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(57) ABSTRACT 

An uncured, thermoset resin sheet is reinforced with ori 
ented fibers and is slit to define a desired length for the 
fibers. A Series of the sheets are cut and Stacked to form 
integrated layers of the composite material for a structural 
panel. The panel has two Outer layers that Sandwich two 
Shorter layerS on each end, and Syntactic or foamed resin 
layer in between. Each of the composite layerS is formed 
from the same materials and by the same process, but may 
vary in the directional orientation of their fibers. The 
uncured panel is assembled into a flexible, Substantially flat 
configuration is heated and formed to the contours of a tool 
having a undulated Surface geometry. The panel is further 
heated to cure the combined composite and Syntactic resins 
into a Series of undulations that permeate each of its layers. 
In one embodiment, the undulations are in a Smooth, Sine 
wave-like pattern that allow the panel to maintain a planar 
configuration. Although the fibers themselves do not stretch, 
the short lengths of the fibers enable stretching of the 
material in the fiber direction so that deformation of the 
composite is possible in all directions. The panel is stiffened 
both by Spacing its outer layerS apart with the Syntactic layer, 
and by its undulated Surface. 
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COMPOSITE STRUCTURAL PANEL WITH 
UNDULATED BODY 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001) The following U.S. Patent Applications by the 
Same inventor, Elbert L. McKague, Jr. are being Simulta 
neously filed and incorporated herein by reference: U.S. 
Patent Application entitled “Apparatus And Method For 
Controlled Damage Of Conformable Materials”; U.S. Patent 
Application entitled “Apparatus And Method For Joining 
Dissimilar Materials To Form A Structural Support Mem 
ber'; and by the same inventor together with inventors 
Ronald P. Schmidt and David T. Uhl, U.S. Patent Applica 
tion entitled “Composite Material Support Structures With 
Sinusoidal Webs And Method Of Fabricating Same'. 

BACKGROUND OF THE INVENTION 

0002) 1. Technical Field 
0003. The present invention relates in general to an 
improved Structural panel, and in particular to an improved 
Structural panel with an undulated Surface. Still more par 
ticularly, the present invention relates to an undulated Struc 
tural panel concurrently formed from composite materials 
and Syntactic or foamed resins. 
0004 2. Description of the Prior Art 
0005. In the prior art, structural panels are typically 
Stiffened by attaching individual Stiffening elements to the 
panels, such as hats, blades, “J’s”, or “Cs”. These additional 
elements increase the cost of fabricating the panels and are 
limited in adaptability. Although Stiffened Structural panels 
have also been achieved by incorporating honeycomb core 
or Similar materials between two laminate faces having the 
appropriate planar or Smoothly curved profile, concurrent 
Stiffening by this latter method has limitations on panel 
shape and can be costly to practice with control. 
0006 Similarly, stiffening via a geometry of corrugations 
or beads has not been practical. Simple, low-cost fabrication 
of composite Structures with beaded or corrugated Stiffening 
elements has been difficult because ineXtensible fibers cause 
bridging or wrinkling. This problem is often present even 
when laid layer by layer to the contour of the forming tool. 
Consequently, the corrugations or beads of Such a structure 
cannot be readily Stiffened in a direction normal to the 
corrugations by incorporating a layer of Syntactic or foamed 
resins to create a Sandwich effect. 

SUMMARY OF THE INVENTION 

0007 An uncured, thermoset resin sheet is reinforced 
with oriented fibers and is slit to define a desired length or 
lengths for the fibers. A Series of the sheets is cut and Stacked 
to form integrated layers of the composite material for a 
Structural panel. The panel has two Such outer layers that 
Sandwich two shorter layerS on each end, and a Syntactic or 
foamed resin layer in between. The two shorter layers are 
required for the condition where it is desirable to isolate and 
protect the Syntactic resin from direct exposure to humidity 
or for Some other Such purpose. In many cases, the shorter 
layerS may be omitted, leaving the Syntactic resin visible at 
the ends. Each of the composite layers is formed from the 
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Same materials and by the same process, but may vary in the 
directional orientation of their fibers. 

0008. The uncured panel is assembled into a flexible, 
Substantially flat configuration and then is heated and 
formed to the contours of a tool having an undulated Surface 
geometry. The panel is further heated to cure the combined 
composite and Syntactic resins into a Series of rigid undu 
lations that permeate each of its layers. In one embodiment, 
the undulations are in a Smooth, Sine wavelike pattern that 
allow the panel to maintain a planar configuration. Although 
the fibers themselves do not stretch, the short lengths of the 
fibers enable stretching of the material in the fiber direction 
So that deformation of the composite is possible in all 
directions. The panel is Stiffened in one direction by spacing 
its outer layerS apart with the Syntactic layer, and in an 
orthogonal direction by its undulated Surface. 
0009. Accordingly, it is an object of the present invention 
to provide an improved Structural panel. 
0010. It is an additional object of the present invention to 
provide an improved structural panel with an undulated 
Surface. 

0011) Another object of the present invention is to pro 
vide an undulated Structural panel that is formed in one 
operation from a flat or appropriately contoured composite 
laminate. 

0012 Still another object of the present invention is to 
provide an undulated Structural panel concurrently formed 
from composite materials and Syntactic or foamed resins. 
0013 The foregoing and other objects and advantages of 
the present invention will be apparent to those skilled in the 
art, in view of the following detailed description of the 
preferred embodiment of the present invention, taken in 
conjunction with the appended claims and the accompany 
ing drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0014 So that the manner in which the features, advan 
tages and objects of the invention, as well as others which 
will become apparent, are attained and can be understood in 
more detail, more particular description of the invention 
briefly summarized above may be had by reference to the 
embodiment thereof which is illustrated in the appended 
drawings, which drawings form a part of this specification. 
It is to be noted, however, that the drawings illustrate only 
a preferred embodiment of the invention and is therefore not 
to be considered limiting of its Scope as the invention may 
admit to other equally effective embodiments. 
0015 FIG. 1 is a schematic, isometric drawing of a roll 
of composite material. 
0016 FIG. 2 is an exploded side view of several lami 
nates of the composite material of FIG. 1 shown prior to 
assembly. 

0017 FIG. 3 is a side view of the laminates of FIG. 2 
shown after assembly and prior to forming. 

0018 FIG. 4 is a side view of the laminates of FIG. 2 
shown after formation into a panel. 
0019 FIG. 5 is a side view of a second embodiment of 
the panel of FIG. 4. 
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0020 FIG. 6 is a side view of the panel of FIG. 5 shown 
bonded to a Surface. 

0021 FIG. 7 is an isometric view of a third embodiment 
of the panel of FIG. 4. 
0022 FIG. 8 is an isometric view of a fourth embodiment 
of the panel of FIG. 4. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

0023 Referring to FIG. 1, a sheet 11 of composite 
material is shown in the form of a roll 13. A Cartesian 
coordinate System is provided throughout the drawings for 
reference purposes. The composite material of sheet 11 is an 
uncured, thermoset resin that is reinforced with collimated 
fibers. In this disclosure, the term “collimated” is used to 
describe continuous, ineXtensible fibers that align in exactly 
the Same direction. Typically, this Solution produced long, 
discontinuous fibers that possessed individual fiber Segmen 
tation qualities as opposed to bundle Segmentation qualities. 
The fibers are oriented in a specific direction on each sheet 
11 and may have a uniform length or a variable length, 
depending upon the application. In the embodiment shown, 
the fiber lengths 15 are defined by slits 17 formed in the 
sheet 11 of composite material. The slits 17 may extend in 
a direction that is Substantially transverse (perpendicular) to 
or at an acute angle relative to the fibers. 
0024. As shown in FIG. 2, a plurality of sheets 11 may 
be cut and Stacked to form a single, integrated layer 21. 
Layer 21 will ultimately be assembled to form the top outer 
layer of a panel 31 (shown exploded). Panel 31 also has a 
bottom layer 23 that is equivalent to top layer 21, and two 
shorter, inner end layers 25, 27. Inner end layers 25, 27 
protrude beyond the longitudinal ends of top and bottom 
layers 21, 23 in the x-direction. Each layer 23, 25, 27 is 
formed from the same materials and by the same process as 
top layer 21, but may vary in the number of sheets 11 used 
to form them, as well as the directional orientation of the 
fibers used therein. The core of panel 31 is an inner layer 29 
that is shorter than top and bottom layers 21, 23. In the 
preferred embodiment, inner layer 29 is an uncured Syntactic 
or foamed resin material of appropriate thickness, chemistry, 
and planform. 
0025 Referring now to FIG.3, the panel 31 is assembled 
into a flexible, Substantially flat configuration Such that inner 
layer 29 is sandwiched between layers 21, 23, 25, 27. The 
resulting uncured panel 31 is then heated and formed by an 
appropriate process (See arrows) to the contours of a tool 41 
having a Surface geometry characterized by a Series of 
corrugations, beads, or undulations 43. Panel 31 may be 
further heated to cure the combined composite and Syntactic 
resins (FIG. 4). The cured panel 31 has a series of uniform 
undulations forming peaks 45 and valleys 47 that permeate 
each layer therein. Undulations 45 alternate in the z-direc 
tion, extend Substantially acroSS panel 31 in the y-direction, 
and are generally transverse to the X-direction. When viewed 
in the y-direction, undulations 45 are in a Smooth, Sine 
wavelike pattern that allow panel 31 to generally maintain a 
planar configuration. 

0026. The lengths 15 of the fibers (FIG. 1) in the com 
posite material are selected to be shorter than a period 49 
defined between two adjacent peaks 45. Although the fibers 
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themselves do not stretch, the Selected or variable length 
fibers in the composite layerS enable Stretching of the 
material in the fiber direction so that deformation of the 
composite is possible in all directions. Thus, Segmenting the 
fibers enables cure-form processing and allows the material 
to take the complex shape of the tool 41 without bridging or 
Wrinkling. Spacing the faces or Outer layerS 21, 23 apart with 
layer 29 imparts an inherent Stiffness to the resulting panel 
31. Forming panel 31 on tool 41 to create undulations 
imparts an additional component of Stiffness to the resulting 
Structure due to the out-of-plane geometry. 

0027) If desired, selected areas such as the substantially 
orthogonal panel edge 51 (FIG. 4) may have additional 
strips of fiber-reinforced material (end layer 27) interleaved 
with top and bottom layers 21, 23, rather than with the 
syntactic or foamed resin material of layer 29. This con 
figuration creates Stronger elements in panel 31 that are 
better Suited for attachment purposes and the like. The 
out-of-plane flange 51 is created during the forming Step as 
the planform of panel 31 extends beyond the edges of tool 
41. Tool 41 has an appropriate thickness to provide a land 
against which the created flange 51 may be pressed. 

0028. Alternatively, a corrugated or bead-stiffened panel 
61 (FIG. 5) may be formed without flanges. Panel 61 has 
inclined portions 63 with flat peaks 65 and valleys 67 formed 
at the top and bottom of each bead. Peaks 65 and valleys 67 
are Substantially parallel to the generally planar configura 
tion of panel 61. In this embodiment, only peaks 65 are 
reinforced with Short flat Segments of Syntactic or foamed 
resin material 69. The inclined portions 63 and valleys 67 are 
not So reinforced but are homogeneous instead. After panel 
61 is cured, valleys 67 may be bonded to a laminate 71 of 
the same planar profile with adhesive 73 (FIG. 6). In this 
manner, panel 61 provides Stiffness when one Surface of the 
resulting Structure must be flat or Smoothly contoured as 
might be required for an aircraft aerodynamic Surface. 

0029. Another embodiment of the invention is depicted in 
FIG.7 as panel 81. Panel 81 has undulations or beads 83 that 
are similar to undulations 45 in panel 31, except that beads 
83 terminate in the y-direction before reaching the y-side 
edges of panel 81. In other words, panel 81 has generally flat 
Side edges 85 extending in the X-direction along each of its 
lateral y-sides. In yet another embodiment of the invention, 
FIG. 8 depicts a panel 91 having a y-dimension that is 
tapered in the X-direction Such that the left Side end is 
smaller than the right side end. In this version, the beads 93 
formed in panel 91 also decrease in their y-dimension from 
right to left. Panel 91 is also shown with an out-of-plane 
flange 95 on its right side end. 

0030 The invention has several advantages as it provides 
a low-cost, high Stiffness-to-weight Structure for integration 
with other Structural elements to create a more complex 
Structure, Such as a fighter aircraft fuselage, and where 
neither Surface of the panel needs to be planar or Smoothly 
curved. The selected or variable length fibers in the com 
posite layerS enable Stretching of the material in the fiber 
direction So that deformation of the composite is possible in 
all directions. The segmented fibers enable Cure-Form Pro 
cessing and allow the material to take on complex shapes 
without bridging or wrinkling. Spacing the outer layerS apart 
with the Syntactic layer imparts an inherent Stiffness to the 
resulting panel. Forming undulations in the panel imparts 
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additional component Stiffness to the resulting Structure due 
to the out-of-plane geometry. The combination of these two 
means of Stiffening provides a greater panel Stiffness to 
weight than other available means. Moreover, the Structure 
can be fabricated at a lower cost than structures stiffened by 
other means. 

0.031 While the invention has been shown or described in 
only Some of its forms, it should be apparent to those skilled 
in the art that it is not So limited, but is Susceptible to various 
changes without departing from the Scope of the invention. 
For example, a beaded or corrugated panel, either flanged or 
unflanged with flats at the tops of the beads or corrugations, 
can be manufactured using the composite material without 
incorporating the Syntactic or foamed resin layer. In addi 
tion, incorporation or Some other material Such as unidirec 
tional bundles or rods or reinforcing fibers can be employed 
instead of the Syntactic or foamed resin layer. 
What is claimed is: 

1. A Structural panel, comprising: 
a pair of outer layers, each formed from a laminate of 

composite material sheets of fiber-reinforced, thermo 
Set resin; 

an inner layer located between the Outer layerS Such that 
the panel has a generally planar configuration that 
defines a coordinate System with X, y, and Z-directions, 

a Series of undulations formed in each layer of the panel 
Substantially acroSS the y-direction of the panel and 
generally transverse to the X-direction of the panel, the 
undulations alternating in the Z-direction for Stiffening 
the panel; and wherein 

the fibers in the composite material sheets have lengths 
that are less than a length of a period of the undulations. 

2. The structural panel of claim 1 wherein the inner layer 
is a Syntactic material. 

3. The structural panel of claim 1 wherein the inner layer 
is a foamed resin material. 

4. The structural panel of claim 1 wherein the inner layer 
has a pair of X-ends and an X-dimension that is shorter than 
an X-dimension of the outer layers, and further comprising 
an additional laminate of composite material sheets on each 
X-end of the inner layer located between the outer layers to 
form panel edges. 

5. The structural panel of claim 1 wherein a flange is 
formed along an edge of the panel and extends generally out 
of plane relative to the panel. 

6. The structural panel of claim 1 wherein the undulations 
form a Sine wave pattern. 

7. The structural panel of claim 1 wherein the undulations 
are beads having y-dimensions that are less than a y-dimen 
Sion of the panel to define generally flat Side edges on the 
panel. 

8. The structural panel of claim 1 wherein a y-dimension 
of the panel is tapered in the X-direction. 

9. The structural panel of claim 1 wherein the fibers in 
each layer of the laminate are oriented in a layer-specific 
direction. 

10. The structural panel of claim 1 wherein each of the 
composite material sheets of the laminate have slits in the 
fibers. 

11. The structural panel of claim 1 wherein the fibers are 
collimated. 
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12. The structural panel of claim 1 wherein the undula 
tions comprise inclined portions with a Series of generally 
planar peaks and Valleys that are Substantially parallel to the 
generally planar configuration of the panel. 

13. The structural panel of claim 12 wherein the inclined 
portions are formed of homogenous materials. 

14. A structural panel, comprising: 

a pair of outer layerS having a generally planar configu 
ration that defines a coordinate System with X, y, and 
Z-directions, each of the outer layers being formed from 
a laminate of composite material sheets of fiber-rein 
forced, thermoset resin and having a longitudinal X-di 
mension, wherein each of the composite material sheets 
of the laminate have slits in the fibers, and the fibers in 
each layer of the laminate are oriented in a layer 
Specific direction; 

an inner layer Selected from a group consisting of Syn 
tactic and foamed resin material, the inner layer being 
located between the outer layers and having an X-di 
mension with longitudinal ends that is shorter than the 
X-dimension of the outer layers, 

a Series of uniform undulations formed in each layer of the 
panel Substantially across the y-direction of the panel 
and generally transverse to the X-direction of the panel, 
the undulations alternating in the Z-direction for Stiff 
ening the panel; and wherein 

the fibers in the composite material Sheets have lengths 
that are less than a length of a period of the undulations. 

15. The Structural panel of claim 14, further comprising an 
additional laminate of composite material sheets located 
between the outer layers and adjacent to each of the longi 
tudinal ends of the inner layer. 

16. The Structural panel of claim 14, further comprising a 
flange formed along an edge of the panel, the flange extend 
ing generally out of plane relative to the panel. 

17. The structural panel of claim 14 wherein the undula 
tions form a Sine wave pattern. 

18. The structural panel of claim 14 wherein the undula 
tions are beads having y-dimensions that are less than a 
y-dimension of the panel to define generally flat Side edges 
on the panel. 

19. The structural panel of claim 14 wherein a y-dimen 
Sion of the panel is tapered in the X-direction. 

20. The structural panel of claim 14 wherein the fibers are 
collimated. 

21. The structural panel of claim 14 wherein the undula 
tions comprise inclined portions with a Series of generally 
planar peaks and Valleys that are Substantially parallel to the 
generally planar configuration of the panel. 

22. The structural panel of claim 21 wherein the inclined 
portions are formed of homogenous materials. 

23. A method for fabricating a structural panel, compris 
ing the Steps of: 

(a) providing an uncured laminate of composite material 
sheets of fiber-reinforced, thermoset resin, and an 
uncured material Selected from a group consisting of 
Syntactic and foamed resin; 
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(b) assembling an uncured panel with outer layers of the 
laminate and an inner layer of the uncured material, 
Such that the panel has a generally planar configuration 
that defines a coordinate System with X, y, and Z-direc 
tions, 

(c) heating the uncured panel and forming a series of 
undulations in each layer of the panel Such that the 
undulations have a period that is greater than a length 
of the fibers in the composite material sheets, the 
undulations extending Substantially acroSS the y-direc 
tion of the panel and generally transverse to the X-di 
rection of the panel, the undulations alternating in the 
Z-direction for Stiffening the panel; and then 

(d) further heating the panel of step (c) to cure the inner 
and outer layers. 

24. The method of claim 23 wherein step (b) further 
comprises assembling an additional laminate of composite 
material sheets between the outer layers. 
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25. The method of claim 23, further comprising the step 
of forming a flange along an edge of the panel. 

26. The method of claim 23 wherein step (c) comprises 
forming the undulations in a Sine wave pattern. 

27. The method of claim 23 wherein step (c) comprises 
forming the undulations as beads having y-dimensions that 
are less than a y-dimension of the panel to define generally 
flat Side edges on the panel. 

28. The method of claim 23, further comprising the step 
of tapering a y-dimension of the panel in the X-direction. 

29. The method of claim 23 wherein step (c) comprises 
forming the undulations with inclined portions having a 
Series of generally planar peaks and Valleys that are Sub 
Stantially parallel to the generally planar configuration of the 
panel. 


