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The present invention relates generally o
panel structures, and more particularly t¢ panels
which comprise one or more relatively thin sheets
which have been deformed or embossed in order to
impart greatly increased rigidity and structural
strength to the sheet. In this way, desired
strength characteristics of the sheet are increased
without adding to the weight of the sheet.

The present application is a continuation-in-
part of my co-pending application on “Panel
structure,” serial No. 484,677, filed April 26, 1943,
now abandoned, Ser. No. 572,874, filed January 15,
1945, now abandoned, and Seria} No. 785,305, filed
November 12, 1947 in which I have disclosed and
claimed features of the invention disclosed herein.

Panels of this character can be put to many
uses. For example, they can be used as part of
wall or ceiling structures in buildings, in which
case the surface of the panel may be utilized to
provide ornamental effects in addition to the load-
bearing qualities of the panel. Another typical
use of such panels is in the walls, ceilings or
floors of vehicles such as airplanes, trailers,
freight trucks and the like, where a strong, light-
weight member is desired. Under such conditions,
the panels may be called upon to withstand a
considerable variety of loads, so that a panel
which is designed to be loaded in a single direc-
tion only is not satisfactory. Of course various
substances may be ‘used for the panel, but in
general metal is the most satisfactory from all
standpoints, and particularly so in structures, be-
cause of its high strength and great durability.
The handicap of weight resulting from its rela-
tively high density, can be overcome to a large
extent by so disposing the metal as to obtain
maximum strength for the quantity of metal used.
It is also contemplated that certain of the syn-
thetic resins or plastics may be used. .

For uses of these kinds, many different types of
panels have been devised previously; but usually
these have been adapted to some particular use
and so find only a limited commercial application.
Another shortcoming of many known types of
panels is that they have not always achieved the
most efficient distribution of the metal used, so
that they have not been as lightweight as possible
for a given strength. :

In view of these considerations, it is a general
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which is versatile in use and appearance, and
easily capable of being built in different sizes and
with different constructions in order to achieve
the strength required under given conditions.

It is a further object of my invention to pro-
vide g panel structure of this character which
may have a smooth outer sheet that particularly
adapts the paned for use in aircraft structures,
cr other structures, in which a rough exterior is
not desired.

A further object of my invention is to provide
a panel structure of the character described which
iz simple and economical of manufacture, and is
also easy to install and use in various different
types of structures. .

The above and other objects and advantages of
my iavention have been attained in a panel con-
struction consisting basically of a sheet member
which is provided with a plurality of indentations
or embossments in the form of hollow polyhedrons
with polygonal outer faces, the polyhedrons in
some cases being hollow truncated pyramids.
These indentations are arranged in two groups,
cne of which extends in one direction from a
medial surface of the embossed sheet and the
other of which extends in the opposite direction,
the indentations of the two groups being
symmetrically interspersed between each other.
Inclined side wall portions of each indentation of
one group are coplanar with similar side wall
portions of the adjacent indentation of the other
group, so that these coplanar side wall portions
are substantially flat surfaces extending from one
side of the sheet member to the other between the
two truncated portions. These coplanar side wall
portions of adjacent indentations intersect at a
common point lying in said medial surface of the
panel and define salient and re-entrant angle
portions arranged alternately around this com-
mon point of intersection. A core sheet of this
character may be used alone as a panel, or it may
be reinforced by another similarly embossed sheet
or by one or two flat surface sheets. In either case
the added sheets are attached to the core sheet at
certain of the outer wall portions or truncated
portions of the indentations by suitable fastening
means.

How the above objects and advantages of my
invention, as well as others not particularly re-

object of my invention to provide a panel struc- 50 ferred to herein, are attained will be more easily

ture made from thin sheet material in which a
maximum of strength is obtained in proportion
the weight of the panel. :

It is also a general object of my invention to de-

understood by reference to the following descrip-
tion. and to the annexed drawings. in which:

Fig. 1 is a fragmentary plan view of a panel
structure according to my invention composed

vise a panel structure of the above character 58 of a core sheet having triangular indentations
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and a surface sheet attached at each side of the
core sheet, portions of the core and top sheets
being broken away;

Fig. 2 is a fragmentary cross-section through
the panel on line 2—2 of Fig. 1 showing both sur-
face sheets fully;

Fig. 3 is a fragmentary cross-section through
the panel on line 3—3 of Fig. 1 showing both
surface sheets fully;

Fig. 4 is a fragmentary cross-section through
a variational form of panel structure, viewed
similarly to Fig. 3, showing a panel composed
of two triangularly indented sheets attached to-
gether; :

Fig. 5 is a fragmentary plan view of another
form of panel structure composed of a core sheet
having square indentations and a surface sheet
with dimpled openings attached at each side of
the core sheet, portions of the top surface sheet
and core sheet being broken away; .

Fig. 6 Is a fragmentary cross-section through
the panel of Fig. 5 on line 8—6 thereof, showing
both surface sheets in place on the core sheet;

Fig. 7 is another fragmentary cross-section of
the panel of Fig. 5 on line 1—17 thereof with both
surface sheets in place;

Fig. 8 is a fragmentary cross-section of a modi-
fled form of panel structure composed of two
core sheets having square indentations and two
surface sheets having dimpled openings;

Fig. 9 is a fragmentary cross-section through
a modified form of panel composed only of two
core sheets having square indentations;

Fig. 10 is a fragmentary plan view of a vari-
ational panel structure composed of a core sheet
having rectangular indentations and a surface
sheet with dimpled openings attached at each side
of the core sheet, portions of the core and top
sheets being broken away; and

Fig. 11 is a fragmentary cross-section through
the panel of Fig. 10 on line {{—11{ thereof.

Referring now to the drawings, there is shown
in Figs. 1 to 3 a composite panel having & core
sheet 18 which is formed from a single flat sheet
by embossing or indenting the sheet. Sheet mem-
ber 10 has a plurality of triangular indentations
in the form of hollow truncated triangular pyra-
mids arranged in two groups. All of the inden-
. tations in one group are similarly oriented with
respect to directions in a plane parallel to the
medial plane of the sheet as defined below, while
all of the Indentations in the other group are
oppositely oriented. One group of these inden-
tations comprises the upwardly extending inden-
tations I that terminate in triangular outer walls
or surfaces (| which define truncated portions
of the full pyramids. The other group of inden-
. tations comprises the oppositely or downwardly

extending indentations I2 that terminate in tri-
angular outer walls or surfaces {2, which also
define truncated portions of the full pyramidal
indentations.

It is contemplated that the embossed sheet
members will ordinarily be made from a flat sheet
by a stamping operation in which the two groups
of indentations Ii and Iz are formed by striking
them up and down respectively from the flat
sheet. For this reason, but without any limita-
tion to this particular method of forming the
panel to be inferred therefrom, it is easy to con-
sider the panel as having two groups of pyramidal
indentations of which one group is at one side
of a surface located at the initial position of the
original flat sheet, and the other group of inden-
tations lies at the other side of such surface.
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This surface then becomes medial surface 13 of
the embossed sheet member. Walls {1 are uni-
formly spaced from surface 13 at one side thereof,
and walls 12 are uniformly spaced from surface
13 at the other side thereof; and in the preferred
form of my invention, surfaces I and 12 are
equally spaced from the medial surface. But my
invention is not necessarily so limited; and for
this reason the term “medial” as used herein is
used In a broad sense to include planes or sur-
faces either at or near the miidpoint between
outer surfaces {1 and 12.

The neutral plane of the panel shown in Figs. 1
to 3 coincides with the medial plane; and both
are planes, the panel being flat. However, the
panel may not always be flat but may be curved
or cylindrical, in which case the neutral or medial
surface is no longer a plane but a curved sur-
face. Hence the expression “medial surface” is
used herein as being a broader and, in some in-
stances, more accurate term than “medial plane.”

The triangular indentations of each group are
of the same size and shape, i. e., are congruent,
and are symmetrically interspersed between in-
dentations of the other group. In the preferred
form shown, in which the medial surface {3 coin-
cides with the neutral surface of the panel, the
indentations I are the same size and shape as
the indentations I». Each indentation has three
inclined side walls 15; and triangular surfaces
{1 are connected with triangular surfaces (2 by
these sloping side wall portions which extend di-
vergently away from the three sides of outer faces
I1 and 12. Since each indentation of one group
has its side walls coplanar with the side wall
portions of each adjacent indentation of the
other group, these two coplanar side wall portions
are substantially flat in continuous planes which
extend from one side of the sheet to the other
between triangular surfaces 11 and 2. The con-
tinuous character of these flat coplanar side walls
15 is shown clearly in the sectional views of Fig. 2
and Fig. 3.

The coplanar side walls of adjacent DPyramids
intersect at a common point 1§ substantially at
the medial surface 3. Because of the thickness
of the metal sheet, intersection takes place in a
zone rather than at a geometrical point; and the
medial surface for this reason may well be con-
sidered as a zone rather than a plane in the strict
geometrical sense. This zone has a thickness
approximately equal to the thickness of the sheet;
and it is within this zone that the side walls i5
intersect.

The formation of the panel at and around this
point of intersection is shown to advantage in
Fig. 1 in which it will be seen that the intersection
of the six sides 15 defines a total of six angle por-
tions, three of which are salient and three re-
entrant. - Three salient angles (8 alternate with
three re-entrant angles (9, so that the six angle
portions are alternately arranged about the com-
mon point of intersection 16, All three salient
angles 18 are located above medial plane (3, while
the re-entrant angles I8 are located below the
medial plane. It will also be noted that each
salient angle {8 formed by a iinear intersection of
two surfaces (5 is aligned across the point of in-
tersection i with a re-entrant angle {9 formed
by a linear intersection of two other surfaces 1§
so that a straight line drawn along and through
two opposed angle portions passes through the
common point of intersection of all the coplanar
side walls intersecting at a common point 6.
Since each sallent angle portion is directly in
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line through the point of intersection with a re-
entrant angle portion, the salient and re-entrant
angle portions provide for direct transmission of
tension and compression stresses along an inter-
rupted straight line between opposite sides of the
panel, that is between surfaces {1 and 12.

The composite panel is completed by adding to
embossed core sheet {0, two surface sheets, one
disposed at each side of the embossed sheet (0.
These two surface sheets are flat and smooth, and
are designated as 21 and 22. Sheet 21 lies over
the top or one side of core sheet 10 and is in
contact with indentations I at surfaces If. Flat
sheet 22 extends over the bottom or other side
of core sheet {0 and is in contact with indenta-
tions Iz at surfaces §2. At certain of the trun-
cated portions of the indentations, as represented
by triangular surfaces (1 and 12 of the core sheet,
there is provided means for attaching each sur-
face sheet to the core sheet. This attachment
may be by spot or projection welding the two
sheets together, or by some added means, such as
rivets. However it will be understood that it is
within the scope of my invention to use any other
suitable means of securing either or both of the
surface sheets to the core sheet if desired.

The two sheets 21 and 22 with the core sheet
{8 form a truss structure. Two angle portions
{8 and 18 aligned with each other form g straight
line path for the transmission of stresses from
one surface sheet to the other and cooperate with
the two sheets in making a strong rigid panel.

It will be obvious from a consideration of Figs.
1 to 3 inclusive, without further illustration, how
the construction shown therein may be modified
by omitting either one or both of surface sheets
21 or 22. Under some circumstances it may be
both desirable and satisfactory to have a panel
which is composed only of core sheet 18, Or
it may be that a panel of sufficient strength is
obtained by adding to the indented core sheet a
single surface sheet, either 21 or 22. Hence, my
invention includes a panel composed only of an
Indented core sheet, as well as a panel composed
of & core sheet and a single surface sheet attached
thereto.

In forming embossed panels of this character,
I have found that certain dimensions or propor-
tions are preferred for the embossed core -sheet
because they lead to the most favorable results.
Thus the acute angles A which sides 15 of the
pyramidal indentations make with the medial
plane are uniform and should be not less: than
20°, and preferably are greater than 30°, the angle
chosen being dependent upon the type of mate-
rial used and the purpose and loading for which
the panrel is intended. Thus in the figures I show
sides 15 as making an acute angle A with the
medial plane which is in the vicinity of 45°.
With an angle A of less than 20°, the gain in
structural strength and rigidity of the embossed
sheet, as compared with the original flat sheet, is
substantially less than the maximum possible;
whereas when this angle is increased to more
than 30°, or into the vicinity of 45°, the increase
in strength approaches a maximum, all condi-
tions being considered. ‘This angle A of side walls
{5 is the same when referred to either one of the
two parallel planes in which le surfaces {{ and
12, or surface sheets 21 and 22, since these two
planes are parallel to medial surface 13.

Other dimensions or proportions which have
been found to give improved results when ad-
hered to, are the thickness T of the sheet, the
thickness of the embossed panel H, the spacing
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L between indentations, and their relative values,
The dimension H is the overall thickness of the
embossed panel, or the distance between outer
surfaces {1 and 12 measured in a direction per-
pendicular to the medial plane. The dimension
L is defined as the shortest distance between the
centers of two adjoining and oppositely disposed
triangular indentations, measured along a line
lying in a plane parallel to the medial plane (3,
a5 shown in Fig. 2. It will be evident from Fig. 1,
that in the case of the triangular indentations
I: and Iz there is another and longer distance
between two oppositely disposed indentations, if
the measurement is taken along two aligned angle
portions {8 and 19 through point 16; but this
longer distance may be considered as being a
function of the shorter distance I, as indicated in
the drawings and deflned above as being meas-
ured across the intervening coplanar wall 5.
The distance L is measured paralle] to the medial
surface, as shown in the drawings.

It is contemplated that my composite panel
will ordinarily be made from relatively thin
sheets, both the embossed core sheet and the at-
tached surface sheets 2§ and 22. For the core
sheet, it is contemplated that it will have an
original thickness T ranging from a few thou-
sandths of an inch to g thickness of several hun-
dredths in the case of panels formed by pressing
or stamping; and in the case of cast or molded
core members, the thickness will ordinarily be
somewhat greater. It will be realized that the
range of thicknesses here given is not limitative
upon the invention but is mentioned solely for
purpose of information and it would depend in
any particular instance upon various practical
considerations, among which are the nature and
physical characteristics of the material used.

For a sheet of given thickness, the ratio of the
distance L to both the sheet thickness T and the
panel thickness H should preferably lie within
certaln ranges. Thus I find that the ratio of L/T
may have a considerable range, satisfactory re-
sults being obtained within g range of 15:1 to
100:1. As typical of actual values using a sheet
of duraluminum of 26 gauge or .018"" thickness,
very satisfactry results have been obtained in
making a triangularly indented core sheet in
which L equals .58’ and H equals .33’ Here
the ratio of L/T equals 32. In this typical sheet
the ratio of H/T equals 18, but it is believed that
satisfactory results can be obtained within a
range of 4:1 to 50:1 for this latter ratio.

It will be evident that the size of the triangu-
lar surfaces 11 and 12 can be increased by in-
creasing the spacing L between them and without
any change in the dimension H or in the inclina-
tion of side walls 5. Obviously such an undue
extension of the dimension L in this manner with
reference to the other dimensions deprives the
panel of maximum gain in strength and rigidity.
For this reason I find that the ratio L/H should
not exceed a value of 30:1; and in the typical
panel of which the dimensions are given above,
this ratio has a value of 1.75 or 7:4.

Another form of composite panel structure is
shown in Fig. 4, in which the panel includes two
indented panels 18 placed in barallel relationship,
back-to-back. The panels are in contact at their
truncated portions 11 and 12, the upper wall por-
tions {1 of the lower panel being in contact with
the lower faces {2 of the upper panel. Means
is provided at certain of the contacting portions
of the two embossed sheet members to intersecure
them. Such means may be spot welding, rivets,
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or any other suitable means, as explained above.
Surface sheets 2! and 22 may be added if de-
sired to the outer faces of indented panels (0 to
form the complete composite panel of Fig. 4.
Sheets 21 and 22 are each attached to one of the
indented panels {0 at a plurality of the outwardly
facing wall portions, in the same manner as de-

scribed in connection with Fig. 3. It will be read- :
ily apparent that a variational panel structure

msay also be formed without one or both of sur-
face sheets 21 and 22,

Referring now to Figs. 5, 6 and 7, there is
shown a composite panel in which the core sheet
25 has a plurality of square indentations in the
form of hollow truncated pyramids arranged in
two groups extending in opposite directions from
a medial surface of the sheet, all of the indenta~
tions being similarly oriented with respect to di-
rections in planes parallel to the medial plane.
One group of these indentations comprises the
upwardly extending indentations Is that termt-
nate in square outer walls or surfaces 28 which
define truncated portions of the full pyramids.
The other group of indentations comprises the
oppositely or downwardly extending indentations
14 that terminate in square outer walls or surfaces
21 which also define truncated portions of the
full pyramidal indentations.

In this form of core sheet, the medial plane
is indicated at 29 and indicates the position of
the original flat sheet from which the embossed
sheet is made. As in the previously described
form of embossed sheet, outer wall portions 26
are uniformly spaced from the medial surface at
one side thereof, and outer wall portions 27 are
likewise uniformly spaced from medial surface 29
at the other side thereof; and in the preferred
form of core sheet illustrated in Figs. 5 to 7 in-
clusive, surfaces 26 and 27 are equally' spaced
from the medial surface. However, my invention
is not necessarily so limited, but is considered as
being broad enough to include an embossed sheet
in which one set of indentations, for example
wall portions 27, are spaced at a different dis-
tance from the medial plane than the other set,
surfaces 26.

The indentations of each group are congruent
or of the same size and shape, and are symmetri-
cally interspersed between indentations of the

other group. In the preferred form of my in- ;

vention {llustrated herein, in which the medial
surface 29 coincides with the neutral surface of
the panel, indentations Is are the same size and
shape as indentations I, that is, all the indenta-
tions of the sheet are congruent. Each indenta-
tion has four inclined side walls 30 which extend
divergently away from the sides of outer wall
portions 26 and 27 to media] surface 28, Square
suraces 26 are connected with square surfaces
21 by the sloping side wall portions 30 of the
pyramidal indentations; and since each pyrami-
dal indentation of one group has its side walls
coplanar with the side wall portions of each ad-
jacent indentation of the other group, side wall
portions 30 are substantially flat and continuous
planes which extend from one side of the sheet
to the other between the two sets of square sur-
faces 26 and 21. The continuous character of
these flat coplanar side walls 30 is shown clearly
in the section of Fig. 6.

The coplanar side walls of adjacent rectangu-
lar pyramids intersect at a common point $2 sub-
stantially at medial surface 29. Two adjacent
indentations of either group have a total of four
walls which meet at this common point 32. The
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meeting walls around this intersection define &
total of four angle portions, two sallent and two
re-entrant. Two salient angles 33 alternate with
two re-entrant angles 34, so that the four angle
portions are alternately arranged around point
32. The salient angles 33 are located above me-
dial plane 29, while the re-entrant angles 34 are
located below the medial plane. Two salient an-
gles are aligned with each other across point 32,
as are two re-entrant angles.

‘The core sheet 25, as so far described, may be
used alone as a panel. But the composite panel
is completed by two sheets 35 and 36 atached
one on either side of the embossed sheet 25. Sur-
face sheet 35 lies over the top or one side of em-
hossed sheet 25 and Is in contact with indenta-
tions Is at outer wall portions 26; while surface
sheet 36 extends over the bottom or other side of
core sheet 25 and is in contact with indentations
I« at outer wall portions 21. At certain of the con-
tacting truncated portions 26 and 27, there is
provided means for attaching each of the surface
sheets to the core sheet. While this may be any
one of & number of different means, as explained
above, I have here shown sheets which are par-
ticularly adapted to attachment by spot welding,
and for this purpose each surface sheet Is pro-
vided with a plurality of openings 38 of a size to
receive the welding electrodes. Each opening 38
is so located in a surface sheet as to be opposite
the open side of an indentation, that is, each
opening 38 in sheet 35 is located above the larger
or open side of an indentation I so that the weld-
ing electrode comes into contact with the upper or
inner side of a wall portion 21.

Surface sheets 3§ and 3¢ may be made flat, or
they may be provided with a flange 39 around
each opening 38. The nature of these flanges 39
around each opening 38 is shown clearly in Fig. 6;
and it will be understood that these flanges are
the same as parts of dimpled portions which may
be applied to the sheet even though holes 38 are
omitted. In this latter event, the dimpled por-
tions take the form of shallow, inwardly indented
bosses in the surface sheet which are continuous
across the locations of openings 38. The advan-
tage of dimpled portions is that the surface sheets
are stiffened in the unsupported areas between
succisive contacting surfaces 26 or 21 of the core
sheet.

In making embossed panels 2§ with rectangular
pyramids, I have found that the general ratios of

.dimensions mentioned above are productive of

most favorable results. Walls 30 make an angle

5 in excess of 20° with medial plane 29 and are pref-

erably in excess of 30° with respect thereto. Where
the materials and conditions permit, I find it
advantageous to make this angle in the vicinity of
45°. The ratios of the other dimensions should

60 be held within the limits above given. The dimen-

sion L, the distance between the centers of two
adjoining and oppositely disposed indentations, is
measured along a line lying in a plane parallel
to the medial plane 29. This dimension for the

88 square pattern is the same for any two adjoining

and oppositely disposed indentations, rather than
having two different values as with the triangular
pattern.

As an example of actual values which have been

70 found to be advantageous, I have formed a core

sheet from 26 gauge duraluminum, or .018’* in -
thickness, and have obtained satisfactory results
when L equals .80’ and H equals .33’’. In this
case the ratio of L/T equals 44 and the ratio of

75 H/T equals 18. L/H for this example equals 2.4,
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A modified form of composite panel construc-
tion is shown in Fig. 8 which differs from that
shown in the preceding three figures in that the
core member is composed of two Indented sheets
25 placed parallel to each other in back-to-back
relatlon and fastened to each other at the in-
wardly facing, contacting portions 28 and 21.
Surface sheets 35 and 36 are fastened to the out-
wardly facing outer wall portions 26 and 21 of
the upper and lower indented sheets 2§ respec-
tively. Fastening means of the character de-
scribed are provided at certain of the Inwardly
and outwardly facing outer wall portions 26 and
21 to intersecure the several elements of the com-
posite panel,

Just as one or both of the surface sheets may
be omitted from the form shown in Figs. 6 and 7,
S0 may one or both of the surface sheets be omitted
from the composite panel shown in Fig. 8. Thus
my invention contemplates a composite panel as
llustrated in Fig. 9 which is composed of two em-
bossed sheets 25 lying parallel to each other and
fastened together at the inwardly facing outer
wall portions 26 and 21 of the two embossed
sheets; and it also contemplates a composite panel
comprising two such embossed sheets with a sur-
face sheet fastened at one side-only. Likewise a
composite panel consisting of more than two em-
bossed sheets, intersecured as described above,
may also be made within the scope of my inven-
tion.

I have described above two different patterns
of indentations for my embosed Panels in which
the indentations are truncated pyramids of either
triangular or square cross-section. Both of these

patterns may also be described as comprising poly-

hedral indentations; and it will be apparent that
polyhedral indentations other than truncated
pyramids may also be utilized in embossing the
panels of my invention. As an example of this,
there is shown in Figs. 10 and 11 an embossed
sheet 40 in which the indentations Is and Is have all
characteristics the same as the indentations ¥;
and I¢ respectively, except that the outer wall
portions 41 and 42 are rectangular but oblong in
outline rather than square as are walls 26 and 21.

The elongation of one dimension of polyhedrons
Is and Is so that their outer surfaces 41 and 42, as
well as other cross-sections, are correspondingly
elongated but still in the form of parallelograms,
makes only one change in the embossed sheet and
composite panel as compared with the forms de-
scribed in connection with Figs. 5 to 9 inclusive,
This change is brought about by the fact that the
spacing between centers of two adjoining and op-
positely disposed indentations has two different
values, measured at right angles to each other.
Consequently there are two different values for
the dimension I, and these have been designated
asL; and Iz in Fig. 10. In considering the various
ratios between sheet and panel thickness and
indentation spacing, the shorter of these two di-~
mensions, L1, should be used and not the longer
one. Undue extension of the indentations in one
direction with a resuitant relatively high value of
Lz should be avoided. The value of the ratio Le/Ly
may range from 1:1, in which case the outer faces
of the indentations are square as in Figs. 5 {0 8
Inclusive, to as high as 20:1. In the example
shown in Fig. 10, the value of the ratio is approxi-
mately 13:8.

The unilateral elongation of indentations Is
and Is prevents the four inclined sides 30 of
any one indentation from intersecting, when
projected, at a point, which is & characteristic
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10
of a true pyramid. In the elongated indenta-
tion, the point is correspondingly elongated to
& line, so that the elongated indentations are
more properly defined ag polyhedrons rather
than truncated pyramids.

In building and testing composite panels of
the character described above, certain un-
expected and advantageous results have bheen
found to be obtained by my invention. Accord-
ing to accepted engineering practice, it would
be expected that where a composite panel struc-
ture is subjected to loading in
. e,
panel), the same deflection per unit load would
be obtained, independently of the width of the
panel or beam, with uniform distribution of the
load transversely to the length of the beam.
For example, a panel structure of a given width
and given length between the points of support,
when loaded with g certain load per unit of
width, should show a glven deflection. If the
width were doubled and the total load increased
proportionately so that the same loading per
unit of width is malintained, the deflection would
be expected to be the same as before. From lab-
oratory tests of panels constructed according
to my invention, it has been found by observa-
tion that such a composite panel exhihits g
marked decrease in the expected deflection when
the width is increased and the loading per unit
width is kept constant.

This novel characteristic of my invention may
be more fully explained by giving a concrete
example based upon observed measurements.
The test sample in one case consisted of an em-
bossed sheet 25 with g single surface sheet, such
as surface sheet 2(. The structure was sub-
Jected to simple bending, while supported on
supports spaced apart a distance equivalent to
& span of 30 rows of indentations. Panels of
various widths were tested, with the same span
between supports, and the same load per unijt
width. A panel having a width of five rows of
indentations showed g deflection of .105” under

5 & load of 288 grams per row. A ten row panel,

also loaded at 288 grams ber row, or a total load
of 2,880, showed only 090’ deflection, The same
Per unit load produced but 86% as much de-
flection. A twenty row panel, under load of
5,760 or 2 load of 288 grams per row, showed but
a .075'* deflection, or 7 1% of the deflection meas-
ured with the five row panel. A thirty row panel,
loaded with 8,640 grams or 288 grams per row
of width, showed only .065’* deflection, a reduc-
tion to but 62% of the deflection of the first
panel tested.

In another laboratory test, the test panel con-
sisted of two embossed sheets 25, each having
square embossments of the same size and shape,
fastened together by welding at each of the
contacting outer surfaces 2§ and 21. This test
specimen corresponded in construction to the
showing of PFig. 5. The panel was subjected to
simple bending while supported only on spaced
supports, with a clear span of 36 rows of in-
dentations. Panels of various widths were test-
ed, with the same clear span between supports
and the same loading per unit width, the sev-
eral widths of panel being six, twelve, thirty-
six and fifty-six rows of indentations. The panel
six rows wide deflected .120'’ under a load of
3,762 grams or 627 grams per row. When the
pranel width was doubled to twelve rows, the
maximum measured deflection at the center was
»118”" for the same unit loading. The expect-
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ed deflection decreased 1.7%. The thirty-six row
panel, under the same unit loading, showed a
maximum deflection of .112’’ which was & de-
crease of 7% from the deflection of the six row
panel. The widest panel tested had fifty-six

rows and under the unit loading of 627 grams -

per row, showed a maximum deflection of .107".
This deflection was only 89% of the deflection
of the first panel tested, or a decrease in de-
flection of 11% from the normally predictable
value. These tests were carried out under lab-
oratory conditions with the several factors un-
der sufficiently close control to insure that the
results obtained would truly reflect -the in-
creased strength of the panel structure. The
uniformity of the test results demonstrates the
unexpected property of building up a resistance
to bending in the case of wider panels at a
greater rate than the increase in width, as com-
pared with narrow panels.

In the various forms of my invention I have
shown the outer surface portions ({, 12, 26, 27,
&1, and 42 as being flat, or substantially so, and
this has a definite advantage when a surface

sheet is attached to the embossed sheet by weld- »

ing, as the flat area provides a favorable loca-
tion for the weld. On the other hand, my in-
vention is not necessarily so limited, and the
outer wall portions may have surfaces other
than flat. that is. they may be rounded or curved.
This may be desired to contribute to the appear-
ance of the embossed sheet wherever a surface
sheet is omitted. The polygonal outline of the
outer wall portions is retained so that the sur-
faces are still of the same outline whether or
not they are flat.

Having described various embodiments of my
invention, it will be evident that changes in the
arrangement and construction of the various
elements of a panel constructed according to my
invention may be made by persons skilled in the
art, without departing from the spirit and scope
of my invention; and consequently I wish it un-
derstood that the foregoing description is con-
sidered as being illustrative of, rather than lim-
itative upon, the appended claims,

I claim:

10

20

30

40

1. In a light-weight, high-strength, metallic

panel construction, a core sheet member of rela-
tively thin sheet metal provided with a plurality
of hollow polyhedral indentations extending in
-opposite directions from a medial surface of said
sheet member, said indentations comprising one
group of similarly oriented congruent indenta-
tions having polygonal outer wall portions locat-
ed in uniformly spaced relation to and at one
side of such medial surface, and a second group
of similarly oriented congruent indentations hav-
ing polygonal outer wall portions located in uni-
formly spaced relation to and at the other side
of such medial surface, each indentation having
a plurality of inclined substantially planar side
wall portions extending divergently from the re-
spective sides of its outer wall portion to said
medial surface and each such inclined side wall
portion of each indentation of one group being
coplanar with a similar side wall portion of an
adjacent indentation of the other group to define
a substantially flat plane extending between po-
lygonal outer wall portions of adjacent oppositely
oriented indentations, and side wall portions of
a set of adjacent indentations of each group
meeting at a common point substantially at said
medial surface; a surface sheet of relatively thin

60

12
sheet member; and means at a plurality of said
polygonal outer face portions of the indentations
of the group at said one side of said core sheet
member to intersecure said core sheet member
and said surface sheet.

2. A panel construction as in claim 1 in which
the ratio of L/H for the core sheet lies between
approximately 1:1 and approximately 30:1, where
L is the shortest distance between centers of
two adjoining oppositely disposed indentations
measured in a plane parallel to the medial sur-
face, and H is the maximum thickness of the

core sheet measured perpendicular to the medial
surface.

3. A panel construction as in claim 1 in which
the ratio of L/H for the core sheet is approxi-
mately 7:4, where L is the shortest distance be-
tween centers of two adjoining oppositely dis-
posed indentations measured in a plane parallel
to the medial surface, and H is the maximum
thickness of the core sheet measured perpendicu-
lar to the medial surface.

4. A panel construction as in claim 1 in which
the actue angle made by the coplanar side walls
with the media] surface is over 20°, measured in
a plane perpendicular to the side walls.

5. A panel construction as in claim 1 in which
the acute angle made by the coplanar side walls
with the medial surface is approximately 45°,
measured in a plane perpendicular to the side
walls.

6. A panel construction as in claim 1 in which
the surface sheet has dimpled portions.

7. A panel construction as in claim 1, and com-
prising in addition: a second surface sheet of
relatively thin sheet metal extending over the
other side of sald core sheet member; and means
at a plurality of said polygonal face portions of
the indentations of the group at said other side
of the core sheet member to intersecure said
core sheet member and said second surface sheet.

8. In a light-weight, high-strength, metallic
panel construction, the combination comprising:
8 plurality of sheet members of relatively thin
sheet metal attached to each other and each pro-
vided with a plurality of hollow polyhedral in-
dentations extending in opposite directions from
a medial surface of said sheet member, said in-
dentations comprising one group of similarly ori-
ented congruent indentations having polygonal
outer wall portions located in uniformly spaced
relation to and at one side of such medial sur-
face, and a second group of similarly oriented
congruent indentations having polygonal outer
wall portions located in uniformly spaced rela-
tion to and at the other side of such medial sur-
face, each indentation having a plurality of
inclined substantially planar side wall portions
extending divergently from the respective sides
of its outer wall portion to said medial surface
and each such inclined side wall portion of each

- indentation of one group heing coplanar with a

70

similar side wall portion of an adjacent inden-
tation of the other group to define a substantiaily
flat plane extending between polygonal outer wall
portions of adjacent oppositely oriented indenta-
tions, and side wall portions of a set of adjacent
indentations of each group meeting at a com-
mon point substantially at said medial surface,
the sheet members belng arranged with inwardly
facing outer wall portions of adjoining sheet
members in contact; and means at a plurality
of said outer wall portions in contact for secur-
ing together said adjoining sheet members at

sheet metal extending over one side of sald core 78 their contacting outer wall portions.
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9. In a panel construction, a relatively dense thin
rigid sheet member provided with a plurality of
indentations extending in opposite directions from
a medial surface of said sheet member, said in-
dentations comprising one group of similarly
oriented hollow truncated pyramids having
truncated portions located in uniformly spaced
- relation to and at one side of sald medial sur-
face, and a second group of similarly oriented
hollow truncated pyramids having truncated por-
tions located in uniformly spaced relation to and
at the other side of such medial surface, the
respective side wall portions of each pyramidal
indentation of said one group being coplaner
with similar side wall portions of the adjacent
pyramidal indentations of the other group, such
coplanar side wall portions defining substantially
flat planes extending between the truncated por-
tions of adjacent oppositely directed pyramidal
indentations, and the meeting side wall portions
of two adjacent pyramidal indentations of the
same group intersecting at a point disposed sub-
stantially in said medial surface; a second rela-
tively dense thin rigid sheet extending over one
side of said sheet member; and means at a plu-
rality of said truncated portions of the pyramidal
indentations of the group at said one side of said
sheet member to intersecure said sheet member

and said second sheet.

10. A construction as set forth in claim 9, and
comprising in addition: a third relatively dense
thin rigid sheet extending over the other side of
said sheet member; and means at certain of said
truncated portions of the indentations at said

other side of saild sheet member attaching the 3:

same to said third sheet to intersecure said sheet
member and said third sheet. )
11. In a panel structure, the combination of: a
plurality of relatively dense thin rigid reinforc-
ing sheets secured together, each of said rein-
forcing sheets being provided with a plurality
of indentations extending in opposite directions
from a medial surface of said sheet, sald indenta-
tions comprising one group of similarly oriented
hollow truncated pyramids having truncated por-
tions located in uniformly spaced relation to and
.at one slde of said medial surface, and a
second group of similarly oriented hollow
truncated pyramids having truncated portions

located in uniformly spaced relation to and :

at the other side of such medial surface, the
respective side wall portions of each pyramidal
indentation of said one group being coplanar with
similar side wall portions of the adjacent pyram-
idal indentations of the other group, such
coplanar side wall portions defining substantially
flat flanges extending between the truncated por-
tions of adjacent oppositely directed pyramidal
indentations, and the meeting side wall portions
of two adjacent pyramidal indentations of the
same group Intersecting at a point disposed sub-
stantially in said medial surface; and means at
8 plurality of said truncated portions of the
pyramidal indentations of one sheet in contact
with truncated portions of an adjoining sheet
for securing together said adjoining sheets at
their contacting truncated portions.

12. A panel structure as set out in claim 11,
having a relatively dense thin rigid surface sheet
in contact with and secured to certain of the
truncated portions of the outer pyramidal in-
dentations of one of said reinforcing sheets. .

13. A panel structure as set out in claim 11,
having a relatively dense thin rigid surface sheet

in contact with and secured to certain of the
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truncated portions of the outer pyramidal inden-
tations of one of said reinforcing sheets, said
surface sheet having dimpled portions.

14, A panel structure as set out in claim 11,
having a first relatively dense thin rigid surface
sheet in contact with and secured to certain ones
of the truncated portions of the outer pyramidal
indentations of one of sald reinforcing sheets,
and a second relatively dense thin rigid surface
sheet in contact with and securely to certain of
the truncated portions of the outer pyramidal
indentations of a second one of said reinforcing
sheets.

15. In a light weight, high-strength panel con-
struction, a sheet member of relatively dense thin
rigid material provided with a plurality of in-
dentations extending in opposite directions from
& medial surface of said sheet member, said in-
dentations comprising one group of similarly
oriented hollow truncated triangular pyramids
having triangular truncated portions located in
uniformly spaced relation to and at one side of
such medial surface, and a second group of
similarly oriented hollow truncated triangular
pyramids having triangular truncated portions
located in uniformly spaced relation to and at
the other side of said medial surface, the Inden-
tations of said one group being oriented opposite-
ly to and being symmetrically interspersed be-
tween the indentatlons of said second group, and
the respective side wall portions of each pyrami-
dal indentation of said one group being coplanar
with similar side wall portions of the adjacent
pyramidal indentations of the other group, such
coplanar side wall portions defining substantially
flat planes extending from one side of sald sheet
member to the other between the truncated por-
tions of adjacent oppositely directed pyramidal
indentations, and said coplanar side wall port-
tions of a set of adjacent pyramidal indentations
Intersecting at a common point lying in said
medial surface and thereby defining three salient
angle portions and three re-entrant angle por-
tions alternately arranged about sald common
point of intersection in opposing relation, the
salient angle portions being disposed at one side
of sald medial surface and the re-entrant angle
portions being disposed at the other side of said
medial surface, and the intersection defined by
each salient angle portion being aligned with the
intersection defined by the opposing re-entrant
angle portion along a substantially straight line
extending through said common point.

16. In a light weight, high-strength, metal-
lic panel construction, a sheet member of rela-
tively thin sheet metal provided with a plurality
of indentations in the form of hollow truncated
triangular pyramids extending in opposite direc-
tions from a medial surface of said sheet member
and each having three side wall portions inelined
to said medial surface and a triangular wall por-
tion meeting said side wall portions at the outer
edges of the latter portions, said indentations
comprising one group of similarly oriented hol-
low truncated triangular pyramids having their

“triangular wall portions located in uniformly

spaced relation to and at one side of said medial
surface and a second group of similarly oriented
hollow truncated triangular pyramids having
their triangular wall portions located in uni-
formly spaced relation to and at the other side
of said medial surface, the indentations of said
one group being oriented oppositely to and in-
terspersed between the indentations of said sec-
ond group and each inclined side wall portion
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of each indentation of sald one group being
coplanar with an inclined side wall portion of
an adjacent indentation of said second group,
such coplanar side wall portions defining sub-
stantially flat planes extending between the tri-
angular wall portions of adjacent oppositely
directed indentations, and said coplanar side
wall portions of a set of adjacent indentations
intersecting at a common point lying in said
medial surface and thereby defining three salient
angle portions and three re-entrant angle por-
tions alternately arranged about said common
~ point of intersection in opposing relation, the
salient angle portions being disposed at one side
of said medial surface and the re-entrant angle
portions being disposed at the other side of said
medial surface, and the linear intersection de-
fined by each salient angle portion being aligned
with the linear intersection defined by an op-
posing re-entrant angle portion along a sub-
stantially straight line extending through sald
common point.

17. A panel construction as in claim 16 in
which the ratio of L/H lles between approxi-
mately 1:1 and approximately 30:1, where L
is the distance between centers of two adjoining
oppositely disposed indentations measured in a
plane parallel to the medial surface, and H is
the maximum thickness of the panel measured
perpendicular to the medial surface.

18. A panel construction as in claim 16 in
which the ratio of L/H is approximately 7:4,
where L is the distance between centers of two
adjoining oppositely disposed indentations mea-
sured in a plane parallel to the medial surface,
and H is the maximum thickness of the panel
measured perpendicular to the medial surface.

19. A panel construction as in claim 16 in
which the acute angle made by the coplanar
side walls with the medial surface is over 20°,
measured in a plane perpendicular to the side
walls,

20, A panel construction as in claim 16 in
which the acute angle made by the coplanar
side walls with the medial surface is approxi-
mately 45°, measured in a plane perpendicular
to the side walls,

21, A panel construction as in claim 16, and
comprising in addition: a surface sheet of rela-
tively thin sheet metal extending over one side
of sald indented sheet member; and means at a
plurality of said triangular wall portions of the
sheet member attaching it to the surface sheet
to intersecure the indented sheet member and
the surface sheet.

22. A panel construction as in claim 16, and
comprising in addition: a second surface sheet
of relatively thin sheet metal extending over the
other side of sald indented sheet member; and
means at a plurality of others of said triangular
wall portions of the sheet member attaching it
to the second surface sheet to intersecure the
indented sheet member and the second surface
sheet.

23. In a light weight, high-strength, metallic
panel construction the combination of: a plural-
ity of sheet members of relatively thin sheet
metal each of which is provided with a plurality
- of indentations in the form of hollow truncated
triangular pyramids extending in opposite direc-
tions from a medial surface of said sheet member
and each having three side wall portions inclined
to said medial surface and a triangular wall por-
tion meeting said side wall portions at the outer
edges of the latter portions, sald indentations
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comprising one group of similarly oriented hol-
low truncated triangular pyramids having their
triangular wall portions located in. uniformly
spaced relation to and at one side of sald medial
surface and a second group of similarly oriented
hollow truncated triangular pyramids having
their triangular wall portions located in uni-
formly spaced relation to and at the other side
of said medial surface, the indentations of said
one group being oriented oppositely to and inter-
persed between the indentations of said second
group and each inclined side wall portion of
each indentation of said one group being cop-
Jlanar with an inclined side wall portion of an
adjacent indentation of said second group, such
coplanar side wall portions defining substantially
flat planes extending between the triangular wall
portions of adjacent oppositely directed indenta-
tions, and said coplanar side wall portions of
a set of adjacent indentations intersecting at a
common point lying in said medial surface and
thereby defining three salient angle portions and
three re-entrant angle portions alternately ar-
ranged about said common point of intersection
in opposing relation, the salient angle portions
being disposed at one side of sald medial sur-
face and the re-entrant angle portions being
disposed at the other side of said medial surface,
and the linear intersection defined by each salient
angle portion being aligned with the linear inter-
section defined by an opposing re-entrant angle
portion along a substantially straight line ex-
tending through said common point, the indented
sheet members extending parallel to each other
with inwardly facing triangular wall portions of
adjoining sheet members in mutual contact; and
means at a plurality of the contacting triangular
wall portions to intersecure adjoining indented
sheet members.

40 24, A panel construction as in claim 23, and
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comprising in addition: a surface sheet of rela-
tively thin sheet metal extending over one side
of one of said indented sheet members; and
means at a plurality of the outwardly facing
triangular wall portions of said one indented
sheet member attaching it to the surface sheet
to intersecure the indented sheet member and
the surface sheet.

25. A panel construction as in claim 24, and
comprising in addition: a second sheet of rela-
tively thin sheet metal extending over one side
of another of said indented sheet members; and
means at a plurality of the outwardly facing
triangular wall portions of the other of the in-
dented sheet members attaching it to the second
surface sheet to intersecure the other indented
sheet member and the second surface sheet.

26. In a light weight, high-strength, metallic
panel construction, a sheet member of relatively
thin sheet metal with a plurality of indentations
extending in opposite directions from a medial
surface of said sheet member, sald indentations
comprising one group of similarly oriented hol-
low truncated pyramids of square cross section
having square truncated portions located in
uniformly spaced relation to and at one side of
said medial surface, and a second group of
similarly oriented hollow truncated pyramids of
square cross section having square truncated por-
tions located 1n uniformly spaced relation to and
at the other side of such medial surface, the
respective side wall portions of each pyramida’
indentation of said one group being coplanai
with similar side wall portions of the adjacen
pyramidal indentations of the other group, sucl
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coplanar side wall portions defining substantially
flat planes extending between the truncated
portions of adjacent oppositely directed pyrami-
dal indentations, and the meeting side wall por-

18
group, such coplanar side wall portions deflning
substantially flat planes extending between the
adjacent Oppositely di-
polyhedral Indentations, and the meet-

tions of a set of four adjacent pyramidal Indenta- 5 ing side wall portions of a set of four adjacent

tions Intersecting at g point disposed substan- polyhedral indentations intersecting at g point

tially in said media] surface and defining two disposed substantially in said medial surface

salient and two re-entrant angle portions and defining two salient and two re-entrant angle

alternately arranged around said point; a sec- portions alternately arranged around said point;

ond sheet of relatively thin sheet metal extend- 10 g second sheet of relatively thin sheet metal ex-

Ing over one side of said sheet member; and tending over one side of said sheet member; and

neans at a plurality of said truncated portions means at a plurality of said truncated portions

of the pyramidal indentations of the group at of the polyhedral indentations of the group at

sald one side of saild sheet member to inter- sald one side of sald sheet member to inter-

secure said sheet member and said second sheet, 18 secure said sheet member and said second sheet,
27. In a light weight, high-strength, metallie JAMES C, SCURLOCK.

banel construction, g sheet member of relatively -

thin sheet metal with g blurality of indentations REFERENCES CITED

extending in opposite directions from a medial The following references are of record in the

surface iof sald sheet member, said indentations gq file of this patent:

comprising one Eroup of similarly oriented hollow

truncated polyhedrons of oblong rectangular UNITED STATES PATENTS

Cross section having oblong rectangular truncated Number Name Date

portions locateq in uniformly spaced relation to 213,635 Drache .__________ Mar. 25, 1879

and at one side of said medial surfgce and a ¢§ 798,804 Kunz _._____________ Sept. 5, 1905

Ssecond group of similarly orfented hollow trun- 1,984,653 Palmer et al, ______ Dec. 18, 1934

catfid potllyhedrons of oblong rectangular cr&ss 2,173,797 Toohey et al. ______ Sept. 19, 1939

Section having Oblong rectangular truncated

portions located in uniformly spaced relation to FOREIGN p ATENTS

and at the other side of such media] surface, 3¢ Number Country Date

the respective side wall portions of each poly- 24,998 France .______________

hedral indentation of said one group heing (Ist addition to 543,165)

coplanar with similar side walj portions of the 217,536 Great Britain __________ 1898

adjacent polyhedra] Indentations of the other 832,231 C e 1938
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