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.ing fo be" aiull and exact deseription of the.

UNITED STATES

PAaTENT OFFICE.

HENRY BESSEMER, OF LONDON,

ENGLAND.

IMPROVEMENT IN THE MANUFACTURE OF IRON AND STEEL.

.Speciﬁcutim) forming part of Letters Patent No. 51,898, dated December 5, 1865,

To all schom it may'concern:
Be-it known that I, HENRY BE SSLMER, of

Quéeen Street Plice, New Canuon Street, in the -

city of London, in the Kingdom of Great Brit-
ain, have invented ¢ertain new and usefal Im-

‘provements in the Machinery an’l Apparatus

Employed in the Manufacture of Malleabie Iron
and Steels.and I do hereby declare the follow-

same, reference Leing h'ul to the nocommn\-

ing drawings.
\lylmprovem(,nbs refer to theprocessof mak- -

ing malleableiron and steel by foreing carrents
of air through molten erude metal, as patentul
by me’ November 11,1856; and cousmt in gen-
erating steam by the waste heat of the melting-
fumacea, in the means and methodsof admit-

_ting air to the converting-vessels, in the situa-

tion and moving of the converting-vessels, in

the nse and constructioi of app'u'atm for con-
trolling the maovement and operation of con-
struetion of convérting-vessels and hadles, in

the construction of Id.dles, and in certain ar- |

Tangements and combirations of apparatus,
To enable this specitication to be better nn-
derstood. I have included therein and in the
accompanying drawings various matters which
pertain to inventions heretofore made by fne,

‘upon which these improvements are additions.

- To enable others skilled in the art to more
fally understand and construct and use myin-

- vention, I will proceed to descrlbe the appara.

tus and its eperation.
‘When it is desired to operate upon crude

.metal that has been formed into'pigs of iron

in the usual manner or which has previously
been refined, I employ tor the remelting of such
metal arev erberatory farnace similarto those
employed in melting jron’ for founding, but
sometimes differing trom them in having a sec-
ond bed or hearth phced beyond the ordmaa,)

“hiearth or bank of the furnace and below the

chimney, by which means two charges of metal
differing from es.ch other in quantity and qual-
ity may 7be melted ‘in the same furnace without
‘becoming mixed with each other. The chim-
ney of the said furnace I prefer to consistof two
vertical concentric cylinders made of boiler-
plates, with a water-space between them, the
inner cylinder being of a diameter much be-
yond that required to carry off the products
of combustioil, the inlet at the bottom and the
outJet at the top-of- Lhe said mnercylmder being

pressure to which it is sub_)(,ctul ‘
tracted. part ¢ of the.flue-tube islined with fire-

outra.cted in size and lined with fire-Dr 1cl\s, 80
that the highly-heated vapors of the furnace:
are puvonted from impinging foreibly on the y
metal surface of the boiler, whexeby its dura-

bility is increased, while thre utilization of the
heat escaping from the melting-furnace will
lessen the cost of manufacture by furnishing
steain for driving the blast-engine or otlm ma-
chinery employ: e(l

And in order that:this arrangement of a
steam-boiler in connection with the melting-

furnace may be fully understood, I have \IIO“ n

averticalsection of thesameon bl)eeb A, Figure
1, of the drawings hereanto aniexed, Mmre——
- @ represents the end part of the reverbera-
toly Sfurnace, on wlich is placed the. vertical
cvlmdrlcal boilerd,itslowerend beingmade ﬁn,t

and stayed by vertical radial plate% (not seen.

in the drawings) for the purpose of énabling
the lower part'to sustain the. great 1ntm‘n.nl
The coh-

bricks, d, as shown, so as to conduct the liigh-

Iy-heated products of eombustion into the en-
J.rfred part of tle flue-tube b withontallowing
the Hlame toi impinge forcibly upon the metallic
surface of the boiler.

fire-bricks ‘¢, so that no partof tlie metal of the
boiler-flue which is surrounded Ly steam shall
be in contact with -the flamne or heated vnpom
of the furnace.

The boiler should be provided with t:he usual
steam-pipes, water-supply pipe, and -safety-
valve, (not shown in the drawings,) and the
outer and inner shell may be connected at in-
tervals with' stay- -bolts in 4 manier similar. to

that employed in the construction of the fire-’

lhoxes of locomotive-engines. .
Access to the interior of the boiler inay be
had through a man-hole in the usual manner.

The upper part of the -
flue-tube b* is also contracted and lined with-

\

The space between the flue-tube and-the outer

shell of the boiler I prefer.to be such.as will
admit a workman, to clean the whole interior
of theé boiler when required.

The converting-vessels, in which the melted
iron is converted into malleable iron or steel,
are provided with axes on which ‘they are
moved by hydranlicapparatus,as shown in the
drawings, or by any other convenient means,
wheun required.

air is conducted from.n fixed pipe.
It is of. frreaf, 1mportauce touthe successful

Through one of thescaxes the

A
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working of the apparatus that the admission
of the air tothe vessel and its exclusion there-
from shonld never fail to take place whenever
the vessel assumes certain positions both in
its apward or downward movements. Oth-
erwise the tuyeres may become stopped up
with fluid wetal or the metal may be blown
out at the mouth of the vessel. Torenderthe
operation certain I employ a valve in the air-
pipe near the axis of the vessel, and I fix onto
the axis a cam which acts onalever so placed
as to apen or shut off the air by the vessel’s
own motion, instead of moving the valve by
the hand of the workman, as hitherto practiced.
in order that the construction and mode of
working this valve may be fully understood, [
have shown the same in elevation in its proper
piace on Sheets B and C of the drawings here-
unto aunexed, and in vertical section in the de-
tached Fig.2on SheetE. Ineach figure, A rep-
resents the stand-pipe which conducts the air
- upward from the raain pipes Z. Below thefioor
B ia the valve.box, which consists of a eylin-
drical chamber with an inner cylinder, G, form-
ing a coutinuation of the vertical pipe A. The

- eylinder C is bored truly, and has fitted to it a

piston-valve, B, having an elastic metallic pack-
ing. Slots are formed in the cylinder G, which
allow the air to pass from the pipe A into the
annular space D formed between the two cyl-
inders, and from thence into the axis I of the
converling-vegsel. The piston B, when low-
.ered down, covers the slots and shuats off the
commupication with the main blast-pipe. It
will beobserved that the piston-valve hasopeu-
ings, through which the air may pass to itsup-
per side, in order that the pressure of the air
may be equalized on both sides of it.and there-
by allow the weight G to retain it in place
when lowered down. A cam, H,is keyed onto
the axis of the vessel, and above it there is a
tever, L, jointed at one end, and at the other
it passes through & slot in the rod of piston-
valve E. A projecting piece from this lever
rests onthe cam 80 thatthe cam may, by means
of the inclines formed on its periphery, cause
the lever L to rise and fall, and withit the pis-
‘ton-valve, and thus, Ly the motion of thecon-
‘verting-vessel, the air may be leton or shut off
a; any point required, and which will depend
on the configaration of the cam), as is well un-
derstood. ’

The tuyere box orchamber formingthelower
part of the converting-vessel hashitherto been
madsso asto gain access to each of the tuyeres
tkrough one opening, each tuyere commauni-
cating with one air-chamber common toall. 1t
hastherefore sometimesh appened thatthe fail-
ure of one tuyere has allowed the fluid metal
to deseend into the tuyere-box, and thus forthe
time prevent ail further use with either of the
other tuyeres, and thus rendering the comple-
tion of the process impossible, as well as ren-
dering each tuyere unfit for turther use.

Now, my present improvement in this part
of the apparatus consists in forming several
small tuyere-boxes, each containing a single

tuyere, with any suitable nomber of openings
init. A single tuyere-box s0 formed is shown
in section at Figs. 3and 9, Sheet BE. Itisof a
cylindrical form, and has a beveled opening,
J,at one end, into which tlre conicat end of the
tuyere K is fitted. The box is closed by alid,
L,and thetuyere-box is provided with anonter
flange, M, by which it is bolted to the lower
side of the converting-vessel. Anyconvenient
number of sneh separate tuyere-boxes may be

grouped together and be connected tothe blast-
pipe byseparate branch-pipes communicating.

with al opening made in the side of the box,
as shown at N..

My improvements lso consist in forming
one tuyere-box with several separate eompart-
ments, so that a failure of one of the tuyeres
may not prevent the continuation of the pro-.
cess with the other tayeres, the fanlty tuyere
being stopped by a plate of iron. coated with
loam, or it may be removed and the full effi-
ciency of the apparatus insured by the inser-
tion of a fresh tuyerein its place. The tuyeres
being made conical aud occupying separate
compartments will give great {acility for their
removal and replacemeirt with new ones,either
before the completion of a charge of,metal un-
der operation: or after it has been converted
and run out of the vessel and previous to arep-
etition of the process. - This mode of combin-
ing several separate compartments each con-
taining a tayere admits of the several tuyeres
being placed nearer to each other than can con-

veniently be done when separate tu yere-boxes

are used.
The mode of construction which I prefer is
represented ou Sheets A and E of the draw-

ings hereunto annexed, where Fig.10 isa ver-

tical section through the lower partof the ves-
seland tuyere-box; Fig.11, a plau of the under
side, and Tig. 12 a section taken through the
box on the line G H of Fig. 10.

The tuyere-box Q, as here represented, cou-
qists of an iron casting having seven circu-
lar chambers, W, formed therein, into each of
which the tuyeres R are fitted and made air-
tight by a luting of clay smeared upon the
lower conical part of the tuyere at the time of
fitting it into the box, the conical opening into

which it fits having rings or grooves formed -

around it the better to hold the Inting in place.
A bar of iron, 8, with a screw passing through

its ceater, is fitted across the circular cham-

bers, for the purpese of forcing the tayere
tightly into its seat and retaining it there.

T T are covering-plates, for the purpose of
closing theseveral compartments of the tuyere-
box by mehns of slotted studs having cotters

-passing thro‘lgh.them, as shown. The joints

of tha covering-plates are rendered tighr by &
gasket of hemp covered with very soft clay or

lime and water in & semi-fluid state. The air -
is forced into the tuyere-box by the pipe U, -

and, passing into the closed space between thie
circular chambers, enters them through lateral
openings X, and from. thence through the ori-
fices of tho tuyeres into the fluid metal. Tho

99
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tuyere-box is attached to the converting-ves.
sel by bolts, whieh pass shrough the flange Q¥

of the tuyere-box.

It is sometimes found desirable to form in-
. gots or castings of a greater weight than can

be produced in a converting-vessel of a con:
venient size. 'To effect this object without the
necessity of erecting larger vessels I place

two or more converting-vessels in such a posic_

tion with reference to each other and to the
crane which supports the casting-ladle that
two separate chargesof metal may simultane-

ously be converted, and be afterward poured.
-one quiekly after the other into the same cast-
ing-ladle, and thereby be made to produce an’

ingot or casting in ‘one piece equal in weight

" to the produce of the two vessels, the position

of the said vessels with referenceto each othér
being also sach as to render it convenient to

‘repair either. of them while the other one isin
‘active eperation. For this purpose I place the

vessels several feet apart and opposite each

_other, each one having a separate chimney to

take off the flame and products of combustion,
the chimneys being in aline with the two ves:
sels which are placed between them and at a
small distance from the wall of the melting-

“house, the axes of the vessels being parallel

to each other and at right angles to the plane

- of the said wall. The chimneys are built. on

open arches, from under which the workian
may have ready access to. the tayere-boxes

.when the vessels are turned into a horizontal

position. The space above the archies may be

lined witli iron platesy and thus form recepta- -

cles for the splashes or slags throwii out duar-
ing the converting process, o
The’relative position of tlie converting-ves

sels and the constraction of the chimneys will

be seen by reference to Sheets B and Cof the
anpexed drawings, X '
At Fig. 1 on Sheet B I have shown the

.chimney 3 and vessel 9in vertigal section, and
_ou.the opposite side of the drawings I have
.. .shown the chimuey 10 and the converting-ves-
-sel 11 in elevation. The general arrangement:

of tha several parts may also Le seen in plan
on: Sheet €, Fig. 1. A portion of the floor of

. the converting-house is sunk below the gen-
~eral level. The sunk part, which forms the

casting-pit, is tepresented at 12, and the upper
or general floor-level at 13. - ‘A further portion,
14, is also sunk to an interisediate depth, free
access to which is given by the steps 15 and
16. Thiseurved space 14 extends partly around

the casting-pit, and is for the purpose of allow-
. Ing the workmen free access to the moldsat
the time of casting the ingots, the molds-being

arranged in a semicirele in the casting-pit and
near-fo the curved wall which bouads the cast-

. ing-pit on the side where the sunk space 14 is

formed. Thechimneysare builtonopenarches

17, the’ piers of which are shown in plan at

17 on-Sheet-C. ' Above the arch aniron plate,
18, forms a sort of shelf, on which the splashes
of slag thrown from the vessel are received,
there being an arched opening into the chim-

| ney at 18 with a projecting hood, .‘?'.O2 the bet-

ter to celiect the flame and beated gases from:
the vesrel.and cause. them to ascend-the chim-

ney, which contracts, in’ width: by a series of .

Aosets oft” in the brick-work, above whieh it is
square, and passes up throtgh the root of the
" building te any convenient height.  An iron
door, 22, will enable the werkmau to enter and
clean out the chimiey, and will also afford ac-
- cess for the.purpose of putting fuel irto the
vessel when it is required to heat the vessel
prior to commencing wotk. '
"~ On reference to Sheef B, it-will be seen that
when either-of the vessels are being used the
-splashes thrown ont of one will be inn an oppo-:
site direction to’'the other vessel, so that the

. repairs of one vessel or setting or renewal of

-tuyeres may be going. on in -one vessel while
the other vessel is in operation, or--both ves-
sels may be worked at one time and their ve-
-spective charges of metal be poured into ove

. ladle, and thence transferred to a.single mold

when large masses are required. In my Pat-
"ent, No, 48,0550 I have deseribed. certain ad-
vantages dus. to this arrangement of ladle and
ladle-erane. The ladle being held in a tixed
-position rélatively to the crane-arm will not
have a swinging or spinning metion, but is at
the same time capable of tipping. It will be
obvious that these advantages may be realized
in an eqnal or greater degree when 2 ladle and
crane thus airanged arecombined with twoor
more converting-vessels, ‘ o
The vessel 9 is shown in the position neces-
sary to afford free access to. the tuyere-box,
the workman standing for that parpose be-
neath the open arches 17 of the chimmney.
Metal issupplied tothése vesselsthrough epen-
ings 93, a.gutter-being temporarily placed to-
-convey the finid iron from the melting-farnaces,
which I prefer to placeon. the opposite side of
the wall of the couverting-house, dind ut such
o height above the general tioor-level as will
admit of the wietal flowing from the furnaces
direct into the mouth of the vessel. I'he doot-
way and steps shown at 24 serve to communi--
¢ate between the converting-house and the fur:
nace-room adjoining. . o : oo
It will be seen. that the converting-vessels
are motnted on axes resting at.ouéend on a
standard supported by the bed-plates 1 of iy-
“draulic apparatus, and at the opposite ends
are supported on standards 25, bolted firmly
down to the foundations. Thecasting-crane oc-
cnpies @ position midway between thetwo con-
vertihg-\_"éssels,.tl‘l'e center of it being farther
from the melting-house. wall than. theconvert-
ing-vesséls, ' Wheti the converting-vessel re-
quires to be reclined the upper part of the ves.
sel should be removed, and after the old liniug
of stony matter is Lroken out of the iron shetl
the new material i to"be ranuned in-and the
two parts again carefully put together, and so.
‘as to avoid the displacement of any portion of
4he new lining, which posseses. very little.co- -
‘herence until it has been fired. To eftect this

I'separation.of thé \*esSel.and its af’ter"«qion '
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the vesset should be invertéd or turned mouth
downward. Below its center and beneath the
floor of the-casting:pii 1 fix a.small vertical
hydraulie cylinder Cand ram, the upper part of
the ram being provided with a forked piece so
made as to embmce the movable part of the
vessel and retain itin its proper position. By
this means one part of the vessel may be low:
cred down vertically benentl: the other por-
tion, which is still retained ijr-position by rest-
ing-on its axes. After the vessel is relined it
may be steadily raised into its former position,
and be there nnited by bolts to the other part.
“On sheet B the upper part of this small hy-
draulic ram is shown ia vertical section. .

_ 26 is the cylinder, which fits accarately to
the raw or plunger 27 for a sufficient distance
to cause the ram to rise and fall steadily. A
hydraulic leather kéeps & water-tight joiut in
the usaal manuer, and the pipe 28is conneeted
t0 a reservoir of ‘water under pressarg or to
- force-pumps; so that by means of a cock the
'am may be raised and lowered when required.
A forked piece for the upper part of the vessel
to rest on, and shown by dots, is made to it
into a socket'(shown at 29) in the-head of the
rawm, the forked piece breing removed when not
reqaired for lowering the top of the vessel.

In the conversiow of crude iron into steel or
malleable iron by foreing air therein it has
been fonnd that some kinds or qualities-of iron
‘are convertul much more rapidly than others.

This is especially the ease with scme of the |

purer kinds of eharcoal pig-iron. It has also
been found that sowe irans thus rapidly con-
verted acguire a higher temperature if blown
. into by horizoutal tayeres, because by this
wieans there can, if desired, be employed a
larger oritice and less pressure of air than has
been generally employed when blowing verti-
cally upward. into the metal.  This arrange.
ment also enables the air to be blown in atva-
rious points, which is advantageous. Now. in
order to obtain the high temperature: produci-
ble under sueh circums,tances and to retain

" the advantages detivable from the axial mo-

‘tion of the vessel, I prefer to construct a ves-
sel mounted on trunnions and provided with
a libe of tuyeres either extending horizontally
around, or nearly around, the lower part of
the vesgel, the part where the tuyeres are situ-
atéd being of a somewhat less diameter tham
the.cy hudrlcal bady of the vessel. Ialsomake
the vessel of less height in proportion to its di-
ameter than the movable vessels hitherto con-
trueted, while the back part of it is curved
outward 80 as to eontain the mwetal when itis
turned up and prevent {00 great a pressure
over the orifices of those tuyeres which are sitn-
ated at or near the back part of the vessel,
" The form-and construction of this modifica-
tion of the converting-vessel is represented ou
Shéet A of the drawings heksuilto annexed,
where I'ig. 2 i3 an elevation; Fig. J-a vertical
section on the line A B of Fig. 4, and Tig. 4a
horizontal cross-section on the lme C D of TFig.
3. The position into which the vessel is turned

when receiving its chargé of welted iron is also
shown at Fig. 5 on the same sheet. Thisform

of .converting- vessel is, by preference, cou--

structed ot plate-iron having a trunnion-band,
f, passing around its largest cireumterence
and svcured by rivets or holts to the vessel.
It had alsa-one solid traunion and one hollow
trannion for the passage of the blast, as in
other converting-vessels now iu use.

“The upper portion of the vessel g is holted
to the trannion-band, and may be removed

when the vessel requires velining; but the -

» » b,
lower part, g*, of the vessel is riveted or other-

wise firinly secured to the trunnion-band, aud
has a cbanuel, &, extending around it. This
channel is pro\ ided with a number of open-
ings both on its interpal wud external eircum.
ference. 1t is through these opénings that the

-tuyeres i are ioserted. The outer openiugs

are secured by plates k, screwed on over them,
the lining of the vessel and the setting of the
tuyeres Leing effected in o similar manver to
those now in ase. A wnipe, %, from the hollow
trunniote will allow the air' to pass down onthe
outside of the vessel and enter. the hollow an-

nular channel & aud supply the tnyeres, which
may have oue or any other namber of holes in
them, ns at present “practiced.  1liave before
shown how twochargesofmetal simultaneounsly
converted may be poured mto one castmg

Iadle. v

It will be obvious that the couver ticg-vessel
may, if desired, be fixed instead of being mov-
able, as I have de%nhed it, and still be- vro-
vided with the line of tuyeres meutioned.

The extra weight of metal to be dealt with
in such cases renders some modification of the

easting crane aund ladle desirable; and, in or-
der that the general coustruction and wode of
operating with this improved form of crane
may be fully understoed, I haveshown thesame
in elevation on Sheet B and in plan-on Sheet
C of the drawings hereunio annexed. Most
of this apparatus sworks in the manner set forth
in my Letters Patent No. ; but for con-
venience 1 will here repeat o part of the de-
seription of it therein contained. )

The great weight of the doublé charge of
metal is also thrown on one arm of the hy-
draulic crane. I prefer to neutralize by plac-
ing on the other arm of the crane a connterbal-
ance-weight, movable on four flanged wheels,
which run on the side cheeks of the erane-arm,
the wheels receiving wotion by means of a
handle and wor-wheel, the latter being fixed
on the axle 40 of one of the pairs of wheels 41
and 42, whereby the weight 43 may be moved
50 as to balauce the varying quantity of metal
contained in-the ladle. The Lead of the erane,
which carries the ladle 44 and counter-weight
43, is suspended on a ball-joint formed on the
top of the ram 46, to which ram a spur-wheel,
47,is keyed. Apxmon 45 gearing in this wheel
also carries on its axis s beveled wheel, 50,
through which motion is commanicated from
8 horizoutal shaft, 51, which pusses through
Learings in the side cheeks, 2, of the crane-

IR ]
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arm, and is provided with handles on each end,
by turning which a slow and steady motion of
the head of the crane takes place. The cast-
ing-ladle 44 is supported on trunnions formed
thereon, and restsin bearings formed néar the
ends of the crane-arm, the axis of the ladle be-
ingatright angles to the cheeks 52 of the crane.
The motion of the ladle on its trunnions is ef-
fected by a ‘worm and wheel, 54, to which mo-
tion is communicated by a shaft and handles.
This shaft 55 works in bearings formed in the
crane-arm, and a pair of beveled wheels, 56,
serve to communicate its motion to the worm
which moves the ladle. The valve or stopper
used for running out the fluid metal is placed
on the side of the ladle farthest from the cen.
ter of the crane, as seen at 57. .The desired
motion upward and downward of the crane is
effectell by the admission or discharge of wa-
ter under pressure to the cylinder 58, by which
.means the ram or plunger which supports the
head of the crane is put in motion and the
height of the ladle adjusted to suit the height
of the molds. The motion of the ladle on its
axis affords facility for the discharge therefrom
of fuel put. there to dry it, also the slags or

.other matteérs left after it has been used. It

2lso allows the ladle to be inverted over a fire
when that mode of heating is preferred. The

cylinder in which the ram of the crane works

I prefer tc make in two parts, the lower one
being cast with a closed bottom and the npper
one open at both ends, and having ribs pro-
Jjeeting inward which fit close to the ram, tlie
spaces between these ribs giving ingress and
egress to the water by which the ram is put in
motjou, and thus enabling the water-pipe to be
connected to its upper end. ’

In some cases’I form on the exterior of ‘the
casting-ladle, and near to or below the bottom
of it, a small chamber, bowl, or receptacle lined

with loam, and also provided with a valve or -

stapper with a suitable handle for-workin gthe
same. Thisvalve is fitted to an orifice or noz-
zle formed in the lowest part of ‘the.receptacle,

-and is for the purpose of regulating the supply
. of metal to the molds;,the molten metal in the
ladle Leing supplied to this receptacle by a -

~valve or stopper similar to those now in use,

- 8o that thereceptacle may be kept full uptoa

certain level during'the casting operation, the
‘use of thisreceptacle being to lessen the press-
ure of the fuid over the eseape-orifice into the

- mold, and by that means cause the column ‘of

fluid to enter the mold with a veloci ty lessened
in pragortion, as the head of the metal in the

recepiacle is less in perpendicular hei ght than’

the head of metal in the casting-ladle. ' A ver-
tical section of this form of casting-ladle is
shown at Fig. 6 and in plan at Tig. 7, Sheet
A, of the drawings annexed. - -

The wholeé of the vessel may be constructed
of plate-iron, and be lined with loam or other
suitable slow conductor of leat, thé orifices
through which the metal flows beinzy Ly pref-

erence formed in small pieces of well-burned .

CR

five-clay, vetained in their places by the loam
or other lining. .

The valverod V.may be made of iron, and
defended with 4 coating of loam, as practiced
with the valve rods generally employed in such
casting-ladles, .

The different hydraulic apparatus employed
in the process of manufacturing malleable iron
and steel may be efficiently worked in any well-
known wmanner., ‘

In oyder that the movewent of the convert-
ing-véssels and crane may be under perfect con-

trol and that the workman who directs the

process may readily effect all such movements.
of the apparatus without loss of time, it is
preferable that the several valves by which
these movement areeffected, ns well as the air-
valves, should be arranged near to each other
and in such a position that the workman may
observe from that place the: operations that
are going on; and in order that the arrange:
ment of these valves may be fully nuderstood
I bave shown the same in elevation at Fig. 4,
in plan at Fig. 5, and in end elevation at-Hig.
6 on Sheet D of the drawings annexed, where
Fig. 7 is also a plan of the index - plate of
the valves and Figs. S, 9, and 10 details on
a larger scale. . It is desirable {0 place these
valves nearto each other,and for this purpose
I form a long, rectangular trunk or box; A,

-into tlie central compartment of which the air

from the blast-engine is condusted by a pipe,
B. . On.the upper side of the box I fix a pair of
double-beat balance-valves, C, with suitable
lever-handles D passing through slots B in the
table F, before which the workman places him-
self. These valves admit airinsuch quantities
asare found desirable to edich of the vessels; A

‘pressure-gage may be fitted on the table, show-

ing the pressure of the air and indicating to
the workman the effect he is producin g by
eaclr movement of the air-valves on each side
of the trunk or box A. The passages G and -
1l are formed, oneto receive water under press-
ure. from the force-pumps by the pipe G* and
the second one to receive the waste ‘or back
water and return it by the pipe H* to the cis-
tern that. supplies the pumps. Monnted over
these passages and communicating with them:
are a, pair of four-way cocks, I and J, which
are turned by spur.geaving K. Two vertical .
shadfts, L; rising above the tablé F, are provided _
with small fiy-whegls M M and handles, soas to
allow the workman to operate readily on the
cocks whenever any movement of the vessel
on its axisistobe made. A three-way cock, N,
is similarly mounted with spur-gearing O and
Landles, P, for the purpose of controlling the
motions of the hydraulic crane and enabling
the worknan to raise the large ladle with facil ]
ity above the level of the molds, into which the
flaid malleable iron, or steel is to be passed,
In operatirig with these valves the workman

stands on the plate Q, which is raised 1 fow

feet above the ‘general floor-level of the brild-
ing, the table F being at a convenient height,
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80 .48 to enable Lim to have full control over
_the several haridles before him.

The lever-handles D are made with an an-
gular projection at their lower ends, which en-
ter slots formed in the spindies of the balance-
valves C. This lever-handle is shown more
clearly at Fig. 8. The vertical seection, Fig.
10, and cross-section, Fig. 9, show the internal
form of the valve-box C and the manner in
whiel the valves R balance each other, and
thus admit of their easy movements by the
lever-bandle. Two small cocks, S S, are also
.inounted on the trunk A, and'are made to com-
municate with the pressure and escape pas-
. sages G- and H. These cocks have a square
formed on their keys, in order to move them
- when required. They are made to communi-
eate with the small hydraulie cylinders em-
ployed to raise and lower the upper part of
the converting-vessel when a new lining is re-
quired. ' »

The blast-pipe Tand water-pipes V commu-
nicating with the several cocks are eartied un-
derground to the different apparatus for which
they are required,and thus allow one work-
man to have the movements of the vessels and
crane as well as the supply of air -under his
control, o .

Having described the manner in which the
several parts of my invention may be carried
into practical operation, I desire it to be under-
.stood that I do not confine myself to the pre-
"cise details hereinbefore described; but '
. What T elaim, and desire to secure by Let-
ters Patent, is— »

1. In the manufacture of malleable iron and
steel when forcing currents of atmospheric air
through the fluid metal, the combined arrange-
ment, substantially as berein described, where-

. by the steam employed for forcing such air is
generated by means of the heat eseaping from

"the reverberatory furnaces that are employed
in melting the iron to be so converted.

2. The opening and closing of the passage
conducting air into a converting - vessel by
means of the rotary motion of such vessel act-
ing through suitable mechanism on a valve
situated in said air-passages.

3. In combination with a converting-vessel,

several separate tuyere-boxes con'stru_cted‘and

.| operating substantially as described.

4. The combination, with a converting-ves-
sel, of tuyere-boxés with separate compart-
ments, constructed and operating substantially
as described. a '

5. Employing o pair of converting- vessels
placed insueh a position with reference to each
otherthatthe flame and splashesemitted there.
from shall be projected in opposite directions,
substantially asand for the purposes described.

-6, Employing a pair of converting-vessels,
50 movable upon their own axes as to be ea-
pable of being placed in such relation to eacl
otherthat the flamneand splashesemitted there-
from shall be projected in opposite directions,
and as to be also eapable of being placéd, when
desired, in such positions as to discharge their
contents into the same ladle.

7. Combining with two or more converting-
vessels aladle soarranged and operated, either
by means of a crane orin any other convenient
manner, that the contents of said vessel may
be discharged into it and at the same time so
that the ladle shall be capable of swinging or

turning on its point or points of suspension

while being moved, substantially as deseribed,
8. Combiningaconverting-vessel withachim-
ney coustructed with an open’ space bencath

it, substantially as described, for the .purpose

of giving access to such converting-yessel.

9. A converting-vessel provided, with a'line.
of tuyeres placed through the sides of The ves: .

sel, substantially as and for the purposes sot
forth. T :

10. The employment of ladles "ibrmédv, with "
a second chamber orreceptacle attached ﬂ{ﬁl’f‘f )

to for regulating the supply of metal to th
molds, substantially as-deseribéd.
11. Combining the valvesand cocksby w

seribed.

Witnesses:
- A, L. HoLLEY,
DanL. LONGSDON.

liich.
the apparatus is set in operation, so that tha .
workmau may -conveniently move them from

‘a given place, anbstantially in the-manuer de-

- HENRY BESSEMER.
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