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@ Stiffened structural member and method of making.

@ A structural member of a precipitation-hardened alumi-
num alloy suitable for use in high performance aircraft or the
like has metal layers with selectively stiffened portions
bonded together free of stress anomalies and the like such as
might be found in conventionally stiffened, welded structural
assemblies. A pattern of bond-preventing material heat-
decomposable at a selected temperature is disposed’ be-
tween layers of a precipitation-hardenable aluminum alloy
which is adapted to be superplastically deformed or the like
when heated to the selected temperature. The metal layers
are passed between pressure bonding rolls below the
selected temperature to form solid phase metallurgical
bonds between the layers and to elongate the bond-
preventing pattern to a predetermined extent; the layers are
heated below the selected temperature to improve the bonds
for hermetically sealing the layers together around the
bond-preventing pattern and for reducing stress and
strength anomalies in the bond areas; profile molds are
aligned with the bond-preventing pattern; the layers are
further heated to the selected temperature to decompose the
bond-preventing material to establish a selected fluid press-
ure in a controlled manner between the layers for deforming
the layers superplastically or the like into the profile molds
and for improving the bonds betweeri the metal layers; and

the stiffened member is treated for precipitation-hardening
the layer materials.
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STIFFENED STRUCTURAL MEMBER AND METHOD OF MAKING

Background of the Invention

The field of this invention is that of
inflated composite metal members and the invention relates
more particularly to structural members made frém inflated
composite metals and to methods for making such structural

members suitable for use in high performance aircraft and
the like.

In manufacturing high performance aircraft where
it is important for structural members used in the aircraft
to have very high strength-to-weight ratios and to display
very reliable characteristics so they can be made and used
with assurance they will perform as intended, it has been
conventional to use riveted structural members to achieve
desired stiffness at selected locations while also being
free of anomalous stresses or local areas of weakness
which are typically associated with conventionally welded
structural assemblies. Recently however, very high
quality titanium structural members have been provided
for use in high performance aircraft by means of super-
plastic forming processes wherein titanium components of
the structural members are joined by diffusion bonding
and are then inflated by carefully applied hydraulic
pressure while the titanium materials are heated to a
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temperature at which they display desired superplasticity.
It is found that the resulting titanium structural members
have accurately-formed stiffened portions to provide the
menmbers with desired, high strength-to-weight ratios; that
the members are free of anomalous stress areas and areas
of weakness at the diffusion bond locations; and that the
members are adapted to be made and used with greater
versatility than was possible with the previously used
riveted structural assemblies. It would be desirable

to provide similar structural members formed of high
strength aluminum alloys and the like for use in high
performance aircraft but the slow and involved processes
used in making the improved titanium structural members
are not suited for use with high strength aluminum alloys
which are characterized by surface oxides impervious to
the noted diffusion bonding techniques. On the other
hand, the processes typically used in making inflated
composite aluminum assemblies for use in heat-exchangers
or in honeycomb structures and the like have not been
suited for producing accurately—-formed high strength
structural members which are sufficiently free of anomalous

stress areas and the like to be useful in high performance
aircraft.
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Summary of the Invention

It is an object of this invention to provide
a novel and improved structural member suitable for use
in high performance aircraft and the like; to provide
such an improved member which is formed of high strength
aluminum alloys; to provide novel and improved methods
for making such structural members; and to provide such
methods which are particularly adapted for making

structural members using high strength aluminum alloys.

Briefly described, the novel and improved
structural members of this invention comprise layers of
high strength, precipitation-hardened aluminum alloys or
the like which have solid phase metallurgical bonds
hermetically sealing portions of the métal layers together
around precisely defined interfacial areas between the
layers which are free of such bonds. The bonds are formed
and portions of the metal layers are selectively
deformed at the bond-free areas to form precisely stiffened
portions of the structural members so that the products
are substantially free of anomalous stresses and localized
areas of weakness. Preferably a layer of another aluminum
material or the like is disposed between the precipitation-
hardened metal layers forming a member, to cushion applied
stresses and to assure that the desired bond strength,
bond xeliability, and bond hermeticity is achieved between
the layers. After forming, the member is treated for
precipitation-hardening the member alloys.
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In accordance with this invention, the novel
and improved structural member results from use of the
novel and improved process of this invention which comprises
the steps of disposing a pattern of bond-preventing
material on one surface of a layer of precipitation-
hardenable aluminum alloy or the like, disposing a
corresponding second metal layer preferably but not
necessarily of the same alloy and thickness in interfacing
relation to the first layer to cover the pattern, and
passing the metal layers between a pair of pressure bonding
rolls to elongate and reduce the thickness of the metal
layers to a precisely predetermined extent sufficient
to form at least incipient solid phase metallurgical bonds
between the layers while also elongating the pattern of
bond-preventing material in an accurately predetermined
manner to precisely define selected bond-free areas between
the layers, Preferably the bond-preventing materials are
adapted to decompose and form a gas when heated to a
selected temperature, and the alloys used in the member
lavers preferably have grain refining means or the like
adapting the layer materials to be substantially deformed
to elongations of 60% or more or even superplastically
deformed when heated to said selected temperature.
Preferably, the alloyvs are selected so that thermo-
mechanical processing can be used to produce selected
equiaxial on nonequiaxial grain structures, thus

providing for selected axes of material deformation.
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In a preferred embodiment of the method of this invention
wherein the metal layers are formed of aluminum, the
interfacing surfaces of the metal layers are mechanically
cleaned for removing oxides from the surfaces and the
metal layers are heated to a limited degree for a limited
period of time to free the layer surfaces from moisture
without excessively reforming oxides on the layer surfaces
just prior to passing the layers between the pressure
bonding rolls. Preferably, at least one layer of another
aluminum material or the like is disposed between the
precipitation~hardenable metal layers as the layers are
interfacially arranged. In that way, forming of the noted
solid phase metallurgical bonds is facilitated and
enhanced and further improved bond quality is achieved.

In accordance with this invention, the metal layers are
also heated to improve the solid phase metallurgical bonds
between the metal layers for hermetically sealing the layers
together around the bond-free areas between the layers

and for reducing anomalous stresses and localized areas
of weakness in the noted bonds, the layers preferably
being heated to a temperature below said selected temperature
for improving the bonds without substantially decomposing
the bond-preventing materials.
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The bonded metal layers are preferably restrained
retween profile molds or forming dies or the like so that
the pattern of bond-preventing material between the layers
is precisely aligned with selected profile mold configura-
tions provided by the molds. The metal layers are heated
to said selected deformation temperature and a selected
gas or other fluid pressure is established in the bond-free
areas between the layers for deforming selected portions of
the metal layers superplastically or the like into the profile
mold ceonfigurations for providing accurately-formed stiffening
portions of the desired structural member. This heating
also serves to further improve the bonds between the metal
layers and to substantially eliminate anomalous stress and
lccalized areas of weakness in the bonds. Preferably for
example, the metal layers are heated to said selected
temperature at a selected rate so that the bond-preventing
materials are thermally decomposed to form a gas for
establishing said selected fluid pressure and for plastically
deforming the metal layers at a selected rate to thin out
the layer material while avoiding
localized necking down of the layer materials within the
deformed portions of the metal layers. In that way the
stiffened portions of the members are provided with pre-
determined strength. Preferably, the metal layer materials
are then treated in conventional manner for precipitation-
hardening the metal layer materials to improve that strength.
In that way, it is found that the structural members are
accurately-formed to have improved strength-to-weight ratios,
are substantially free of anomalous stresses and localized
bond weaknesses, and provide the necessary high strength
and performance reliability to be used in manufacture of

high performance aircraft and the like.
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Description of the Drawings

Other objects, advantages and details of the
novel and improved structural member and methdds of this
invention appear in the following detailed descriptidn of
preferred embodiments of the invention, the detailed
description referring to the drawings in which:

Fig. 1 is a plan view of the novel and improved
structural member provided by this invention;

Fig. .2 is a section view along line 2-2 of
Fig. 1;

Fig. 3 is a schematic view diagrammatically
illustrating the method of this invention; '

Fig. 4 is a plan view of a stage product
produced in the method of Fig. 3;

’

Fig. 5 is a partial section view to enlarged
scale along line 5-5 of Fig. 4;

Fig. 6 is a partial section:view similar to
Fig.5 illustrating a step in the method of this invention;

Fig. 7 is a section view similar to Fig. 5
illustrating another step in forming the structural
member of Fig. 1;
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Fig. 8 is a section view similar to Fig. 5
illustrating characteristics of the structural member
of Fig. 1;

Fig. 9 is a schematic view similar to Fig. 3
diagrammatically illustrating an alternate embodiment

of the method of this invention:

Fig. 10 is a section view similar to Fig. 8
illustrating characteristics of the structural member

made using the method of Fig. 9;

Fig. 11 is a schematic view similar to Fig. 3
diagrammatically illustrating another alternate embodiment

of the method of this invention;

Fig. 12 is a section view similar to Fig. 10
illustrating characteristics of the structural member

formed using the method of Fig. 11; and

Fig. 13 is a graph diagrammatically illustrating

characteristics of some members provided by this invention.

Description of Preferred Embodiments

Referring to the drawings, 10 in Figs. 1 and 2
indicates the novel and improved structural member of this

invention which is shown to include layer means 12, 14 of
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high strength, precipitation-hardened aluminum alloys

or the like which have solid phase metallurgical bonds
(indicated at 16 in Fig. 2) hermetically sealing portions
of the metal layer means together around preéisely'defined
areas (indicated at 18 in Fig. 2) which are free of such
bonds. The bond areas 16 are substantially free of
anomalous stresses and areas of localized weakness, and
selected portions 20 of the metal layer means are deformed
over the bond-free areas to provide selectively stiffened
portions of the member which are precisely formed and
configured so that the structural member has precisely
predetermined strength and stiffness characteristics and
the like, whereby the member is adapted for use in high
performance aircraft and the like to achieve intended
strength-to-weight properties and to meet designed
structural strength and stiffness specifications. 1In

the structural member 10 for example, the stiffened portions
20 are arranged to provide selected stiffness across the
member while also providing intended strength at areas

20a where the member is to be secured to another member

or the like as will be understood. Alternately of course,
the structural strength member 10 is provided with any

other corresponaing pattern of stiffened portions within
the scope of this invention.
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In accordance with this invention, the novel
and improved structural member 10 is formed using the
novel and improved method of this invention so that the
structural member has the desired characteristics as
noted above. That is, a layer 12 of a precipitation-
hardenable metal alloy is advanced by being fed from
a coil 22 or the like and a second metal layer 14, also
preferably comprising a precipitation-hardenable metal
alloy, is advanced as from a second coil 24, or the like
so that surfaces 12.1, 14.1 of the layers are moved into
interfacing relation to each other and so that the layers
are passed between a pair of pressure bonding rolls 26

as is indicated by the arrows 22a, 24a in Fig. 3.

In preferred embodiments of this invention,
the metal layers 12 and 14 are typically but not necessarily
of substantially equal thickness and each comprises a
precipitation-hardenable aluminum alloy preferably having
grain refining means or the like in the alloy adapting
the alloy to be plastically deformed to a substantial
extent or even to be superplastically deformed when the _
aluminum alloy is heated to a selected deformation temperature.
However, other precipitation-hardenable alloys are also
used in the layers 12 and 14 within the scope of this
invention. In preferred embodiments of the invention
for example, the metal layers 12 and 14 are formed of
precipitation-hardenable aluminum alloys having nominal

compositions by weight as set forth in Table I below:
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In such aluminum alloys, the copper, zinc and zirconium
constituents for example are believed to serve as grain
refining means for enhancing deformability of the alloys
so that, when the alloys have been subjected to thermal-
mechanical processing and the like in known manner, the
alloys are believed to be capable of elongating plastically
or superplastically up to the levels set forth in Table I
when heated to deformation temperafures as specified in
Table I at selected rates. That is, the alloys are
deformable to the indicated extents at low but practical
and controllable strain rates without fracture and, even
when not subjected to full thermal-mechanical preparation
for achieving superplasticity or when deformed at somewhat
greater strain rates, are still capable of being substantially
deformed to elongations of 60% or better suitable for
forming aircraft structural members and the like without
experiencing anomalous or unpredictable necking down of
the alloy materials to any significant extent in the
deformed areas. Accordingly, the metal alloys are

adapted to be formed into stiffening shapes by controlled
gas or other fluid-pressure inflation with assurance

that the resulting stiffened member has predicted

and reproducible strength properties.

Preferably the surfaces 12.1 and 14.1 of the
metal layers are cleaned for removing bond-deterring

greases and the like from the layer surfaces before the
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metal layers are brought into interfacial relation

to each other. In a preferred embodiment of the

invention for example, the layer surfaces are mechanically
cleaned by wire brush means or the like as is
diagrammatically illustrated at 28 in Fig. 3 for mechanically
removing oxides from the layer surfaces and, where the
metal layers 12 and 14 embody aluminum alloy materials

as is preferred, the layer surfaces are preferably

heated by infrared lamp means or the like as is
diagrammatically indicated at 30 in Fig. 3 for freeing

the mechanically cleaned surfaces of the layers from
moisture just before the layer sufaces are brought

into interfacial relation to each other between the
pressure bonding rolls 26. Preferably the layer

surfaces are heated to a selected limited temperature

for a selected period of time for removing such moisture
from the .layer surfaces while also avoiding excessive
reformation of oxides on the layer surfaces. For

example, when aluminum layer materials are used, the

layer surfaces 12.1, 14.1 are preferably heated to a surface
temperature from about 100°C. to about 150°C. for a

period from about 1 to 20 minutes just prior to being
advanced between the bonding rolls, a particularly pre-
ferred heating being for about 2 minutes at 150° C. 1In
that way the metal layers are better adapted to be metal-
1u;gically‘bondea together as is described below.
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In accordance with this invention, one or
more patterns 32 of a bond-preventing or stop weld material
are disposed on at least one of the metal layer surfaces
12.1 and the other metal layer 14 is then brought into
interfacing relétion to the layer 12 to cover the pattern.
The bond-preventing pattern 1s precisely located on the
layer 12 by use of a mask or the like or by transfer from a
paper tape or the like or in any other conventional manner
within the scope of this invention. Typically for example,
a strip of transfer paper 34 or the like is advanced from a
reel 36 to a take-up reel 38 and is guided to pass over the
metal layer surface 12.1 by guide rolls 40 so that the bond
preventing patterns 32 are transferred from the paper to the
layer surface 12.1 as the patterns are pressed against the
layer surface by the transfer roll 42 as will be understood.
In that way, detailed bond-preventing patterns of any
selected configuration are accurately positioned on the
metal layer 12. 1In a preferred process the bond-preventing
patterns are formed on the strip surface by silk screening
although any other conventional process for forming the
pattern is used within the scope of this invention. The
metal layers 12 and 14 are then bonded together to form a
composite metal sheet 44 while leaving areas between the
layers defined by the bond-preventing material free of
bonds as is illustrated at 32a in Figs. 4-5.
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For example, in the method of this invention, -
the metal layers 12 and 14 are preferably pressed
together between the pressure bonding rolls 26 for
elongating and reducing the thicknesses of the metal
layers to an extent sufficient to form at least “incipient
solid phase metallurgical bonds 46 (see Fig. 5) :between
selected portions of the metal layers and for elongating
the pattern 32 of bond-preventing material to define _
selected interfacial areas 32a (see Figs. 4 and 5) between
the layers which are free of such bonds. That is, the
layer materials, are rolled down using the squeezing rolls
26 to form composite metal sheet 44 incorporating the
metal layers 12 and 14 which have been elongated in the
direction of rolling and bonded together and incorporating
the bond-preventing pattern 32 which has also been ‘elongated
in the same direction as indicated at 32a and which is
now embedded between the layers 12 and 14 in the composite
sheet 44. Thé reduction in thickness of the metal layers
12 and 14 is made under conditions as taught in US Patent
No. 2,691,815 for example to bring about formation of
solid phase, green, metallurgical bonds between the ‘layers,
and the bond-preventing pattern 32 provided on layer 12 is
originally dimensioned to allow for controlled elongation
of a patternkby the pressure rolls 26 under those solid
phase bonding conditions. Preferably for example the
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metal layers as specified in Table I are pressed together
at or near room temperature (up to about 100°C.) and the
lavers are rolled with the rolls 26 preferably heated to
about 100° C. for reducing the layer thicknesses on the
order of about 50 to 80% in forming initial solid phase
bonds 46 between layers of aluminum alloy materials. See
Fig. 5. In that way, the solid phase bonding occurs
between the layers 12 and 14 throughout areas of inter-
facial contact between the lavers except at the location
defined by elongated bond-preventing pattern 32a. In
that regard, it is noted that when the metal layers 12
and 14 are of equal thickness and are formed of the same
aluminum alloy material, the layer materials are adapted
to be symmetrically elongated for elongating the bond-
preventing pattern 32 in a precisely predetermined way

so that the bond-free interfacial area 32a between the

bonded metal layers has a precisely defined configuration.

In accordance with this invention, the bond-
preventing material forming the pattern 32 is selected to
withstand the rolling deformation as above described without
substantially decomposing or separating under the pressure
and temperature:.conditions encountered during the rolling.
Preferably however the bond-preventing material is
selected so that it disassociates or decomposes when heated

or otherwise raised above a selected, relatively higher
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temperature for generating a gas. 1In a preferred
embodiment of this invention, the bond-preventing material
is adapted to decompose and generate a gas wheh'the material
is heated to a temperature corresponding to a suitable or
preferred plastic deformation temperature:of the materials
embodied in the metal layers 12 and 14. Preferably‘for
example, where the metal layer materials 12 and 14 comprise
aluminum alloys as set forth in Table I, the bond-preventing
material is used in the patterns 32 are selected from the

group having compositions as set forth in Table II:
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Bond-preventing material

A, AQSOOMVN.OGAOEVN

B. Zn GOu

C. Epoxy Ink ER-170%

D. Black Polyester Ink CM B56L**
E. vow%cnmﬁrmbm Based Paint

> pProduct of Naz-Dar Inc.

*k Product of J.E. Pogdor Inc.

*%% See commonly assigned copendi

for additional bond-preven

materials used in the bond

TABLE II *%%*

Decomposition ﬁmavmnmﬁcnw
200°C
300°C
200-300°C
200-300°C

180-300°C

ng application Ser. Mo. 311,577 filed Oct.
ting materials and for details of solvents

~preventing compositions.

Used with metal
layer materials of

Aluminum
Aluminum
Aluminum
Aluninum
Aluminum
15, 1981
or other
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In accordance with this invention, the compoéite
metal sheet 44 is heated to a selected temperature by heating
means as diagrammatically illustrated at 45 in Fig. 3 for
sintering or improving the initial solid phase bonds 46 so
that the bonds hermetically seal the metal layers 12 and
14 together around the bond-free interfacial areas as is
diagrammatically illustrated at 46a in Fig. 5. Preferably
where the bond-preventing patterns 32a are formed of heat-
decomposable materials as described above, the metal layers
are sintered at a temperature relatively lower than the
decomposition temperature of the bond-preventing materials
for improving the bonds 46 without substantially decomposing
the bond~-preventing material. Preferably for example, where
the metal layer materials are selected from Table I and the
bond-preventing materials from Table II, the composite metal
sheet 44 is heated to a temperature in the range from about
150°C. to about 400°C. for a period from about 1 to 8 hours
to complete the bonds 46a and to hermetically seal the metal
layers 12 and 14 together completely around the bond-free
areas 32a. In that arrangement, the hermetic bonds
between the metal layers prevent undesired migration of
the bond-preventing materials into the areas which are
intended to _be_fully bonded and prevent gases resulting

from decomposition of the bond-preventing materials from
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working between the layers 12 and 14 to cause bond deter-
ioration as will be understood. The hermetic seal of the
bonds also prevents oxide reformation at the bonded aluminum
layer surfaces in the bonded areas which could also result
in bond deterioration. This is particularly advantageous
where the layer material has a significant magnesium con-
stituent tending to result in acicular magnesium oxide
formations. In that way, it is assured that the bond-
preventing pattern 32a precisely defines the edges of the
bond~free areas between the layers for purposes to be
described below. Such a hermetic seal is also desirable
during use of the member 10 as will be understood. In
accordance with this invention, the heating of the composite
shape 44 for improving the bonds 46 also serves to substantially
reduce or even to substantially eliminate anomalous stresses
and localized areas of weakness from the bonds 46 illustrated
at 47 and 49 in Fig. 5 as is diagrammatically indicated

by line 46a in Fig. 6. That is, the bond growth relieves
stresses 47 which may have been formed in the bond areas
during rolling reduction of the thickness of the layers

12 and 14 and reduces bond artifacts 49 so that the bond
interface can even be effectively eliminated between the
metal layers, the strength of the bond across the interface
then substantially corresponding to the strength of the
metal layer materials themselves.

In the method of this invention, it is believed
that where the metal alloys of the layers 12 and 14
incorporate grain refining means or the like for enhancing
plastic deformability of the alloy materials, the above-

described thermal-mechanical process for forming and
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improving the solid phase metallurgical bonds 6 also
serves to enhance the plastic deformability of thevalloy
materials. That is, where the aluminum alloy materials
as specified in Table I are reduced in thickness on.tﬁe
order of 50 to 80% in forming the solid phase bonds 46

and where the bonded layers are then heated to temperatures
' in the range from 250°C. to 400°C. for periods from 1 to 8
hours for improving the bonds, it is believed that such
treatment enhances the formability of the noted aluminum
alloys so that they display greater elongation when
subsequently deformed as is described below.

In the method of this invention, the composite
metal sheet 44 is preferably cut into sections 44a as
indicated by broken lines 48 in Fig. 3 so that each of the
separate sections 44a includes at least one of the elongated
bond-preventing patterns 32a as showh in Fig. 4 and is
adapted for forming an individual structural member 10.

The separated sheet section 44a is then further formed

by blanking or bending or the like as may be desired and

is preferably placed and restrained between profile mold
sections 50, 52 or the like as is illustrated in Fig. 7 so
that individual profile mold configurations 50a are aligned
with corresponding portions of the bond-preventingApattern

as is ind;cated'at 32a.1 in Fig. 7. Where the pattern 32a is
formed between the solid phase bonded layers 12 and 14
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as above described, the bond-free area 32a is precisely
defined and is easily aligned with the profile mold
configurations as will be understood. The composite metal
sheet section 44a is then heated to a selected deformation
temperature of the layer material as above described and

an elevated fluid pressure is established in the bond-free
areas 32a between the layers for deforming or inflating

at least one of the layers 12 or 14 into a corresponding
profile mold configuration 50a to form precisely defined

and shaped stiffened portions 20 of the structural member

10 as is indicated by broken lines 20 in Fig. 8. The
elevated fluid pressure is adapted to be established

between the metal layers by inserting a needle-like nozzle
between the layers 12 and 14 or through one of the layers
into the bond-free areas 32a and by introducing an hydraulic
pressure in known manner within the scope of this invention.
Preferably however, where the bond-preventing materials
forming the pattern 32a are heat-decomposable as described
above to form a gas, the composite metal sheet section 44a
is preferably heated to a metal layer deformation temperature
at which decomposition of the bond-preventing material also
occurs, thereby to establish the desired elevated gas pressure
in situ between the metal layers for deforming or inflating
parts of the layers to form the stiffened portions 20 of

the member. Such heating for deterioration or inflation

of the member layers typically serves to further improve

the bond between the metal layers. In preferred embodiments
of the invention where the metal layers 12 and 14 are

formed of aluminum alloys as set forth in Table I
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and the bond-preventing materials are heat-decomposable as
set forth in Table II, and where the layer materials are to
undergo substantial plastic deformation defined as 60%
elongation or more of the layer materials, the rate of
heating of the sheet sections 44a is preferably regulated

to be very slow to assure that the desired degree of elevated
fluid pressure is achieved in the bond-free areas 32a to
provide very low strain rates for achieving the desired
deformation of the layer materials by super-plastic defor-
mation or the like without causing any significant necking
down of the layer materials in forming the stiffening sections
20 of the member 10. Alternately, where grain growth in the

selected alloy may be a problem, a more rapid heating rate
may be used.

In the method of this invention, the structural
member 10 of this invention formed as above described is
then subjected to conventional precipitation hardening
procedures for hardening the metal alloys of the layers 12
and 14 in the member, thereby to achieve desired high strength
in the member materials as will be understood. Typically
for example, that treatment involves heating the member to
solutionizing and aging temperatures in conventional sequence.
Preferably for example where the materials of layers 12 and
14 are selected from Table I as described above, the member
10 is heated to a solutionizing temperature in the range
from 480°C to 530°C. for about 15 minutes to one hour and is
then quenched in water at a temperature not over about 30°C.
within about 5 seconds of removal from the heating furnace. -
Such heating typically provides further improvement in the
strength of the bonds between the member layers. The member
materials are then aged by heating the water to temperatures
in the range for about 120°C. to 190°C. for about 3 to 24
hours. Alternately, the materials are aged for longer
periods at room temperature or the like in any conventional
manner. As procedures for hardening the noted alloys are well
known, they are not further described and it will be understood
that the hardening steps-are conventional.
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An alternate embodiment of the method of this
invention is diagrammatically illustrated in Fig. 9
wherein previously described components are identified by
corresponding numerals. In that alternate method, the
metal layer means 12 and/or 14 also comprise an additional
layer 54 of another aluminum alloy or the like, the additional
layer material being selected to facilitate fdrming and
maintaining of solid phase metallurgical bonds between the
precipitation-hardenable alloys of the layers 12 and 14.
The additional layer material 54 is preferably bonded to
the precipitation-hardened layers 12 and/or 14 by any
conventional hot or cold roll bonding or the like so that
the bond interfaces 56 between the layers 54 and the layers
of the precipitation-hardenable alloys 12 and 14 are
substantially free of stress anomalies or localized areas
of weakness. The metal layers 12 and 14 are then cleaned
and advanced as shown in Fig. 9 so that the additional
metal layer means 54 are brought into interfacing relation
to each other at the bonding rolls 26 to be located between
the precipitation-hardenable portions of the layers 12
and 14 as the metal layers are sgueezed together so that
the above-described solid phase metallurgical bonds are
formed between the metal layers 54 as illustrated in
Fig. 10. The initially bonded member is then adapted to
be sintered, inflated and hardened as described above
and it is found that the characteristics of the
resulting member are even further improved over structural
member prepared by the previously described methods. Preferably
the additional laver materials have thicknesses of at
least about 0.010 inches.to permit roll bonding without

[ .
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separation but are otherwise preferably limited to about
‘10% of the thickness of the layers 12 and/or 14 so that
the member 10a is primarily composed of the higher strength
precipitation-hardenable alloys of layers 12 and 14.
Preferably for example, where the alloys of layers 12

and 14 are selected from the precipitation-hardenable
aluminum alloys of Table I, the additional aluminum
materials are selected from the materials set forth in
Table IIT as follows:
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Structural members produced in that alternate
method result in structural members having fufther improved
characteristics as is diagrammatically illustrated in
Fig. 13. That is, where the strip materials aré bonded
together without the regulated moisture—removiné stép
and without the interliner layers as described, the
strength of the bonds between the layers tends to improve
when the layer materials are sintered, heated for inflation,
and solutionized as indicated by curve 57a in Fig. 13.

Then the peel strength of the bonded layers decreases as
the layer materials are more fully hardened. Better
bonds are obtained between the layers as is indicated

by curve 57b in Fig. 13 when the regulated moisture-
removing preheating step is used in the bonding process
as previously described. Again, there is a reduction of
bond peel strength as the layer materials are hardened

as is diagrammatically illustrated by curve 579} However,
where the additional interliner layer material described
with reference to Fig. 9 is used, the strength of the
bonds between the layers is not only improved but also
tends to be moré significantly retained as the precipitation-
hardened materials of the layers are aged as is indicated
by curve 57¢ in Fig. 13.



0117119

- 28 =

In another alternate embodiment of this invention,
as diagrammatically illustrated in Fig. 11, a separate
additional layer of material 58 is advanced from a separate
pay-out reel 60 to be fed between precipitation-hardenable
alloy layers 12 and 14 as shown in Fig. 11 as those
hardenable alloy layers are advanced between the pressure
bonding rolls 26. As illustrated in Fig. 11, the additional
metal layer material is also subjected to cleaning and
drying as in the case of the metal layers 12 and 14
previously described and the bond-preventing pattern 32
is formed on either of the interfacing layer surfaces of
the layers 12, 14 or 58 as shown in Fig. 11. In this
alternate embodiment of the invention, the material
of layer 56 is also selected to facilitate forming of the
solid phase metallurgical bonds as described above and in
preferred embodiments of the invention comprises a material
selected from Table IITI. That is, as is shown in Fig. 12,
the so0lid phase metallurgical bonds 62 in the member 10b
are formed between opposite sides of the metal layer 58—
and the respective precipitation-~hardenable alloy layers
12 and 14. Again the thickness of the metal layer 58
is preferably at least 0.010 inches and comprises less
than about 10% of the thickness of the metal layers 12
and 14 for reasons noted above. The alternate process

also achieves bond advantages as indicated by curve 57c¢

in Fig. 13.

The present invention will be more readily

apparent from a consideration of the following illustrative
examples.
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Example 1

Two strips of 1145 Alloy Aluminum each about
0.063 inches thick were scrubbed and wire—brushed for
physically removing oxides from surfaces of thé strips for
forming substantially virgin metal surfaces on thé strips.
The strip surfaces were promptly heated to a temperature
of about 100°C. for 15 minutes for removing moisture from
the strip surfaces without excessively reforming oxides on
the strip surfaces. The strips were then immediately
arranged in interfacing relation and were passed between
pressure bonding rolls heated to 100°C. where the strips
were squeezed together with about 60% reduction in thick-
ness for roll-bonding strip surfaces together to form a
composite metal member having solid phase metallurgical
bonds between'the metal layers. The composite member
was then heated to a temperature of 260°C. for 45‘minutes
in air for improving the bond between the metal strips.
A comparison member was prepared in the same manner except
that, after wire brushing, the strip surfaces were held
at room temperature (20°C.) for 15 minutes before being
roll-bonded together. Using conventional peel strength
test procedures, it was found that the strips heated to
100°C. for 15 minutes before bonding as described had
bond strengths 2 to 3 times stronger than the bonds in
the comparison member.
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Example 2

Two strips of 1145 Alloy Aluminum were roll-
bonded together as described in Example 1 except that,
after wire brushing, the strip surfaces were held at
a temperature of 150°C. for 15 minutes before being
roll~-bonded together. -Here the strips were found to
be bonded together with bond strengths 3 to 4 times
stronger than the bonds in the comparison member noted

in Example 1.
Example 3

Two strips of 1145 Alloy Aluminum were roll-
bonded together as described in Example 1 except that,
after wire brushing, the strip surfaces were held at
a temperature of 200°C. for 15 minutes before being
roll-bonded together. Here the strips were found to
be bonded together with bond strengths about 2 times
greater than in the noted comparison member. In other
examples, where longer bond sintering periods were used
for improving bonds after initial roll-bonding, even

greater bond strength improvements were achieved.
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Example 4

Two strips of precipitation~hardenable 7075 Alloy
Aluminum in T-0 temper condition and each about 0.063 inches
thick were scrubbed and wire-brushed for mechanically re-
moving oxides from strip surfaces. A pattern of the epoxy-
based bond-preventing material identified at C in Table II
was disposed at a selected location on the brushed surface
of one of the strips by silk screening and was cured by
being heated to 200° C. for 3 minutes. The brushed surfaces
were then promptly brought into interfacing relation with
the bond-preventing pattern there between and were passed
between pressure bonding rolls heated to a temperature of
about 100° C. for roll-bonding or pressure-welding the
strips together. The strips were elongated and reduced in
thickness by 60% to form a composite metal member having
solid phase metallurgical bonds between the strips except
in a bond-free area between the strips which was precisely
defined by the pattern of bond-preventing material as
elongated during the roll bonding of the strips. The com-
posite member was heated to a temperature of 260° C. for
about one hour to improve the metallurgical bonds between
the strips in the solid phase and for reducing anomalous
stress areas in the bonded strip materials. At that
point, the materials were-found to have sufficient bond

strength between the metal layers to permit convenient
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handling. The composite member was then restrained between
profile molds having mold configurations aligned with the
bond-preventing pattern between the metal layers and was
heated to a temperature of 427° C. for 30 minutes, suitable
for decomposing the bond-preventing material to form a gas
in the bond-free area between the member strips so that
portions of the strip materials were selectively deformed or
inflated over the bond-free areas to form stiffening
portions of the composite member. Alternately those portions
of the composite member are adapted to be inflated or deformed
after heating to the noted temperature by introducing an
elevated fluid pressure into the bond-free area between the
strips through an inflating nozzle forced between the strips
as will be understood. The precipitation-hardenable member
materials were then hardened in conventional manner.

The member was found to be stiff,suitable for use
as a structural panel member or the like. The deformed
portions of the member were found to be free of significantly
necked-down portions so that the material in the deformed

portions of the member layers were thinned to a relatively
uniform extent.

Example 5

Two strips of precipitation-hardenable 7075-T-0
Alloy Aluminum were scrubbed and wire-brushed for physically
removing oxides from surfaces of the strips. A pattern of
bbnd-preventing material was placed on a wire-brushed surface
of one of the strips and cured as described in Example 4

Surfaces of the strips were promptly heated to a temperature
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of about 150° C. for about 15 minutes for removing moisture
from the strips without tending to reform excessive thick-
nesses of oxides on the brushed strip surfaces. The strips
were then roll-bonded together and subjected to heating for
improving the bond between the metal layers as described
with reference to Example 4. At that point the strip
materials were found to be bonded together with substantially
stronger bonds than the composite member described in Example
4. The composite member was then inflated and hardened as
described in Example 4 and the resulting stiffened composite

member was found to have characteristics as described with
reference to Example 4.

Example 6

Two strips of precipitation-hardenable 7075-T-0
Alloy Aluminum were scrubbed and were wire-brushed for
physically removing oxides from surfaces of the strips. A
pattern of bond—ﬁreventing material was placed on a wire-
brushed surface of one of the strips and cured as described
with reference to Example 4. Surfaces of the strips were
heated to a temperature of about 150° C. for about 15 minutes
for removing moisture from the strips without tending to re-
form excessive thicknesses of oxides on the brushed strip
surfaces. The strips were then roll-bonded together and
subjected to heating, and inflating steps as described in
Example 4. The member was then heated to a temperature of
480° C. for 15 minutes, was immediately quenched in water
at less than 30° C., and was heated to a temperature of
120° C. for about 24 hours for precipitation—-hardening the
layer materials of the member. It was noted that the strength
of the bond between the member layers was reduced during
heating of the composite member for precipitation-hardening
of the layer materials. However the member was found to be

suitable for use as a structural panel member or the like.



0117119

- 34 -

Example 7

Two strips of commercial grade "Alclad" 7075-T-0
Alloy Aluminum were used in forming an inflated structural
member. Each strip comprised a layer of precipitation-
hardenable 7075 Alloy Aluminum having a layer of 7072 Alloy
Aluminum roll-bonded on each outer surface of the 7075 Alloy
layer in known manner so that the bond interfaces between
the layers of the strip were free of anomalous areas of
stress or bond weakness. The 7075 Alloy material was adapted
by reason of its composition and previous thermomechanical
processing to be plastically deformed to a substantial
extent (80% elongation or more) and each of the strips was
0.063 inches thick, the 7072 Alloy layers each comprising
about 2.5 to 5.0% of the total thickness of the strip. The
strip materials were scrubbed and the 7072 Alloy surfaces of
the strips were wire brushed for physically removing oxides
therefrom. A pattern of bond-preventing material as described
at C in Table II was placed on one of the brushed strip
surfaces and cured as described in Example 4 and surfaces of
the strips were heated to 150° C. for about 2 minutes for
removing moisture from the strip surfaces without tending
to reform excessive oxide layers on the brushed strip surfaces
The strips were then roll-bonded together between pressure
bonding rolls heated to 100° C. to be reduced in thickness
by 60% for forming a composite metal member having solid
phase metallurgical bonds between the strips except in
bond-free areas precisely defined between the strips by
the now elongated pattern of bond-preventing material. The
composite member was heated to a temperature of 260° C. for
one hour for improving the solid phase bonds between the

member, for hermetically sealing the strips together around
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the bond-free areas, and for substantially eliminating
anomalous stress areas or areas of bond weakness between

the strips. The composite member as then restrained between
profile molds so that profile configurations provided by

the molds were aligned with the bond-free areas between

the strips. The composite member was then heated to a
temperature of 430° C. for 0.5 hours for thermally-decomposing
the bond-preventing material to form a gas and for heating
the strip materials to a desired plastic deformation
temperature so that the strip materials were deformed into
the profile mold configurations by the gas to form desired
stiffening portions of the composite member. The composite
member was then heated to a solutionizing temperature of
480° C. for 15 minutes, was promptly quenched in water at
30° C. or less, and was heated to an aging temperature of

120° C. for 24 hours for precipitation-hardening the strip
materials.

The member as formed was found to be strong and
stiff and the deformed portions of the member were substantially
uniformly thin and were found to be free of significantly
necked-down portions. No anomalous stress areas or areas
of significant bond weakness were observed in the member
and the member was precisely formed with intended dimensions
and structural characteristics suitable for permitting
use of the member in aircraft structural strength applica-

tions. Very high strength bonds were found to exist between
the member layers.
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Example 8

Two strips of Alclad 7075-T-0 Alloy Aluminum as
described above were prepared as described above and an
additional strip of 1145 Alloy Aluminum having a thickness
of about 0.020 inches was similarly wire-brushed and
heated for removing moisture as described above. A pattern
of bond-preventing material was provided on one surface
of the 1145 Alloy Aluminum material and was cured. Surfaces
of the 1145 Alloy and the 2 Alclad strips were heated to
150° C. for 2 minutes, the 2 Alclad strips were brought
into interfacial relation with respective opposite sides
of the additional strip material, and the three strips
were roll-bonded together with 60% reduction in strip
material thickness to form a composite member as
previously described. The member was then subjected to heat
treatment and inflating steps and was hardened as previously
described with reference to Example 6. Here the member
layers were found to be very securely bonded together and
the member was found to have desirable characteristics as
intended and was suitable for use in aircraft structural

strength applications as described above.
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Example 9

Two strips of Alclad 7075-T-0 Alloy Aluminum
and an additional strip of 6061 Alloy Aluminum were
roll-bonded, heat-treated and inflated and hardened
as described with reference to Example 8. The structural
member as formed was found to have desirable characteristics

as described with reference to Example 8.
Example 10

Two strips of 2024 Alloy Aluminum and an ad-
ditional strip of 6061 Alloy Aluminum were roll-bonded,
heat-treated and inflated for forming a structural member
as described above with reference to Example 7. The
inflated member was heated to a solutionizing temperature
of 495° C. for 15 minues, was immediately gquenched in
water at 30° C. or less, and heated to an aging temperature
of 190° C. for 12 hours. Again the structural member as
formed was found to have desirable characteristics suitable
for use in aircraft structural applications as described
with reference to Example 8. |

Example 11

.. ..Two.strips of 6061 Alloy Aluminum were roll-
bonded, heat-treated and inflated as desciibed with
reference to Example 6 for forming a structural member.
. The inflated member was heated to a solutiohizing

temperature of 530° C. for 15 minutes, was immediately
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guenched in water at 30° C. or less, and was heated to
an aging temperature of 160° C. for 18 hours for pre-
cipitation-hardening the member materials. Again the
structural member as formed was found to have desirable

characteristics for use in structural applications in
aircraft.

Example 12

Two strips of 7475 Alloy Aluminum were roll-
bonded, heat-treated and inflated as described with
reference to Example 6 for forming a structural member.
The inflated member was heated to a solutionizing temp-:
erature of 495° C. for 15 minutes, was immediately
guenched in water at 30° C. or less, and was aged at 120°C.
for 3 hours and at 155° C. for 3 hours for precipitation-
hardening the member materials. Again the structural
member as formed was found to have desirable character-

istics suitable for use in aircraft structural applica-
tions.

It should be understood that although particular
embodiments of this invention have been described above
by way of illustrating the invention, this invention
includes all modifications and equivalents of the
disclosed embodiments falling within the scope of the
appended claims.
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WE CLAIM:

1. A method for -making a structural member
having selectively stiffened portions for use in an
aircraft or the like comprising the steps of disposing
a pattern of bond-preventing material on one face of a
metal layer, covering the pattern with a second metal
layer, bonding the metal layers together to form a
composite member while leaving areas between the layers
defined by the bond-preventing material free 6f bonds, and
establishing elevated fluid pressure in said bond-free
areas to deform portions of at least one of the metal
layers for forming selectively stiffened portions of the
member, characterized in that at least one of the metal
layers comprises a precipitation-hardenable metal alloy
adapted for substantial plastic deformation when heated,
the metal layers are passed between pressure bonding
rolls for elongating and reducing the thickness of the
metal layers to form solid phase metallurgiéal bonds between
the layers to provide the composite member while elongating
the pattern of bond-preventing material to a predetermined
extent to precisely define selected bond-free interfacial
areas between the metal layers, the metal layers are heated
to a first temperature to improve the metallurgical bonds
between the layers in the solid phase for hermetically sealing

the metal layers together around said bond-free interfacial
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areas and for substantially eliminating areas of
substantial weakness in the bonds between the layers
outside of said bond-free areas, the metal layers are
further heated at a temperature at which at least said
one metal layer displays substantial plastic deformation
characteristics, elevated fluid pressure is established
in said bond-free interfacial areas to plastically deform
a portion of a least said one metal layer for forming
selectively stiffened portions of the member, and the
alloy of at least said one metal layer of the member

is precipitation hardened.

2. A method as set forth in claim 1 further
characterized in that said precipitation-hardenable metal
alloy is selected from the group consisting of aluminum

alloys having compositions as set forth in Table I.

3. A method for making a structural member
having selectively stiffened portions for use in an aircraft
or the like comprising the steps of disposing a pattern of
bond-preventing material on one face of the metal layer
means, covering the pattern with a second metal layer
means, bonding the metal layer means together to form a
composite member while leaving areas between the layer means
defined by the bond-preventing material free of bonds, and
establishing elevated fluid pressure in said bond-free
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areas to deform portions of the metal layer means for
forming selectively stiffened portions of the member,
characterized in that the metal layer means each comprise
at least one metal layer of a precipitation-hardenable
metal alloy member adapted to be plastically deformed

to a substantial extent corresponding to an elongation of

at least about 60% when heated to a selected temperature,
the metal layef means are passed between pressure bonding
rolls at a temperature below said selected temperature

for elongating and reducing the thickness of the metal layer
means to produce solid phase metallurgical bonds between the
layer means to form the composite member while elongating
the pattern of bond-preventing material to a predetermined
extent to precisely define selected bond-free areas

between the layer means, the metal layer means are heated to
a first temperature below said selected temperature to
improve the metallurgical bonds between the layer means

in the so0lid phase for hermetically sealing the metal

layer means together around said bond-free interfacial

areas and for substantially reducing areas of substantial
weakness in the bonds between the layers outside of said
bond-free areas, the metal layer means are further heated

to said selected temperature at which the precipitation-
hardenable alloys thereof are adapted to be plastically
deformed to said substantial extent, selected elevated fluid
pressures are established in said bond-free interfacial

areas to plastically deform portions of the precipitation
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hardenable alloy layer in at least one of the metal layer
means for forming selectively stiffened portions of the
member, and the member is treated for precipitation
hardening the precipitation hardenable alloys of the
metal layer means.

L. A method as set forth in claim 3 further
characterized in that the bond—pfeventing material is
heat-decomposable at said selected temperature for
establishing said fluid pressure in said bond-free
interfacial areas, and the bond-preventing material and
the metal layer means are heated to said selected
temperature at a selected rate to assure that said
deformation of the precipitation hardenable alloy layer
occurs plastically substantially free of localized

necked-down portions of layers.

5. A method as set forth in claim 4
further characterized in that at least one of said laver
means comprises an additional relatively thin layer of
another aluminum material introduced between the metal
layer means before the metal layer means are passed
between said pressure bonding rolls for facilitating
forming of said solid phase metallurgical bonds
between the metal layer means.

6. A method as set forth in claim 4
further characterized in that said bond-preventing
material is selected from the group consisting of
heat-decomposable gas—generating materials as set
forth in Table II to have a decomposition temperature
corresponding to a plasticity temperature of the
precipitation hardenable alloys in said metal layer
means at which the precipitation hardenable alloy

displays at least 60% elongation.
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7. A method for making a selectably stiffened
aluminum structural member for use in an aircraft of the
like comprising the steps of

providing a pair of aluminum metal layer means
each comprising a layer of an aluminum material selected
from the group consisting of precipitation hardenable
aluminum alloys having a constituent adapting the metal
alloy for superplastic deformation when heated to a
selected temperature and having compositions as set
forth in Table I,

mechanically cleaning surfaces of the aluminum
metal layer means to remove oxides therefrom,

disposing a pattern of a bond-preventing material
on a cleaned surface of one of said aluminum metal layer
means heaﬁing mechanically cleanéd surfaces of the metal
layer means to a first temperature below said selected
temperature for a selected limited period of time so
that said cleaned surfaces thereof are freed of moisture
without excessively reforming oxides on the cleaned
surfaces of the layers,

disposing a moisture-feed, cleaned surfaée
of the other metal layer means in interfacing relation
to said one layer means over the pattern,

passing the metal layer means between pressure
bonding rolls at a temperature below said selected
temperature for elongating and reducing'
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the thicknesses of the metal layer means to form solid
phase metallurgical bonds between the metal layer means
while elongating the pattern of bond-preventing material
to a predetermined extent to provide precisely predetermined
interfacial areas between the layer means defined by the
bond-preventing material free of such bonds,

heating the metal layer means to a second
temperature below said selected temperature sufficient to
improve the metallurgical bonds between the metal layers
in the solid phase for hermetically sealing the metal
layer means together around said bond-free interfacial
areas and for substantially reducing areas of structural
weakness in the bonds between the aluminum metal layer
means outside of said bond-free interfacial areas,

further heating the aluminum metal layer means
to said selected temperature at which the precipitation
hardenable metal alloy layers thereof display said _
substantial plasticity,

establishing selected elevated fluid pressures
in said bond-free interfacial areas while restraining the
heated metal layer means against relative movement along
bonded portions thereof and while defining desired profile
mold configurations over said bond-free interfacial areas
to deform the metal layer means over said areas so that
at least one of said precipitation hardenable metal alloy
layers is plastically deformed into said profile mold
to be provided with a desired configuration for forming
the member, and

treating the formed member for precipitation
hardening the precipitation hardenable alloys of said
layer means.
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8 . A method for making a selectably stiffened
aluminum structural member for use in an aircraft or the
like comprising the steps of

providing a pair of aluminum metal layer means of
substantially equal thickness each compriéing a layer of an
aluminum material selected from the group consisting of
precipitation hardenable aluminum alloys having a constituent
adapting the metal alloy for substantial plastic deformation
when heated to a selected temperature and having
compositions as set forth in Table I,

providing at least one additional relatively thin
layer means of another aluminum material selected from the
~group consisting of materials having compositions as set
forth in Table II,

mechanically cleaning surfaces of the aluminum
metal layer means to remove oxides therefrom,

disposing a pattern of a bond-preventing material
on a cleaned surface of one of said aluminum metal layer
means heating mechanically cleaned surfaces of the metal
layer means to a first temperature for a selected limited
period of time so that said cleaned surfaces thereof are
freed of moisture without excessively reforming oxides on
the cleaned surfaces of the layer means,

disposing cleaned moisture-freed surfaces of
said pair of metal layer means in interfacing relation to
respective opposite cleaned, moisture-freed surfaces .of
said additional layer means with the pattern between a
pair of said surfaces,

passing the metal layer means between pressure
bonding rolls at a temperature below said selected temperature
for elopgating and reducing the thicknesses of the metal



01171189

~46—
layer means to form solid phase metallurgical bonds
between the metal layer means while elongating the pattern
of boad-preventing material to a predetermined extent
to prcvide precisely predetermined interfacial areas
between the layer means defined by the bond—preventing
material free of such bonds,

heating the metal layer means to a second
temperature below said selected temperature sufficient
to improve the metallurgical bonds between the metal
layers in the solid phase for hermetically sealing the
metal layer means together around said bond-free interfacial
areas and for substantially reducing areas of structural
weakness in the bonds between the aluminum metal layer
means outside of said bond-free interfacial areas,

further heating the aluminum metal layer means
to said selected temperature at which the precipitation
hardenable metal alloy layers thereof display said
substantial plaéticity,

establishing selected elevated fluid pressures
in said bond-free interfacial areas while restraining the
heated metal layer means against relative movement along
bonded portions thereof and while defining desired profile
mold configurations over said bond-free interfacial areas
to deform the metal layer means over said areas so that
at least one of said precipitation hardenable metal alloy

layers is plasticaily deformed into said profile mold
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to be provided with a desired configuration for forming
the member, and
treating the formed member for precipitation

hardening the precipitation hardenable alloys of said
layer means.

9 .. A method as set forth in claim 8 wherein
the metal layer means are heated to a temperature in the
range from about 150° C. to.-300° C. for a period of time
from about 5 to 30 minutes to substantially free the
layer means of moisture without excessively reforming
oxides on surfaces of the layer means.

10. A method as set forth in claim 8 further
characterized in that the bond-preventing material is
heat-decomposable at said second temperature for establishing
said elevated fluid pressure in said bond-free interfacial
areas and the bond-preventing material and the metal layers
are heated to said second temperature at a selected rate
to assure that said deformation of the metal layers occurs

while the layer materials are adapted for said substantial
plastic deformation.
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11. 2 method for making an aluminum member
comprising the steps of

providing a pair of aluminum metal layers,

mechanically cleaning surfaces of the aluminum
metal layers to remove oxides therefrom,

ﬁeétiﬁg tHe metal layers
to a first temperature for a selected limited period of
time so that cleaned surfaces thereof are substantially
freed of moisture without excessively reforming oxides
on the mechanically cleaned surfaces of the layers,

promptly thereafter passing the dry metal
layers between pressure bonding rolls at a temperature
below a selected level for symmetrically elongating and
reducing the thickness of the metal layers to form solid
phase metallurgical bonds between the metal layers, and

heating the metal layers to a second temperature
sufficient to improve the metallurgical bonds between the
metal layers in the solid phase for hermetically sealing
the metal layers together.

12. A method as set forth in claim 11- wherein
the metal layer means are heated to a temperature and
arranged from about 100°C. to 150°C. for a period of
time from about 1 to 30 minutes to substantially free
the layer means of moisture without excessively reforming

oxides on surfaces of the layer means.
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13. A method as set forth in claim 12. wherein
the metal layer means are heated to a temperature of about
150°C. for about 15 minutes.

14 . A structural member having selectively
stiffened portions for use in an aircraft or the like
comprising a pair of precipitation hardened metal layer
means having solid phase metallurgical bonds therebetween
which are substantially free of structural weakness '
therein hermetically sealing the metal layer means together
around precisely defined bond-free interfacial areas
between the metal layer means and having portions thereof
deformed to provide selectively stiffened portions of
the member, the member consisting of the product iesulting
from the method comprising the steps of disposing a pattern
of bond-preventing material on one face of a metal layer,
covering the pattern with a second metal layer, bonding
the metal layers together to form the member while leaving
areas between the layers defined by the bond-preventing
material free of bonds, and establishing elevated fluid
pressures in said bond-free areas to deform portions of
at least one of the metal layers for forming selectively
stiffened portions of the member, characterized in that
at least one of the metal layers comprises a precipitation
hardenable metal alloy having a constituent
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