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This invention relates to the fabrication of hollow 
articles and more specifically to the fabrication of hollow 
articles which are smooth on one side. 
In the fabrication of hollow sheet metal panels by a 

well known process two sheets of metal are arranged in 
stack-like fashion with a design of weld-inhibiting mate 
rial applied to a portion of one of the adjacent faces of 
the sheets. The sheets are then welded together in their 
adjacent areas not separated by the weld-inhibiting mate 
rial by any suitable manner such as hot rolling. As the 
sheets are being welded together by hot rolling they are 
elongated in the direction of rolling and therefore the 
design of weld-inhibiting material must be foreshortened 
in the intended direction of rolling when it is applied to 
the sheet. After the sheets are welded together they are 
usually softened as by annealing and the unjoined portion 
to which the weld-inhibiting material has been applied is 
outwardly expanded as by injecting therein a fluid pres 
sure of sufficient magnitude to permanently distend the 
sheets in the area adjacent to the weld-inhibiting design. 
The weld-inhibiting design may assume any desired con 
figuration, for example, a design which will define, after 
expansion of the panel, a fluid conveying circuit of the 
type required in refrigerator heat exchanger panels. The 
aforementioned process is fully described in the patent 
to Grenell, U.S. 2,690,002 issued September 28, 1954. 
The teaching of this patent requires the use of dies in 
fabricating flat sided panels. 

This invention comprehends fabricating a laminated 
sheet metal panel from sheets having differentiable elastic 
properties and, if necessary, adequately differentiating the 
elastic properties and expanding the panel at a pressure 
between the elastic limit and ultimate rupture strength of 
one of the sheets, and below the elastic limit of the other 
sheet. 
As used herein the term "smooth' means a surface 

devoid of depressions or protrusions in the overall general 
configuration of the surface. The term "elastic limit” 
refers to the maximum stress that a material will with 
stand without permanent deformation. 

It is, therefore, an object of this invention to fabricate. 
a hollow panel in which one side is smooth and the other 
side is distended. 

Another object of this invention is to fabricate a panel 
having formed therein a hollow portion, such as fluid 
carrying conduits defined by a smooth surface and an 
opposite surface having protrusions conforming to the 
distentions of the hollow portion. 

Another object of this invention is to provide a method 
of fabricating panels of the general type disclosed in the 
aforementioned patent to Grenell, U.S. 2,690,002 in which 
one of the outer surfaces has a high degree of smoothness. 
This invention is directed primarily to the fabrication 

of metal panels, but in part it is equally applicable to 
panels fabricated from materials other than metal, such 
as various plastics, and to panels fabricated from dissim 
ilar materials such as a metal and a plastic joined together 
with an unjoined portion between the sheets. 

Additional objects and advantages will be apparent 
from the following description and drawings in which: 
FIGURES 1-3 indicate schematically a process for 

fabricating a blank from which a hollow smooth sided 
panel is formed, and more specifically: 
FIGURE 1 is a perspective view of a sheet of metal 
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having applied to a surface thereof a pattern of weld 
inhibiting material; 
FIGURE 2 is a perspective view of the sheet shown in 

FIGURE 1 with a second metal sheet superimposed there 
on in laminar fashion and tacked thereto as by spot 
Welding, with the pattern of weld-inhibiting material sand 
Wiched between the sheets; 
FIGURE 3 is a perspective view of the sheets of FIG 

URE 2 being welded together in a rolling mill to form a 
blank; 
FIGURE 4 is a perspective view of one side of the 

finished panel Subsequent to distension of the blank by 
a fluid pressure injected into the unjoined portion thereof 
through an injection nozzle, the broken lines indicating 
areas to be trimmed from the ends of the panel; 
FIGURE 5 is a perspective view of the reverse side of 

the panel shown in FIGURE 4 with the areas to be 
trimmed from the ends of the panel again indicated by 
broken lines; 
FIGURE 6 is a sectional view of the panel taken on 

the line 6-6 in FGURE 4; and 
FiGURE 7 is a perspective view of the finished arched 

panel with the ends cut off. 
The fabrication of a flat sided hollow article by the 

Subject method requires that two sheets of material having 
differentiable elastic limits be arranged in stack-like fash 
ion and Welded together with an unjoined portion there 
between, and then adequately differentiating the elastic 
limits and injecting into the unjoined portion a fluid 
pressure of sufficient magnitude to permanently distend 
the sheet having the lower elastic limit but of insufficient 
magnitude to permanently distend the sheet having the 
higher elastic limit. 
Such a blank is fabricated by welding together two 

sheets having different inherent elastic limits. Two sheets 
of material may be selected which possess the required 
difference in strength characteristics and which require 
the same effective treatment for each of the joined sheets 
to adequately differentiate these characteristics, or the 
joined materials may each require a particular differ 
entiating treatment, such as special annealing or heat 
treating to sufficiently differentiate the inherent strength 
characteristics of the materials. 

Referring to the drawings, FIGURE 1 shows a sheet 
of metal it with a design of weld-inhibiting material 2 
applied to a clean surface 3 thereof. The design is fore 
shortened in the intended direction of subsequent rolling. 
The surface of the sheet is cleaned in any conventional 
manner as by brush-scrubbing. 
FIGURE 2 shows a second metal sheet 4 superimposed 

on the Surface 3 of the first sheet to which the weld 
inhibiting material 2 has been applied. The surface of 
the second sheet 4 adjacent the first sheet a has been pre 
viously cleaned in a manner similar to the cleaning of the 
first sheet. The two sheets are lightly secured together 
as by spot welding 5 to prevent relative slippage between 
the sheets as they are welded together in their adjacent 
areas not separated by the weld-inhibiting materia. 
After being tacked together the sheets and 4 are usually 
heated to assure welding together of the sheets as they 
pass through the mill rolls 6. 
FIGURE 3 shows the two sheets 1 and 4 passing be 

tween a pair of mill rolls 6 and being welded together to 
form a blank 7 having an unjoined area defined by the 
weld-inhibiting material 2. During the rolling opera 
tion the sheets are elongated in the direction of rolling 
and reduced in cross-sectional thickness. The initial 
width of the sheets remains substantially unchanged. 
The degree of heating, if any, and the reduction in thick 
ness of the sheets depends on the inherent characteristics 
of the metals being welded together and such practice 
is well known in the rolling art. Following the initial 
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rolling operation, the blank may be softened as by an 
nealing and cold rolled in keeping with the teaching of 
the aforementioned patent. 

Prior to expansion of the blank it is subjected to a 
special sheet differentiating treatment. When the blank 
has been fabricated of materials having different inherent 
strength characteristics, a controlled annealing process 
may be required in which one of the sheets is fully an 
nealed whereas the other sheet is substantially unaffected. 
With certain composite copper or aluminum blanks an 
annealing to soften one of the sheets may be required 
along with a heat treatment to harden the other sheet. 
Such methods of sheet differentiating treatments will be 
more fully discussed hereafter. 

For any given pair of sheets the necessary sheet differ 
entiating treatment may be determined from an appro 
priate handbook such as, "Metals Handbook, 1948 edi 
tion, published by The American Society For Metals, 
Cleveland, Ohio. In addition to copper and aluminum, 
steel and stainless steel of the same or different charac 
teristics are particularly suitable for the fabrication of 
smooth sided hollow metal panels. In any event, the re 
suitant blanks have one weak side which may be per 
manently distended at a pressure too low to permanently 
distend the other stronger side. 
The blank 7 is then expanded by injecting into the un 

joined portion thereof a fluid pressure. Referring to 
FIGURE 1, a strip of weld-inhibiting material 8 is ap 
plied to the surface 3 of the sheet a from the design 2 to 
an edge 9 of the sheet. Thus an unjoined iniet icon 
nects the unjoined design with an edge 2 of the finished 
blank 7. The inlet 11 is forced open and a hollow injec 
tion nozzle 13 is inserted therein and is firmly held in 
place in various manners, for example, as taught in the 
copending U.S. patent application of Adams, Serial Num 
ber 445,108 filed July 22, 1954. Other methods of ex 
panding the blank are known, such as applying a Weld 
inhibiting material which releases a gas at a certain ten 
perature with the resultant gas pressure distending the 
blank, or by drilling through a face of the blank directly 
into the unjoined portion and injecting the expansion 
fluid into the unjoined portion through the resultant aper 
ture, 

In FIGURE 4 the unjoined portion of the blank 7 has 
been expanded to define conduits 4 and form a hollow 
panel 5. The nozzle i3 is still in the inlet 11. The 
dashed lines 16 on the right and left ends of the panel 3 
indicate the portions of the panel which are to be trimmed 
off. Conduits 14 protrude from only one side 17 of the 
panel 5. FIGURE 5 shows the other side 3 of the 
hollow panel 15 which is smooth. The distension of the 
panel on only one side may be clearly seen in FIGURE 6. 
FIGURE 7 shows an arched panel 26 after it has been 

expanded to form hollow tube distension 2 on one side 
and a smooth arched surface 22 on the opposite side. 
The panels may be arched, curved or flat. An arched 
or curved panel may be shaped by stamping a blank fabri 
cated in the usual manner in a press in the manner taught 
in the following patents: U.S. 562,309 granted June 16, 
1896 or U.S. 1,267,591 granted May 28, 1918, or in any 
other appropriate manner. 
Many combinations of sheets may be joined to form a 

blank having an unjoined internal portion so that one side 
will remain smooth when a pressure of Sufficient magni 
tude to permanently distend the other side of the blank 
is injected into the unjoined portion. The following 
examples set forth the treatment of but a few of the many 
possible combinations. The following examples refer to 
yield strength rather than elastic limit, however, the elas 
tic limit, which is slightly less than the yield strength, may 
be determined on the basis of the yield strength for any 
given metal, by methods well understood in the art. 

Example I 
A blank is fabricated from two sheets of copper alloy, 
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one of the sheets being an electrolytic tough pitch copper 
containing: 99.90% minimum copper, 0.05% maximum 
oxygen, 0.003% maximum phosphorus, 0.03% total or 
0.01% each of other impurities, and the other sheet being 
a high conductivity bronze containing: 94-96% copper, 
0.75-1.25% tin, .25% maximum phosphorus, 0.05% 
maximum lead, 0.01% maximum impurities and the bal 
ance zinc. A 3-8 inch wide strip of weld-inhibiting ma 
terial is applied to a surface of one of the sheets and this 
surface is then welded to a surface of the other sheet in 
the areas not separated by the weld-inhibiting material 
by hot rolling at a temperature of 1700. F., and a reduc 
tion of 60% in a single pass through a rolling mill. Sub 
sequently, the welded blank may be fully annealed and 
then cold rolled to an additional reduction of 30% after 
which it is in the work hardened state having a hardness 
of 69 Rockwell B and a yield strength of 55,000 p.s. i. for 
the high conductivity alloy and a hardness of 87 Rock 
well B and a yield strength of 67,000 p.s. i. for the elec 
trolytic tough pitch alloy. The blank is then heated at a 
temperature of 300° C. for 60 minutes fully annealing 
the electrolytic tough pitch alloy. This temperature is 
below the annealing temperature of 650° C. for the high 
conductivity alloy. The electrolytic tough pitch alloy has 
then been annealed to a yield strength of about 7,000 
p.s. i. The high conductivity alloy retains a yield strength 
of about 56,000 p.s. i. A finished blank .045 inch thick in 
which the sheets had the same initial thickness so that the 
wall thickness on both sides of the unjoined inner por 
tion of the blank is substantially the same is then ex 
panded by a pressure of about 1,200 p.s. i. injected into the 
unjoined portion. The optimum expansion pressure is 
dependent on the pattern design involved. This pres 
sure is sufficient to distend the electrolytic tough pitch 
alloy beyond its elastic limit but is below its rupture 
strength, thus permanently distending this wall of the 
unjoined portion of the blank. The pressure is below that 
which would permanently distend the unjoined high con 
ductivity alloy wall of the blank. The resultant internal 
tube height is about .045 inch. 

Example 2 
In a blank fabricated from two sheets of aluminum 

alloy, the first commercially pure aluminum (1100 alloy), 
and the Second 6061 aluminum alloy, a 7A inch wide 
strip of Weld-inhibiting material is applied to the clean 
face of one of the sheets and this face is welded to a 
clean face of the other sheet in the areas not separated 
by the weld-inhibiting material by hot rolling at a tem 
perature of 950 F., and a reduction of 65% in a single 
pass through a rolling mill. Subsequently, the welded 
blank is fully annealed and cold rolled at a reduction of 
27%. Except for obtaining a weld and a blank of even 
thickness, the previous annealing step has no effect on 
the mechanical properties of either side of the blank 
after the following heat treatments. The blank is solu 
tion heat treated by holding the entire mass of the blank 
at a temperature of 970 F. for 10 minutes, followed by 
an immediate quenching, within five seconds of being 
removed from the furnace, in water at a temperature of 
about 50 F. The 1100 alloy is now fully annealed to a 
'0' temper and the 6061 alloy has now been solution heat 
treated to the T-4 temper. The blank is next precipita 
tion heat treated at either a temperature of 320 F. for 
16-20 hours, or a temperature of 350° F. for 6-10 hours 
which yields the same results. The 1100 alloy now has a 
yield Strength of 5,000 p.s. i. and the 6061 alloy now has 
a yield strength of 40,000 p.s.i. both at an off set of 0.2%. 
A finished blank 060 inch thick in which the sheets had 
the same initial thickness prior to rolling so that the wall 
thickness on both sides of the unjoined inner portion of 
the blank is Substantially the same is then expanded by 
injecting into the unjoined portion of the blank a pres 
Sure of about 1,200 p.s. i. depending on the pattern design. 
This pressure is sufficient to distend the 1100 aluminum 
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alloy beyond its elastic limit but below its rupture strength, 
thus permanently distending this wall of the unjoined 
portion of the blank. The pressure is below that which 
will permanently distend the unjoined 6061 aluminum 
alloy wall of the blank thus leaving this side smooth. 
The internal tube height of the panel is about .070 inch. 

In expanding smooth sided panels by the aforemen 
tioned process and excessive distention of the weaker side 
of the panel may cause the stronger side to be pulled in 
slightly in the area at which the two walls of the hollow 
portion of the panel unite. Should this occur, the effect 
can be eliminated by expanding the weaker side to a lesser 
degree. in any event, the stronger side of the panel will 
not have a permanent outward distention if the force ex 
erted within the unjoined portion of the panel is not of 
sufficient magnitude to distend the stronger side past its 
elastic limit. Although in the technical sense some ma 
terials will receive a permanent set even when they are 
stressed within their elastic limit such a permanent set is 
very minute and of no practical importance and this in 
vention is intended to include application of the process 
to such materials. 
The same type of procedures may be followed in in 

flating blanks fabricated of other different metals and of 
metal and plastic adhesively joined together. 
Although the invention has been described with partic 

ular reference to certain specific embodiments, materials, 
techniques and details, various changes and modifications 
will be apparent to one skilled in the art and the invention 
is therefore not to be limited to such embodiments, mate 
rials, techniques or details except as set forth in the ap 
pended claims. 

claim: 
1. In a process for fabricating a hollow panel having 

a smooth side and an opposite side having protrusions 
formed by distentions conforming to the hollow portion 
of said panel, the steps comprising forming a blank by 
superimposing a first sheet on a second sheet having an 
elastic limit differentiable from the elastic limit of said 
first sheet, joining a portion of said sheets together to 
define an enclosed unjoined area between adjacent sur 
faces of said sheets, expanding said blank to form a panel 
by injecting within said unjoined area a fluid pressure of 
sufficient magnitude to distend one of said sheets having 
the lower elastic limit but of insufficient magnitude to dis 
tend the other of said sheets having the higher elastic 
limit, said one sheet with said lower elastic limit having 
a thickness relative to the thickness of said other sheet 
having the higher elastic limit such that said one sheet hav 
ing the lower elastic limit will distend at a lower fluid pres 
sure injected into said unjoined area than said other sheet 
having the higher elastic limit whereby said panel is per 
manently distended on cne side and smooth on the other 
side. 

2. In a process for fabricating a hollow panel having a 
smooth side an an opposite side having protrusions formed 
by distentions conforming to the hollow portion of said 
panel, the steps comprising providing a plurality of sheets 
having differentiable elastic limits forming a blank by 
superimposing a first sheet on a second sheet having an 
elastic limit differentiable from the elastic limit of said 
first sheet, joining a portion of said sheets together to 
define an enclosed unjoined area between adjacent Sur 
faces of said sheets of which one of said sheets has an 
elastic limit lower than the elastic limit of the other of 
said sheets with said one sheet having a thickness relative 
to the thickness of said other sheet such that the said one 
sheet having the lower elastic limit will distend at a lower 
fluid pressure injected into said unjoined area than said 
other sheet having the higher elastic limit, metallurgically 
treating said joined sheets to increase the difference in the 
elastic limits of said sheets for purposes of Subsequent dis 
tention, and expanding said blank to form a panel by 
injecting within said unjoined area a fluid pressure of Sufi 
cient magnitude to permanently distend one of said sheets 
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6 
having the induced lower elastic limit but of insufficient 
magnitude to permanently distend the other of said sheets 
having the induced higher elastic limit, whereby said panel 
is permanently distended on one side and smooth on the 
other side. 

3. In a process for fabricating a hollow panel having a 
smooth side and an opposite side having protrusions 
formed by distentions conforming to the hollow portion 
of said panel, the steps comprising forming a blank by 
superimposing a first sheet on a second sheet having an 
elastic limit differentiable from the elastic limit of said 
first sheet, joining a portion of said sheets together to 
define an enclosed unjoined area between adjacent sur 
faces of said sheets, metallurgically treating said joined 
sheets to reduce the elastic limit of the sheet initially hav 
ing the lower elastic limit and to raise the elastic limit of 
the sheet initially having the higher elastic limit of which 
one of said sheets has an elastic limit lower than the elastic 
limit of the other of said sheets with said one sheet hav 
ing a thickness relative to the thickness of said other sheet 
Such that said one sheet having the lower elastic limit will 
distend at a lower fluid pressure injected into said unjoined 
area than said other sheet having the higher elastic limit, 
and expanding said blank to form a panel by injecting 
within said unjoined area a fluid pressure of sufficient 
Imagnitude to permanently distend said one of said sheeets 
beyond its said lowered elastic limit but less than that re 
quired to permanently distend the other of said sheets be 
yond its raised elastic limit whereby said panel is perma 
nently distended on one side and substantially smooth on 
the other side. 

4. In a process for fabricating a hollow sheet metal 
panel having a smooth side and an opposite side having 
distentions formed by the hollow portion of said panel, 
the steps comprising forming a blank by applying to a 
portion of a surface of a first sheet a design of weld 
inhibiting material, positioning adjacent said surface a 
surface of a second sheet having an elastic limit different 
than said first sheet, welding said sheets together in the 
areas of said adjacent surfaces not separated by said weld 
inhibiting material, and expanding said blank to form a 
panel by injecting between said sheets in the area sep 
arated by said weld-inhibiting material a fluid pressure of 
Sufficient magnitude to distend one of said sheets having 
the lower elastic limit but of insufficient magnitude to dis 
tend Said other sheet having the higher elastic limit, where 
by upon release of said pressure said panel is permanent 
ly distended on one side and smooth on the other side, 
said one of said sheets with the lower elastic limit hav 
ing a thickness relative to the thickness of said other sheet 
having the higher elastic limit such that said one sheet 
having the lower elastic limit will distend at a lower fluid 
pressure injected in said area separated by said weld-in 
hibiting material than said other sheet with the higher 
elastic limit. 

5. In a process for fabricating a hollow sheet metal 
panel having a smooth side and an opposite side having 
distentions formed by the hollow portion of said panel, 
the steps comprising forming a blank by applying to a 
portion of a surface of a first sheet a design of weld 
inhibiting material, positioning adjacent said surface a 
surface of a second sheet having an elastic limit differen 
tiable from said first sheet, welding said sheets together in 
the areas of said adjacent surfaces not separated by said 
weld-inhibiting material of which one of said sheets has 
an elastic limit lower than the elastic limit of the other 
of said sheets with said one sheet having a thickness 
relative to the thickness of said other sheet such that said 
one sheet having the lower elastic limit will distend at a 
lower fluid pressure injected into said unjoined area 
than said other sheet having the higher elastic limit, 
metallurgically treating said joined sheets to increase the 
difference in the elastic limits of said sheets for purposes of 
subsequent distention, and expanding said blank to form a 
panel by injecting between said sheets in the area sepa 
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rated by said weld-inhibiting material a fluid pressure of 
sufficient magnitude to distend said one of said sheets 
beyond its induced lower eiastic limit but of insufficient 
magnitude to distend said other sheet beyond its induced 
higher elastic limit whereby upon release of said pressure 
Said panel is permanently distended on one side and 
Smooth on the other side. 

6. In a process for fabricating a hoilow sheet metal 
panel having a smooth side and an opposite side having 
distentions formed by the hollow portion of said panel, 
the steps comprising forming a blank by applying to a 
portion of a surface of a first sheet a design of weld 
inhibiting material, positioning adjacent said surface a 
surface of a second sheet having an elastic limit differ 
ent than said first sheet, welding said sheets together in 
the areas of said adjacent surfaces not separated by 
Said Weld-inhibiting material, metailurgically treating said 
joined sheets to reduce the elastic limit of the sheet in 
itially having the lower elastic limit and to raise the 
elastic limit of the sheet initially having the higher elastic 
limit of which one of said sheets has an elastic limit 
lower than the elastic limit of the other of said sheets 
with said one sheet having a thickness relative to the 
thickness of said other sheet such that said one sheet 
having the lower elastic limit will distend at a lower fluid 
pressure injected into Said unjoined area than said other 
sheet having the higher elastic limit, and expanding said 
lank to form a panel by injecting between said sheets in 

the area separated by said weld-inhibiting material a 
fiuid pressure of sufficient magnitude to distend said one 
of Said sheets beyond its induced lower elastic limit but 
of insufficient magnitude to distend said other sheet 
beyond its induced higher elastic limit whereby upon 
release of said pressure said panel is permanently dis 
tended on one side and Smooth on the other side. 

7. In a process for fabricating a hollow panel having a 
Smooth side and an opposite side having protrusions 
formed by distentions conforming to the hollow portion 
of said panel the steps comprising forming a blank by 
applying to a portion of the Surface of a first sheet a 
design of weld-inhibiting material, said weld-inhibiting 
material being capable of releasing a gas at high pres 
sure when heated to an elevated temperature, superim 
posing a second sheet having an elastic limit differentiable 
from said first sheet on said first sheet, joining said sheets 
together in the areas of their adjacent surfaces not 
Separated by said weld-inhibiting material of which one 
of Said sheets has an elastic limit lower than the elastic 
limit of the other of said sheets with said one shcet having 
a thickness relative to the thickness of said other sheat 
such that said one sheet having the lower elastic limit 
will distend at a lower fluid pressure injected into said 
unjoined area than said other sileet having the higher 
elastic limit, metallurgically treating said joined sheets to 
increase the difference in elastic limits of said sheets for 
purposes of subsequent distention, and heating said joined 
sheets to an elevated temperature whereby said weld 
inhibiting material generates a gas of sufficient magnitude 
to permanently distend one of said sheets having the in 
duced lower elastic limit, but of insufficient magnitude 
to permanently distend the other of Said sheets having 
the higher elastic limit. 

8. In the fabrication of a holiow panel from a blank 
having an unjoined interior portion adapted to con 
tain a fluid under pressure for expansion of Said blank, 
the method of forming said blank comprising the steps 
of Superimposing a first sheet on a Second sheet having 
an elastic limit differentiable from the elastic limit of 
said first sheet, joining a portion of said sheets together 
to define an enclosed unjoined area between adjacent 
Surfaces of said sheets, and metallurgically treating said 
unjoined sheets to increase the difference in the elastic 
limit of said sheets with one of said sheets with the 
induced lower elastic innit having a thickness relative to 
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the thickness of the other of said sheets Such that said 
one sheet having the lower elastic limit will distend at a 
lower fluid pressure injected into said unjoined portion 
than said other sheet having the higher elastic limit. 

9. In a process for fabricating a hollow panel having 
a smooth side and an opposite side having protrusions 
formed by distentions conforming to the hollow portion 
of said panel, the steps comprising forming a blank by 
superimposing a first sheet on a second sheet having an 
elastic init differentiable from the elastic limit of Said 
first sheet, joining a portion of said sheets together to 
define an enclosed unjoined area between adjacent Sur 
faces of said sheets, metallurgically treating said joined 
sheets to reduce the elastic limit of the sheet initially 
having the lower elastic limit and to raise the elastic 
limit of the sheet initially having the higher elastic limit 
an annount different from the amount of said reduction 
in elastic limit of which one of said sheets has an elastic 
imit lower than the elastic limit of the cither of said 
sheets with Said one sheet having a thickness relative to 
the thickness of said other sheet such that Said one sheet 
having the lower elastic limit will distend at a lower fiuid 
pressure injected into said unjoined area than said other 
sheet having the higher elastic limit, and expanding said 
blank to form a panel by injecting within said unjoined 
area a fluid pressure to permanently distend said one of 
said sheets beyond its induced lower elastic limit but 
less than that required to permanently distend the said 
other of Said sheets beyond its induced higher elastic 
limit, whereby said panel is permanently distended on 
one side and smooth on the other side. 

10. In the fabrication of a hollow panel from a blank 
having an unjoined interior portion adapted to contain 
a fluid under pressure for expansion of said blank, the 
method of forming said blank comprising the Steps of 
superimposing a first sheet on a second sheet having an 
elastic imit differentiable from the elastic limit of said 
first sheet, joining a portion of said sheets together to 
define said unjoined interior portion between adjacent 
surfaces of said sheets, fully annealing said joined sheets, 
and metallurgically treating said joined sheets to differ 
entiate the elastic limits of said sheets with one of said 
sheets with the induced lower elastic limit having a thick 
ness relative to the thickness of the other of said sheets 
such that said one sheet having the lower elastic limit 
will distend at a lower fluid pressure injected into said 
unjoined portion than said other sheet having the higher 
elastic limit. 

11. In the fabrication of a hollow panel from a blank 
having an Linjoined interior portion adapted to contain 
a fluid under pressure for expansion of Said blank, the 
method of forming said blank comprising the steps of 
Siiperimposing a first sheet on a second sheet having 
an elastic limit differentiable from the elastic limit of said 
first sheet, joining a portion of said sheets together to 
define said unjoined interior portion between adjacent 
surfaces of said sheets, metallurgically treating said joined 
sheets to reduce the elastic limit of the sheet having the 
higher clastic limit below the value of the elastic limit of 
the sheet initially having the lower elastic limit whiie Sub 
stantially holding constant the initial value of the elastic 
limit of the sheet having the lower elastic limit with one 
of said sheets with the induced lower elastic limit having 
a thickness relative to the thickness of the other of said 
shcets Such that Said one sheet having the said induced 
lower elastic limit will distend at a lower fluid pressure 
injected into said unjoined portion than said other of 
said sheets. 

'12, in a process for fabricating a hollow panel having 
a Smooth side and an opposite side having protrusions 
formed by distentions conforming to the hollow portion 
of said panel, the steps comprising forming a blank by 
Superimposing a first sheet on a second sheet having an 
elastic imit differentiable from the elastic limit of Said 
first sheet, joining a portion of said sheets together to 
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define an enclosed unjoined area between adjacent sur 
faces of said sheets, metallurgically treating said joined 
sheets to reduce the elastic limit of the sheet initially 
having the higher elastic limit below the value of elastic 
limit of the sheet initially having the lower elastic limit 
while substantially holding constant the initial value of 
the elastic limit of the sheet having a lower elastic limit 
with one of said sheets with the induced lower elastic 
limit having a thickness relative to the thickness of the 
other of said sheets such that said one sheet having the 
said induced lower elastic limit will distend at a lower 
fluid pressure injected into said unjoined area than said 
other sheet, and expanding said blank to form a panel 
by injecting within said unjoined areas a fluid pressure 
to permanently distend said one of said sheets beyond its 
said induced lower elastic limit but less than that re 
quired to permanently distend the said other of said sheets 
beyond its elastic limit. 

13. In the fabrication of a hollow panel from a blank 
having an unjoined interior portion adapted to contain 
a fluid under pressure for expansion of said blank, the 
method of forming said blank comprising the steps of 
superimposing a first sheet on a second sheet having an 
elastic limit differentiable from the elastic limit of said 
first sheet, joining a portion of said sheets together to 
define said unjoined interior portion between adjacent 
surfaces of said sheets, metallurgically treating said joined 
sheets to reduce the elastic limit of the sheet initially 
having the higher elastic limit and to raise the elastic 
limit of the sheet having the lower elastic limit to values 
wherein the sheet initially having the lower elastic limit 
has an induced elastic limit greater than the induced 
elastic limit of the sheet initially having the higher elastic 
limit, with one of said sheets with the said induced lower 
elastic limit having a thickness relative to the thickness of 
the other of said sheets with said induced higher elastic 
limit such that said one sheet having said induced lower 
elastic limit will distend at a lower fluid pressure in 
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jected into said unjoined portion than said other sheet 
having the said induced higher elastic limit. 

14. In a process for fabricating a hollow panel having 
a smooth side and an opposite side having protrusions 
formed by distentions conforming to the hollow portion 
of Said panel, the steps comprising forming a blank by 
superimposing a first sheet on a second sheet having an 
elastic limit differentiable from the elastic limit of said 
first sheet, joining a portion of said sheets together to 
define an enclosed unjoined area between adjacent sur 
faces of said sheets, metallurgically treating said joined 
sheets to reduce the elastic limit of the sheet initially hav 
ing a higher elastic limit and to raise the elastic limit of 
the sheet initially having a lower limit to values wherein 
the sheet initially having a lower limit has an elastic limit 
greater than the induced value of the sheet initially having 
the higher elastic limit, with one of said sheets with the 
Said induced lower elastic limit having a thickness relative 
to the thickness of the other of said sheets with the said 
induced higher elastic limit such that said one sheet 
having the said induced lower elastic limit will distend at 
a lower fluid pressure injected into said unjoined area 
than said other sheet having the said induced higher 
elastic limit, and expanding said blank to form a panel 
by injecting within said unjoined area a fluid pressure to 
permanently distend said one of said sheets beyond its 
Said induced lower elastic limit but less than that re 
quired to permanently distend the said other of said sheets 
beyond its said induced higher elastic limit. 
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