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Allegheny County, Pa., assignor to The Amsler 
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tion of Pennsylvania 
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15 Claims. (C. 263-40) 
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. 

In the steel industry a continuous type heating 
furnace is employed for uniformly heating billets, 
ingots, blooms, slabs, rails and the like, to a pre 
determined temperature, preparatory to rolling 
or performing other operations thereon. 
This type of furnace ordinarily contains two 

charge end, and second, by placing the burners at 
both the charging and discharge ends with the 

5 

chambers, namely, a preheating chamber and a 
main heating chamber. The latter chamber is 
ordinarily provided with a soaking hearth adja 
cent the discharge end thereof. The preheating 
chamber is omitted when the furnace is to be 
used for certain types of heating. 
The material to be heated continuously passes 

through these chambers in the order named and 
each article, when discharged from the furnace, 
is uniformly heated to the proper temperature 
for the operation that is to be performed thereon. 
There are several different kinds of hearth 

structures employed in the continuous type of 
heating furnace art. The most common type of 
hearth is a flat refractory surface Over which the 

2) 
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steel is moved as it passes through the furnace. . 
The firing is wholly above the steel and the fur 
nace is used principally for the heating of thin 
slabs, such for instance as slabs four inches thick. 
Another type of hearth structure supports the : 

steel on water cooled skids, permitting the appli 
cation of heat both above and below the steel. 
The skids form horizontal beams and are sup 
ported upon spaced piers or refractory pillows. 
In some instances the flame is directed from a 
Common level toward the hearth and against the 
steel which acts as a division wall, causing the 
flame to split, one portion of the flame passing 
above and the other below the steel. There was 
no definite control of the quantity of fuel pass 

Waste gases removed at the center of the furnace. 
With this character of hearth structure it is in 
possible to control the furnace atmosphere and it 
is difficult to control the firing because the firing 
chambers above and below the steel are con 
nected with one another around the ends of the 
steel articles. - 

Another character of hearth structure permits 
the flame to travel above the steel in the same 
direction of its movement and the waste gases at 
the discharge end are then circulated back under 
the steel and pass out through flues adjacent the 
firing end. This method is impractical because 
the flame, which is above the steel, loses a greater 
portion of its heat before it is drawn down under 
the steel, and the gases which are extensively 
cooled vary greatly in temperature and the top 
and bottom of the steel is not uniformly heated. 
The principal object of this invention is the 

provision of a continuous type heating furnace 
having independent firing chambers above and 
below the steel to be heated. 
Another object is the provision of a continu 

ous type heating furnace having independent 
firing chambers separated by the steel being 
heated and wherein the flame propagation in 
both chambers is in the same direction. 
Another object is the provision of independent 

firing chambers in a heating furnace which are 
Separated by the steel being heated and which 
are fired separately but exhausted into a com 
mon fue. 
Another object is the provision of a continuous 

heating furnace having a preheating chamber 
and a main heating chamber and a hearth ex 
tending therethrough for supporting the steel to 

40 
ing above or below the steel and poor heating of 
the steel resulted. The heating medium travels 
in the same direction as the movement of the 
steel. This type of furnace is fired from the dis 
charge end and the steel becomes overheated 
when the rate of production is changed. Again 
one of the two chambers, above or below the steel, 
is always, favored, which results in non-uniform 
heat distribution, in the vertical plane. 
To avoid these difficulties independent burners 

have been placed above and below the steel to 
insure proper heat distribution. This method of 
firing has been practiced in two ways, first by 
placing the burners at the charging end of the 
furnace with the waste gases removed at the dis- 55 vention. 
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be heated which divides the preheating and the 
main heating chambers in the plane of the hearth 
into an upper and lower independent firin 
chamber. . . 

Another object is the provision of an irregul 
larity in the surface of the soaking hearth for 
causing each successive article to directly expose 
its sides to the application of heat when moved 
thereover. . 
Other objects and advantages appear in th 

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 continuous type furnace comprising this in 



2 
Fig. 2 is a horizontal sectional view taken along 

the plane of the hearth of the furnace shown in 
Fig. 1. ' r 

Fig. 3 is a vertical sectional view taken along 
the line 3-3 of Fig. 1. 

Fig. 4 is a sectional view taken longitudinally 
of another style continuous type furnace employ 
ing this invention. 

Referring to Fig. 1, the furnace illustrated 
therein is made up of two sections, the heating 
chamber 0 having an extended soaking hearth 

l, and a preheating chamber 2. The preheat 
ing chamber 2 is omitted when the furnace is 
employed for heating certain kinds of steel. 
Water cooled skids 3, which form the hearth 

1). 

5 
for. Supporting the steel, extend through the . 
preheating chamber 2 and the main heating 
chamber 10 to one end of the solid soaking hearth 

and from the other end of the soaking hearth. 
to the discharge end of the furnace. The ma 
terial 4 to be heated is charged through the 
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opening 5 into the preheating chamber 2 and 
is moved through the furnace along the skids 
and the SOaking hearth, from whence it is dis 
charged through the opening 6. When not in 
use the openings 5 and 6 are closed by suit 
able doors. 
The main heating chamber and the preheat 

ing chamber are divided by the steel charge 4 
into upper and lower independent firing cham 
bers 7 and 8. The chamber 7, which is above 
the steel, is enclosed by the roof 9 and the side 
walls 20. The steel charge 4 forms the bottom 
Of this chamber. The chamber 8 is formed 
by the steel 4 and the floor 2, which is below 
the plane of the hearth, and the continuous ver 
tical walls 22 which rise from the floor 2 and 
Support the outermost skids 3 as shown in Figs. 
2 and 3. The walls 22 are closely adjacent the 
side walls 2 of the furnace and extend from the 
end wall 23 of the preheating chamber to the 
intermediate transverse furnace wall 24 at the 
end of the SOaking hearth. Thus the lower heat 
ing chamber 8 is roofed in by the materials be 
ing heated. The intermediate skids 3 are sup 
ported on the short continuous walls 25 in the 
preheating chamber and on the piers 26 within 
the main heating chamber 10. . . 
The rear wall 26' of the furnace is provided 

with two rows of burners 27 and 28 for firing the 
chambers 7 and 8 respectively. These burners 
are supplied with fuel carried by the conduits 
30 and with preheated air carried by the ducts 3 
and 32 respectively. As shown in Figs. 2 and 3, 
three burners 28 are arranged to fire the cham 
ber 8 between the vertical walls 22, while the 
space outside of the walls 22 or between the walls 
22 and each of the side furnace walls 20 is fired 
with the burners 29. The flame from the latter. 
burners heat the under side of the ends of the articles and a portion of the products of come 
bustion from these flames may travel up around 

ends of the steel articles into the chamber 
The soaking hearth may be heated by flames 

issuing from the rows of burners 33 in the front 
wall 34 of the furnace. These burners may be 
supplied with preheated air. if desired. 
The preheating chamber 2 is fired directly 

by the upper and lower rows of burners 85 and 
36. The outer burners 37 in the lower row heat 
the spaces between the walls 22 and the side 
walls 20 of the heating chamber which corre 
spond to the same portions heated by the burners 
29 in the main heating chamber of the furnace. 

25 
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The burners of the preheating chamber are Ord 
narily of less capacity than those of the main 
heating chamber and may be supplied with pre 
heated air by a branch line from the conduit 3. 
The air induced by the pressure of fuel in these 
burners and the slight infiltration of air through 
the charging opening is utilized in supporting the 
combustion of the fuel. Combustion is substan 
tially complete before the gases reach the main 
chamber O and these burnt gases thereafter 
blanket the steel as they travel to the exhaust 
flues at the discharge end of the furnace. In this 
manner the atmosphere surrounding the steel 
may be controlled to prevent excess Oxidation 
and/or decarburization of the steel. Radiant 
heat energy from the hottest part of the flames 
issuing from the main burners 27 and 28 is thus 
prevented from being applied directly on the 
steel. 
The preheated steel is thus subjected to radiant 

heat energy from the furnace surfaces and the 
flames in both the upper and lower heating 
chambers 7 and 8 which must pass through 
the products of combustion blanketing the steel. 
If the steel is subjected to the direct radiation of 
the flames, which is the present practice, the 
steel is heated in streaks. Streak heating is 
detrimental in rolling and other mill operations. 
This disadvantage is overcome by diffusing the 
radiant heat energy as it passes through the 
blanketing layer of the products of combustion 
from the preheating. chamber. When the com 

... bustion of the main burner flames is substantially 

35 
complete the products of combustion from both 
the preheating flames and the main burner 
flames combine and continue to blanket the steel 
as they pass on through the furnace. In this 
manner the atmosphere adjacent the steel is 
controlled and prevents excess oxidation and de 

40 carburization of the steel, The radiant heat energy being diffused as it 
passes through the blanketing products of com 
bustion, thereby provides a uniform temperature 
throughout each article of steel, which eliminates 
the detrimental effects due to direct heating from 
initial flame combustion. Again the efficiency of 
the heat exchange is increased by the extended 

50 
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flame length and the location of the hottest 
heating areas may be accurately determined. 
The hot waste gases passing from the chamber 
8 and from the side burners 29 and 37 below 

the plane of the hearth, as shown in Fig. 2, 
flow up over the transverse wall 38 and down 
through the flues 4 which are connected at their 
lower ends with the transverse flue 4f. 
The hot waste gases passing from the chamber 
7 above the plane of the hearth continue to 
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blanket the steel, as it passes over the soaking 
hearth , and are drawn down past the dis 
charge opening into the flues 42 which are con 
nected at their lower end to the transverse fue 
43. This prevents the entrance of cold air into 
the furnace chamber, as any infiltration of air 
through the discharge door is drawn down di 
rectly into the flues. 
The flames produced by the burners 33 travel 

rearwardly over the soaking hearth. substan 
tially parallel with the steel until the velocity 
of the burning gases is reduced to such an ex 
tent that the draft induced by the flues 4, in 
the vicinity of the burners 33, reverses the path 
of movement, of the products of combustion. 
Combustioni.seig Complete before the gases are redirected and mingle with the gases 
blanketing the steel. Thus the flames in the 

w 
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discharge end of the furnace heat the steel by 
radiant heat energy in a manner similar to that 
described above and the hottest portion of these 
flames is along their initial path. Thus the steel 
is protected by the products of combustion during 
the most critical periods of the heating proceSS. 
The collecting flues 4 and 43 are connected by 

3 
face of the soaking hearth it adjacent the dis 
charge end. As the steel articles are moved over 
this portion of the hearth the sides become ex 

5 

the fiue 44 to the recuperator 45. The waste . 
heat gases then pass through the recuperator 
to the main flue 46 and thence to the stack. 
The flues 40 and 42 are Controlled by the 

dampers 4 which are operated by the Servo 
motors 48. 
The burners 33 heating the steel on the soaking 

hearth may be operated at the same time as the 
main burners 27, 28. However under normal op 
erating conditions the burners 33 are preferably 
required to function only during mill delays when 
the main burners are shut down. During mill 
delays the movement of the steel through the 
furnace is stopped and the furnace temperature 
rises. The automatic controls then operate to 
reduce the firing rate of the main burners until 
this rate is reduced to a predetermined quantity 
at which time an automatic transfer is effected 
for shutting down the main burners and firing 
the burners 33. These burners are then auto 
matically regulated by the same control mecha 
nism to maintain the steel on the soaking hearth 
at its proper rolling, temperature. When the 
steel is again taken from the soaking hearth for 
rolling and new steel is supplied to the charging 
end the automatic controls are again actuated by 
the temperature of the furnace to transfer thie 
firing back to the main burners for normal op 
erating conditions. 
The temperature of the furnace is controlled 

automatically by a fluid system actuated by the 
pyrometer 49 which measures the temperature of 
the waste gases passing out of the furnace and 
down through the flue 42, for the purpose of con 
trol. The temperature of these gases have a 
direct relation to the temperature of the steel 
which they blanket. This temperature controller 
regulates the quantity of air delivered by the 
blower 50 to the recuperator and the fuel de 
livered to the burners is in turn fed in propor 
tionate quantities with respect to the quantity 
of air Supplied. The pressure of the furnace is 
automatically regulated by the damper 5 in the 
flue 46. This damper is controlled by the motor 
52 actuated by a mechanism which receives pres 
sure impulses from the furnace. These impulses 
are preferably taken from the soaking chamber. 
The soaking hearth fi may be provided with 

Some means for vertically shifting the individual 
articles during their travel over the soaking 
hearth. Such a movement exposes the sides of 
the articles permitting them to receive the same 
heat treatment as the normally exposed surfaces. 
Thus the body and the surfaces of the articles 
are heated uniformly and provide improved ma 
terial for rolling or other operations. 
The articles may be vertically shifted by a me 

chanically, operated device, manually, or by pro 
viding elevations, or depressions in the surface 
of the soaking hearth. The latter provides the 
simplest form for articles which are substantially 
square or rectangular in cross section. It may be 
found preferable to vertically shift the whole of 
the article at one time as some articles may de 
viate sideways due to their particular shape if 
one end is raised or lowered. 

In Figs. 1 and 2 a transverse depression 53 
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posed to products of combustion. These Sur 
face formations may be constructed to roll each 
article completely over or throw it on its side. 
Again a plurality of these transverse Surfaces 
may be provided along the soaking hearth and 
properly spaced from one another to shift Sev 
eral articles so that their sides are exposed just 
at the time the leading article is discharged from 
the furnace. 
In the furnace structure shown in Fig. 4, the 

burners 2 and 28, which fire the upper and 
lower independent heating chambers 7 and 8 
respectively, are faced in the opposite direction 
to that shown in Fig. 1. The preheating chamber 
2 is not provided with burners and the products 

of combustion from both of the chambers f and 
8 flow through the upper and lower levels of 

the preheating chamber f2, down through the 
vertical flues 40, past the charging door f5, and 
along the horizontal flue 44 to the recuperator 
and out the flue 46 to the stack. The flames from 
the burners 33 project into the furnace chamber 
over the soaking hearth until the velocity of 
the gases is reduced sufficiently to redirect them 
back over the steel, in the same manner as that 
described above. These gases are then discharged 
through the flues 42 and the damper controlled 
auxiliary stack 55. - 
"In each of the structures illustrated in FigS. 1 

and 4 the two firing chambers, above and below 
the steel, extend from the preheating chamber 
through the main heating chamber. These chan 
bers are structurally independent from one an 
other except for the common partition formed 
by the steel being heated as illustrated. These 
firing chambers may be exhausted to the same 
or separate flues. However this does not affect 
the efficient operation of each of these firing 
chambers. A. 

Ordinarily the furnace is constructed so that 
the ends of the steel articles are Supported on 
the outer hearth skids 3. However this furnace can be successfully operated by placing tWO 
shorter articles of steel in longitudinal align 
ment with their adjacent ends touching. Only 
four hearth skids are shown in Fig. 2 but more 
may be added if shorter lengths of steel are to 
be heated. If this is done it may be necessary 
to relocate the main burners 28 and 29 and the 
preheating burners 36 and 37 so that the flames 
will not play directly on the piers. 

I claim: . 
1. A continuous furnace for heating billets and 

the like comprising upper and lower interior por 
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tions which during the operation of the furnace 
are separated into distinct and non-communi 
cating chambers by the row of billets passing 
through the furnace on Spaced apart skids Sup 
ported by continuous solid walls, and independ 
ently controlled separate means for introducing 
heating flames into and Withdrawing the products 
of combustion from each of said chambers to heat the billets from above and below. 

2. A continuous furnace for heating billets and 
the like comprising upper and lower interior por 
tions which during the operation of the furnace 
are separated into distinct and non-communi 
cating chambers by the row of billets passing 
through the furnace on spaced apart skids Sup 
ported by continuous solid walls, and independ 
ently controlled separate means for introducing and a hump or elevation 54 is shown in the Sur- 75 heating flames into and causing them to travel 



4. 
in the same direction in both chambers for sub 
stantially the full length thereof longitudinally 
of the furnace to heat the billets from above and 
below. 

3. A continuous furnace for heating billets and 
the like comprising upper and lower interior por 
tions which during the operation of the furnace 
are separated into distinct and non-communi 
cating chambers by the row of billets passing 
through the furnace, and separate means for in 
troducing heating flames into both chambers and, 
causing them to travel in the direction of the 
travel of the billets for substantially the full 
length of said chambers. 

4. A continuous furnace for heating billets and 
the like comprising a preheating portion and a 
heating portion connected thereto and through 
which the billets pass in turn, the upper and 
lower interiors of said portions being divided by 
the row of billets being heated which slide on 
spaced apart skids supported by continuous Solid 
walls to form separate and non-communicating 
chambers longitudinal of the furnace above and 
below the row of billets, and independently con 
trolled means for the separate introduction of 
heating flames into each of said chambers. 
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5. A continuous furnace for heating billets and 
the like comprising a preheating portion and a 
heating portion connected thereto and through 

- which the billets pass in turn, the upper and 
lower interiors of said portions being divided by 
the row of billets being heated which slide on 
spaced apart skids supported by continuous solid 
Walls to form separate and non-communicating 
chambers longitudinal of the furnace above and 
below the row of billets, and independently con 
trolled separate means for introducing heating 
flames into and causing them to travel in the 
same direction in both chambers longitudinally 
of the furnace to heat the billets from above and 
below for substantially the full length of said 
chambers. 

6. A continuous furnace for heating billets and 
the like comprising a preheating portion and a 
heating portion Nconnected thereto and through 
which the billets pass in turn, the upper and lower 
interiors of said portions being divided by the row 
of billets being heated which slide on spaced 
apart skids supported by continuous solid walls 
to form Separate and non-communicating cham 
bers longitudinal of the furnace above and below 
the row of billets, and separate means for intro 
ducing heating flames into both chambers and 
causing them to travel in the direction of the 
travel of the billets for substantially the full 
length of said chambers. 

7. In a continuous furnace for heating billets 
and the like having side walls and roof, a pair 
of longitudinally disposed continuous inner walls 
within the furnace and spaced from the side walls, 
skids carried by the tops of said inner walls, the 
billets traveling along said skids in their passage 
through the furnace forming a continuous parti 
tion completing a chamber beneath the billets 
and between ther inner walls and forming non 
communicating independent upper and lower 
chambers, and means for independently intro 
ducing and controlling heating flames into the 
interior of the furnace above the billets and into 
the chamber beneath the billets. w 

8. A continuous furnace for heating billets and 
the like, comprising a preheating portion and a 
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heating portion through which the billets pass 
in turn, a pair of continuous inner walls longi 
tudinal of the interior of the furnace and spaced 75 
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from each other and from the side walls of the 
furnace and along the tops of which inner walls 
the billets move forming a continuous partition 
completing a chamber beneath the billets and be 
tween the inner walls and which extends through 
the preheating and heating portions of the fur 
nace, said walls and billets forming non-con 
municating independent upper and lower pre 
heating and heating chambers, and means for 
independently introducing and controlling heat 
ing flames into the furnace above and below the 
billets. 

9. A continuous furnace for heating billets and 
the like comprising upper and lower interior por 
tions which during the operation of the furnace 
are separated into two distinct and non-con 
municating chambers by the row of billets pass 
ing through the furnace on spaced apart skids 
supported by continuous solid walls, and inde 
pendently controlled separate means for intro 
ducing heating flames into both chambers and 
causing the same to travel in the direction oppo 
site to that of the travel of the billets for sub 
stantially the full length of said chambers. 

10. A continuous furnace for heating billets 
and the like, comprising a preheating portion and 
a heating portion through which the billets pass . 
in turn, a pair of continuous inner walls longitu 
dinal of the interior of the furnace and spaced 
from each other and from the side walls of the 
furnace and along the tops of which inner walls 
the billets move forming a continuous partition 
completing a chamber beneath the billets and 
between the inner walls and which extends 
through the preheating and heating portions of 
the furnace, said walls and billets forming non 
communicating independent upper and lower pre 
heating and heating chambers, and independently 
controlled means for the separate introduction 
of heating flames into the furnace above and be- . 
low the billets and causing the same to travel in 
the direction opposite to that of the travel of the 
billets for substantially the full length of said 
chambers. 

11. A continuous furnace for heating billets and 
the like comprising a heating portion which when 
the furnace is in operation is divided by the row 
of billets passing through the furnace on spaced 
apart skids supported by continuous solid walls 
into independent and non-communicating upper 
and lower heating chambers, a soaking hearth 
adjacent the discharge end of the furnace over 
which the billets pass, independently controlled 
means for introducing heating flames into each 
of said heating chambers and causing them to . 
travel in the direction opposite to that of the 
travel of the billets for substantially the full 
length of said chambers, means for introducing 
heating flames adjacent the discharge end of the 
furnace, and means for redirecting the products 
of combustion from said flames toward the dis 
charge end of the furnace and between the flames 
and the billets. 

12. A continuous furnace for heating billets 
and the like comprising upper and lower interior 
portions which during the operation of the fur 
nace are separated into distinct, and non-com 
municating chambers by the row of billets passing 
through the furnace, separate means for intro 
ducing heating flames into both chambers and 
causing them to travel in the direction of the 
travel of the billets for substantially the full 
length of said chambers, and separate means for 
discharging the products of combustion from each 
chamber. 
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13. A continuous furnace for heating billets 

and the like comprising upper and lower interior 
portions which during the operation of the fur 
nace are Separated into distinct and non-con 
municating chambers by the row of billets pass 
ing through the furnace, separate means for in 
troducing heating flames into both chambers and 
causing them to travel in the direction of the 
travel of the billets for substantially the full length of said chambers, separate means for dis 
charging the products of combustion from each 
chamber, and means for controlling the rate of 
withdrawal of the products of combustion through 
Said discharge means. v. 

14. A continuous furnace for heating billets 
and the like, comprising a preheating portion and 
a heating portion through which the billets pass 
in turn, a pair of continuous inner walls longi 
tudinal of the interior of the furnace and spaced 
from each other and from the side walls of the 
furnace and along the tops of which inner walls 
the billets move forming a continuous partition 
completing a chamber beneath the billets and be 
tween the inner walls and which extends through 
the preheating and heating portions of the fur 
nace, said walls and billets forming non-commun 

5 
and heating chambers, independently controlled 
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icating independent upper and lower preheating 

means for introducing heating flames into the 
furnace above and below the billets, and separate 
means for discharging the products of combus 
tion from each chamber. 

15. A continuous furnace for heating billets 
and the like, comprising a preheating portion and 
a heating portion through which the billets pass 
in turn, a pair of continuous inner walls longi 
tudinal of the interior of the furnace and spaced 
from each other and from the side walls of the 
furnace and along the tops of which inner Walls 
the billets move forming a continuous partition 
completing a chamber beneath the billets and 
between the inner walls and which extends 
through the preheating and heating, portions of 
the furnace, said walls and billets forming non 
communicating independent upper and lower pre 
heating and heating chambers, means for intro 
ducing heating flames into the furnace above 
and below the billets, separate means for dise 
charging the products of combustion from each 
chamber, and means for controlling the rate of 
withdrawal of the products of combustion through 

25 said discharge means. 
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