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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 iis 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, suffi-
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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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
F+i=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 mufle I{ with walls of re-
fractory material 12 and having at its bottom
four parallel grooves 13, for instance of triangular
cross-section, for receiving bars of square cross-
section lying edge-wise. One such bar 14 is shown
in the groove to the left. The muifle is sur-
rounded by a coil-shaped winding {5 through
which a high frequenecy current is passed from
a generator 16. Laminated iron shells 32 em-~
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-

seribed 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 {1 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 rear
end of the furhace serve to guide and support
rods 18 (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. The
instant of expulsion of the bars may also be
determined by a pyrometric apparatus.

The expulsion rods 19, only one of which is
shown, are in the example illustrated maneua-
vered by a piston 20 in a ¢ylinder 2. Cem=
pressed air can be admitted alternatively to the
ends of said cylinder and expelled therefrom by
means of three-way cocks 22, 28. These ¢ocks
are controlled by means of two electromagness
24, 25. Current is admitted to the electromag-
nets 24 through a retarded relay 2§ wHich i§
excited through contacts 28 operated by ihe
roller {T. The electromagnet 25 is controlled di-
rectly by a contact device 21 which iz operated
by a cross-head 2§ supporting the outer end of
the expulsion rod 19.

When a bar to be heated is introduced infe.
the furnace, the corresponding roller {7 is de=
pressed and closes the contacts 2§ so that the
relay 26 is energized, Oi account of the te-
tarding means of said relay, it does not close its
contacts until a certain time has elapsed, and,
when this is done, the eocks 22 are placed in sueh
position as to admit compressed air from the
receptacle 30 to the right end of the cylinder 2t
and to opeh the cemmiunication between the left
end of said c¢ylinder and the opsn air. The pis-
ton 20 is then mioved to the left, and the rod i§
move$ in the samnie direction and expels the
heated bar from the furhace. When the cross<

head 29 strikes the contact device 27, current ;

is admitted to the eleciromagnet 25, whereby
the coeks 22, 23 are restored to their original
position in which comipressed aii is agmitted
to the left end of the cylinder 2f so as to re-

store the piston and thié éxpulsion rod to their

extreme right position.

m Figs. 3<6, the bars to be forged aré dia-
grafmmatically representéd by simple lines, in
some cases dotted as Iu1ther spécified below.
In each figure, thése lines are arranged in groups
separated by vertical dash lines, and these sep+
arate groups. replesent different time intervals
in the heating process, while tie linés contained
il 'each group represent different heatmg_g1 ooves
in the furnace. The two ends of the said heat~
mg grooves, which are the l1m1t.a of ‘the heating
zone, are in each figure 1epresented by the hoti~
zontal dot and dash lines.
the heatmg zone may of course extend farther
although only the portion thereof limitéd by the

dot and dash line is utilized for the purpose of

the present invehtion. The vermcal lines desig=
nated by 8 représént empty grooves, while the
lines desighateéd by other numerals represent
bars to be heated—showing their length as well
as. their positions—during time 'interv‘als corre-
sponding in length to the forging time, each
numeral representing the stage of Heating of
the corresponding bar. The arrows, Wwhere prés-
ent, represent the directionn of motioh of each
bar at the beginning of the time interval rep-
resented, dotted lines representing 4 recent ex-
pulsion of the corresponding bar.

Fig. 3 refers to the forging of pieees 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 fux-
nace. During this interval, the grooves should
be ‘empty, since it ‘is presumed that only ohe
work piece can be Worked at a time, and sinte

At the upper end,
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no piece must be overheated. Three grooves thus
have the numeral 0 and the fourth one—the
second from the left—contains a bar @ which
has just been 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 grooeves are still empty, in cne—desig-
nated by 2—the aforesaid bar ¢ 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 i.

In the third group of Iines, there is only one
empty groove and three half-filled ones, desig-

; nated by |, 2, 8 i ¢otrespondence with the heat-

ing intervals to which the bars ¢, b and a re-
spectively are then subjected. At the end of
this interval, the bar ¢ 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 preferakbly
expelled from. the groove.

In the fourth group; one groove is still empty,
while the bar ¢ has been expelled and has now
been introduced again at 4 to the full length
of the groove, so that its end portion passes:
thirough its fourth heating interval and the next
portion of the bar its first one.

In the fifth group, another recently sxpeled
bar b; here designated by &, Las been introduced
to the full length of the groove and its end poi=
tioh has begun its fourth heating interval, while
the end portion of bar a passes through interval
% and of bar ¢ through inferval 3. One groove
is still empty.

In the sixth group, wWhich i§ separated frony
the following ohe by a vertical dot and dash
line, marking the end of the first ot “chiarging”
period A of the furnace, one bar a, designated
by 6, passes through its last heating interval,
after which it is ready for forging, while two
other ones b and ¢ pass thfough the intérvals
5 and 4, bar ¢ havihg béen expeiled and intro~
duced to the full length of the groove.

After the end of the time interval represénte‘d
by the sixth group, the ready-heated bat @ is
expelled, prefexably by an automatic ‘device such
as that shown in Figs. 1 and 2, and the cor-
responding bar position is ther efore marked by
a dotted line in the seventh group and markéd
by the numeral T and by an outwar dly direéted
arrow. Durmg this interval, the end of the
heated bar g is forged and then cut off from the
rest of the bar. Theoretically, it could be ‘pos-
sibleé to introdiice a frésh bar into the ‘groove
which has just been emptled but since this
groove is blocked—at the begmn‘ng of the inter-
val—by the bar @, it would be necessary first
to remove this bar, then to introduce a fresh
bar and then to pick up the bar « again and
to transport it to & forging machine. As it is
not practical t0 retard the work of the black-
smith by these extra maneuvers, the said method
would necessn;ate an additional helper, and there-
fore it is haidly economical. It is theréfore ad-
visable to leave the jiist eniptied channel T empty
during one time. interval.

‘When the portion ¢f bar ¢ which was first heat-
ed has been forged to the desired shape ‘and ‘eut
off, the remaining portion ¢f bar ¢ is again intro=
duced into an empty heating groove, dhd behingd
it one half of ‘a fresh bar d is introduced, as shown
in the eighth group from the left in Fig. 3. The
first-named bar portion 2, which has previousiy
passed through -three ‘heating intervals, has here



the mimetal 4, whﬂe the
has the nunreral f: 8 )
marked by 1 is fully-heated and is expell ed at the
beginning of the interval ahd then forged. The
proeedure 'cohtinues m ‘aﬁ -analocous manner dur-

] fq 7 respectively és
hmd theé halfzjes__of VYarsdande.

3 the -  this bardn wpasses
through its fouirth heatmg mterval 4 i
fore if this aroud i§ markéd by the
Thé eondttmns Wwill pe arialogous d
folowing intefvals, thus the Yat e farked by 3
in the éleventh mterval is Expelled together with
the half of ba¥y b which is fully-héated. The bar
€ is transferred to the séevhd grosve Which was
empty before, and the réady-heated half bar b
is forged. In the thirtéenth interval, bar 7 and
half of bar ¢ are refmoved and bar f i reintio-
duced intd the thifd groéve While the edg part
of bar é¢is forged.

Duting the fourteehth mterval upon the Fe-
moval of bar 4, the conditions of the &eventh
ofie’ ate exactly repeated, oily with differénce
that a différent groove 18 empty, ang thereby
the next ¢ycle C of seven intervals i§ begun,
which will be & repetition of the preceding cycle
B. Such cyéles then follow each other as long
asthe forging goes on:

Fig. 4 illustrates a 'proceduie in forging bars
which embracé thige work pieces. each. The
horizontal dot and dash linés still desighate the
limits of the heating zone which; howeéver, may
extend further upwards: The substantial differ=
ence with respect to Fig: 3 is that Fig. 4 only
shows the continuous conditions; i- e. that the
first group (from the left) corresponds to the
seventh one in Fig. 3, apart from thé greater
length of the bars. The intervals 5 to 12 are
entifely identical to tHeé intervals T to 14 in Fig.
3. The introduction of a fresh bar behind a half
prehéatad one thus begins in Flg 4 with the sixth
interval thérein Shown; énd thée transfer of a
bar to the previously empty troove begins first
with: the ninth interval. With the twelfth inter-
vdl, a new eycle begins which is iffentical to the
preceding cycle of eleven intervals. During the
fourth and eighth intervals, fio forging takes
place, whence the utilisation of time i§ someé-
what inferior to that of Fig. 3, where during the
cyeles B, € ete. only ‘one interval out 6f §éven
(the tenth one) is not utilized for forging. ¥or
a-bar embracing n work piece lengths, the éyelés
B, C etc. will embrace 4n=1 heating ititervals,
n—1 of which are not utilized for forging.

Figs. 5 and 6 illustrate working procedures
which offer certain advantages as compared with
those shown in Figs. 3 and 4. First; in Figs. 5
and 6, portions of two bars never lie in the same
groove, which positioning may cause one bar end
to ride over the other during the expulsion which
may thus be obstructed. Secondly, during each
cycle of continuous operation, all intervals with-
out forging follow each other immediately, so
that they may be better utilized for rest pauses,
for cleaning the forging tools, etc. In Fig. 6,
furthermore, the end of the working pieces which
the blacksmith holds by his tongs during the
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fovEitiE ‘of the Yast ‘piece of ‘& bar, Will have
somewhat lower temperature than the rest of the
work piece, ‘which will ‘fiot be thie case aceord-
ing to Figs, 3-5.

Fig. 5 refers to ‘thie forgmg of bars havmg two
Wworking lengths ard Fig, 6 to the forgmg of
bars havmg three siich lehgths. Tg: 5 corres
sporids ih its gétieral atrangement to Fig. 3, 1. 6
it also embraces the six starting intervals dur=
mg Whmh the Furnace is ‘only beéing charged be-
fore the contmuous operahon has begun The
differ ence with respett to Fig. 3 is first, that a
bay 4-1s introduced into the previously ‘empty

, gr0ove At the Begihning of the fourth intetval;

S0 that the ‘¢ut-off half of bar ¢ may ‘0cCupy &
gtoove aloié when its heatmg is to be completed
Durmg the fitteenth, sixteenth ‘and seventeenth
intervals Which ‘are conseclitive, o forgmg takes
plage, bt forgmg takes place -during ail the other
ohies, after the contintious conditiofis have beéh
readhied (éysle B) .

Fig, 6 also involves an earlier utilisatich :6¢
the 1n1t1a11y empty ‘groove, in analogy with Flg
5, althotigh Fig.-6-only: shows the contintious state;
i.-e. Begifis with the inteival in which the forging
begins. In the first interval of this ﬁgure B
bar ¢ of the full lehgth, ‘desighated by 1,716 €%=
pelled; and its extreme third part is forged and
cut off; the renigining two thirds aré introduced
into the empty groove at the beginning of the
nekt interval. During the ‘thrée intervals fol-
lowmg the first one, three further bats, b; ¢ andd
are trédted in an -analogous manner. Durmg the
fifth interval, ‘the first bar -a¢ ‘Shortened to "4
is ‘expelled ‘and forged ‘(whehce this intérval
correspoinds to the seventh one if Fig: 5), ‘biit
at the beginninhg of the sixth ?in'terval», the re-
maining third portion of this-bar-a is introduced
into the front half of the empty groove, so that
its ‘énd which is ‘to be ‘held by the tohegs will lie
close to the end of the heating Zene or somewhat
olitside the ldatter -and therefore is kept cooler
than the rest of the baf. (Only in this Tespect
does Fig. § differ from Pig. 5 in principle.) The
manner of operation following that described is
séen from the figure. After fifteen intervals; a
coinpléte cyele B ‘has been tiaversed and the
wholé ¢ycle is repeated. The forging paises here

 ooeur ‘duritig the Tast thi'de intérvals of the cyels;
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ie. the thirteenth, fourteenth and fifteenth ones;
when the grocves are again Hlled after hgving
been only half<filled beéfore, 1o bar ‘being then
ready for forging, When a bar, embracing
work pieces, is to be heated in7a furhace contain-

5 ifig 'k -grooves, the period has, in the continuous

state, knFk—~1 intervals, whils during k-1 in=
tervals thereof 1io forging takes place.

The ‘application of the method on ‘heating
zones for more than two work piece lengths;
¢0TTeshonding to iore than two ‘heatiig steps;
can e simply derived from the éxamples dé=
scribed.

I claim as my invention:

1. A method of heating bars in eddy current
furnaces for being forged, consisting in first
heating a portion only of a bar in said furnace
by inducing eddy currents in said portion to a
temperature substantially below forging temper-
ature, then moving said bar to another posi-
tion in said furnace, further heating said portion
of the bar by inducing eddy currents in said por-
tion while it is retained in such second position
to a substantially higher temperature and si-
multaneously with such further heating heating
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 g tempera-
ture above the magnetic transformation point
of the bar but substantially below forg.ng tem-
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, compris-
ing the step of heating a portion only of each bar
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 multiple 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 claimn
4, said furnace having induction heating means
and having automatic expulsion means for ex-
pelling each bar a certain time after its intro-
duction corresponding to the time necessary 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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to a temperature substantially below . forging
temperature by inducing eddy. currents in both
such portions.

8. A method of heatlng 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 belng an integral mul-
tiple of the length of the part heated.

10. A method of heating and forging bars,
which comprises introduecing said bars into an
eddy current furnace having induction heating
means and having g 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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