequeuce of the
giminishedareaor theoutlot. Oue of the ladles
will only be generally quulred for casting;

but the second one is most valuable in case of |
any accident rendering the former one un-
- serviceable, or for transferring the metal from

one conv ertin g-vessel to cmother, when neces:
sary. The second ladle serves also as a coun-
ter-balance tothe other one, and may be loaded
to haif the weight of the Lha,r'ge of Hiuid metal,
and thus egualize more nearly the stmm upon
the apparatus.

Another method of arranging the ladle and
the crane is shown by Sheets A and B of the
accompanying drawings. The cheeks or bars
U forming the crane-arm are in this case far
enough apart to take in the ladle A between
them. The ladle i) snpported on trunnions
formed thereon aund rests in bearings formed
near the ends of the erane-arm, the axis of the
ladle being at right angles to the cheeks of the
¢rane. The motion of the ladle on its tran-

nions is effected by a worm and wheel, T, to

which motion is communicated by a shaftand

handles. This shaft works in bearipgs formed

in the crane-arm, and a pair of beveled wheels

serves to commumeate its motion to the worm
Various other means.

which imoves the ladle.
oi either tipping the ladle on its axis and of
preveuting the ladle from tipping will suggest
themselves to mechanics. The motion of the
ladleon itsaxes affords facility for the discharge
therefrom of fuel put thete to dry it, also the
slags or other matters left after it th been
used. It also allows the ladle to be inverted
over a fire, when that mode of heating is pre-

ferred, A ladle merely suspended—as by a
¢hain, for instance—so as to be capable of lat-

themouth of the converting-vessel by the force
of the fluid wrought-iron or steel pouring into

the ladle, and to be moved away from over the

ingot-molds by various causes, thus bplllmg a
part of the fluid iron or steel. 1t is also im-
portant that the stream of iron or steel sliould
enter near the vertical axis of the molds to pre-
vent its striking the sides, ot the molds.

mass striking the bottom of the

‘the top of the molds H.
formed on each side, as shown at I, Fig. 6.

of metal.

Now, it will be seen that with my improyed
a,ppa,ra,tus, as above described, the ladle.can be
tipped or held from tipping 011 its axis when =
required, while at the same time it is always |
held by the crane at a cerfain fixed. distance

from the vertical axis of the crane, and will

therefore move round in a fixed orbit, mstead_ |

of swinging or spinning. .
These improvements also consist in the use

of a basin or vessel of malleableiron lined with
| sand or loam, or made of fire-clay and baked

clay, and pretembly nsed red-hot, such basin

having several lips or spouts formed around |
1ts upper -edge, or baving several opemngs |

made in the bottom thereof, so that when such

basin is placed above several small ingot.or

other molds one large stream from the cast-

| ing-ladledirected into such basin will, by means

of the said lips or holes, be convoyed with less
force and in smaller quantities into the several

molds beneath,by which means sounder ingots

will be produced, owing to the diminished ve-

locity with which the metal enters the mold_-.
from these basins, while the slow filling of each

mold Ly a small stream of metal also- tends

to inprove the ingots, but at the same time

does not prevent the rapid emptying of the
casting-ladle,and thus a large number of small
ingots may be made from one large ladle of
metal without retaining the metal therein un-
til it has cooled too far for casting. In order
that this mode of supplying the metal to the

several ingot-molds may be fully understood,

I havegivenon Sheet Bof the drawings a verti-
cal sectlon of the basin and molds at Fig.-3,and
a plan of the same at Fig. 4.

Another modification of the basin is shown
in section at Fig. 5, and.a plan at Fig. 6. A

‘represents the lower portion of the casting-
ladle, from which a large stream of metal flows

into the basin B, which may have feur holes,

D, in the bottom. of it, each of the required

dlameter It rests upon a block of fire-clay, E,
whieh is placed on the molds F. These molds

are sm:lply square tubes, shghtl;r comca’{ and_

resting on flat plates I'™.
~ In Fig. 5 the basin G is shown as resting on

When the molten steel is poured into thls ba-

sin it will overflow at the several spouts and.

supply the molds beneath with a gentle stream
The metal formed in this form of
basin may, when the casting-ladle is emptied,

be turped up with a pair of tongs, 80 as to
| empty its contents into one of the molds. |
eral or swinging motion, or of gpinning motion, |
would be liable to be moved away from under

The tuyeres used in theconverting-vessel are
sometimes rapidly acted upon by the impuri-

ties of the metal; and I have found it prefera- .
ble to form such . tuyeres as dense and as free

as possible from those cracks which are fre-

quently found in tuyeres made of plastic clay.
For this purpose I employ ganister, silicate of

alumina, fire-clay, silicate of magnesia, lime,
plumbago, or oxide of iron.
may be used alone, or any twa or more of them

It has a lip or spout

These substances - '
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may be combined in any desirable proportions. | air to the tuyeres, _-v;rhen the bottom of said

They are tobe reduced to a fine powder and to
be used in a dry or nearly dry state. I com-

- press these matters, or either of them, in a suit-

~able mold - by means of hydraulic pressure or
by percussion, after which the tuyeres so made
- may be used in the state in which they come

~irom the mold; but I prefer first to bake them

1n apottery-kiln and to glaze the interior of the
holes so as to render them smooth and even.
- 1 do not- confine myself to the precise ar-
- rangement of parts herein shown, and details
not herein laid down may be carried out in any

manner known to the art, and which may be

found suitable to my invention.

Having thus described my invention, the fol-
lowing is what I claim as new therein and de-
sire to secure by Letters Patent: _

1. A converting-vessel capableof rotary ino-

tion upon its own axis, in combination witha

rack and pinion, or any equivatent mechanism
~ operated by hydrostatic pressurein a ceylinder,
for the purpose of giving to such vessel a ro-
tary or semi-rotary movement, |

2. A converting-vessel, combined with a

tayere-box so construeted as to constituie a
chamber for receiving air for decarbonizing
crude liquid metals and distributing such air
to the tuyeres. - |

3. A tayere-box so constructed as to consti-
tute a2 chamber for receiving air for decarbon-
zing crade liguid metal and distributing such

tuyere-box is made of a piece or pieces suitable
to be easily removed, as and for the purposes
set forth. T |

4, The combination of the ladle with the
crane-arm or its equivalent, so that the ladle
shall be held in a fixed position relatively to
the crane-arm, but shall be capable of being
tipped when desired, substantially as and for

the purposes  specified.

- 9. The combination of a ladle capable of be-
Ing held in a fixed position relatively to the

- crane-arm or 1t8 equivalent, substantially as

described, with any sunitable means of lower-

ing-the ladle, as and for the purposes speci-

6. The employment, in the manafacture of
malleable iron orsteel, of casting-ladles having

two ormore valvularopeningsin their bottoms.

7. The method of filling several molds at
one time from:a basin or vessel having several
outlets, such basin or vessel being supplied
with fuid malleable iron or steel during such
casting process, substantially as desecribed.

8. The method herein described of forming
tuyeres by pressure from dry or nearly dry ma-
terials. ' | _

"HENRY BESSEMER.
- Withesses: T |
THOS. BROWN,
DAvVD. LONGSDON.
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