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This invention relates to heat treating strip, 
especially metal strip, and has particular ad 
vantages in the annealing of ferrous metal Strip 
and especially silicon steel strip. 

Strip may be heat treated either in coils or con 
tinuously. Continuous heat treatment involves a 
large initial investment in equipment and pre 
sents other problems, particularly in the anneal 
ing of certain metals such as silicon steel which 
at the high temperatures to which they must be 
subjected tend to deposit accretions on the por 
tions of the conveyor in the furnace or heating 
chamber Which come in contact with the surface 
of the strip. 
Heat treatment of strip in coils in the con 

ventional way-with the coil axes vertical, lS 
ually with several coils stacked atop one an 
other-has the disadvantages that the coils tend 

tration of heat into its interior. Heat treatment 
of strip in coils has also had the disadvantage 
that when a special atmosphere is used it does 
not readily penetrate to the interior of a tightly 
Wound coil. .. . .? ". . . . . . . " 

I have devised a method of and apparatus 
for heat treating strip overcoming the disad 
vantages of the prior methods. I heat treat strip 
in coils with the axes of the coils generally hori 
ZOntal. This avoids the unevenness or WaVineSS 

attendant; upon heat treatment, especially at 
relatively high temperatures, of strip in coils with 
the coils disposed with their axes vertical. T. de 
sirably arrange strip in coil form in a heating 
chamber with the axis of the coil-generally hori 
zontal, apply heat to the coil and maintain the 
strip in coil form 'with the axis of the colligen 
erally horizontal throughout the heat-treatment. 
The positioning of the coil in the heating cham 
ber. With its axis generally horizontal exposes 
both edges of the strip to-direct radiation of heat 
from the heat source or furnace walls, resulting 
in more rapid heating than can be accomplished 
by heating through the convolutions of the coil. 
Idesirably rotate the collaboutits-axis during the 
heat treatment. The rotation may be very-slow, 
perhaps of the order of one revolution perminute. 
During the heat treatment the convolutions of the 
coil separate somewhat at the bottom of the coil. 
This is due to the fact that as the temperature 
of the strip increases it expands or lengthens and 
since the outer convolutions of the coil are longer 
than the inner convolutions they lengthen to a 
greater extent, Thus during the heat treatment 
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to sag and become uneven or wavy and that it is 
difficult to obtain unifornia heat 'treatment 
throughout a coil because of the difficulty of pene 

30 
of the coiled metal which has heretofore been 
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2 
the convolutions at the botton of the coil are 
somewhat separated. As the coil rotates suc 
cessive portions of the convolutions become thus 
separated. The result is a continuous opening 
up of the coil at the bottom as it rotateS and a 
Sucking in of the heated atmosphere which Sur 
rounds the coil and an expelling of that at 
mosphere as the Successive portions of the coil 
move from the bottom toward the top. Thus hot 
gases are continuously finding their way between 
the convolutions of the coil at the botton and re 
-atively coolgases whose heat has been transferred 
to the coil are expelled nearer the top. In other 
words, the gases Surrounding the coil are cir 
'culated and recirculated through it. In this Way 
I obtain unprecedented thermaliefficiency for the 
heat treatment of strip in coils without impair 
ing the unifornity of the coil. The coil is main 
tained free from Waves, being uniform from end 
to end. 
My method and apparatus are well adapted for 

ithe heat treatment of strip in coils in special . . . 
atmospheres. I desirably provide a shield device 
which substantially isolates the coil from the 
Surrounding, atmosphere and I may introduce a 
special protective or treating atmosphere within 
the shield device in intimate contact with the coil. 
The protective atmosphere may be circulated, be 
ing introduced into the Space within the shield 
device at One point and withdrawn at another, 
during rotation of the mandrel on which the coil 
is Wound. Because of the opening up of the con 
Volutions of the coil at the bottom during the 
heat treatment the special atmosphere comes into 
intimate contact with all portions of the strip. 
The shield device is proportioned to provide 

clearance at the periphery of the coil so that the 
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convolutions of the coil may separate somewhat 
at the botton of the coil during the heat treat 
ment. 
The strip is desirably wound on a mandrel 

which may have a cooling fluid passage there 
through and means may be provided for circulat 
ing cooling fluid through the passage during ro 
tation of the mandrel while a coil of strip is being 
heat treated. The mandrel is preferably renov 
ably mounted for rotation in the heating cham 
ber so that it may be bodily removed to a location 
remote from the heating chamber where a coil 
is adapted to be wound thereon and then trans 
ferred to the heating chamber and mounted for 
rotation therein. The heating chamber may have 
a removable portion adapted to be removed to 
provide an opening for removal and replacement 
of the mandrel, The heating chamber may be 
made in two halves, a bottom half and a top half, 



3. 
and the top half may be lifted off when the coil 
is to be changed. A liquid seal may be provided 
between the bottom and top halves of the heating 
chamber. The cooling fluid and protective at 
mosphere connections inay be readily discon 
nected to permit removal and replacement of the 
mandrel. Desirably the mandrel is removed to 
a winder where a heat treated coil is unwound 
from it and a new coil to be heat treated is wound 
onto it. The outer end of the coil may be fastened 
in any appropriate way, as, for example, by being 
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welded to the convolution of the coil immediately 
inside it. The separation of the convolutions of 
the coil during the heat treatment occurs as above 
explained through expansion. 

Material may be disposed between the con 
volutions of the coil as it is being wound on the 
mandrel to prevent adjacent convolutions from 
adhering to each other. Any suitable material 
may be employed, such, for example, as magne 
sium hydroxide, which may be applied by Spray 
l’Ing. 
There is no contact of any portion of the coil 

with any furnace conveyor mechanism other 
than the contact of the innermost convolution of 
the coil with the mandrel. Thus my heat treat 
ing method and apparatus are of especial utility 
in the heat treating of silicon steels and other 
materials which tend to deposit accretions on fur 
nace conveyor elements as above mentioned. 
Other details, objects and advantages of the 

invention will become apparent as the following 
description of a present preferred embodiment 
thereof and a present preferred method of prac 
ticing the same proceeds. 
In the accompanying drawings I have shown 

a present preferred embodiment of the invention 
and have illustrated a present preferred method 
of practicing the same in which 
... Figure 1 is a central vertical croSS-Sectional 
view through heat treating apparatus taken on 
the line T-I of Figure2; and 

Figure 2 is a central vertical cross-sectional 
view through the heat treating apparatus shown 
in Figure 1 taken on the line II-II of Figure 1, 
Figures 1 and 2 being taken at right angles to 
each other. ? 

Referring now more particularly to the dra W 
ings, there is shown a heating chamber desig 
nated generally by reference numeral 2 which 
comprises a stationarily mounted bottom part 
3 and a complementary top part 4 which is re 
movable from the bottom part 3 to permit the 
mandrel and coil presently to be described to be 
removed from and replaced in the heating chain 
ber. The top part is is lifted by an overhead 
crane or other suitable lifting mechanism when 
the mandrel is to be removed and is replaced 
in position on the bottom part 3 when the man 
drel is returned to its position in the heating 
chamber. A liquid seal 5 is provided about the 
heating chamber between the bottom part 3 and 
the top part 4 to seal the parts to the heating 
chamber together during operation thereof. 
Means are provided for applying heat Within 

the heating chamber 2. Any suitable heat Supply 
ing means may be employed. For purposes of 
illustration I have shown electric heating ele 
ments 6 mounted on the inside of the heating 
chamber. The heating elements are connected 
with a source of current and are adapted to gen 
erate the desired amount of heat within the 
heating chamber. . . . . . . . . . 
Removably mounted in the heating chamber is 
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4. 
a coil receiving mandrel designated generally by 
reference numeral . The mandrel comprises a 
hollow shaft 8 of Suitable metal. Such as steel, 
either plain or alloy, having mounted thereoin re. 
fractory sleeves 9 and steel flanges carrying 
a steel cylinder i, which may be of ordinary 
Steel or a high temperature alloy steel and may 
conveniently be in the form of a casting, on 
which Strip is adapted to be Wound. Collars 2 
are fastened to the hollow shaft 8 as by set screws 
to maintain the sleeves 9, flanges and cylinder 

in fixed position on the shaft. The cylinder 
! Í may be welded or otherwise fastened to the 
flanges Which may in turn be welded or other 
Wise fastened to the hollow shaft. The Space 
between the flanges may be filled with refractory 
material. 

Pedestals 3 are provided outside the heating 
chamber at opposite sides thereof for supporting 
the mandrel. A steel insert í ? is welded into 
each end of the hollow shaft 8, the insert itself 
being hollow as shown. A bearing 5 is disposed 
about each insert í 4 and, when the mandrel is 
in place. is bolted to the corresponding pedestal 
3 on which it rests. The mandrel is sealed to 
the heating chamber by sealing means 8 at 
each end. When the mandrel is in place in the 
heating chamber the sealing means is bolted to 
the heating chamber, and the bearings 5 are 
bolted to the pedestals. When the mandrel is to 
be removed all of the bolts are removed so that 
the Sealing means and the bearings are carried 
along With the mandrel. 
A coil of Strip is shown at 7 wound upon the 

nandrel. For purposes of illustration the strip 
may be considered to be. Silicon steel strip. Sur 
rounding the coil is a shield device f8 preferably 
of Steel and which may be of any suitable con 
Struction which isolates the coil from the sur 
rounding atmosphere. The shield device is pro 
portioned to provide clearance at the periphery of 
the coil So that the convolutions of the coil may 
Separate somewhat at the bottom of the coil as 
the coil revolves during the heat treatment. 
A protective atmosphere may be circulated 

Within the shield device f8, being introduced 
through a pipe 9 and removed through a pipe 
20. Cooling water for cooling the mandrel may 
be introduced into the hollow shaft at 2 and 
removed at 22. . . . . 
Means are provided for slowly rotating the 

mandrel when it is in place. A sprocket 23 is 
fixedly mounted on the mandrel and is connected 
through a Sprocket chain 24 with a driving 
Sprocket 25 on the shaft 26 of a gear reducer 27 
driven through a coupling 28 by an electric motor 
29. The mandrel is turned very slowly at a speed 
of perhaps one revolution per minute. 
I shall now describe how my method may be 

practiced. The bolts are removed from the seal 
ing means 16 and the bearings i 5, the sprocket 
chain 24 is removed from the Sprocket 3 and the 
gas connections 9 and 20 and the water connec 
tions 2? and 22 are suitably disconnected by 
means which may be conventional. After discon 
nection of the gas connection 9 the sprocket 
chain 24 may be slid endwise off of the mandrel, 
or it may be removed from the sprocket 25 and 
carried along with the mandrel. The upper part 
4 of the heating chamber is removed by lifting it 
upWardly to an out of the way position. The 
entire mandrel With the coil if thereon and car 
rying with it seals, bearings and sprocket is lifted 
up as by an overhead crane and set down on 
appropriate pedestals at another location where 

  



treated-coil 17 is unwound from the 
. . . . . . . . and another coil to be heat treated is 
wound on the mandrel. The mandrel is then 
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replaced in position in the heating chamber, the 
sprocket chain 24 is replaced, the gas and cooling 5. 
water connections are reestablished, the bolts are 

the seals 6 and bearings f5 and the .? 
4 of the heating chamber is set back in 

in the heating chamber to 
desired temperature, generally 
ihien silicon steel strip is being 

annealed, cooling waterisc 
mandrel, a desired protective or treating atmos 
phere is circulated within the shield device 18 and 
the mandrel is slowly turned. The action of the 

at treatment has been explained 
". nvolutions separate somewhat at 

ttom of 'th at and protective atmosphere therebe 

the convolutions open up at the bottom 
led when they close near the top. Thus 

the coil is effectively heat treated without defor 
mation. When the coil is wound on the mandrel 
material to prevent the convolutions from adher 
ing to each other may be introduced between the 
convolutions. For example, the strip may be 
sprayed with magnesium hydroxide paint as it is 
being wound on the mandrel. . . . . . . . 
While I have shown and described a present 

preferred embodiment of the invention and a 
present preferred method of practicing the same, 
it is to be distinctly understood that the invention 
is not limited thereto but may be otherwise vari 
ously embodied and practiced, within the scope 
of the following claims. 

claim: 
1. A method of heat-treating strip comprising 

arranging the strip in generally circular coil form 
in a heating chamber with the axis of the coil 
generally horizontal, applying heat to the coil 
and while applying heat thereto maintaining the 
entire strip in generally circular coil form and 
rotating the coil about its axis. 

2. A method of heat-treating strip comprising 
arranging the strip in generally circular coil form 
in a heating chamber with the axis of the Coil 

phere to the coil, applying heat to the coil and 
while applying the protective atmosphere and 
heat maintaining the entire strip in generally 
circular coil form and rotating the coil about its 
3X1S. 

3. A method of heat-treating strip comprising 
winding strip on a mandrel to form a coil, posi 
tioning the mandrel with the coil thereon in gen 
erally circular form in a heating chamber with 
the axis of the coil generally horizontal, applying 
heat to the coil and while applying heat thereto 
maintaining the entire strip in generally circular 
coil form and rotating the coil about its axis. 

eating elements are ener 
10 

water is circulated through the 

ecoil due to expansion to freely 
ind the heated gas is alternately sucked 

5 applying hea 
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form in a heating chamber wit 
coil generally, horizontal; substantially isolating 
the coil from the surrounding atmosphere, cir 
culating a protective atmosphere in contact with 

to the coil and while . 
ndi circulating the si : * 

applying heats 
protective atmospherein contact therewith main 
taining the entire strip in generally circular coil 
form and rotating the coil about its axis. method of heat treating strip comprising 

i aheating chamber with the axis of the coil 
rºM horizonta applying heat to the coil 
-ng the entire strip in generally-cir ??????? ????. 

cular coil form with the axis of the coil generally 
horizontal and with the convolutions of the coil 
somewhat separated at the bottom of the coil 
th ughout the heat treatment. 
arranging the strip in generally circular coil form 
in a heating chamber with the axis of the coil 
generally horizontal, applying heat to the coil, 
while applying heat thereto maintaining the en 
tire strip in generally circular coil form and ro 

g chamber with the axis of the 

g the strip in generally circular coil form . 

7. A method of heat treating strip comprising " . . 

tating the coil about its axis and during such 
treatment causing the convolutions of the coil 
to separate somewhat at the bottom of the coil to 
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freely admit heat therebetween. . 
8. A method of heat treating strip comprising 

arranging the strip in generally circular coil 
form in a heating chamber with the axis of the 
coil generally horizontal, applying a protective 
atmosphere to the coil, applying heat to the coil, 
while applying the protective atmosphere and 
heat maintaining the entire strip in generally 
circular coil form and rotating the coil about its 
axis and during such treatment causing the con 
volutions of the coil to separate somewhat at . 

40 
the bottom of the coil to freely admit heat and 
protective atmosphere therebetween. 

9. A method of heat-treating strip comprising 
winding strip on a mandrel to form a coil with 
material between the convolutions of the coil to prevent adjacent convolutions from adhering to 

other, positioning the mandrel with the 

horizontal, applying heat to the coil and while 
generally horizontal, applying a protective atmos 
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4. A method of heat treating strip comprising 
arranging the strip in generally circular coil 
form in a heating chamber with the axis of the 
coil generally horizontal, substantially isolating 
the coil from the surrounding atmosphere, admit 
ting a protective atmosphere into contact with 
the coil, applying heat to the coil and while ap 
plying heat to the coil and while the protective 
atmosphere is in contact therewith maintaining 
the entire strip in generally circular coil form 
and rotating the coil about its axis. . . 

5. A method of heat treating strip comprising 
arranging the strip in generally circular coil 
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applying heat thereto maintaining the entire 
strip in generally circular coil form and rotating 
the coil about its axis. 

10. A method of heat treating strip comprising 
Winding strip on a mandrel to form a coil with 
material between the convolutions of the coil to 
prevent adjacent convolutions from adhering to 
each other, positioning the mandrel with the coil 
thereon in generally circular form in a heating 
chamber with the axis of the coil generally hori 
Zontal, Substantially isolating the coil from the 

coil thereon in generally circular form in a heat 
ing chamber with the axis of the coil generally 

Surrounding atmosphere, circulating a protective 
atmosphere in contact with the coil, applying 
heat to the coil, while applying heat to the coil 
and circulating the protective atmosphere in con 
tact therewith maintaining the entire strip in 
generally circular coil form and rotating the coil 
about its axis and during such treatment caus 
ing the convolutions of the coil to separate some 
What at the bottom of the coil to freely admit 
heat and protective atmosphere therebetween. 

11. Apparatus for heat treating strip compris 
ing a heating chamber, a coil receiving mandrel 
adapted to receive a coil of strip to be heat 
treated mounted for rotation about its own axis 
in the heating chamber and whose axis is sub 
stantially horizontal, a shield device applicable 
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to the mandrel about a coil disposed thereon to 
substantially isolate the coil from the surround 
ing atmosphere, and form with the mandrella, 
rotatable unit and means for rotating the man 
drel with a coil and the shield device thereonto 
heat treat the strip while maintaining it in coil 
form and substantially isolated from the sur 
rounding atmosphere. . . . . ” ... .....….….... . 

12. Apparatus for heat, treating strip compris 
ing a heating chamber, a coil receiving mandrel 
adapted to receive a coil of strip to be heat 
treated removably mounted for rotation in the 
heating chamber and whose axis is substantially 
horizontal, the mandrel being adapted to be bod 
ily removed to a location remote from the heating 
chamber where a coil is adapted to be wound 
thereon and then to be transferred to the heat 
ing chamber and mounted for rotation therein, 
and means for rotating the mandrel about its 
own axis with the coil thereon while mounted 

8 
? coil is adapted to be mounted thereon, and 

O 

20 
in the heating chamber to heat treat the strip 
while maintaining it in coil form. .. 

13. Apparatus for heat treating strip compris 
ing a heating chamber, a coil receiving mandrel 
adapted to receive a coil of strip to be heat 
treated mounted for rotation about its own axis 
in the heating chamber and whose axis is sub 
stantially horizontal, a shield device applicable 
to the mandrel about a coil disposed thereon to 
Substantially isolate the coil from the Surround 
ing atmosphere, the shield device being propor 
tioned to provide clearance at the periphery of 
the coil so that the convolutions of the coil may 
separate somewhat at the bottom of the coil dur 
ing the heat treatment, and means for rotating 
the mandrel with a coil and the shield device 
thereon to heat treat the strip. while maintain 
iing it in coil form and substantially isolated from 
the surrounding atmosphere. - - 

14. Apparatus for heat treating strip compris 
ing a heating chamber having a removable por 
tion, a coil receiving mandrel adapted to receive 
a coil of strip to be heat treated removably 
mounted for rotation about its own axis in the 
heating chaniber and whose axis is substantially 
horizontal, the mandrel being adapted to be 
godily rendved from the heating chamber 
through the opening provided by removal of the 
removable portion of the heating chamber to a 
location remote from the heating chamber where 
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tective atmosphere. 

means for rotating the mandrel with a coil 
thereon while mounted in the heating chamber 
to heats treat the strip while maintaining it in 
coil form. .... 

15. Apparatus for heat treating strip compris 
ing a heating chamber, a coil receiving mandrel 
adapted to receive. axially thereof an entire coil 
of strip to be heat treated-mounted for rotation 
about its own axis in the heating chamber and 
whose axis is substantially horizontal, means for 
circulating a protective atmosphere about the 
coil and means for rotating the mandrel with a 
coil thereon to heat treat the strip while main 
taining it in coil form. 

16. Apparatus for heat treating Strip compris 
ing a heating chamber, a coil receiving mandrel 
adapted to receive a coil of strip to be heat 
treated mounted for rotation about its own axis 
in the heating chamber and whose axis is sub 
stantially horizontal, a shield device applicable 
to the mandrel about a coil disposed thereon to 
substantially isolate the coil from the surround 
ing atmosphere, means for circulating a protec 
tive atmosphere about the coil within the shield 
device and means for rotating the mandrel with 
a coil and the shield device thereon to heat treat 
the strip while maintaining it in coil form and 
substantially isolated from the surrounding at 
nosphere and in intinate contact with the pro 
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