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CUNS’I‘RUC’I‘IGN 
Lester .I. 'I‘ranel, St. Louis, Mo, and Elmer H. Carr, 

Brighton, Iil., assignors to Olin Mathieson Chemical 
Corporation, a corporation of Virginia 

Original application May 9, 1961;, Ser. No. 108,862, new 
Patent No. 3,206,839, dated Sept. 21, 1965. Divided 
and this application May 18, 1965, Eer. No. 474,193 

I Claim. (Cl. 165-470) 
This application is a division of copending application 

Serial No. 108,862, ?led May 9, 1961, now U.S. Patent 
No. 3,206,839, issued September 21, 1965. 

This invention relates to the fabrication of hollow ar 
ticles, and more particularly to sheet metal heat ex 
changers. 

In the manufacture of metal or plate-like heat exchang 
ers, it is often desirable to utilize said heat exchangers in 
conjunction with one or more additional sheet metal 
structures or plates for various applications. 

Typical of such applications are those in which it is 
often found desirable to have the heat exchanger formed 
with a duct-like structure de?ning a secondary passage for 
a heat transfer medium disposal externally of the heat 
exchanger. An example of such a structure is a duct for 
transmission and circulation of the air found in the food 
compartment of conventional refrigerators, with the heat 
exchanger forming the evaporator panel employed for the 
cooling of the air. 

In other applications, it is often desirable to combine 
the heat exchanger and the sheet metal structure in the 
form of structural panels for use as wall separations in 
which the heat exchanger serves to condition the air ad 
jacent thereto, as, for example, radiant heating of rooms 
of a home or for cooling the components of various struc 
tures, such as the interior of truck bodies. 

Heretofore, the adaption of sheet metal heat exchangers 
for such uses has involved the cutting, and the like, of a 
plurality of individual units or components with or with 
out forming, assembling them together and then joining 
them together by welding, riveting and the like. How 
ever, irrespective of the manner in which these compo 
nents have been assembled, the method involves the dis 
advantage of requiring the handling of large numbers 
of components in the assembly of the components and 
the proper relationship and register with each other. Fur 
ther, such methods require the use of excess and additional 
material in the form of welds or rivets which appreciably 
increase the weight and cost of the desired fabricated unit. 

Accordingly, it is an object of this invention to provide 
a novel heat exchanger having increased heat transfer 
capacity. 

It is another object of this invention to provide a novel 
sheet metal heat exchanger having formed therewith an 
integrated duct extending along a face of said heat ex 
changer adapting it for use as a forced-convection-type 
heat exchanger. 

It is still further the object of this invention to provide 
a novel sheet metal heat exchanger adapted for use as a 
structural panel. 

Other objects and advantages of this invention will be 
come more apparent from the following description and 
drawings in which: 
FIGURE 1 is a partial View in perspective illustrating 

an assembly of component sheets in accordance with one 
embodiment of this invention; 
FIGURE 2 is a partial view in perspective of a section 

illustrating a sheet component treated in accordance with 
the said embodiment of this invention; 
FIGURE 3 is a partial View in perspective illustrating 

a section of the opposite face of the component depicted 
in FIGURE 2; 
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FIGURE 4 is a partial plan view in section illustrating 

an assembly of said components incorporating the embodi 
ment depicted in FIGURE 2; 
FIGURE 5 is a sectional view taken along lines V——V 

of FIGURE 4; 
FIGURE 6 is a plan view, partly in section, illustrat 

ing one mode of treating the component depicted in FIG 
URE 2; 
FIGURE 7 is a partial View in elevation illustrating the 

uni?cation of the assembly of components depicted in 
FIGURES 4 and 5; 
FIGURE 8 is a section View taken along lines VIII—~ 

VIII of FIGURE 7; 
ing one mode of treating the component depicted in FIG 
URE 8 after partial distention thereof; 
FIGURE 10 is a section view illustrating the section of 

FIGURE 9 having the outer components thereof disposed 
in their desired spaced relationship; 
FIGURE 11 is a sectional side view illustrating the sec 

tion of FIGURE 10 in its fully distended form; 
FIGURE 12 is a sectional side view illustrating a modi 

?cation of the embodiment depicted in FIGURE 11; 
FIGURE 13 is a partial plan view in section illustrating 

a modi?ed assembly of components for obtaining the em 
bodiment depicted in FIGURE 11; 
FIGURE 14 is a sectional view taken along lines XIV—— 

XIV of FIGURE 13; 
FIGURE 15 is a partial plan view in section illustrat 

ing an assembly of said components for obtaining another 
embodiment of this invention; 
FIGURE 16 is a sectional View taken along lines 

XVI-XVI of FIGURE 15; 
FIGURE 17 is a sectional side view illustrating the 

embodiment of FIGURES 15 and 16 after uni?cation and 
distention; and 
FIGURES 18 and 19 illustrate a still further embodi 

merit of this invention in an assembled form and in a 
corresponding partially distended form. 

Generally speaking, this invention comprehends the 
use, between a pair of outer sheet metal structures, of at 
least one inner sheet with at least one of the outer sheets 
formed or adapted for such forming by selective uni?ca 
tion of adjacent portions of two or more superimposed 
component sheets, so as to de?ne between. the component 
sheets a pattern of unjoined areas corresponding to a de 
sired system of ?uid passages. In accordance with this 
invention, the inner sheet is treated to provide a plurality 
of appropriate slits by appropriate cutting of this inner 
sheet along a plurality of speciai lines extending across 
this sheet in a direction parallel to a pair of opposite 
edges thereof, so as to divide the inner sheet into a plural 
ity of sections corresponding to the number of cross 
members desired between the outer sheet metal struc 
tures. 

In accordance with this invention, the cutting or slitting 
of the inner sheet will terminate su?iciently short of one 
or more edges, transverse the referred-to opposite 
edges, to provide an unslit marginal portion on the inner 
sheet between this edge or edges and the slit portion of 
the inner sheet. Thereafter, stop-weld or weld-inhibiting 
material is applied to both sides of these sections and 
the portions thereof designed to form the desired cross 
members between the outer sheet metal structures. Sub 
sequently, the inner sheet is assembled between the two 
outer sheet metal structures and the entire assembly 
pressure welded together in the adjacent areas of its com 
ponents, not separated by stop-weld material, so as to 
form a unitary structure. 
The outer walls or structures of the assembly are then 

spaced apart into their desired spatial relationship by any 
suitable means well-known in the art, such as mandrels, 
vacuum platens and by ?uid in?ation, under su?icient 
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force to obtain the desired spatial relationship and to 
erect the sections of the inner sheet, between adjacent slits, 
into the desired cross-members extending from and be 
tween the opposite walls of the resultant panel. 

In accordance with this invention as will be pointed out 
herein, various shaped integral cross-members can be 
formed between opposed Walls of the resultant panel. 
For example, the stop-weld material can be applied to 
each section of the slit inner sheet in a pattern provided 
so that, in the portions of all sheets adjacent one section 
of the inner sheet, the band of material between one pair 
of adjacent surfaces will be in adjacent and overlapping 
relationship to a band of the weld-inhibiting material be 
tween a successive pair of adjacent surfaces. By this 
pattern, the portions of each section adjacent diagonally 
opposed edges, de?ning them, become welded to adja 
cent sheets with the portions of the sections between the 
overlapping portions of the applied bands of weld-inhibit 
ing material forming, upon pressure welding and disten 
tion, the desired cross-members integrally extending 
etween the opposed walls of the resultant panel. 
Referring to the drawings, FIGURE 1 illustrates a metal 

sheet component ll, such as AA 1100 type aluminum alloy 
or AA 6061 type aluminum alloy clad with AA 1100 type 
aluminum alloy, which is to be assembled between a pair 
of outer sheet metal structures and from which com— 
ponent sheet 1, the desired number of cross-members are 
to be formed to integrally connect with and extend be 
tween the walls of the desired panel. In accordance with 
one embodiment of this invention, one of the outer sheet 
metal structures is comprised of an outer component sheet 
2, whereas the other outer sheet metal structure is com 
prised of sheet metal components 3 and 4 between which 
is interposed a pattern of weld-inhibiting material 5, 
which is applied to one of the adjacent faces of this pair 
of sheets, corresponding to the system of passages desired 
in the ultimate panel. The means of application of this 
pattern 5 of weld-inhibiting material may be applied in 
any conventional manner, as, for example, in accordance 
with the teachings of US. Letters Patent No. 2,690,002 
granted on September 28, 1954 to L. H. Grenell. 

In addition, the invention contemplates adapting the 
inner component sheet I, see FIGURE 2, for the forma 
tion of the desired cross-members by providing by any 
well-known means a plurality of spaced slits 6 necessary 
to divide the inner component sheet ll into sections '7 cor 
responding to the number of cross-members desired be 
tween the walls of the ultimate panel. These sections 
7 are obtained by slitting the inner component sheet I 
along a plurality of lines which are spaced from each 
other and which extend parallel to the pair of opposite 
edges 8 and 9 of the component sheet 1. Generally, 
these slits will extend in a direction which will be longi 
tudinal with the direction of subsequent rolling with the 
slit parallel to the lateral edges of sheet 1. However, in 
accordance with this invention, the slitting will be ter 
minated short of an edge 10 which extends transverse 
edges 8 and 9 so as to leave an unslit marginal portion 
11 on inner sheet 1, between edge 10 and the slit portions 
of sheet 1. It is also contemplated that the slitting may 
be terminated short of the edge opposite to edge llll, so 
as to leave an additional unslit marginal portion on sheet 
1 wherein the slits form perforations or slots through 
this sheet. As will be understood, the selection of the 
speci?c manner of slitting will be dependent on a speci?c 
application to which the panel is to be put. As will also 
be understood, the slitting may be accomplished by various 
means well-known in the art, as, for example, by rotary 
cutting tool 12, such as a saw, as depicted in FIGURE 6. 

After the provision of slits 6 on sheet 1, if necessary, 
the sheet may be given any suitable treatment such as a 
preliminary cleaning or wire brushing of the fraying sur 
faces in order to adapt the sheet for uni?cation by weld 
ing. Thereafter, each of sections '7 of sheet I are coated 
with a suitable weld-inhibiting material, such as graphite 
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4 
in water glass, on both sides of the sections. As illus 
trated in FIGURES 2 and 3, duplicated on each of the 
sections are patterns of the weld-inhibiting material ap 
plied as bands 13 and 14 on both sides on each section. 
As shown the bands of weld-inhibiting material 13 and 14 
are applied so that they will be disposed adjacent diag 
onally opposed lateral edges de?ning each of the sections. 
As can be seen, the coating of weld-inhibiting material is 
applied to edge of section '7 so as to provide bands 15 and 
15 free of weld-inhibiting material on the opposite sides 
of and disposed adjacent diagonally opposed lateral edges 
of each of the sections. 

In the speci?c embodiment described, the bands of 
weld-inhibiting material 13 and M, on each of the sections 
of sheet I, are in staggered and overlapping relationship 
with the parts of each section between the overlapping 
portions of the weld-inhibiting material corresponding to 
the cross-members desired between opposed walls of the 
ultimate panel as depicted in FIGURE 5. In this embodi 
ment, the marginal portion ll of inner sheet 1 is shown 
to be uncoated with the stop-weld material. It is to be 
understood that this marginal portion 11 may be coated 
with this material if this portion is not desired to be 
welded during subsequent welding operations particularly 
where it is desired to utilize mechanical means for disten 
tion of the ultimate panel. 

Subsequent to the application of the weld-inhibiting 
material, component sheet l is assembled between a pair 
of inner sheet metal structures, one comprised of com 
ponent sheet 2 and the other of the pair comprised of 
component sheets 3 and 4, to form an assembly of com 
ponents 17 illustrated in FIGURES l, 4 and 5. It is to 
be understood that the spacing and thickness of the var 
ious components in FIGURE 5 is illustrated in exag 
gerated form to denote more clearly the application of 
weld-inhibiting material between adjacent surfaces of com 
ponent sheets 1, 2, 3, and 4, and each of the sections of 
the component of inner sheet 1. Generally, the thickness 
of the weld-inhibiting material employed will be of the 
order of 0.001 of an inch which will be the distance of 
the spacing between the various component sheets. How 
ever, as will be obvious, smaller or greater thicknesses of 
Weld-inhibiting material may be employed between the 
various component sheets. In addition, to illustrate the 
general thicknesses of the component sheets, one unit of 
this embodiment of the invention was obtained with sheets 
I, 2, 3, and 4 having thicknesses, respectively, of 0.169, 
0.127, 0.127 and 0.17 of an inch. Also, although in this 
embodiment, each of sections 7 have been illustrated as 
being of equal width, it is to be understood that Where a 
panel of angular dimensions is desired the width of the 
sections of component sheet 1 would be progressively de 
creased. 

After assembly of the various components as illustrated 
in FIGURES l, 4 and 5, they may be suitably secured 
together against separation in any appropriate‘ manner, 
not shown, as by spot welding to the corners of the stack, 
or by any other suitable manner. 

Although speci?c aluminum alloys have been referred 
to in the foregoing example, it is to be understood that 
a variety of metals may be employed depending not only 
upon economic consideration, but particularly upon the 
speci?c application to which the ultimate panel is to be 
put. Thus, the ultimate panel of this invention can be 
made from other aluminum alloys including heat treatable 
alloys, copper alloys, titanium, zirconium, steel, or sim 
ilar alloys. Similarly, any weld-inhibiting material cap 
able of preventing welding of juxtaposed surfaces may be 
substituted for a speci?c weld-inhibiting material described 
above. 

Also, the metal sheets employed may be of any com 
bination of metals for any desired application. For exam 
ple, if the panel is to be employed as a structural panel 
in the fabrication of walls for buildings, it is generally 
preferred that the panel be not only lightweight, but, in 
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addition, resistant to the elements. Similarly, a light 
weight panel is also desired where the panel is to be em 
ployed, as indicated above, as a forced-convection-type 
heat exchanger for application in refrigeration systems. 
In this last application, the cross—members extending be 
tween the outer sheet metal structures function to extend 
the surfaces of the evaporator for heat transmission, and 
wherein the open areas between the outer surfaces serve 
as ducting for movement of air within a refrigerator; and 
as will be understood the system of passageways within 
one or more of the outer wall structures serves to provide 
the desired network of passages for the flow of the refrig 
erant required for cooling the air in a refrigerator. in such 
applications, it is readily seen that aluminum is not oniy 
suitable but preferred since it is both relatively light in 
weight and resistant to oxidation. 
However, if the resultant panel is intended for use as 

a structural panel in applications which require it to with 
stand any type of a severe loading force, it is readily seen 
that the panel will be of heavier gauge or of other metal 
or of a combination of the two. Thus, if the panel is in 
tended for heavier application such as a floor bed support 
ing heavy weights, the panel may be formed of steel and 
the like. In addition, Where the panel is intended for ap 
plication for forming bodies of refrigerated trucks and 
the like, it will be understood that the panel may be 
formed of steel, whereas where the panel is employed for 
the side Walls it may be formed of aluminum. 

Similar variables also apply with respect to the speci 
?c gauges of the metals employed, since the thickness of 
the metal will vary according to the application intended 
for the ?nal fabricated unit. Accordingly, the gauges of 
the components may be selected to give a uniform cross 
sectional thickness in all of the components, or any de 
sired variation in thickness between the outer walls and 
inter-connecting webs or legs which the cross-members 
form extending between the outer walls. In like manner, 
the components may be selected from various combina 
tions of metals to provide physical properties in the outer 
surfaces distinguishable from the physical properties in 
the cross-members between them as, for example, to pro 
vide elongation with sufficient retention of hardness in the 
cross-members. 

Subsequent to securing the various sheet components to 
gether against separation, the pack 17 is then ready for 
pressure welding together of the components in accord 
ance with conventional practices. Typical practices by 
which the panel may be welded together are set forth in 
the well—known process for fabricating hollow panels such 
as refrigerator heat exchangers and the like disclosed 
in the aforesaid U.S. Letters Patent to Grenell, No. 
2,690,002. 

In accordance with conventional practice, the secured 
assembly of components may be heated in a suitable fur 
nace to appropriate pressure welding temperatures, for 
example about 900° F. for components of aluminum al 
loys. Thereafter, the pack is rolled between a pair of 
mill rolls 1% and 19, see FIGURE 7, to effect sufficient 
reduction, such as about 65% for aluminum alloys, 
necessary to pressure weld all-adjacent areas in the stack 
not separated by weld-inhibiting material. This pressure 
welding results in a substantially complete erasure of the 
interfaces between the components by inter-dispersion of 
the grains between adjacent surfaces. The resultant junc 
ture is usually characterized by tensile strength equal to 
that of other seamless regions of the blank. As will be 
understood, the amount of reduction required to effect 
pressure welding will vary with the particular combina 
tion and the physical properties of the various combina 
tions of component sheets employed. Generally, a reduc 
tion of the order of 35% will accomplish pressure weld 
ing of adjacent surfaces not separated by weld-inhibiting 
material. However, it will be understood that lower or 
higher percentage reductions may be sufficient or required 
with different metals and/or different temperatures em 
ployed in the pressure welding operation. 
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By reference to the resultant blank 2d of FIGURES 7 
and 8, it can be seen that portions of each of the sections 
of the inner component sheet 1 are welded to the outer 
sheet metal structures adjacent to each side of sheet 1 
with the areas of the adjacent surfaces separated by weld 
inhibiting material remaining unwelded to provide lami 
nations within the blank in accordance ‘with the pattern 
of weld-inhibiting material utilized. Accordingly, the 
band 15 devoid of weld-inhibiting material applied on one 
side of the sections of component sheet 1 results in a pres 
sure welding of this portion of the sections to the outer 
sheet metal structure, comprised of sheet 2 adajacent 
thereto, as at 21, whereas the adjacent surfaces between 
sheet I and sheet 2 separated by weld-inhibiting material, 
results in laminations 22 between them. Similarly, the 
sections of inner component sheet I are pressure welded 
at 23 to component sheet 3 adjacent the other side of 
sheet 1 while leaving unwelded portions de?ning the lami 
nations 24. Similarly, portions of the adjacent surfaces 
between component sheets 3 and 4 of the other outer sheet 
metal structure become welded at 25 in their areas not 
separated by weld-inhibiting material, whereas those areas 
separated by the material result in a pattern of laminations 
26 extending in a pattern corresponding to the desired 
system of fluid passages. 
As indicated in FIGURE 8, during pressure welding 

portions of component sheets 2 and 3 may be extruded 
into the slots formed by the slitting. Where severe re 
ductions are employed in a pressure welding operation, 
the extruded portions of component sheets 2 and 3 may 
be lightly tacked or welded to the surfaces de?ning the 
slots or perforations provided in inner component sheet 
1. Such tack welding across or within the slots will pro 
duce welds of relatively much weaker strength compared 
to :the welds obtained between other adjacent surfaces 
of the various component sheets. In subsequent separa 

- tion or spacing apart of the outer sheet metal structures 
of pressure welded blank 20, the force employed in such 
separation will literally tear apart the weak weld formed 
in the slots wtihout in any manner affecting the desired 
weld between the various component sheets. If desired, 
and preferably, the formation of these weak welds across 
and in the slots can be prevented by the application of a 
smail amount of weld~inhibiting material on the surfaces 
of the slot or by ?lling the slots with weld-inhibiting mate 
rial prior to pressure welding. > 
By application of the weld-inhibiting material to the 

inner component sheet ll, as secttionalized in accordance 
with this invention, the component sheets of the stack 17 
become selectively welded together to form a plait or a 
plaited portion 27 of an embryonic or undeveloped 
cross-member 255, see FIGURE 9, extending between and 
integral with the outer walls 29 and 30 of the resultant 
unit 31. Thus, as can be seen, the particular pattern of 
weld-inhibiting material employed adjacent the inner com 
ponent sheet 1 and between component sheets adjacent 
thereto de?nes and forms a continuous section of an un 
welded portion of metal, comprising the plaited portion 
27, folded over upon itself. During subsequent distention, 
these plaited portions are caused to unfold to form the 
desired cross-members 2% each of a unitary construction 
of substantially uniform thickness and integrated at its 
opposite ends to the walls of the structural panel. 

After pressure welding, the pressure welded blank 20 
is ready for distention to separate the outer sheet metal 
structures 29 and 39 from each other. However, if 
desired, prior to distention, the blank 20 may be softened 
in any appropriate manner as by annealing for removing 
the effects of mechanical working, and thereafter cold 
rolled to provide a more uniform thickness or to ?nal 
gauge, and again annealed. After treatment to obtain 
the speci?c conditions desired in the pressure welded 
blank, the outer walls 29 and 30 may be separated into 
the spacing desired between them by driving into the lami 
nations a suitable mandrel, not shown, whose dimensions 
are graduated from a thin opening edge into a con?gura 
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tion corresponding to the con?guration of the openings 
32 formed in the resultant panel 33. 

Alternately, any other suitable means may be employed 
within or to the surfaces of the pressure welded blank 20 
to separate the outer walls and to unfold the plaited por 
tions of cross-member 28. For example, where the sepa 
ration of the outer walls is desired to be accomplished 
with ?uid pressure, the assembly of components in stack 
17 may be adapted to provide a ?uid tight pressure welded 
blank adapted to contain a ?uid under pressure in accord 
ance with the teachings set forth in US. Letters Patent 
No. 2,766,514 granted on October 16, 1956, to R. F. 
Adams, or in accordance with the teachings set forth in 
co-pending application Ser. No. 823,960 ?led by ‘(Vt/1118M? 
C. Johnson on June 30, 1959, now US. Patent No. 3,111, 
747, issued November 26, 1963. 

Distention of the panel in this latter manner can be 
utilized to advantage by simultaneous expansion of the 
pattern of laminations 26 into the desired system of ?uid 
passages 35, see FIGURE 11, simply by insertion of an 
in?ation needle, not shown, into an inlet lamination at 
an edge of the blank 20, which inlet lamination may be 
provided by an extension 34. of the pattern of stop-weld 
material 5 applied to the component sheet 4. Such simul 
taneous expansion may be readily obtained by simple 
manifolding of the ?uid injecting means utilized in ex 
panding the laminations 26, contained in wall 30 and the 
?uid injecting means employed for separating the walls 
29 and 30 into the desired spatial relationship between 
them. This expansion of the ?uid passages 35 and erec 
tion of the cross-members 28 between outer wall structures 
29 and 30 of the pressure welded blank 20 may be ac 
complished without aany external restraint against ex 
pansion or the blank may be distended between opposed 
rigid platens or surfaces, with the speci?c con?guration 
of the embodiment illustrated in FIGURE 11 attained by 
an expansion without use of any external restraint against 
it. However, it will be noted that irrespective of use or 
non-use of restraint against expansion, the passages be 
come distended so that a portion of the walls of said pas 
sages which are adjacent to the other outer wall structure 
are bulged in a convex con?guration. In other words, 
the walls of the ?uid passages 35 which remain disposed 
within the panel have an elliptical con?guration. 

In addition, it will be understood that the special rela 
tionship between outer walls 29 and 30 may be such that 
no elongation is induced in cross~members 28, or to a 
spatial relationship which will cause the cross-members 
to elongate. As a result of the manner by which panel 
33 is obtained upon separation of the outer walls to the 
desired spatial relationship, these walls will have in each 
adjacent pair of laterally extending ?anges a portion 36 
of one extending beyond and further than the other. In 
order to provide a uniform panel the extending portion 
36 of the overlong ?ange may be suitably trimmed along 
line 37. 
FIGURE 12 illustrates a modi?cation 33' of the preced 

ing embodiment in which both outer walls 29 and 30 are 
provided with a system of ?uid passages 35 and 35’. This 
additional system of passageways may be obtained by 
applying to the external face of said component sheet 2 
a duplicate of the pattern of weld-inhibiting material 5 
applied to said component sheet 4'. or, where desired, a 
diiferent pattern of the system of ?uid passages desired, 
and then superimposing an additional metal sheet on com 
ponent sheet 2. In addition, this modi?cation depicts the 
external con?guration of passages 35 and 35' when 
the pressure welded blank for this modi?cation is ex 
panded between opposed rigid platens or surfaces. In ad 
dition, it will be noted that the walls of the passages of 35 
and 35' disposed within panel 33 have a convex or ellip 
tical con?guration. 

Although the preceding embodiments included the fab 
rication of a system of ?uid passages in one or more of 
the outer wall structures simultaneously with the fabrica~ 
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3 
tion of the desired panel itself, FIGURE 13 illustrates an 
additional modi?cation wherein one of the outer sheet 
metal components 38 is initially formed by uni?cation of 
two or more component sheets together about a ?uid 
passageway pattern of weld-inhibiting material 39 prior to 
placement in the assembly or stack 43. The fabrication of 
the internally laminated outer wall structure 30 may be 
obtained by any of the well-known methods and par 
ticularly by the teachings set forth in the aforesaid U.S. 
Letters Patent to L. H. Grenell. 
FIGURES 15—17 illustrate a further modi?cation of 

this invention by which is obtained a three walled struc 
ture with each wall interconnected by integral cross-mem 
bers with the inner metal wall 41, see FIGURE 17, dis 
posed between two outer walls 42 and 43 with only the 
inner wall 41 provided with a system of ?uid passages 44. 
Further, this modi?cation is obtained with the marginal 
portions of the sheet metal components abutting the pair 
of common edges 45 and 46 integrated together as by 
welding. As will be observed in FIGURES 15 and 16, this 
modi?cation is attained by superimposing a sheet metal 
component 47 and 48 adjacent and opposite each face of 
an internally laminated wall component 49 with an inner 
sheet 5%) interposed between component sheets 47 and 49 
and an inner sheet 51 interposed between component 
sheet 4-8 and 49. As discussed above, each of the inner 
sheets 50 and 51 are suitably slit and coated with stop 
weld material in accordance with the preceding embodi 
ments. Uni?cation of the marginal portions adjacent to 
common edges 4-5 and 46 may be obtained as discussed 
above in accordance with the aforesaid U.S. Letters 
Patent granted to R. F. Adams or by the teachings set 

' forth in the aforesaid co-pending application of Wallace 
C. Johnson, now US. Patent No. 3,111,747, issued No 
vember 26, 1963. Uni?cation of the various components 
and distention of the resultant blank between opposed 
rigid surfaces results in a resultant blank such as 52 il 
lustrated in FIG. 17. 
FIGURES l8 and 19 illustrate still another modi?ca 

tion of the preceding embodiments in which two identical 
inner component sheets 53 are employed between two out 
er sheet metal structures 54 and 55 with one of the struc 
tures being internally laminated at 56 in accordance with 
the system of ?uid passages desired in the ultimate panel. 
As will be observed, each of the inner component sheets 
are divided into a plurality of sections by slitting at 57 
with a pattern of weld-inhibiting material applied to pro 
vide bands of it at each successive pair of adjacent sur 
faces at successive alternate edges de?ning the sections of 
the inner component sheets. This modi?cation results in 
a panel 58 having interconnecting cross-members 59 
between outer walls 60 and 61, with the system of lamina 

v tions 56 in the wall 61 remaining in their undistended 

60 

65 

70 

form. The panel is shown in partially distended form as 
panel 33' in FIGURE 11 to illustrate the unfolding of the 
plaited portions formed as a result of this modi?cation, 
and to illustrate the attainment of ?anges 62 which are 
projected from the sides of the cross-members 59. The 
provision of the ?anges 62 provides additional advantage 
when the unit is desired to be employed as a heat ex 
changer, since these ?anges can be made to extend the 
surfaces of the heat exchanger so as to serve as ?ns for the 
transmission of heat from and into heat exchanger medi 
ums employed in the tubular cross-sections 63 which are 
formed between the outer walls 60 and 61 and the tubu 
lar cross-sections which will be formed upon distention 
of the laminations 56. 

. Although the invention has been described with refer 
ence to speci?c embodiments, materials and details, vari 
ous modi?cations and changes within the scope of the 
invention will be apparent to one skilled in the art and 
are comtemplated to be embraced within the invention. 
What is claimed is: 
A hollow article of the character described, comprising 
(A) at least two separate sheet metal structures hav 



3,297,082 
9 10 

ing adjacent faces in opposed relationship to each ends to said structures, said cross-members being inte 
other, at least one of said structures comprised of at gral with said joined portions. 
least two superimposed metal sheets selectively joined 
together at their adjacent faces to de?ne between said References Cited by the Examine!‘ 
sheets a pattern of internally unjoined portions cor- 5 UNITED STATES PATENTS 
responding to a desired system of ?uid passages, 

(B) said unjoined portions being distended so as to ghnson """"""" “16259-12507; 
form said passages with a portion of the walls of said ’ ’ euer “““““““ '“ _' 

passages which are adjacent to the other of said FOREIGN PATENTS 
structures being of a bulged con?guration, and 10 220,857 3 /1959 Australia_ 

(C) spaced cross-members coextending with each other 
extending from and substantially perpendicular to MEYER PERLIN, primary Examiner_ 
the plane of said structures, each of said cross-mem- , _ 
bers being of a unitary construction of substantially ROBERT A‘ O LEARY’ Exammer' 
uniform thickness and integrated at its opposite 15 M. A. ANTONAKAS, Assistant Examiner. 
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CERTIECATE Ill COREC'HON 

Patent No a 3 ,297 ,082 January 10 , 1967 

Lester J. Tranel et a1. 

It is hereby certified that error appears in the above numbered pat 
ent requiring correction and that the said Letters Patent should read as 
corrected below, 

Column 1, line 37, for "adaption" read -- adaptation ~-; 
column 2 , line 14 , strike out "ing one mode of treating the 
component depicted in" and insert instead ~- FIGURE 9‘ is a 
section side view of the blank of ——; column 6, line 12, for 
"adajacent" read - - adjacent -- ; line 47 , for Hsecttionalized" 
read —~ sectionalized —— ; column 7, line 33, for "aany" read 
—— any ——; line 45, for "special" read —— spatial -—. 

Signed and sealed this 20th day of August 1968. 

(SEAL) 
Attest: 

EDWARD l. BRENNER 

Commissioner of Patents 

Edward M. Fletcher, 11'. 

Attesting Officer 


