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The invention relates to muffie type furnaces such as
are used for continuous bright annealing of stainless steel
strip and the like. Furnaces for this purpose ordinarily
inclnde an elongated refractory lined furnace chamber, a
heat resisting alloy muffle extending longitudinally
through the furnace chamber, a water-jacketed cooling
chamber, and entrance and exit vestibules with suitable
air-excluding means such as curtains.

The muffle, cocling chamber and vestibules are con-
nected by gas-tight joints. The interior of the muffle and
cooling chamber is filled, when in operation, with a pro-
tective atmosphere, preferably hydrogen or disscciated
ammonia, maintained at a dew point of minus 40° C. or
lower by careful exclusion of oxygen.

In a representative furnace of this type, the muffle,
cooling chamber and entrance and exit passages may have
an inside width of about 24 inches, the furnace heating
chamber may have a length of about 25 fest and the
cooling chamber may have a length of about 75 to 100
feet.

Under present practice, a common muffle construction
involves a centrifugally cast, circular cylinder of suitable
length to extend through the end walls of the furnace
heating chamber. This muffle is anchored at or near the
point of connection to the cooling chamber so as to ex-
pand, under heat, toward the entrance end of the furnace.

At temperatures approaching 2000° F., the metal of
the muffle has extremely low strength, and, with ordinary
methods of support, flattening caused by the action of
gravity is a serious problem. Experiment indicates that
for a circular cylinder of alloy containing 30% Cr and
20% Ni, operated at 2000° F. and supported between
points 30 degrees each side of the vertical, longitudinal,
central plane, the thickness of the muffle wall must be
at least 314%, and preferably approaching 5%, of the
mean diameter of the cylinder, in order to obtain 2 rate
of flattening low enough to be tolerable.

For a cylinder of 25 inches mean diameter, this corre-
sponds to between % and 1% inches wall thickness.
Such a muffle is obviously very heavy and therefore ex-
pensive, and in addition, the support loads are high encugh
to cause great resistance to the longitudinal movement of
the mufile required by expansion of the same under high
temperatures.

One common method of support is to provide a series
of transverse refractory piers in the bottom of the furnace
cbamber. These piers may be shaped to fit the contour
of the bottom of the muffle and may be provided with
metal caps.

A continuous support for the muffle is objectionable,
because of the large amount of surface area to be ren-
dered inactive, and because of the thermal stresses which
would result. Even spaced piers which carry the entire
load of the muffie produce these effects to an appreciable
degree. The space arcund the muffle, both above and
below the same, should be largely open for satisfactory
results.

. ¥ such piers are fitted around the underside of the
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muffle for a sufficient distance to resist flattening, the
muffle first settles into a snug fit upon the piers when
heated, and the metal of the muffle then further subsides
adjacent to the piers, producing appreciable indentations.

When the muffle shrinks upon cooling, the piers are
often destroyed because the intended sliding of the muffle
upon the piers, due to conmtraction, has thus become
impossible.

1t is therefore an object of the present invention fo
provide a muffle support which overcomes the above de-
scribed difficulties and disadvantages. :

Another object is to provide improved muffe support
means having certain distinct advantages over common
practice.

A further object is to provide muffle support means,
whereby gravity produces a spreading effect in the upper
portion, and a narrowing efiect in the lower portion of
the muffle, these effects largely neutralizing each other,

A still further object is to provide a muffie support
producing minimum interference with heat absorption by
the muffle, and therefore good heating capacity and small
iemperature stresses.

Another object of the invention is to provide resilient
muffle supports which do not become inactive in the
event of muffle warpage.

A further object is to provide for Iow unit pressure at
the supports.

A still further object is to provide muffle support means
including support struts tiltably engaging the muffie adja-
cent each marginal edge thereof.

Another object of the invention is to provide spaced,
fixed piers shaped to substantially conform to the contour
of the under portion of the mufile, and spaced pairs of
movable struts carrying the larger portion of the load,
but less than the full load, of the muffe.

A further object is to provide muffle support means
including a spaced pair of struts tiltably engaging the
muffle adjacent each marginal edge thereof, the line of
action of said struts intersecting the plane of greatest
mufile width at points near the marginal edges of the
mufile.

A still further object is to provide such a muffle sup-
port means including means for applying a predetermined
lifting force to the lower end of each strut.

It is also an object of the invention to provide lifting
means of the character referred to in which the total of
lifting forces applied to the struts is less than the weight
of the muffle.

And finally, it is an object of the invention to provide
a mufile of such cross-sectional shape that the lower half
of the muffle is in the form of a catenary curve and the
upper half thereof in the form of an inverted catenary
curve with upright supports at the junction points between
the two portions.

These and other objects, apparent from the drawings
and following description, may be attained, the above de-
scribed difficulties overcome and the advantages and re-
sults obtained, by the apparatus, construction, arrange-
ment and combinations, subcombinations and parts which
comprise the present invention, a preferred embodiment
of which, illustrative of the best mode in which appli-
cant has contemplated applying the principle, being set
forth in detail in the following description and illustrated
in the accompanying drawings.

Briefly stated, the invention may be described as com-
prising a muffle type furnace including an clongated re-
fractory lined furnace chamber, a heat resisting alloy
muffle extending longitudinally through the chamber,
spaced fixed piers supporting the muffle at intervals, spaced
pairs of movable struts tiltably engaging the mufile ad-
jacent each marginal edge thereof, means for applying a
predetermined lifting force to each strut, and means an-



choring ‘the mufﬂe against longitudinal movement at a
“gonivenient “point, for example near the exit end of the
furnace.

-The muffle may- extend -through: erie-or-both- end- walls
of ‘the heating- chamber, and-a-coeling-chamber: of-eon-
s1derable Jfength mdy be -attached to-the-discharge end -of
‘the mufile by means of an-air-tightjoint.

Entrance’and- exxt “Vestibules- .may be-provided-having
suitable “air excluding means such-as- curtains,~the vesti-
bules being- connected by- gas-tight joints;-so-that-the-in-
terior of the muffle and cooling chamber may- be filled
with a protective atmosphere.

-In the application of the invention-to a-batch-type fur-

nace, at least one end of the- muffle:may-terminate within-

the heating chamber of the furnace, the cooling- chamber
and exit vestlbule bemmomxtted in the- hatch—type furnace.

“Having thus déscribed the invention in general- terms,
- reference is now made to-the accompanying-drawings, in
which; '

F1g Tisa dlagrammatlc view of«afound or- cylmdrxcal
Tuffle’ supported upon a- flat surface,»—showmg suceessive
deformed’ or flattened shapes which- the- muffle-assumes
when submitted to hlgh temperatt}res

" Fig. 2 a similar diagrammatic view of a round-or cyl-
mdncal muffle supported by a curved surface_ showing-suc-
cessive distorted or flattened shapes which: the-muffle: as-
siimes “tinder high temperatures;

“Fig. 3 a diagrammatic view illustrating- “the use-of- cate-
nary curves as applied to muffle constiuction;

Fig. 4ais 2 side elevation of a complete furnace show-
mg an embodiment of the invention;

“Fig. 4b is a side elevation -of water-jacketed cooling
chamber;

Fig. 5 -an enlarged, longitudinal; sectional view of :the
fiirnace proper;

"Fig. 6 a transverse, sectlonal view- through the furnace,
taken ‘as ‘on the-line 6—6,:Fig. 5, and showing the mov-
‘able’ strut support means forming an:important part-of
the mvennon,

"Fig. 7 a transverse, sect10na1 vxew tiken on-the-line
77, Fl" 5 showing one of the fixed support- piers;

“Fig. 8 an ‘enlarged view of one of the-movable--sup-
port “struts, viewed at right angles to the furnace length;

"Fig. 9 an’ enlarged fragmentary sectional view of-the
upper spring disc and the lower end of the-tubular center
portion of one of the-struts;

“Fig. '10°a longltudu}al sectional view through -a-batch
. furnace-of the Vacuum ‘type- with” remiovable -muffle* or
retort embodying ‘the invention;

Fitr 114 transverse, sectional view through- the: fumace
shown in Fig. 10, taken partially as on the-line-11--11
and partially -on the line 11a—1l1a, Flg 10

va 12 a lonoltudmal sectional view through -another
type of batch fiirhace; and,

“Fig. 13 a transvéfse ‘séctional - view through the -fur-

nace “shown in Flg 12; taken partially on the line 13—13
‘aad’ parnally onthe line 13a—13q, Fig. 12.
_- Refefring now- more parncularly to -the: embedinent
‘of "the ‘invention ‘illustrated n’ the - drawings,-in which
sxmﬂar “Rumierals refer to similar. _parts- throughout;-refer-
€nce is first made to the diagrams shown in Figs. 1.t0-3.

“In Fig. ' 1" isa dlagrammatlc showing - of -a--circular,
cyhndrlcal mufﬂe, indicated-at 15, supported along & single
line contact, mdlcated at. 16, upon a fiat supportmg ‘mem-
ber 17. - At a the cyhndncal -muffle- 15- is - shown-lin:the
‘ofiginal-form before it ‘has been-subjected: to-high-tem-
perature.

When-this-muffle-is-subjected:to-considerable:témpéra-
ture-and time it-willflatten to substantially-elliptical- shape
~asi'shown-at:-b, iand the lower:side of the muffleFin™
tact with - the sapport: 17, will:be- -flattened:as:dndicdted
‘at-18,

~With addmonal time at-high femperatare; it 'wﬂl be-
“come-increasingly:-flattened/as-shown:at L thextop-side
.of the:muffle becoming: slightly- ¢cohcavedias-ati19:and-the
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bottom side of the muffle becommg increasingly’ ﬂattened

"as at20.

The diagram in Fig. 2 shows a cylindrical muffle 21 sup-
ported upon a curved or concaved support member 22.
1f this support member fits the cylinder through an angle
of about 90 degrees, the-original circular cross-sectional
shape d distorts successively to the shapes indicated -at
e and’f.

Assummg that the-ciirvéd support:22 is in the form of
spaced piers, the muffle -first moves into. a-snug: fit-upon-
‘the piers.under the effect. of -témperature and: timejrand:the
metal of the muffle then further subsides adjacent’*the
piers, producmg appreciable indentations, so that when
the muffle “shrifks”On" ebbling™ the 'piers™areoften de-
stroyed as it has become-impossible for .the muffle to
slide thereon.

In Flg 3 is diagrammatically shown the use of catenary
curves in the formation of a muffle. At g.is;shown a view

“with the shape of a catenary <urve, and.at'# is a-similar

wiew representmg an invertéd catenary curve of the same
“shape and size. “With' siich sectxons, if: supported by ver-
“tical” afid” harizontal Torces, there is no bendmg ‘stress.

- Since’ the” hofizontal forces™ are équal and epposu:e ‘a
completéd band: as-shown at 'k, “formad. of like uppér.and
Igwer catenary shaped’ portions, “will have no teﬁdency to
flatten, if vertical supports”are provided atithe junction
pomts betweén the two portions.

“Arcatendry’ proﬁle oricross section, *siich as this’ could
be adopted for a tubular ‘miiffle; aiid in the case of ton-
‘Striictidn’ by’ weldiiig of formed plates, or tse Of° ‘stillscast
metal, it would beentirely practical.

However, much of ‘the advantage is still’ Tetained if ‘a
circtilar-or even an’ “elliptical” cyhndncal mitiffle, is; sup»
ported “in “the rgighborhood - 6f ‘the intersection v of 1ts
honzontal diameter anid the opposite walls. .

It 7is fiot practlcal to provide ¢ofitinuous support
throtighout the Tefigth of the muffle, but, if local sipports
are spaced at-reasonably frequent. intervals, the stresses
dué to bedm action will not be: great.

Referrmg now-more. partlcularly to‘the. embodiment. of
the invention illistrated in Flgs ‘4 t0' 9, in-which-a¢on-
tifinous” annealing furnace. is ‘shown, .the. furnace -proper
is “indicated. generally at”" 23, a water-jacketed - cooling
chamber is shown-at. 24, an entrance vestibule.at-25:.and
a mufﬂe af26.

""The -muffle is joined to the entrance vestibule. by a,«gas-
nght joint, mdlcated at 27, and-tothe coeling chamber:by
a similar: -gas- ‘tight ]omf 8. The-mufleis-anchored to the
furnace structiire, preferably .outside .of the-furnace:cham- -
ber:as by a -flange- 29,-ta prevent lengitudinal-movement
of the muffle at:this point;-so that-npon. ‘heating; theiend
of. the muffie -to-which- the-entrances vestibule 125.4s! at-
tached, expands to-the left;as viewed:in Fig-4.

As shown in Figs: 5;-6 and 7, the-furnace propei-inchides
the steel shell upper-and lower halves'30-and 3T respective-
ly, a‘refractory lining 32 enclosing’ a cylindfical héating
chamber-33; and refractory-end-walls:34 afid-«35. :The
furnace chamber may -be heated in-any-conventional-inan-
ner-by-fuel- or electric -heating -elements.

.:Anchor-members-36 are‘integrally’ attached-torthe: steel
shells 30 and 31, for the purpose of attaching:the-flange
29 of the :mufile at the workmg exit-end-of the furnace)or
the right-hand end;-as -viewed-in.the drawings.

-Asspaced plurality -oftrefractory -picrs 37-are located in
the ‘bottom:-of the -furnace chamber,”and the:upper!sur-
faces thereof are curved, preferably to a radius: slighﬂy
greater than that ofithe-muffle;-as indicated-at- 38iin Fig. 7
These:ipiers: 37, together*with-the:end walls 34 and- 35
¢ontribute-to-the-supportiof:the muffle 26, and-also resist
aniy-tendency-to-lateral scurvature: of~the mibffle, ‘Which
mhight-result-from-temperaturedifferences. .

s As a further support forithe-mufile;-and preferahlyrior
smupporting the'major portion of the: ‘muffle: load, a<seriex.of
strut assemblies are provided, as best shown in Figsi6:8
and 9. ~Eachof these Strut-assemblies comprises.-an:aicu-
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. ate barid 39, curved to conform to the lower half of the
muffle 26, and a pair of struts indicated generally at 40,
tiltably engaged with said baznd.

The bands 39 are preferably so attached to the muffle
26 as to permit them to “wrap” into conformity with the
muffle. One method of obtaining this result is to weld or
otherwise attach the bands to the muffle near the bottom
center point, leaving the ends of the band free, thus
permitting the desired “wrapping” action, while preventing
displacement of the bands lengthwise or circumferentially
of the muffle.

Slots 50 are formed in the refractory lining 32, of such
size as to permit the necessary rocking motion of the struts.
For a heated iength of 25 feet, the distance from the
anchoring point to the most remote pair of struts is about
23 feet,

The expansion of the muffle at the rate of .30 inch per
foot, allowing for only partial heating of the portion of the
muffle located through the end wall 35, is about 7 inches,
assuming that the muffle is formed of an alley of 35% Ni
and 15% Cr, heated to 2000° F. It is practical to allow
for this much movement. The movement is preferably
divided so that the fixed parts, such as the sockets 42, are
about midway in the range of movement of the correspond-
ing bands 39.

The struts are shown in the drawings tilted inward to-
ward the mufile at a slight angle to the vertical. The
desirable angle of the struts will generally be between
vertical and about 30 degrees inward tilt. In practice, this
inward tilt is found to exert some sidewise flattening action
to counteract the vertical flattening tendency produced at
the piers. If there are no piers, as in a short furnace, the
struts may be vertical or nearly so.

‘The lower end of each center portion 41 of each strut is
mounted within a spring socket 42, attached to the lower
half of shell 31 and extending downwardly and below the
shell. A spring seat 43 is adjustably mounted in the lower
end portion of each socket 42, as by the adjusting screw
44, and fits the lower end of a coil spring 45, upon the
upper end of which is mounted the upper spring disc 46,
having a socket 47 in its upper surface within which is
mounted the axial pin 48 fixed upon the lower end of the
tubular center portion 41 of the strut.

This tubular center portion is filled with insulation 49, to
prevent the flow of excessive amounts of heat outward
“from the heated chamber 33 of the furnace. Thus the
spring 45 is not subjected to a high enough temperature to
destroy its elasticity.

Recesses 51 are formed in the bands 39, near opposite
ends thereof, and the upper portion 52 of each strut 40 is
of rocker shape, as best shown in Fig. 8, so as to permit tili-
ing of the strut caused by longitudinal expansion or con-
traction of the muffle.

The springs 45 are adjusted by the screws 44, so as to
support at least a substantial part of the weight of the
mufile, the exact proportion being subject to wide choice.
Excellent results were obtained in a furnace in ‘Which

two pairs of struts were located between each pair of,

piers, and the load of the muffle was supported about 50%
‘by the struts and 50% by the piers.

A desirable upper limit for strut loading might be of the
order of 75% of the total weight of the muffle, in which
case the permissible error in spring adjustment is still fairly
large without danger of lifting the muffle completely off
of the piers.

In the case of a short muffle, such as one with a heated
length 5 times its diameter, all piers in the furnace chamber
proper may be omitted, the muffle receiving fixed support
only by the surrounding brickwork in the end walls of
the furnace chamber or by external support members.

In such a case, the struts are preferably adjusted to
carry a major portion, say 75% to 100%, of the average
Joad per unit length. Thus, for a 3 foot strut spacing,
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with a muffle weight of 100 pounds per foot, each pair of
struts may be adjusted to carry from 225 to 300 pounds.

In the drawings the struts are shown tilted inward at a
slight angle to the vertical. Applicant has used this ar-
rangement in actual practice, in order to exert some side-
wise flattening action to counteract the vertical Hattening
tendency produced at the piers.

However, in any event, the force exerted is predomi-
nately upward. The desirable angle of tilt of the struts
will generally be between vertical and about 30° inward
tilt, a preferred angle being about 10 degrees to the verti-
cal, as best shown in Fig. 6. If there are no supporting
piers, as in a short furnace, the struts may be vertical or
nearly so.

The strut seats 51, in the support bands 39, are located
below the horizontal center line of the mufile 26, so that
the line of action of the strut passes through or near,
preferably inside, the muffle wall at the widest point.
Thus, the lines of action of the struts intersect the plane
of greatest muffle width at points near the marginal edges
of the muffle, as best shown in Fig. 6.

It will be seen that the marginal edges of the muffle
referred to are located in a horizontal plane passing
through the axis of the muffle, this horizontal plane being
the plane of greatest muffle width.

While the strut seats 51 are shown in the support plate
39, it should be understood that correspondingly located
strut seats may be formed integral with the muffle. How-
ever, the use of separate support bands 39, with strut
seats therein, is convenient, effective and practical.

Although the muffle 26 is shown as circular in cross
section, it should be understood that this cross section
may be varied. As previously pointed out, 2 muffie cross
section as shown in Fig. 3 is very desirable, in which
the shape is that of a catenary curve for the lower half
combined with a like inverted catemary curve for the
upper half. Such a shape has the least possible bending
stresses tending to produce flattening, and this would
be a very desirable shape for a muffie made of rolled
sheet or plate.

Another cross-sectional shape which is very useful is
that of an ellipse with its major axis horizontal, substan-
tially as shown at & in Fig. 1 with the omission of the
flattened lower portion I8. This cross-sectional shape of
muffle is economical for handling wide strip, and while
very unsatisfactory when supported only in the bottom
region, as shown in Fig. 1, since it resembles a round
muffle which already is flattened by heat, and bending
stresses are excessive, such stresses may be reduced to a
safe value by the support means above described and
illustrated.

It should be understood that with this elliptical form
of muffle, there will be some tendency for the upper,
center portion to buckle inward, and for the upper por-
tion near the axis to be forced upward and outward,
while corresponding areas in the lower portion tend to be
distorted in opposite directions relative to the major axis
of the ellipse.

Although the above description has mentioned only
muffles of circular, elliptical and catenary profile, it
should be understood that other curves or combinations
of curves may be used to develop a suitable profile by the
use of the supporting means herein described.

It is not absolutely necessary that the profile be exactly
symmetrical about a horizontal diameter, although sym-
metry is preferred in the absence of some reason for a
special shape. The struts, as above described, are posi-
tioned so that their lines of action are directed through
regions near the muffle wall at the level of greatest width,
whereby gravity acts on the upper part of the muffle wall
to produce a widening effect, and on the lower part
thereof to produce a narrowing effect, these opposing
effects counteracting each other at least to a considerable
degree,
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+Afthough the-upper-ehids of ‘the ‘struts” are” shown~of
rocker: form=at “52,%it st not absolutely: necessary'that

they beof: this:exactiform, since varfous‘simpleshapes -

afe isitisfattory which:permit’the 'required- tilting move-
‘ment.

YHor:exaniple,” a:roundéd pin ‘andvsocket-engagement,
as shown at 474 and 48g:in*Fig’ 9, mayrbesuséd-+with
gatisfactory results. ~Whileriit .is truei‘that:withosteh an
" epgagement: the lifting: forcevexertéd: on -thespring=will
thange slightlydasotheustrut tilts, 7byzusingarspring of *
“low-rate this:effect s not:objectionable.

sincFigs. 10 and:ilzisishownuan application:of the:in-
~vertiooto atbatch furnaceiwhichmay:berof the'vacuum
type with removable muffle or retort. This furnace:in-
‘cludes! the:steel :shelli55;:with refractory lining:56-forming
“the: top wallF57 ;«longitudinaliside-walls:58&and vear-end
walk 59, defining the-furnace: heating chamber: 60:Avhich
isilopen-dtiitsaforwardeendand itsiundersidesandisup- -
portedsspaced-above:the:floar, as:by therhasecmembers
61:at ieach:sidecand-at:the rear:iend- thereof.

This furnace is shown «n:thedrawings asiam: electric
furnace.adapted:to be:‘heated: with:lelectric heating: iele-
ments, as-indicated~at~62; but ‘it::should:be-understood
thatsthe. furnace-may -be: fuel:fired:in- any: conventiorial
manner. ‘

.The..muffle. or -retort. 63.7is carried- upon -acar, indi-
cated.generally. ‘at-64, the -wheels: 63. of which ride:mpon
the:rails’66,-longitudinally. disposed:upon the floor-below
the. furnace: chamber. The-car. includes the refractory
top or..platform. 67..adapted :to:be:received: within:.the"
.open bottom..of. the .furnace- chamber.between.the lower
.ends.of. the side: walls 58 thereof.

..Channels -68 -are.-formed .upon- each side:of the..car
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‘30

.and receive the depending’ flanges 69,.at. opposite-.sides

-of .the.. open: bottom -of the. furnace -chamber;.-and apy. 35

suitable sealing material, such.as sand or the like-asiindi-
cated-at 70, may be contained in.the channels 68.in-order
to-prevent: loss.of heat:from.the furnace-chamber.and:to
protect:.-the. running. gear--of the.car.from:the.extreme
temperature of the furnace. )

Furnaces. of - this :type.are:.especially: adapted -for. heat
treatment of the-so-called reactive metals-such.as titanium,
zirconium, vanadiom,-etc.,; with: which- ordinary prepared

-atmospheres- cannot- be -used. -The- vacuum.is; produced
within . the .muffle . by . means.. of . a : pump- (not.;shown).

«carried by:the carso.that- work-within the muffle.may-be
theat treated in.a.substantial vacuum.

. ~It-will-be seen: that:the..atmospheric. ‘pressure outside
“of..the.muffle . 63~ will. tend to..increasingly .flatten.-this

muffle when..the .internal.-pressure.thereof.has.-been: 50 *

greatly decreased. For this reason, the mufile.support-
ing.means.to- which-the invention pertains;: including the
movable: struts - tiltably : engaging i the, muffle: adjacent:to
each.marginal edge: thereof,is ideally:suited.for support-
ing this muffle and avoiding additional flattening tendency
«caused.- by .gravity.

_The:; outer- end..of - the . muffle.: is . located through- an
opening 71 in the end bulkhead 72 of the car,-which,as
.shown..in Fig. .10, substantially:closes:the open.{ront:end .
of the-furnace.chamber, and.:this: front-end..of the.muffie
.is-anchored.to.the structure 73.:at:the.front. end:of.the
.car. - A:removable door -or-.cover 74.is.provided.for, the
open front-end-of the muffle, and the.closed.rear end as

thereof .texminates -at: a: point..spaced. from.the.rear-end _

wall 59 of the furnace chamber. ,
The..muffle: is--supported..at spaced:intervals through-
.out: its- length...upon-. the . spaced - refractory. .piers: .76,
.mounted upon:the. platform 67 .of. the:car and preferably
‘provided with metal caps 77of.arcuate shape to.receive
the underside’of ‘the muffle.
As a further support.for the muffle. 63, and preferably
-supporting the niajor portion of the miiffle load, as above
“wdesciibied, a'series of movable strut assemiblies are pro-
“ided. " These strut assemblies -are’ similar to*those*above
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70 of the. refractory lining..85.of ;the :furnace; to permif tilt-

described, each comprising an arcuate band 78, ~eurved *

-3
‘tor conform-to'the-lower:half-6f*the miiffle’ 63 adfid a pair .
bf struts-indicatéd-generally at 79,tiltably-engagéd-with
said band in the manner-aboveidesétibed-in‘detail.

“*These-strats-aré-located - throughslots 80 4rrithe réfrac-
“sory-platform<67-6f ‘the car afidvare*of’ the-construction,
arrangement:-afid -operdtion :‘above-(desciibéd’ inHdetil
-With-reference to-Figs. 5109, with' the: exceptionthatyas
‘shownin Fig."11;:they are-locateds'sibstantidlly: veftical
tather than being:tilted inwafd towardithe miufle. FHow-
ever;as above ipeinted- out ‘these:strits smay+be-locatd

at any angle between vertical and above. 30idegrees:in-
award: tilt. P T
i-fn-the: present.casetit:willzbewscert thatf itsisiconvenient
:to’ locate ‘theustruts:substantiallyr vertival +asvotherwise -
Atrwould: bennecessaryitoincreasesthenwidths bflthescar
as well as the width of the furnace chamber itsélffin
-order.:to _tilt: the:struts inwatdsatsanys appreciablesangle.

*'Therarrangement and-coperationvis:othérwise:the.same
_asrabove: described inidetdil;sthe: strutssheing:adjustédito
produce’the. desired: lifting«forcesandpreferablysuppart-
-ing: the majorsportion of! the:muffleiload; the: remaibder
ofrwhich is supporteds byi'the pierssand: thezopemingidl
.in: the end- bulkhead :of:thercar. »The:muiflesbeingan-
chored-at. its . forward-end; underchigh:temperatures:itwill

elongate toward its rear end, whereby the strrtsiwilk rack
Jbackward and:forward::as:the:muffle;expandsimndizon-
tracts. . :

- In'Bigs..12and 13sis:shown-another; and comparatively
.simple: form of batch: furnace;.in-which: the:entireifurnace
.may.-be.provided;with- wheels-81. mounted ool nipen
.xails-.82. -The..furnace. comprises:-the::steelshell 83
.mounted.-mpen: the. structural - frame:~84: to  which::the

wheels are attached. .This..shell. may.-be -of ;cylindrical
.shape, as best shown.in Fig. 13,.and is providedswitlr:the
.refractory. lining- 85. within. the .vertical side:walls-and-the
closed: rear..end-wall .86. ) o

" The front.end wall:is-also.lineds with refractqry mate-
Trial,.as.shown at.87, and.provided with"the.opening.:88
through which the front.end:of the,muffle.89 sextenys,
‘this_ front..end .of _the. muffle .being: supported :withinithe

opening ‘88 in thé front.end wall 87 .and.being :anchored
as af 89a.to. the: structural frame.attached to the frontiend
wall of the furnace. . Do A

This muffle- extends. rearwardly _thraugh:.the, furnace
‘chamber. 90. to. a_.paint: near_ the .rear end- wall thereof,
being closéd at its.rearefid asshown.af 91. .. As the-muffle

is of relatively short Jength, no piei: is pravided for.assist-
ing afid supporting “the” same, the eftirellepgth:oflthe
muffle within the furnace.chamber being supported enly
by two_spaced ‘piers of movable struts 92;:eaCh: pair:.of
struts” being tiltably. connected to*an arcuaté bafid 93 for
‘conforming to’ the underside :of the miiffle. RS
- As “shown in" Figs. 12-afid - 13,"the ‘movable struts*'92
each has a rocker portion 94 at.its upper eiid; “sifiiilar’ to
‘that iltustrated” and“described ‘above;” for engagement.in
a-socket i’ the adjacent end portion-of the arcuate:bafid
-03, *~Tnstead- of- providing -springs “for» ddjusting’ thé' 1lift-
"ing force “of ' the struts, “as“shown ini* Figss 4 to®9;" fiuid
-cylitider-means-may-be -provided. : - :
““For- this -purpose;-thé lower‘end* of edch strut<meinber
92 may be bifurcated, asi showm at'95,-and pivotédiasat
96 -upon-d-horizontal' T-bar'97. “Thédower pettions of
‘the struts<92aré locatedithrough the: séckets' 98, Which
‘extehdi:downward - thronigh sthe vloweridide iiofs the ssteel

? ishell+83~:of theifurnace. :fThetstrutsirarenthusy gnided

through these sockets, when they are lowered;zand:upon
difting ‘the:rocker; portions!94-at. their wupper. endsvwill

.enter..the-sockets::in; .the..band. 93, ;befere..thisy guiding

.action.is.lost. ..:Slots.99:are. formed. in..thé .lower:poition

ing..movement. of. the struts .in’_the :manner “aboveide-
scribed. ) _ L
A% ‘best’ shown ifi Fig: 712, the T:baf*97-is-adaptéd-to
‘be -vertically: . adjusted ™ by ~fluid~ ¢ylifider “means. "= Fhis
fliid-¢ylifider ‘means -may comprises a-pair~of ¢ylinders
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188, pivotally mounted in the car frame 84, as indicated
at 181, The piston rod 102 of each cylinder is pivotally
connected to one arm 193 of a bell crank, fulcrumed as
at 104 upon the frame of the car. A roller 105 is jour-
nalled upon the free end of the other arm 106 of each
bell crank, and is movably mounted within a yoke 107
depending from the T-bar 97.

The fluid pressure in the cylinders 160 will urge the
pistons inwardly therein, and through the bell cranks
193108, the T-bar 97 will be raised, increasing the lift-
ing force of the struis. Thus the desired fluid pressure
may be maintained in the cylinders 109 to produce any
desired or necessary lifting force for the movable struts.

The furnace chamber 3¢ may be heated to desired
temperature by any conventional means such as gas or
oil burners located through the burner openings 108, or
by electric heating elements, or other conventional means.

In this embodiment of the invention, the muffle being
anchored at its forward end as at 89, the elongation there-
of under high temperatures will be toward the rear end
thereof. Tt will be seen that as the muffle expands and
contracts the movable struts 92 will tilt rearwardly and
forwardly, carrying the entire weight of the muffie within
the furnace chamber. An insulation plug 109, of any
suitable material, is removably mounted in the forward
end of the muffle and may be removed for loading and
uanloading the muflle.

Although springs are illustrated in the drawings and
above described in detail, for providing the lifting force,
it should be understood that an equivalent means, such

as air cylinders, counter-weights or the like, may be pro-

vided for producing the lifting force, the only require-
ment being that a predetermined lifting force within rea-
sonable limits be exerted, regardless of movement of the
muffle.

The muffie support means is illustrated and described
as applied to a horizontal mufile, but it should be under-
stood that it is also useful for a muffle located in a some-
what inclined position, since the flattening tendency still
exists in such a muffle.

Throughout the description and claims, the terms
“cylindrical” and “tubular” apply to mufies of generally
cylindrical form, not necessarily circular, where both the
portions above and below the plane of greatest width are
curved so as to be outwardly convex at substantially all
points, and further, that the profile or cross section is
such that the action of gravity on the upper portion re-
sults in outward f forces, and the action of gravity on the
lower portion results in inward forces, these opposing
forces being of at least the same order of magnitude.
In other words, the improved support means to which
the invention pertains is applicable to muffles of any cylin-
drical form, whether the profile or cross section thereof
be circular or otherwise curved.

In the foregoing description, certain terms have been °

used for brevity, clearness and understanding, but no un-
necessary limitations are to be implied therefrom beyond
the requirements cf the pricr art, because such words are
used for descriptive purposes herein and are intended to
be broadly construed.

Moreover, the embodiments of the improved construc-
tion illustrated and described herein are by way of ex-
ample, and the scope of the present invention is not
limited to the exact details of construction.

Having now described the invention or discovery, the
construction, the operation, and use of preferred embodi-
ments thereof, and the advantageous new and useful re-
sulis obtained thereby; the new and useful construction,
and reasonable mechanical equivalents thereof obvicus
to those skilled in the art, are set forth in the appended
claims.

1 claim:

1. In a furnace, walls defining a heating chamber, a
cylindrical muffle located through one end wall of the
furnace chamber and terminating within the chamber at
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a point spaced from the opposite end wall thereof, means
anchoring the muffle adjacent said one end wall, and
support means for the muffle within said chamber in-
cluding a pair of pivoted upwardly acting struts tiltably
engaging opposite sides of the muffle near a horizontal
plane located through the axis of the muffle.

2. In a furnace, walls defining a heating chamber, a
cylindrical muffle extending longitudinally within said
chamber, a support band conforming to the underside of
said muffle, means connecting said support band to the
muffle at only cne point an upwardly acting support strut
adjacent each side of the muffle, seat means associated
with said support band and tiltably engaging the upper
end of each of the struts, and means for applying a pre-
determined lifting force to the lower end of each strut,
the lines of action of said struts intersecting points near
the marginal edges of the muffle in a horizontal plane lo-
cated through the axis of the cylindrical muffle.

3. In a furnace, walls defining a heating chamber, a
cylindrical muffle extending longitudinally within said
chamber, spaced fixed support piers within the chamber,
said piers having concave supporting surfaces substan-
tially conforming to the shape of the muffle bottom, spaced
pairs of upwardly acting support struts between said
piers, the struts of each pair having lines of action inter-
secting the horizontal plane of greatest muffle width near
the intersection of the opposite muffle walls with said
horizontal plane, seat means associated with the muffle
and tiltably engaging the upper ends of the struts, and
means for applying a predetermined lifting force to the
lower end of each strut.

4. In a furnace, walls defining a heating chamber, a
cylindrical muffie extending longitudinally within said
chamber, spaced fixed support piers within the chamber,
said piers having concave supporting surfaces substantially
conforming to the shape of the muffle bottom, spaced
pairs of upwardly acting support struts between said piers,
the struts of each pair having lines of action intersecting
the horizontal plane of greatest muffle width near the
intersection of the opposite muffle walls with said hori-
zontal plane, seat means associated with the muffle and
tiltably engaging the upper ends of the struts, and means
for applying a predetermined lifting force to the lower end
of each strut, the total of said lifting forces being such
as to leave an appreciable load upon said piers thus tend-
ing to prevent lateral warpage of the muffle.

5. In a furnace, walls defining a heating chamber, a
cylindrical muffle extending longitudinally within said
chamber, spaced fixed support piers within the chamber,
said piers having concave supporting surfaces substan-
tially conforming to the shape of the muffle bottom, spaced
pairs of upwardly acting support struts between said piers,
the struts of each pair having lines of action intersscting
the horizontal plane of greatest muffle width near the
intersection of the opposite muffle walls with said hori-
zontal plane, seat means associated with the muffic and
tiltably engaging the upper ends of the struts, and means
for applying a predetermined lifting force to the lower
end of each strut, the total of said lifting forces being
more than half the total load of the muffle.

6. In a furnace, walls defining a heating chamber, a
cylindrical muffle extending loncitudinally within said
chamber, spaced fixed support piers within the chamber,
said piers having concave supporting surfaces substan-
tially conforming to the shape of the muffle bottom,
spaced pairs of upwardly acting support struts between said
piers, the struts of each pair having lines of action inter-
secting the horizontal plane of greatest muffle width near
the intersection of the opposite muffle walls with said
horizontal plane, seat means associated with the muffle
and tiltably engaging the upper ends of the struts, and
means for applying a predetermined lifting force to the
lower end of each strut, the struts carrying a major
portion of the load of the muffle but less than the full
load thereof.,
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=7, n-a"furnace, -walls- defining~ a ‘heating-chamber, -a
~¢ylindrical - muffle - extending longitudinally - within - said
~chamber,  the- cross- section of said muffle-comprising-a
catenary-curve forming the lower half of the muffle-and

-an-inverted catenary curve forming the -upper-half-:there- -

of, said lower-and upper halves-being joined- at- a-hori-
~zontal: plane: of-greatest- muffle <width-support meaas: for
‘the miuffle; and-means-associated-with the muffle: for en-
-gaging the support means; ‘the line-of action of: said- sup-
~port-means intersecting-said: plane of greatest muffle width
-at-points.near- the intersection- of ‘said-curves with-said
~plane.

~8 .+ Ina furnace; side-walls; a rear-end wall and a-top
“wallyand acar movable relative to the-furnace and hav-
+ing a horizontal platform forming a- -movable bottom-wall
-and together-with-said furnace walls- defining a heating
‘chamber," a- cylindrical;, muffle -carried by said- car and
terminating: within- said- 'chamber at-a point: spaced from
~said rear-end-wall; means- anchormg the -muffle adjacent
~to“the-front -end of ‘the-car;-and*support- means within
-ssaid-chamber mcludmg spaced pairs-of: upwardly-acting
- struts-tiltably engagmg -oppositesides -of ‘the miiffle -ad-
-jacent the point of maximum-muffle width; the-lower- ends
-of*said-struts being supported-upon said car.

%9 In-a’*furnace; walls" defining-a~ heatmg chamber,-a
honzontal cylindrical muffle extending: longitudinally with-
sin“the ‘chamber, a° pair ofsupport- seats-associated with

-»said-miiffle ad;acent its opposite: side walls and near-its
horizontal plane- of-greatest-width,- there: bemg tension-
~resisting -connecting--means: -between- sald seats - circum-
ferentially of the lower, portion--of- the-muffle,” a- pair
“of “upwardly-actmg -support -struts - engaging said seats,
-and means for-applying a-predetermined force to-the-lower
'fends*-of'-Said' struts; whereby a-tension component of-stress
‘is-applied-to- said -tension-resisting -connecting ‘means.

10z In a*furnace; walls defining a heating -chamber; a
-herizontal cylindrical muffle-extending longitudinally with-
“in‘the-chamber,-a- pair- of - support 'seats associated- with
-said:-mufile Aadjac_e'nt‘ its-opposite -side-walls . and near-its
~horizontal: plane:-of greatest-width, - there - being: tension-
:resisting--connecting ~means--between said seats: circum-

‘‘ferentially of ‘the -lower portion. of the muffle; a pair of
ﬂpwardly-achng support-struts ‘engaging -said--seats; and

sspring=means-for applying 2 predetermmed force to the
‘Tower-ends’of: said- strufs,  whereby -a tension component :

of stress_is apphed to -said ‘tension-resisting ‘ connecting
~means. . :
+411:In- 4 furnace;-walls défining a heating chamber, a

~-horizontal -+cylindrical -~ muffle - -extending “longitudinglly

-within=the~chamber; a- pair of support seats -associated
Avith-said-miiffle -adjacent its opposite side-walls -and. near
-its-horizontal ‘plane of -greatest width; there being tension-
=resisting-connecting means- between - said - seats - circum-
~ferentially-of ‘the - lower portion -of -the ‘miiffle; a pair -of
‘upwardly-acting: ~support: struts- engaging said seats,-and
“fluid-cylinder- means-for applying a- predetermmed force
«to-the-lower ends-of said-struts,~whereby a-tension-com-
~ponent-of-stress-is -applied to-said- tension-resisting con-
snetting means.
12. In a furnace,-walls déefining a heating chamber, a
sherizontal cylindrical --muffle - extending - longitudinally
within-the - chamber;- a- pair.-of ~support -seats-associated
withsaid -muffle-adjacent its- opposite side walls -and- near
~its-heorizontal plane-of greatest width; there being tension-
- resisting--connecting- means -between said seats - circum-
‘“ferentially-of ‘the lower portion ‘of the-mufile, a -pair of
~upwatdly-acting " tiltable -support - struts - engaging -said

:sgats;and -means - for-applying a predctermmed force

»tg:thé lower-ends:of -said-struts, whereby a tension com-

“vponentof stress- is- apphed to-said: 1‘.&31151011—re3181mfJ con-
~necting :means.

it 13, -In-a furnace; walls ‘defining a:heating chamber, a
~“horizontal--cylindrical - muffle-- extendmv longltudmally
siwithin’ the! chafhber, a-pair-of support seats- forméd-upon |
said muffle adjacent its opposite side walls-and near its~
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‘horizontal-plane-of - greatest- ‘width, the- lower portion of
the muffle! formmg tensmn-reslstmg connecting means be-
tween said: seats; a pair-of upwardly-acting support struts
engaging- -said:‘seats, and- means ‘for -applying.a prede-
terminedforce-to the-lower-ends -of said struts, whereby
a- tension component-of stress-is applied to said -tension-
resisting connectlng means.

-14.In-a’ furnace, walls ‘defining a heating chamber, a
horizontal cylindrical - muffle -extending - longitudinally
-within ithe chamber,-a pair of support seats formed upon
said mirffle ad]acent its-opposite side walls and near. its
horizontal-plane of greatest.width, ‘the lower portion of
-the.-muffle: forming- tens1on—re31st1ng connecting means
‘between- sald seats,-a pair-of upwardly—actmg support
struts: engaging ‘said: seats, and- spring means for apply—
ing a predetermined force 10 the lower ends of said struts,
-whereby:a- tension-component of stress: is applied to said -

-1.,n51on-re515tmg connecting-means.

15. :In-ai.furnace; walls defining a heating chamber, a
‘horizontal - cylmdncal muffle -‘extending * longitudinally

~within: the-chamber, a pair of support seats formed upon

said muffle adjacentits opposite- side walls and near ifs

-horizontal plane of :greatest. width, the lower portion of

the muffle: forming -tension-resisting -connecting means
‘between - said -seats, - - pair - of upwardly-acting support
.struts engaging said-.seats, and fluid cylinder means for
applying a predetermined force to the-lower-ends of said
‘struts; whereby:a tension: ¢omponent-of stress -is applied
tosaid: tensmn-remstmg connecting means.

16, In-a*furnace, walls- defining a heating chamber, a
horizontal - cylindrical - - muffle - extending ' longitudinally
within ‘the:chamber, a- pau‘ of support seats formed upon
said -muffle-adjacent-its opposite side walls and near- its
horizontal plane of greatest -width, the lower portion of
the muffle forming tension-resisting connecting -means
between said seats, a pair of upwardly-acting tiltable sup-
port ‘struts-engaging said -seats, and means for applying
a:-predetermined force to-the lower eads of -said struts,
whereby a tension component of stress is. apphed to said
tension-resisting connecting means.

17. In-a furnace, walls: defining 2 heating chamber, a
horizontal - cylindrical -muffle: extending Ion0itudinaﬂy
-within' the -chamber, a support band conforming to- the
-underside of the muffle, a pair of support seats formed
upon said support band at points adjacent opposite side

-walls -of- thé ‘muffle -near the horizontal plane of greatest
-width -of the-muffle, said support band forming tension-

resxstmg connectmg -means between said seats, a-pair of
upwardly acting ‘Support struts -engaging said ‘seats, and

-means:for applying a predetermined force-to-the lower

ends of the struts,-whereby a tension component of stress

~is-applied-to-said tension-resisting connecting means.

*18:- In-a furnace, walls defining a heating chamber; a
horizontal cylindrical muffle - extending “longitudinally

- within- the:chamber, a support band conforming to the
“underside of-the muffle, a pair -of support seats formed

upon-said suppert- band -at points' adjacent-opposite side

~walls-of the mufile near the horizontal -plane- of  greatest

.width-of -the muffle; said support band forming tension-
resisting connectmg means between said -seats, a pair of
upwardly-actmg support struts-engaging -said - seats, -and

“spring means for applying a prédetermined force -to:-the
: lower ends of ‘the struts, whereby a.tension component-of

stress is apphed to-said tension-resisting connecting-means.
- 19. In a furnace; walls defining a heating: chamber, a
horizontal -cylindrical ” muffle - extending  longitudinally
within the-chamber, a-support band conforming to- the

~underside ‘of the muffle, a pair of support seats formed
-upon said- support band.at points adjacent opposite side
~walls-of the muffle near the horizontal plane ‘of greatest

width of the muffle, said support band forming tension-
resisting connecting means between said seats, a- ‘pair of

i upwardly-actmg support struts- engagmg -said seats, -and

-q
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“fluid’ cyhnder means for’ applymg a predetermmed ‘force
.to"the-lower-ends-of the struts;-whereby a tension com-
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ponent of stress is applied to said tension-resisting con-
necting means.

26. In a furnace, walls defining a heating chamber, a
horizontal cylindrical muffle extending longitudinally
within the chamber, a support band conforming to the
underside of the muffle, a pair of support seats formed
apon said support band at points adjacent opposite side
walls of the muffle near the horizontal plane of greatest
width of the muffle, said support band forming tension-
resisting connecting means between said seats, a pair of
upwardly-acting tiltable support struts engaging said
seats, and means for applying a predetermined force to
the lower ends of the struts, whereby a tension compo-
nent of stress is applied to said tension-resisting connect-
ing means.

21. In a furnace, walls defining a heating chamber, a
cylindrical muffle extending longitudinally within said
chamber, seat means adjacent opposite sides of the muf-
fle, upwardly-acting support struts engaging said seat
means, each of said struts having a line of action substan-
tially tangential to each side of the muffle near a hori-
zontal plane located through the axis of the muffle, and
means for applying a predetermined lifting force to the
lower end of each strut,

22. In a furnace, walls defining a heating chamber, a
cylindrical muffle extending longitudinally within said
chamber, seat means adjacent opposite sides of the muf-
fle, upwardly-acting support struts engaging said seat
means, each of said struts having a line of action sub-
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stantially tangential to each side of the muffle near a
horizontal plane located through the axis of the muffle,
and spring means for applying a predetermined lifting
force to the lower end of each strut.

23. In a furnace, walls defining a heating chamber, a
cylindrical muffle extending longitudinally within said
chamber seat means adjacent opposite sides of the muf-
fle, upwardly acting support struts engaging said seat
means, each of said struts having a line of action substan-
tially tangential to each side of the muffle near a hori-
zontal plane located through the axis of the muffle, and
fluid cylinder means for applying a predetermined lifting
force to the lower end of each strut.
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