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This invention relates to methods of and apparatus for 
annealing coils of strip metal. 

In a presently widely practiced procedure for an 
nealing coils of strip metal, particularly mild cold rolled 
steel strip having a thickness of about .008' to about 
.0625' and a strip width of 24' to 96' in coils from 
about 40' to about 72' in outside diameter, either single 
coils or a plurality of stacked coils are placed on a fur 
nace base with their axes vertical. When several coils 
are so stacked the individual coils are usually spaced 
apart by coil spacers or convectors designed to permit 
the heated gas to fiow across the horizontal ends of the 
coils. The charge of cois on the base is enclosed by a 
sheet metal inner cover which has a suitable gas seal with 
the furnace base and the air within the inner cover is 
purged by forcing a suitable inert or de-oxidizing gas 
into the space within the inner cover. A bell-type heating 
furnace is then placed over the inner cover. 
The base structure of a furnace of this type includes a 

fan or blower which is adapted to circulate the at 
mosphere within the inner cover around and between the 
coils in order to increase the convection transfer of heat 
to the coils. Heat is applied by any suitable means, 
such as combustion tubes carried by the furnace bell, and 
the coils are heated partly by radiant heat to the outside 
cylindrical surface of the coils and partly by convection 
heat transfer to the ends of the coils. The heat thus ap 
plied is eventually conducted by the metal of the coil 
until the temperature of the entire coil becomes sufficient 
ly high and sufficiently uniform to achieve the desired re 
sults. Cooling of the coils is accomplished by a reverse 
procedure. 
Such heating and cooling produces satisfactorily an 

nealed coils of strip but, because of the difficulty of 
transferring heat to and from the tightly wound coils to 
achieve the required heating and cooling of the entire 
mass thereof, a complete annealing cycle, including heat 
ing, soaking and cooling, commonly takes a relatively 
long time. It is, therefore, an object of the present in 
vention to provide a method of and apparatus for an 
nealing coils of strip metal whereby the time required to 
bring the metal of all parts of the coil up to annealing 
temperature, maintain this temperature for the necessary 
soaking period, and then cool it down to the proper tem 
perature, is very materially reduced from any previously 
proposed procedure for annealing coils of strip metal with 
which we are familiar. 

Other objects of our invention include the provision of 
an improved method of and apparatus for annealing 
strip metal wherein the output of anihealed product is 
large relative to the capital investment in the apparatus 
required; the provision of a method of and apparatus 
for annealing strip metal in coils whereby the cost per 
unit of output is substantially reduced as compared to 
prior coil annealing practices; the provision of a method 
of and apparatus for applying heat by convection to strip 
metal in coil form in an extremely rapid and uniform 
manner throughout the entire coil; the provision of a 
method of annealing strip metal having high thermal 
efficiency; and the provision of apparatus for annealing 
strip metal in coil form which is economical to build and 
install relative to its output capacity as compared to 
prior annealing apparatus, and which requires a minimum 
of upkeep and maintenance. 
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2 
The above and other objects of our invention will ap 

pear from the following description of certain embodi 
ments thereof, reference being had to the accompany 
ing drawings, in which: 
FIGURE 1 is a plan view of a re-coiling apparatus, 

adapted for use in carrying out our improved method, 
in which a tightly wound coil is shown being wound into 
an opened coil. 
FIGURE 2 is a plan view similar to FIGURE 1 but 

illustrating the apparatus being employed to re-coil an 
opened coil back into a tightly wound coil upon com 
pletion of the annealing operation. 
FIGURE 3 is a side elevation of the apparatus shown 

in FIGURE 1 being employed for the same purpose as 
FIGURE 1. 
FIGURE 4 is an enlarged view taken substantially on 

line 4-4 of FIGURE 3 and illustrating the strip back ten 
Sion brake apparatus. 
FIGURE 5 is a vertical cross-sectional view through 

an improved annealing furnace and atmosphere circulat 
ing apparatus for carrying out the heating and cooling 
steps of our improved process. . 
FiCURE 6 is a horizontal cross-scetional view taken 

substantially on line 6-6 of FIGURE 5 and illustrating 
the coil loading rack or grid. 
FIGURE 7 is a horizontal cross-sectional view taken 

substantially on line 7-7 of FIGURE 5 and illustrating 
the plenum chamber of the furnace base structure. 
FIGURE 8 is a fragmentary cross-sectional view taken 

substantially on line 8-8 of FIGURE 7. 
FIGURE 9 is a horizontal cross-sectional view taken 

substantially on line 9-9 of FIGURE 5 and illustrating 
the furnace charge support and diffuser. 
Our improved method of annealing strip metal may be 

carried out in a bell-type furnace generally like that de 
scribed above. It contemplates first re-coiling the usual 
tightly wound coil, which comes from the rolling mill 
with its laps or convolutions in close engagement with 
each other, into an "opened' coil in which the successive 
laps of the opened coil are spaced apart and the passages 
or openings therebetween are unimpeded. To maintain 
Substantially uniform spacing and unimpeded passages 
between the laps this opened coil is supported at all times 
with its axis vertical and with the bottom end of the coil 
supported in a substantially horizontal plane on a grid 
or other suitable support. The opened coil is next heated 
to the desired annealing temperature in a suitable furnace, 
such as will be described later, by positively forcing 
heated gas to flow vertically, either upwardly or down 
wardly, through the unimpeded passages between the 
laps of the opened coil. Cooling is expedited by con 
tinuing to force the gas through said passages after the 
heat source is shut off. 
As substantially the entire surface of both sides of the 

strip which makes up the opened coil is in direct contact 
with the gas flowing through the passages between the 
laps, convection heating and cooling may be effected at 
a very high rate and the entire mass of the metal of the 
coil may be brought up to the desired annealing tempera 
ture in a very short time as compared to that required 
to bring tightly wound coils up to the same temperature. 
Furthermore, this rapid heating may be obtained with a 
heating gas temperature only slightly higher than the 
maximum metal temperature to be obtained. 

After the coil reaches annealing temperature it is 
maintained thereat by continuing the flow of heated gas 
vertically through the passages between laps for such 
time as is necessary to effect the desired annealing where 
upon the application of heat is stopped but the forced 
flow of the gas vertically through the spaces is continued 
to effect rapid cooling of the coil by heat transfer from 
the strip to the gas and thence to the outside through 
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the wall of the enclosure in which the annealing opera 
tion takes place. 

After completion of the heating and cooling cycle the 
opened coil is re-coiled back into a tightly wound coil 
while still maintaining the strip and the axis of the 
opened coil substantially vertical to prevent undesirable 
shifting of the laps to one side or the other of the coil 
axis with possible resulting contact between the surfaces 
thereof and damage thereto. 
By carrying out our above described method a coil of 

strip 36' wide and .035' thick having an inside diameter 
of 24' and an outside diameter of 52' can be put through 
the entire annealing cycle, i.e., heating, soaking and cool 
ing, in approximately 8/2 hours as compared with ap 
proximately 40 hours required to effect the same anneal 
ing cycle by the prior procedure described above in which 
a tightly wound coil is heated solely by the application of 
heat against its outer cylindrical surface and across its 
top and bottom ends. 

Although our invention is not strictly limited to any 
particular lap spacing relative to strip thickness we have 
found that advantageous results are obtained, so far as 
heating and cooling time, fuel costs, overall eficiency, 
etc. are concerned, when the radial dimension of the 
passages between the laps of the opened coil is from 
about one-half to about three times the thickness of 
the strip of the coil. The most effective and economical 
lap spacing varies to a degree with the thickness and 
width of the strip of the coil being treated. Thus, for a 
given strip width, with relatively thin strip (for example 
from .008' to .02' in thickness) the width of the space 
or passage between the laps may be less, relative to the 
strip thickness, than with coils of relatively thick strip 
(such as .006' to .015'). The width of the strip of the 
coil also has an influence on the most desirable space 
between laps of the opened coil and, generally speaking, 
the wider the strip the greater should be the spacing 
between laps. 
As previously noted, the original tightly wound coil, 

the opened coil, and the final tightly wound and annealed 
coil of strip are all maintained at all times during our 
process with their axes Substantially vertical and their 
bottom ends (made up of the bottom edge of the coil 
convolutions) in a substantially horizontal plane. This 
maintenance of the vertical axis positioning enables the 
opened coil to be formed with uniform and unimpeded 
Spacing between the laps and to be then transported to 
the annealing furnace without material shifting of the 
position of the laps, even though there are no spacers 
or other separating means therebetween. The vertical 
axis position thus maintains the desired unimpeded 
spacing between laps which permits flow of the heating 
gas over all parts of the Surface of the strip, even to 
the interior of the body of the coil, with consequent uni 
form and very rapid heating thereof. With the axis of 
the opened coil vertical the strip is supported on its 
lower edge and it is the frictional engagement of this 
lower edge with the supporting grid or plate which holds 
the coil laps in proper spaced relation during annealing 
without any separate physical spacing means whatever. 
Re-coiling into tightly wound form without such con 
tact or rubbing of the adjacent laps as might cause surface 
marring is also facilitated by maintaining the axes of 
the coils vertical. 
By providing free, clear and unimpeded passages be 

tween the laps of the opened coils we achieve extremely 
uniform heating and cooling and consequent uniform 
annealing of the entire strip. With our procedure no 
spacing strips, surface projections, etc. are necessay to 
maintain the desired lap spacing during the annealing 
operation. Thus there is no surface marring as would 
be caused by such spacing elements, no interference with 
free and uniform flow of the heating gas over the face 
of the strip, and no edge trimming required after an 
nealing. 
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4. 
Referring now to the drawings, an apparatus for 

carrying out our improved annealing process will be 
described. In this apparatus, and in the procedure car 
ried out therewith, the spacing of the laps of the opened 
coil is accomplished by winding into the open coil, ad 
jacent the top end thereof, a spacer strand or cord of 
suitable size and material. After forming the opened 
coil, and before it is transferred to the annealing furnace, 
this spacer cord is withdrawn from the coil, thus provid 
ing completely open and unimpeded passages between the 
laps. Although in the illustrated apparatus a spacer cord 
or strand is employed in forming the opened coil, our 
improved method contemplates the forming of the opened 
coil by other procedures wherein no spacer is employed. 
It will also be understood that although we have re 
ferred to the spacing between the laps of the open coil 
as uniform, in practice there may be slight variations in 
spacing, and even contact between a few laps of a 
given coil, without substantial effect on the annealing 
operation and such variations are intended to be in 
cluded where the spacing is defined herein as being sub 
stantially uniform. 
The re-coiling steps of our process, in which a tightly 

wound unannealed coil from the rolling mill is converted 
into an opened coil and the annealed opened coil is re 
coiled back into a tightly wound coil, all while maintain 
ing the axis of the coils vertical, may be carried out by 
the apparatus which is shown in FIGURES 1-4 in 
clusive. This apparatus includes a freely rotatable pay 
off turntable in the form of a flat disk carried by a 
vertical shaft or axle 2 which in turn has a suitable bear 
ing in the base member 3. The turntable 1 is a addition 
ally supported adjacent its outer periphery by a series 
of circumferentially spaced idler rolls 4 which are 
mounted in suitable brackets 5 on the top of the base 
3. These idler rolls 4 are freely rotatable and thus it 
will be seen that the turntable may rotate in a 
horizontal plane with a minimum of frictional resistance 
while Supporting a load thereon. 
A coil loading rack R, which will be described in more 

detail later, is placed on top of the turntable A and the 
tightly wound unannealed coil C is supported thereon 
with its axis vertical. Secured to and carried by the turn 
table is a guide mandrel member 6 which extends up 
wardly through a center opening in the coil loading rack 
R into the interior of the coil C and serves to center both 
the coil loading rack R and the coil C on the turntable . 
A power driven re-coiling turntable 7 is supported on 

a base structure 3 which is spaced a suitable distance from 
the freely rotating pay-off turntable E. Turntable 7 is 
carried by a central vertical shaft 9 and is supported at 
its outer periphery by a series of idler rollers 9' which are 
similar in function and arrangement to the idler rollers 
4. The shaft 9 extends downwardly into and is supported 
in the gear box 0 and is positively driven through suitable 
gearing in the box 0, the pulley 11, belt 2, speed re 
ducing pulleys 3 and 14, belt 5 and reversible electric 
motor i5. By Suitable electrical connections (not shown 
as they may be of any well-known type) the motor 6 
may be driven in either direction thereby causing the 
turntable 7 to be rotated in the corresponding direction 
through the driving connections described above. 

Carried by the driven turntable 7 and centered relative 
to the vertical axis of rotation thereof is an upwardly ex 
tending cylindrical collapsible spindle or mandrel E7 hav 
ing any Suitable type of collapsing and strip end gripping 
means indicated at E3. During re-coiling operations the 
end of the strip to be re-coiled is secured to the mandrel 
17 by the gripping means 3 and, upon rotation of the 
driven turntable 7, with accompanying rotation of the 
mandrel E7, the strip will be wound therearound. 

Disposed between the freely rotatable pay-off turntable 
and the power driven re-coiling turntable 7 is a back 

tension brake apparatus, generally indicated at B, which 
is adapted to impose the desired amount of back tension 
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on the strip as it is being re-coiled. This brake apparatus 
is illustrated in FIGURES 1, 3 and 4 as it is set up for 
applying back tension to the strip during the initial re 
coiling of the tightly wound unannealed coil into an 
opened coil. In FIGURE 2 it is illustrated as set up for 
applying back tension during re-coiling of the opened 
annealed coil back into a tightly wound coil. 
As best seen in FiGURE 4, the back tension apparatus 

includes a vertical, freely rotatable strip guiding and 
back-up roll 9 Supported in suitable bearings 26 carried 
by the brake apparatus frame 2. Also pivotally sup 
ported on the frame 2 are three bell crank levers 22. 
AS seen in FIGURES 1 and 3 these bell crank evers are 
Supported on pivot pins 23 carried by one of the vertical 
side members of the frame structure 21. Each of the 
three bell crank levers 22 has pivotally secured thereto a 
bracket 24 and each bracket 24 carries in turn a brake 
shoe member 25. As illustrated the brake shoes 25 con 
sist of wooden blocks, preferably contoured on the side 
adjacent the roll 9 to correspond to the curvature of the 
roll. 
At the outer end of each bell crank lever 22 is a weight 

26 and it will be seen that, due to the pivotal support of 
the bell crank levers 22 on the pins 23, the weights 26 
will urge the brake shoes 25 toward the roll 9. When 
the strip S (FIGURE 1) leaves the tightly wound un 
annealed coil C it passes over the roll 19 and the brake 
shoes 25 impose a frictional load or drag on the strip 
which creates a back tension that is effective to cause the 
strip to be re-coiled around the mandrel 87 on the re-coil 
ing turntable 7 with the desired degree of tightness. This 
back tension may be varied by changing the weights 26, 
increasing the weights causing increased back tension and 
decreasing the weights causing reduced back tension. 
As will appear more fully later, when an annealed 

opened coil C' is to be re-coiled back into an annealed 
tightly wound coil C', as seen in FIGURE 2, the strip S 
is passed over the opposite side of roll 19 from that en 
gaged by the strip during the initial coil opening oper 
ation shown in FIGURE 1. To enable back tension to 
be applied during the second re-coiling step of FIGURE 
2, pivot pins 27, similar to pivot pins 23, are mounted on 
the opposite vertical side member of frame structure 21 
of the back tension apparatus. Prior to the final re 
coiling operation illustrated in FIGURE 2 the bell crank 
levers 22, with their brake shoes 25 and the weights 26, 
are removed from the pins 23 and placed on the pins 27. 
This disposition of the bell cranks 22, etc. is seen in FIG 
URE 2 and thus back tension may be created on strip S 
during the final re-coiling step. 

It will be understood that, if desired, two complete Sets 
of brake shoe supporting bell crank members might be 
mounted on the frame 2, thus eliminating the necessity 
for transferring same from one side of roll 19 to the 
other, or that any other suitable means for creating back 
tension on the strip S might be employed. 
As previously explained, in order to form an opened 

coil from a tightly wound unannealed coil we propose to 
re-coil the tighlty wound coil and during the re-coiling 
operation to interwind a spacer strand or cord between 
the laps of the rewound coil. This operation is shown 
being carried out in FIGURES 1 and 4 of the drawings 
in which the strip S from the tightly wound coil C, which 
is supported on a coil loading rack R which in turn is 
supported on the freely rotatable turntable 1, has been 
passed through the back tension brake apparatus B and 
the end of the strip secured to the mandrel 17 by the 
gripper 18. A second coil loading rack R is placed on 
the driven turntable 7 so that the opened coil will be 
formed thereon and may be properly handled during 
further processing. When the motor 16 is actuated to 
drive the turntable 7 and mandrel 17 in clockwise direc 
tion as seen in FIGURE 1 the strip S will be pulled from 
the tightly wound coil C and wound around the main 
drel 7. 
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6 
To space the laps of the re-wound coil C' apart and 

thus form an opened coil, we provide a spool 28 carrying 
a quantity of spacer cord 29. This cord may be round 
or fat in cross section and its thickness radially of the 
coil C' is, as noted heretofore, preferably between about 
one-half and three times the thickness of the strip being 
handled. The cord or strand may be metallic or non 
metallic and of twisted, braided, or monofilament form. 
Monofilament nylon of proper diameter has been found 
to be very satisfactory as a spacer Strand material, having 
long life, great strength, and being easily pulled out after 
the coil opening operation is completed. 
The spool 28 is securely mounted on the horizontal 

shaft 30 of the spool support and cord re-winding ap 
paratus which is generally indicated at A. During the 
fortning of the opened coil the shaft 30 is adapted to ro 
tate freely and thus permit the cord 29 to be unwound 
from the spool 28. A level-wind guide for the cord 29 
is seen at 33 and this guide is adapted to be oscillated 
back and forth parallel to the axis of shaft 36 and spool 
28 by a suitable double helix thread member 32 which in 
turn is driven in synchronism with the shaft 30 by inter 
connecting drive means which include a belt 33 and gear 
box 34. As will be later fully described, when it is de 
sired to remove the spacer cord 29 from the opened coil 
C’ the spool 23 is driven in the opposite direction by a 
motor 35. Suitable clutch means, not shown, are prefer 
ably provided between the motor 35 and the shaft 30 
whereby, during the coil opening operation while the 
spacer cord is being interwound between the laps of the 
coil, the motor 35 may be disconnected from the shaft 30, 
thus permitting it, and the spool 28, to rotate freely. 
When it is desired to withdraw the cord 29 and wind it 
back on the spool 28 the clutch is engaged and the motor 
actuated to drive the shaft 30 in wind back direction. 
As seen in FIGURES 1 and 3 the spacer cord 29 is 

shown in full lines as it is being wound into the opened 
coil C', and its path during the cord withdrawing opera 
tion is indicated by dot and dash lines. As the start of the 
coil opening end of the cord or strand 29 is passed up 
wardly through a guide 36 adjustably supported on a 
vertical stanchion 37 at the proper height for the width 
of strip being handled and then is carried transversely in 
a substantially horizontal direction and inserted between 
the initial inside lap of the rewound coil C. As seen 
in FIGURE 3 the cord 29 is guided into the laps of the 
rewound coil C a short distance down from the upper 
end of this coil (for example 1' to 2'). As the motor 
16 rotates the turntable 7, coil loading rack R and man 
drel 7 in clockwise direction the strip will be wound 
upon the mandrel 17 and spacer cord 29 will be drawn 
from the spool 28 and wound in between the successive 
laps of the coil. Proper back tension is applied to the 
strip S by the back tension brake apparatus B with the 
result that the laps of the opened coil C' will be substan 
tially uniformly spaced apart by a radial distance equal 
to the radial dimension of the spacer strand 29. 
When the strip S is completely re-coiled from the 

original tightly wound coil C into an opened coil C 
supported on a coil loading rack R on the turntable 7, 
and with the spacer cord 29 between each lap thereof, 
the drive motor 6 is stopped. In order to remove the 
spacer cord 29 from between the laps of the opened coil 
C’ and establish completely free and unimpeded passages 
between said laps of the coil, a portion of the cord 29 
between the guide 36 and the coil C' is lifted and placed 
in an upper guide 38 which is carried cn a horizontal 
arm 39 supported on a vertical stanchion 49. The arm 
39 may be swung about the axis of stanchion v0 from 
the cord removing position seen in FIGURES 1 and 3 
into withdrawn position seen in FIGURE 2 to permit 
loading and unloading of the turntable 7. 
When the arm 39 is in cord removing position the guide 

38 is preferably disposed substantially directly above the 
center of the coil C. The motor 35 now being operated 
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to wind the strand 29 back onto the spool 28, the strand 
will be pulled upwardly out of the gap or space between 
the laps of the coil C' without excessive resistance or 
drag of the strand over the edges of the strip. This cord 
removing operation can be performed with great rapidity 
and without twisting the strand, and when the rewinding 
operation is complete the spacing strand 29 is back on 
the spool 23 ready for the next coil opening operation. 
When the above described re-coiling operation is com 

pleted and the spacer strand has been removed the opened 
coil C' is supported on the coil loading rack R which in 
turn rests on the turntable 7. The individual laps of the 
coil are substantially uniformly spaced apart by a dis 
tance substantially equal to the thickness of the Spacer 
strand which was employed. Due to the frictional en 
gagement of the lower edge of the strip on the upper 
surfaces of the rack R (which, as will be later described, is 
a grid-like structure) the individual laps of the coil will 
remain in their spaced apart positions and the spacing 
will be substantially uniform from top to botton of the 
coil. The opened coil C' is then transported to the an 
nealing furnace on the rack R, by a suitable crane or 
other handling apparatus, while maintaining the top face 
of the rack R. Substantially horizontal and the axis of the 
coil substantially vertical. A furnace adapted to carry 
out our process is seen in FIGURES 5-9 and includes a 
base structure generally indicated at D, a plenum cham 
ber generally indicated at E, an inner cover generally in 
dicated at F, and a furnace beil generally indicated at G. 
The furnace base D is supported on a suitable founda 

tion 4; and is adapted to carry the charge and the weight 
of the inner cover and furnace bell. A centrifugal type 
fan or blower 42 has a vertical shaft 43 extending 
through the furnace base B and Supported in a suitable 
bearing 44. The lower end of shaft 43 projects below the 
bearing 44 and carries a pulley for the drive belt 45 which 
in turn is driven by a suitable motor (not shown). 

Surrounding the fan 42 is a charge support and dif 
fuser structure which, as seen in FIGURES 5 and 9, 
includes a circular bottom plate 46, an outer cylindrical 
vertical wall 47 and an inwardly inclined, generally coni 
cal, gas diverting face 48. The bottom plate 46 has cen 
ter hole 49 to permit the fan shaft 43 to pass there 
through and a plurality of streamlined diffusing vanes 50 
are circumferentially spaced around the bottom plate 46, 
being secured thereto and extending vertically upwardly 
therefrom. The inner ends of the vanes 5 lie on a 
circle slightly larger in diameter than the outside diam 
eter of the fan 42 and the outer ends of the vanes are 
contoured to fit the inclined face 43. As is seen in FEG 
URE 5, the vanes 58 have a greater vertical height than 
the wall portions 47 and 48 and short intermediate vanes 
5A may be disposed near the outer periphery of the dif 
fuser to assist in controlling the flow of atmosphere from 
the fan 42. 

Supported on top of the vanes 58 is the plenum cham 
ber E. This is seen in FIGURES 5, 7 and 8 and consists 
of a circular base plate 52 having a circular central open 
ing 53 disposed above the fan 42 and of a diameter sub 
stantially equal to the fan inlet. A vertical cylindrical 
outer wall 54 is secured to the base plate 52 at its outer 
periphery and a plurality of radially inwardly extending 
vertical fins 55 are welded to the base plate 52 and outer 
wall 54. The inner ends of these fins 55 are inclined as 
indicated at 55' in FIGURE 5 so that their top edges are 
Somewhat longer than their bottom edges. A conical 
flow guide member 56 is supported at its upper end by 
the upper inner corners of fins 55 with the apex point 
ing downwardly toward the center of fan 42. The baffle 
plate or disk 57 covers the open upper end of the coni 
cal flow guide 56. Between each adjacent pair of fins 
55 is an inclined segmentally shaped plate 58 which is 
Secured at its outer end to the outer wall 54 and at its 
inner end to the base plate 52 adjacent the central open 
ing 53 therein. These segmental plates 58 are also pref 
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8 
erably welded along their side edges to the adjacent fins 
55 and serve to reinforce and support the fins 55 as well 
as to define, with the conical member 56, the desired gas 
flow path to the upper inlet opening of the fan 42. As 
scen in FiGURES 7 and 3, each of the fins 55 is also 
preferably supported by angle brace bars 49 which ex 
tend from opposite sides of each fin to the base plate 
52. 
The inner cover F is adapted to enclose the furnace 

charge and to retain the desired furnace atmosphere. It 
also facilitates the heating of this atmosphere and its 
circulation into contact with the charge. As illustrated 
the inner cover F consists of an open bottomed generally 
cylindrical sheet metal structure having an outer wall 60, 
a closed top 6, and an inner wall 62 concentric with but 
inwardly spaced from outer wall 69. The lower end 
69' of outer wall 60 rests upon the furnace base D. An 
outwardly extending skirt member 63 is carried by the 
wall 69 and has downwardly extending cylindrical flanges 
64 and 65 at its outer edge. These flanges fit in corre 
sponding troughs 36 and 67 in the furnace base and the 
troughs are filled with liquid or sand to provide an ef 
fective gas seal to prevent the undesired entry of outside 
atmosphere into the space within the inner cover F. 
The cylindrical inner wall member 62 of the inner 

cover F is supported by the outer wall 60 for limited 
vertical movement relative thereto. As seen in FIGURE 
5 the inner wall 62 terminates short of the top and bot 
torn of the wail 69 and rests at its bottom edge on top of 
the outer wall portion 54 of the plenum chamber E. 
Suitable lifting rings or the like (not shown) are provided 
on the inter cover F to facilitate its removal when it 
is desired to load or unload the furnace base. 
The furnace bell G may be of any suitable and con 

ventional form well-known in this art. As illustrated 
it consis.sts of an insulated cylindrical structure closed 
at the top and open at the bottom. Heat is supplied to 
the furnace by a plurality of combustion tubes 68 sup 
ported in the wall of the bell and disposed around its 
inner circumference. These tubes are supplied with a 
Suitable mixture of fuel and air and furnish the heat 
necessary for the annealing operation. When in operat 
ing position the bell G rests upon the furnace base D 
and it may be removed for loading or unloading the fur 
nace independently of the inner cover F by the lifting 
eye 69. 
As previously noted, during the coil opening opera 

tion both the pay-off turntable and the re-coiling turn 
table 7 Support coil loading racks P. One of these racks 
is seen in pian view in FIGURE 6 and it includes an 
outer ring or rim 70, an inner ring 71, and radial spoke 
members 72 extending from ring 75 to ring 70. Cir 
cumferentially extending struts 73 serve to brace and 
reinforce the grid-like structure and short intermediate 
Spokes 74 extend from the struts 73 to the outer rim 70. 
The spokes 72 and 74 are preferably of I-beam section 
having a web portion 72', a top flange portion 72' and 
a bottom flange portion 72' as indicated in FIGURE 6 
in which parts of two of the spokes are broken away. 
As the vertical height of the various spokes and struts 

is the same as that of the inner and outer rings 70 and 71 
(see FIGURE 5) each of the coil loading racks R pro 
vides a grid-like Support for a coil and may be used 
either side up. As the top surfaces of the spokes 72 and 
74 and struts 73 all lie in the same plane, when an opened 
coil is Supported on one of the racks R the lower edges 
of the strip rest upon the upper surfaces of the spokes 
and struts with sufficient frictional engagement to pre 
vent shifting of the laps relative to each other while per 
mitting free flow of gas through the passages between 
the laps. 

In use of the furnace apparatus described above to 
carry Out our improved process the furnace beli G and 
the inner cover F are removed from the base D when 
a coil is to be placed thereon for annealing. An opened 
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coil C, supported on a rack R, is lifted from the re-coil 
ing turntable 7 and is transported to the furnace base, 
maintaining the coil axis at all times substantially verti 
cal, and the rack R with the coil C' thereon is placed on 
top of the plenum chamber E with the center ring 71 of 
the rack R fitting over and being centered by the baffle 
plate 57 of the plenum chamber. The fins 55 of the 
plenum chamber engage the underside of rack R and 
afford the necessary support without undesirable inter 
ference with the flow of the furnace atmosphere during 
annealing. 

Next the inner cover F is placed in position over the 
furnace charge with its inner wall portion 62 resting on 
and in substantial sealing engagement with the outer 
wall 54 of the plenum chamber E. After the inner cover 
is properly positioned the furnace bell G is placed over 
the entire unit. In order to purge the air within the inner 
cover F a suitable gas is forced into the space within 
the inner cover through the inlet pipe 75 which has 
suitable connections (not shown) through the base D 
to the interior of the inner cover F. A gas outlet pipe 
76 is provided to permit the air purged at the start of 
the operation to be discharged and also to permit a con 
trolled outflow of the annealing atmosphere gas during 
the annealing operation. - 
When the air is purged from the inner cover F heat 

is applied by the combustion tube 63 and the blower 
fan 42 circulates the atmosphere within the inner cover 
as indicated by the arrows in FIGURE 5. The gas moves 
outwardly from the periphery of the blower 42 between 
the Vanes 53 of the diffuser and when it reaches the 
outer portion thereof it is directed upwardly by the in 
clined diverting plate 4S and passes out into the space 
between the outer wall 54 of plenum chamber E and 
outer wall 60 of the inner cover. It will be understood 
that the base plate 52 of the plenum chamber forms a 
cover plate for the diffuser section and the only outlet 
for gas from the diffuser is around the outer circum 
ference above the top edge of the outer wall 47. The gas 
now moves upwardly in the annular chamber defined by 
the outer wall 54 of the plenum chamber E and the 
outer wall 60 of the inner cover. 
As previously noted, the inner wall 62 of the inner 

cover F rests upon outer wall 54 of the plenum chamber 
E and in effect forms an extension thereof and thus the 
annular passage through which the gas moves upwardly 
extends to the top of inner wall 62 adjacent the top of 
the inner cover F. As the combustion tubes 68 are close 
ly adjacent the outer wall 60 of the inner cover the 
upwardly moving gas is rapidly and effectively heated 
during this upward travel. When the hot gas is dis 
charged into the space between the top 61 of the inner 
cover F and the top of the coil C' it cannot move down 
Wardly through the center opening 77 in the coil C' be 
cause the bottom end of this opening is effectively closed 
by the baffle plate 57. Accordingly the gas must move 
vertically downwardly through the passages P between 
the laps L of the opened coil C'. This downward move 
ment is possible because of the open grid-like support 
provided by the rack R and is facilitated by the substan 
tially open plenum chamber E which is connected di 
rectly to the inlet of fan 42 and causes the gas to be 
drawn down through the unimpeded passages P between 
the laps L of coil C'. 

Because of the substantially complete exposure of 
both sides of the entire length of the strip making up 
the coil C" to the heated moving gas within the inner cover 
F extremely rapid heating of all parts of the coil up to 
the desired annealing temperature may be obtained. 

In the annealing of tightly wound coils as practiced 
in the past, the total maximum surface area which may 
be exposed to heat is the area of the two end faces of 
the coil plus the area of the outer and inner cylindrical 
Surfaces of the coil. As a practical matter only the end 
faces of the coil are of substantial effect because travel 
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10 
of heat radially of the coil from the inner and outer 
surfaces is extremely slow, the contact between adjacent 
laps not being such that good transfer is effected there 
between. With our opened coil procedure, however, 
the area exposed to direct convection heating is the entire 
area of both sides of the full length of strip making 
up the coil plus the same surfaces as are available when 
a tight wound coil is annealed. This tremendously in 
creased exposed area, and the forced, high velocity flow 
of heated gas thereover, make possible heating of a 
given length of strip by our method in a small fraction 
of the time previously required. 
By moving the gas through the passages between 

the laps under positive pressure and at relatively high 
velocity the interior and bottom portions of the coil 
may be brought up to temperature much more quickly 
than is possible by application of heat only to the outer 
face and ends of a tightly wound coil where no flow be 
tween laps is possible. 
When the desired annealing temperature is reached, it 

is maintained by proper control of the heat applied 
throughout combustion tubes 68 for the desired soaking 
period. The bell G is then removed and circulation of 
the gas within the inner cover is maintained by the fan 
42 during the cooling portion of the cycle. The time re 
quired for cooling is also greatly reduced from that of 
previous practices because of the positive high velocity 
flow of gas over substantially the entire surface of the strip 
with resulting extremely rapid transfer of heat from the 
coil to the outside atmosphere through the walls of the 
inner cover F. 

After the desired cooling has been effected the inner 
cover F is removed and the rack R, together with the 
opened annealed coil C', is lifted from the furnace and 
carried over and placed on the pay-off turntable 1. While 
so moving this opened annealed coil its axis is maintained 
in a vertical position and thus the spaced laps of the coil 
do not shift radially. The end of this opened coil is 
then passed over the guide and back-up roll 19 of the 
back tension apparatus B on the opposite side thereof 
(see FIGURE 2) from that of the original coil opening 
operation, the bell crank arms 22 and brake shoes 25 hav 
ing been shifted into the positions seen in FIGURE2. 

After the end of the strip is gripped in the strip gripper 
18 of the collapsible mandrel 17 of the re-coiling turn 
table 7 the motor 16 is operated to drive the turntable 
and mandrel in counter-clockwise direction and the strip 
will then be tightly wound into a finished annealed tight 
coil C'. When this final tight re-coiling operation is com 
pleted the mandrel 48 is collapsed and the finished coil 
lifted from the rack R of turntable 7 on which it was re 
wound. Proper back tension is, of course, applied to the 
strip during this operation by means of the brake shoes 25 
to effect proper tight winding. 

After the bell crank arms 22 and brake shoes 25 are 
moved back into the positions seen in FIGURE 1, the re 
coiling apparatus is ready for another coil opening opera 
tion. During the re-coiling of the annealed opened coil 
into a tight annealed coil, the horizontal arm 39 for carry 
ing the overhead spacer strand guide 38 is swung out of 
the way as seen in FIGURE 2 and the spacer strand 29 
remains on its spool 28. 
By supporting the coils on the grid-like racks R dur 

ing the re-coiling operations and the annealing proce 
dure, and by maintaining these racks substantially hori 
Zontal at all times so that the coil axes remain in a verti 
cal position, the necessity for maintaining a spacer mem 
ber between the laps of the opened coil during annealing 
is eliminated. This makes possible the free unimpeded 
flow of furnace atmosphere at high velocity between the 
laps over the entire strip surface. Furthermore, by re 
moving the spacer strand prior to annealing, marring or 
discoloration of the strip, which would occur if the strand 
Were left in during annealing, is completely eliminated 
and thus no edge trimming after annealing is required. 
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Although we have described in considerable detail our 
improved process and one form of an apparatus for con 
ducting same, it will be understood that variations and 
modifications may be made in the procedure and in the 
apparatus used for carrying it out without departing from 
the spirit of our invention. We do not, therefore, wish 
to be limited to the specific steps and structures herein 
described but claim as our invention all embodiments 
thereof as coming within the scope of the appended 
claims. 
We claim: 
1. In a furnace for annealing opened coils of strip 

metal, an open grid structure supported adjacent the 
bottom of said furnace and having a coil supporting sur 
face adapted to support an opened coil with its axis sub 
stantially vertical, wall means for confining a body of at 
mosphere around said opened coil on said grid structure, 
blower means for circulating said body of atmosphere 
within said walls, baffle plate means for closing the center 
opening in said opened coil whereby the flow of atmos 
phere therethrough is blocked, and baffle wall means dis 
posed in spaced relation below said coil supporting sur 
face of said open grid structure and substantially co 
extensive in a horizontal direction with said grid struc 
ture, said baffle wall means being disposed, with said 
baffle plate means, to direct substantially the entire vol 
ume of said confined body of atmosphere vertically 
through the passages between the spaced apart laps of 
said opened coil. 

2. The method of annealing strip metal which includes 
the steps of re-coiling an unannealed tightly wound coil 
of said strip metal into an opened coil by interwinding a 
spacer strand between the successive laps of the strip dur 
ing said re-coiling whereby said laps are positively and 
Substantially uniformly spaced apart by a distance sub 
stantially equal to the radial thickness of the spacer 
strand and not less than about one-half the thickness of 
the strip and not more than about three times the thick 
ness of the strip, removing said spacer strand while hold 
ing said coil stationary whereby an opened coil is formed 
having unimpeded passages between the laps thereof, 
maintaining said laps in spaced apart relation solely by 
frictional engagement of the lower edge of the strip with 
the structure on which the opened coil is supported, and 
Subjecting said opened coil to annealing temperature by 
forcefully and repeatedly circulating substantially the en 
tire volume of a confined body of heated gas vertically 
through the major portion of said unimpeded passages 
for a period Sufficient to effect heating of said strip to 
annealing temperature largely by convection heat trans 
fer from Said gas, all while maintaining the strip and 
the axes of the coils in which it is wound substantially 
vertically disposed without inversion. 
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3. Apparatus for preparing coils of strip metal for an 

nealing including a rotatable coil supporting pay-off turn 
table, a power driven coil supporting re-coiling turn 
table, said turntables being spaced apart from each other 
and rotatable in substantially the same horizontal plane, 
means for supporting a spool of spacer strand for rotation 
in one direction to pay-off said strand from said spool, 
means for guiding said strand during pay-off in a hori 
Zontal direction into the laps of a coil being formed on 
said re-coiling turntable and adjacent the top of said coil, 
driving means for rotating said spool in a direction to 
pull said strand from between the laps of said coil and 
rewind same back on said spool, and means for guiding 
said strand in a generally vertical direction to a point sub 
stantially on the vertical axis of the coil while withdraw 
ing same fron between the laps of said coil. 

4. In apparatus for handling and annealing strip metal, 
a pay-off turntable supported for rotation in a substantial 
ly horizontal plane, a re-coiling turntable spaced from 
Said pay-off turntable and rotatable in a substantially hori 
Zontal plane, power actuated means for rotating said re 
coiling turntable, a collapsible mandrel coaxially sup 
ported on and secured to said re-coiling turntable, means 
for removably supporting coils of strip metal on said turn 
tables, back tension creating means disposed between said 
turntables and adapted to exert back tension on strip be 
ing re-coiled on said mandrel, a spool of spacer strand ro 
tatably Supported adjacent said re-coiling turntabie, means 
for guiding said spacer strand in a horizontal direction be 
tween the laps and adjacent the top of a coil of strip being 
re-coiled on said re-coiling turntable, means for rotating 
said spool in a direction to withdraw said spacer strand 
from between the laps of said coil, and means for guiding 
Said strand in a generally vertical direction from between 
the laps of a coil on said re-coiling turntable to a point 
substantially on the vertical axis of said coil, all whereby 
an opened coil having unimpeded passages between the 
laps thereof may be formed on said re-coiling turntable. 
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