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(57) Abstract

A core structure (50), apparatus (170), and
method which utilize laser bonding to fabricate
the core structure. The core structure (50) 1s char-
acterized by laser bonds (14) in patterns between
adjacent sheets (20, 22, 24, 26, 28) of aluminum,
stainless steel, and titanium foil which create
honeycomb core structures (50) when the bonded
stack of sheets 1s expanded by the application of
tensional forces thereto. A variable density core
structure (50) incorporates honeycomb cells (34)
of conventional size and a higher density honey-
comb core structure (60) is formed integrally with
the original core structure (40). The higher densi-
ty core (60) has cells (62) which are much smaller
than the cells (34) of the original core structure
(40). The apparatus (70) achieves the fabrication
of the core struccture and the steps of the method
are practised by either hand or utilization of the
apparatus.
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WO 94/06580
HONEYCOMB CORE STRUCTURE AND METHOD
AND APPARATUS RELATING THERETO
Al aArtaRAlUs RELATING THERETO
SPECIFICATION
5 This invention relates broadly to the

Securement of sheets or strips of metallic foil to one
another by the use of laser technology. More
particularly, the invention relates to the securement
Oof such strips or sheets of foil by laser bonds in such
10 a manner as to obtain a desired structural component.
The 1nvention will be described as utilized
in the manufacture of honeycomb core whose ultimate
intended use, among other uses, 1s to be incorporated
between top and bottom surface sheets to provide a
15 structural panel.
There is, of course, a wide variety of
metallic foils available for lncorporation in a
honeycomb core but, for purpose of 1illustration, the

present disclosure is confined to the utilization of
20 aluminum, stainless steel, and titanium foils.

BACKGROUND OF THE INVENTION

Aluminum honeycomb panels are conventionally
fabricated by the use of a plurality of strips of
25 aluminum foil which are bonded to one another by the
use of various types of synthetic resin adhesives.
Conventionally, the adhesives are applied in parallel
bands to the foil strips or sheets which are then
successively assembled in Juxtaposition to one another

30 SO that, when external tensional forces are applied,

A detrimental aspect of the utilization of
adhesively bonded honeycomb core in the fabrication of
structural panels lies in the fact that the top and

35 bottom surface sheets of said panels are frequently

assembled 1n operative relationship with the honeycomb
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core by the use of resin adhesive materials which must
be subjected to temperatures similar to those used in
the fabrication of the honeycomb core structure in
order to achieve the securement of the sheets to the
honeycomb core which is interposed therebetween.

When the adhesively bonded honeycomb core is
subjected to these elevated temperatures, the bond is
substantially destroyed and the surface sheets are,
consequently, mailntained in operative relationship with
each other by a loosely associated assemblage of
corrugated aluminum foil strips.

The strips serve to maintain the surface
sheets 1n operative relationship with each other when
the sheets are subjected to loads in tension or
compression, but the sheets can only resist shear loads
longitudinally of the foil sheet or strips and,
consequently, the panels assembled in the above-
described manner are not utilizable in many critical
structural applications. |

Attempts have been made to utilize other

means of securing the aluminum foil strips to one
another to provide a honeycomb core, such as resistance

welding or the like, but such attempts have proven
fruitless because of the essential metallurgical
structure of aluminum and, particularly, aluminum
foils, which is not conducive to the weldment of said
foils.

Stainless steel foil honeycomb core is widely
used 1n structural panels and in jet engine seals, the
corrugated foill strips constituting said core being
welded at the apices or nodes of the corrugated foil
strips or sheets to secure them in operative
relationship with one another. Such stainless steel
welded honeycomb core can be readily brazed to

stalnless steel sheets since the weldments resist the




2144602

WO 94/06580 PCT/US93/07300

10

15

20

25

30

35

elevated temperatures which cannot be sustained by
adhesively bonded aluminum honeycomb core.

An excellent example of such welded stainless
steel honeycomb core is disclosed in U.S. Letters
Patent No. 2,910,153 wherein the stainless steel strips
constituting the core structure are welded to one

another to provide a rigid, strong and thermally

panel in tension, compression and shear.

However, the manufacture of stainless steel
honeycomb core fabricated from sheets or strips of
stainless steel foil entails the use of resistance
welding circuits and complicated machinery. In many
instances, the weldment of the stainless steel sheets
or strips to one another entails such high current
usage that the panel which is welded to said strips
must be subjected to a cooling bath by water or the
like.

In addition, the welding process is

characterized by the formation of relatively large weld
nuggets which frequently constitute stress

concentration areas subject to failure when the panels
incorporating the stainless steel honeycomb core are
subjected to high loads.

Agailn, titanium foils have been assembled

into honeycomb core structures but, as disclosed in
U.S. Letters Patent No. 3,598,953, the assemblage of
titanium foil core strips in operative engagement with
one another to constitute a core structure entails the
utilization of high temperatures sufficient to result
in diffusion bonding of the core strips to one another.
All of the prior art methods of fabricating

honeycomb core structures have been characterized

P . .. . T . .. * . s sees e L, ee, Trest andesq ittt nddIACIA wleta
PR T PR IEE™ Advdnd 44 i bl eal: VA RN AT A W W AMEOT { s NI M H 200 4 1= Vs, B s - q oy S o higns gy o f, S3aa he o2 144408100000 ey, Ty ge e ’ " Renat b SEeSa M.
. . »~ - oL v (1 gy d .
T e I 1AM U T T AT TG I A A I AR 0 AN INGG) ALK Sl R RN S e St “hos ot miicioies miite

TR PG4 U M PR by T A AN Dbl



WO 94/06580 ' | PCT/US93/07300

10

15

20

25

30

35

2144602

either by structural deficiencies resulting from the
means of attachment of the core strips to one another,

as 1n the case of aluminum or with stainless or

titanium, by the necessity for expensive and time-

consuming manufacturing processes.

OBJECTS AND ADVANTAGES OF THE INVENTION
It 1s, therefore, an object of my invention
to provide a honeycomb core structure, apparatus and
method of makilng such structure which includes as an

integral element of said core structure, apparatus and
method the utilization of laser bonds as a means of
attachment.

An additional object of my invention is the

provision of a honeycomb core structure which is
characterized by the elimination of the necessity for

preforming the metallic foil into corrugated strips or
sheets.

Another object of my invention is the
provision of a honeycomb core structure fabricated from
aluminum, stainless steel or titanium foils by the

lncorporation therein of laser bonds.

Another object of my invention is the
provision of the identical method for fabricating a
sheet or strip assemblage from aluminum, stainless
steel, and titanium foils by the use of laser
technology, said assemblage being ultimately expansible
into a honeycomb structure.

A corollary object of my invention is the
provision of a method for fabricating honeycomb core
from a variety of sheets or strips of metallic foil
which includes the steps of superimposing said sheets
or strips successively upon one another and laser
bonding sald strips or sheets to each other in a

pattern which will result in a honeycomb core
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bearing capacity thereof.
An associated object of my invention is the

provision of an apparatus for practicing the method and
fabricating the honeycomb core of the invention, said

apparatus including means for exposing a foil sheet or

laser bonds between successive superimposed strips or

pressure to saild super-imposed sheets or strips at the
location on said sheets or strips where said laser beam
pattern is to be created.

A significant object of the invention is the
provision of an apparatus and method of the

aforementioned character whereby the laser bonding of
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the various types of foil into the desired
configuration is achieved with economies of manufacture
which enable the product to be produced at
significantly lower cost than those products produced
5 by the use of the aforementioned prior art expedients.
Further objects and advantages of the
invention will be apparent from the following

specification and the accompanying drawlngs.

10 DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts, on a greatly
enlarged scale, a sectional view of an
assemblage or stack of metallic foil strips
secured together by laser bonds:;

15 FIG. 2 shows a portion of the stack
of Fig. 1 in expanded condition;

FIG. 3A shows an expanded honeycomb
core whereln a change in the dimension of the
core cells 1s provided in accordance with the

20 teachings of the invention to increase the
density of the core structure:

F1G. 3B, 3C, and 3D illustrate the
configuration of the core strips of the core
shown 1n Fig. 3A;

25 FIG. 4 shows a multiple strip core
configuration;

FIG. 5 shows, schematically, the
apparatus of the invention; and

FIG. 6 1s a fragmentary view

30 showlng the formation of a stack of strips by

the utilization of compression means imposed

on the uppermost of the strips in said stack.
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PREFERRED EMBODIMENT OF THE INVENTION
The Metallic Core Structure

As previously mentioned, the method and
apparatus of the invention, to be discussed below, can
be utilized to fabricate honeycomb core structures
from, among others, sheets or strips of a variety of
metallic foils including, but not limited to, aluminum,
stalnless steel, and titanium.

Therefore, the teachings of the invention
relating to the honeycomb core structure will be
described sequentially as applied to aluminum,
stainless steel, and titanium.

As best shown in Fig. 1 of the drawings, a
stack 10 of metallic foil strips 12 has said strips
malntained in operative relationship with one another
by a plurality of laser created bonds 14 and 16. Of
course, the gauge or thickness of the strips 12 is
greatly exaggerated to enable the relationship of the
strips 12 with one another and the location and extent
of the bonds 14 and 16 to be clearly shown.

Obviously, in the actual stack of metallic
strips, where the gauge or thickness of the strips
ranges from .0007" to .005", the only perception of the
location of the bonds 14 and 16 would be that appearing
on the uppermost strip 18. There could be no visual
perception of the depth of penetration of the bonds in
the strips 12 or the location of the respective bonds
14 and 16 with respect to one another.

The strip 18 is the uppermost strip of the
stack and strips 20, 22, 24, 26 have been previously
secured to one another and to the lowermost strip 28 by
a plurality of laser bonds 14 or 16. The location of
the bonds 14 and 16 determines the size and shape of
the ultimate honeycomb cell, the laser bonds 14 and 16
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of Fi1g. 1 being located to provide cells of generally
square configuration.

The bonds 14 are arranged 1n alignment with
one another as are the bonds 16 and, when the stack 1is

5 positioned with the strip 28 at the bottom and the
strip 18 at the top, the bonds are located in
superimposed relationship with one another.

It should be noted that the core strips 18
through 28 have their adjacent surfaces in continuous

10 engagement and contact with one another throughout the
stack of core strips and that there are no isolating
members or means l1nterposed between the engaging
surfaces of sald core strips during the bonding
operation. This eliminates the necessity for the

15 provision of 1isolating means or members.

The laser bonds 14 secure the strips 18 and
20; 22 and 24; and 26 and 28 1n pairs to each other at
predetermined intervals. Similarly, the laser bonds 16
secure the strips 20 and 22, 24 and 26 in pairs to each

20 other intermediate the bonds 14.

Each of the bonds 14 and 16 terminates
inwardly of the adjacent surface of the strip which is
being secured to the strip where the bond originates.
For instance, the bond 14 originates on strip 18 and

25 terminates at 29 inwardly of the adjacent surface of

the strip 20 which is being secured to the strip 18.

Therefore, 1nadvertent securement of adjacent strips to

one another by penetration of the bonds beyond a pre-

determined limit 1s avoided and there is no necessity
30 for masking adjacent strips to avoid such inadvertent

attachment.

There is a wide variety of aluminum alloys
avallable 1in foil gauges including: AL, commercially
pure; A5052; and A5056.

e e e e A T —— . l
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An aluminum honeycomb core section
incorporating core strips 18, 20, and 22 is shown in
Filg. 2 of the drawings, the expanded core configuration
resulting from expansion of the stack 10 by externally
imposed tensional loads in a manner to be described in
greater detall below. The staggered laser bonds 14 and
16 secure the respective nodal areas 30 and 32 in
operative relationship with one another to cause the
formation of core cells 34.

Because of the elimination of adhesive
bonding and the creation of metal-to-metal bonds
between the respective core strips, the resulting
aluminum core structure 40 can be utilized in
relatively high temperature applications and is not
subject to disintegration of the bonds characteristic
of resin adhesive core structures. Moreover, the
metal-to-metal bonds of the invention are,
characteristically, less brittle than resin adhesive
bonds and do not add any weight to the core structure
as 1s the case with adhesive bonds.

The utilization of honeycomb core reinforced
panels frequently entails the securement of structural
or operational devices to said panels. Because of the
increased loads, such structures impose on said panels,
1t is a common practice to install a higher density
core 1nsert in the basic core structure at the location
where securement of such structures occurs. This is a
time-consuming and expensive process.

A varilable density core structure 50 is shown
in Fig. 3a of the drawings wherein the initial core
structure 40 i1ncorporates honeycomb cells 34 of
conventional size and wherein a higher density
honeycomb core structure 60 1s formed integrally with
the original core structure 40 by adjusting the spacing

of the laser bonds 1n respect to one another. It will
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be noted that the increased density core 60 has cells
62 which are much smaller than the cells 34 of the
original core structure 40. This is attributable to
the closer spacing of the laser bonds 64 and 66.

As can be readily determined from Figs. 3b -
3d of the drawings, the formation of the increased
density cell structure includes a regular cell strip
20, a transitional cell strip 72, and a reduced sigze
cell strip 70. Of course, the configuration of all of
these cell strip sizes and shapes is created by
varliations in the spacing of the laser bonds.

The transition strip 72, as best shown in
Fig. 3C, incorporates nodal areas 86 and relatively
sharply defined transition connections 89. The
transition strip 72 is shown as having the nodal areas
86 laser bonded to corresponding areas 88 on the first
full strip 70 of the higher density core 60. When the
transition strip 72 is internested with the core strip

20, the transitional attachment points 89 are secured
to the webs 82 and 84 of the strip 20.

The nodes 86 of the transitional strip 72 are
engaged by the nodes 76 and 78 of the strip 20. It

will be noted that, at certain nodal areas exemplified
at 91 Fig. 3A, there are three layers of metal present
in the interface between the full sized core 40 and the
higher density core 60; namely, the last full size core
strip 20, the transitional core strip 72, and the first
core strip 70 of the higher density core 60. The three
layers are successively welded to each other.

Of course, the size and shape of the insert
core 60 can be controlled by the same computer control
technology and an ultimate reversion to the original
core size 40 can be so accomplished as to permit the
inclusion of an insular higher density core structure

60 1in the overall full size core structure 40.
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It should be pointed out that the formation
of the nodal areas as, for instance, defined by the
laser bonds 14 and 16 may not be as uniform as shown 1n
Figs. 1 - 3D of the drawings 1in that there may be a

5 sharper angle between the nodal areas and the webs of
the cells. However, 1f broad, flat nodal areas are
desired, double bonds can be provided to accomplish
such a structural modification.

Where increased physical characteristics are

10 desired in a honeycomb core without reducing the cell
size, a plurality of core strips can be super-imposed
on one another to provide a core structure 102 as best
shown in Fig. 4 of the drawings.

The core structure 102 utilizes a plurality

15 of core strips 104, 106, 108, and 110. These strips
are bonded to one another by laser bonds at the nodal
areas 112, 114, 116, and 118. Of course, the intensity
of the laser beam must be increased 1n order to

accomplish the securement of the plurality of core
20 strips to one another at the nodal areas. This

structure can also be produced one strip at a time.
The provision of the multiplicity of core strips

greatly enhances the density of the core 102 and the
corresponding physical properties thereof.

25 As previously indicated, the core structures
of the invention can be fabricated from metallic foils
other than aluminum. For instance, stainless steel
foils, including AMS, 4900/4901/4902 can be utilized to
fabricate the core structures. These structures are

30 intended for low strength applications and structures
of moderate strength can be achieved utilizing 321 and
316 stainless. In addition, Inconel 625 and 718 can be
utilized. Of course, as the metallurgical composite of
the materials utilized varies, a corresponding increase

35 or decrease in the intensity of the laser beam must be
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utilized to achieve effective laser bonding of the core
strips or sheets fabricated from the more sophisticated
materials to one another.

Commercially pure titanium foils can be
utilized in low strength applications while, for
moderate strength applications, TI3A1-2.5V can be
employed. As 1n the case of stainless steel foils, the
laser beam output must be adjusted to achieve the
securement of the titanium foil strips and sheets to
one another.

The range of foil thickness extends between
0.0010" - 0.0060" although the gauges customarily
employed lie in the range of 0.0020" - 0.0050".

I have discovered that laser bonded honeycomb
core structures fabricated from the various foils are
stronger than those fabricated by conventional means.
This, of course, means that lighter gauge foils can be
employed 1in structures where prior art foils would have
to be a heavier gauge. Consequently, significant
economies 1n material costs result.

For instance, ASTM specifications for .002"

thick 18N1-2Cr stainless, where the stainless core is

resistant welded, require that the core sustain 72 1lbs.
per inch of core thickness. Utilizing the same gauge
material, laser bonded honeycomb core has sustained
95psi1i 1n pull tests.

Similarly, the same gauge resistance welded
pure titanium foil is specified by ASTM at 55 lbs. per
inch of core thickness. Pull tests of laser bonded
titanium foll core reached 165psi.

Of course, there are no standards for
aluminum core because of the fact that aluminum core
structures have been previously created by the

utilization of various types of synthetic bonding
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materials. However, the laser bonded aluminum foil of
the .0020 gauge sustained a pull test of 27psi.

While there are no comparative figures for
aluminum, it is obvious that the laser bonded honeycomb
core structures of the invention show a three times
improvement in physical characteristics 1n the case of
titanium and a 50% improvement in the case of stainless
steel. A manifest improvement in laser bonded aluminum
foil core structures 1is attributable to the elimination
of the use of previous bonding materials.

Moreover, a study of the fabrication rates of
honeycomb core by the previous methods and apparatus
referred to hereinabove indicates that honeycomb core
materials which are laser bonded can be produced at
rates of production which far exceed those presently
achievable in the production of conventional core
structures. Consequently, the production of honeycomb
core structures in accordance with the teachings of the
invention should enable significant economles to be
achieved with resultant reductions 1n the costs of the

ultimate products incorporating such core structures.

THE APPARATUS OF THE INVENTION

An apparatus 150 for fabricating the core
structures of the invention is shown in Fig. 5 of the
drawings as including a support means 152 for an
elongated rectangular bed 154. Mounted for
reciprocation on ways 156 1s a table 158, said table
being driven by drive means 162.

The table 158 constitutes support means for a
stack 164 of sheets 166 of metallic foil and
energization of the drive means 162 moves the table 158
longitudinally on the bed 154. Extending transversely
of the bed 154 and table 158 1s a laser traversing

means 170, saild traversing means including a plurality
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of vertically oriented standards 172 for a plurality of
transversely oriented support and guide beams 174.

Mounted for automatic movement on the
traversing assembly 170 is a laser assemblage 180 which
includes a laser head 190, said laser head having a
depending laser beam guide 192.

Mounted below and juxtaposed to the laser
assembly 190 is compression means 200, sald compression
means including a transversely oriented compression bar
202 incorporating an elongated slot 204 permitting
access to a predetermined area of the uppermost sheet
166 of the stack 164 of sheets. The compression means
200 includes an actuator 206 for automatically raising
and lowering the compression means, respectively, away

from and into engagement with the upper surface of the
uppermost sheet 166 of the stack 164.

It is contemplated that the apparatus 150
will be automatically controlled by computer numerical
control so that the position of desired patterns of
laser bonds and stack 164 of sheets 166 can be
accomplished to provide a core or other structure which
is of predetermined configuration, core cell size and
foil material.

The apparatus 150 is the most rudimentary
apparatus which can automatically perform the method of
the invention, but it will be obvious to those skilled
in the art that the teachings of the invention can, if
necessary, be performed by hand utilizing a plurality
of hand manipulated components and laser head.

On the other hand, the apparatus can be
provided with a plurality of laser heads to 1lncrease
the speed of production of the core strips and can be
provided with automatic foll feeding means which

eliminate the necessity for the hand stacking of sheets
166 in a stack 164.
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THE METHOD OF THE INVENTION
The fabrication of a typical core structure
begins with the placement of the first two sheets 212
5 and 214 in stacked relationship, as best shown in Fig.
6 of the drawings. After the placement of the first
two sheets 212 and 214, the apparatus 150 is energized
to lower the compression means 200 constituted by the
elongated bar 202 into engagement with the upper
10 surface of the upper sheet 214 to create intimate
contact between the under surface of the sheet 214 and
the upper surface of the sheet 212 1n order that a
laser bond may be created in a previously determined
pattern by the laser apparatus 190 which emits a
15 bonding beam which passes through the slot 204 1in the
compression bar 202 to laser bond the sheets 212 and
214 by the bond 216.
When the initial bonds are completed by the
apparatus as driven by the numerical control, a third
20 sheet 218 is deposited upon the upper surface of the
sheet 214, the compression means 200 having been
automatically raised to permit the sheet 218 to be so
deposited. The compression bar 202 1is then
automatically lowered to compress the surfaces of the
25 sheets 218 and 214 against one another and the traverse
of the laser apparatus on the traversing assemblage 170
is initiated.
Obviously, successive patterns are created by
relative movement of the table 158 with respect to the
30 traversing assemblage 170 and the frequency and extent
of such relative movement determines the bond patterns.
The numerical control can be programmed to alter the
number and spacing of the bonds to achieve the
alteration of the cell sizes and configurations of the

35 core structure.
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The bond zone 220 1s accessible through the
slot 204 1n the compression bar 202 and the individual

bonds 216 can be rapidly formed between the adjacent

sheets.
As previously mentioned, it is of utmost

importance that the lower extremity of the bonds 216 do
not penetrate the adjacent surface since this would
cause the undesirable bonding of adjacent sheets to one
another. In order to accomplish this desired end, it
is necessary to fine tune the laser by empirical

experimentation and to fabricate experimental coupons

for each run of material since minute variations in the
foi1il stock must be accommodated to ensure proper

bonding of the sheets or strips of stock to one

another.
However, I have established empirically the

following setting for a YAG laser of the specified type
for bonding aluminum .0020 foil sheets to one another

as follows:

A YAG laser using 90w of power with a 20 per

second pulse rate with a pulse width of 4 MEC at a
laser bond speed 100 inch~2s per minute. Adjustment of
all of the above obtains the depth of the bond.

Of course, visual inspection of the test
samples of any run permits the determination of the
undesirable penetration of the bonds beyond the optimum
limit and indicates the necessity for reduction in the
intensity of the laser beam. 1In addition, if the
penetration of the bond exceeds desired limits, the
resulting product would be inoperative.

After the completion of a stack of foil
incorporating the desired number of sheets with each
palr of sheets defining a row of cells, the stack of
sheets 1s subjected to tension normal to the surface of

the uppermost sheet and the underside of the lowermost
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sheet to expand the stack into the core configuration
shown 1n the drawings. This expansion can be
accomplished by inserting a pair of rods or bars in the
uppermost core cells and lowermost core cells and
creating an external tensional force therebetween. As
the stack of sheets is expanded by the externally

applied tension, the cells assume the desired

configuration is achieved.

One of the most important aspects of the
method of the invention lies in the fact that the foil
sheets or strips are superimposed on one another
without the utilization of any form of 1solating means
such as dielectric coatings or inserts between the
confronting surfaces of the foil sheets or strips.
This eliminates a tremendous expense factor which is

entailed where resistance welding methods are utilized
in the securement of stainless steel or titanium

materials.

Although I have disclosed hereinabove various
embodiments of core structure, a particular apparatus,
and the method of the invention, it will be obvious to
those skilled in the art that variants of structure,
apparatus, and method can be made without departing

materially from the scope of the appended claims.
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CLAIMS:

1. In an expandable honeycomb core metallic foil
sheet assemblage (10), the combination of: a plurality of
foil sheets (18-28) disposed 1n a stack (10) with the

5 entire areas of their confronting surfaces 1in contact
without 1isolating means interposed therebetween, said
sheets having top and bottom surfaces; and a plurality of
staggered laser weldments (14, 16) between said sheets,
said weldments being uniformly disposed at spaced intervals

10 to cause all of said sheets (18-28), when said stack 1is
expanded by subjecting it to tensional forces at the top
and bottom, to be deformed into a corrugated shape without

tensional stretching of said sheets to impart a uniform

honeycomb configuration to said stack.

15 2. The assemblage of «claim 1 in which said

weldments terminate above the bottom surfaces of each of

sald sheets (29).

3. The assemblage of claim 1 in which the depth of

penetration of said laser weldments (14, 16) in said sheets

70 is controlled so that inadvertent securement of one sheet

to another is prevented.

4. The assemblage of claim 1, 2, or 3 in which said

foil is an aluminium alloy.

5. The assemblage of claim 1, 2, or 3 in which said

75  foil is a stainless steel alloy.

6. The assemblage of claim 1, 2, or 3 in which said

foil 18 2 titanium alloy.
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7. The assemblage of claim 1 in which additional
weldments (64, 66) are formed in said assemblage (10)
between said uniformly disposed weldments (14, 16) ¢to
provide a first honeycomb cell size (34) defined by said
uniformly disposed weldments (14, 16) and a second
honeycomb cell size (62) defined by said additional

weldments (64, 66) and integral with said first honeycomb

cell size.

8. The assemblage of claim 7 in which additional
sheets (70) have additional weldments (64, 66) disposed
between said uniformly spaced weldments (14, 16) to define
honeycomb cells (62) of different size from said honeycomb

cells (34) formed by said first uniformly spaced laser

weldments.

9. Method of fabricating honeycomb core structure

comprising the steps:

a.) disposing a plurality of foil sheets (18-28)
having top and bottom surfaces in a stack (10) with the
entire areas of their confronting surfaces being in contact

without isolating means interposed therebetween,

b.) laser welding adjacent sheets together at

staggered welding areas (14, 16) being uniformly disposed

at spaced intervals; and

c.) expanding the stack by subjecting said stack
(10) to tensional forces at the top and bottom to cause all

of the sheets (18-28) to be deformed 1into a corrugated
shape without tensional stretching of the sheets to impart

a uniform honeycomb configuration to said stack.

10. The method of claim 9 1n which the depth of
penetration of said laser weldments (14, 16) in said sheets

ig controlled so that inadvertent securement of one sheet

to another is prevented.
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11. The method of c¢laim 9 in which additional
weldments (64, 66) are formed 1n said assemblage (10)
hetween said- uniformly disposed weldments (14, 16) ¢to
provide a first honeycomb cell size (34) defined by said
uniformly disposed weldments (14, 16) and a second
honeycomb cell size (62) defined by sgaid additional
waeldments (64, 66) and integral with said first honeycomb
call size.

12. The method of c¢laim 11 in which additional
sheets (70) having additional weldments (64, 66) are
disposed between said uniformly spaced weldments (14, 16)

to define honeyccmb cells

honeycomb cells (34)

lager weldmentg.

(62) of different size from said

formed by said first uniformly spaced
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