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(Cl. 29-3) 10 Claims. 

A frequently used procedure in forging, espe 
cially in forging a large number of substantially 
Similar pieces, is one in which the different pieces 
are shaped from the end of a bar-shaped blank 
and then severed from the bar. After this is 
done, the bar end is heated again and the next 
part is forged, and So forth. In such a proce 
dure, the extreme portion of the bar remaining 
after Severing is necessarily close to the forging 
temperature. If the bar is then heated again 
Which to avoid loss of time and heat should 
preferably be done immediately-this causes no 
difficulty if the heating is effected in a fired fur 
nace, since the maximum temperature is then 
determined by the furnace flame, the tempera 
ture of Which can always be adjusted so as not 
to overheat the work piece. If, on the other 
hand, the heating is done in an electric eddy 
current furnace, Which otherwise is preferable 
for various reasons, there will be no upper limit 
of the temperature, but the heat Supply per unit 
of time and per unit of surface of the bar will 
be substantially independent of its preceding 
temperature, and therefore there is danger that 
the bar end may be overheated and even melted. 
According to the present invention, a method 

is applied in heating bar blanks in an eddy cur 
rent furnace, preferably a high frequency fur 
nace, which eliminates the aforesaid risk of over 
heating and at the same time enables the fur 
nace to be employed for bar blanks of varying 
lengths. The invention is principally character 
ized by the fact, that the heating is performed 
in two or more steps in such manner that, when 
the end portion of the bar is heated to full forg 
ing temperature, the portion lying next to it is 
heated to an intermediate temperature, Sufi 
ciently high to reach full forging temperature 
after another heating step. The difference of 
temperature between the portion being forged 
and the next portion will then be moderate, and 
also, when the forged piece has been cut off, the 
temperature of the tip of the remaining part of 
the bar will be so little in excess of that of the 
portion next to be forged, that the tip is not 
likely to be overheated during the next heating 
step. As a rule, it is sufficient to heat in two 
steps, especially in the case of steel having mag 
netic properties, the heating of which by means 
of eddy currents takes place at a considerably 
higher speed up to the magnetic transformation 
point than above this point, so that the bar, 
for instance with heating steps of equal length, 
can be heated to about 900 C. during the first 
step and to about 1150° C. during the second 
step. The temperature difference will therefore 
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2 
only be about 250° C., which may be tolerated 
Without risk of overheating the tip. 
As a rule the heating-the intensity of which 

is limited by the necessity of avoiding a super 
heating of the surface of the bar-takes several 
times the time necessary for the forging. The 
average proportion between heating time and 
forging time will vary between 4 and 6 to 1. In 
Order to give the best possible economy of time 
and heat, the furnace is therefore provided, ac 
cording to the present invention, with a number 
of heating positions, which is one more than the 
ratio between the aforesaid time proportion and 
the number of heating steps. Thus if the propor 
tion between heating time and forging time is 
6 to 1, as has been assumed, and the number of 
heating steps is 2, the number of heating posi 
tions should preferably be 

6 
+1=4 

The extra heating position serves as a kind of 
reserve, the purpose of which is explained below. 

In the accompanying drawing, Fig. 1 shows 
a vertical longitudinal section and Fig. 2 a ver 
tical croSS Section of a furnace according to the 
present invention for practising the method of 
the Said invention. Figs. 3-6 show diagram 
matically four examples of applying the inven 
tion to different proportions between bar length 
and forging length. 

Referring to Figs. 1 and 2, the furnace may 
have the shape of a muffle with walls of re 
fractory material 2 and having at its bottom 
four parallel grooves 3, for instance of triangular 
CrOSS-Section, for receiving bars of square cross 
Section lying edge-wise. One such bar 4 is shown 
in the groove to the left. The muffle is sur 
rounded by a coil-shaped winding 5 through 
which a high frequency current is passed from 
a generator 6. Laminated iron shells 32 emi 
brace Said Winding. The winding may be pro 
vided, in the usual manner, with one or more 
Condensers for compensating the reactive power 
consumption thereof, and could further be di 
vided into different portions, substantially as de 
Scribed in my pending patent application Serial 
No. 154,142, to enable the furnace to be eco 
nomically employed for heating bars of different. 
lengths. Rollers 7 in front of the furnace serve 
to Support and guide the bars when they are 
pushed into the furnace, which for instance may 
be made by hand, and other rollers 8 at the real 
end of the furnace serve to guide and Support 
rods 9 (partly cut away in the drawing) which 
act to push the bars out from the furnace, for 
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instance When a certain time has elapsed from 
the instant of their introduction. A timing de 
Vice is diagrammatically shown for this purpose 
and Will be described in detail hereinafter. he 
instant of expulsion of the bars may also be 
determined by a pyrometric apparatus. 
ihe expulsion rods 9, only one of which is 

shown, are in the example illustrated maneu 
Wered by a piston 20 in a cylinder 2.É. Com 
preSSed air can be admitted alternatively to the 
ends of said cylinder and expelled therefrom by 
means of three-way cocks 22, 23. These cocks 
are controlled by means of two electromagnets 
24, 25. Current is admitted to the electromag 
nets 24 through a retarded relay 25 which is 
excited through contacts 28 operated by the 
roller it. The electromagnet 25 is controlled di 
rectly by a contact device 27 which is operated 
by a cross-head 25 Supporting the outer end of 
the expulsion rod 9. 
When a bar to be heated is introduced into. 

the furnace, the corresponding roller i is de 
pressed and closes the contacts 23 Se.. that the 
relay, 26 is energized. Oil account of the re 
tarding means of said relay, it does not close its 
contacts until a certain time has elapsed, and, 
when this is done, the cocks 22 are placed in Such 
position as to a disit CornpireSSed air from the 
receptacle 30 to the right end of the cylinder 24 
and to open the communication between the left 
end of said cylinder and the open air. i.e. pis 
tOn 20 is the moved to the left, and the rod is 
moves in the same direction and expels the 
heated bar from the furnace. When the croSS 
head 29 strikes the contact device 27, current 
is admitted to the electromagnet 25, whereby 
the cocks 22, 23 are restored to their original 
position in which compressed aii is aciliitted 
to the left end of the cylinder 2i So as to re 
store the piston and the expulsion rod to tiheir . 
extreme right position. 
In Figs. 3-6, the bars to be forged are dia 

grammatically represented by simple lines, in 
some cases dotted as further Specified below. 
In each figure, these lines are arranged in groups 
separated by vertical dash lines, and these Sep 
arate groups represent different time intervals 
in the heating process, while the lines contained 
in each group represent different heating grooves 
in the furnace. The two ends of the said heat 
ing grooves, which are the limits of the heating 
zone, are in each figure represented by the hori 
zontal dot and dash lines. At the upper end, 
the heating zone may of course extend further 
although only the portion thereof limited by the 
dot and dash line is utilized for the purpose of 
the present invention. The vertical lines desig 
nated by a represent empty grooves, while the 
lines designated by other numerals represent 
bars to be heated-showing their length as well 
as, their positions-during time intervals corre 
sponding in length to the forging time, each 
numeral representing the stage of heating of 
the corresponding bar. The arrows, where pres 
ent, represent the direction of motion of each 
bar at the beginning of the time interval rep 
resented, dotted lines representing a recent ex 
pulsion of the corresponding bar. 

Fig. 3 refers to the forging of pieces which 
embrace half of the bar length. The group of 
lines at the left end of the figure represents the 
first time interval after the starting of the full 
nace. During this interval, the grooves should 
be empty, since it is presumed that only one 
work piece can be worked at a tine, and since 
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4. 
no piece must be overheated. Three grooves thus 
have the numeral O and the fourth one-the 
Second from the left-contains a bar a which 
has just keen inserted half the length of the 
groove and is designated by , since the first 
Stage of heating is involved. 
In the Second group, counted from the left 

end, two grooves are still empty, in one-desig 
lated by 2-the aforesaid bar a still rests and 

is Subjected to its second heating stage, and in 
another one a fresh bar b has been introduced, 
So that its position is designated by . 
In the third group of lunes, there is only one 

empty groove and three half-filled ones, desig 
, nated by 1, 2, 3 in correspondence with the heat 
ing intervals to which the bars c, b and a re 
Spectively are then subjected. At the end of 
this interval, the bar a has passed half of its 
heating time and has thus-according to the 
example hereinbefore given-reached a tempera 
ture of about 900° C., whereupon it is preferably 
expelled from the groove. 
In the fourth group, one groove is still empty, 

While the bar a has been expelled and has now 
been introduced again at 4 to the full length 
of the groove, So that its end portion passes. 
through its fourth heating interval and the next 
portion of the bar its first one. 
In the fifth group, another recently expelled 

barb, here designated by , has been introduced 
to the full length of the groove and its end poi 
tion has begun its fourth heating interval, while 
the end portion of bar a passes through interval 
5 and of bar c through interval 3. One groove 
is Still empty. 

In the Sixth group, Which is separated from 
the following one by a vertical dot and dash. 
line, narking the end of the first or “charging 
period. A of the furnace, one bai a, designated 
by 6, passes through its last heating interval, 
after which it is ready for forging, while two 
other ones b and c pass through the intervals 
5 and 4, bar c having been expeiied and intro 
duced to the full length of the groove. 
After the end of the time interval represented 

by the sixth group, the ready-heated bar a is 
expelled, preferably by an automatic device such 
as that shown in Figs. 1 and 2, and the cor 
responding bar position is therefore marked by 
a dotted line in the seventh group and marked 
by the numeral T and by an outwardly directed 
arrow. During this interval, the end of the 
heated bar a is forged and then cut off ion the 
rest of the bar. iheoretically, it could be pos 
sible to introduce a fresh bar into the groove 
which has just been emptied, but since this 
groove is blocked--at the beginning of the inter 
val-by the bar a, it would be necessary first 
to remove this bar, then to introduce a fresh 
bar and then to pick up the bar c. again and 
to transport it to a forging machine. As it is 
not practical to retard the work of the black 
Smith by these extra maneuvers, the said method 
would necessitate an additional helper, and there 
fore it is hardly economical. It is therefore ad 
visable to leave the just emptied channel tempty 
during one time interval. 
When the portion of bar a which was first heat 

ed has been forged to the desired shape and cut 
off, the remaining portion of bara is again intro 
duced into an empty heating groove, and behind 
it one half of a fresh bar disintroduced, as shown 
in the eighth group from the left in Fig. 3. The 
first-named bar portion 2, which has previously 
passed through three heating intervals, has here 
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forging of the last piece of a bar, will ha 

has the numeral f: somewhat lower temperature than the rest of the 
marked by 7 is fully-heated and is e v., work piece, which will not be the case accord 
beginning of the interval and then forged. The ing to Figs. 3-5. . . . . . . . . . . . 
procedure continues in an analogous manner dura 5 Fig. 5 refers to the forging of bars having two 

a 'ishi-ii vai'i, tar asks: working lengths and Fig. 6 to the forging of 
bars having three such lengths. Fig. 5 corres 
sponds in its general arrangement to Fig. 3, i.e. 
it also embraces the six starting intervals dur 
ing which the furnace is only being charged, be 
fore the continuous operation has begun. The 
difference with respect to Fig. 3 is first, that a 
bar d is introduced into the previously empty 
groove at the beginning of the fourth interval, 

ló so that the 'cut-off half of bar a may occupy a 
t alone when its heating is to be completed. 

the fifteenth, sixteenth and seventeenth 
rvals which are consecutive, no forging takes 

he two place, but forging takes place during all the other 
following intervals, thus the bar e marked by 3 20 ones, after the continuous conditions have been 
in the eleventh interval is expelled together with reached (cycle B). ‘. . . . . . . 
the half of barb which is fully-heated. The bar Fig. 6 also involves an earlier utilisation of 
e is transferred to the second groove which was the initially empty groove, in analogy with Fig. 
empty before, and the ready-heated half barb 5, although Fig. 6 only shows the continuous state, 
is forged. In the thirteenth interval, bar if and $5 i.e. begins with the interval in which the forging 
half of bar e are removed and bar f is reintro- begins. In the first interval of this figure, a 
duced into the third groove while the end part bar a of the full length, designated by , is ex 
of bar c is forged. pelled, and its extreme third part is forged and 
During the fourteenth interval, upon the re- cut off; the remaining two thirds are introduced 

moval of bar d, the conditions of the seventh 30 into the empty groove at the beginning of the 
one are exactly repeated, only with difference next interval. During the three intervals fol 
that a different groove is empty, and thereby lowing the first one, three further bars, b, candid 
the next cycle C of seven intervals is begun, are treated in an analogous manner. During the 
which will be a repetition of the preceding cycle fifth interval, the first bar a shortened to 2%; 
B. Such cycles then follow each other as long 35 is expelled and forged (whence this interval 
as the forging goes On. corresponds to the seventh one in Fig. 5), but 

Fig. 4 illustrates a procedure in forging bars at the beginning of the sixth interval, the re 
which embrace three work pieces, each. The maining third portion of this bar d is introduced 
horizontal dot and dash lines still designate the into the front half of the empty groove, so that 
limits of the heating zone which, however, may i0 its end which is to be held by the tongs will lie 
extend further upwards. The substantial differs close to the end of the heating zone or somewhat 
ence with respect to Fig. 3 is that Fig. 4 only outside the latter and therefore is kept cooler 
shows the continuous conditions, i. e. that the than the rest of the bar. (Only in this respect 
first group (from the left) corresponds to the does Fig. 6 differ from Fig. 5 in principle.) The 
seventh one in Fig. 3, apart from the greater 45 manner of operation following that described is 

-----...- ... -- - - - - - - - the numera14, wh 

ow fully heated is expelled 
but, in order to accomplish this, the d lying 
in its way must also be expelled, whereupo 

length of the bars. The intervals 5 to 2 are seen from the figure. After fifteen intervals, a 
entirely identical to the intervals 7 to 4 in Fig. complete cycle B has been traversed and the 
3. The introduction of a fresh bar behind a half whole cycle is repeated. The forging pauses here 
preheated one thus begins in Fig. 4 with the sixth occur during the last three intervals of the cycle, 
interval therein shown, and the transfer of a 50 i.e. the thirteenth, fourteenth and fifteenth ones, 
bar to the previously empty groove begins first when the grooves are again filled after having 
With the ninth interval. With the twelfth inter- been only half-filled before, no bar being then 
val, a new cycle begins which is identical to the ready for forging. When a bar, embracing in 
preceding cycle of eleven intervals. During the work pieces, is to be heated in a furnace contain 
fourth and eighth intervals, no forging takes 55 ing k grooves, the period has, in the continuous 
place, whence the utilisation of time is some- state, kn-k-1 intervals, while during ic-.1 in 
what inferior to that of Fig. 3, where during the tervals thereof no forging takes place. 
cycles B, C etc. Only one interval out of seven The application of the method on heating 
(the tenth one) is not utilized for forging. For zones for more than two work piece lengths, 
a bar embracing in work piece lengths, the cycles 60 corresponding to more than two heating steps, 
B, C etc. will embrace 4nal heating intervals, can be simply derived from the examples des 
m-1 of which are not utilized for forging. scribed. 

Figs. 5 and 6 illustrate working procedures I claim as my invention: 
which offer certain advantages as compared with 1. A method of heating bars in eddy current 
those shown in Figs. 3 and 4. First, in Figs. 565 furnaces for being forged, consisting in first 
and 6, portions of two bars never lie in the same heating a portion only of a bar in said furnace 
groove, which positioning may cause one bar end by inducing eddy currents in said portion to a 
to ride over the other during the expulsion which temperature Substantially below forging temper 
may thus be obstructed. Secondly, during each ature, then moving said bar to another posi 
cycle of continuous operation, all intervals with- 70 tion in said furnace, further heating said portion 
out forging follow each other immediately, so of the bar by inducing eddy currents in said por 
that they may be better utilized for rest pauses, tion. While it is retained in such second position 
for cleaning the forging tools, etc. In Fig. 6, to a Substantially higher temperature and si 
furthermore, the end of the working pieces which multaneously with Such further heating heating 
the blacksmith holds by his tongs during the a second portion of the bar to a substantial tem. 
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perature substantially below forging tempera 
ture. 

2. In a method as claimed in claim 1, Said 
first portion forming one-half of the bar and 
being heated in the first position to a teipera 
ture above the magnetic transformation point 
of the bar but Substantially below forging ten 
perature and in such second position to forging 
temperature. 

3. A method of heating bars in eddy current 
furnaces and forging said bars in part, conpris 
ing the step of heating a portion only of each bal 
to forging temperature by inducing eddy cur 
rents therein, and simultaneously with Such 
heating heating an adjacent portion of Said bar 
to a substantial temperature considerably below 
forging temperature by inducing eddy currents 
in said adjacent portion, forging a portion of 
another bar simultaneously with the heating of 
said first-named bar, and discontinuing Such 
forging during several successive Steps of heat 
ing bars. 

4. An eddy current furnace having induction 
heating means and having a plurality of heat 
ing grooves for heating bars intended to be 
forged one part at a time, the length of each 
heating groove being an integral ranultiple of the 
length of each part intended to be forged, said 
grooves being open at One end and closed at the 
Other. 

5. An eddy current furnace for heating a plu 
rality of bars intended to be forged one part at 
a time, said furnace having induction heating 
means and having a number of heating grooves 
for said bars which number is one unit more 
than the ratio between half the time necessary 
for heating to forging temperature and the time 
necessary for forging. 

6. An eddy current furnace as claimed in clairn 
4, said furnace having induction heating neans 
and having automatic expulsion means for ex 
pelling each bar a certain time after its intro 
duction corresponding to the time neceSSalry for 
heating the part to be forged in a direction Op 
posite to that in which it was introduced. 

7. A method of heating bars in eddy current 
furnaces for forging, which comprises first in 
serting a portion only of a bar into One position 
in the heating zone of the furnace while leaving 
a second portion of the bar outside said heat 
ing zone, heating the first portion of the bar in 
such position by inducing eddy currents in Such 
portion to a temperature Substantially below 
forging temperature, and then moving Said bar 
to a second position in which said first portion 
occupies a different position within the heating 
zone of the furnace and both portions are With 
in the heating zone, further heating Said first 
portion to a substantially higher temperature 
while retaining the bar in Such Second position 
and simultaneously heating the Second portion 
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8 
to a temperature substantially below forging 
temperature by inducing eddy, currents in both 
Such portions. - 

8. A method of heating and forging bars, 
which comprises first inserting a portion only of 
a bar into one position in the heating Zone of 
an eddy current furnace while leaving a second 
portion of the bar outside Said heating Zone, 
heating the first portion of the bar in such po sition by inducing eddy currents in such portion 
to a temperature substantially below forging 
temperature, and then moving said bar to a sec 
ond position in which said first portion occupies a 
different position within the heating Zone of the 
furnace and both portions are within the heat 
ing zone, further heating Said first portion to a 
substantially higher temperature While retaining 
the bar in such second position and simultane 
ously heating the second portion to a temper 
ature substantially below forging temperature 
by inducing eddy currents in both Such portions, 
removing the bar from the furnace, forging the 
first portion of the bar and separating it from 
the second portion of the bar, returning the Sec 
ond portion to the furnace and heating it fur 
ther therein, and forging Such Second portion. 

9. A method of heating bars for forging Which 
comprises introducing said bars into an eddy 
current furnace having induction heating means 
and having a plurality of bar receiving grooves 
therein, and heating a part of a bar at each 
heating step by inducing eddy currents therein, 
the length of the grooves being an integral mul 
tiple of the length of the partheated. - 

10. A method of heating and forging bars, 
which comprises introducing said bars into an 
eddy current furnace having induction heating 
In eans and having a plurality of bar receiving 
grooves therein, heating a part of a bar at each 
heating step by inducing eddy currents therein, 
and forging Such heated part, the number of 
grooves being one more than the number repre 
Senting the value of the ratio between half the 
time necessary for heating to forging tempera 
ture and the time necessary for forging. 

LUDWIG DREYFUS. 
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