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METHOD AND APPARATUs FoR HEATING 

Frederic O. Hess, Germantown, Pa., assignor to 
Selas Corporation of America, Philadelphia, Pa., 
a corporation of Pennsylvania, 
Application April 26, 1949, Serial No. 89,606 

(CI. 263-2) 3. Claims. 

The present invention relates to the heating 
of metal, and more particularly to the method of 
and apparatus for heating slabs or other large 
bodies of metal from ambient to hot working 
temperatures such as the elevated temperatures 
required for rolling. 

In accordance with the present invention there 
is provided a furnace system including a plu 
rality of aligned furnace units through which 
the slab or other metal piece is moved. The 
furnace units are each provided with a high 
temperature heating chamber and a preheating 
chamber that are in direct communication with 
each other. The furnace units on the charge end 
of the system have their preheating chambers 
open at the top through which charging takes 
place, while those in the main heating portion 
of the system have their preheating chambers 
closed. Conveying means is provided between 
each of the furnace units to move the Work 
through the system with the work in the pre 
heating chambers moving in one direction and 
the work in the heating chambers moving in the 
opposite direction. At the end of the System Op 
posite the charging and discharging end there is 
provided a transfer mechanism to shift the work 
from the upper preheating level to the lower 
heating level. 

It is an object of the present invention to pro 
vide apparatus for heating rapidly and evenly : 
slabs, billets, blooms and other shapes of metal. 
The apparatus is so designed that the work is 
heated evenly throughout its area from end to 
end. With the arrangement of the furnace units 
in the present invention a large portion of the 
heat normally lost is utilized to raise the tem 
perature of the work to a relatively high value 
prior to the time the work passes into the actual 
heating chamber. . . . 

It is a further object of the invention to pro 
vide apparatus for preheating work in which the 
hot products of combustion from the heating 
chamber pass directly to the preheating chamber 
while still at substantially their highest tempera 
ture. So far as I am aware no apparatus has 
previously been used in which the natural draft 
of the products of combustion has been used to 
carry them directly and with a minimum of loss 
from a heating chamber to a preheating chamber 
which is directly above and in communication 
With the former. . . . 

It is a further object of the invention to heat 
slabs, billets, blooms and the like rapidly and to 
feed them directly from the heating apparatus 
to a mill at mill speed. With the present ap 
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paratus large pieces of work are passed directly 
and continuously from the place of the heating 
to a mill one after the other in a continuous line. 
The work moves in opposite directions through 
the heating apparatus for the dual purpose of re 
ducing the space requirements for utilizing most 
efficiently the heat released by the fuel. The re 
Sult is a compact and efficient heating system. 

It is a further object of the invention to provide 
a method of heating large metallic objects with a 
minimum of handling. By following the method 
of the present invention work is moved by me 
chanical means, which may be automatic in op 
eration, directly from the point of loading 
through the furnace system to the mill, and is 
Supplied to the mill at mill speed. 

It is a further object of the invention to provide 
a method of heating metallic objects which com 
prises passing them in opposite directions and at 
different levels through preheating and heating 
chambers of a furnace system. 
In the following description of the invention 

the work being heated will be referred to as slabs. 
It will be understood, however, that the Work 
being heated could be billets or blooms or any 
large pieces or shapes as desired. 
The various features of novelty which charac 

terize my invention are pointed out with particu 
larity in the claims annexed to and forming a part 
of this Specification. For a better understanding 
of the invention, however, its advantages and 
Specific objects attained with its use, reference 
should be had to the accompanying drawings 
and descriptive matter in which I have illustrated 
and described a preferred embodiment of the in 
vention. - 

In the drawings: - 
Figure 1 is a more or less diagrammatic view 

showing the furnace line and the apparatus used 
to transfer the billets from one level to another; 

Figure 2 is a Section of one of the furnace units 
on the loading end of the system; 

Figure 3 is a section of one of the furnace units 
in the main heating portion of the system; 

Figure 4 is a section of the transfer mechanism; 
Figure 5 is a section of an alternative form in 

which the furnace units may be supplied; and 
Figures 6 to 8 inclusive are diagrams showing 

the manner in which the system operates. 
Referring to Figure 1 there is shown more or 

less diagrammatically the entire heating system 
to be used for heating slabs, billets, or other large 
bodies. In this system the furnace includes a 
plurality of furnace units forming the loading 
Zone, which units are indicated at A. There are 
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also a plurality of furnace units B forming the 
main heating section of the system, and a trans 
fer section C which is used to transfer the pre 
heated billets to the high temperature heating 
chambers of the furnace units. 
The furnace units of the loading Section are 

identical as are the furnace units of the main 

5 

heating section. The furnace units of these sec 
tions differ from each other only in that the 
units of the loading section are provided with 
means for loading the billets to be heated from 
above, while the units of the main heating sec 
tion do not have this provision. 
In Figure 2 there is shown a furnace unit A 

which is provided with a lower high temperature 
heating chamber 3 and an upper preheating 
chamber 4 that are directly connected by a pas 
sage 5 extending between the two chambers. 
Each end of the furnace unit is provided with 
openings 6 through which the slab to be heated 
may be passed into and out of chamber 3. Open 
ings 1 are also provided in the preheating cham 
ber A through which the slabs may be passed. 
It will be noted that each of these openings is 
considerably Smaller than the size of the cham 
ber and is only slightly larger than the dimen 
-sionS. Of the maximum size slab that is to be 
heated. m 

The Walls of the chamber 3 have in them 
burner blocks 8 which are properly located for 
the heating pattern desired and which are sep 
arated by Suitable high temperature refractory 
blocks 9. The entire furnace unit is built up 
of the refractory and the burner blocks and 
is Supported by sheet metal backing in ac 
cordance With ordinary furnace practice. The 
furnaces are provided with braces 2 and rest 
upon a platform 3. There are also provided 
Supports. A which extend throughout the length 
of the system and upon which each of the fur 
nace unitS is mounted so that they may be posi 
tioned with the openings 6 and 7 in axial align 
ment. The beams f4 are mounted upon a suit 
able floor or foundation 5. 
Each of the burners 8 that is used may be of 

any desired type that has suitable combustion 
characteristics for the size of furnace chamber 
6 being used. The burner-disclosed herein are 
Similar to those described and claimed in Hess 
Patent No. 2,215,679, issued September 17, 1940. 
Each of these burners consists of the refractory 
block 8 that has a cup 6 formed in its face. 
Fuel, which consists of a combustible mixture 
of gas and air is supplied through a distributor 

into the cup in a plurality of small jets where 
it is completely burned in the cup. The fuel in 
burners of this type is burned in the cup to heat 
the latter to incandescence thereby supplying 
radiant heat to the work. Heat is also supplied 
-by the hot gases of combustion as will be ex 
plained more fully below. The distributors 6 
are Connected by pipes f8 with suitable mani 
folds and each pipe i8 has a valve 9 in it so 
that the amount of fuel supplied to each burner 
can be regulated individually. 

Between each of the furnace units in both the 
loading. Section as well as the main heating 
Section there is provided conveying mechanism 
to move the slabs that are to be heated through 
the System. As shown in the drawings there 
is an upper conveyor roller 21 located between 
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4. 
There is also provided a lower conveyor roll 23 
mounted on a shaft 24 between each of the fur 
nace units at a level. So that slabs can be noved 
through the high temperature furnace cham 
berS. The lower conveyor rollers are so posi 
tioned that they will forward slabs to be heated 
through the high temperature chambers. 3. It 
is noted that in actual practice these conveyor 
rolls and their supporting shafts will be water 
cooled in order to prevent overheating of the 
rolls. Since, however, provision for water cool 
ing rolls of this type is well known, it is deemed 
unneceSSary to describe such provisions in de 
tail herein. The conveyor rolls are driven posi 
tively to move the slabs being heated in the two 
furnace chambers in opposite directions. To this 
end there. is provided a gear 25 on shaft 22 and 
a gear 2 on Shaft 24. These gears are con 
Ilected for rotation together by a pair of idler 
gears 27 and are positively driven by a pinion 
28. On the shaft of a motor 29. While it would 
be possible to drive the various conveyor rolls 
from a single motor and drive shaft it has been 
found preferable to drive each set of conveyor 
rolls individually by its own motor and hook 
these motors together electrically so that they 
will rotate in unison. It is noted that at the 
exit end of the high temperature heating cham 
bers, as shown at the right of Figure 1 of the 
drawing, there is a pair of pinch rollers 3 which 
are used to feed positively the heated slabs into 
SOIne mechanism for Operating upon them such 
as, for example, a rolling mill. - 
As noted above the furnace units in the main 

heating section are similar to those in the load 
ing Section, with the exception that the upper 
preheating chamber 4 in these units is closed 
So that a higher degree of preheating may be 
obtained. Such a furnace is shown in section 
in Figure 3 of the drawings. The high tem 
perature heating chamber of the furnace shown 
in Figure 3 is circular in shape rather than 
polygonal in shape, as was the furnace disclosed 
in Figure. 2. This is a matter of design how 
ever, Since the shape - the furnace chamber Will 
take will be determined by the size and type 
of work being heated. In Figure 2 the lower 
high temperature chamber is shown at 32 and 
the upper or preheating chamber is shown at 
34. These chambers are directly connected with 
each other...by means of a passage 35. As shown 
in this drawing there is provided a top. 36 for 
the preheating changer, which top forms an 
integral part of the furnace unit and is built 
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of refractory materials as is the rest of the fur 
nace unit. In this case the furnace units B 
are mounted on a pair of supports 37, the up 
per part of which is semi-circular in shape to 
Support the furnace and the lower part of which 
is fiat to be received on platform 3. As noted 
above, the burners used in this chamber... are 
exactly the same as those used in the heating 

each of the furnace units and on a level so that 
slabs can be moved through the preheating 
chambers. This roller is supported on a shaft 
22 that is journalled in any suitable manner. 75 

lindrical furnace chamber. 

'chamber described in connection with Figure 2. 
The Only difference in these burners is that their 
outer contour has to be changed to fit the cy 

The conveyors are 
placed between each of these furnace units as 
they were between each of the units in the load 
ing Zone and the conveyors are driven in the 
Sale manner. . . . . . . . 

In the operation of the system, as will be 
pointed out more in detail below, slabs are loaded 
into the preheating chamber and are moved to 
the left in Figure 1. After passing through all 
-of the furnace units they are moved vertically 
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downward in alignment with the openings in the 
high temperature chambers and are then moved 
to the right to the exit of the system. A trans 
fer mechanism C is used for lowering the slabs 
from the preheating to the high temperature 
chambers. This transfer mechanism includes a 
transfer duct 38 that is, in effect, a tunnel closed 
at its left end and open at its right, end so that 
the slabs may be inserted and removed therefrom. 
The transfer duct 38 is made in accordance with 
ordinary furnace practice of a refractory 39 that 
is backed up by sheet metal work 4, and suitable 
bracing 42. The duct is mounted upon a plat 
form 43 and beams 44 that hold it rigid through 
out its length. Located at various points along 
the interior of the duct are a plurality of rollers 
45 upon which the slab being heated is moved into 
and out of the duct. These rollers are normally 
not driven since the slab is moved into and out 
of the transfer duct by a pair of pinch rollers 46 
and 47 that are mounted on shafts 48 and 49 
respectively. These shafts are journalled for ro 
tation in bearings 50 which are attached to the 
bracing 42 for the duct and may be driven in 
opposite directions by means of gearing 5 from 
a suitable electric motor 52 that is mounted on 
platform 43. 
In order to raise and lower the transfer duct a 

plurality of plates 53 are attached suitably to the 
beams 44 at various points along the length of 
the duct. These plates have pivoted to them a 
pair of levers 54 and 55, the other ends of which 
are pivoted to a rigid support 56. Thus by rotat 
ing the levers the entire duct can be moved verti 
cally. The raising and lowering movement of the 
duct is accomplished by a lever 57 that is attached 
for movement with lever 55 to form a bell crank, 
The lower end of the lever 5T is connected by a 
link 58 to a piston rod 59 that has on its end a 
piston received in a cylinder 6. Fluid under 
pressure can be admitted in any suitable manner 
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main 66 would extend from one end of the furnace 
system to the other to supply fuel to all of the 
units of which it is comprised. 
In order to fire the furnace a combustible mix 

ture of gas and air is supplied through the main 
66 and suitable manifolds to the various burners 
of the individual furnace units where it is dis 
charged in a plurality of small jets to be com 
pletely burned in the cups 6 of the burners. 
The cups are heated to a high degree of incan 
descence and radiate their heat to all portions of 
the furnace chamber which is also heated to in 
candesence. In effect, the high temperature 
chambers 3, 32 and 62 are radiant tunnels through 
which the slabs are moved so that they may be 
evenly heated around their entire Surface. The 
hot products of combustion which are produced 
as a result of the combustion, and which would 
normally be wasted, rise through passages be 
tween the high temperature chambers and the 
preheater chambers where they circulate around 
a second slab to preheat the same. Some of these 
gases also flow through the openings 6 and 7 to 
protect the slabs from the atmosphere as they 
are moved from one furnace unit to the other. 
Thus the slabs are heated in a series of steps as 
they pass from one of the furnace units to the 
other and they are protected from oxidation as 
they move between the furnace units by means 
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to opposite ends of the cylinder in order to lower 
and raise the transfer duct to move slabs from 
the upper preheating chambers to a position in 
which they can be fed to the lower high tempera 
ture chamberS. 
Each of the furnace units that were described 

above shows the slabs to be heated mounted on 
their sides. The furnace units, however, could 
be constructed So that the slabs are mounted on 
edge rather than on their sides if it is so desired. 
The controlling factor in this case would be the 
type of Working apparatus to which the slabs are 
Supplied. There is shown in Figure 5 a furnace 
unit in Which the slabs are mounted on edge as 
they are being moved through the system. It will 
be. Seen that high temperature chamber 62 and 
preheating chamber 63 in this case are rectangu 
lar in shape with their narrow sides at the top 
and bottom thereof. These chambers are con 
nected by a passage 64. The furnace unit is 
Constructed, as were the previously described 
units, in accordance with Ordinary furnace prac 
tice and similar parts are given similar reference 
numerals. The burners used in this type of fur 
nace are also similar to those described above. 
It is noted, however, that the placement of the 
burners is slightly different in that the burners 
are located in the vertical sides of the high tem 
perature chamber and are directed toward the 
slab which would be passing between them. In 
this case, each of the pipes that supply the 
burners is shown as being connected to a mani 
fold 65, and the manifolds in turn connected to a 
main 66. In a System of the type described the 
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of a blanket of exhaust gases which blows through 
the entrance and exit openings of each unit. 
A description of the operation of the System 

will now be made with particular reference to 
Figures 6, 7 and 8. It is intended that the slabs 
will by supplied to the system at ambient tem 
perature and discharged into a rolling mill for 
hot rolling, for example, at a temperature of 
about 2250°F. In order to attain this tempera 
ture the lower chambers of the furnace units 
are fired at a rate sufficient to maintain the burn 
er cups 6 at substantially 2700 F., and the in 
terior of the chambers at the slightly lower tem 
perature of from 2400 to 2500°F. The time the 
slabs must be kept in the furnace units will vary 
with their analysis, and their dimensions, with 
smaller slabs requiring less time to heat than 
those that are larger. The number of furnace 
units A and B that are used will vary with the 
length of the slabs being heated. As shown 
herein each slab is of such a length that five 
furnace units A are required to receive it, and 
there are provided ten furnace units B. A small 
er or larger number of units B could be used, but 
there should be the same number as there are 
units A or a multiple thereof. Enough furnace 
units are disclosed herein to handle six slabs at 
OC - - - - - 

In Figure 6 slabs D and E are shown in the low 
er chambers and slab F is shown in the transfer 
Section C, which is in its lower position, ready 
to be fed to the lower-heating chambers. Slabs 
G and H are shown in the upper preheating 
chamber of furnace units B and a slab I is about 
to be placed in the preheating chambers of fur 
nace units A. This may be accomplished by any 
suitable slab handling mechanism, such as an 
overhead Crane. During this time the conveying 
mechanism is being operated to move slabs D, E, 
G. and H back and forth for a distance at least 
equal to the distance between the various fur 
nace units. The purpose of this movement is so 
that the slabs will be evenly heated throughout 
their length and will not have cold spots at points 
in between the furnace units. While some heat 
ing does take place between the furnace units 
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due to the exhaust gases encircling the slabs at 
these points, the gases are not as hot as the in 
terior of the heating-chambers of the furnace 
units. Finch rolls 46 and 47 are operated to 
feed slab F into the heating chambers below slab 
G while slab I is being placed in position in the 
preheating chambers of furnace units A. 
While all six slabs are in their respective cham 

bers of the furnace units as shown in Figure 7, 
the transfer duet C will be raised to its upper po 
sition. When the various furnace units are full 
the motors 29 driving the conveyor rolls will be 
operated in unision to move the slabs back and 
forth in the furnace units until slab D has 
reached the desired temperature. This is a rela 
tively short time of a few minutes. In many 
cases the slabs will reach the desired temperature 
and be ready to be discharged by the time the 
transfer duct reaches its upper position. Dur 
ing the time that the transfer duct is being moved 
from one level to the other, however, it is de-- 
sirable to move the slabs back and forth to in 
sure even heating throughout their length. 
When slab D is up to temperature it will be moved 
to the left far enough to be received by pinch 
rolls 3. The pinch rolls will feed the slab to a 
rolling mill or other mechanism to perform work 
upon them. The same operation of the convey 
ing rolls, which moves slab D to pinch rolls 3 
will move slab G into pinch rolls 46, 47 in the 
transfer mechanism C. These latter rolls Will 
then move the slab G into the transfer duct, as 
shown in Figure 8 by the time slab F leaves the 
heating chamber of the furnace unit A on the 
right end of the line. . . . . . 
The transfer mechanism C will then be moved 

to its lower position of Figure 6 carrying the slab. 
F with it. The parts are then in position to start 
the heating cycle on a new slab that is to be 
placed in furnace units A. 
With the arrangement shown the slabs Will be 

heated to approximately 800 F. by the time they 
leave the preheating chambers to pass into the 
transfer duct. During their passage through the 
lower heating chambers the slabs are raised to a 
temperature of 2250 F. for hot working. In or 
der to obtain these temperatures a combustible 
mixture of gas and air is burned in the cups f6 
of the burners to heat them to a temperature of 
2700 F. The radiation from the cups assisted 
by the hot products of combustion will heat the 
entire lower chamber of each furnace unit to a 
temperature in the neighborhood of 2400 F. to 
2500. F. Therefore each chamber comprises a 
radiant wall entirely surrounding that portion of 
the slab received thereby to heat the entire area 
of the slab evenly. This heating is, of course, a S 
sisted by the high temperature products of com 
bustion that are noving through the high ten 
perature chamber - to the preheating chamber. 
The products of combustion exhaust through the 
entrance and exit openings of each chamber and 
form a blanket of protective gases through which 
the slabs move from one of the furnace units to 
the next. The slabs are therefore protected from 
oxidation during the time they are being heated. 
As has been noted above, the time required for 

heating the slabs will vary with their dimensions 
and physical characteristics as well as the final 
temperature that is desired. In any event, the 
time required will be a matter of minutes rather 
than the hours that are required for heating slabs 
in the conventional type of furnaces. Any Suit 
able control system may be used to insure that 
the temperature of the work will be at the desired 

... " , 8 - 

value. One suggested system is a so-called inter 
lock system in which the fuel supply is controlled 
in response to the work temperature and the fur 
nace temperature is used as a high limit control. 
The details of such a control system form no 
part of the present invention so for that reason 
have not been illustrated. One form that the 
control system may take is disclosed in Hesset 
al. application Serial Number 761,602, filed July 
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17, 1947. 
In the operation of the system slabs are moved 

in what is, in effect, a continuous line through 
the furnace units. During their travel they are 
raised one after another from ambient tempera 
ture to the temperature required for hot work 
ing, and are delivered directly to the hot working 
mechanism before they have a chance to cool or 
become covered with an objectionable scale. The 
arrangement is such that a minimuin of space is 
required for the equipment. After the slabs are 
placed in the preheating chambers no further 
manual handling of them is required. 
From the above description it will be seen that 

I have provided apparatus by means of which 
slabs, billets or other large pieces of metal may 
be rapidly heated one after another to a desired 
elevated temperature. The invention also dis 
closes a novel method of heating and handling 
large pieces of inetal. 
While in accordance with the provisions of the 

statutes I have illustrated and described the best 
form of embodiment of my invention now known 
to me it Will be apparent to those skilled in the 
art that changes may be made in the form of the 
apparatus disclosed Without departing from the 
Spirit and scope of the invention, as set forth in 
the appended claims, and that in some cases cer 
tain features of my invention may be used to ad 
Vantage without a corresponding use of other 
features. - 

What is claimed is: - 1. . . . . . . . .- 

l. In apparatus for heating slabs and the like, 
the combination of a plurality of furnace units 
each having a pair of vertically displaced cham 

5 bers in open communication with ... each other, 
each of Said chambers having axially aligned en 
trance and exit openings, means to mount said 
furnace units in axial alignment with each other, 
naeans located between each unit and on a level 
With Said openings for forwarding slabs through 
One set of chambers in one direction and through 
the other set of chambers in the opposite direc 
tion, means in the lower chamber of each unit 
to heat slabs in said chambers, a transfer device 
having an elongated chamber therein to receive 
a slab, means to mount said transfer device for 
movement from a position in which its chamber 
is aligned with the upper set of said openings to 
receive slabs therefrom to a position in which it 
is aligned with the lower set of said openings to 
deliver slabs thereto, and means to feed slabs into 
and out of the chamber of said transfer device. 

2. In apparatus for heating slabs and the like 
the combination of a row of individual and 
axially aligned furnace units, each furnace unit 
having a pair of vertically displaced and com 
municating chambers in which slabs are heated, 
conveying means for slabs in each chamber lo 
cated between the furnace units, drive means for 
Said conveying means operative to move slabs in 
One direction through the upper chambers and 

75 

in the opposite direction through the lower 
chambers of Said units and a transfer device 
located at the end of said row of furnace units 
toward which slabs are moved in said upper 
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chamber, said transfer device including means 
forming an elongated chamber in which a slab 
may be received, mechanism operative to shift 
said transfer device from a position in which it 
is aligned with one of the rows of chambers of 
said furnace units to a position in which it is 
aligned with the other row of chambers of the 
furnace units, and means carried by said trans 
fer device to move slabs into and out of the 
chamber thereof. 

3. The method of heating slabs and the like in 
a row of Separate heating units each comprising 
a heating chamber and a preheating chamber 
located vertically above the heating chamber and 
in direct communication therewith which com 
prises the steps of moving the slabs one after the 
Other in One direction through the preheating 
chambers, receiving the slabs from the preheat 
ing chambers, moving them downward to a posi 
tion aligned with said heating chambers, moving 
the slabs in the opposite direction through said 
heating chambers, protecting the slabs from Sub 

O 
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stantial loss of heat from the time they leave 

10 
said preheating chambers until they enter said : 
heating chambers, heating the slabs in Said heat 
ing chambers by radiant heat and hot products 
of combustion, and in said preheating chambers 
by hot products of combustion, and moving said 
slabs in each direction from points between said 
heating units. 

FREDERC O. HESS. 
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