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BLLET HEATNG FURNACE 

Frederic O. Hess, Philadelphia, Pa., assignor to 
Selas Corporation of America, Philadelphia, 
Pa., a corporation of Pennsylvania 

Application September 26, 1946, Serial No. 699,416 
(CI. 263-6) 2 Claims. 

1. 
This invention relates to billet heating fur 

naces. 
It is an object of the invention to provide an 

improvement in billet heating furnaces for con 
tinuously heating billets to an elevated tempera 
ture suitable for forging and like forming opera 
tions. This is accomplished by continuously 
moving an upright stack of billets through a ver 
tically disposed channel formed between spaced 
apart side walls of a refractory lined chamber, 
and simultaneously applying heat to opposite 
sides of the billets while passing through the 
channel to heat the billets rapidly to the desired 
elevated temperature. 
More particularly, a substantially closed cham 

ber is provided having inlet and outlet openings 
for the billets at opposite ends of the channel, 
and heating the billets directly by radiant burn 
ers which are incorporated and distributed in the 
spaced apart side walls and face the billets at 
opposite sides thereof. 
billets passing through the channel in an up 
right stack are rapidly heated to the desired ele 
wated temperature by the heating effects devel 
oped in the chamber including the highest tem 
perature radiant heating component produced by 
the radiant burners. 

Further, suitable mechanism is provided 
whereby billets may be successively fed at the 
inlet end of the chamber at one end of the up 
right stack and successively dislodged from the 
Opposite end of the Stack at the Outlet end of 
the chamber for immediate removal to a forging 
machine. 
The invention, together with the above and 

other objects and advantages thereof, will be 
more fully understood upon reference to the 
following description, taken in conjunction with 
the accompanying drawings forming a part of 
this specification, and of which: 

Fig. 1 is a vertical view, partly in section, of a 
billet heating furnace embodying the invention; 

Fig. 2 is a fragmentary view of one of the 
Spaced apart side walls of the furnace shown in 
Fig. 1; 

Fig. 3 is a fragmentary top plan view of the 
roller conveyor provided for the furnace of 
Fig. 1; 

Fig. 4 is a vertical Sectional view of a billet 
heating furnace illustrating a modification of the 
invention; 

Fig. 5 is a view in elevation, taken at right 
angles to Fig. 4 and partly broken away and in 
Section, to illustrate the invention more clearly; 

Fig. 6 is a vertical sectional view of a billet 

10 
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2 
heating furnace, illustrating another modifica 
tion of the invention; 

Fig. 7 is a view in elevation, taken at right 
angles to Fig. 6 and partly broken away and in 
Section, to illustrate details more clearly; 

Fig. 8 is a vertical Sectional view of a billet 
heating furnace illustrating a further modifica 
tion of the invention; 

Fig. 9 is a view in elevation, taken at right 
angles to Fig. 8 and partly broken away and in 
Section, to illustrate details more clearly; 

Fig. i0 is a horizontal Sectional view of the 
billet heating furnace of Figs. 8 and 9; 

Fig. 11 is a fragmentary vertical Sectional view 
of a billet heating furnace illustrating a further 
modification of the invention; and 

20 
In this manner the 

25 
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Fig. 12 is a vertical sectional view taken at line 
f2-2 of Fig. 11. 
Referring to Figs. 1 to 3 inclusive, a billet 

heating furnace embodying the invention com 
prises refractory wall structure including spaced 
apart side walls 0, end walls f, a roof 2 and 
floor 4 providing a substantially closed cham 
ber 5. The side walls O, end Walls and floor 
4 are disposed within an Outer metallic shell 6 
which is supported in an elevated position above 
a foundation by appropriate framework 8. 
A number of vertical rows of radiant burners 

9 are mounted and incorporated in the side 
walls O of the furnace. In the embodiment 
shown five vertical rows of radiant burners 9 
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are provided in the side walls fo, each row of 
burners in One of the side walls. O being directly 
opposite a row of burners in the opposite side 
wall. The burners 9 preferably are of a direct 
fired type capable of producing high radiant 
heating temperatures in the chamber 5. Al 
though not to be limited thereto, burners which 
have been found especially suitable are of the 
kind described and illustrated in Hess Patent No. 
2,215,079, granted on September 17, 1940, and, 
if desired, reference may be had thereto for a 
detailed description of the burner structure. 

Briefly, each burner 9 comprises a molded 
block of refractory material formed with a cup 
shaped cavity facing the interior of the chamber 
15 and having a central passage within which is 
disposed a tube or sleeve 20. Suitable connec 
tions are provided for individually supplying a 
COmbustible fuel mixture to each burner f 9. As 
shown in Fig. 1, the combustible fuel mixture 
may be delivered from a source of supply to 
manifolds 2 to which are connected conduits 22 
Communicating with the sleeves 20. Suitable 
controls, including valves 23 connected in the 
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conduits 22 may be provided to Control the pres 
Sure and rate at which the combustible fuel mix 
ture is individually supplied to each burner 9. 
The COmbustible fuel mixture, which may be a 

mixture of a suitable fuel gas and a combustion 
Supporting gas, is supplied to the burners 9 and 
Subdivided at each burner into a plurality of 
gas streams by distributors or tips 24 fixed to 
the inner ends of the sleeves 20 which terminate 
at the cup-shaped cavities. The cup-shaped 
cavities of the burners 9 serve as radiant heaters 
and are heated to high incandescent tempera 
tures by reason of the combustion of the gas 
streams which takes place in the burner cavities. 

In the billet heating furnace of Fig. 1, several 
upright stacks of billets 25 are intermittently 
moved upwardly through the chamber 5. Since 
the chamber 5 is considerably longer than it is 
Wide, the chamber in effect forms a relatively 
narrow vertical channel or passage through which 
the billets pass. The floor 4 is formed with a 
number of spaced apart openings or inlets 26 
through which the billets 25 enter the bottom 
part of the chamber 5. At each inlet 26 is 
provided an annular-shaped hollow collar 27 
through which a cooling liquid is circulated in 
any Suitable manner (not shown) to prevent over 
heating of the billet feeding mechanism by the 
heated furnace gases passing from the chamber 
i5 through the inlets. . . 
The billet feeding mechanism comprises a 

number of inclined roller conveyors 28 upon 
which the billets 25 are placed and moved down 
wardly by gravity to regions immediately beneath 
the inlets 26. While only a single roller con 
Weyor 28 is shown in Fig. 1, it is to be understood 
that similar conveyors are provided for feeding 
billets to each of the upright stacks maintained 
in the chamber 5, as indicated diagrammatically 
in Fig. 2. 
The roller conveyors 28 include first sections 

at which the billets are supported by full length 
rollers 29 and second sections immediately be 
neath the inlets 26 at which the billets are Sup 
ported at the side edges only by stub rollers 30. 
When each billet moves onto the second section 
of a roller conveyor 28, it comes to rest against 
a stop member 3 which is Welded to a channel 
32 forming part of the framework t8. 

Beneath the stub roller sections of the con 
veyors and in alignment with the inlets 26 are 
mounted upright hydraulic cylinders 33. The 
cylinders 33 are of a conventional type within 
which are disposed movable pistons (not shown) 
connected to cylinder rods 34 which extend up 
wardly through the ends of the cylinders. To 
the upper ends of the cylinder rods 34 are fixed 
metal blocks or rams 35 which are of Such size 
that they can move through the second Stub 
roller sections of the roller conveyors, as best 
shown in Fig. 3. 
When the rams 35 move upwardly they con 

tact and engage the bottoms of the billets 25 
bearing against the stop member 3. With con 
tinued upward movement of the rams 35 the 
billets 25 Supported by the stub rollers 30 are 
lifted from the roller conveyors and raised 
against the bottom billets in the upright stacks. 
Such bottom billets of the upright stacks are 

locked in position in annular-shaped members 
36 which are fixed to rings 37 welded to parts of 
the framework. 8. A number of balls 38 are 
held in races at the inner inclined faces of the 
members 36 and are instantaneously released and 
moved upwardly when the billets 25 being raised 
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4. 
from the roller conveyors 28 by the rams 35 
engage the bottom billets of the upright stacks 
and move the latter upwardly. 
The upward stroke of each cylinder rod 34 is 

of such length that the billets pass through the 
members 36 when lifted from the roller con 
veyors 28. When each cylinder rod 33 reverses 
its direction of movement and the ram 35 there 
after moves downwardly, the balls 38 move down 
Wardly in their races and instantaneously lock 
the raised billet in the annular-shaped member 
36. In this manner Successive billets are moved 
from each roller conveyor 28 toward the inlet 
26 immediately above it, and, after each billet is 
raised a sufficient distance, it becomes the bot 
tom billet of a vertical stack of billets held in an 
upright position at the annular-shaped mem 
ber. 36. 
After passing through the opening in the roller 

conveyor 28 adjacent to the stop member 3, 
each ram 35 acts to hold back the billets 25 on 
the roller conveyor. When the ram 35 subse 
quently moves downwardly and passes below the 
stub rollers 30, the billets are then free to move 
by gravity on the roller conveyor 28 until the 
end billet comes to rest against the stop men 
ber 3. 
When a billet 25 is raised from one of the 

roller conveyors 28 and becomes the bottom billet 
30 
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in an upright stack, the top billet in the stack is 
raised through an outlet 39 at the upper part of 
the chamber 5 to a position adjacent to the 
upper end of a chute 40. A number of push rods 
4 are provided at the top of the billet heating 
furnace and are intermittently actuated to push 
onto the chutes 40 the heated billets raised out 
side the furnace chamber 5. The chutes 40 
leading from the several outlets 39 at the upper 
part of the chamber 5 may deliver the heated 
billets by gravity to the same forging machine or 
to different forging machines at which the de 
sired forming operations are effected. 
Each cylinder 33 is connected by conduits 42 

and 43 to a valve control mechanism 44 to which 
oil or equivalent motive fluid is supplied under 
pressure through a conduit 45 from a source of 
supply and from which such fluid is returned 
through a conduit 46 to the source of supply. 
The valve control mechanisms, which may be 
disposed alongside one another, may be of any 
conventional type, such as that commonly re 
ferred to as a four-way valve mechanism. 
Each valve control mechanism 44 is provided 

with a control member 47 which extends through 
an opening in an end wall thereof and is of such 
construction that, when the control member 47 
is in its raised or upper position, oil under pres 
sure is delivered from conduit 45 to Say, the con 
duit 42, for example, at which time the other 
conduit 43 is in communication with the conduit 
46 to return oil to the source of supply. Con 
versely, when the control member 47 is in its 
lower position, oil under pressure is delivered 
from conduit 45 to conduit 43, at which time Con 
duit 42 is in communication with conduit 46 to 
return oil to the source of supply. Thus, oil un 
der pressure may be supplied either through con 
duit 42 or conduit 43 to the bottom or top sides 
of the piston within the cylinder 33, respectively; 
depending upon the position of the control mem 
ber 4. . . 
In order to control and regulate the position 

of the valve control member 47, the lower end 
thereof is provided with a cam follower 48 which 
rides in a race 49 of a cam 50. The cams 50 pref 
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erably are connected to a common shaft 5 which 
is driven in any Suitable manner, as through 
Suitable Speed reducing mechanism from an elec 
tric motor, for example. Each cam race 49 is of 
Such shape that the control member 47 opera 
tively associated therewith will be in its upper 
position for a part of the revolution of the cam, 
and the Several cams 50 on the shaft 5 are stag 
gered so that the control members 47 of the dif 
ferent Valve mechanisms 44 will be moved in Suc 
cession to their upper positions. 
Since each cylinder rod 34 of a cylinder 33 will 

be moved upwardly during the interval of time 
the control member 47 associated with Such cyl 
inder 33 is in its upper position, as just explained, 
it will be apparent that the billets. 25 Will be 
raised in Succession from the Several roller con 
Weyors 28 and that the Stacks of billets will be 
raised in succession in the chamber 15. Hence, 
the billets 25 will be successively raised in the 
Several Stacks to positions adjacent the upper ends 
Of the chutes 40. 

Each push rod 4 is actuated to push a heated 
billet 25 onto the chute 40 immediately after it 
is lifted outside the heating chamber 5. This 
is accomplished by pivotally connecting each 
push rod 4 to one arm of a bell crank 52 which 
is pivotally mounted to the shell 6, as indicated 
at 53. The other arm of each bell crank 52 is 
pivotally connected to one end of a cylinder rod 
54 whose opposite end is fixed to a piston (not 
shown) movable within a cylinder 55 supported 
at 56 to the metallic shell 6. 
The Opposite ends of the cylinder 55 are con 

nected by conduits 5 and 58 to the conduits 42 
and 33, respectively. In the conduit 57 is con 
nected a valve 59 of known type, usually referred 
to as a sequence. Valve, which is adjusted so that 
oil under pressure will pass from conduit 42 into 
conduit 51 only after the cylinder rod 34 ap 
proaches and reaches the upper limit of its move 
ment and the full line pressure builds up in the 
conduit 42. When this condition occurs, at which 
time the Stack of billets has been raised so that 
a heated billet is outside the heating chamber 5 
adjacent the chute 40, oil will then pass through 
conduit 57 to the bottom part of the cylinder 55 
and below the piston therein to raise the cylin 
der rod 54 and actuate the push rod 4 to push 
the raised billet onto the chute 40. 
When oil is Supplied under pressure through 

conduit (3 to the upper part of each cylinder 33, 
the direction of movement of the cylinder rod 34 
is reversed and the ran 35 fixed thereto moves 
downwardly. When this occurs oil under pres 
Sure Will also be Supplied to conduit 58 and cause 
the cylinder rod 54 to move downwardly and re 
turn the push rod 4 to the position shown in 
Fig. 1, So that the push rod will not interfere 
With the raising of the next heated billet at the 
top of the stack. 

It. Will now be understood that an improve 
ment has been provided in billet heating furnaces 
for continuously feeding billets in succession to 
One end of a Vertical Stack Which is intermit 
tently moved through a heating chamber and 
from the opposite end of which heated billets 
are immediately delivered to a forging machine. 
In the embodiment of the invention just de 
scribed wherein the billets 25 are relatively short 
and of considerable Cross-sectional area, it is pos 
Sible to maintain upright Stacks of such billets 
in which each billet rests directly upon the billet 
beneath it. By providing outlets 39 which are 
Irelatively Small and in which clearance for the 
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heated billets passing...therethrough is at a mini 
mum, each Stack of billets Will remain in an up 
right position even when the billets at the upper 
end of a Stack should contact the side Wall of an 
outlet 39 in the event the top billet being pushed 
toWard the chute 40 tends to. Stick to the billet 
immediately beneath it. 
AS best ShoWin in Fig. 2, the vertical rows of ra 

diant burners 9 at the opposite side walls are 
directly opposite the vertical stacks of billets 25 
passing through the heating chamber 5. In this 
way the billets are effectively heated at opposite 
sides thereof to promote rapid heating of the bil 
lets to the desired elevated temperature. In ef 
fect, the Spaced apart side walls. form a rela 
tively narrow channel through which the billets 
paSS, and the radiant burners 9 are at close 
range to the billets. 
When the combustible gas mixture supplied to 

the radiant burners 9 consists of a mixture of 
Ordinary city gas and air, for example, the cavi 
ties. Of the burners directly opposite the burners 
are heated to incandescent temperatures in a 
range of about 2700° F. to 3000 F. Hence, the 
billets 25 are heated by all of the heating effects 
developed in the chamber 5 including the high 
est temperature radiant heating component 
which is projected directly from the burner cavi 
ties to the billets. Moreover, the billets are com 
pletely enveloped in an atmosphere formed by 
the high temperature products of combustion 
produced in the burner cavities. Thus, the ra 
diant heating of the billetS is augmented by con 
Vection heating resulting from the high tempera 
ture furnace gases SWeeping Over the Surfaces of 
the billets before passing through the restricted 
inlet and outlet openings 26 and 39, respectively. 

FigS. 4 and 5 illustrate a modification of the 
invention which differs from the embodiment 
just described in that the billets 25d are in the 
form of long bars. The billet heating furnace 
in Fig. 4 is generally like that shown in Figs. 
1 to 3 and similar parts are referred to by the 
Same reference numeras. AS: ShoW in FigS. 
4 and 5, the radiant burners 9 are arranged in 
the side walls O in three horizontal rows, the 
burners in adjacent roWS being staggered With 
respect to each other. 
Adjacent to the bottom of the floor 4 is pro 

vided a hollow Wall member 2a through Which 
a cooling liquid is circulated in any Suitable 
manner. Likewise, a hollow jacket 27 b is pro 
vided at the side of the roof 2 at which the push 
rod 4 is located. The cooling jacket 2b is also 
formed with inlet and outlet openings (not 
ShoWn) through which a cooling liquid is cir 
culated. The cooling jackets 2a and 27 b serve 
as thermal shields to prevent Overheating of 
parts of the billet feeding and discharge mecha 
inisms positioned closely adjacent to the re 
fractory wall parts of the chamber at the inlet 26 
and outlet 39. 
The bars 25d in Fig. 4 slide by gravity down 

an inclined ramp Which extends lengthWise of 
the heating furnace between the end Walls . 
When the ram 35 is in its lower position, as 
shown in Fig. 4, the lowermost bar 25a on the 
ramp moves Sideways on top . Of the ran and 
comes to a stop against a stop member 3a. As 
shown in Fig. 5, the ram 35 at its opposite ends 
is vertically movable in guideways. 60 fixed to 
parts of the framework 8 beneath the end 
Walls . 
The ram 35 is alternately raised and lowered 

by a hydraulically operated cylinder 33 through 
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a lever mechanism comprising a pair of spaced 
apart levers 6, each of which is pivoted at 62 
at an intermediate region thereof. To the cylin 
der rod 34 is fixed a horizontal shaft 63 to which 
the outer ends of the levers 6 are pivotally con 
nected. The inner ends of the levers 6 are 
pivotally connected to the underside of the ram 
35, as indicated at 64 in Fig. 5. 
Two spaced apart locking members 36 generally 

like that previously described are provided in 
the modification being described, as indicated in 
dotted lines in Fig. 5, the locking members in 
this instance being of a type which will permit 
the bars 25d to pass upwardly therethrough when 
raised by the ram 35; and, when the ram is Sub 
Sequently lowered, to hold and Support the stack 
of bars in Which the botton bar thereof is locked 
at Spaced apart regions at the locking members 
36. 

In the modification of Figs. 4 and 5, vertical 
guides 65 are provided at the end walls at 
Opposite sides of the Stack of bars 25d. The guides 
65 extend upwardly from the hollow wall 27a, at 
the inlet 26 and terminate about midway be 
tween the roof 2 and floor 4. From the upper 
ends of the guides 65 the bars 25a remain in a 
Stable upright position without any guiding as 
Sistance. As shown in Fig. 5, the guides 65 may 
be formed of hollow metal members through 
which a cooling liquid can be circulated in any 
Suitable manner. 
Although a single push rod 4 is illustrated for 

pushing the raised heated bars 25a toward the 
chute 40, two or more such push rods 4 may be 
provided at Spaced apart regions of the roof 2. 

In Fig. 4 the cylinder 33 is positioned at one 
side of the billet heating furnace rather than 
beneath the furnace, as in the embodiment first 
described. However, the operation of the 
hydraulic cylinder 33 in Fig. 4 is like that of the 
corresponding hydraulic cylinder 33 of Fig. 1. 
In the modification being described, only a sin 
gle Valve control mechanism 44 and single cam 
50 are required, and the operation of these parts 
is the Same as explained above in connection 
With the embodiment of Fig. 1. 
A further modification of the invention is 

illustrated in Figs, 6 and 7 which differs from 
the previous embodiments in that the billets 
25b are in the form of round elongated bars 
and pass downwardly through the heating 
chamber 5. In Figs. 6 and 7 the bars 25b rest 
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One upon the other and are guided through the 
chamber 5 by hollow guides 65a in the form of 
pipes. - 
As shown in Fig. 7, two guides 65a are pro 

Wided at each side of the bars 25b, such guides 
including Substantially straight vertical Sections 
adjacent the inlet 26b and diverging sections ex 
tending downwardly from the vertical sections. 
With this arrangement different lengthwise por 
tions of the bars 25b will only momentarily en 
gage and contact the guides during downward 
movement of the stack of bars, so that the bars 
over their entire lengths will more or less be 
heated substantially uniformly by the time the 
bars reach the outlet 39b at the bottom of the 
chamber 5. The guides 65d at their lower ends 
pass through the side walls, and at the upper 
ends are bent and overlie the roof 2. A cooling 
liquid, such as Water, for example, is circulated 
through the hollow guides 65b to prevent over 
heating of these parts. 
The bars 25b are automatically discharged 

from the lower end of the chamber 5 by a num 
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8 
ber of cam members 66 fixed to a hollow shaft 
67 journaled at its ends in parts of the frame 
work 8, as indicated at 68 in Fig. 7. A cooling 
liqiud, such as water, for example, is circulated 
through the shaft 6. The shaft 6 is driven 
from an electric motor 69 through suitable speed 
reducing mechanism 0. 
When the cans 66 are driven by the shaft 67, 

the botton bars 25b in the vertical stack are 
intermittently picked up by the notched regions 
of the cams and bodily moved sideways toward 
the downwardly extending outlet 39b into which 
the bars fall from the cams and roll by gravity 
through a Spring-hinged flap door 7 which is 
normally biased to its closed position, Immed 
iately above the outlet or chute 39t) is provided 
a hollow jacket 27.c through which a cooling 
liquid like Water is circulated. 

In order to initially load the billet heating 
furnace of Figs. 6 and 7, a pair of water cooled 
pipes 72, each of which is bent into the form of 
a U, is arranged for Vertical movement in the 
heating chamber 5. During normal operation 
and When the heating furnace is loaded with 
billets, the bends of the U pipes 2 encircle the 
hollow shaft 67 and the spaced apart arms 
thereof extend downwardly through passages 73 
in the floor 4. A vertically extending feed screw 
74 depends downwardly from the heating fur 
nace, the lower end of which is connected to a 
Speed change mechanism 75 in turn driven by 
an electric motor 76. The feed screw 74 is pro 
Wided With a threaded nut 77 having arms 
78 extending outwardly therefrom to which the 
straight portions of the pipe 72 are fixed, as by 
Welding, for example. 
When the billet heating furnace of FigS. 6 and 

7 is initially loaded the feed Screw 74 is driven in 
Such direction by the motor 76 that the nut 
travels upWardly and raises the U-pipes 72 be 
tween the hollow guides 65a. When the bends 
of the pipes 72 are at the upper part of cham 
ber 5 adjacent to the inlet 26b, the feed screw 
74 is brought to a stop. Bars 25b are then po 
Sitioned between the guides 65d at the inlet 
26b, such bars being supported by the raised 
bends of the U-pipes 72. The feed screw 74 is 
then driven in Such a direction that the nut 
and pipes 2 fixed thereto move doWinWard SOW 
ly, and, as the bends of the pipes are lowered, bars 
25b are positioned between the guides 65d., at the 
inlet 26b until a stack of bars is loaded in the 
heating chamber 5, as shown in Fig. 6. Dur 
ing Operation of the billet heating furnace the 
bends of the pipes 72 encircle the hollow shaft 
67 and cooling liquid is circulated therethrough 
to prevent undesirable overheating of these pipes. 
A further modification of the invention is 

shown in Figs. 8 to 10 inclusive which is gen 
erally like the modification of Figs, 6 and 7 in 
that the billets are in the form of round elon 
gated bars 25b and moved downwardly through 
the heating chamber 5. The guides 65b in the 
embodiment of Figs. 8 to 10 differ from the hollow 
guides shown in Figs. 6 and 7 in that they are 
formed of refractory material. The guides 65b 
are vertically disposed. Within the chamber 5 
and project toward the interior of the cham 
ber from the side walls 0 to which they are 
fixed. The guides 65b are in the form of short 
plates which are arranged at the side walls O 
in Staggered relation, as shown in Fig. 9, SO that 
each portion of the bars 25 b will not be con 
tinuously contacting the guide plates during its 
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synward movement through the heating cham 
e. 

In order to initially load the billet heating fur 
nace of Figs. 8 to 10, elevator bars 72a are pro 
vided which extend downwardly from the bot 
tom of the heating chamber 5 through pas 
Sages T3a in the floor 4. Two or more bars 
2a may be provided, as best shown in Fig. 9, 
and any Suitable feed mechanism like that 
Shown in Figs, 7 and 8 may be employed for si 
multaneously raising and lowering the bars 2d. 
to initially load the furnace. The bars 2d may 
beformed of suitable high temperature alloy and 
formed with enlarged heads which are received 
in recesses in the floor 4 when normal opera 
tion of the billet heating furnace is underway. 
The lowermost guide plates 65b are formed 

and arranged so that the bottom bars in the 
vertical stack can be intermittently pushed side 
ways into the chute or outlet 39d. This is ac 
complished by providing a pair of hydraulically 
operated cylinders 33d at one side of the furnace 
whose cylinder rods 34a pass through a side Wall 
O and are connected to rams 35a, as indicated in 

Figs. 8 and 10. 
The cylinders 33a are connected by conduits 

42 and 43 to a common wave control mechanism. 
44, like that shown in Fig. 1 and previously de 
scribed, for alternately moving the cylinder rods 
34a, back and forth. The valve control mech 
anism 44 is provided with a control member 4 
to which is fixed a cam follower 48 which rides 
in a race 49 of a cam 50 like that previously de 
Scribed and shown in Fig. 1. The shaft 5 to 
which the calm 50 is fixed may be driven in any 
Suitable manner, as by Suitable Speed reducing 
mechanism in turn driven by an electric motor, 
for example. 

A. Still further modification of the invention 
is illustrated in Figs. 11 and 12 which is generally 
like that shown in Figs. 6 and 7 in that the hol 
low guides 65b are in the form of pipes for guid 
ing a stack of round elongated bars downwardly 
through the heating chamber 5. In Figs, 11. 
and 12 hydraulically operated cylinders 33d like 
those described and shown in Figs. 8 and 10 are 
provided for intermittently pushing the bottom 
billets sideways. 
In addition, a hydraulically operated cylinder 

33b is provided at One end of the billet heating 
furnace whose cylinder rod 34b passes through 
an opening in an end Wall and acts to push 
the displaced bottom billets lengthwise through 
an outlet 39c formed in the opposite end wall 
of the billet heating furnace. 
The cylinder 33b may be connected by conduits 

to the conduits adapted to supply motive fluid al 
ternately to the opposite ends of the cylinder 33a, 
in the same manner as the cylinder 55 in Fig. 1 
is connected by conduits 57 and 58 to the con 
duits 42 and 43 for the cylinder 33. Further, a 
sequence valve like the valve 59 in Fig. 1 may be 
connected in One of the conduits connected to an 
end of the cylinder 33b, whereby the cylinder rod 
34b will be actuated immediately after each bot 
tom billet in the stack is moved sideways and dis 
placed and when the full line pressure builds up 
in the conduit connected to move and actuate the 
rans 35a, to Ward the Stack of billets. 

It is to be understood that suitable vertical bars 
like the bars 72a in Figs. 8 and 9 may be employed 
in the billet heating furnace of Figs. 11 and 12. 
whereby the furnace may be initially loaded with 
round elongated bars. 
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10 
stood that an improved billet heating furnace has 
been provided for continuously heating billets by 
bodily moving an upright stack of such billets 
vertically through a heating chamber having in 
let and outlet openings for the billets at opposite 
vertical ends of the chamber. In each of the 
embodiments shown and just described, structure 
is provided whereby an upright stack of billets 
may be maintained in a stable position in a heat 
ing chamber. Also, in the several embodiments 
each Stack of billets is transported vertically 
through a heating chamber by mechanism having 
parts thereof at the vicinity of one of the cham 
ber openings, such mechanism being intermit 
tently operable to alter the size of the stack of 
billets by a single billet. 
More specifically, each embodiment of the im 

proved billet heating furnace embodies holding 
means for supporting an upright Stack of billets 
in the heating chamber. Each stack of billets in 
the Several embodiments is transported vertical 
ly through a heating chamber by mechanism 
Which is associated with the stack holding means 
and intermittently operable to modify the size of 
the stack of billets by a single billet. Stated an 
other way, the mechanism associated with the 
holding means for Supporting each stack of 
billets is intermittently operable to replace the 
botton billet of the Stack of billets with another 
billet. 

In the embodiments shown and described 
abOWe, the holding means for Supporting the 
Stacks of billets act against the bottom billets of 
the Stacks. In the embodiment.S of FigS. 1 and 4, 
the Stacks of billets are transported vertically up 
ward by intermittently feeding a billet to the bot 
tom of the stacks, while in the embodiments of 
Figs. 6, 8 and 11 the stacks of billets are trans 
ported vertically downward by intermittently re 
moving and discharging the bottom billets from 
the stacks. 
While several embodiments of the improved 

billet heating furnace have been ShOWn and de 
scribed, I do not wish to be limited to the particu 
lar arrangements set forth, and I intend in the 
following claims to cover all modifications and 
changes which do not depart from the Spirit and 
scope of the invention. 
What is claimed is: 
1. A billet heating furnace comprising means 

providing a refractory lined chamber having 
spaced apart side walls forming a vertically ex 
tending channel therebetween, holding means in 
cluding notched rotatable cam means operable 
to act against the bottom billet of an upright 
stack of billets adapted to be maintained in the 
channel, said chamber having inlet and outlet 
openings for the billets at the upper and lower 
ends, respectively, of the channel, means to 
transport the stack of billets vertically downward 
through the channel including mechanism oper 
able to rotate the notched cam means to inter 
mittently remove the bottom billet from the 
stack, and means for firing said chamber to heat 
the billets to an elevated temperature during 
transport through the channel. 

2. A billet heating furnace comprising means 
providing a refractory lined chamber having 
spaced apart side walls forming a vertically ex 
tending channel therebetween, holding means 
embodied in the furnace operable to act against 
the bottom billet of an upright stack of billets 
adapted to be maintained in the channel, said 
chamber having inlet and outlet openings for the 

In view of the foregoing, it will now be under- T5 billets at the upper and lower ends, respectively, 
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* of the channel, means to transport the stack of 
- billets Vertically downward including mechanism 
aSSociated. With the holding means which is inter 

- mittently operable to remove the bottom billet 
from the stack, means vertically movable Within 5 
the channel for its full length to facilitate initia- - - 
ly loading the furnace with billets to provide a 
Stock of billets therein, and means for firing 
Said chamber to heat the billets to an elevated 
temperature during transport through the chan- 10 
nel. 

FREDERC O. HESS. 
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