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CONTINUOUS HEATING FURNACE

AND

METHOD OF OPERATING THE SAME

William A. Morton, Mount Lebanon Township,
Allegheny County, Pa., assignor to The Amsler-
.Morton Company, thtsburgh Pa., a corpora-

tion of Pennsylvania

Application May 31, 1940, Serial No. 337,987
(CL 263—2)

- 49 Claims,

" This invention relates generally to heating fur-
naces and more particularly to heating furnaces
of the type wherein articles are heated as they
are continuously moved therethrough, and the
method of operating the same.

In the steel industry a continuous type heat-

ing furnace is employed for heating billets, ingots,

blooms, slabs, rails and the like, t6 a predeter-

mined temperature, preparatory to rolling or per- -

forming other operations thereon.

This type of furnace may be made up of two

chambers, namely a heating chamber and the

extension or preheating chamber.
' The furnace chamber generally extends to the
charging end of the furnace for the waste gases
which preheat the steel. This preheating oper-
ation is a direct function of the rate of firing in
the main heating chamber and it is not inde-
pendent thereof and can therefore not be con-
trolled..

The material to be heated continuously passes
from the charging end of the furnace, then
through the preheating chamber, then through
the heating chamber, and across the soaking
chamber, by which time it is uniformly heated
and discharged from the other end of the fur-
nace.

It has been customary to ﬁre this character of
furnace by direct radiation from the flames ad-
jacent the articles at one or more positions
throughout the furnace, but it is impractical to
confrol the atmosphere with this method of fir-

.ing. High-carbon and alloy steels are principal-
ly affected and decarburization takes place.

Variations in furnace temperature and undesir- 3:

able furnace atmosphere conditions tend to break
the original scale of oxidation from the surface
of the material and an undesirable tight thin sec-
ondary scale forms thereon. Conditions of this
_character in heating create surface defects in the
steel when worked. Again heating by direct radi-
ation . from flames adjacent the steel produces
streaked heating in the steel whlch is detrimental
when rolling.
In one direct radiation type heating furnace

the flames are produced from burners adjacent .

the discharge end (Patents.1,789,966; 1,912,933,

and 1,944,729) and flow over the steel in_the op--

posite direction of its travel for the full length

of the furnace. The hottest portion of the flames:

are adjacent the soaking hearth and the cool
gases are discharged adjacent the steel charging

[
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to vary the rate of production and maintain the
desired critical final steel temperature. This ob- -
viously creates the tendency of over-heating the
steel. This is especially true if there is any in-
terruption or change of the speed of travel of
the steel moving through the furnace. The rate

“of heat exchange at the charging end of the fur-

nace is low and is dependent upon the fixed or
permissible rate of firing the heating chamber.
In view of the fact that the hottest flame is ad-""
jacent the discharge end it is impossible to em-~
ploy more than 50% of the available preheated
air from the high temperature waste heat gases
and thus the furnace operation is inefficient.
Each of these factors interferes with the heating

of the steel and especially high carbon and alloy

steels.

When the burners delivering a direct radlatlon
type heating flame are placed adjacent both.the
discharging and the charging end of the furnace
(Patents 1,476,142; 2,133,673, and 2,157,221) and
the waste gases are roved adjacent the center of
the furnace chamber, the efficiency is increased
somewhat by reason of the fact that there is a
greater heat exchange at the charging end than
in the type of furnace referred to above. How-
ever it is impossible to control the furnace at-
mosphere in the preferred manner. ‘The dis-

- charge end of this type of furnace is heated by

direct radiation, making it difficult to control
and equalize the temperature across the steel
when it is discharged, resulting in local overheat-
ing and producing some of the difficulties as de-
seribed above. . .

In both of these methods of heating by a di-
rect radiating flame, cold air is drawn into the
furnace at the discharge end, This air chills the
steel causing the heavy original scale to contract

. and break away and produce an undesirable con-.
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dition.

A third type of furnace, wh1ch employs a direct’
radiating heating flame, introduces the flame at
the charging end of the furnace and the gases
flow to the opposite end (Patent 1,530,239). This
type of furnace avoids some of the above men-
tioned difficulties but it is not equipped with a
soaking hearth and it is impossible to control

- 'the furnace atmosphere or to separately control

end. With this type of furnace it, is. difficult to -

maintain the desired temperature of the steel be-
fore it is discharged and also virtually 1mpossxb1e

65

the critical temperature of the steel when dis-
charged.
The burner of another type of furnace is posi-

-tioned so that the flame’ directly impinges the - -

steel at an angle and is divided, the smaller por-

“tion traveling with the steel across the soaking

hearth and the larger portion traveling ‘against
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the movement of the steel to the charging end.
(Patent 2,056,904.) Since the gases are with-
drawn from the furnace at both ends, the at-
mosphere of the furnace may be controlled to
some degree. However the direct impingement
of the flame on the steel limits the firing tem-
perature and streaked heating is pronounced.
All of the other disadvantages mentioned above
are also present to a degree.

The principal object of this invention is the
provision of an improved character of furnace
and the method of operating the same to over-
come these objectionable features and charac-
teristics.

Another object is the provision of a method
for uniformly heating the steel by diffused ra-
diation firing. : ‘

Another object is the provision for local regu-
lation of the temperature of the steel on the
soaking hearth independently of the principal
firing of the heating chamber. This method of
operation maintains the steel on the soaking
hearth at its proper rolling temperature while
the fuel supplied to the heating chamber is var-
jed or completely shut off. This is exceptionally
advantageous during periods in which the mill is
shut down temporarily for repairs or changes
of mill rolls.-

Another object is the provision for automati-
cally controlling the temperature of the steel as
it is discharged regardiess of the rate of produc-
tion, or the rate of firing of the heating cham-
ber, or during mill delays. C

Another object is to provide for an automatic
control system which regulates the temperature
and furnace atmosphere conditions during nor-

inal operation, and during mill delays or re-

duced rates of production automatically stops
the firing of the principal burners for the heat-
ing chamber and transfers the fuel to the aux-
iliary burners for holding the steel on the soak-
ing hearth at rolling temperature during such
delays, at any selected rate of firing.
Another object is the provision of a method
for controlling the rate of heating of the steel
_in the furnace in proportion to the rate of pro-
duction without endangering the thermal or

physical characteristics of the steel in the criti-.

cal heating range. , .

Another object is to provide a supplementary
chamber for preheating sensifive high carbon
and alloy steels at a predetermined rate prior to
their entry into the main hesating temperature. -

Another object is to pass the steel through a
furnace in which the atmosphere adjacent the
steel is a non-oxidizing atmosphere, differing
from the normal uncombined combustibles.

Ancther object is the provision for an im-
proved character of firing flame which enables
control of the furnace atmosphere and the use
of a higher than normal percentage of the waste
heat recovery and which also enables one to vary
the position of the mazimum thermal input
within the furnace.

Another object is to combine the flow of all
the gases of combustion as they pass over the
steel on the soaking hearth to obtain a diffusion
of the total heat of the flames, to thereby equal-
ize the temperature along the steel.

‘Another object is the provision for introduc-
ing and withdrawing the heating medium at the
same end of the furnace.

. Another object is the provision for introducing
and withdrawing the heating medium at both
ends of the furnace. ' v
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Another object is the provision of means for
controlling the percentage of input and with~
drawal of the heating medium adjacent each end
of the furnace. }

Other objects and advantages appear in the
following description and claims. '

The accompanying drawings disclose a prac-
tical embodiment illustrating the principles of
this invention wherein:

Fig. 1 is a sectional view taken longitudinally
of a furnace fired with three redirected flames.

_Fig. 2 is a sectional view taken longitudinally

_of a furnace fired with three flames, two of
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which are redirected.

Fig. 3 is a sectional view taken longitudinally
of a furnace fired with three principal flames,
wherein only the soaking chamber flame is re-
directed and two independent flames are provid-
ed for preheating. .

Fig. 4 is a sectional view taken longitudinally
of a furnace fired with two flames, the flame
supplying heat to the soaking chamber being re-
directed. -

Pig. 5-is a sectional view taken longitudinally -
of the furnace having a sloping hearth and fired
with opposed redirected flames, the main fur-
nace chamber flame normally supplying approx-
imately 90% of the heat delivered to the fur-
nace. -

Fig. 6 is a sectional view of a furnace having -
a sloping hearth similar to that shown in Fig. 5
and which is provided with a preheating cham-
ber.

Fig. 7 is a diagrammatic view illustrating the
circuits for automatically controlling the tem-
perature of the air and fuel delivered to a fur-
nace such as that illustrated in the previous fig-
ures, and the furnace pressure control for the
same. The outline of the furnace used to illus-
tra.tezthese controls is taken on the line T—T of
Fig. 2.

Fig. 8 is a graph illustrating the temperature
characteristics’ of the furnace disclosed herein
which includes the preheated air delivered to the

5 furnace, the furnace temperature, and the tem-

perature of the steel as it passes therethrough.

Referring to Fig.. 1, the furnace illustrated
therein comprises three principal elements, the
main heating chamber 10, the soaking hearth {1
in one end of the main heating chamber, and
the preheating chamber (2, Water cooled skids
{3 extend through the preheating and heating
chambers for supporting the material 14 to be
heated which is charged through the opening {§
and is shoved in the usual manner, through the
preheating chamber, the heating chamber and .
over the soaking hearth, from whence it is dis-
charged through the opening {6. The soaking
hearth 1 is a solid hearth. The openings 15
and (6 are closed with suitable doors.

The main heating chamber {0 is divided by
the steel charge {4 into upper and lower inde-
pendent chambers {1 and 18. The chamber 1
above the steel is formed by the enclosing roof

_structure 19. The height of these chambers may

be determined by the formula governing the ex-
pansion of gases from 60° F. to 2500° F'. with the
assumption that the average furnace tempera-
ture will reach the latter amount, and thus by
employing the proper firing rate, the furmace
pressure is maintained constant. .

The roof structure above the soaking hearth
{1 may also be determined in the same manner.

The preheating chamber {2 Is likewise divided
by the steel charge (4 into the upper and lower
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independent chambers 20 and 21. Each of these
chambers connect with the independent cham-
bers 17 and 18 of the main heating chamber and
thus form continuous upper and lower inde-
pendent chambers in these two sections of the
furnace. ’ '

The lower chamber 18 is below the plane of
the hearth and is enclosed by the sub-floor 22
and the continuous outside walls 23, which carry
the outer skids 13, and which extend from the
intermediate transverse wall 24 adjacent the
soaking hearth i{ to the charging end of the
preheating chamber 2 as indicated at 25.

The rear wall 26 of the furnace, through which
the preheating chamber 12 opens, is provided
with two rows of burners 27 and 28 for firing the
chambers (7 and (8 respectively. The burners
are supplied with fuel transmitted through the
conduits 30 and with preheated air transmitted
through the conduits 31 and 32. Burners are
provided between the walls 23 and the side walls
of the furnace as shown in Fig. 7. However
a portion of the flames of these burners may
pass upwardly over the ends of the steel to the
chamber 11, )

The soaking hearth 11 is locally heated as
desired by a flame issuing from the row of burn-

ers 33 in the front wall 34 of the furnace. Ordi-

narily these burners are operated only during
mill delays, during which time the preheated
air and fuel -are transferred from the burners
27 and 28 to the burners 33 which are described

below in relation with the furnace control and -

operation.
It will be noted that each of the burners 21,
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and at the same time facilitates equalization of
heating across a furnace heated by a series of
transverse burners; The change in direction of
motion of the heating gases tends to diffuse
them by turbulence and eliminates any varia-
tion of the several gaseous streams after they
are united by the return movement.

During normal operation” of the furnace a
portion of the products of combustion from the
flames issuing from the burners 271 divides from
the main body of the gases and travels over the
steel on. the soaking hearth 11 and is discharged -
at the front of the furnace. The paths of the
gases are indicated in each of the views by
dotted lines.

Flues 35 are positioned just inside the charg-

. ing opening 15 for drawing off the main portion

20
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28 and 33 are substantially horizontally disposed .

and that they are spaced further from the plane
of the hearth than they are from the rcof or
the floor. The reason for this arrangement is
to provide a flame that travels outwardly in
a path substantially parallel with the steel until
its velocity is reduced to such an extent that the
draft, which is induced in the vicinity of each
burner, redirects the path. of movement of the
products of combustion. Combustion is substan-
tially complets in each flame before it is redi-
rected by the draft forces and the hottest part
of the flame does not impinge directly on the
steel, Thus the products of combustion of each
flame blanket the steel on its return path of
movement to the flues. In this manner the at-
mosphere surrounding the steel may be controlled
to prevent local overheating, excess oxidation
and decarburization of the steel.

‘The hottest portion of the flame is along the
initial path of projection. Thus the .steel is
heated by radiation from this portion of the
flame and by .convection from the products of
combustion passing back over the steel. The
radiant heat energy reflected from the roof and
directly effective from the flame must pass
through the products of combustion flowing back
over the steel. The radiant heat energy is thus
diffused as it passes through the products of
combustion, thereby uniformly heating the steel
laterally across the furnace, and the detrimental
effects of direct heating from initial flame com-
bustion are eliminated. Again the efficiency of
the heat exchange is increased by the extension
of the flame length and the location of the area
of the highest rate of heating may be accurately
controlled.

This method of heating utilizes direet radia-
tion and in addition direct convection in com-
bination to accelerate the normal heating rate
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of the products of combustion from. the upper
chambers T and all of the products of combus-
tion from the lower chamber 8. These waste
gases are selectively drawn through the independ-
ent upper and lower chambers 20 and 21 of the
preheating chamber {2 in their travel to the flues
35 and thus regulably preheat the steel to any
desired temperature for delivery into the heating
chamber. If this chamber were not added at the
rear of the furnace the gases would pass directly

‘from the chambers 17 and 18 to the vertical flues

35 which direct them through the horizontal flue
36, the recuperator 37 or other heat absorbing
device, to the-main flue 38, from whence they are
ordinarily directed to a stack. If desired the )
gases may be carried directly to the stack and the
air preheater’ omitted.

That portion of the products of comibustion
from the burner 27 which flows over the steel on
the soaking hearth H{ is drawn down past the
steel discharge opening 16 into the flues 39 where
they may be discharged directly to the short,
damper controlled auxiliary stack 40.

During mill delays when the firing is instan-
taneously switched from the burners 21 and 28 at
the rear of the furnace to the burners 33 at the
front of the furnace the flames project over the
soaking hearth and when their velocity is dimin-
ished the products of combustion are redirected
back over the steel, as described above, and are
discharged down past the steel discharge opening
16 through the flues 39 to the stack 49 as described
above,

The flues 35 and 39, which direct the gases
from the plane of the hearth, may in each case be
a single flue or may comprise a plurality of smaller
flues, depending upon the character of the fur-
nace structure. In the latter case they usually
open into a single connecting flue’ 36 at their
lower ends. .

The flues or outlets are thus positioned in the
vicinity of the burners and the gases discharged
from the furnace chambers pass both the charg-
ing and discharging openings 15 and 16, thus
carrying away any cold air that may filter into
the furnace and preventing its access to the hot
steel on the hearth even when the doors are open.,

The steel is thus protected from cold air and is
blanketed by the products of combustion. This
avoids surface temperature variations which
would tend to break the original scale of oxidation
from the surface of the steel and thereby avoids
the formation of the thin tight secondary scale
which is highly objectionable.. The removal of
the heavy scale deposited on the hearth, which
would necessitate shutting down the furnace is
also avoided. :
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This character of flame provides uniform heat-
ing of the steel and permits accurate control of
the heating cycle.

The flue 35 may be controlled by the damper 41
which in turn may be operated by the servomotor
42. The fiue 39 is likewise controlled by the
damper 43 operated by the servomotor 44. The
main flue 38 which leads to the stack is controlled
by the damper 45 operated by the servomotor 46.

The rate of preheating the steel may bhe con-
trolled by damper 41 to regulate the quantity of
waste heat leaving the charging end of the fur-
nace. .

A pyrometer 41 is placed in the flue 39 for regis-
tering the temperature of the gases flowing off
the steel in the soaking hearth. -

In Fig. 2 a greater portion of the gases passing
from the lower independent heating chamber (8
are carried off by the flue 48 in the center of the
furnace, which is controlled by the damper 50
operated by the servomotor 51, to the horizontal
flue 36. 'The balance of the products of combus-
tion of the flame issuing from the burner 28
passes back along the steel through the lower
preheating chamber 2| and is discharged out the
flues 35, thus forming a thinner layer of waste
gas which prevents the flames from coming
directly in contact with the steel. '

The preheating chamber 12 in Fig. 2 is much
the same as in Fig. 1.

The flues 38 carrying the gases over the soak-
ing hearth 11 are connected with the horizontal
fiue 36. In order to prevent uncontrolled migra-
tion of the gases, -which might upset the firing
conditions therein, the dampers may be regulated
to produce a draft of .04 inch of water in the flues
35 and 48 and a draft of .06 inch of water in the
flue 39. )

In Fig. 3 the independent chambers 20 and 21
of the preheating chamber {2 are fired directly
by the upper and lower rows of burners 52 and
53, respectively, which control the rate at which
it is desired to preheat the steel prior to delivery
in the main- heating chamber. The products
of combustion from the flames of these burners
pass into the main heating chambers 17 and 18,
because combustion is substantially complete
when these flames pass into the main heating
chambers and their products of combustion
blanket the steel from initial flames of combus-
tion in chambers {1 and 18 to produce substan-
tially ‘the same effect as that obtainablie with
the structure illustrated in Fig. 1.

The hottest part of the flames issuing from
the main burners 27 and 28 is thus prevented
from heating the steel by direct radiation. The
preheated steel is thus subjected to diffused
radiant heat energy from the furnace surfaces
and the flames in both the upper and lower
chambers. When combustion of the flames from
the burners 21 and 28 is substantially complete
the products of combustion from both the pre-
heating burners and the main burners combine

and equalize in temperature as they continue to

blanket the steel with an inert atmosphere of
uniform temperature until it is discharged.

In the case of the structure illustrated in Fig.’

3 any cold air that may filter into the furnace
through the charging opening 15 aids in sup-
porting the combustion of the preheating flames
and the free oxygen is substantially all con-
sumed before the gases pass out of the preheat-
ing chamber. Thus the infiliration of the cold
air does not have an opportunity to injure the

2,320,211

heated steel which is not at a critical tempera-

" ture adjacent the point of entry and such air is
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usable in this design of furnace.

The hot gases of combustion from the lower
preheating chamber 21 form a protective layer
between the steel and flames from the burners
28 in the chamber 8. The products of com-
bustion of the flames issuing from the burners
28 mix with the products of combustion from the
preheating chamber 24 and pass down flues 48
out of the chamber 18. Gases from the cham-
per 11 travel along, blanketing the steel over the
soaking hearth and finally pass down outlets 39.
All flues or outlets are provided with independ-
ent damper control as described above and are
further subject to common damper regulation
by furnace pressure control.

The heat delivered to the soaking hearth from
the redirected flames of the burners 33 is prefer-
ably applied only during mill delay or interrup-
tion of normal operation. At the time of inter-
ruption the heat will be automatically turned on
by means of the control system which is herein
described. ‘The burners 33 may or may not be
used at any time, depending upon the changing
conditions within the furnace, but these burners
are always subject to independent automatic
control when desired. )

As previously described the radiant heat of
the flames from the .burners 33 must pass
through the previously produced blanketing
gases to the steel and as the forward velocity of
the flame diminishes the flame is returned by
draft in the flue 39 and the gases therefrom
mingle with the other products of combustion
and travel down past the discharge opening 16
through the flue 39, the horizontal flue 36, to the
recuperator.

The furnace illustrated in Fig 4 is not pro-
vided with a preheating chamber {2 nor a lower
heating chamber I8. owever the burners 21
and 33 function in the same manner as that just
described in’ connection with Fig. 3. This view
illustrates some of the details of an actual fur- .
nace structure of the charging and fired type,
whereas the previous views are relatively dia-
grammatic. ‘

A portion of the gases flowing through the
horizontal flue 38 are drawn up the passageway
49 through the floor 22 and pass Over the ends
of the steel into chamber 10 to form a blanket-
ing protection through which the radiant heat
from the flame issuing from the burners 21 must
pass to heat the steel. These gases are drawn
off at the rear of the furnace through the flues
35 which in this instance pass directly to the
stack 38. Thus the same effect is produced in
this furnace as that described in relation to the
previous furnaces.

In Figs. 5 and 6 a sloping hearth is provided
for receiving. cylindrically shaped articles 14
wich are to be heated. These articles are
charged through the rear opening 15 and are
progressively rolled down the hearth manually.
Entrance to the furnace’ chamber is gained
through the doors along the side walls. The
steel is discharged laterally through the open-
ing 16 in the side wall of the furnace.

In Fig. 5 the burner 21 supplies the heating
chamber i0 in the same manner as that' de-
scribed with reference to Fig. 1. The charac-
teristics of the flame are such that it travels into
the furnace chamber for a considerable distance
and the greater portion flows back up over the
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steel and is discharged through the flues 35
while the remaining portion flows over the soak-
ing hearth i1 and out the flues 39 to the auxil-
iary stack 40. The roof 19 being substantially

horizontal is economical to construct and because:

of the sloping hearth the heating chamber 10
progressively increases in. volume -towards the
front of the furnace. The roof over the lower
end of the hearth {1 is alsp horizontal and the
connecting roof, which slopes from one roof level

to the other, restricts the inner end of the heat-

ing chamber 10. The slope of the connecting
roof thus aids in redirecting the flame from the

‘burner 21 by the restriction. The blanketing

gases traveling back up over the steel are dis-
charged downwardly through the flue 35 to.the
recuperator 31,

The slope of the hearth enlarges the volume of
the chamber over the soaking hearth 1! toward
the front of the furnace, thus aiding in redirect-
ing the flame from the burner 33 during mill de-
lays, and causing the burned gases to travel down
over the steel on the hearth and thus blanket it
from direct radiation. These gases are dis-
charged through the flue 39 to the auxﬂlary
stack 40.

The quantity of gas passed out the stack 40,
during normal operations when the burners 33
are shut down, will be merely sufficient to provide
a measure of the final heated temperature of the
steel prior to. discharge which has not been pro-

purpose in this type of furnace. )

In the furnace illustrated in Fig. 5 the gases
are preferably distributed so that 909% pass out
the flues 35 and 10% pass out the flues 39. The
same proportions are also preferable for the fur-
nace illustrated in Fig. 6. The roof of the fur-

nace shown in Fig. 6 is desired to provide the

largest chamber for approximately 609% of the

-furnace length at the front of the furnace and

the smallest chamber for approximately 40% of
the furnace for the smallest chamber which in
this instance is the preheating chamber 12." In
each instance the recuperator 37 is connected to

10

15

20

- vided for in this manner for this or any other

40

the outlets of the chamber containing the largest

firing proportion, which in Fig, 6 is the preheat-
inig chamber 12 and is connected through the
flue 39 to the recuperator in the same manner as
that described in relation to Figs. 1 and 2.

60

In both of these structures the steel is pro- -

tected by the blanketing layer of products of
combustion and any infiltration of cold air at the
charging or discharging openings is carried along
with waste heat gases and cannot produce any
detrimental effect on the steel. )

Fig. 7is a diagrammatic view showing the auto-
matic control circuits for operating any one of
the above described furnaces.
lined is shown as a plan view of the hearth shown
in the furnace of Fig. 2 which is representative of
each of the furnace structures comprising this
invention. Independent preheating burners 52
and 53 are employed only in the furnace shown in

"Pig. 3. These preheating burners for all practi-

cal purposes may be fed by branch lines from the
main burners and therefore may be considered
auxiliary to the main burners 21 and,28 insofar
as the controls are concerned. It may or may
not be desirable to provide the preheating burn-
ers with preheated air and to avoid perplexity

-they are not illustrated in Fig. 7.

60 represents the blower for delivering air to
the recuperator 31 where it is preheated and di-

The furnace out- -
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rected to the burners 21 and 28 or to the burners
33. A Venturi tube 61 is inserted in the blower
inlet which is controlled by the damper 62 oper-
ated by the servo motor 63. -

.The fuel is supplied through the condult 64
and its flow is controlled by the regulating valve
85 which is operated by the motor 66. . When the
fuel passes from the valve 65 it must flow through
an orifice plate 67 and then continues' through
the supply conduit to the burners 27 and 28 or to
the burners 33. Each of these sets of burners
is provided with a hand-operated valve 68 for
independently adjusting the flow of fuel to each of
the burners. The flow of fuel may be read by
the meter 69.

The burners are preferably of the induction
type and the preheated air in the common ducts

" while it is induced it is also proportioned by the

fuel ratio control. This is important to main-
tain the proper furnace atmosphere throughout
furnace operations.

Fluid pressure lines 190 connect each side of the
Venturi throat 61 to one diaphragm of the air-
fuel regulator 11 for registering by pressure the
quantlty of air flowing to the recuperator. Fluid
pressure lines 12 also connect each side of the
orifice 67 in the fuel line to the other diaphragm .

- of the air-fuel regulator and register the quantity

of fuel delivered to the furnace. The quantities
of air and fuel are thus kept proportional by
means of this ratio regulator control which is
operated by differential pressures created by the
flow of air and the quantity of fuel is maintained
proportional. The quantity of air is previously
determined by the temperature of the furnace.
The temperature of the gases being dischar ged
from the furnace through the flue 39 has a direct
relation to the temperature of the steel on the
soaking hearth which the gases have just passed
over, whether these zases are coming from the
main burners 27 during normal operation or from
the burners 33 during mill delays. When the-
furnace temperature is approximately 2500° F

.the steel on the soaking hearth will be approx1-

mately 200° F. less. This difference may vary
slightly but for purpose of control the waste
gases always bear a direct relation to the steel
temperature whereby the furnace control system
may be accurately operated.

The temperature of the gases dlscha,x ged from
the furnace is measured by the pyrometer 41
and registered in thé recording potentiometer
temperature control 73, This control in turn
operates the servo motor 63 for opening and clos-
ing the damper 62 and thereby regulates the
amount of air delivered to the furnace for con-
trolling the temperature.

Any change in the quantity of air delivered
to the recuperator is registered as differential
pressures in the air-fuel regulator Tl which actu-
ates the ratio control 14 for automatically main-

. taining a predetermined ratio of air and fuel
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flow by operating the fuel valve 65 by means of
the servo motor 66. The servo motor 66 may be
operated by fluid pressure through the control
lines 15." When the proper quantity of fuel is
delivered to the furnace for maintaining the
predetermined ratio of air and fuel a balance will
be created between the diaphragms of the regu-
lator 11 by the pressure differentials registered
across the restrlcted orifices in the air and fuel
lines.

The pressure of the fumace haturally varies
with' the rate of productxon and the rate of firing,
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In order to maintain the furnace at a predeter-
mined pressure an atmosphere connection in the
furnace is made through the conduit 16 fo the
pressure regulator 11 for carrying pressure im-
pulses thereto. These impulses are relayed
through the furnace pressure control device
which opens a high pressure valve in lines 18 to

open ports in the opposite ends of the fluid op-

46 for regulating the main damper
38 leading to the stack. The fur-

erator motor
45 in the flue
nace pressure regulation is
suitable hand control, whereby the pressuré to
be automatically maintained may be predeter-
mined and adjusted. :

The fluid pressure controls may be supplied
with. fluid from the reservoir 19, which is con-
nected to a source of fluid pressure. .

The control system automatically maintains
this continuous type furnace at a predetermined
temperature and under proper pressure and
atmosphere conditions. The location of the
pyrometer 41 which registers the temperature of
the gases, which bear a direct relationship to the
steel temperature, is important and is made pos-
_sible and practical for the first time in continuous
furnace practice.

During normal mill operation the potentiom-
eter temperature control 13 of the furnace con-

trol regulates the flow of air delivered to the fur- ¢

nace and the regulator T1 proportions the flow of
fuel with the quantity of air being delivered to
the furnace. The air and -fuel lines are each
provided with the Y connections 80 and 81, re-
spectively, for conducting the air and fuel to one
of two branch lines. One branch line connects
with the main burners 21 and 28, and the pre-
_heating burners, if any, for normal operation of
the furnace.’
with the burners 33 for operation
delays. )

Fach of these branch lines is controlled by a
solenoid operated valve which preferably has a
spring return action for closing the valve. This
arrangement provides a safety feature in case
of a power failure. The valves 82 and 83, in air
and fuel branch lines respectively, control the
lines leading to the main burners at the rear of
the furnace and are electrically energized
through the common return wire 84 and the con-
trol wire 85. The valves 86 and 81, in the air
and fuel branch lines respectively, control the
lines leading to the mill delay burners at the
front of the furnace and are electrically ener-
gized through the common return wire 84 and
the control wire 88. These control wires are
connected with the selection switch 90 which in
turn is operated by the servo motor 63. The
switch .90 is provided with electrical energy from
any suitable source such as indicated by the
wires 91.

The switch 90 selectively -energizes either set
of valves for controlling the *normal operating
main burners 21 and 28 or the mill delay burners
33. 'This selection. is determined automatically
by the temperature of the furnace. The furnace
controls are adjusted to provide the proper firing

during mill

conditions for the desired rate of reduction.

with this adjustment normal operation of the
furnace is automatically continued by moving
the steel therethrough at the chosen predeter-
mined rate of speed. If hot steel is not taken
from the furnace at the normal rate, by feeding

supplemented by a. .

35

The other branch line connects
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cold steel thereto, the furnace temperature will
quickly rise. This rise in temperature is immedi-
ately registered by the pyrometers 41 in the
potentiometer temperature control 13 which
energizes the servo motor 63 to reduce the quan-
tity of air delivered to the furnace. The reduc-
tion of air thus automatically reduces the quan- -
tity of fuel through the regulator T{ and the air
fuel ratio control 74. As the quantity of heat
energy delivered to the furnace is reduced, the
furnace temperature falls to normal.

If no steel is taken from the furnace the tem-
perature rises very fast and initiates the auto-

. matic operation just described. When the po-

tentiometer control 13 reduces the quantity of
air delivered to the furnace to a predetermined
amount, such as 50%, then the servo motor 63
throws the switch 90, thereby selectively chang-
ing the firing from normal operation at the rear
of the furnace to the mill delay burners 33 at the
front of the furnace by deenergizing and closing
the air and fuel valves 82 and 83 and energizing
and opening the air and fuel valves 86 and 81.

The waste gases from the redirected flames of
the mill delay burners 33 continue to control the
temperature of the steel on the soaking hearth
if and the automatic controls continue to func-
tion in the same manner. The fuel consumption
during mill delays is naturally materially less
than that required for normal furnace opera-
tion. because the small amount of steel on the
soaking hearth is all that is maintained at roll-
ing temperature., Again this steel is not over-
heated and is always ready for use.

When mill operations are resumed, hot_ steel
is discharged from the soaking hearth and cold
steel is charged into the rear of the furnace, the
gases discharged through the flues 39 become
cooler because the furnace temperature drops
due to increased absorption of heat by the cooler
steel moved onto the soaking hearth and. into
the furnace. The pyrometer 47 then actuates

"the potentiometer temperature control 13 which

in turn energizes the servo motor 63 for oper-
‘ating the damper 62 to increase the quantity of
‘air delivered to the furnace. The air-fuel ratio
regulator 11 and the control 14 are operated
by the change in the quantity of air delivered to
increase the quantity of fuel delivered to the
furnace. When the quantity of air delivered to
the furnace reaches a predetermined amount the
servo motor 63 actuates the selection -switch 80
which deenergizes the valves 86 and 81, causing
them to close and energize the valves 82 and 83,
causing them to open and thereby transfer the
firing from the front to the rear of the furnace.
Thus the furnace has been restored to normal

“operation for continued mill production.

The selection switch 90, which controls the
transfer of firing from normal operation to mill
delay operation, may. be designed to operate the
transfer valves in the branch lines when 50%
of the normal amount of air is delivered to the
furnace as stated above. When the transfer is .
being made from mill delay operation to normal
operation of the furnace this selection switch
80 may be made to operate when the quantity of
air delivered to the furnace reaches 40%, 50%
or 60% as desired: This adjustment is advan-
tageous in the control system as different fuels
and different characters of furnaces may re-
quire faster or slower pick up to.return them to
normal operation. oo
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Again the transfer valves 82, 83, 86 and 87 may
be arranged to proportion the quantity of air
and fuel between the rear and front of the fur-
nace, in which case the burners 21, 28 and 33 will
all be firing at the same time and a greater dif-
ferential will be provided: between the complete
transfer of the firing from one end of the fur-
nace to the other. )

This automatic control system may be applied
to furnaces of this type other than that disclosed
herein. However it is particularly advantageous
for use with these furnace structures.

If it be necessary to turn off the burners in
the preheating and main heating chambers be-
cause the mill is shut down for roll change or
repairs, the steel on the soaking hearth may thus
be kept at rolling temperature automatically
by means of this control system which mechan-
ically transfers the firing operation from the
main burners to the mill delay burners 33. When
the mill is again ready for hot steel the furnace
is prepared to deliver it immediately from the
soaking hearth and the burners in the main
furnace and the preheating chamber automat-
ically resume cperation in response to initia-
tion of. cold steel charging creating a fuel de-
mand. This represents a material advance in
the continuous furnace art. N

The graph illustrated in Fig. 8 shows the tem-
perature conditions throughout the continuous
furnaces disclosed above. The upper curve Fi
represents the iemperature of the furnace
throughout its length when it is being used for
low carbon steel. F2 represents the temperature
of the furnace when heating alloy or high car-
bon steels. The respective temperature of the
low carbon and high carbon steels as they pass
through the furnace under these conditions is
represented by the curves SI and S2.  Obviously
more low carbon steel may be heated, but high
carbon steel may be heated under the particular
conditions or safe controlled rates of tempera-
ture acceleration in the same furnace safely for
the first time.

" The temperature of an ordinary continuous
type of furnace such as that found in the prior
art is illustrated as curve F3 in Fig. 8. In such
continuous type furnaces the temperature within
‘the main heating chamber is highest between the
center of the chamber and a soaking chamber,
whereas in this improved furnace with above
disclosed method. of firing the same, the highest
temperature is adjacent the charging end of the
main heating chamber and the temperature
gradually -diminishes to the discharge end of
the furnace, thereby providing a preferred state

of thermal equilibrium, in that the gases, steel.

and furnace parts are substantially uniform
across the furnace. In ordinary continuous type
furnaces these temperature conditions are not
attained. -

If the preheating chamber be' eliminated
these curves start at the charging end of the
heating chamber but they assume substantially
the same character as that illustrated. If the
preheating chamber and the main heating cham-
“ber are shut down because of the interruption
of mill operations the furnace remains closed
and the steel ceases to move therethrough. The
temperature of these chambers and the steel
therein slowly lowers while the temperature of
the sfeel in the soaking chamber is maintained
" at the proper amount. - After many hours under
these conditions there is a uniform gradation in

10
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the steel temperature from the inlet end of the
soaking chamber to the charging door I5.

The supplementary preheating chamber may
or may not be used, depending upon the type of
steel or rate of production desired. It is obvi-
ous however that when a high rate of production
is desired from low carbon steels, the supple-
mentary chamber may be operated at a very
high temperature, thereby increasing the tem-
perature of the steel prior to its entry into the
main heating chamber. In the case of special
steels requiring a controlled preheating cycle,
the rate of temperature rise in the- steel may
be controlled independently of the rate of firing
in the heating zone. The prior art does not dis-
close furnaces which have this function. In Pat-
ent No. 2,157,221, of which the present inventor

. Is a co-patentee, the center outlet prevents the

207

gases of the preliminary burner from protecting
the steel and also prevents regulation of the bot-

. tom heating chamber independently of the top
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.chamber. I prefer to use a substantial portion

of the heating cycle for preheating but generally
this will be less than half or the furnace invest-
ment will be improperly distributed. -

Iclaim: -

1. The method of heating billets and the like
in a continuous furnace which comprises causing
heating flames which produce radiant heat en-
ergy to travel from both ends of the furnace and
toward each other in lines substantially parallel
to the path of the billets, interposing between
the billets- and the heating flames s blanketing
layer of non-oxidizing gases through which the
radiant heat energy passes to heat the billets and
withdrawing the non-oxidizing gases after they
have passed over the billets about to. be d:s-
charged. :

2. The method of heating billets and the like
in a continuous furnace which comprises causing
heating flames to travel from both ends of the fur-

nace and toward each other in iines substantially

parallel to the path of the billets, interposing be-
tween the billets and the heating fAames a blan-
keting layer of non-oxidizing products of com-
bustion through which the radiant heat energy
of the flames passes to heat the billets and with-
drawing the non-oxidizing gases after they have
passed over the billets about to be discharged.

3. The method of heating billets. and the like
in a continuous furnace which comprises causing
heating flames to travel from both ends of the
furnace and toward each other in lines substan-

-tially parallel to the path of the billets, inter-
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posing between the billets and the heating flames
a blanketing layer of non-oxidizing products of
combustion originating from the heating flames
and withdrawing the non-oxidizing gases after
they have passed over the billets- about to be
discharged. : o

4. The method of heating billets and the like
in a continuous furnace which comprises caus-
ing heating flames to travel in lines substantially
parallel to the path of the billets and above and
below the same, and interposing between the
billets and the heating flames blanketing layers
of non-oxidizing products of combustion originat-
ing from the heating flames. :

5. The methog of heating billets and the lke
in a continuous furnace which comprises causing
heating flames to travel from both ends of the
furnace and toward each other in lines substan-
tially parallel to the path of the billets and re-
directing the non-oxidizing products of combus-
tion of the flames from the discharge end to
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travel between the billets and the heating flames
to provide a blanket
heat energy of the heating flames travels to heat
the billets.

6. The method of heating billets and the like
in a continuous furnace which comprises causing
heating flames to travel in lines substantially
parallel to the path of the billets and above and
below the same and redirecting the non-oxidizing
products of combustion from said flames to travel
between the billets and the heating flames to
provide blankets above and below the billets
through which the radiant heat energy of the
heating flames travels to heat the billets.

7. The method of firing & continuous furnace
" for heating billets and the like which comprises
causing heating flames which produce radiant
heat energy to travel in the direction of the
travel of the billets in the furnace, dividing the

non-oxidizing products of combustion from the .

heating flames and controlling the division of
the products to cause & portion. of the products
to travel with the billets and in contact there-
with toward the discharge end of the furnace to
blanket the same and redirecting another por-
tion to travel in the reverse direction between
the parent flames and the billets to form a blan-
ket through which the radiant heat of the flames
passes to heat the billets by regulating the with-
drawal of the products from both ends of the
furnace. . ‘

8. The method of firing a continuous furnace
for heating billets and the like which comprises
causing heating flames to travel above and below

the billets in the direction of their travel in the .

furnace, dividing the non-oxidizing products of
combustion from the heating flames and causing
portions of the products to travel with the billets
and redirecting other portions to travel in the

reverse direction between the parent flames of’

the billets to form blankets above and below the
billets through which
flames passes to heat the billets.

9. The methods of firing a continuous furnace
for heating billets and the like which comprises
causing heating flames to travel with the billets
to preheat the same before their entry into the
heating chamber of the furnace, causing other
heating flames to travel with the billets as they
travel in the heating chamber while interposing
the non-oxidizing products of combustion of the
preheating flames between the second mentioned
fiames and the billets to provide a blanket
through which the radiant heat energy passes
from the second mentioned flames to heat the
billets. '

10. The method of firing & continucus furnace
for heating billets and the like which comprises
causing heating flames
above and below the same to preheat the billets
before their entry into the heating chamber of
the furnace, causing other heating flames. to
travel with the billets both above and below the
same as they travel in the heating chamber
while interposing the non-o idizing products of
combustion of the preheating flames between the
second mentioned flames and the billets to pro-
vide a blanket through which the radiant heat
epergy passes from the second mentioned flames
to heat the billets.

11. The method of firing a continuous furnace
for heating billets and the like which comprises
causing heating flames to travel in the direction
of the travel of the billets in the furnace, divid-
ing the non-oxidizing products of combustion

to travel with the billets

through which the radiant -
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from the heating flames and causing a portion
of the products to travel with the billets and
in contact therewith toward the discharge end
of the furnace and redirecting another portion
to travel in the reverse direction between the
parent flames and the billets to form a blanket
through which the radiant heat of the flames
passes to heat the billets, causing additional
flames to travel in the opposite direction to the
above mentioned flames, and redirecting the non-
oxidizing products of combustion of the last men-
tioned flames to travel with the billets to pro-
vide a blanket through which the radiant heat
energy of the last mentioned flames pass ‘1o
soak the billets. -

12. The method of firing a continuous furnace
for heating billets and the like which comprises
causing heating flames to travel with the billets
to preheat the same before their entry into the
heating chamber of the furnace, causing other
heating flames to travel with the billets as they
travel in the heating chamber while interposing
the non-oxidizing products of combustion of the
preheating flames between the second mentioned
flames and the billets to provide a blanket
through- which the radiant heat energy passes
from the second mentioned flames to heat the
billets, causing additional flames to travel in the
opposite direction to the second mentioned
flames, and redirecting the non-oxidizing prod-
ucts of combustion of the last mentioned flames
to travel with the billets to provide a hlanket
through which the radiant heat energy of the
last mentioned flames pass to soak the billets.

13. The .method of controlling the operation
of a continuous furnace for heating billets and
the like which comprises regulating the intensity
of heat supplied to the furnace in response to
variations in the temperature of the discharged
gases in the flue after they have flowed off the
heated billets at the discharge end of the furnace.

14. The method of controlling the operation of
a continuous furnace for heating billets and the
like, which comprises regulating the quantities
of fuel and air supplied to the furnace in response
temperature of the discharged
gases in the flue after they have flowed off the
heated billets at the discharge end of the furnace.

15. The method of controlling the operation
of a continuous furnace for heating billets and
the like, which comprises regulating the inten-
sity of heat supplied to the furnace in response
to variations in the temperature of the products
of combustion in the flue after they have passed
in contact with the heated billets at the dis-

“charge end of the furnace.

16. The method of’ controlling the -operation
of & continuous furnace for heating billets and
the like by combined fuel and air which com-
prises regulating the supply of one of the heating
elements in response to variations in the tem-
perature of the products of combustion in the
flue after they have passed in contact with the
heated billets at the discharge end of the fur-
nace, and regulating the supply of the other
heating element in response to the supply of the
first mentioned heating element.

17. The method cf controlling the operation of
a continuous furnace for heating billets and the
like and which is arranged to e fired at both
ends which comprises regulating the quantities
of heat supplied to either end in response to the
temperature of the products of combustion in the
fiue .after they have passed in contact with
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the heated .billets at the discharge end of
furnace. i ,
" 18. The.method of controlling the operation
of a continuous furnace for heating billets and
the like and which is arranged for firing adja-
cent both ends which comprises during normal
operation heating the billets by firing adjacent

the charging end of the furnace, and, during a .

temporary cessation of travel of the billets. with-
" In the furnace, maintaining the heat of the bil-
lets adjacent the discharge end of the furhace
by firing adjacent the discharge end. ’

.19, The method of coutrolling the operation
.of a continuous furnace for heating billets and
the like and which is arranged for firing at both

E ends, which comprises during normal operation

heating the billets by firing adjacent the charg-

10
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‘nace having a preheating portion, s main he_af_,- A
“ing portion and a soaking hearth, which com-

prises causing ‘heating flames {6 travel in the
direction of the movement of the: billets and
above and below the same to preheat the same
as they ‘pass through the preheating portion,
causing heating flames to travel with the billets
in the main heating portion and above and be-
low the same to heat the preheated billets, and
saturating the heated billets with heat from that -
portion-6f the products of combustion of the

' heating flames above the billets while the billets

ing end of the furnace, and, during a temporary -

(cessation of travel of the billets within the fur-
- nace, maintaining the heat of the billets adja-
cent the discharge end of the furnace by firing
-adjacent the discharge end, and regulating the
quantity of firing in either instance in response
to .the temperature of the products of combus-
tion passed in contact with the heateq billets ad-
jacent the discharge end of the furnace.’ )

20. The method of controlling the operation

-of a continuous furnace for heating billets and.

the like and which is arranged for firing at either
end, which comprises during normal operation
* heating the billets by firing adjacent the charg-
ing end of the furnace, and in case of a tempo-

20

are passed over the soaking hearth. )
25. The method of heating billets and the .

. like while passing them through g continuous

furnace having a preheating portion, a main heat-
ing portion and a soaking hearth, which com- -
brises causing heating flames to travel in the
direction of the movement of the billets to pre-
heat the same as they pasg through the preheat- -
Ing portion, causing heating flames to travel with

. the billets in the main heating portion to heat

25

the preheated billets, saturating the heated. bil-
lets with heat from the products of combustion
of the preheating and heating flames while the

-billets are passed over the: soaking hearth, and
- regulating the temperature of the soaked billets

" by the temperature of the saturating products

30

rary cessation of travel of the billets in the fur- .
nace as-the furnace temperature tends to rise

above a prédetermined degree switchirig the fir- .

Ing to the discharge end of the furnace, and upon
resumption of {ravel of the billets again switch-
-ing the firing to the charging end of the fur-
nace,- : . ' :
. 21, The method of heating billets and the like

hile passing them through a continuous fur-
nace- having a preheating portion and a main

heating portion, which comprises cdusing heat-

ing flames to travel in the direction of the move-
ment of the billets to preheat the billets: as they
pass through the preheating portion, and causing
heating flames to: travel in the same direction
to heat the preheated billets as they pass through
the main heating portion.

22, The method of heating billets .and- the
-like  while passing them through a continuous

" furnace having a preheating portion and a main
-heating portion;, which comprises causing heat-
ing flames to travel in the direction of the move-
" ment of the billets above .and below the same to
preheat the billets as they pass through the. pre-
heating portion, and causing heating flames to

4(

of combustion
billets. . .

after they have traveled over the .
26. In a continuous furnace for heating bil~

lets and the like and through which the billets

are caused to pass from the charging end to the
discharge end, means for introducing heating

flames at the chareing end of the furnace which
-travel in the same’ direction as the billets for

preheating the same, and means for introducing

additional heating flames in.the same direction -

as the preheating flames for heating the pre-
heated billets to an elevated temperature.
27. In a continuous furnace for heating billets -

- and the like and through which the billets are

&

caused to pass from the charging end to the dis- L

charge end, means for introducing heating flames
above and below the billets at the charging end
of the furnace which travel in the same direc-

- tion ds’the billets for preheating the same, and

L

-

means for-introducing additional heating. flames -
above and below the billets and in the same di-

‘rection as the preheating flameg for heating the

. breheated billets to an elevated - temperature. -

..28. In a continuoils. furnace for heating billets

- and the.like and through which the billets are

]
o

. travel in the same direction ‘above and below .

the billets . to heat the preheated billets as-they
- bass through the main heating portion. . :

' '23. The method of heating billets and the like
While passing.them through a continuous fur-
nace having a preheating '

prises causing heating flames to travel in the

direction of the movement of the billets to pre.
heat the same as-they pass through the preheat-

ing portion, causing- heating flames fo travel with-

‘the billets in the main heating portion to heat
the preheated billets, and saturating the heated
billets with heat from the products of combustion

of the preheating and heating flames while the ,

- billets are passed over the soaking hearth.
- .. 24. The method of heating billets ang the like
. while 5. fur.

portion, a main heat-.
- . ing portion and a soaking hearth, which com-

passing them through a-continuous fur-

(H1)

caused to pass from the charging end. to the dis-
charge end, means for introducing heating flames
at the charging end of the.furnace which travel
in the same direction as the billets for preheat-

. ing the same, means for introducing additienal
‘heating flames in the same direction as the pre-

heating flames for heating the preheated billets -
to an elevated temperature, a soaking hearth-

- -over ‘which the billets travel before they are
. discharged from the furnace, and means for
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. withdrawing the products of combustion of said
5 flames over the billets on the soaking hearth and

discharging them from the furnace, :
29. In a continuous furnace for heating billets
and the like and through which the' billets are

- caused to pass from the charging end to the dis-

charge end, means for introducing heating flames
above and below the billets at the charging- end
of the furnace which travel in the same direction
as the billets for preheating the same, méans for

’ introducing additional heating flames above and

75

below the billets and in the same direction as the
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preheating flames for heating
lets to an elevated temperature,
over which the billets travel before they are dis-
charged from the furnace, means
ing the products of combustion of the upper
flames over the billets on the soaking hearth and
discharging them from the furnace, and means

the preheated bil-

a, soaking hearth.

for withdraw=-.

for independently withdrawing the products of -

combustion of the lower flames ahead.of the soak-
ing hearth. . '

30. In a continuous furnace for heating billets
and the like and through which the billets are
caused to pass from the charging end to the dis-
charge end, means for introducing heating flames
at the charging end of the furnace which travel
in the same direction as the billets for preheating
the same, means for introducing additional heat-
ing flames in-the same direction as the preheat-
ing flames for heating the preheated billets to an
elevated temperature, a soaking hearth . over
which the billets travel before they are discharged
from the furnace, means for withdrawing the
products of combustion of said flames over the
billets on the soaking hearth and discharging
them from the furnace, and means responsive to
the temperature of the products of combustion
passing from the soaking hearth for controlling
tne final heated temperature of the billets.

31. In a continwous furnace-for heating billets -
and the like and through which- the billets are .

“caused to pass from the charging end to the dis-

charging end, means for introducing flames and .

withdrawing ‘the products of combustion thereof
adjacent the discharge end of the furnace, and
means for introducing other flames and with-
drawing the products of combustion thereof ad-
jacent the charging end of the furnace,

.32 In a continuous
and the like ahd through which the billets are
caused to pass from the charging end to the dis-
- charging end, means.for introducing flames and
-withdrawing the products of combustion thereof
adjacent the discharge end of ‘the furnace, and

furnace for heating billgf.s»
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- and the like,
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means for withdrawing the products of combus-
tion of said heating flames adjacent the discharge
end of the furnace. .

35. In a continuous furnace for heating billets
the combination of an elongated
chamber through which the billets pass from the
charging end to the discharge end, means for
introducing heating flames into the furnace, 3
flue for withdrawing the products of combustion
adjacent the discharge end of the furnace, and
pyrometric means in said flue responsive to varia-
tions in temperature in the withdrawn products
after they have entered the flue and arranged to
regulate said flame introducing means.

36. In a continuous furnace for heating billets
and the like, the combination of 2 furnace cham-
ber having & soaking hearth adjacent the dis-
charge end over which the billets pass, means for
heating said billets as they pass through said
‘chamber, an outlet adjacent the discharge end of
the furnace for conducting the products of com-
bustion after they have passed over the billets
on the soaking hearth, heat responsive means in

. said outlet for controlling the heat supplied to the
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furnace chamber to regulate the temperature of
the billets on the soaking hearth.

37. In a continuous furnace for heating billets
and the like, the combination of a furnace cham-
ber through which the billets pass from -the
charging end to the discharge end and having a -
soaking hearth adjacent the latier end, means
for heating the furnace chamber from adjacent
the charging end during normal operation, means.
for heating the billets on the soaking hearth dur-
ing a cessation of the billets in the furnace, an
outlet adjacent the discharge end of the. furnace:
chamber for conducting the products of combus-
tion after they have passed over the billets on
the soaking hearth, heat responsive means in
said outlet for controlling the heat delivered to
the furnace to regulate the temperature of the

, ‘billets on the soaking hearth, and means for se-

means for introducing other flames and with- -

drawing a portion of the products of combustion
thereof adjacent the charging end of the furnace
* and withdrawing the remainder of said products
" adjacent the discharge end of the furnace.

'33. In a continuous furnace for heating billets
_and the like, the combination of & main heating
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chamber, a preheating chamber connected to the -

main heating: chamber, a hearth extending from
the charging end of the preheating chamber
through theé main heating chamber for support-,
‘ing - the billets, means for introducing heating
flames at the charging end of the ‘preheating
chamber, and- separdte means for introducing
heating flames at the charging end of the main
heating chamber, and outiet means for withdraw-
ing the products of

combustion -of said heating

- .charging end to the

({1}

flames. adjacent to the discharge end of the fur-"

nace. - .

_34. In a continuous furnace for heating billets
and the like, the combination of & main heating
chamber having a soaking hearth adjacent the

_discharge end, a preheating chamber connected
to the other end of the main heating chamber, &
hearth extending frcm the charging end of ‘the
preheating chamber thiough the main heating
.chamber for»supportlng the billets, means for in-

lectively transferring the application of the heat
0 & selected end of the furnace when the quan-
tity of heat delivered to the furnace reaches a
predetermined rate of flow. -

38. The method of heating billets and the like

" which comprises causing heating flames to travel

in lines substantially ‘paraliel to the path of the
billets to be heated, and blanketing both the upper
and lower surfaces of the row of billets from the
heating flames with Iayers of non-oxidizing gas
consisting of the products of combustion of said-
heating flames. .- -
39. In a continuous furnace for heating billets
and the like, the combination of a furnace cham-
ber through which the billets travel from the
discharging end, burners at
the charging end of. the furnace chamber for in-’
troducing heating flames to heat the billets as
they enter the furnace chamber, burners at the
discharge end of the furnace chamber for in-

" ‘troducing heating flames to soak the billets be-

fore they leave the furnace chamber, an outlet for
the discharge of products of combustion from the.
furnace. chamiber, -and means responsive to the
temperature of the products of combustion in

said outlet for regulating said heating flames.

70

troducing heating flames at the charging end of °

. the preheating chamber,
‘introducing heating flames at the charging end
of the main heating chamber and at the
charge end of the main chamber, and

and separate means for '

outlet 75 they enter the furnace chamber,

40. In & continuous furnace for heating billets
and the like, the combination of a furnace cham-
ber through which the billets travel from the
charging end to the discharging end, burners at
the charging end of the furnace chamber for
introducing heating flames to heat the billets as
burners at the
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discharge end of the furnace chamber for intro-

ducing heating flames to soak the billets before

they leave the furnace chamber, and means for
withdrawing products of combustion adjacent the
discharge end.

41, In a continuous furnace for heating billets
and the like, the combination of a furnace cham-
ber through which the billets travel from the
charging end to the. discharge end, burners at
both ends of the furnace chamber for intro-
ducing heating flames in lines substantially par-
allel to the path of the billets, means for main-
taining a flow of non-oxidizing gases between the
heating flames and the billets, and a flue at the
end of the furnace for withdrawing the non-
oxidizing gases flowing over the billets about to
be discharged. :

42, In a continuous furnace for heating billets
and the like, the combination of a furnace cham-
ber through which the billets travel from the
charging end to the discharge end, burners at
both ends of the furnace chamber for introducing
heating flames in lines substantially parallel to

the path of the billets, means for maintaining a

blanketing layer of non-oxidizing products of
combustion between the heating flames and the
billets, and a flue at the end of the furnace for
withdrawing the non-oxidizing products of com-
bustion flowing over the billets about to be dis-
charged,

43. In a continuous furnace for heating billets
and the like, the combination of a furnace cham-
ber through which the billets travel from the
charging end to the discharge end, burners at

both ends of the furnace chamber for introducing .

heating flames in lines substantially parallel tothe

path of the billets, means for maintaining a blan--
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keting layer of the non-oxidizing products of -

combustion, originating from the heating flames,
between the billets and the heating fiames, and a
flue at the end of the furnace for withdrawing
the non-oxidizing products of combustion flowing
over the billets about to be discharged.

44, The method of heating billets and the like
in a continuous furnace, which comprises caus-
-ing heating flames to travel, in lines substantially
paraliel with the travel of the billets, from both
the charging end and discharging end of the fur-~
nace, interposing a blanket of -non-oxidizing

gases between the billets and the flames traveling

from the charging end of the furnace, and re-
versing the direction of travel of the products

45

of combustion of the flames traveling from the

discharge end of the furnace t{o interpose a
blanket of non-oxidizing gases between the billets
and said last mentioned flames. .

45. The method of heating steel billets to roll-

~ ing temperature which comprises passing the steel
. through 2 heated furnace atmosphere, then heat- .

ing the steel from above during the final portion
of its travel through the furnace over & solid re-
fractory hearth, and heating the hearth from
belowhypasslngthewastegasesfromtherur-
nace in contact with the underside of the hearth.

46, In a continuous furnace for heating billets -
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and the like and through which the billets are

caused to pass from the charging end to the dis-

charge end, means for introducing . heating

flames at the charging end of the furnace which.
travel in the same direction as the billets for
heating the same, a soaking hearth in the fur-

nace over which the billets pass before they leave

the furnace, a gravity discharge slope at the end

of the hearth down which the billets slide as they
leave the furnace, and flues opening from said

slope for withdrawing the products of combus-

tion of said flames over the billets on the soaking

hearth and directing them fo the underside of the

hearth to heat the same.

47. In a continuous furnace for heating billets -
and the like and through which the billets are
caused to pass from the charging end to the dis-
charge end, means for introducing heating flames
at the charging end of the furnace which travel
in the same direction as the billets for heating the
same, heat exchange means below said furnace, a
soaking hearth in the furnace over which the
billets pass before they leave the furnace, said
hearth also forming the top wall of the heat ex-
change means, and flues at the discharge end of
the furnace for withdrawing the products of com-
bustion of said flames over the billets on the soak-
ing hearth and directing them to the heat ex-
change means under the hearth.

48. In a continuous furnace for heating billets
and the like and through which the billets are
caused to pass from the charging end to the dis-
charge end, means for introducing heating flames
above and below the billets at the charging end
of the furnace which travel in the same direction
as the billets for heating the same, heat exchange
means below said furnace having a stack flue
connection, a soaking hearth in the furnace over
which the billets pass before they leave the fur-
nace, flues at the discharge end of the furnace
for withdrawing the products of combustion of
said flames over the billets on the soaking hearth,
flues ahead of the soaking hearth for independ-
ently withdrawing the products of combustion of
the flames below the billets, both of said flues
directing the products of combustion to said heat
exchange means, and damper means in all of said
flues for separately regulating the draft therein.

49, The method of operating a continuous fur-

‘nace for heating billets and the like which com-

prises the steps of moving the billets through the
furnace frem the charging end to the discharge
end, introducing the heating flames at the charg-
ing end of the furnace and exhausting products
of combustion at the discharge end of the fur-
nace to heat the billets as they pass there-
through, and regulating the flow of gases over the

- billets at both ends of the furnace to provide a
‘greater quantity of gases flowing over the billets

at the charging end than at the discharge end
so that the surface temperature of the billets does
not exceed the temperature of the body of the

- hillets at the time of their discharge from the
- furnace.
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