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The invention relates generally to furnaces and
more particularly to a furnace construction for
continuously bright annealing light gauge stain-
less steel strip and the like. .

The presence of any oxygen in the atmosphere
enveloping a stainless steel strip may: cause dis-
coloration on the surfaces of the strip during the
bright annealing thereof because stainless steel
is particularly sensitive, under such conditions,
to even the slightest traces of oxygen. This con-
dition has rendered “the bright annealing of
stainless steel particularly difficult. The possi-
bility of scratching and the avoidance thereof
are additional difficulties when it is desired to
continuously bright anneal stainless steel strip.

Many efforts have been made to overcome these
difficulties. 'Thus, a continuous furnace has even
been provided with a -metal carrier strip in at-
tempting to solve the difficulties in continuously
bright annealing stainless steel strip. The car-
rier strip serves as a conveyor support for the
strip being treated, as the treated strip is passed
through the furnace, so as to eliminate any pos-
sibility of scratching the strip being treated.
However, the operation of a carrier strip furnace
is very inefficient because it is necessary’ at all
times to heat not only the strip being treated but
also the carrier strip.

The problem is further complicated by a num-
ber of factors not encountered in the usual or
norimal heat treatment of strip metal.

Thus, it is impossible to satisfactorily bright
anneal stainless steel in-a brick-lined furnace,
because there may be some oxygen pickup from
the brick lining even though a special atmosphere
is uséd in the furnace chamber. Accordingly, a
muffle type furnace is required having metal walls
formed of a metal or alloy which will not rust or
oxidize in operation and use. The metal walled
mufile must be constructed so that a sealed
chamber may be provided therein through which
the strip is passed during heat treatment. A cast
nickel-chrome-~iron alloy is satisfactory for such
purpose. A mufie chamber of considerable
length and cross-sectional area and capable of
withstanding high temperatures is required. A
practical shape for the muffie walls is a tubular
form, circular in cross section, although modi~
fications of this shape which may be fabricated
may be used, such as a D-shape with a flat bot-
tom or a rectangular shape. The circular muffle
tube is appropriate because it may be centrif-
ugally cast if desired, and no- salient points are

presented by the mufile wall that are likely to.

be subject to flame impingement. A 'mufile tube
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of circular or other shape also may be formed of
plates welded together. If the muffle tube is
centrifugally cast, there are limitations as to the
size thereof which may be so made of nickel-
chrome-iron alloy, the present limit being of the
order of about two feet in diameter. ’ .

If a centrifugally cast muffle tube circular i
cross-section is used, the diameter limitation
thereof in turn limits the width of strip that may
be bright annealed therein. Furthermore, if a
carrier strip is to be eliminated, some other means
of supporting the strip being treated during its
travel through the mufile must be provided, be-
cause, due to the long length of the muffle cham-
pber and its relatively small diameter, the strip
will sag and drag or scratch on the bottom muffle
wall if unsupported. .

The amount of sag may be controlled by the
spacing between strip supports in the mufile
chamber and by tension applied to the strip.
However, there are limitations upon the amount
of tension that may be applied to the strip to
minimize sag, since a. large amount of tension ap~
plied to the strip may exceed the elastic limit of
the strip and pull the strip apart when in heated
condition.

If an excessive amount of sag oceurs, either be~
cause of a relatively large spacing between strip
supports or because of the limitations upon the
amount of tension that may be applied to the
strip, then an otherwise unnecessary extremely
deep muffle will be required to prevent dragging
or scratching the strip on the bottom muffle wall.
For this further reason it is desired to keep the
sag at a minimum. This is particularly so if a
circular mufie tube is used because a circular
form therefor decreases the effective depth of the
muffle when passing a strip therethrough having
a width approaching the muffle diameter. How-
ever, the muffle tube should permit as wide a
strip as possible to be passed therethrough.

These conditions would indicate the require-
ment of support means spaced at infervals
throughout the length of the muffle tube with a
minimum spacing to minimize the amount of
strip sag. . This, however, is undesirable because
every contact of the strip while in heated condi-
tion with any object as it passes through the
heating chamber creates the possibility of
scratching the strip surface at any such point of
contact. - '

Furthermore, the exposed surfaces and strip-
contacting portions of the support means must
be formed of a material which will not react
to cause discoloration of the strip and which
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will not scratch the strip. Also, the support
means construction must be such that it is sub-
stantially unaffected, as by warpage, upon be-
ing heated to the relatively high temperatures
involved (1750° F. to 2000° &.).

Graphite rods or graphite rolls spaced at in-
tervals along the mufie tube seemed to offer a
solution for this problem. Such graphite sup-
ports should resist the high temperature heat
involved and should not scratch the strip as it
passes thereover. However, it has been dis-
covered in .actual operation that graphite rods
or rolls as strip support means located entirely
throughout the length of the furnace heating
chamber are unsatisfactory sihée scraiching oc-
curs on the under surface of the strip. It was
finally determined that the scratching occurred
where the strip contacted the graphite supports
(either stationary or rotatable graphite rods or
rolls) which were located in the high tempera-
ture zone of the furnace. ,

An exact explanation of the actual cause of

such scratching at this place is not known. It
is possible that the scratching may have oc¢-
curred at the supports located in the high tem-
perature zone because the strip is at that zone
fully heated, scftest, and therefore most subject
to scratching; or it is possible that the réds or
rolls failed to rotate. Another possible explana-
tion is that minute particles of foreign ma-
terials, such as flakes or splinters of metal on
the strip surface, may rub on, collect upon and
finally become imbedded in the graphite sup-
ports, at the temperature involved, ultimately
causing scratching. ’ .
. These difficulties, therefore, require the elimi-
nation of any supporting means for the strip
being treated in the higsh temperature zone or
latter one-third to one-half of the mufile heat-
ing chamber so as to avoid any contact of the
strip in said zone with any other object; and
also require a freely rotatable support roll as the
first support means for the strip in tHe cooling
chamber. ) -

Another complicating factor is thé hecessity
of providing and maintaining a special atmos-
phere devoid of oxygen in the entire furnace and
particularly in thé heated zone of the furnace
mufile.  The special atmosphere may comprise
dissociated ammonia gas.

In order to insure the presence, and the pre-
sence only of an oxygen-devoid atmosphere in
the heating chamber, the heating chamber is
closed at either end within the mufie by a baffle
having a minimum sized opening therein through
which the strip may be passed. The special
atmosphere is introduced into such chamber un-
der pressure $o as to insure the bresence only
of the special atmosphere therein.

Entry and exit compartments are provided
beyond each bafile at either end of the heating
chamber. These compartments are also main-
tained filled with the special atmosphere under
pressure, and are preferably cooled, the exit
compartment being cooled for the purpese of
rapidly cooling the strip after the desited heat
treatment temperature has heen obtained.

Accordingly, it is a primary object of the
present invention to provide an improved fur-
nace construction for the continuous bright an-
nealing of stainless steel strip.

Furthermore, it is an object of the present in-
vention to eliminate the use of a carrier strip
in continuously bright annealing stainless steel
strip.
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Also, it is an object of the present invention
to provide a furnace structure for bright an-
nealing - stainless steel strip continuously, in
which an atmosphere devoid of oxygen may be
maintained within the furnace heating chamber.

Furthermore, it is an object of the present
invention to provide a furnace structure for con-
tinuously bright annealing light gauge stainless
steel strip in which support means for the strip
are utilized within the heating chamber, bhut
in which sfrip scratching is avoided because of
the particular arrangement and location of the
strip supporting means.

Moreover, it is an object of the present in-
vention to provide an improved furnace con-
struction for continuously bright annealing light
gauge stainless steel strip having a metal-lined
muffle type heating chamber bafle-sealed at both
ends, except for bafile openings providing for the
passage of strip through the chamber, and hav-
ing graphite strip supporting means within said
chamber. .

Also, it is an objéct of the présent itivention
to provide an improved fufnace construction for
continuously bright annealing lisht gauge stain-
less steel strip wherein strip scratching is avoided
without. utilizing a carrier strip and while sup-
porting the strip at intervals in certain regions
of the heating chamber.

Furthermore, it is an objéct of the present in-
vention to provide apparatus for continuously
bright annealing light gauge stainless steel strip
of -maximum width in a relatively long, heated
mufile chamber of relatively small cross sectional
area with- a minimum of strip sag within the
heating chamber between support means located
therein and without exceeding the elastic limit
of the strip in pulling the strip through the
chamber for moving the strip and for mairtain-~
ing the sag at a minimum.

Finally, it is an object of the present inven-
tion to provide new apparatus for the continuous
bright annealing of light gauge -stainless steel
strip which are simple to carry out and use, and
are precise, effective and accurate in operation;
which avoid scratching of the strip surfaces while
supporting the strip within the heating cham-
ber without the use of a ecarrier strip; which
overcome. the foregoing prior art difficulties;
which solve longstanding problems in ‘the art;-
and which obtain many new results and advan-
tages herein set forth.

These and other objec'ts‘a,nd advantages ap=
parent to those skilled in the art from the fol-
lowing description and claims may be obtained,
the stated results achieved, and the: described
difficulties overcome, by the brocesses, methods,
steps, brocedures, operations, discoveries, princi-
ples, apparatus, combinations, parts, sub-com-
binations and elements which comprise the pres-
ent invention, the nature of which are set forth
in the following general statements, a preferred
embodiment of which—illustrative of the ~best
mede in which the applicant has contemplated
applying the principles—is set forth in the fol-
lowing description, and which are .particularly
and distinctly pointed out and et forth in the
appended claims forming part hereof.

The nature of the improvements in -apparatus
for continucusly bright annealing light gauge
stainless steel strip of the present invention may
be stated in general terms as preferably includ-
ing a horizontal, preferably externally-heated,
muffle type furnace having a preferably circular
metal retort heating chamber therein, bafiles at
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either end of said heating chamber, a preferably
water-cooled entry chamber ahead of the bafie
at the entrance end of the heating chamber, a
water-cooled cooling chamber beyond the bafiie
at the exit end of the heating chamber, means for
passing a strip continuously into and through
said entry, heating and cooling chambers, pref-
erably graphite support means in said entry and
cooling chambers, preferably graphite strip sup-
port means in the heating-up zone of said heat-
ing chamber at spaced intervals, and a rotatable
metal roll support of considerable diameter jour-
naled in self-aligning bhearings in the cooling
chamber immediately adjacent the baffle sepa-
rating said heating and cooling chambers ro-
tated by contact therewith of the strip being
treated.

By way of example, a preferred embodiment of
improved bright annealing apparatus is illus-
trated in the accompanying drawings forming
part hereof wherein:

Figure 1 is a diagrammatic side elevation of a
preferred arrangement of the improved con-
tinuous strip bright annealing apparatus;

Fig. 2 is an enlarged longitudinal section of
the entry chamber, heating chamber and a por-
tion of the cooling chamber of the apparatus
illustrated in Fig. 1;

Fig. 3 is a fragmentary section looking in the
direction of the arrows 3—3, Fig. 2;

Fig. 4 is an enlarged fragmentary sectiomr of
the self-aligning bearing mounting for the roll
illustrated in Fig. 3, looking in the direction of
the arrows #—=4, Fig. 5;

Fig. 5 is a fragmentary top plan view of the
parts shown in Fig. 4, looking in the direction of
the arrows 5—35, Fig. 4;

Fig. 6 is a section taken on the line 6—6, Fig.
5; and )

Fig. 7 is a diagrammatic heating curve illus-
trating the heating and suporting of a strip in
accordance with the present invention.

Similar numerals refer to similar parts
throughout the various figures of the drawings.

The improved continuous furnace for bright |

annealing stainless steel strip and the like is
generally indicated at | and includes a muffle type
heating furnace 2, an entrance vestibule 3 and
a cooling tunnel 4. The furnace 2, vestibule 3
and tunnel 4 are aligned, as shown, and the en-

trance vestibule 8 preferably includes inner,

tubular, preferably circular metal walls 5 and
spaced bottom and side walls 8, forming a com-~
partment 7 which may be maintained filled with
water or other cooling liquid, introduced through
pipe 8, and which may overflow at 9 to drain 190.

The entry end of entrance vestibule 3 is closed
by a door plate 11 having a narrow slot opening
12 thergin, through which the strip S being
treated may be passed. Preferably felt sealing
means 13 are mounted on the door plate {1 hav-
ing upper and lower felt strips 14 engaging the
upper and lower surfaces of the strip S so .as to
effectively seal the opening 12 and prevent the
entry of atmospheric air into chamber {5 formed
by inner vestibule wall &.

Referring to Fig. 1, an entrance support {6
including roll {1, preferably formed of asbestos
cloth dises, is provided ahead of entrance vesti-
bule opening 12, the strip S passing over or being
supported by roll IT as it passes into the bright
annealing apparatus.

Referring more particularly to Fig. 2, the muf-
fle type furnace 2 preferably comprises a circular
shell 18 suitably reinforced and supported by
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structural steel members 16 on the ficor 20. The
furnace is preferably lined with suitable insulat-
ing refractory material 2{ to provide a circular
heating chamber 22 within which is located a
horizontally extending preferably circular metal
retort furnace muffle 23, preferably formed of
centrifugally cast heat resisting alloy metal, such
as nickel-chrome-iron. 'Thus, muffle 23 has a
continuous tubular mufle wall, circular in cross-
section. Mufile 23 is provided with flanged ends
24 and 25 which may be connected in any usual
gas-tight manner, respectively, with the alighed
entrance vestibule 3 and the cooling tunnel 4.
A chamber 26 is formed in the interior of the muf-
fle tube 23 wherein the strip S is heated.

Suitable openings 27 may be provided in the
refractory walls 21 of the furnace 2 to serve as
flues or to receive thermocouples and other regu-
lating and control equipment, not shown.

The heating chamber 22, surrounding the muf-
fle 23, is heated by a number of fuel burners 28
which preferably are gas burners, although any
suitable type of fuel may be used.. The gas, or
other fuel, and air for combustion, may be sup~
plied by any wusual suitable equipment, not
shown. Control valves associated with the
burners and drive mechanism therefor, operated
by usual automatic temperature control mecha-
nisms, are provided so that the temperatures in
various zones and throughout the heating cham-
ber 26 may be ordinarily controlled at any de-
sired degree. )

A bafle partition member 28 is located within
mufile tube 23 near each end thereof and each
bafle member 28 is preferably formed as a hollow
metal-walled disc having g slotted opening 30
therethrough, through which the strip S may
be passed. The interior of each bafile member
29 is filled with preferably insulating refractory
brick 2i and the refractory material is sealed in
a, gas-tight manner within the metal walls of the -
baffles 29 for a purpose to be later described.

The cooling tunnel or duct &, is formed with
inner cylindrical metal shell walls 32 and spaced
outer side and bottom walls 33, supported in a
suitable manner as of 34 on floor 20. A cham-~
ber 35 is thus formed between the walls 32 and
33 maintained filled with cooling liquid such as
water, introduced through inlet pipe 31 and which
may overflow as at 38 to drain 88a.

Referring to Fig. 3, perforated support and
spacer plates 36 may be located at intervals
throughout the length of the cooling tunnel for
supporting the inner tube 32 within the outer
walls 33. Perforations in plates 36, as shown,
permit proper circulation of cooling fluid in
chamber 25.

Strip support means generally indicated at 39
are located at spaced intervals within the en-
trance vestibule §, a portion of mufile 23 and along
cooling tunnel 4.

The strip support means 39 may each comprise
generally semicircular bracket or pedestal mem-
bers 46 having trough-like portions 41 at the top
thereof in. which rods 42 dre received. If de-
sired, rolls may be journaled for ready rotation
in suitable, preferably self-aligning, bearings on
the pedestal supports 40 in place of the rods 42.
Where rods are used, they may be, and preferably
are, formed of graphite. If rolls are used, they
must be light in weight and must be provided
with smoothly finished surfaces and with proper
bearings for extremely easy rotation.

In accordance with the present invention, the
first strip-supporting member in the cooling
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tunnel 4, generally.indicated at 43,-is of different
construction than fthe remaining. support means
38 (Figs. 2,3, 4,5, and 6)... The support.member
£3 includes a generally semicircular bracket or
pedestal 44 at the upper portion of which bear-
ing ‘boxes 45 .are provided. -A -graphite bearing
block &6 'is located in each bearing box 45 hav-
ing ‘& journal opening 471 formed therein in
which is journaled a suitable shaft 48 provided
on each end of a hollow tubular metal roll'48. A
large ratio of -diameter of roll 48 to diameter of
trunnion sheaft 48 is provided for a. purpose to be
described.

Each bearing ‘block 45 is provided with.a.con-
vex circular undersurface 58 resting on the flat
bottom wall of box 45; and each bearing block ‘46
is provided with convex circular side walls 5]
adapted to contact the flat side walls of bearing
box 45. The:described construction of the bear-
ing blocks'4§ and their mounting within theboxes
45 provides a self-aligning ‘bearing mounting
for the support-roll 49.

Thus, referring to - Figs.'1 and 2, there are sup-
ports 39 at intervals along the path of travel-of
the sfrip S, over ‘which the strip S moves and
by which the strip § is supported in the entry
vestibule 3, in the first half or heating-up zone
of the furnace 2, and in the cooling tunnel 4.
Also in cooling tunnel § there is-the special sup-
port 43. There are no supports between the last
support 38a - at the middle of furnace 2 -and the
special support 43 in the ccoling chamber 52
formed by inner wall -32 of the cooling ‘tunnel 4.

The strip &, in keing pulled ‘through the -an-
nealing furnace,-is subjected to tension within
allowable limits, and-passes along the path shown
by the solid line 8 in Fig. 2. "While there may
be some slight sag in the strip ‘between supports
39, the spacing -of these -supports is relatively
small, so that the sag is not-appreciable. How-
ever, some more appreciable sag will-oecur, as in-
dicated at 83, in the strip ‘s ketween support-38a
and roll 43. "The amount of ‘this sag is deter-
mined by the pulling tension-applied to the strip
andby a-braking action applied to:the strip prior
to its entry into the furnace.

The hollow isupport roll 435 is formed of metal
with light gauge ‘walls so as to be light in weight
and it-has a-smoothly finished peripheral sur-
face. The roll-49 has-a relatively large diameter
of the order of-say 3% -inches, and the ratio of
rell diameter ‘to trunnion diameter ‘is relatively
large, say 7 to 1 or ‘more. -Roll -49 thus con-
structed and mounted in self-aligning bearings

(which minimize any resistance to rotation of the -

roll 48 by strip contact) provides a construction
in which friction is minimized and easy rotation
of the roll is promoted. _Even a‘light gauge strip
S by contact with roll 4§ -will cause rotation-of
the roll 49 in its bearings. Therefore, the possi-
bility of scratching the strip as it passes over
and rotates the roll-49 is dvoided.

The hollow -tubular metal support roll 49, as
indicated, is located immediately adjacent the
bafle 29 separating the heating and cooling
chambers. The location of this 1ol very -close
to the heating chamber is possible because the
highiest rate of cooling of the strip-gecurs at the
beginning of the-cooling cycle and the strip is
thus abruptly cooled-and its. temperature is sub-
stantially reduced when it contscts roll 48.
Furthermore, the roll 49 as it-rotates.is-exposed
to and radiates to-the cooling water jacket in
chamber -85, and is, therefore, relatively cool and
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‘has a-considerable .chi'lling action of its own-upon
the strip.

The .chambers la -28 and B2 :are maintained
completely filled Wlth a -special atmosphere de-
void .of oxygen -so -as to -avoid any possibility of
oxygen contacting the strip being treated while
the same is at.a temperature at which staining
or -discoloration of the strip surfaces might re-
sult. The special atmosphere may comprise dis-
sociated ammonia gas.supplied from a producer,
not shown, through pipe 54 (Fig.-1) to inlets:55
and 56 to the chamber 82 in cooling duct 4-and
through inlet 87 to chamber {5 in entrance vesti-
bule 3.

Each line ‘85, 56 .and 57 may be controlled by
a suitable valve indicated, respectively, at 58, 58
and 60. A line §i, controlied by valve 62 and
equipped with a manometer$3, is connected ‘with
supply-line 54 through pipe 64 to the interior of
baffle 29 at the exit end of heating chamber 2§;
and a similar line 65, controlled by valve 65 and
equipped with -a manometer 67, connects-supply
line 84 through pipe 88 with the interior of baffle
23 at the-entry end of heating chamber 26.

In heating up the furnace, valves 52-and 66 are
opsned when ‘the furnace is eold and remain open
during the heating-up period until the furnace
is at full operating temperature. The valves are
then temporarily closed .and the pressure read-
ings on manometer 63 and 67 are observed. If
the pressure decreases-and continues until it is
zero, it indicates that the metal walls of the
bafiles ‘are not gas-tight and that they may be
giving off some gas other than the special at-
mgcsphere, which ‘might cause discoloration -of
the strip. ‘In this event, the cause of leakage
must be corrected. )

Moreover, the connection of the interior of the
baflles 29 with the supply line of the special at~
mosphere enables any air which may be trapped
within- the -bafiles to be purged, ang enables ex-
pansion or contraction of any gases within the
bafies upon heating or cooling fo bke -compen-
sated for in the gas supply line. "Moreover, it is
necessary to isolate the interior.of the baffles 29
from the. heating chamber 28 because -gaseous
communication between the refractory material
in the bafles and the strip S passing through the
heating .chamber 28 might ‘cause discoloration of
the strip.

The speeial atimosphere introduced under pres-
sure through pipes:558, 55 and 57 into the cooling
chamber 62 and entry chamber {5 when the fur-
nace is started purges all other gases from these
chambers and from the heating chamber, and
the ‘continuous supply of special ‘atmosphere un-
der “pressure maintains the entry, heating :and
cooling chambers 15, 26 and 52 completely filled
with the special atmosphere. The valves 58, 59
and 680 may be-adjusted to provide for the neces-
sary. flow of special atmosphere to .cbtain bal-
anced conditions throughout during operation of
the furnace.

The entry vestibule is water .cooled primarily
for the purpose of preventing warpage of the
metal walls § of the entry chamber 15 which
might occur from heat transmitted or radiated
to it:from the heating chamber.

In operation, ceils of stainless steel, of either
the.straight chrome or the 18-18 type, are un-
coiled in the usual manner and are passed over
roll IT between seals 14 and through slot 12 into
entry -vestibule-3, then through slot 30 in left
hand bafile-28 (Fig.'2), through heating chamber
26 and slot 30 ‘in right hand bafie 29, over roll
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43 and along cooling tunnel 4. The strip S is
then discharged to the atmosphere and is sub-
sequently coiled or otherwise processed or treated.

Stainless steel strip 0.004’ x 12’/ may be con-
tinuously bright annealed in this manner at g
speed of about 25 feet per minute; 0.010”" x 12"
strip may be bright annealed at a speed of say
10 feet per minute; and 0.015” x 12"’ strip may be

bright annealed at a speed of say 6 feet per min-

ute, where the furnace capacity is designed to
handle say approximately 250 pounds of metal
per hour.

In passing through the heating chamber 28, the
first one-half to two-thirds of the chamber func-
tions as a heating-up zone wherein the strip tem-
perature is somewhat uniformly raised as it con-
tinuously passes through the chamber to the
maximum desired strip temperature. The latter
one-third to one-half of the chamber 28 consti-
tutes the hot or final heating zone, wherein the
strip temperature is finally raised to and is held
for a short time substantially at the desired an-
nealing temperature of say 1950° F. or somewhere
within the range of 1750° F. to 2000° F.

The strip is then passed to the cooling duct and
cools rapidly and abruptly from maximum tem-
perature so that its temperature is substantially
reduced before it passes over roll 49. The strip
continues to cool until it emerges from the cool-
ing duct 4 at a temperature not much higher
than room temperature. The heating and cool-
ing thus imparts an annealing or austenitizing
heat treatment to the stainless steel strip, the
surfaces of which have been maintained bright
by enveloping the strip in the special atmos-
phere devoid of oxygen maintained in the furnace
chambers. ‘

In pulling the strip through the furhace, care
must be taken to limit the amount of pull. in
pounds per square inch of sectional areg such
that the elastic limit of the strip in heated condi-
tion in the furnace is not exceeded.. On the
other hand, the pull on the strip must be sufficient
to control the amount of sag occurring between
supports 89a¢ and 43 so as to prevent the strip
from touching or dragging along any portion of
the mufile tube or bafile walls.

Fig. 7 illustrates diagrammatically 'a heating
and cooling curve 69 for the strip S passing
through heating chamber 28 and cooling cham-
ber 52. Points 78, 7!, 712 and 73 indicate the
passage of the strip, respectively, over the first
two supports 39, the support 38¢ and the support
49. The strip, in passing from point 79 to 72,
is rapidly heated in the heating-up zone of the
chamber 26. The heating continues until maxi-
mum strip temperature is obtained, indicated at
zone 14, after which the strip temperature drops
rapidly .as it passes into cooling chamber 52 and
‘before it contacts roll 49. L

It has been impossible to determine the exact
temperature at and above which scratching will
occur when a stainless steel strip passes.over a
graphite support rod, and below which scratch-
ing will not occur. It is difficult, if not impos-
sible, to obtain exact temperature readings of
the strip temperature at variouns places along

. its path of travel through the heating chamber
26 in the operation of the furnace illustrated.

However, it is known that if the strip passes
over a graphite support at any time when its
temperature is at or.close to the maximum tem-
perature of 1750° to 2000° F., scratching will oc-
cur. - It is also known that when the strip tem-
perature is several hundred or more degrees lower
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than maximum temperature, as when it passes
over graphite supporf:32q, substantially halfway
through the heating chamber, no ‘seratching oc--
curs. Also, it is known that when the strip passes’
over and rotates a light weight, readily rotatable
metal roller 49 in the cooling chamber when the
strip temperature is quite a few hundred degrees
lower than maximum temperature, as 1llustrated'
in Fig. 7, no scratching occurs. : '

Accordingly, the present invention is charac-
terized by the elimination of all’ supports for a’
continuously moving strip in the high tempera-
ture zone or latter: one-third to one-half of g
furnace as the strip passes through a bright an-

nealing furnace; and by suspending the strip

as it moves through such high temperature zone.
Stated in another way, the strip temperature
is confrolled to be below that temperature at
which the strip will scratch, when the strip is
supported by graphite or metal roll support means
as it is passed over such support means in the
continuous bright annealing of a strip.- :
Stated in still another way, the present inven-
tion is characterized by so locating the support
means over which a continuously moving stain-
less steel strip passes during the bright anneal-
ing -thereof, with respect to the strip tempera-
ture at the time of passing over such support:
means, that no scratching occurs. .
Thus, there are support means in that portmn’
of the heating .chamber where the strip temper~
ature is insufficient upon contact of the strip
with the support means to result in scratching
or marring of the strip; suppor: means are.
omitted in that portion-of the heating chamber

“where the strip temperature is high enough. and

the strip is soft enough to résult in marring. or
scratching of the strip by contact with support
means if present; and supperting of: the strip

-on support means is resumed in the cooling cham- ‘

ber. when the strip has cooled to.a temperature
insufficient o result in marring or scratching of
the strip upon contact with the support means.-

Accordingly, the present invention providesa
fundamentally new. and different procedure: for.
bright annealing light gauge. stainless steel strip; -
provides improved apparatus for carr ving- oub
such procedure; eliminates the use of a.carrier
strip in continuously bright annealing stainless
steel strip; provides for avoiding scratching while
continuously bright annealing stainless steel
strip; provides for supporting the strip at spaced
intervals during the heating-up period and sus-
pending the strip during the final heating period
of bright annealing stainless steel strip; and
overcomes prior art difficulties and solves. long—
standing problems in the art..

In the foregoing description, certain terms ha.ve -

been used for brevity, clearness and understand-
ing; but no unnecessary limitations are ito be.
implied therefrom beyond the requirements -of.
the prior art, because such terms are utilized for -
descriptive purposes-herein-and not for the pui=
pose of limitation and are mtended to be broadly
construed. :

Moreover, the descrlptmn of the 1mprovements'
is by way of example, and the scope of the pres-
ent invention is not limited to the exact details,’
strip widths, gauges, and temperatures set forth.-

Having now described the features, discoveries
and principles of the invention, the operation and.
procedures of preferred method steps thereof, the:
arrangements of new apparatus, and the advan-
tageous, new and useful results obtained thereby,
thenew and useful processes, methods, steps, pro--
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cedures, operations, discoveries, prineiples; appa-
ratus, combinations, parts;. sub-combinations and
elements; and mechanical equivalents obvious to
those skilled in the art, are set forth in the ap-
pended: claims.

I claim:

1.. In-apparatusfor continuously bright anneal~
ing strip steel without scratching the strip, a

furnace having a tubular metal retort mufile wall

forming a heating chamber, baffle partition mem-
bers within: said metal retort: wall at either end
of said- heating chamber provided with. strip-
passage slots, a tubular metal entrance vestibuie

wall connected with said mufile wall foriming an

entry chamber at the entry end of said furnace,; a
tubular metal cocling tunnel wgll connected with
said muffle wall forming a cooling chamber at
the exit end of said furnace, said entry and cool-
ing chambers: being aligned with and communi-

cating with said heating chamber through said

bafile slots, means for supplying an enveloping
atmosphere devoid of oxygen under pressure to
said chambers, means for passing strip steel con-
tinuously into and through said eligned eniry,
heating and cooling chambers, strip support mem-
bers: mounted: at spaced intervals in said entry
and cooling chambers and in a portion cf said
heating chamber, a rotatable metal roll journaled
in self-aligning bearings in said coeling chamber
immediately adjacent the baffle between said
heating and cooling chambers, means for exter-
nglly Heating the muffle wall to heat the strip fo
annedling temperature in said heating chamber,
the strip being suspended in the last half to one-
third of said heating chamber between one of
said strip support members and said metal roll,
and the strip rotating said metal roll in passing
thereover, :

2. In apparatus for continuously bright anneal-
ing light gauge stainless steel strip without
sceratching the strip, a furnace having a tubular

metal retort mufile wall forming a heating cham-
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ber, baffle partition members within said metal -

retort- wall at either end of said heating cham-
ber provided with strip-passage slots, a tubular
‘metal entrance vestibule wall connected with said
mufile wall forming an enfry chamber at the
entry end of said furnace, means for cooling said
entry chamber, a tubular metal cooling tunnel
wall ¢onneected with said mufile wall forming a
coolihg chamber at the exit end of said furnace,
means for cooling said cooling chamber, said entry
and cooling chambers being aligned with and
communicating with said heating chamber
through said baffle slots, means for supplying an
eriveloping atmosphere devoid of oxygen under
pressure to said chambers, means for passing
stainless strip steel continuously into and through
said aligned entry, heating and cooling chambers,
graphite support members mounted at spaced
intervals in said enfry and cooling chambers
and in g portion of said heating chamber, a ro-
tatable metal roll journaled in self-aligning bear-
ings in said cooling chamber immediately ad-
jacent the bafile between said heating and cooling
chambers, means for externally heating the muffle
wall to heat the strip to annealing temperature
in said heating chamber, the strip being sus-
perided in the last half to one-third of said heat-
ing chamber between one of said graphite sup-
port members and said metal roll, and the strip
rotating said metal roll in passing thereover.
3. In apparatus for continuously bright anneal-
ing light gauge stainless steel strip without
scratching the strip, a furnace including tubular
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meta]l  walls forming aligned communicating
entry, heating and cooling chambers; means for
supplying an enveloping atmesphere. devoid of
oxygen under pressure to said chambers; means
for passing stainless  steel strip- continuously
through said chambers in- the: order named;
graphite support members mounted at spaced
intervals ‘in said entry and cooling chambers;
graphite support members mounted at spaced
intervals in the first half to two-thirds: of said
heating chamber; g rotatable metal roll-journaled
in self-aligning bearings mounted in said cooling
chamber immediately adjacent the exit end of
said- heating chamber; means for heating the
strip to annealing temperature in said héating
chamber; and the strip being suspended in the
last half to one-third of -said heating chamber
between one of said- graphite support members
and said metal roll. '

4. In apparatus for continuously bright anneal-

ing light gauge stainless steel strip without

scratching. the strip, a furnace having a tibular
metal retort muffie wall forming g heating cham-
ber, bafle partition members within said metal
retort wall at either end of said heating chamber
provided with strip-passage slots, a tubular metal
enfrance vestibule wall connected with said mufile
wall forming an entry chamber at the entry end
of said furnaee, a tubular metal cocling tunnel
wall connected with said muffie wall forming a
cooling chamber at the exit end of said furnace,
said entry and cooling chambers being aligned
with and communicating with said heating cham-
ber through said bafile slots, said bafle members
having heat insulating material therein, means
for supplying an ehveleping atmosphere devoid
of oxygen under pressure to said chambers, nieans
for passing stainless steel strip continuously into
and through said aligned entry, heating and cocl-
ing chambers, strip- support members mounted
at. spaced intervals in said entry and cooling
chambers angd in a portion of said heating cham-
ber, a rotatable roll having trunnions journalled
in self-aligning bearings in said ceoling chamber
immediately adjacent the baflle between said
heating and cooling chambers, means for exter-
nally’ heating the muiflle wall to heat the strip
to annealing temperature in-said heating cham-
ber, the strip being suspended in the last half
to one-third of said heating chamber between one
of said strip support members and said rotatable
roll, and the strip rotating said rotatable roll-in
passing thereover.

FRANK T. COPE.
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