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2,825,547 
MUFFLE TYPE FURNACE WITH MOVABLE 

SUPPORT STRUTS 

Arthur H. Vaughan, Salem, Ohio, assigaor to The Elec 
5. Furnace Company, Salem, Ohio, a corporation of 

O 

Application May 24, 1955, Seria No. 510,711 
23 Claims. (C. 263-42) 

The invention relates to muffle type furnaces such as 
are used for continuous bright annealing of stainless steel 
strip and the like. Furnaces for this purpose ordinarily 
include 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, cooling 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 dissociated 
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 feet 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 3%%, and preferably approaching 5%, of the 
mean diameter of the cylinder, in order to obtain a rate 
of flattening low enough to be tolerable. 
For a cylinder of 25 inches mean diameter, this corre 

sponds to between 78 and 14 inches wall thickness. 
Such a muffle is obviously very heavy and therefore ex 
pensive, and in addition, the support loads are high enough 
to cause great resistance to the longitudinal movement of 
the muffle 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 
chamber. 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 around the muffle, both above and 
below the same, should be largely open for satisfactory 
results. 

If 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 contraction, has thus become impossible. 

It is therefore an object of the present invention to 
provide a muffle support which overcomes the above de 
scribed difficulties and disadvantages. 
Another object is to provide improved muffle 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 effect in the lower portion of 
the muffle, these effects largely neutralizing each other. 
A still further object is to provide a muffle support 

producing minimum interference with heat absorption by 
the muffle, and therefore good heating capacity and small 
temperature 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 low unit pressure at 

the supports. 
A still further object is to provide muffle support means 

including support struts titably engaging the muffle 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 muffle, and spaced pairs of 
movable struts carrying the larger portion of the load, 
but less than the full load, of the muffle. 
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 
muffle width at points near the marginal edges of the 
muffie. 
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 muffle 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 elongated 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 muffle ad 
jacent each marginal edge thereof, means for applying a 
predetermined lifting force to each strut, and means an 
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choring the muffie against longitudinal movement at a 
convenient point, for example near the exit end of the 
furnace. 
The muffle may extend-through- one-or-both-end-walls 

of the heating chamber, and a cooling-chamber-of-eon 
siderable length may be attached to-the-discharge end of 
the muffle by means of an air-tight joint. 

Entrance and exit 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 vestibule being omitted in the batch-type furnace. 

Having thus described the invention in general-terms, 
reference is now made to the accompanying-drawings, in 
which; - - - - - , Fig. 1 is a diagrammatic view of around or cylindrical 
muffle supported upon a flat surface, showing successive 
deformed or flattened shapes which the-muffle assumes 
when submitted to high temperatures; " 

Fig.2 a similar diagrammatic view of a round or cyl 
indrical muffle supported by a curved surface showing suc 
cessive distorted or flattened shapes which the-muffie' as 
stimes under high temperatures; 

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

Fig. 4a is a side elevation of a complete furnace show 
ing an embodiment of the invention; Fig. 4b is a side elevation of water-jacketed cooling 
chamber; - n 

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

Fig.6 a transverse, sectional 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 invention; - - 

Fig. 7 a transverse, sectional view, taken on-the-line 
7-7, Fig. 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 alongitudinal sectional view through a batch 
furnaces of the vacuum type with removable-muffle: or 
retort, embodying the invention; - 

Fig. 11, a transverse, sectional view through the furnace 
shown in Fig. 10, taken partially as on the line-11-1 
and partially on the line 11a-1a, Fig. 10; 

Fig. 12 alongittidinal sectional view through another 
type of batch fürnace; and, 

Fig. 13 a transverse sectional view through-the-fur 
nace shown in Fig. 12, taken partially on the line 13-13 
'and partially on the line 13a-13a, Fig. 12. 

Referring now more particularly to the embodiment 
of the invention illustrated in the drawings, in which 
similar numerals refer to similar parts throughout, refer 
ence is first made to the diagrams shown in Figs. 1-to-3. 
In Fig. 1 is a diagrammatic showing of -a-, circular, 

cylindrical muffle, indicated at 15, supported along a single 
line contact, indicated at 16, upon a flat supporting mem 
ber 17. At a the cylindrical muffle. 15. is shown-in the 
original form before it has been subjected to high item 
perature. 

. . When this-muffle-is-subjected to considerable-tempéra 
ture-and-time it will flatten to substantially elliptical-shape 
“as shown at-b, and the lower side of the muffle; incon 
tact with the support: 17, will be-flattened:as: indicated 
at:18. - 

-With additional: time at high temperature, it will be 
come increasingly-flattened as showntiatic; the: top-side 
of the muffle becoming slightly concaved as at:19 and the 
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bottom side of the muffle becoming increasingly flattened 
as at 20. 
The diagram in Fig.2 shaws a cylindrical muffle 21 Sup 

ported upon a curved or concaved support member 22. 
If 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 arid f. 
Assuming that the-curved support 22 is in the form of 

spaced piers, the muffle first moves into a Snug fit upon 
the piers under the effect of temperature and time, and the 
metal of the muffle then further subsides adjacent the 
piers, producing appreciable indentations, so that when 
the miffle shrinks on cooling the piers are often de 
stroyed as it has become-impossible for the muffle to 
slide thereon. 

In Fig. 3 is diagrammatically shown the use of catenary 
curves in the formation of a muffle. Atg. is shown a view 
with the shape of a catenary curve, and at his a similar 
view representing an inverted catenary curve of the same 
shape and size. With such sections, if supported by ver 
tical and horizontal forces, there is no bending stress. . 

Since the horizontal forces are equal arid opposite, a 
completed band as-shown at k, formed of like upper. and 
lower catenary'shaped portions, will have no tendency to 
flatten, if vertical supports are provided at the junction 
points between the two portions. 
A caténary profile or cross section, 'stich as this coild 

be adopted for a tubular muffle, aid in the case of con 
struction by welding of formed plates, or use of still-cast 
metal, it would be entirely practical. - - - - 
However, much of the advantage is still retained if a 

circular or even an 'elliptical cylindrical miffle, is sup 
ported in the neighborhood of the intersection' of its 
horizontal diameter and the opposite walls. 

It is not practical to provide continuous support 
throughout the length of the muffle, but, if local supports 
are spaced at reasonably frequent intervals, the stresses 
due to beam action will not be great. 

Referring now-more particularly to the embodiment of 
the invention illustrated in Figs. 4 to 9, in which a 'con 
tinuous 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 at 26. w 
The muffle is joined to the entrance vestibule by, a gas 

tight joint, indicated at 27, and to the cooling chamber by 
a similar gas-tight joint 28. The-muffle is anchored to the 
furnace structure, preferably-outside-of-the-furnace-cham 
ber as by a flange. 29, to prevent longitudinal movement 
of the muffle at this point, so that-upon heating the end 
of the muffle to which the centrance vestibule 25, is at 
tached, expands to the left as viewed in Fig. 4. 
As shown in Figs. 5, 6 and 7, the furnace proper includes 

the steel shell upper-and-lower halves 30-and 3i respective 
ly, a refractory lining 32 enclosing a cylindrical heating 
chamber.33; and refractory end walls 34 and 35. The 
furnace chamber may be heated in any conventional-man 
ner by fuel or electric heating elements. 

... Anchor-members -36 are integrally attached...to the steel 
shells 30 and 31, for the purpose of attaching: the flange 
29 of the muffle at the working exit-end of the furnace or 
the right hand end, as viewed in the drawings. - 
e. Aspaced plurality of refractory piers 37 are located in 
the bottom of the furnace chamber, and the upper sur 
faces thereof are curved, preferably to a radius's slightly 
greater than that of the muffle, as indicated at 38 in Fig. 7. 
These: piers: 37, together with: the send walls 34 and 35, 
contribute-to-the-support of the muffle 26, and also resist 
any tendency-to-lateral curvature of the muffle, which 
traight result from temperature differences. 
*As a further: support for the muffle; and preferably for 

supporting the major portion of the muffle-load, asseries of 
strut assemblies are provided, as best shown in Figs; 6:8 
'ahd 9. Eachi of these strut assemblies' comprisesian-aircu 
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ate band 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 band. 
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 length 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 alicy 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 muffle 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 tilt 
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 
muffle, 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 
load per unit length. Thus, for a 3 foot strut spacing, 
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6 
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 flattening 
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 muffle 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, a muffle 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 catenary 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 muffle 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 b in Fig. 1 with the omission of the 
flattened lower portion 18. 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-ends of the struts are shown of 
fockeriform at 52, it is not absolutely necessary that 
they be" of this exact form, since various simple: shapes 
are satisfactory, which permit the required tilting move 
Inent. - - 

:For example, a rounded pin and socket engagerient, 
as shown at 47a and 48a ini Fig. 9, may be used with 
satisfactory results. While; it is true that with such an 
engagement the lifting forces exerted on the 'spring will 
change slightly?ast theistrut still 
low-rate this effect is not objectionable. 

: In Figs. 10 and illis shown an application:of thein 
Verition to a batch furnace which may be of the vacuum 
type with removable muffle or retort. This furnace.in 
cludesi the steel shelli55; with refractory lining:56;forming 
the top wall 57; longitudinalisidewalls: 58.2nd rear-end 
walk 59, defining the furnace, heating chamber 60, which 

by using: airspring of 

is opensati'its&forward; endi and its underside and sup 
ported spaced...above the:floor, as:by the basegmembers 
61iatieach side-rand-at-the-reariend: thereof. 

This furnace is shown fin;..the-drawings asian: electric 
furnace-adapted to be:heated with:lelectrics heating ele 
ments, as indicated at 62, but it should be understood 
that the...furnaces may be: fuel: fired in any conventional 
ac. 
The muffle. or -retort 63 is carried, upon sa car, indi 

icated, generally. at 64,-the-wheels. 65, of which ride: upon 
the rails 66, longitudinally, disposed. upon the floor below 
ithe... 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 

and receive the depending flanges 69, , at opposite sides 

suitable sealing material, such as sand or the like asiindi 
-cated at 70, may be contained in the channels 68 in order 
sto. prevent loss-of-heat from the furnace-chamber and to 
protect-the-running gear...of the cari. 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, vanadium, 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 car so...that work-within the muffle may be 
heat-treated in a substantial vacuum. 

It. will-be seen that the atmospheric. pressure oatside 
of-the-muffle 63 will tend to...increasingly flatten-this 
imuffle when...the internal. pressure.thereof, has been so 
greatly decreased. For this reason, the muffle support 
ing means.to, which the invention pertains, including the 
movable: struts tiltably: engaging 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 front:end 
of the furnace-chamber, and this: front end-of-the-muffle 
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 75 
thereof.-terminates 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 77-of-arcuate shape-to-receive 
the underside of the muffle. 
As a further support for the muffle 63, and preferably 

supporting theniajor portion of the miffle load, as above 
described, a series of movable strut assemblies are pro 

: 'vided. These strut assemblies are similar to those above 
described, each comprising an arcuate band 78, curve 
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to conform to'the lower-half-of-the mtiffle 63randapair. 
tiof struts indicated generally af 79, tiltably engaged with 
said band in the manner: above described indetail. 
These-struts-are-located throughtslots 80 in the refrac 

story platform:67-of-the car and are of the construétion, 
arrangement: and operation 'abeve'? described in detail 
with reference: to Figs. 5-to-9, with the exception that; as 
shown in Fig.11, they are located substantially vertical 
arather than being tilted inward toward the mi??ile. How 
'ever, as above pointed out these:struts may be:kocated 
at any angle between vertical and above. 30idegrees in 
:ward tilt. ... 

; in the present-caseiitzwill beseen thatfitsis iconvenient 
to locate the struts; substantially vertical-Basrotherwise 
it would be necessary, to increase they width of the car 
as well as the width of the furnace chamber itselfin 
order to tilt...the struts inwards attany, appreciable angle. 
The arrangement and operationais:otherwise the same 

as: above: described ini detail; thestnuts being adjusted to 
produce the desired lifting forces and prefecataly (support 
ing the major portion of the muffleload; the remainder 
of which is supported by: the pierstand: the openingfill 
in the end bulkhead of; the: car. The:muffleabeingian 
chored at its forward end under high:temperatures it will 
elongate toward its rear end, whereby the straats will rack 
backward and forward: as...the muffle:expandstandicon 
tractS. 

: In Rigs...12 and 13 is shown another; and comparatively 
simple: form of batch furnace in which; the entireifurnace 
may be, provided, with wheels-81s mounted to roll upon 
rails,82. --The furnace, comprises:-the-listeels, shell.i.a63 
mounted upon: the structural frame:84 to which athe 
wheels are attached. This shell may be of cylindrical 
shape, as best shown.in. Fig.13, and is provided with the 
refractory lining.85, within the vertical side-walls and the 
closed rear. end wall.86. 

. The front end wall is also lined with refractory mate 
rial, as shown at 87, and provided with the opening.88 
through which the front end of the muffle -89 extends, 
this front-end of the muffle...being: supported within the 
opening 88 in the front. end wall 87 and being anchored 
as at 89a to the structural frame attached to the frontend 
wall of the furnace. . . . . . . . 

. This muffle extends, rearwardly through: the furnace 
chamber 90, to a point near the rear end wall thereof, 
being closed at its rear...end as shown at 91...As the muffle 
is of relatively short length, no pierisprovided for assist 
ing and supporting the same, the entirelengthiof, the 
muffle within the furnace chamber being supported only 
by two spaced piers of movable struts 92, teachiapair of 
struts being tiltably connected to an arcuaté band 93 for 
conforming to the underside of the miffle. 
As shown in Figs. 12 and 13," the movable'struts'92 

each has a rocker portion 94 at its upper eiid, sifilar to 
that illustrated and described above, for engagement in 
a socket in the adjacent end portion of the arcuatebaid 
93. Instead of providing springs for adjusting the lift 
ing force of the struts, as shown in Figs. 4 to 9; fluid 
-cylinder means maybe provided. 
"For this purpose, the lower end of each strut-meinber 

92 may be bifurcated, asi shown at 95, and pivoted as 'at . 
'96 upon a horizontal T-bar'97. The lower portions of 
the struts;92 are located through; the sockets, 98, which 
extendi downward: through theilower sides of the steel 
shell:83. of the furnace. Afthe strutsiiarei thusia guided 
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through these sockets, when they are lowered;and supon 
lifting the rockers portions}:94 at their upper ends will 
'enter, the sockets: in the band, 93, before...this: guiding 
action is lost. Slots. 99 are formed in the lower polition 
sof the refractory lining.85.of the furnace, to permittilt 
ing. movement of the struts in the manner above ide 
scribed. . . . . 
As best shown in Fig.12, the T-bar 97 is adapted to 

be vertically, adjusted by fluid cylinder means. This 
fluid" cylinder means may comprise: a pair of cylinders' 
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180, pivotally mounted in the car frame 84, as indicated 
at 331. The piston rod 302 of each cylinder is pivotally 
connected to one arm 103 of a bell crank, fulcrumed as 
at 494 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 100 will urge the 

pistons inwardly therein, and through the bell cranks 
383-185, the T-bar 97 will be raised, increasing the lift 
ing force of the struts. Thus the desired fluid pressure 
may be maintained in the cylinders 100 to produce any 
desired or necessary lifting force for the movable struts. 
The furnace chamber 90 may be heated to desired 

temperature by any conventional means such as gas or 
oil burners located through the burner openings 08, 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 39, the elongation there 
of under high temperatures will be toward the rear end 
thereof. It 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 muffle within 
the furnace chamber. An insulation plug i99, of any 
Suitable material, is removably mounted in the forward 
end of the muffle and may be removed for loading and 
utiloading the muffle. 
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 muffle support means is illustrated and described 

as applied to a horizontal muffle, 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 muffles 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 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 
lised for brevity, clearness and understanding, but no un 
necessary limitations are to be implied therefrom beyond 
the requirements of the prior 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 
sults obtained thereby; the new and useful construction, 
and reasonable mechanical equivalents thereof obvious 
to those skilled in the art, are set forth in the appended 
claims. - 

i 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 one 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 muffle 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 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 
more than half the total load of the muffle. 

6. 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, the struts carrying a major 
portion of the load of the muffle but less than the f 
load thereof. 
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7.In a furnace, walls defining a heating-chamber, a 
-cylindrical-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 means for 
the mtiffle, 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. In a furnace, side-walls, a rear-end wall and a top 

wall, and a car movable relative to the furnace and hav 
ting 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 anchoring the muffle adjacent 
to the front-end of the car, and support means within 
said chamber including spaced pairs of upwardly-acting 
: struts; tiltably engaging opposite sides of the muffle 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-heating chamber, a 
horizontal cylindrical muffle extending longitudinally with 
“in the chamber, a pair of support seats associated with 
said miliffle 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 muffle, a pair 
of upwardly-acting support struts engaging said seats, 
and means for applying a predetermined force to the lower 
*ends of said struts, whereby a tension component of stress 
is applied-to-said tension-resisting connecting means. 
**10. In a furnace, walls defining a heating chamber, a 

shorizontal cylindrical muffle extending longitudinally with 
-in-the-chamber, a pair of support seats associated with 
said muffle adjacent its opposite sider walls and near-its 
horizontal plane of greatests width, - there being tension 
*resisting connecting-means between said seats circum 
sferentially of the lower portion of the muffle, a pair of 
supwardly-acting-support struts engaging said 'seats, and 
spring means for applying a predetermined force to the 
loweriends of said struts, whereby a tension component 
of stress is applied to said tension-resisting connecting 
Imeans. - 

*11. In a furnace, walls defining a heating chamber, a 
thorizontal-cylindrical-muffle extending longitudinally 
within-the-chamber; a pair of support seats associated 
twith:said-mtiffle-adjacent its opposite side walls and near 
sits horizontal plane of greatest width; there being tension 
'cresisting connecting means between said seats circum 
rferentially of the lower portion of the muffle, a 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-com 
ponent-of-stress is applied to said tension-resisting con 
inecting means. 

12. In a furnace, -walls defining a heating chamber, a 
shorizontal cylindricals' muffle extending longitudinally 
within-the chamber, a pair of support seats associated 
with said-muffle-adjacent its opposite side walls and near 
its herizontal plane of greatest width; there being tension 

a resisting connecting means between said seats circum 
Aferentially-of-the lower portion of the muffle, a pair of 
upwardly-acting's tiltable support struts engaging said 
seats;-and-means for applying a predetermined force 
*te-the loweriends-of-said struts, whereby a tension com 
Yponent-of 'stress is applied to said tension-resisting con 
'necting: means. - 

i: 13. in a furnace, walls defining a heating chamber, a 
3-horizontal--cylindrical muffle-extending - longitudinally 
3-within the chamber, a pair of support seats formed 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 forming tension-resisting connecting means be 
tween said seats, a pair of upwardly-acting support struts 
engaging said seats, and means for applying a prede 

5 termined force to the lower-ends of said struts, whereby 
a tension component of stress-is applied to said tension 
resisting connecting means. . . . . 

: 14. In a furnace, walls defining a heating chamber, a 
horizontal cylindrical muffle extending longitudinally 
within the chamber, a pair 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 support 
struts: engaging said seats, and spring means for apply 
ing a predetermined force to the lower ends of said struts, 
whereby a tension component of stress is applied to said 
tension-resisting connecting means. 

15. In a furnace, walls defining a heating chamber, a 

O 
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20 horizontal cylindrical muffle extending longitudinally 
within the chamber, a pair 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 support 
struts engaging said-seats, and fluid cylinder means for 
applying a predetermined force to the lower ends of said 
struts, whereby a tension component of stress is applied 
to said tension-resisting connecting means. 

16. In a furnace, walls defining a heating chamber, a 
horizontal cylindrical muffle extending longitudinally 
within the chamber, a pair 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 ends of said struts, 
whereby a tension component of stress is applied to said 
tension-resisting connecting means. 

17. 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 
-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 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 support struts engaging said seats, and 
spring 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. 

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 

: upwardly-acting support struts engaging said seats, and 
fluid cylinder means for applying a predetermined 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. 

20. 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 
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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